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FOREWORD

This qarterly progress report ef the Aircroft Nucleor Propuisiom Project at ORNL 

records the techmicel progress of the reseorch on circulatimg-fuel teoctors end other 

AMP reseorch et the Leboratory under its Contact w-7405-eng-26. The eepoet is divided 

imto five major ports: 1. Aircroft Reoctor Engineering. 2. Chemistry. X Metallurgy. 

4. Heat Trensfer and Physicol Properties, Redictiom Domoge, Fuel Recovery and 

Reprocessing, ond Critical Experiments, ond 5. Reactor Shielding.

The AMP Project is comprised of obout S25 techmical and scientific personmel 

emgeged in mgmy phoses of reseorch directed toword the achievement of mucleor pro- 

pulsion of circreft. A consideroble portion of this reseorch is periormed in support of 

the -ork of other organizations portic ipating im the mational AMP effort. Ho-ever, the 

buik of mhe AMP reseorch at ORNL is directed towerd the develepmeet ef • circulating- 

fuel Type of reoctor.

The design, constrction, ond operatiom of the Aircrofr Reoctor Test (ART), -ith 

the cooperetiom of the Prot & Whitney Aircrof Diwision, ore the specific objectives of 

the prejeet. The ART is te be • po-er plant system dhat -ill imclude • 60 Mm circu-
loting-fuel reflector-mmod d reoctor ond edequate meons foe hect disposci. Operetien

of the system will be for the purpose of deh g feosibility ond fo studying the
problems ossocicted with the design, com stuction, ond opereton ef • high-po-er 

circulatimg-uel refiector-modereted circrof reoctor system-
*
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SUMMARY

PART 1. AIRCRAFT REACTOR ENGINEERING
1.1. Aircraft Reactor Test Design

Layout'. on all the major subassemblies and a 
major portion of the detoiled parts of th* Aircraft 
Reactor Test (ART) have b*on completed. Pre
liminary layouts for the shield were modified to 
include provision for a substantial amount of in- 
strumentation and special equipment. Models of 
reactor parts and auxiliary components or* being 
used to study assembly and interference problems.

A stress analysis of th* composite double-dock 
structure of the top of the reactor (referred to here 
as th* "north heod"} was completed. An experi- 
mental check of th* results is being mad*. Th* 
thermal stresses in the north head or* now 
evaluated, with estimates of th* energy-deposition 
rat** in this region being used as a basis.

A design analysis of th* sodium expansion tank 
was completed. This analysis revealed th* need 
for cooling of th* roof of the expansion tank.

A full-size aluminum mockup of the fuei system 
components in the north hood is being tested under 
simulated reactor operating conditions with water 
as the pumped fluid. Twin fuel pump operation 
was demonstrated up to 3000 rpm, although 2400 
rpm produced approximately rated conditions of 
head and flow. Surging and instabilities in the 
pumps was resolved by th* addition of straighten
ing vanes to th* pump inlet regions, and modifica
tions to the xenon-removal system reduced pressure 
fluctuation* to acceptoble levels.

Studies of flow in the core were continued. Sys
tematic relocation of the conical boffle plate re
sulted in the generation of a flow pattern containing 
no flow reversal along either the outer cor* shall 
or th* island surfoces. This latest design is being 
evaluated in th* half-scale ART volume-heat-source 
apparatus.

Performance requirements were established for 
pumps in th* NaK systems of the ART. An inter
mediate pump speed was determined at which 
satisfactory warmup periods con be attained with
out excessive stresses. Th* design of th* cooling 
system for the control rod was completed. Modifi
cations were mode in the sodium system as a result 
of pressure-drop calculations and stress analyses.

1,2. ART Physics
Calculations wore mod* of th* rodiutiom heating 

to b* expected on th* ART equatoriol plan* tn th* 
vicinity of th* fuel-to-NaK heat oochanpor. Re- 
sults ar* presented for th* outer 3 cm of th* beryl- 
lium reflector and for th* Inconel and baron 
containing shells on both sides of th* fuel-to-NaK
heat exchanger. Th* total roy heating is
given in each region, os well os the hooting from 
th* sources which are th* main contributors to th* 
total hooting in *ach shell.

Calculation* of th* radiation heating to be ex- 
pected in various portions ot th* north head were 
also mod*. These calculations gove preliminory 
estimates of energy deposition rata* lor use in 
thermal-stress calculation*.

roy activities to be ex-The beto- and go
pected in th* fuel exponsion ch ambor end th* 
off-gos system were determined. These results 
will also be used in calculation* of radiation 
hooting and thermol shesses. The total power 
and the power density in the gas spoce al th* 
fuel ex pan* i on tank a* a function of th* volume 
ol th* ges and th* helium How rote were obtained, 
a* wo* th* power density in th* off-gos line es a 
function of time and gas velum* far helium How 
rates of 1000 and 3000 liters/day (STP).

Th* octivities in the ART ol th* vorious rod 1* 
oct ive nuclides al niobium, molybdenum, and ru- 
rhenium, and their daughter products were deter- 
mined for 100 and 300 days after shutdown and 
for reactor operating periods of 500 and 1000 hr. 
The gamma activity at 100 days after shutdown 
for 500 hr of operation at 60 Mw was tnund to too 
approximately 2 » 10s curies, and at 300 days 
alter shutdown, for the some operating conditions, 
it was about 8 x 103 curia*.

1.3. ART Instruments and Controls
The ART simulotor was used for further study 

of th* problem involved in closing the main heat- 
dump louvers to prevent th* fuel from freezing es 
o result of fost control rod insertion. The control 
technique to be used will b* that of closing the 
louvers to limit th* minimum NaK temperature.

SECRET 1
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Specifications were prepored for the louver act-
ator 
oper

which will be hydroulic
tinued. The impart siderations are com- (

d cylinders
rated in conjunction with spring-loaded clamps

arronged to grip the actuator shafts.
Specifications were also estoblished for the 

actuator for the fuel enricher. The actator will
consist of star drive equipped to provide
• multiple-synchro indication of the position of 
the enricher piston.

The design of the control rod drive mechonism
wos pleted. Th. drive mechanism is to be

rs, one bi-

potibility with meterials of construction, redaction 
stobility. th a ret el stobility, end hect removal co- 
pocity. Since th. loods in th. toe cringe will toe 
light the lubricating properties ere of socendety 
interest. Tests of on organic pheephate booed 
materiel, -ith the weds nemo "Cellulube,"" end 
Dewtherm A, which is • eutectic mixture of di. 
phenyi end diphenyloxide, ere under woy. Exces- 
the end ploy wos found efter long duration runs 
with the originally designed spherical-roller type 
of ontifriction upper pump beoring, end the design

directionol ond the other unidirectionol. Th. two 
motors will too connected Ha uugf i nonreversing 
worm goora on concentric shofts that will, tn turn, 
supply power seporately to the sun goer ond to th. 
arm of o differenticl goer box. A high-resolutior 
potentiomete- will food o strip chart recorder to 
mete. o per mon ent rod position record. Two in- 
dependently driven synchro tronsminters will give 
the position indication. Two plunger sealed limit

was modified to use • double gulor-contoct
beoring hoving emergent ongles of contoct.

Seol loehege tests were continued, tout test equip- 
wont redesign wos found to be reqired before 
valid date can too obtcined. An ART fuel pump
(model mF) is being ated in on
-ith the fuel mixtue NeF-ZrF.-F.-

duronce test 
in the first

the

switches -ili prevent rod trevel at eoch end
wos cycled 17 times betwe

oture of the system 
1300 and I100‘F.

Equipment suitoble for tronsmitting 100 thermo 
couple signpls on two conductors woe assembled 
end tested. Fittings for reoctor cell penetrations 
for heater wiring, control wiring, chomber loods, 
end thermocouples were specified. A helium 
bubbler type of level indicotor is toeing devol oped 
for level detection in the fuel exponsion tank. 
High temperature pressure tronsmitters submitted 
by wonders were tested, end orders were pieced

The system hos been functioning sot isfoctor ily.
Water tests of a single ART fuel puep and cen- 

trifuge ossembly hove revealed pressure fluct-
••ton* similer to those found during twin-p

mockup tests.
vmp
The

for units -hich utilize • di gm-isolated, NoK-
filled tube system m which the NoK hydrostaticeily 
tronsmits th. opplied pressure to on external, low. 
temperature, diepl oe went type tronsducer. De- 
w. l op went work is continuing on other types of 
transminers. A high-temperoture Mbint typo flew 
meter woe developed for use in fused soft systems. 
This type of flan me ter does not require penatra 
tions to the process fluid. Experimentol models 
ere being tested.

pump suction inlet conditions will be modified 
to improve the pressure stobility, and the —non 
removal system will be altered to study the efiects 
of seek of the various flow possoges.

The ART sodium pump was modified by providing 
a pressure toreohdamm leby noth along the shaft 
and by removing the bypass vanes bom the bock 
face of the mom impeller to prevent ingesting of 
the system.

Water tests on the primary NoK pump volute and 
impeller were completed. The tests indicated that 
the pump will meet the heed and How conditions 
required for the ART. A pump tank got pressure 
of 10 psig should be sufficient to s oppress covi- 
•otion at the design flow rate and up to a NoK

of obout 1380°F. Th. design con-

end Testing

Lubriconts with . mineral-oil bose hove been 
found to be satisfoctory for bootings and tool* 
for the ART pumps under th. proposed ap orating 
conditions, tout on increase in the integreted rodi- 
otion do*, or th. aperoting temperoture could moke 
such fluids unusable. Therefore efforts to find

ditions ore in the range of minimum volute hy- 
droulic unbalonce. Similor tests showed th. 
ouxiliory lioK pump design to be satisfoctory. 
Endurence tests ore to too run on complete pump 
assemblies.

Hect exchonger test stond otion wos con-

• liquid suitoble for higher perfor e were con-

tinued. York rodiotor No. 9 is currently being 
tested.
ogree substantially with these obtained for York

2

•o • • •
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PERIOD EuDIG JUME M. t*M

» rodi 
ore

ra Nes. 1 and 2, and the hegt tensfer dot terials WOSO erdered.

in rees bi -ith the data for
resulted im ere

A decision to expedite es- 
> respect te E TU coiwpietien 
ma of additional W l of

iron. Test etions were re sowed with two
Block, Sivelis and Bryson hard gers. The
failure of a hoot exchonger in the swell heat ez- 
changer test stand was found to hove boon caused 
by overheating in the resistance heated section.

Circulating cold traps are also being tested on 
host exchanger test stands. The origin el design 
specified copper cooling coils, which necessitated 
maintoining the cold-trop temperotures below 700°F 
at ell rimes to prevent excessive oxidation. A 
stainless steel cooling coil now being tested, 
which con be brought up to 1200°F with the rest 
of the system and then copied, oppeors to offer 
many eA ontogof. Various methods of cold trap 
ogs region we being investigated under simuloted 
ART operoting conditions to establish an opereting 
procedure for the E TU and ART cold traps.

Prototypes of the du eg volva designed for use 
beta eon the reoctor and the fill and drain tank 
are being tested. Further work on the development 
of e trap for zirconium fluoride vapor included an 
investigation of high-temperoture od sorbents for 
ZeF.. e determination of the plugging temperoture 
of rF. in helium in equilibrium with mhe fuel os

equipmemt so that ART construction can proceed 
concurrently with ETU operation.

Moth ods for eseo—b ling the reactor are being 
studied, and a number of jigs end fimtures for use 
in assembly have boon designed. Fabrication of 
the north hood of rhe ETU has been sterted. Work

under woy he fobricaliom ol the Inconel

shells, and the beryllium reflector is being mo- 
chined. Hi at a echos gar suppliers are studring 
fabrication techniques end esosnkl) methods.

Orders have been ploced for the boron carbide 
tiles and the copper-B.C cermets. The febeicetor 
has been selected for the food shielding-

1.6. ART, ETU, end Im-Pile Leep Operetiee
An Operetions Commintee was I or wed for the 

purpose of preparing an Operating Monuol for both 
the ART and mhe ETU. The ART manucl is being
prepored first, and the ETU p

d d from those for the ART.

modificetions to ossure smooth p 
In-pile loop Na. 4, -hich oper

fo

a function of the fuel 
of p-ototype wops.

and the testing

The first thermal stobility root of the one-qugrter- 
scale node l of the lower hell of the eusm care 
shell was terminoted after the depletion of 57 
cycles bacon re of a look in the sodium circuit. 
A check of the dimensions revealed no significent 
chonget. and no crocks or flows were found on the 
inner surfoce. The test rig has been mesoeehted 
and is to be cycled e total of 300 cycles er to 
failure.

and Censtructie

dures will be 
De soiled con*

ce.
d 501 hr in the

MTR, was cut from the shielding plug, and the 
nose end is being sectioned for ezominatiom. As 
with loop No. 3, both the beer mg housing and the 
pump IWO purge outlets plugged during operetiom; 
otherwise, eper at ion of the loop was sotisloctory. 
In-pile loop No. 5 was ms or rod in the MTR, but 
could not be filled. Tests ore being mode on on 
improved horizontol-shof mat pump for in pile 
opwrefson.

3

Construction work is nearing completion on the 
contrect portion of the ART facility in Building 
7503. Design work on the process eqvipment, 
process piping, etc., to be installed by ORNL 
forces will probably be completed in July 1956.

Design work on the facility in Building 9201-3 
for the Engineering Test Unit (ETU) is well under 
way. The lube oil pumps, the NaK tanks, the ETU 
fuel dump sank, and miscelloneous Inconel mmo-

PART 2. cWEMITR’

2.1, Rhoss Equilibtium its Ass

A compilation has beoe mode of phase dieg1 —is 
of binary systems contcining UFa or ZrFa with 
each of the olkali fluorides NoF. LiF. KF, RbF. 
Seweral of the die ye ms are considered to be pre- 
liminary. end the systems described ore still being 
studied. Meier differences are spa ere nt im com- 
goring the diogrems, and it is s»< de nt that there 
is need for o detailed study of the complex crystal 
structures that choracterize some of these mo- 
teriois.

Additional information was oboe med on the RbF- 
ZrFa and RbF-UF. systems, which are of impor- 
fence in the fuel system NaF-RbF-ZrF.-UF.-

:* :•• • •
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Severel revisions were mode in the tentative dio- 
gran paw tented previously far the RbF-ZrF. sys- 
tem. end it now oppeors flhat both those systems 
here been fairly well described. A phase dlegre 
of the fuel solvent system NaF-RbF-ZrF. was 
else prepared. The solvent NeF-RbF-ZeF. (35- 
25-40 male V oppeors to dissolve up to 4 male %

UFto 7
ot Lquidus tempo s below 480‘C and up
ratio » UFa below 510°C, and therefore such 
wes are of interest es reoctor fvels. Opticol

which no Itwf at 985 2 5‘C- in studies at the 
RbF-CeFa system, thermal analysis dote were 
obtoired which indi toted a eutectic with less 
then 10 mole % CoF, that melta at 765"C. Studies 
wore continued of the LiF-NF, and UF.-O, 
systems, and the melting point of pure ZnF, was 
found to be 940 • 5‘C rather then the vole of 

875 ± 3°C repased in the litereture.

4

end away dots were obtained for the new compound 
found in this system, 3NoF - 3RbF -4ZrF.-

Studies of beryllium-becring systems were con- 
tinued wild investigations of the Naf-LiF-BeF, 
and NoF-RbF-BeF, systems. Extremely law meis- 
img Sim com be obtained in these systems, but 
it has not yet been estoblished that these motor iels 
effai fuei miztures that are substantially better 
dhan dose in the ZrF.-conteining systems. The 
lowest melting eutectic observed, to date, in she

2.2. Chewiest Keectieae im Melee a Salts

Studies of the octivity of cheomiwm in chromium 
nickel ol leys were continued. Electrode concern 
trotion cells were used thet contained a eutectic 
mixture of sodium chloride and rubidium chloride 
with about 0.2 to 0.5 wt % chromous chloride
added. Activity determinetions 
chromium nickel alleys contoinie
53.0 mole % ch eon. The chr

were mode for 
g from 11.2 to 
mma activities

NeF-LiF-BeF
Further stu

system melts et 318‘C.
es were made of the liquidus tem-

peratures of miztures formed by adding UF. te 
NeF-KF-LiF (11.5-42-46.5 mole It no- appears

found for alloys in the region noer 15 mole % 
chromium were slightly below the ideal activity 
that would have been predicted for a perfect solid 
solution and consderobly below that -hich might 
ho»e been predicted from the chromium nickel

that the liquidus iporetwres of mixtures con-
teining 0 to 10 mole % UFa ore not as strongly

ectivity for the che
Thus the ossumption of ideal

in Inconel is justified.

A * vpon UFa co retion at previous
daaa hod ndiceted.

Studies of olkoli fluoride—CeF 3 systems -ere 
continued. These systems ore at interest becouse 
of concern ower the bait a» iar of fission product 
fluorides in bi^i peuwr long-duration reoctor oper- 
ation. In the LiF-CeF, system there is a eutectic 
-ith 19 sale " CaF j that melts at 755 ♦ 5C, ond 
an ezwopolation of an ai tabla thermal data indi- 
cotes • eutectic with 28 mole T CeF, in the 
NF-CeF, system that melts at 725 $ KFC. The

This ossumption is usually mode in discussions 
f gerding the chemicol equilibrio involved in the

Dote were ebeained for the reduction of UFa by 
chromium in the reoction mediums KF-ZrFa end 
LiF-ZrF. (both 52-48 note %) at 600 ond 800°C. 
For the floats with LiF-ZrF.os thereoction modi »■ 
both hydrogen fired elecmolytic chromium end 
iodide chromium aero weed at bath temper or uro t. 
The equilibrium chromium concentetions were the

mimimum liquidus 
system is opproxi

• in the RbF-CeF
ly 615°C, and it

l
tly

occus far a mixture with 42 J to 50 mcle " CeF,- 

A re-ezomingtion of the LiF-CsF system -es 
initicted because pure CaF become avcilable.
This system is of interest beccuse a c d
is formed that is similar to e compound formed 
in the LiF-RbF system. The bimory compound in 
this system is believed to hove the composition 
LiF -CsF.

Cooling Curves woes obteined for mixtures in 
the MgFa-CaFa system which co i wired the compo- 
sition range 37.5 to 50 mole " CoF,- A eutectic 

was fa and with oppromimately 48.5 mmole % CaF,

4

chrom 
neat

at both peretures far the two types of
metal, and thus it oppeors thet hydrogen 

is elective in purifying electrolytic
chromium. The date obtoined on chromium activity 
indicote that the porticulor alkali fluoride weed 
in combination with ZrFa influences the reaction 
■ er badly. The activity of the UF. is effected to 
various do greet, and the activity of the CrF. is 
else influenced through complexing of the CrF, 

by both the alkoli fluoride end the ZrF.-
Studies of the reduction of UF. by iron et MO 

and with the olkali Hu or ide ZrF mixtures
es i section mediums are also being mode. tn con
trast to the results far the UF.-C.® reaction the 
UF.-Fe® reoction is indifferent to changes in the 
reaction medium. No sotisfoctory eop loner < aw has o

ed ddd • ••• • ••
: : : .•
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yet been found fom these differences.
An analysis hes been mode, bosed —* eqvilikrium*

by MeF-ZrFa-UFa end by NoF-KF-LiF-F
tures. The corrosion.

a mn-
4 by depth of

• temp dient, is rwch -orse -hen the
circuleted fiuid is the alkeli flu—ipt mixtuee then 
when it is the ZrF* beer my fuel, but the depth 
of void f—notion increeses with time in both 

systems. Also, discrete crystals of ne—ty p— e 
chrommium pre found in the cold cones of Inconel 
loops in which the NoF-KF-LiF-UF. mixte hes 

been circuleted, but noteIlic deposits ore net 
usuolly eb e—wed in loops which hove circulated 
the NoF-Zrf.-UFa preparotions.

The equilibrium dote show that Inconel owes ssd 
to the NoF-KF-LiF-UF. mein will support a higher 

concentrer ion of CrF.rF, in equilibrium — 800‘C 
then pure C® is abie to support — 600°C. Chro-
mium is th—el—e re d b—i li
zone of • loop ond deposited os essentiolly — 
chromium — the cold zone. The data else show 
thot Inconel exposed to HaF-ZrF *-UF 4 mixtues 
is in eqilibrium -ith much low— Cr, concen- 
tret ions thom pure C.® is wi equilibrium with when 

exposed to the fluoride mixture mm dor the some 
conditions. It is not possible therefore fc chro- 
mium to dissolve from BOX Inconel ond to de- 
posit et 600°C ee &• when NoF-ZrF.-UF. miz- 

tures ere circulated. These observations leed to

10* Reeser thon these obsoined for FeF,. Experi- 

mentol -ork is in prepress et 575°C.

Studies of the selubility end stcbility of strue- 
turol mmetol fluor ides mi molten NoF-ZrF. were 

contimued. An exomination of the de— obsemed 
thus I— — 600‘C shows th— the solubility el 
CrFa incree set quite ropidly os the zirconium-to- 

chro—mo retio decreesee. A less ———need 
efiect is noted f— FeF,. end fos NiF, e sligbt 
in creese is found for die higher r— ios, but the 
solubility of NiF. it constam et the low— rot ios.

Solubility studies of the stucturol metol f*w—ides 
end their c—pisses in woften NeF-ZrF a (53-47 
mole %) -ere else c —mutt through mecsurements 
of electomotive f—ces of cone—Mr—ten cells. 
As yet. ne setisoctory expionat ion hes been found 
for the disc—pen ties bet-een the results obtained 

by this method end the results ebeoi ned by filer— 
tion methods.

Values f— the free energies of f—— i —i of the 
complex —sol flw—ides MF,-ZrF. were obtoined 
by two different methods. The results ebeemed 
by colculotioms bosed on previously published
date end free comb

bility ond octivity coefficien
g recently ■Mini solu-

ta mere

en tion of the mass wonsfer process thet
occounts for the foct thet neither fl— rote nor 

——11 — CMC—tiWI of the fuel mixtureI have 
importent effects —I corrosion atock ond mass 
wrensfer in Inconel systems that circulate Z*F 
bo—my fsels. If it is assumed shet most of she
comosion ob
dilute olloy, the lock of on effect of the surfoce-

ol rotio -ecomes estipreh—isibfe. If the
relotive effect of diffusion rote vs driving force 

is noted, the roes on for she poor corelation of

c< with temp drop con be understood.

Aa investigotion of the equilibeium reduction of 
NiFa byHain NoF-ZrF. (53-47 mnole ") —• 

initioted, omd initiol experiments —e mode to 
determine the solubility of NF, in the solvent. 
Experimentol volues obtoined et 625"C give oc- 
tivity ceeHic—we of NiF, shat —e e foctor of

t

in substontiol og P.
speciel mixture Cl

dissolved in • Me illicit NoF
ing LoF BoF,-RbF 

a (5-46-4
mole %) fuel -os prepored for studies of the effect 
of these e» ■misfed fission products on viscosity 
of the fuel. Solubility studies on the mixture indi- 
cote thot the solubilities of the r—e o—th fluorides 
— the NoF -ZrF a-UF a may be sufficiently high to

prevent precipitetion * os fission

A study -os imitioted of we—is for obtoining 
the tonsference numbers weeded f— corelating 
dw electomottive forces of concentration cells 
-ith octivities — sth— th—soedy—ic peepesties 
of solutions in..elwed. The relative wronsference 
numbers thet con be ebeoined hen the Hitt—4
e—i— ore shown to be odeq 
dynoone use, end e method is pr

I— dr— 

ted for ob-
toining useful correlalions of the relative wrens-

bers with electric c end-nee.

and
The relotionahips of vopo pressue, composition.

• in the systems KF-Zrft end RbF-
ZrFa ore being studied to obtoin mi w notion on

5
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which to bose predictions regording the chonges 
m properties the* will eccm when one species 
el ion re substituted for enether in on atherw»*e 
pie Her weh. The ability to make such predictions

hydrated NiCi,: end AgF we* prepered by hydro- 
fluorination ol Ag,CO,. Additicnel substential 

quentities of CeF, end LeF, were prepared, end

would be importomt i 

mmixtures. Initially. ts ore beimg mode
*1 the vopor pressures as * function of composition 
in olkoli fluoride- Z:Fa systems. in bot the 
KF-ZrFa end the RbFe-ZrF, wystems, the hee* 
of voporization thw * e shorp minimum et 50 
mole % ZrFa ond increoses lineorly with compo- 
sition in both directioms here the minimum. Con- 
clusive evidence he* been obteined te ehew thet 
in solutions el ZrFa end alkoli fluorides, the 
epp peessue of ZeFa decreet** os the alkcli

ion sice increeeee.
The vopor pressure of FeCI,

mu -as 4 in conci
to 45 mole % FeCI a in the

■n FeCI .-K CI sys- 
aetions from 100 

wperetme ronge el
700 te 1050°C. A phose die yen we* elee pre- 
pored for the FeCI,-KCI system on the basis ed 

experimemel date.
Preliminory volues of the density end surfnce 

tension ad NoF-ZrF. (53-47 mole T) were obtined
-bubble-pressue method. Experi-

mental difficulties were resolved end odditionol 
meosuements ere to be mode. Surfoce teneien 

meosurements were *•** mode by the sessile-drop 
sechnique. Optimum ewyeri an real yrecedere* were
estoblished for obtaining volid ts by
this method. Seme data were ebte tried for the 
NaF.Z,F. (53-47 ee le #) mixture.

Elecwical ductonce and density be »e been

ed •• e funcrion el for pure.
fused lithium, potessium, end cesium fluorides.
Fo mhese e newly designed bridge
we* used in conjunction e* • eyeci el cell fobri-

rated bee plotin dium olloy. The date hove

been correlated mith th wee obteined peevious ly, 
end w >• new possible te give setisfoctory thee

retical interpretoti of rhe results im terms of
the shucte end wonspon properties of the liqvid 

salta.

2.4. Fred* tel ee et Feel*

were prepered for wee in reseorch provrams. The 

OF j requested wee prepored by hydrofluorinetion 
of ardi; dree* C.CI,, es well *• by the thgemol
de tiny entree et (NH.),CrFa; NiF, wee prepe 
by hydrofluorination of eithier hydroted NiFa

4

a banch of CuFa -os p d for use •• • comier

An ohempt wee mode to remove omide bee e 
KF-ZeF. mixture by hydrofluorinatiom, bet rums 
at 600°C foiled to renew the ozide completely. 
At 850"C rhe exide wee rewyeed, but the lee* el
ZrFa wee sufficien to alter rhe composition of

the materigl signif icontly- 
seining Li” and U233 -es

A fuel mixhe ew 

pre peed ter rodiatiemn

Severol especiolly pure mixtures ■ *■ pr
on e ink

* hydrofluorimation-hydrog
y scole by using the er wider 4

process ee
preprint* 1; modified The n*w capper Imad stoim- 
less steel reactors end new locilities for tonsfer 
of small t any let directly ma* apperpt m were weed 
successfully. Direct wonsfer he* been found te
significently imp the purity of rhe reef mo-
term!. The wee of the new capper lined stiniess 
steel reoctors he* elee proved te be successful in 
preparing 5- end 291Mb botcher of fluoride mmiz- 

tures.
A survey is being mode te determine the antici-

pated it ts ter processed fluorides during
the next six months. Indicotioms ere thot, althoug

the d da -ill not neech the peoducticn ceyac ity
el the her ye trale focility, they will be sufficient 
te moke continuous operation economicolly feo- 
sible. The remoinimg 7500 lb of heb iew beer my 
tirtetim fluoride erdered from en outside vender
we* received end found to be sotisfoctory- 

The batching end drtynting locility di d
14® beech** totoling approximately 4900 lb of 
processed fluorides he botch sizes renymy from 
1 te 250 lb. The focility for the conversion of
hef ■bee Z«Cla to ZF. no- operotes sotis-
foctorily, end hand! my techniques ere being de- 
vedeyed <e e" dawn rem meter ml end finished

2.5. Competibility of Meteriels et High

The p ation el y aphite by wahen fkoride
fuel mixhres being investigoted, since gophite 
seems t* be the only reosomobly effectiwve reect er

ode
stable upom direct

moteriol thee will remoin chemicolly
ure te molten fluoride

fuel mixtures. H mecessory, ette «et* will be mode

== +-+ • === ♦ ==.. €
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to P yen chretien of the yr ophite by prior 
with high-melting-point matericls

The design of for the ph ric

arch os NoF or CaFa-

Studies ere *Im under way to 4

detection of microgrom omoumts of NeK in ew woe 
completed. The tbet wi«< components of the in-

the
effect ef p emodic dissolution of

strument were essem 
is beimg febriceted.

bled and the opticol system
thod

i

for pre* idiny on 
ntretiam of alkal

has been co 4 in which current density
00 well es the 1, con

setc curent density
of 2 omp/cm2, the dissolution efficiency wee de- 

erected slightly by substituting by the yen for he- 
lium os the stotic cover per end •*• reduced 
considerobly by bubbling hydrogen threw ph the 
■often electrolyte.

metal ore being rnveehyotod.

A procedure wee estoblshed for veiny the mmodi- 
fied Augonne distillation somples for the determi- 
notion of sodium axide in sodium end in NaK.
Severel cold waps which were e 

thav hed circulated Nak -ere ex

ed from loops 

ed chemicelly
for sodium exide content and corrosion poducts.

peri ts it was shon that mmetal

2.6. Anelyticel Chewl etry

Methods were developed for the 4
d ion of ■ etw in heliu

centretions of 1 to 3% oech in miztures of fixer id* 
solts. Borium wos seporcted ee the slightly sol- 
uble sulfate epon dissolution of the fixer ide salts

meter. Spurious, high resulta were obteined when 

T| yen wubing woe weed. The letter is satisfoctory.
ho , if sufficient helium ie peered to purge

in sulfuric ocid; li

the sulfete solution at the oxalate. Rubidium 
wee seporeted by onion each on ye end then deter- 
■ lead grevimetricelly ee the tetrophenylboron oelt.

A method for the determiner ion of copper in the 
renge 1 to 25 ppm in fluoride fuels wos evaluated 
that wee booed on the absorboncy of the cxMQMt 
""cuproine" complex e* 550 mpa- The complex ie 
enheceed with m-omyl oicohol. In order to reduce 
the solubility of the aicchol in the oqveous phose.

the lines of woletile moteriol.

Beryllium -as drown to be compatible with such 
common degreosing ogents ee ecotone, ethenol, 
wrichloreethylene, end perchloroethylene.

10gof sulfote is odded prior to ex-
troction. The coefficient of voriction is 2%.

The thiocyenate method wos weed ter the deter- 
■ twice of woces of niobium in NoF -ZrF a-UF a. 
The miobium complex is formed in e solution the* 
is4M HCI and 0.5 M twtoric ocid end then

PART 2. METALLURGY

1.1. Dynemie Cerra lien Studies

An Inconel tweed ctrcwle*»en leap, in which the 

cold ley sufoce oroo wee lorger then thot in the 
stondard loop but the । el owe woe ee neorly the 
some ee pore ■ bio, wee operated to study the effect 
of cold-zone oreo on moss tronsfer in the fuel 
mixture NoF-ZrF.-UF. (50-46-4 mole WJ. The

i anock in the ioop with the lorger cold-
zone orec wos to • depth of 4 mils in 1000 hr.

hh the ahock in • stendord loop ated

entrected into ethyl eth
The tartaric ocid eliminate! the imterfe

at the some time under identical conditions woe
4.5 mils. Thus the increcse in cold-zone areo 
produced no apparent effect.

uronium, end the interference of the iron(IID)- 
thiocyonate complex ie eliminated by rodwet ice
of the iron(III) to iron(II)
stonnous chloride.

The methed far the deter

with • solution of

A stondord farced circwlotion loop, 
study the effect of the bulk fluoride 
on the corrosion of Inconel, wee exa

re red to 

perature 
d. The

maximum cttock wes found in the region of mxi-

imati
talum in NaF-KF-LiF-UFa

include the determ 
of NoF-ZrF.-UFa-

ws 
stelu

of woces of 

extended to 
s in samples

mum well temp 
operated with

both in this loop (which 
mum well temparature of

1700‘F, e maximum fluid c 1500°F,

Tentolum wos seporeted from
zirconiu
The api

end uronium by precipitetion with MnM.

then applied.
ic pyrogallol proced wes

end e fluid temperature drey of 200°F) end in a 

loop operated previously with the some well tem- 
pereture end temper etwe drop but with a maximmum 
fluid temp protore of 1650°F. The depths of e tee ch
were olso eiwi lor, beimg 9 mils in the loop ted

'•: p " x : F; F h 
L. :: -.*i: : L.
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-ith the fluid at 1500"F end 10 mils in rite one 
enereeeri with the fluid ot 1550‘F. The amoumts

of the hot leg by either the fuel mizture or sodium

in solution in the fiuoride mixtures
after 1000 hr; he , the loop 4 -ith

in both lcops ■ also c Mo. These esuits
ous evidence that the well tem-

sediwn hed scettered metollic crystols in the cold 
leg- The significont difference in rite enock on 
de two alloys, Ke atelier* X and •, by rite fuel

is
the importent lector in comrosion ef ritoee inconel- 
fluoride fuel systems.

Inconel foeced-circuletion loops were also oper- 
weed with sodium ond NoK under vrieus conditions 
in efforts to reduce moss tonsfer. One loop wes 
precieoned by operoting U with sodium under iso- 
thermal conditioms. This sodium woe dumped end 
reploced with sodium especially trected to iter e

mimture con undoubte 
once in the chretnit

dly be d by the differ-
cement of the t-o alloys.

ion. Further, e circuletory cold 

ined at 300°F duing rite test.

luatie

to thet found in loops op

of mmass mensfer im this 

iivalent 

eted with normal sodium

either with or without circulatory cold troy t. A
lower cold e an on experi-
ment with NoK rether thon sodium wee similorly 
i no Hoc line in reducing rite moss mronsfer.

Further compatibility studies of Inc one l toory Ilium- 
sodium systems were mode to evolugte rite effect 
of increosing rite beryllium surfoce eree -ith re- 
spect to rite Inconel surfoce ereo ond of including 
a cold tree in rite system. Exominations of the

i

hove boon relatively unsuccessful be cow ee of 
cessive ozidotion of the outside t urines end re- 
sultont leaks. One chreniue pleted loop completed 
a scheduled 1000-he operotin period, but two 
chromium-ploted loops scheduled to oporete 1900 

hr wore ter—i noted toecow so of Ieohs at >217 end 
1339 hr. Eominctions of these loops hove mot 
been completed. The fuel mixture NaF-LiF-KF-F. 
(11.2-41-45.3-2.5 moie T) we* circulated in those 
loops at e hoe ley tempereture of 1500‘F.

Additionol thermol-conwection loops were op or 
ated in the series of tests to* which the alkoli 
—esol ond the ZrFa content of the MF-ZrF a-UF. 
fuel system ore beimg voried. Lewwhey the ZrFa 
content he— 46 to 40 wole T, but keeping the 
UFa content et 4 —ete K, hod no effect on onock 
by the NoF-comtoimning mixhures, but the enock 
by the KF- end RbF-containing mixtures increosed 
how I So 2 mils. The onock by the LiF-conteinin
mixture d

het ley sodium iff eturo of 1250°F. one with 
ond one without en oxide celri trop. showed no 
in cro nee «n moss wonsfer in comporison -ih 
rite moss transfer found in similor loops with

ed sigmificontly with the decrecse

smaller beryllium inserts.
hod linie eflect.

Three stendard Inconel t

The cold mop similorly

in ZrF a content, but this result is in doubt. Troces 
of mmetallic crystals were found in rite cold legs 

el loops contoining 56 mole % of the alkoli-metal 
fluoride, eocene rite loop conteining KF.

were cted to evaluate Inconel cestings in
fluoride fuel and in sodium. The cost specimens 
exposed to fuel in the hot leg of two of rite loops 
were severely eNoebed. The anock of the opeci- 
men exposed to sodium was similor to rite atock

ght inconel. I ie thar
Inconel costings of the compositions tested ere 
not suitable for use in contoct with NoF-ZrF.-Fa 
(50-46-4 mole 7).

Th er w el convection loops were alse ated
to evaluate Hestelloys X and V in fuel mmixtures
and in sodiue. Hostelloy X wee chori by
eeriieet, but it wee oNecheri by NoF-ZrFa-UFa 
(50-46-4 mole #) depth of 27 mils in rite ho* 
tone after 1000 hr. Hastelloy * ehew eri no anock

2-2. Generel Corrosion lie diet
Inconel therein! convection loops comtoining in« 

serts brazed with the 70 Ni-13% Ge-11% Cr- 
6% Si brazing alloy in the hot ley section were 
tye reted sr* O hot ley tempereture of 1500‘F for 
900 hr with NoK (56-44 w* #) end with NaF-ZrFa- 
UF. (53.5-406.5 mole T) os rite circuloted flwide. 
The brozing clloy woe found to have boon ottochod 
to a depth of 1 to 1.5 mils by the NoK end to on 
wveroyo depth of eppresi—otel> 9 mils by the fuel 
mixture. In e third thermol-comvection loop the 
82% Au-18* Mi brozing alloy wee e op weed in the 
hot ley to NoF-ZrF.-UF. (90 46 < mole $) fer 
500 hr et 1500‘F. The enoch en this brozing 
alloy averoged 8 mile.

Cerreo res tests were conducted in W
ratus on e series of Coast Morels No. 52 (895 Ni-

* • e=e• . • : **• **• : • 
• • • • • it*!• • • o*e • • •
• en me • * • e=-

2



I
wteme .

pEmIOD EMDIG JUME no, 19S6

57 Si-47 B-2% Fe) brozing alloy buttons exposed 
to NeK and to NeF-ZrF.-F. (53.5-40-6.5 mete %) 
to obsoin tea— inf—m—i— — the depleted region

ings that differed primarily in silicon content were
d •o the fvel mixte for 1000 he et 1500°F.

re to
liqyid metels or to fused solts. h -os fornd thet 
the depth of the depleted region increased signifi-

was the lecst chad, while the cesting with the
I—eat silicon content was the most am— iy

re time and ehet the
at toe hod. In every core the ght Inc eno l con-

boron COt— of the depleted region wos very
small after tests in both envire ra. It was
also fa wad th— the silicon dragged to emo-third 
He normal volmo in the depleted region.

Pure niobium wes tested in stetic sodium <— 
1000 hr — 1500°F ha type 304 steinless steel —ad
in Incenel copsules to des whether tedium
would be a suitoble protective emironmen* for 
miobium during high Beaap—ma mechonicol property 
tests. The specimen tested in the stoinless at—l 
copsule showed m—o arid—co of surfoce roughen 
ing end a gre— thickness less th— did the 
specimen tested in the Inconel capsule. A brittle 
toy—, as yet unidentified, f—d — the surface

teiner wes in—e corosion resistont da— —a she 
cast specimen.

Stotic end tilting furnace tesving for 100 hr — 
1500‘F ra reeled lrtle otto th of incenel end type 
316 steiniess etool by NaK with lithium edditions. 
Thermal c—a octi— leap testing for >000 hr — 
1500‘F with Mo* comteining 5% lithium — the 
circulated fluid showed no ch—go — otto cd — 
the Inconei, but the stoinless at—l wos attached 
to e depth of 6 mils ha the cold lag.

S—o—ns of AlSI 1043 ateel were exposed to 
melton tedium an Armco iron and typo 304 ELC
stainless steel e
to determine the effect of

for 400 hr a" 18305F
exposure sime on the

ci
tested in the stoinless steel copsule i

cimen 
ased.

while th— of the specimen in Out Inconel copsule 
de—eased.

Sa—les of Th—m—el (82% Fe-15% Al-3% Mo) 
were tested in stotic e odium for 100 hr — 1S00‘F 
in AlSI >035 steel and in type 430 stoinless steel 
capsules. Smell weight losses of the spa cleans 
were found, but the copsules owe mots—bed. The

extent of decerbrizetion of the steel specimens. 
In comporison with previous 100-hr tests, the 
extent of decarburizatiom wee significontly gin—. 
As before, the da cort—rit—i— of the AI SI 1043 
steel specimens in the Armco wen cuitain— wos 
mere extensive th— th— of the specimens in the
stoimi less steel contci 

Relatively dense th—ado bodies, one

surfoces ol the Spec im—8 were slightly rough
Speci of Alfenol (84% Fe-16% Al)

mned.
were

corrosion tested hr stetie NoF-ZrF.-UF. (53.5-
40-6.5 mole #), lead, lithium. end sodium. The

of Sm,0, (5.88 g/em3) and the cther of 63.8% 
Sma0,-26.3% Gd,O,- bolance primorily other rore- 
e—th owides (6.58 g/cm3), were ezposed to static 
sodium in Inconel copsules — 1500°F for 1000 hr. 
The specimens and dhe Inconel copsules showed

speci were found to hove good resistonce to
attock by —di—a —ad lend end very poor resisteance 
to the fvei mixture and to lithium.

Several inconel ra beryllium and chromium pi—ad 
Inconel are beryllium couples were tested ha con- 
toct under stress while immersed ata t ad i um — 
1300‘F to determine the extent of reaction — the 
imterfoces. Chromium pl—os oi 1 end 2 mils on 
dan Incenel gectly reduced the usual I 10- to 24 mil 
react i— loyer termed — the nit—faces but did not

woe possibly e slight strength reduction of the 
rore o—th bodiea. A porous body (63.8% Sm,O,- 
26.3* Gd^Oj —be Iones primarily other r—e e—th 
oxides) with a density of 3.53 g/cm3 which hod
— apparen 
temperature

porosity of 53.5% to woter — room
found to hove an porosity

elimi it. The effectiveness of 4* end 6 mil
plates will be evoluoted.

Correa I eai tests were mode of Ince—l costings 
in static NoF-ZrF.-UF. (50 46 < —le T) ha 
— ght Inca—l c—soles to obtain further infer— 
tion — the effect of the composition of the coat 
■aeai i el — its cart— ion resistence. Three cast-

of 52% sodium oft— erpet are to stotic molten 
sodium for 100 hr — 1300°F in a vocuum —a 
phere. The weight I—e of the lam d—tity body 
wet greet— th— th— of the hi^i doneity body, 
and hordness tests showed the lomer density bed; 
to have bo— woollen ed by the exposure to tedium.

In selid-phose bonding screening tests in stotic 
NaF-ZrF.UFa (50-46-4 mole %) - 1500"F with 
e calculdted con—et pressure of 20,000 psi, mo-
lybd did not bend to tungsten or to K150A

• • • • : : - -e ♦ ♦ e •F • ee •• • 4 •= =
• es •«

» » » *
• ooo t«
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(B0R TiC-107 NbTeTIC,-10% Ni). H did, how. 
ever, bond to itself end to Ki 528 (64% TiC- 
6% NbToTiC,—30% Mt). The contact pressure had
been from the stondord 50,000 to xjm
psi in on effort to get below the yield strength of 
me hh durum at 1500‘F. Even at 20,000 psi. how. 
over, the molybdenum deformed some in ell the 
tests.

formation of NiMoOa depends on the molybdenum 
content cf the alloy, as well es on the temperoture.

Billet configurations for the fobrication of two- 
end three ply tube blanks have boon developed. 
Tube blanks prepared from Inconel-Type 316 stain-
less steel. el-type 316 stoiniess steel, and

XX Febri retire Re st cosh
Conditions for the extusion of nickel mefybdenuw 

been olloys were estoblished  he rob > tube blenks 
of these more riels con be successfully fobricated 
on e lob ores ery scele. Siew extusiom refer end 
improved luricetion were found to be the most

nickel-type 316 stainless steel combinations were 
successfully drown to small-diometer tubing that 
showed good thermal bonding at the metal inter
feces. The thicknesses of the layers were about 
equal. A Hastelloy-B-type 316 steinless steel 
tube Monk wes rejected during processing because

desiroble conditions. This iat
mf.

y-establ ished
wes then successfully opplied to the

extusion of Hoaieiloys B. •, and X on a com- 
mor e id scale for the first time. It now appears

alloys.
The 

comosi
segrch ia continuimg for « hig

esistont nickel-molybd
gth.

Ceromic B.C tiles of the type required for the 
ART neutron shield were received from two i eiders 
for evoluction. Semple* were irrodiated for six 
weeks in the LITR, end no crocking or gas evo- 
lution woo observed. Results of these examina- 
tions ndicete that sctisfoctory material con be 
provided to meet ART specifications. Sinail plates 
of the stainless-steel-clod cepper-B.C cermet

that -ill not be embritled as e result of aging, 
such es is the cost for Hostelloy-type alloys. 
Ternmrj olloys booed on the 17% Me alloy with 
odditions of Ti, Al. w, Nb, O, Fe, V, and C ore 
being fobriceted into tubing ter corrosiom evalu- 
often to establish the upper limir ef the third 
element -hich will increase the strength of rhe 
alloy and yet not destroy its corrosion resistance.
Various special nickel melybdi base olloys
were received from the International Nickel Com 
pany and Banelle Memorial Institute for fabricetion
imto tube blenks and sub 
often.

The effect of comsume

comrosiom evalu-

ible electrode arc melting
on the shengh ond fobricobility of nicke! and

eral nickel-molybd base alloys is being
investigated. It is hoped that the high ore torn
P es will vaporize "‘wamp"" elements ond

that the resulting molts will hove improved me- 
chervil, el properties. Elec its des of seek e crepe 
sition of interest have been prepared for ere melt- 
ing.

The oxidation of Hostel ley B in static cir hot 
been investigated of 1200. 1400, 1600, and 1800°F. 
The curves of weighr gain vs time were parobolic
ot all test es, and thus the oxide scele
(NMo. that forms on the surface oppoors to be 
protective. Evidence has been found that the

shield plates required for the ART have been 
successfully fabric eted, end specimens have been 
prepared for irradiation. Dispersions of BN and 
CaBa particles in iron, nickel, and Inconel were 
else investigated os possible substitutes for 
copper B4C cermets. The most promising of these 
materials, BH-nickel and BN-Inconel, are being 
prepared for irradiation in the LITR.

Beran steels for use in a compression ring be
tween the beryllium reflector and the e uppers ring 
im the ART ere being investigated, end specimens 
have been prep er ed for radiation domogo tests. 
The feasibility of using e duplex ring is also being 
investigated, becouse recent work by other investi- 
peters has revealed low ductility in baron stainless 
steels after irradiation. The primary ring would 
be fabricated from Inconel and the secondary ring 
from clod copper-B.C.

Studies were continued of methods for producing 
three ply seomless tubular fuel elements and cen
tral rods end Inconel-clad niobium UO2 fuel ele- 
monte. The search for a low-conduct ivity gemma 
rey shielding water id continued. Tungsten carbide 
appears to be the most promising base material, 
and constantan has been chosen aS the binder. 
Verb was also continued on the development of
• 20% Li-80% Mg alloy for use 
material.

shielding 1
10
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Tests were conducted to determine procedures 
for minimizing distortion in the fabrication of 
Inconel pump volutes for the main NoK pumps of 
the ART. A welding procedure was developed 
whereby acceptable tolerances could be achieved, 
and it was shown that annealing of the volutes 
was required to remove residual stresses. Brazing 
experiments were also performed, and the results 
of dimensional measurements on the brazed volutes 
indicate that the brazing procedure gives a high 
degree of dimensional control.

Tests were also conducted to ascertain the 
possibility of welding an accurately machined 
and property stress-relieved pump barrel to a thick
walled pressure shell without the need for finish 
machining or subsequent stress relieving. The 
results revealed that some distortion is inevitable 
and must be either accepted or removed by sub
sequent machining and that a stres s-relief anneal 
will be necessary.

Weld shrinkage studios on cylindrical test speci
mens are also being conducted to provide data for 
use in the fabrication of the various ART shells. 
A program of welding Inconel plates under con
trolled conditions was carried out, and, based on 
the results obtained, the welding of large Inconel 
hoops was undertaken. It was round that in weld
ing plates the effect of the welding variables could 
be minimized so that a welder could, essentially, 
duplicate his performance from test to test when 
welding manually. Also, a welder could nearly 
duplicate another welder’s performance. The

C

amount of tack-weld shrinkage in these tests was 
found to be inversely proportional to the length 
of the spocers used. The results of the hoop tests 
revealed greater shrinkage variations within a 
hoop than from hoop to hoop. Since each variation 
in the thickness of the Inconel plate to be welded 
creates new problems that are solvable only by 
more actual tests, additional tests will be made 
on each of the plate thicknesses of interest.

Exominations were completed on a 500-kw high- 
conductivity-fin NaK-to-air radiator, designated 
PWA HCF radiator No. 2, which failed as a result 
of a leak after operating for 1199 hr in the tem
perature range 1000 to 1600°F. For 546 hr of 
the operating period a temperature differential 
was imposed on the NoK flowing through the rodi- 
afar by passing cold air across the fin surfaces. 
It was. found that the radiator failed as the result

of the initiation of a fracture in a braze alloy 
fillet by shear forces and the propagation of this 
fracture through the tube wall by tensile forces 
or combinations of tensile and shear forces during 
periods of cyclic operation. Since the incidence 
of incipient fractures was associated exciusively 
with the presence of support members or plates, 
the design was modified to remove the transverse 
restraints.

Examinations are being made of a fuel-to-NaK 
heat exchanger, which failed as a result of a leak 
in a tube bundle after a total of 1794 hr of oper
ation in the temperature range 1100 to 1500°F. 
There was a temperature differential imposed an 
the heat exchanger for 1015 hr of the operating 
time, and 21 thermal cycles were applied. Fre- 
quent and severe cracks were found in the rows 
of tubes with the shortest bends into the headers, 
where substantial degrees of strain occur. The 
crocks were most pronounced on the tension sides 
of the tubes. Metallographic examinations revealed 
that, at these locations, the corrosion and the 
stresses combined to form an abnormally unfavor
able condition. Design modifications are being 
made to alleviate those problems.

3.5. Mechanical Properties Studies
Design data obtained from creep tests of solution- 

annealed Hastelloy B shoot stock in various en
vironments at 1300, 1500, and 1650°F show that 
the times to 0.5, 1, 2, 5, and 10% total strain at 
each temperature in the various environments are 
the same, and that for stresses far which the 
rupture life is more than 300 hr the effect of en
vironment is negligible. At 1500°F the better 
performance found in air than in the other environ
ments at stresses for which the rupture life is 
less than 300 hr is caused by the ability of air 
to strengthen Hostelloy B during third-stage creep. 
At 1800°F, Hastelloy B tested in argon and in 
NoF-ZrF.-UF. (50-45-4 mule %) did not age per
ceptibly, and the amount of shird-stage creep was 
large at all stress levels. Of the environments 
tested only air and the fuel mixture affected the 
creep properties of the alloy, and at the normol 
structural stress levels even these environments 
had little effect.

Short-time tensile property tests of Hastelloy B 
in the temperature range 1000 to 1800°F showed 
a distinct decrease in the final elongation and 
in the ultimate strength at temperatures around

11
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1200°F. The change in yield strength with tem
perature is relatively small.

Creep tests of Hastelloy W, which has 5% Cr, 
indicate that Hastelloy W has creep properties 
very similar to those of Hastelloy 6. Hastelloy W 
has less of a tendency to age than Hastelloy B 
has, but a decrease in its ductility occurs at 
1300°F.

The tensile properties of Inconel sheet were 
determined at temperatures from 78 to 2200°F. 
Fine-grained material was found to have better 
strength properties at temperatures up to 1700°F 
than coarse-grained material.

Creep tests were also made of several welded 
Inconei specimens in argon and in NaF-ZrF.-UFa 
(50-46-4 mole %). The initial results indicated 
that the weld metal had greater creep strength and 
corrosion resistance than the parent metal.

3.6. Ceramic Research
A process was developed for the fabrication of 

rhe porous rare-earn-oxide compacts required for 
the ART control rods. The pores of the compacts 
are to be filled with metallic sodium, and the com
pacts are to be carmed in Inconel. The compacts 
were prepared from Lindsay Chemical Co. material 
(Code 920) which contains 45 to .49.5% Sm,O,. 
22.5 to 27% Gd,O,, and the balance primarily other 
rare-earth oxides (to a minimum of 90%). The final 
compacts were made oversize in all dimensions 
and then ground accurately to size.

« 3.7. Nondestructive Testing Studies

The study of the application of eddy-current test
ing to the inspection of small-diameter tubing was 
continued. The small defects of interest in reactor- 
grads tubing produce signals of amplitude compa
rable to the signals produced by the dimensional 
variations of interest in tube fabrication. There
fore the eddy-current test has real value os a rapid 
and continuous dimensional gaging method.

The inspection of pipe and tubing by the im
mersed ultrasonic method was continued. A refer
ence notch of reproducible size is required on the 
inner and outer surfaces of the tubular object being 
inspected, and, since the problem of producing 
such a reference notch on the inside of small
diameter tubing has not been solved, this method 
is not being used for the inspection of small- 
diameter tubing.

PART 4. HEAT TRANSFER AND PHYSICAL 
PROPERTIES, RADIATION DAMAGE, FUEL 

RECOVERY AND REPROCESSING, 
CRITICAL EXPERIMENTS

4.1. Heat Transfer and Physical Properties

An experimental, compact heat exchanger with a 
triangular tube array was designed and is being 
constructed so that its heat and momentum charac
teristics can be determined and compared with 
those of a similar heat exchanger with a square 
tube array. The flow distribution to be expected in 
the ART reflector cooling system was studied ex
perimentally for concentric spacing and for two 
types of annulus eccentricities.

Heat transfer tests wore conducted on the half- 
scale model of the ART core with a volume heat 
source. A swirl entrance system and uniform vol
ume heat source conditions were used. The mean, 
uncooled-wall temperature measurements obtained 
were compared with predicted values for idealized 
systems. Largo temperature asymmetries and large 
temperature fluctuations, which stem from hydro
dynamic asymmetries and flow instabilities, re
spectively, were recorded.

A thermal-cycling experiment was designed and 
constructed which is to be used to experimentally 
study the effect of the large cyclic thermal stresses 
that were calculated to exist in the Inconel core 
shells and in the tube bends at the fuel inlet end 
of the fuel-to-Nak heat exchanger as a result of 
temperature fluctuations. Additional calculations 
were made to determine the temperature structure 
in the region beyond the ART reflector.

The enthalpies and heat capacities of NoF-LiF- 
ZrF. (22-55-23 mole %) and LiF-NoF (60-40 
mole %) were determined in the liquid and solid 
states. Additional information on the influence of 
the presence of fission products on the viscosities 
of fluoride fuels was obtained; no significant ef
fects on viscosity were found. A new thermal- 
conductivity cell for molten salts was built which 
makes it possible to observe whether gas bubbles 
or films are present in the cell at the time measure
ments are being made. An electrical-conductivity 
cell was standardized at high temperatures with 
molten potassium chloride.

4

1

4.2. Rodiation Damage

Disassembly of MTR in-pile loop No. 3 was com
pleted. Samples of charcool from two of the fis- 
sion-gas adsorption traps, the block deposit found

1 
-
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arond the inlet to one trap, ond a thin brownish 
film that was around the inlet to a second trap 
were taken for anclysis. It is thought that oil er 
docompo*itian products of oil entered the trap* 
from the fuel-pump bearing housing ond sump and 
coused a plug when they came in contact with 
the refrigerated trap inlet. The face and inside 
of the forward bellow* of the pump contoined a 
brinle, amber-colored. phous deposit; the pump
slingers were coated with a Hock, shiny deposit. 
No evidences of fuel or ZrF a-vopor deposits were 
found in the pump.

The elongation of one Inconel tensile creep 
specimen stressed to 1500 pal in the MTR for 760 
hr at 1500°F was found to be 1.79. Tensile test* 
at high and low strain rote* were conducted at 500 
to 1400"F on Inconel and Nichrome V. The duc
tility minimum at 1000 to 1200"F, usually reported 
in the literature for Inconel, was not evident. 
Irradiation of the fuel mixture NaF-ZrF.-UF. (63- 
25-12 mole ") planned for use in a creep and 
stress-corrosion test in HB-3 of the LITR resulted 
in only about one-third the heat production ex- 
peered from previous measurement* of the de
pressed thermal flux. More uranium will be added 
to the mixture, and the number of conductive fins 
on the apparatus wil l be reduced.

Irradiation of static corrosion capsules in the 
MTR ho» boon continued. Two Inconel copsules 
filled with NaF-ZrF.-UF. fuel mixtures were irra- 
dieted at 3.5 iwen1 and two at 6 k- cm* for six 
weeks each. Hastelloy B capsules are being pre
pared for MTR irradiation. They will be filled with 
NcF-KF-LiF-UF a fuel mixturos.

A vertical in-pile loop wos inserted in the LITR, 
but it had to be withdrawn because of pump failure.
I owed pump* are being tested. Corrections for
the plotinum- plotinum-rhodium thermocouple and 
the fuel tube wall rodial temperature difference 
were determined. The maximum, correction was 
35°C.

Further design colculations for the verticol in- 
pile fuel-circulating loop were mode, bated on the 
assumption of insertion to the bottom of the LITR 
lattice. It wo* found that, in spite of the greater 
length of irradiated loop in the "deep-* petition, 
the fuel temperature differential would be slightly 
less. The principal result of the change in position 
of the loop would be a substontial decrease in the 
dilution factor from about 11 in the "‘shallow" 
petition to about 6 in the "‘deep"" position.

Fost-neutron studios were begun on the energy 
spectrum in the ORNL Grophite Reoctor and on the 
variation of radiation domog* with energy. Colcu- 
lotion* lead to reasonable agreement with experi
ments on ger mon rum both in a reactor and with a 
fission spectrum from a uron. um,. converter plate.

Exploratory designs of a vseome ter for measure- 
ments of irrodiated fuel were studied.

It wo* demonstrated the* the nonlinear, photo- 
sensitive conduction in commercial-- re insulation 
is a bulk- rather then a surface-leakage effect. 
Germanium diodes and trensistors were irrodioted 
in the ORrIL Graphite Reactor end in a Co°0 
gamma ray seurce. Correlctions wore meds be
tween changes in diode and translator properties. 
The displocement of germanium atoms by Co“0 
gamma irrodiarion was observed, but the effect of 
this damage in diodes and tronsistors different
from the effect of neutron rrodiation. Enhanced 
diffusion of interstirial atoms produced by fost- 
neutron irrndiation ho* been observed in the barrier 
region of e germanium point-contact drade.

An evaluation wo* mode of the rodiotion damage 
to be expected in the ART B.C shield. Of the six 
bodies irrodioted m the LITR for SOO hr at 200* C, 
the Norton Company high-density material is pref
erable, but only one material showed any serious 
rodrotian effecrs from a totel dose of 6 - 10’9 nut 
(thermal). The ART cepper-B^C cermet layer and 
boron steel are to be irradiored in the MTR at 
1600 F.

It he* boon decided to include rome of the work 
on the rodiotion effects on polymers (wh ch he* 
heretofore b*en reported only in the Solid State 
Division Progress Reports) in the ANP Frogress 
reports. Work is currently under way to study the 
reaction prod-cts of irrodicted polymer* by moon*
of the infrored spectro 
work is presented.

A summary of this

4.1. Fuel Recovery and Reprocessing
The design of the volatility pilot plant for re

covering fu sed-solt fuels -os completed, excepr 
for minor ouxiliory item*. It is expected that the 
plant will be completed by June 30.

The behavior of NiF, tn molten HaF-ZrF * and 
HaF-ZrF ^UF a systems wo* studied to determine 
whether ’he presence of this corrosion product 
would couse the formatics of sludges which would 
interfere with salt transfer in the fluoride-volatil • ty 
process. since the addition of as much as t wt %
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NiF. to melton NaF-ZrF a (50-30 mole ") at 600°C 
resulted in the formation of a viscous dispersion. 
The initial sedimentation of such dispersions was
ropid; he , the se’tling rote decreosed with
time as a result of a viscosity effect. In tests to 
doty mine the effect of the NiFa concentration on 
the sedimentotion rate, it was found that NiF, 
concentrorions of up to 2 -t ", e factor of ’0 more 
than is expected in circreft reactor fuel reprocess- 
mg, would not interfere -ith salt transfers unless 
the molten salt vore permined to stand unogitated 
for long periods of time. The presence of UF. in 
the molten salt mixtures was found to have very 
little effect on the sedimentation rote.

Santa 1 ry work wos carried out on the
decomposinon of the UF.-3NoF complex of high 
temperotures in an effort to develop a UF. desorp- 
tion procedure which ovoids UF. decomposirion, 
since the decomposition reoctiom would lead to 
uranium being held up on the NaF bad and would 
thus necessitate a sybsequent recovery step. The 
resulis indicate that if a sigmificant partial pres-

is retained in the NaF bad becausesure of UF. b» vevusweu an vse l w •= eLuu- 
of a plugged line or cold wrop during UF. foies-

tion, excessive UF. decomposition will occur 
when the temperature reaches the 300 to 400" C 
range. Therefore precoutions must be taken to 
ensure that full swoop gas flow through the NaF 
bod is mointoined dur ing U F a desorption.

PART S- REACTOR SMIELDiNG

5.1. Shielding Theory .
The joint ORNL and Wright Air Development 

Center (WADC) program to determine the contribu
tion of air-scatered gommo toys to the dose rote 
tn a cylindricol crow compartment has been sepo- 
rated into two parts. The first part, in which the 
flue at various points in air will be determined, 
has been programed and ceded for caleulations 
on a type 1103 computing machine. In the second 
pert the Hue was considered to be the source at
the outside surfoce of the cre- comp mt, and
the date at severol arbitrary positions inside the 
crew comportment wos determined. This port of 
rhe pre yen hos bean completed.

A procedure lor transforming flux, current, or 
dose rare from one density of an infinite home ge 
neous medium with onistropic point sources to 
another density has boon derived directly from the 
Bolrzmonn equation. This procedure provides e 
meant of wransforming Tower Shielding Facility 
(TSF) date from one oltitude to another.

The code for a Monte Carlo colculation of energy 
deposition in a multiregion shield with slab goom 
etry has been used to determine the percentage of 
the total energy from 1 Me. gamma toys that is 
reflected, absorbed, or tronsmitted in a fuel- 
Inconel-sodium-Inconel slab. The percentage of 
energy obsorbed in various regions of the slob -os 
also calculated.

4.4. Criticel Experiments
Experiments with the critical assembly of the 

sodium-cooled, refloc for-moderated reactor with 
solid fuel elements proposed by the Nuclear Devel
opment Corporation of America (NDA) have been 
completed. The reoc tivity effect of the stainless 
stool shells that seporated the fuel region wos 
investigated by substituting aluminum shells of the 
some dimensions. The exchange of 4.4 kg of alu- 
minum for 11.9 kg of stemless steel resulted in e 
gain in reactivity of $4.20, estimated to be equivo- 
lent to a 14" decrease in the criticel mess.

Cow toy heating in the island and in the re- 
Rector was measured, and the results are reported 
as power dissipated os hoot in a unit volume per 
unit reactor power. The leakage of fest neutrons 
at various points on the outer surface of the re- 

am Rector was also measured. The thicknesses of 
QA of the sides and top of the beryllium reflector were 

verted for these measurements.
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1.1. AIRCRAFT REACTOR TEST DESIGM

A. P. Frees

STATUS OF ABT DESIGM

Design work on the Aircrafr Reoctor Test (ART) 
reactor, hoot mo ch on per, pump, ond pressure-shell 
assembly is nearing completion. Loyouts on ell

are being studied in the one-sixth-scele model. 
The deteil design of the plumbing ond equipment 
instollat ion outside the cell is well along ond 
should be largely completed during the coming

the —ft sub blies hove b—n completed.

detailed parts. Drowings for the remaining ports, 
should be completed during the coming quorter. 
The applied mechanics end stress onolysis work 
is oc company inp the design, with rovgh first op- 
proximations being completed, usually, shortly 
after completion of the layouts ond with better, 
second approximations following closely, in most 
instances, upon completion of the detail drowings.
In 
de

coses tn which comp tests have been
d essentiol, the results ore being onolyzed

end modifications in dotoils mode when essentiel- 
Of course the analyses have not been completed 
for many very campion situations, end many key

APPLIED MECNAMICS AMD STRE5S AMALTSIS 

R. V. Megheblien

Morth Mood Pressure Stresses
The stess onolysis of the composite double 

deck structure of the north hood, mentioned tot the 
previous report,’ vet e owlets d. The onolysis 
was booed to the pressure lends to which the 
structure will be subjected during full power oper- 
etion. Since the octual design consists of two 
circular Hot-plate decks joined toy e complex
patern of verticol boffles and walls ged both

tests hove not yet been run. It is
believed thot modificotions that will be required 
os the results of this work become available will 
pr eb ably involve only relatively minor reworking 
of partially fabric Sts d ports. Such a calculated 
risk is necessary and inherent in design work ir-- 
volving such exceptionol extropolations of ovoil- 
able technology.

The preliminary layouts tor the shieid have been 
modified to include provision for a substantial 
amount of instrumentation and special equipment. 
A one-half-scale model of the top portion of the 
reactor (commonly referred to os the "north head**), 
including the NoK monifolding, Hee boon completed, 
and models of the instrumentatiom components, 
the load shielding, end associated parts are well 
under way. Such models are used to investigote 
assembly and interference problems. Preliminary 
layouts have also been prepared far the arrange
ment of the lube oil, hydraulic-iluid, water, gas,

radially and circumferentially (Fig. 1.1.1), it was 
not possible to carry out an ana lysis of this corn 
posite structure which would yield on enact dis
tribution of the elostic stresses. Moreover, this
structure it is to 
conditions et temp

sed to various operating 
es of 1200°F and above

for about 1000 hr, and it is expected that thermal 
distortions and creep will cause redistributions 
of stresses which will differ marksdly from any 
predicted elestic stresses. It is not entirely 
meaningful therefore to think in terms of an exoct 
stress distribution, end, for this reason, precise

structure were not wpted.

electrical, ond inst tation lines in the reactor

cell. A one-s ixth-scole model of the entire ART 
assembly is being kept closely obreost of this 
work to ensure accessibility, freedom from inter
ferences, etc. The fuel fili-ond-drain tank design 
has been completed, preliminary loyouts for the 
associated supports, shielding, plumbing and in
strumentation have been prepared, ond the con
sequent assembly, accessibility, etc. problems

So long os the proposed design is copoble of 
supporting the operating loods et relatively lew 
stress levels, the details of the exoct distribution 
oro not tm^ftont. From the viewpoint of creep 
limitations, it would suffice te know the general 
location and mognitude of the highest stresses 
in the system.

This information has boon obtained from e series 
of calculotions bosed on simplified geometric con- 
figurations of the north head structure, and these 
results will eventuolly be checked by on experi- 
mental stress analysis of e full-size aluminum 
model. The colculations consisted of three parts: 
a very elementary analysis in which the various

‘R. V. Meghrmblian, ANP <N«s. Prog. 10.
1956. ORNL-2061, p 22.
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1. 1.1.1. Plastic Model of ART Narth-Head Structure.

deck and shell areas were treated •• individuol 
plate segments with assumed edge conditions, 
on analysis of two circulor flat plates of annular 
shope joined by a contnuous circumferentiol baffle 
(Fig. 1.1.2), and on analysis of a composite system

w"EtAs*esre 
cem * • sesee

u---OLC* r1 Pm1sum VefLk 
(OfOue

tural bers, which wos bosed on the reqire-
--IE 42

ment that the deformations of adjoining bers
bo motched olong the various junction lines (welds). 
The first two analyses served to give a very crude 
estimate of the stress levels involved. The pur- 
pose of the third analysis wo* to determine the 
stresses produced in the north hood due to com- 
potibility reqvirements of the various segments 
of shells and plot** subjectedto a complex pattern

t-

cmcuam ares’
d ‘i--F 

toa=dec-
sasscecvmomaL suEas

<

Fig. 1.1.2. Circular Plates with Baffle.

20



KM —

PERIOD EMDING JUME »•. 19S6

of pressure loods. The ideolized model used in 
this celculation is shown in Fig- 1.1.3, ond the 
net pressure leed* at various points are indicated. 
This model represents opproximately the cron* 
section indicoted in Fig- 1.1.4. It includes some 

of the longest spons which oppeor in the design, 
end the results obtained from this model ar» there

the crevp properties of Inconel im the fuel mixture 
at ebout 1300*1*. Creep tests heve indiceted thet 
the tensile stress vequired to produce rupture in 
1000 hr at 1300"F is about 10,000 psi. The design 
criterion for creep which hos been selected for
the ART reqvires that the total de tion in

ati
The corfiguration of Fig. 1.1.3 wos analyzed

in terms of its leed ond edge conditions end solving 
the resulting system of eleven simaltaneous equo- 
tions on the Oracle. The results were obtoined 
in terms of the mw nt* and reactions at the joints 
and edges of the members. The stresses due to

ony member not enceed 0.2% strein in 1000 hr. 
At 1300°F in the fuel mixture this corvesponds to 
a tensile stress of about 2000 psi.

The enpor i mental proyon^ designed os a check 
on the colculations for the north head structure, 
is onder woy at the University of Tennessee. It 
is believed that the combined results of the ano- 
lytical studies and the model tests will remwal

these 1—were then corp The lorgest
any defects in the pe d design.

stress, as indicated on Fig. 1.1.3, wos found to
be 2100 psi. Since the highest • which
will occur in the north heed structure during full- 
power operation will be appromimately 1300°F,
this 2100-psi stress value is to be Ci

Morth Hood Thermel Stress
With the completion of the onalysis for the 

mechonicel stresses in the north head structure, 
ottention is now being directed to the determine 
tion of the thermal stress distributions. For this

omm -W^nnr
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o-m-i-e- -«*M internal pressure of 30 psi. The stresses in the 
cap were computed from the relotions far on 
ellipticel plate with various edge conditions. The 
stresses at the joint and in the vertical wells 
were computed from the relations for an equivolent 
circular cylinder with e flat hood. These calcu- 
lotions indicate that the maximum stress (1000

f

/
i

psi) is due to the bending ot the cylinder-

o co-*-
V

%

Fig- 1.1.4. Cross Sartisa Used tat Composite- 
Deeb Analysis.

purpose, colculetions have been undertaken to 
obtain preliminary estimates of the energy, 
deposition rates threu^eut this region (see Chop.

’Art Physics**). The locations in the north 
head at which those rates might lead to relatively 
large temperatuve rises are indicated in Fig. 1.1.5.
The colculations of the associated perature
distributions and the thermal stresses are presently 
under way. If those colculetions yield excessive 
temperoture gradients, it is planned to review the 
initial energy deposition estimates and, if neces
sary, perform more precise analyses.

Sodium Expansion Tank Design
The design analysis of the sodium expansion 

tank was completed, and the configuration which 
was found to be acceptable from both the pressure 
and thermal stress viewpoints is shown in Fig. 
1.1.6. The proposed design consists of a vertical 
wall of more or less elliptical shape joined to 
an end cop of slightly cylindrical curvature. This 
cop (or roof) is welded to the control-red thimble, 
which passes through the center of the ellipse. 
The stress analysis of this design was based an 
an idealised model consisting of a short, elliptical 
cylinder with a flat-plate cop subjected to on

cap junction.
During full power operation the tank will be

partially filled with sodium at 1270°F an
assumed depth of 2 in-, and the upper portion of 
the side wells and the roof of the tank will be ex- 
posed to direct gamma radiation from the sodium 
(Fig. 1.1.7). The outer surfaces of the tank are 
to be surrounded by insulating meter io l, end, if 
no cooling is provided for these surfaces, the 
motel temperoture in the reef will rise to 1420°F. 
Since the side walls are to bo welded to the 
pressure shell, which will be at 1250°F, there
will be differential thermal growth bee the
roof and the shell, which will give rise to e thermal 
stress of a0,000 psi (based on an elastic analysis) 
at the roof well intersection. This stress is con
sidered to be excessive, and therefore cooling is 
to be provided for the reef. Sodium at e tempero- 
tore of 1250°F will be taken from the pressure- 
shell cooling circuit end fed into o system of 
i sbes we Idsd to the bottom surface of the roof. 
A total flow of 3 gpm will pass through this circuit 
at a pressure drop of IS psi. The coolant sodium 
will leave the roof circuit at 1270°F end spill 
into the exp on lien tank volume. With this supply 
of coolant, the averoge roof temperature will be
reduced to 1280°F. The ature profiles in
the roof in the vicinity of a ceoling tube are shown
in Fig. 1.1.8. The i thermal stress due to
this temperature structure is 10,000 pel.

ALUMINUM MORTM-MEAD MOCKUP PLOW 
STUDIES

E. R. Dyrko2

R. 2 R. E. Macpherson
D. Ward

A full-size aluminum mockup of the fuel system 
components in the north hood of the ART has been 
set up with external piping to complete the

<
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Circuit*, 3 and flow tests with woter being pumped 
by th* two fuel pump* under simulated reoctor flow 
conditions or* under way.

Twin fool pump operation ho* been demonstroted 
up to 3000 rpm, although 2400 rpm produced opproxi- 
mately rated condition* of hood and flow. De- 
gassing of the system with pump speeds of 2400 

rpm required less than 30 sec with the water (aval

When the tyd* of both pumps war* lowered in 
unison from 2400 rpm, th* first signs of ingassing 

3D. R. Word, ANP VMM Prog. Rep. Dec. IO.
ORNL-2012, p 65, Fig- 2.29.

occurred at 1200 rpm. The amount of gas entroined
during ation with the pump speeds matched

wos believed to hove reached a moximum, not 
exceeding 0.1 vol %, at SOO rpm. At speed levels 
above 1200 rpm, ingassing could not be detected 
with mismatching of up to 5%. Mismatching th* 
speeds by 20% produced ingassing estimoted to 
be 0.5 vol When th* power to one of th* hy- 
draulically driven fuel pumps wos cut off while 
both pump* were running uniformly of 2400 rpm. 
about 13 sec wo* required for th* one pump to 
•tap. This one-pump-stopped condition creoted 
ingossing of roughly 2 vol %. I
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instobility were noted in pump 
speeds, flow rates, pumping power, and inlet end 
discharge pressures. It is believed that both the

pipe configurations were contributing to the ob- 
•or red instability. The addition of straightening 
vanes to the pump inlet regions materially reduced 
the surging- This, coupled with some modifico- 
tions to the xenon-removal system, appears to 
have reduced the pressure fluctuotions to on ac- 
ceptable level, that is, about 0.5 psi in the full- 
scalp reactor.

Water bypassed into the surge chomber for simnu- 
luted eon on removal was very turbulent, an splash, 
wetting of all surfaces and entainment of fine 
bubbles resulted. Methods being considered for 
reducing the extreme turbulence in this region 
include the addition of baffles, a reduction in

D. B. Trouger

Changes in design of both the center volute of 
the axial-flow type of hseder end the island expan- 
•ion bellows located within the header of the 
proposed ART core resulted in an unsatisfactory 
core 
satisfactory inlet guide vane, designated GS-2, 
and the conical baffle plate, designated GS-2- 
P3 (ref. 4). Under the revised design, this par- 
ticulor guide vane end baffle plate combination 
generated flow reversal at the island surface in 
the region of the equator. Systematic relocotion 
of the conicoi baffle plate only and analysis of 
the resulting core flow pattern yielded baffle plate 
GS-2-P1O, which, in combi nution with guide vane 
GS-2, ogoin generated o flow pattern containing 
no flow reversal along either the outer core shell 
or the island surfaces. Brief periods of minor 
flow reversals did occur at the equotor; however, 
these occurred in midstream end teemed to be 
caused by the turbulent condition of the fluid moss 
in this region. In general, the flow generated in 
the upper half of the core by this combination was 
extemely unstable, but it exhibited excellent sur. 
face scrubbing, with very good transfer of fluid 
from the walls, end excellent fluid mixing. Below
the equator, some impro ts were noted in
the fluid flow properties; however, the streamlines 
again tended to hug the inner end outer surfaces 
as they approached the core outlet. Attempts hod 
previously been mode with the original axial-fiow 
header to improve the flow in the lower ho If of 
the core by means of turbulators on the island 
surface immediately below the guide vanes and 
again an the shell surface immediately below 
the equator; however, the improvement was only 
minor. This latest design is being evaluated in 
the bali-seele ART volume-heat-source apparatus 
(see Chop. 4.1, "Heat Transfer and Physical 
Properties").

4G. D. Whitman, W. J. Stelzman, and W. T. Furgersom, 
ANP Quar. Pr^g. Mareh io, 1911, -2061,
p 24.
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four moin Ma* aystems for on eqol Ma* Ha* ere 
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eoch individumi Ma* _____ ____________ -__________
-ee then computed fo the corresponding speed, 
heod, omd Ha* requirements.
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etions b sy
In edditiem a* the ■**' 

, «h« indiwiduol system

hibit et Ml NoK pump speed for ded
periods ot time -hen there is mo fuel Mt the reoctor.

resistences mil very es • tumctiom of *img
Therefore an d pump speed ~os estob-

mtibu
4 Mt

These veriatioms
-e-nafer buildup

ehe colder sections ol he Ma*
systema, principally -e the *4n*a tubes.

'am iai>* -ere esteblished frem 
c* cuves. Th* Ma* ays***

plotted on the pump perh
• erating speeds -ere esteblished ot desiga fle-
to tea those speeds falling tea

26

ee • •• •
: : -2: .:
• • ••• ===

lshed et -hich reduced mormup periods con be
4 at reduced suress. The

estoblished end e ding po-er
iting spmeda

■** It
fa* the mein end avmiliory NeK pumos we given 
in Tabie 1.1.1.

coMTRoL-oD cOOLiG STITE=

J. Foster
The ART coenol eod is designed to move werti-

colly in • •*41 e g stote sodium, this
sodium beimg deep enough te cove the comtel

•= e- • •
• • ==e •

•=

**• •e
4 • 4 

ena ••

== •



PgltlOO tUDIHC lUHg 10, 1956

( TABLE .11. MeK PuMP SPEEDS AHO 
MORSEPOWER REOUIREMENTS

heot es required by the condition of the fgyw
sy stem. No Hew pressure controls will to*

Meim Aumilicr, Syatem

9

Pemp 
Se-ed 

6g-)

I too 

2300 
2650

3000 

3200 

MM 

3300

Pe-er
******

0)

Pume 
Spe-d 
G,-)

Pe-er
*******

0ho)

27
42
61
72

102
18
127

190 
2300 
MM 
MM 
3100 
nw 
300 
3550

7 
tri 
26 
31

a 
M 
55

• tori in its Hally withdre-n position. This ploces 
the level of th* a*ii»* to'** surfoce in th* well 
just • fe- inches above th* top of th* reactor

provided other thon on orifice in th* water line, 
designed to give • flow of 1 gpm.

Th* moter-jocketed ond boffled sodium zone will 
to* seporated from th* hot sodium in the lower well 
toy to solid Inconel plug inserted in “he sodium •• 
to heat dem to keep the thermal grodient clong the 
Inconel well to « reosonable value from the thermol 
stess stondpoint. This Inconel plug is « 4-in.- 
high cylinder with to cemtral hole drilied along 
the cylindricel axis, through which th* 4-n.-dia 

control-rod dhive is free to move ond position th* 
rod os required.

Th* elfluent het **«e» to — the jocket will poss 

through or economizer, in which it will heat the 
entering water streom. This will reduce the ***** 

heoting lood and cool the effluent streom to prevent 
flashing an th* Awa*.

north heod. Th* -eil ds up obout 5 ft obove
Mat* level **•»•* ploce the contrel-rod dive

ch outside the imci* shield. Th* sodium
at ond meor the free surfoce must to* cooled to 

toif 500"F to minimize the ***** pressure ond 

hence the diffusion ond deposition ot sodium *****

SODIUM SYSTEM STUDIES

W. 1. G-ay

Recent tests shomed that the flo- resistonce 
in the annuli around the core in which sodium wall
to* circulated will to* A
pected with the spocers in ploce.

smeller thon em- 
This will effect

on ah* comp

mism, -here such deposits might cregte ****** *n 
difficulties such os shorting ot electrical circuits. 
Tests hove sho-n thet sodium vopor evolutiom ond 
deposition wre negligible at S00"F.

Th* lower portions of th* codiumm in the well

• slightly lomer over-all pressure drop and ***
meorly balonced He* to the cooling holes

will to* ri to temp es of obout 1200"F.

and therefore the cooling system includes e— 
vection boffles to still tow upper fe- inches of 
the sodium end to wate jecket around this baffied
* * rii *■ zoma. A* • pwece 
ony possibility ef water

to ensure ogoimst 
wring the sodium

chember, the jecket wall to* • completely ***** . 

tight ossembly. Am Imconel sleeve will to* shrumk 

over the outside of the commol-od -ell yip* te 

form to 4** bi* wall. Water wall to* circulated at 

220 f 240°F (aodium i** ha or 208°F) mough she

hl*** or supoly

♦•to to • •
• to • • ee
to to to • • •*•• • ••• • •

and the core onnul- Pressure drop colculerions 

indicated the need for ncveosing the thickness 
of the control-od cooling onnulus, an which * erii jr 
will circulate, to*** 0.080 in. to about 0.125 im.

the top ot the sodium exponsion tonk ond iw the 
oddition of • fiexible bello-s te the island sedium
inlet line (se» previous section of this > 
"Applied Mechanics ond Stress Anolysis").

tonk of
0.6 frd has been odded f the system so shat

the event of • mejor reoctom shutd 

be added as she * erii — temourat

on 
An 

ely 

in

sodium cen
is lo ri

fron 1200°F to 300"F to aveid • loss of prime 

in the sodium pumps (which -ould other-ise occu 

at abou B00F).

* to
• •
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1.2. ART PHYSICS
A. M. 0

RADIATION HEATING OM THE ART 
EQUATORIAL FLAME IM THE VICIITY 

OF THE FUEL-TO-NeK MEAT EXCHANGER 
H. W. Bertini

The results of calculations of the radiation 
hooting on the ART equatoriol plane in the outer 
3 cm of the beryllium reflector and in the Inconel 
and the baron-contoining shells on both sides of 
the fuel to HeK heat exchonger ore presented in
Figs. 1.2.1 and 1.2.2. The total go ray
heating in eoch region is given in Fig. 1.2.1, 
os well as the heating from the sources which 
ere the main contributors to the total in eoch 

shell. The encircled numbers on Fig- 1.2.1 refer 
to rhe sources described in Table 1.2.1.

The data on hooting in the copper-baron layer 
by alpha particles from the B‘°(m,a)Li” reaction 
are plotted in Fig. 1.2.2. The heating goes to 
infinity at the face of the layer closest to the 
core because the hooting at various points is 
governed by an E, function.

c= .A dAE,(x) - f e-*A — .
*1 *

where A is the meon free poth. The integral under 

the curve will be finite.

TABLE 1-2-1. SOURCES or RADIATION KEATING COMSIDERED im CALCULATING 
TME RESULTs PRESENTED IM FIG. 1.2.1
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tto reoctor. Th. source swength of the decoy 

gamma roys was assumed to to tto same to eoch 4
S

E

1.
S'

4

3
• I

fuel .toll.*

Th. overoge source strength of gomma roys 

r sulting from inelostic neutron scottering in the 
fuel was calculated by using the output of 

multigroup calculations performed by the Curtiss- 

Wright Corp, on ART-type reoctors with sphericol 

symmetry.• The imelostic cross sections used 

to the fuel were those reported in ref. X This 

calculation hod been —to —4 before *11 the 

dato in Ito I—« reference hod been occumuulated, 
•• it was ossumed that, to eoch inelostic 

collision, — toll Ito overoge neutron .—rgj in 
eoch energy group wos given oM os I M." gomma 

rodiotion. Colculations mode by using the —r. 
recent data indicate that the source swength 

used wos to* high by about 50*. The totel heating 

values given in Fig. 1.2.1 may therefore to obout

5% too high. This error is portially e oted

s
.1

eom -

-
1
J

- for, howe 
14.

Th. p

, by the neglect of sources 10 through

and decoy g specte’

were divided anto fou energy groups with averege 

energies for eoch group of 0-5, 1. 2. and 4 Mev. 
Tto last fou groups listed in re. 3 -ere combined

into one group with en oge energy of 4 Mev.

A . ... . . —
• MM 00• Mt o »M 02*

t-c-wes o Lr- te-i

Fig. 1.2.2. Neoting in Cepper-B Leyer By

Th. hegting ot the vrious ploces described in 
Fig. 1.2.1 was etc .1—4 by summing the contri- 
burions from —ch energy group from every fuel 
shell.

H was ossumed for the celculotions thet eoch 

fuel shell -as repiaced toy an infinitely thin

Th. heoting from sources 10 to 14 wes neg-

spher icol-she II
homogeneous m

hzctde Their comb d contrib
in th. region being conisid

to the 
d -as

mmation
infinita

fem •

source »«bi 44.4 tat an infinite 
dium so shat the stondord tronsfor- 

sphericel-shell souce to to
plane sources would opply, thot is, so

estimoted to to* about 9* ol the totel heating-
Th. fuel *1 the core of the reoctor *••

ossumed to be • spherical •toll 5.125 in. thick 
with an outside rodius of 10.5 in." This region 

wos divided into 13 sphericol •toll* of thicknesses 

varying to.* 0.27 cm to 2 cm. The source iniiyi* 
(in — /cm) of the pompt gomma roys in eoch

(I) M-g - r) - M(R ♦ r)

_ W. Bertani et al., Basi Game*a Oi*. for 
ART ned Depesie dill....... .........  RML-2113

shell wos ossumed to to. p tional to the

(in m-sa)-
“Celeulatim- —to — * by

Mmm.. A—d•, mriete •
Prem• a 

eM.w

fission poer in »*<h shell, which wos

colculated (from ref. J) ot the equotorici plone of
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O where
r • rodius of source (token ee the overog

R •
radios at each fuel shell), 
distance from center of tool shell to 
field point.
heating at a field point due to an infinite 
plows source ad monoenergetic gomma 
roys a distance a owoy teem the field

of the shell. The buildup foctor parsaastere. A and 
a, were token to tee those for beryllium. The 
p"s, A"s, end a*e were evoluoted at each energy 
grovp.3

The spectum al prompt gomma roys ropereed
in ref. 7. 8.8 ph /Mevfission, is
different bow that reported in ref. X 9.61 
photons/Mev-fi ssion. The terser volue, which

Q)

The second term ad Eg. 1 was dropped te these 
colculotions becouse od the large radii involved.

The essumptions mode were certainly not 
consistent with the geometry, inasmuch os the 
region between the souce shells and the field

neglects the voriation of (,/o,) 
was wood in these colculations

» =ith energy, 
elore the cor-

point is not ywh h
fication for rhia approoch wos that it

. The justi- 
i appeared to

be os good a* could be done without going to a 
much more detoiled numericol integration over ell 
source points for tech energy goup to colculate 
the hooting at one field point.

In deriving N, it wos mull that the ertete
ating । 
pend
-hose
mhickm

medium betwe 
consisted ad 

thicknesses

. the plane souce and field 
infinite slobs al materials
were dele d by thes

The buildup foctor weed -as ol the form

(2) A * - I I .

-here
A,a a p rs of the equotion.

F, e lino er total oo—wo ray obearptten cross 
section (cm-) te eater tel i,

tt e thickness ad moterial r (car).

Under these condit

sp, gC3) - A E. la -a) Lu}.
<

• (1 - AlBt ( ».) } *
where

H e hooting (w/cm2) at the field point, 
S o source str ring—i (-/cm2)

a lineor go
section (cat- ") for the field point, 

t, a thickmss al ate sh slob (cm).

The S term waa d d for eoch fuel shell

r. :2* e i ee
• • ••• -==

rection wos p tinted out. Use of the latter spectrum 
weald chonge the results reported here by less 
then 2%.

The heating by the copture gomma roys in the 
Piter coe shell wos colculoted with the wee el 
»he some ossumptions as those weed for the colcu-
lotions ad the heating by the fuel-reg
that to. e sphen 
mode end slab get 
vening and iw— te

pl
souces.

tree ate notion wet
etry was weed te the inter- 
ate the plone souce and

field point. The ebsorption rate in the outer care 
shell wee colculated fro* the output dote el .

calcul
The spectum ol copter a gomm toys in Inconel 

was divided into seven energy grange in red. X 
but, te this colculetion, the first three goups 
were combined into one group, and the rioapo 
energy ad this confined group wos token to be 
2 Mev. The to—th and fifth goups in rot. 3 were 
rob on as the second and third energy greapo te
this colculotion, and the ge energies were
token to be 4 and 6 Mew, respectively. The sixth 
end seventh energy goups to red. 3 were conbined 
into one grove with an overoge energy of 8 Mev. 
Thee a total ad to— energy graves wee used tea 
this colculotion. The buildup foctor wood wee that 

te beryllium et tech energy group. The eveer 
core shell hee on inside rodius of 26 cm and e 
thickness of 0.381 cm.®

The captwo gommo roys an the island core shell 
were neglected becewee of the shielding pr apart tee 
of the fuel. The heating by the copter e gomma 
roys at the beryllium reflector wee colculated by
using the sph pl transformation and the
other ossumptions given above. The reflector 
region was divided into five sphesicol shells, that 
is, the net shells as those used by the Curtis s- 
•right Corp, in their mnuligroup colculotions ad
reoctor No. 675.• The coin are g

• • e =e ee • ese • e-e ee
: • : : 8 : x » s. : :
o • eee e • e • • • • •• • o • • • • • • e • ••a =e= • o •e oo ee * e== eo
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strengths in eoch region were calculoted® from the

output the multig calculations. The
spectrum of the copture gemma roys in beyilium 
is divided into two energy y « in ref. 3, ond 
these groups were combined into one group with
on oge energy of 6 Mev, Ur this colculation.

The buildup foctor for beryllium at 6 Mev wos
used.

In colculating the g souces in the
first Inconel shell round the beryllium reflector.
it wos ossumed that 32% of all born in

neutron absorption cross section is 0.18 CM-’. 

Then, for the Inconel,

(5) obsorption role in Inconel

- »|1 - P.(o)) P_(Inconel) .
The copture gomimo-y source strength per unit 

volume wes then colculated toy using the di- 
mensions given Mt ref. I, the energy per copture 
given in ref. 1 and the ossumptions given above. 
The macroscopic neutron absorption cross sections

o*
the core es cotte from the reflector os ther tel 
neutons.• It wos further ossumed the* these 
neutron tsr— with on isotropic angular distri- 
bet I on iron the surfoce of the reflector. A source 
shew fit. S, in thoron I neutrons/cm2-sec escoping 

from the surUco of the ref Uc ter, wee colculated 
toy using e reflector rodius of 55.04 cm (ref. 1). 
Beceuee of the lorge rodii of curvoture in this

ge velocity at 700°C were coiculated from
volues given in BNL-325."

It wes —M—j that the ga Qy source was
cows tent in the Inconel. Also, toocouse of the 
lorge rodii involved, slob geometry wes ossumed 
Ur the source ond Ur the mediums between the 
source end field points.

F* e slob souce end the buildup foctor given 
mi Eq. 2. the hooting Ur monoenergetic gomme 
roys is given toy

(6) h
4 

I - • Fa (1-a) £ t,u. - Ea (I “ a) Z t,m, 

(-1

♦ (1 - 4) F, ( £
\ (-1 )1)•

region of the reoctor, the neutron absorption rotes 
were colculated on the bosis ol slob geometry.

Between the Inconel shell ond the reflector 

there is O -in. loyer of sodium coolont. 1 I it is
assumed thor • neutron Uewing the surface source 
will be absorbed only on a first-flight obsoption

where
< e source 

s, e line*

sirength (w/cm*),

totol roy cress section
(cm- ") for the mh slob,

e thickness ci fh sicb (cm); i - I designates 
the source region.

collision, the probobility of ob 
sodium, P_(Na). is derived to be

ption in the

(4) - P.0Ne) - 1 - Fa(.Na)e) •
where

is

F2” - , “75 ,2 •
t - thickness of sodium Uy er (in cm), 

}.(No) W weererte—c ther—el weoSrow ab- 
sottion cross section lor sodium 

- 5.6 ■ 10-3cm-‘.
It wos ossured that the angulor distribution of 
e neutrons reoching the Inconel wes still 
sirs pic, ond e similor s ng* f stow wes obtained

The spectrum of cog twee gomma roys from Inconel 
was divided into seven energy groupis3 with 

average energies Ur isci group of 0.5, 1. 2. 4, 
6, 8, and 10 Mev. In colculating the heating in 
the shells odjocent to the Inconel source, the 
buildup foctor for Inconel wos used. Test colcu- 
lations have shown’ • that the heating is relatively 

insensitive to the type of buildup foctor used Ur 
materiais which have neorly the same equivalent 
Z. The heating in the beryllium reflector wos 
calculated by usirg the buildup factor Ur be- 
ryllium. For the shells on the pressure shell side 
of the hoot eschewyor, the buildup Ueto* Ur the

‘o. J. Hughes end j. A, Hav-y. Neusrom Cross 
Secthms, BM-325 UJuly i. 1955)-

for the Inconel, fo which the mocroscopic thermal-
Ste

19. •„ Bertimi, C. M. C

ORML-2061, • 36.

R. B.
ANP Pmg. ep. Mareb 1Q 1936.
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heat exchanger wes used. The heating at all 
field points was found by summing over the 
contributions of every energy group.

The self-heating of this Inconel shell for each 
energy group was calculated by using the ex- 
pression

(7) H -- -------- 2 - (E,(p) + Ea I
where

ti • heoting at t (w/cm3).
€

p,

p

fo
t

• source strength of the shell (w/am3),
e linear energy absorption cross section 

(cm-’) of the Inconel shell,
• linear total cross section (em-‘) of the 

Inconel shell,
• thickness of the Inconel shell (cm),
• Distance from the surface of the Inconel 

shell (cm).

The hooting in the shell* for this source was 
colculated by using Eg. 3. The buildup-factor 
parameters and the gamma ray cross sections 
were evaluated at 0.5 Mev.3 The buildup factors 

used were the same as those used in the previous 
calculation of the sources in the Inconel shell 
outside the reflector.

The hooting in the copper-baren layer by alpha 
particles born the B‘°(n,a)Li” reaction was 
calculated by using techniques similar to those 
used in estimating the neutron captures in Inconel. 
It was assumed that all neutron* escaping from 
the reflector, sodium, and Inconel were incident 
on the surface of the cooper-baron layer with an 
isotropic angular distribution. By assuming slab 
geometry and by assuming that the neutrons make 
only fast-flight absorption collision*, the proba
bility of absorption at t per unit thickness in the 
ith constituent of the layer is given by the ex- 
pression

No buildup factor wo* used for this self-heating 
colculation.

Sample calculation* were made in order to 
compare the hooting from this shell when it was 
assumed to be a plane source with the hosting 
when the shell was assumed to be a slob source, 
the results indicated a difference of 30 between 
the two value* of the hooting at a distance of 
2.5 —on free paths from the source.1* Thus the 
approximation of a plane source was not used in 
this case.

The source strength of the gamma rays resulting 
from neutron captures in the baron of the copper- 
boron layer was calculated by assuming that all 
the neutron* leaving the reflector and escaping 
from the sodium and Inconel shell described 
above are absorbed at the front surface of the 
copper-baron layer. Actual calculations indicate 
that only 90 of the neutrons striking the layer 
are absorbed thmre, and they also indicote that 
the distribution of the sources of gamma rays 
would be the same as the distribution of Heating 
by alpha particles, as illustrated in Fig. 1.2.2. 
The source strength of the gamma rays used for 
this calculation was therefore about 10% too 
high. It was assumed that there was a 0.48-Mev 
gamma ray associated with 93% of the ab
sorptions. 11

(8) P. - >2 1, (> t) ,
where

>. e macroscopic f her ma l-neutron absorption
cross section of the ith constituent,

2 ■ total macroscopic thermal-neutron ab
sorption cross section of the copper-baron

t • distance from the front face of the slab 
(cm).

In this case the copper-boron layer was assumed 
to consist only of copper and B1°, and the atomic 
density of each was calculated for a matrix con
sisting of 16 vol % natural B.C and 84 vol % 
copper.12 The microscopic cross sections used 
were those for the average veloc ity at a temper
ature of 700°C, and they were calculated from the 
room-temperature cross sections given in BN L-325.*

The neutron absorption rate per cubic centimeter 
in B '• at t is given by

(9) 1° E,(xTt) •
where S is given in neutrons/em2-sec impinging on 
the front foce of the matrix. The heating resuiting 
from neutron c opt ures in B 1 0 was calculated by 
assuming that in 93% of the absorptions in B 10

"‘F. Ajzenberg and T. Leuitsen, Rn>. Mod Pbys. 
24. 331(1952).

12
H. W. Bertini.

M. Perry, ORNL, privote unication to

h.
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a 2.32-Mev alpha particle is given off and that in 
the remaining 7% a 2.8-Mev alpha particle is given 
off.’ * The heating from beta decay resulting from 
neutron captures in copper was calculated, and it 
was found to be negligible compared with the 
alpha-particle heating.

The gamma-ray heating resulting from the 
emission of decay gamma radiation in the heat 
exchanger was calculated on the basis of slab 
geometry by using Eq. 6 for each energy group. 
The spectrum of gamma rays was divided into the 
seven energy groups given in ref. 3, with overage 
energies of 0.5, 1, 2, 4, 6, 8- and 10 Mev. The 
buildup factor for the heat exchanger was used 
for each energy group. The total heating at 
various points was calculated by summing over 
the contributions of each energy group.

The source strength of the gamma rays resulting 
from inelastic neutron scattering in the beryilium 
reflector was also calculated. These sources are 
appreciable only in the first 9 cm of beryllium. 
However, their contributions tu the heating in the 
regions around the heat exchanger are small 
compared with those of the beryllium capture 
gamma-ray sources. The reason for this is that 
the gamma rays from inelastic scattering were 
taken to be -Mev gammo rays, which are at
tenuated much more strongly by the beryllium than 
ore the 6-Mev capture gamma rays. In addition 
the total source strength of the gamma rays from 
inelastic neutron scattering is much smaller than 
that of the capture gamma rays because of the 
volumes of beryllium involved in each.

The source strength of the capture gamma rays 
resulting from delayed neutron captures was 
calculated by assuming that 50% of the delayed 
neutrons were given off in the heat exchanger and 
that all these neutrons were captured in the 
neighborhood of the heat exchanger. By assuming 
that an 8-Mev gamma ray was given off for each 
capture, the average source strength per unit 
volume was found to be small as compared with 
the other sources in this region.

The capture gamma-ray sources in the copper 
were calculated in the same general way that the 
alpha-particle heating in the copper was calcu
lated, with the source converted to a surface 
source of gamma rays. In itself this is not an 
insignificant source, but the heating resulting 
from .his source would be only about 2% of the 
total from all the sources considered here.

The gamma.rays resulting from inelastic neutron 
scattering in the core shells were calculated by 
using the Curtiss-Wright multigroup fluxes5 and 
an inelastic microscopic cross section of 1.5 
barns (ref. 13) for the constituents of Inconel. 
It was assumed that a 2-Mev gamma ray was given 
off for each inelastic collision. The results 
gave a source strength of about 10% of that 
resulting from the capture gamma rays in these 
shells.

As has already been remarked, the capture 
gamma rays in the island care shell were neglected 
because of the shielding properties of the fuel. 
Where it has not been stated otherwise, the 
dimensions used in these calculations were those 
from ref. I for the equatorial plane of the reactor.

I

i

RADIATIOM HEATING IN VARIOUS REGIONS 
OF THE NORTH HEAD

H. W. Bertini D. L. Platus14
Calculations of the radiation heating to be 

expected in various regions in the north head of 
the ART were undertaken in order to supply 
numbers from which thermal-stress calculations 
could be made. Because of the complexity and 
the time that would be involved in calculating 
accurately the heating in all the regions of the 
north head, it was decided to make preliminary 
estimates of the deposition rates. More accurate 
values calculated for other regions of the reactor 
were used as guides. In all cases the tendency 
was
can

to overestimate the heating. These estimates
be

problems.
used to identify the thermal-stress 

and where the calculated thermal
stresses are marginal, the heating will be recalcu
lated.

Calculations were made of the heat-deposition 
rate in a slab of Inconel bounded on one side by 
an infinite fuel region containing the sources of 
radiation. This heat-generation rate was used in 
all regions in the north head which are bounded by 
finite fuel volumes.

The heat-deposition rates in a slab of Inconel 
bounded on one side by slabs of sodium of various 
thicknesses were calculated, and the results were 
extrapolated and interpolated to obtain the hezt- 
generation rates in the Inconel regions of the north

13H. L. Taylor, O. Lons jo, and T. w. Bonner, Pbyr, 
Rrv. 100, 174 (1955).

14On assignment from USAF.
1
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head which are bounded by various thicknesses of 
sodium.

Fairly accurate calculations have been mode of 
the heat-deposition rates in the Inconel filler 
plates below the island and in the vicinity of the 
fuel-to-NoK heat exchanger on the equatorial 
plane of the reactor. These results were used 
as a guide in estimating the heating in some 
north-head regions, and new values were obtained 
by compensating (by simple exponential attenu
ation) for decreased beryllium thicknesses, 
penetrations through additional fuel layers, 
increased thermo l-neutron leakage currents into 
the north head, etc.

A neutron current of 7 x 10’1 neutrons 'em2-sec 
was assumed to be escaping uniformly from the 
upper portion of the core, 1 * and it was assumed 
that 1 Mw of fission power was being generated in 
the fuel regions of the north head by neutrons 
escaping into this region. The latter increased 
the gamma rays in the fuel by about 30.

The sources of gommo radiation const ered 
were those from the sodium and fuel in the north 
head, the heat exchanger*, baron, the fuel in the 
core, core shells, beryllium, and Inconel shell 
capture gammas. The sources of beta particles 
considered were those from the gases in the

been determined. The rezults obtained are to be
used in the colc ulation of the rodiaton h
and the thermal stresses in this region of the 
reactor.

The rodiooctive constituents of the gas in this 
space are the goseous fission products, xenon 
and krypton, and thaw doughter products. There 
is also o possibility that some volatile fission- 
product fluorides will be formed in the fuel end 
will escape into this area. However, it has been 
shown* 7 that if all the f is s ion product fluoride* 
entered this space, they would odd very little 
activity to that already caused by the goseous 
fission products and their daughters. Thus, then 
effect has been neglected here. Also, there is 
some question as to whether the daughter products 
of the fission gases will actually be carried 
downstream by the off-gos system or whether they 
will be deposited on the enclosing walls os they 
are formed. In order to get a conservative estimate 
of the power-source distribution, it was decided 
to treat the daughter products of xenon and krypton 
as gases (except insofar as their purging bom the 
fuel into the fuel expansion chomber is concerned).

The equilibrium amount of the goseous fission 
products in the fuel exponsioo chamber is given by
(approximately)

ful-expansion
porticles 
coptures. 
obtained

were

tank, and the source* of alpha 
taken to be those from baron

The average volues of heat generation 
in those calculations ore presented in

Table 1.2.2. The conf igurotion of the north head 
is shown in Fig. 1.1.5 of Chap. 1.1 of this report.

BETA- AMD GAMMA-RAY ACTIVITY IN THE 

FUEL EXPANSION CHAMER AND THE 

OFF-GAS SYSTEM

R. B. Stevenson16
The power-source distribution of the octivity of 

the gases in the space above the fuel in the fuel 
expansion chomber and in the off-gas line has

IS M. Perry. ORNL, privet* c nication to
H. W. Bertini.

16On ossignment from Prant & Whitney Aircroft.
1 7J. J. Newgard, Fis siom Product Acmtti Dretry 

Hr*t Distribuiom im the c srculating Fu-i Itrifmr u uth 
Fissto* Gas Strippirg, TiM-205 (S*p«. 28, 1955).

N,
Y,•

(A, + A,) (A, - A,) "
where N,is the total number of atom* of type < in 
the gas volume per fission per second, y, is the 
saturation fission yield of the ith nuclide, A is 
the "purging"" constant, A, is the "sweeping"" 
constant, and A is the decay constant of the 
sth nuclide. The "purging" constant is determined 
by the volume flow rate of the fuel through the 
purging pumps and the total volume of fuel. This 
constant determines the amount of the gaseous 
fission products which are purged from the fuel 
into the expansion chamber. The “sweeping** 
constant is determined by the flow rate of helium 
through the expansion chamber and the volume of 
the gas space. This constant determines the 
dwell time of the rodiooctive nuclides in the gas 
space and thus the number of disintegrations they
suffer there. The ""purging" and "sweeping

----- ---- ------------------- —.............. - constants are given by 

volume flow rate of fuel through purging pump*

P total volume of fuel

volume flow rote of helium through exponsion chomber 
volume of gas spoce
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TADLE IUU. AVERAGE MEAT-GEMERATOM RATES me uEMBERS OF ART MORTM MEAD I

—-b 
Ma.-

Descripties
M-et a

10

11

Presuz ahei
Q.f.2.02

Liner

Fu-l

Fuel

tenk)

* belie
A -ell

Uvoer deck
»a^i— -ih sodiu- an beth side-)

Upper dech
o-gien. -ih f--i an bet nid-n)

Smiri-chember bellle

S-il-chember well

Le-er dech
papite -ih f-l be lea end »Wlar abore)

Lro— deck
ceg -it f-l em beth sides)

tiles

6 -/e-2 • 14 -/e-2 aa e-- 

bete reya

is

is
25 -/em2-g ♦ 6 -/e-”. -her- 
«- thiekn-.s e eiles (em)

1 4

3

3

S

7

c

3

1

1

8

s

13 Filer bleck J

IS Berilium •mut• 10

14

IS

Fillar sieck 1

so
14 Flet section lane 141 or rimg IS

is Swrut pe• l le--r suppet rimg S

10 Le-er ring 1-5

See Fig. 1.1.5, Chep. 1.1, thie repot, far leretien el me-ber-

The power-source distribution of the rodiooctive 

nuclides is found by multiplying their equilibrium 
concentration by their decoy constont , ond their 

average energy per disintegrotion.

The totol power and the power density in the 
gas spoce of the fuel exponsion tonk os e function 
of the volume of the gos ond the helium flow rot 

are given in Fig- 1.2.3. For these colculations, 
was taken to be 5.82 x 10-3 sec, which 

corresponds to a fuel flow rote of 22 gpm through 
the purging putt. If the purging device ts 

earned to be 100 efficient, this went thet the 
reactivity effect of the so won is reduced to about 
0.1% at equilibrium."S The sweeping constont, 
A,, is dependant an the helium flow rote ond the 
pot volume, and thus it is different eoch point 
on the curves. In converting the STP valves 

of the helium flow rote, the tew
gos wos otiuraj to be 1200‘F. ond the pressure 
in the expansion chomber and off-gos line «re»

10 Meem, The Xeme Pmbir- M> shr ART,
ORML CF-s4-5-1 (uey 3, 1954;- (
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token to be 1.3 atm. The pc net of the reocter was 
assumed to be 60 M-.

In the calculation of the curves, the very short- 
and very long lived nuclides of xenon and krypton 
(along with the- decay products) wore neglected. 
Since the fuel circulation time mi the ART is 
less than 3 sec, nuclides with hall live* less 
then this valve will decoy mostly in the fuel 
before A reecho* the purging pumps. Thus very 
few atom* with half live* less then about 3 sec 
would get into the go* spoce. Also, for nuclide* 
with long half live* (greater than ebeut 100 hr), 
the nu eAar of disintegrot ions faking piece in the 
fuel exponsion chomber end off-gos line would be 
small, since the dwell time of the essumed helium 
flow rate* is rory short. Thus, these muclides

In this study, 33 nuclide* were considered, 
16 of these being isotopes of so non ond krypton 
and 16 being their daughter product*. The moin 
contributor* to the pcs *r distibution are the 
daughter products and not the nuclide* of non on 
end krypton themselves. In ell cose*, the daughter 
product* comtribute about 30 to 60% of the total 
p m sr distribution. Of the fatal power, about 90 
is due to the beferey decoy*, with only 10* being

a roy decoy*. Thus, in deb ing
the heating co weed by these get**, A can be

ossumed that the heat deposition will oca 
no inly in a small sufoce layer of the mater oh
II ding the goses in the fuel exponsion
chomber and the eH go* line-

The power density m the nA go* line os a
function of time ond gos vok fon helium flou
rates ot 1000 and 3000 Iter* doy (STR) is given
mb Fig. 1.2.4. The time axis con be c
into lengths olong the nW line by dividing the 
volume flo- rote of the helium gos by the cross- 
sectional areo of the oH f» pipe. Thus, Fig- 1.2.4
gives the P ce density of • cubic centi-
meter of the gas at any position mi the nf gas line.

Those plat* were med* by using the wall known 
s goat ton* of the decay of parent product* and the 
buildup of their daughter* e« e function of time.
The initiol conditions at the beg g of the
off-gas line were teken os the equilibrium con- 
ditions prevailing in the fuel exponsion tonk.

ACTIVITIES OF MiOBIUM, MOLTBDEMUM, 
RUTMEMIUM, AMO TMEIR DAUGMTER 

PRODUCTS AFTER SMurDowM

R. B. Stevenson

The activities of the materiols which will plate- 
out on the walls surounding the fuel chamal in
the ART during reocto at tan -ill, along with
other foctors, determine ho- long e period must

elapse before reoctor disossembly con
The activities of rhe vorious rodiooctive muclides
of niob 
daughte products hove been 6

• and their
ed for 100

end 300 deys after shutdo-n and far reactor oper- 
ation period* of SOO and 1000 hr. These three 
fission products are o reacted to plate out in large 
quontities, end therefore A he* 'bean ossumed *n 
this study then ell the eta an of these elements 
created e* fission predict* are plated out. There 
I* evidence then other fssion product* moy plate- 
out; however, it is hit that the thro* token into 
account here are the pr fiery see*.

The only isotopes of these elements that need 
to be centidored at Imo* greet*! than 100 day* 
after shutdown are Nb®3. Ru103. and Ru‘06.
All the other not ages have sufliciently short 
half lives that they will decay appreciably in this 
time, and thus they moy be neglected. The only 
daughter product* that will have large octivities 
after shutdown for ■** than 100 day t will be 
Rh 10- and Rh '•* (doughters of Ru‘03 and Ru 10°. 
respectively).
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pemsien Tenk fer e Feel Flew Rete ef 22 gpm.

The octivities to toe expected at shutd-n ond 
100 and 300 deys efter shutdown foe reocto oper- 
ating per !■<■ ef SOO and 1000 tor ot 60 M- ere

p d in Toble 1-2-3, winch clso giwes the 
betoroy energies, the gommo-oy energies.

y yields in ph per 100

dis

down, since these muclides are corried o-ay with 

the fuel ond hove • chonce to build up only when 

their precursors decoy-
The gama octivity ot too doys after shutdown 

for SOO hr of ooorotm at 60 M- is opproximately 

2 x 10* curies, ond ot 300 doys ofter shuldo-n, 

for the uer opereting conditions, it is cbout

shuldo-n, the fuel is d d *
that we mare ploting tokes piece.

veously so
Also, the

actiw:ties ol Rh‘03- and Rh‘06 are cere at shut-

• x 10’ curies, 

long after shmtd
These high octivities at times

must be e ded with Ml
amy willy procedure suggested for the ART.
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1.3. ART MSTRUMENTS AMD CONTROLS

E. R. Mann C. s. Weiher

LOUVER COMTROL SIULATION

J. ML Eostmanl
E. R. Monn

The ART simulctor -es used for further study 
of the problem in unload in closing he own heat 

dump leu mire to yr o sent the fuel from freezing ee 
the result of a fast insertion of dw control red. Inn

LOUVER ACTUATOR
J. M. Eostmon

for the louver octuctors were
estoblished that ere beoed ee the following sofely
consid

proved trons 
the system.

log simulators were incorp in
to be used wili

MeK tempereture.
Two louver cleemg speeds have been found le

e of the MeK

die louvers mmust lech into the position they are in 
at the None of failure, second, the components 
which are not considered to be of fuel order re- 
liability must be loceted tn an area occessible for 
repoir without the NaK eyeten* hewing to be cooled 

or drained; and, third, the over ell syslem relio- 
bility and dependability must be high. Since the
octuetors ond ony locelly ted as socicted equip-
ment will not be accessible during the teat, these

fuel freezing to tuyere 
maticolly close the lo

One speed will outo- 
s free the open position

comp its must be of Iwo* order reliabiity-

to the 10% open position at 9 sec after a fost 

centre! red insertion. With the louvers at die 10* 
open position end with the four main blowers at 
design point typed*, IS Me of power will be 
removed.

The *!*■■ *ge*d Inner octuators will operate on 

e Hnytrtlui signal from the rodictor outlets.
drops below 1070°F, the

slew octuator -ill stort to close the louvers. The 
elew octuator will be copable of closing the 10% 
open leuuore in 3 sec.

Fer the simulation study it we* assumed that ell

Hydroulic-octuctor cylinder* were selected. They 
will be operated in conjunction with wring tended 

tput shafts. 
Fer steody-stote louver conditions, both ends of 
the octuator cylinder will be rented to the hydroulic 
retum, er droin. The leu were will be we wed by 
valving hydrowire pressure to either end of the 
hydroulic cylinder. This pressure will be simul- 
toneously vented to e piston which will release the 
ayring loaded clomp- The rate of louver movement 

will then be controlled by on orifice m the line 
through which return hydroulic fluid will How freer 
the cylinder to die dr eon.

d eyeroNon, two being
orgy tied how the TVA circuit and two from die 
dieeel circuit. With the four blowers opereting. e 
foot cantool i*d insertion will auomaticolly ahut 
off the power to one ad die bio a era an doo TVA 

circuit and ane on the diesel circuit. A power 
failure of either the TVA circuit at die diesel 
circuit would then loo vw only one blower in eyero
tion. The NaK-s

NaK- et

mpereture under the its would then 
s, the ewer eh note e emeu diet net, 

cooling rote lewer. Although this 
limit system seems to be fune-

The foot leu our cle*mg rate will be obtained by 
eyen mg an orifice in porollei with die one used for 
dew closing- The hydrovlic pressure supply unit 
is to be located in an area occessible for repoir 
work. Two pumps will be used diet will operote 
in yore l lei and be driven fro* difierent electric 
go er sources. They will be rronged so that eno 
can be repaired or reploced without interrupting 
the fluid-pressure supply. Solenoid volves will be 
ueed for control of die hydroulic fluid. Mion not 
energized, these volves will hold the lower* fined,

tienelly occeptoble, die system will be further ez- 
plored on the simiator. The foil ee*o chorocter- 
istics ere being studied, end modifications moy be 
mmod» which will require further orwoletor werh for 
evaluation.

and they will be
Lew wineweity hydroulic fluid thin-plate

' O- easig

orifice* will be weed so that the flo- retes end the 
corresponding louver-octation rote* will be relo- 

Valves 
and orifices will bo located near the hydrovlic- 
pover-supply unit in on eroe occessible for rigor

40

*: : “3: :
ee •• • eee • • • • :: s: : :: : r!

ee •ee a • • ee oo e •

•e

eee

• • • * - •
* • •e• • • • • •=i



Pttlto EnDIG JuME M. 19se

€ EMRICNER ACTUATOR 

A M Eostmon

Specifications were also estebliched fo the
fo the fuel 

consist of e geor-mol
Jic

wricher. The ectwetw •• to 
drive equipped to provide a 
tion of mhe position at the

enricher piston. Emrichment is to be at the rote of 
l ib of u”» in oppoximately 22.5 sec. Three 

symchros well be uned to indicote i, 10. ond ISO 1b 
of U233 per revolution. Thus the synchre diols 

we ll be reod in fl foshion to note the fit

10 im. belo- the mi i plane »• to be evployed te 
furnish normal shim control her chonging dhe fuel 
■wan tempereaee ond to peovide for emergener 

rate ter th »Ma ■ n.
The neutren-obsorbing sectiom al the rod will 

cans > at of tween three l in. long. 1.275in.-OD, 
0.775-in.-ID, iai iet oxide (Lindsoy Code 920) 
hollo- cylinders. (The composition of hese rare- 
earth omide compacts and the fobicetion methods
used in peoducing them re pr d in Chap. 3.6,

I

of U”« disploced (equivalent vol ic
ment of enriched fuel mmiztuee, Ne,UF.) im »»...0 ol 
piston position.

Data obteined from colibratiomn tests of the 
enricher during aper an an of the twee 
critical essembly hove been odjusted for chonges 

in the fa tr> of the ART. The iota indicete 
thot the enriching umcertointy -hich will result 
from a fuel-meniscus effect at the spillover -eir 
will ba equivolent to oppomimately 4% of 1 lb of 
U2 35. The enricher will be able to deliver about 

130 Ik

The cylinders re to be retoined by lnconel inner 
and eiAer tbes with heles et the top ond bonom
to permit sodium p ion ond c

FLUX SENVO SIMULA TOM

P. Geeen E. R. Monn

stog
icetion 

Hect
generoted in the rod will thereby ba conducted to

The drive mechomism is to be p 
Diehi, 6-pole, 200--, > these. Ue

ed by -o, 
rtie servo-

motors. One mmotor will be bidirectionol ond is to 
be used for servo ond monuol contol. It will give 
• rod speed of 0.01% (A/) sec. The other mote 
will be unidirectional and is to be used for fast
inserfion. I 
(M/)/sec. 
energized the

h -ill giv e rod speed of 0.125%
The fast tion water wilt be
g the safety circuit by the follo--

The ARE mmicromic
■tn used in the prel

eter ond servo omplifier 
y simuletion of the ART

flux servo, but the system is unstoble becouse of
that resulis from the

lower deiayed-neuton contribution. The latter effect
the ART and

the ARE in care mi e tonco time at the fuel ond in 
retie of core-esidence time to loop-How Haw. The 
system is being studied to oscertoin m*iii for 
correcting the instobilty.

ing emer gency-condi Hen signeis:
1. any po-ee outoge,
2. fuel- or sodium-pump stoppoge,
X Hue level above normal.
4 drop in fuel or sodium level.
X a 3-sec reoctor pariod.

The two motors ill ba cenaocsoi rovc non- 
reversing worm fare on concentric shafts thet 
will, in tun, supply penar a epar Italy to the sun 
for ond to the arm of e differentiol far bee. This 
orrongement progl via a the necessity lor clutches

gear shifts. Both motors will be co sly

CONTROL ROD AND DRIVE aEcHAmiSM
s. C. Shuford2

The desig of the central roj drive mechonism 
was completed, ond 95% of the ports le be taf hei

cepoble of imserting the rod -hen either circuit or 
both circuits re energized.

A hsghtesal (0.1% lineority)

sheked
echenicel means for external twitch will be provided.

test of the mechomism ot eperoting low
perature is »I wine A Ruggedness, reliobility, ond 
ease el servicing ■■ere the prime objectives in the

A single vod thot well
operete in e thimble possog through the north 
head and down the center Sine of dhe sland »•

om essiy

It will be possble to reod the rod positiom te 

0.10 in. ond to estimate it to 0.05 in. on the re- 
eerier chart.

T-o independeetly deiven synchro wensminers 
well be used for position indicotion. One will 
rotate 300 deg for fuliod stroke ond the ether well 
relate one tevoiuion per inch of stroke. Resolution 
from the lee aymehre syrstem will be approximately
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0.020 in. To minimize bocklash amnd to pe

synch
pinion r— (with 

L both the synch
* loss of

scemned by • high-speed —or, |«i s-itch. This 
switch is octuolly • centrifugal pump, driven by « 

molor, which directs « fine stecm ol i—ic—। —

Two pi
er-wonamiming rck-

iled limit switches, -hieh will

odece 
Letwer

pims te complete • circuit, Synchromism

the •wo s-itehes <• d by driwing

rod el at eoch end of the

• IT MA •

The drive
indicetien fow filling operations. 
ism, which will be C —4. will

them -ih symchronous motors thot opwrete from 

the some yew— souce. Such a system offers 

sevenol edventoges. For exomple, • lege number 

of temperetes moy be scomnne4. visuolly. on one 

iorge, 12 IM. oscilloscope; olom or mom-

eled under • 15-psi kali— pressure. The 
helium ew—ftl«l will be Simited to mhet lest in

»—my systems thet scon el hundred reoding
a second cre possible (voileble syslems ere 
limited to ) point/‘sec «r slomer): temperatue
gradiemnts or profiles on moy be directly

m>TRuMENT DEVELOPMEMT

R. G. Affei

Thermeceuple Det ri—
X T. DeLormzo V. R. Mil—

Equipment suitoble for wensmining 100 thermo- 

r—yU •>•—■• — two conductors hos been es- 
sembled ond tested. As the simpllied biock 
diogom shows (Fig. 1.3.1). the input sigals ere

disployed; essentielly oll time log in the system 
lies MI the sensor, ond therefore wonsient studies 
ere limited only by the sensors; commercial mull- 
balonce potentiometric recorders con be used wi th 
such • system.

The equip
rete ol 2300 points/sec. C

being tested scons date et the
A, Bromm,

to operete om the swilch output, -hich is 30 
pulses/sec, -ith eoeh puise 200 unec im duretion.

em- ---e- --
ne0o-re- movo= meoo-re- •oro=

» l mccompem3 • 
comT•OL moom

T--wocoumEs
at mcacto=

I 

»
«7-- . somtom 
osooscorE

*

ll

1
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Thus, even with on imput sigal only 0.006% of

ible, e el equip

Cell Bulkhend F<

large as Q.43 m. of fuel in 9 in. (8.67) nd os 
smell os 0.12 in. in 5 in. (2.47) were noted. The 
overag error appears to be of the order of ±5% 
This error can probably be ec counted for by the 
fuel density change with temperature, which to 
known to an occurecy of only ±5%, difficulties in
the precise ploc of the bubbler tube and the

Fittings suitble for re octet cell penewations for 
hooter wiring, conn el wiring, chomber lends, end 
thermocuples hove boon essoined. Preliminory 
specificotions and drew mp hove boon prepered 

for review, and e contoct is to ba ne pelleted with

Fuel-Ei iem-Tenk Level Ind 

R. F. Hyland

op orb plug. end ho alight inoccrecy resulting 
free the use of a op orb plug probe se mdi cote the 
fuel level in the vessel.

It was found that a purge flew rate as small st 
0.2 scfh of helium would yield consistent How 
measurements, but the system res pence to pressure 
surges of this purge rate was sluggish. Fargo 
rates of the order of 1.5 scfh (•1000 liters, day) of 
helium pose both consistent level measurements

Tests ere under woy to di the proctico-
br l ity of using a helium bubbler to obtain a can 
t mucus fuel-level indicetion m die ART fuel-

ob

tonk in the temp • range IMO to

irdication for eny purge flow rose boh 
1.5 scfh.

epenee to pressure 
Me change in level

0.2 and

1500"F with e veri mg pressure obeve the fuel. 
The tests were designed so diet nformation could 
be obteined on whether the bubbler tubes would 
bocene doggo d with fuel or ZrF a vapor de po site.

On the basia of 1*90 hr of oporefiori of the appo-
rerun one run.
meosure fuel level at a fuel temp

to be procticel to
a of 1150°F

to dete the helium How that would 
mecsurement, to study

the effect of chonges in bubbling rate on the

by the hehum bubble method an e static system. 
There has not yet been o sufficient number of 
hours of e 1S00°F test to on eluate the results of 
level indicetion of this higher tenperatre.

accuracy of , to learn the response of
the system to pressure surges, ond to ascertein 
the occuocy of measuement.

Migh-Temperature Few e oom Tremsmi Mars

V. R. Miller

The test atus consists of a comventiomal . ressure tronsminers dechood by four

purge system thef utlizes a constent-differential different vendors have been evaluated in tests in
Ilea and a

pneumatic differenticl-pressure mansmitter. One 
s»de of the peessue tronsmtter is topped of the 
purge Ima, and the other side is connected to a 
poo pressure tap ebove the fuel. The scOput of 
the tomsmiter is fed imto a pne emetic recorder. 
The bottom of the bubbler tube is located exoctly 
5 im. from the surface of the fuel, and a op orb plug 
is installed to provide a level reference mhsn the

the tour units tested op
a range 1000 to 1400F. Three of

d similorly. They were
an external

rig is being filled. obly occurate level
imdicetiom is essured during filling by the spork- 
plug probe giving off a flickering light when the 
helium bubbles ripple the surfoce of he fuel. The

pea supply to mgintein o zero pressure differential 
ocreas a bellows or diaphrogm. The fourth unit 
utilizes a d ephregn isolated, NaK-filled tube 
system in which the NaK hydrestatically transmits 
the applied pressure to an external, low tong crefure, 
displocement-type trona du esc. The tube* system 
units were found to have 0.6% or better. ever e pc 
occurecy. Accordingly, orders hove born placed
for *1 of these units. Percies wok is can

dete stetic pressure of 5 psig

tinving on other types of pressure tronsmiters, 
including electrically operated devices.

by venting off excess helium.
The accuracy and repro du cibilrfy of the level 

indicotions, as obtained by water calibration of
otus, was ±2% in the level range being

Ho , on fuel rums, errors of os

Turbine-Type Fle-meter
G. H. Burger

A bi^i tempo eture turbine type fl ewe tor has 
been developed far —etunwg How in fused-salt

High-T
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type of tie does not require * ctions to
the process fluid, and it gives very occurate flow- 
rate data.

The fi

turbine is rotated by the fluid, the cobalt vane 
reto tot and cuts the lines of flue of the mognet; 
this changing Hue generates a voltage in the pickup 
coil. Thus, the number of pulses per unit time is 
e direct measure of die turbine speed, which, in
turn, is a lineor of the flow rate.

coasters of an Inconel turLine, or rotor, supported 
by titonium carbide bearings, and fiow-straightening

speed of the turbine (in counts, or pulse
second) con be

The 
per

d quite reodily by using

bearings. The fluid enters the vanes and then 
i springes cn the turbine blades and causes the 
turbine to rotate. The turbine contains, within its 
body, e small rob eh vane, which has the unique 
property of retaining its magnetic chorocteristics at 
temp er et tees up to 2100°F. A permanent magnet 
os earnbly ie weed outside the piping to establish a 
uniform magnetic field perpendicular to dur axis 
of reSo tian of die turbine and the cobalt rene can* 
tsi nod heroin. A pickup coil. with a large number 
of turns, is mounted so that it intercepts die 
nognstic lines of Hun of die magnet. Mion the

a lineor rote merer er aculer. Since the turbine 
speed is e lineor function of die flow, die flow rate 
(in gpm) con be plotted ogoinst counts (pulses) per 
■scend. This device is not dependent upon pres- 
sure, tewperoture, or specific govity but is de- 
pendent upon viscosity. The viscosity effect, 
which causes turbine "‘drag."" is not appreciable.
he we ver, viscosities below 5
colibration curve of turbine speed

cp. A woter- 
vs flow rate is

presented in Fig- 1.3.3. Calibration of this type 
of flowmeter with oeser is valid for the fused-soit 
fuel mixtures.
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Experimental models of the turbine-type how- 
meter are being tested in gas-fired forced-circulation 
Aoops. The flowmeter is welded into the pump
discharge section of the loop, and the magnet 
assembly is cooled with plant air to keep the pickup 
coil at a low temperature. The experimental results 
obtained thus far indicate that the principle of 
operation of the turbine-type flowmeter is sound 
and valid for high-temperature operation. The 
cobalt vane has been satisfactory at temperatures 
up to 1400oF and should be satisfactory at 1600°F. 
Information is to be obtained in further tests on 
hearing corrosion and self-welding and on bearing 
tolerances at various temperatures. It is felt that 
after sufficient operating data are obtained, a 
satisfactory design con be worked out for scaling 
the flowmeter to any desired size. It is further 
believed thet this method of flow measurement can 
be made accurate to within 1%, which is much 
better accuracy than is attainable with the con
ventional magnetic flowmeters used on liquid- 
metals systems. The magnetic flowmeters speci
fied for use on the 3.5-in., sched-40 pipe in the 
ART NaK system must be calibrated individually 
to achieve 4% accuracy at a flow rate of 1200 gpm. 
In the larger, 10-in. pipe, the magnetic flowmeters 
can give accuracies of only about 12% at 8000 gpm.

Q
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1.4. COMPONENT DEVELOPMENT AND TESTING 
H.W. Savage

6
PUMP DEVELOPMENT

E. R. Dy tko ’ A. G. Grindell

Bearing-and-Seal Development
W. L. Snapp 1 W. K. Stair2

The maximum operating temperature expected in 
the lubricating and cooling fluid used in the ART 
reactor pumps is approximately 220°F. For an 
operating period of 500 hr, with an oil dilution 
factor of approximately 0.03, the integrated radia
tion dose absorbed by this pump lubricant is cal
culated to be 3 x 10® rep. Therefore it will be 
possible to use a lubricant with a mineral-oil se 
for the ART pumps.

Since a petroleum product could not be used if 
the operating conditions given above became more 
severe, tests were continued1 2 3 in an effort to find 
a liquid more suitable for higher performance. 
Important factors affecting the choice of liquid are 
compatibility with the materials of construction 
(that is, elastomers) and process fluids, radiation 
stability, thermal stability, heat removal capacity, 
and lubricating properties. The loads that will be 
imposed on the pump bearings will be light, and 
therefore the lubricating properties are of only 
secondary importance. The other considerations 
listed are all of primary interest and are closely 
interrelated.

1 On assignment from Prat & Whitney Aircroft.
2 Consul tant, affiliated with the Un i versity of Tennes see.

3w. L. Snapp and W. K. Stair, MP Quar. Pmg. Rrp. 
March 10. 1936, ORNL-2061, p 41

After the failure of the UCON fluids to perform 
satisfactorily,3 the next synthetic liquid investi
gated was an organic-pho sphate-based material 
manufactured under the trade name "Cellulube” by 
the Celanese Corp. of America. Cellulube 150 
was the particular grade selected for evaluation 
testing, since it most nearly approximated the 
operating properties of the liquids previously 
tested.

The initial test of Cellulube wot made at a tem
perature of 210 to 220°F in a fuel pump (model MF) 
rotary element in a mechanical shakedown test 
stand. Over the entire operating period of 636 hr, 
the leakage of the lower seal was too small to be 
measured. The total leakage of the upper seal was

430 cm3. The unit was disassembled after this 
636-hr period of satisfactory operation, and inspec
tion revealed fully developed uniform wear patterns 
on both seals. However, the wear path on the 
upper seal rotor exhibited a ring, which, upon 
examination, proved to be a copper deposit. Al- 
though it was known that Cellulube would attack 
copper at high temperatures, attack was not ex
pected at the operating temperature of this test.

With the exception of the upper seal, which was 
replaced entirely, the unit was reassembled, in
stalled in the same stand, and operated under the 
same conditions for an additional 480 hr. During 
this period the operation was, again, completely 
satisfactory, with the total leakage of the upper 
seal being 70 cm3. Since all the leakage occurred 
during the first 24 hr of operation, it may be con
sidered as “run-in” leakage. The lower seal 
leakage totaled 40 cm3 for the 480-hr period. This 
low leakage rate is particularly significant because, 
when seals tested with other fluids were dis
assembled, inspected, reassembled, and tested 
again, with the same fluid, the retest leakage rates 
were always higher than those measured initially. 
Inspection of both seals after the test revealed a 
very light reflective film of copper on all surfaces 
exposed to the Cellulube.

A second test of Cellulube, again at a tempera
ture of 210 to 220oF, was conducted on a model MF 
fuel pump rotary element mounted in a bear ing-and- 
seal test stand which permitted the application of 
transverse shaft loads. The total operating time 
was 595 hr, with an equivalent journal bearing 
load of 150 lb being applied for the last 504 hr. 
The journal bearing, which was designed for a 
load of only 70 lb, suffered no measurable wear, 
and seal performance throughout the test was 
satisfactory. Both the upper and the lower seals 
had well-developed wear patterns, with a very 
slight trace of copper plating visible on all sealing 
surfaces. It should be noted that all the copper 
plating experienced during the testing of Cellulube 
was far less than that resulting from operation with 
the UCON fluids,3 and it did not appear to have a 
marked effect on seal performance.

All the elastemer O-ring seals used in the 
Cellulube tests had a Buna-N base. Such com
pounds have a tendency to swell, become tacky,
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63 and lose their hardness in the presence of Cellu- 
lube. These particular problems could be solved 
by using O-rings made from butyl rubber, but, 
unfortunately, butyl rubber suffers severe rod lo
tion damage. Tests to determine the radiation 
stability of Celiulube are planned for the near 
future.

Dowtherm A, which is a good heat transfer 
median: but which has poor lubricating properties, 
was also selected for study because it is rela
tively stable upon exposure to radiation. Dowtherm 
A is a eutectic mixture containing 26.5% diphenyl 
and 73.5% diphenyloxide that is manufactured by 
the Dow Chemical Co. of Midland, Michigan. The 
only test run to date was terminated after 575 hr 
due to a motor failure. There was no transverse 
load applied during the test. The Dowtherm A 
operating temperature was 210 to 220° F. Both 
seals had well-developed wear patterns. The upper 
seal showed no leakage after the first 4 hr. The 
lower seal had no leakage for the first 150 hr, at 
which time it began to leak at a nearly uniform 
rate of 20 cm3/day. Upon examination, the lower 
seal rotor was found to have a light copper deposit. 
This is contrary to the information provided by Dow. 
The system used for this test had previously been 
operating with Cellulubo, and, although it was 
carefully and thoroughly cleaned, it is possible 
that some Celiulube may have remained and caused 
the plating. This problem will be investigated in 
future tests.

The process side of the seal nose had a black, 
gummy deposit, which proved to be virtually all 
carbon. Since there was no evidence of physical 
damage to the Graphitar seal nose, it is probable 
that this deposit was the residue from Dowtherm A 
which thermally decomposed in leaking across the 
seal interface. Again, all the elastomer O-ring 
seals used had a Buno-N base, and they were not 
compatible with Dowtherm A. This difficulty can 
be overcome by using natural rubber, which should 
be adequate from a radiation standpoint. The only 
difficulty with the natural rubber may be its thermal 

tability, which will be determined in future 
testing.

A test stand is now available for testing the 
elastomeric compounds recommended for O-rings in 
a thermally hot environment in contact with vorious 
lubricants. These tests are now under way and 
result* should be forthcoming soon.

As originally designed the reactor pumps utilized, 
as the upper bearing, a spherical roller type of 

antifriction bearing. In addition to providing ample 
thrust and radial load-carrying capacities, this 
type of bearing permitted shaft alignment with 
respect to the journal bearing without attendant 
shaft deflections. This design appeared to be ade
quate until tests of long duration on pump rotary 
elements revealed that the initial bearing end play 
of 0.0045 in. (maximum) had increased by a factor 
of 2 to' X Such excessive end play is aot con
ducive to good dynamic seal performance and it 
also interferes with the close axial tolerances 
required in these pumps. The easiest solution to 
this problem, with respect to minimizing pump 
redesign, was to change to a double-row angular- 
contact bearing having convergent angles of con
tact. This has been done and, to date, all per
formance has been satisfoctory- However, more 
operating time will be necessary to prove the 
reliability of the redesigned bearing arrangement.

A temporary impasse has been reached in the 
development of seals for the NaK (primary and 
auxiliary) pumps. All the seals purchased for 
comparative testing have failed in operation. The 
seal obtained from the Sealol Corporation failed 
because the unhardened stainless steel wear ring 
rotor and the mating carbon ring wore out in less 
than 20 hr. The ceramic rotor of he seal obtained 
from the Durometcilic Corporation disintegrated 
upon application of a 70°F temperature differential 
to the lubricating oil. An attempt to correct this 
condition will be made by utilising a thin ceramic 
facing on a steel-bodied rotor. The Byron Jackson 
Co. seals never developed full wear patterns, even 
after runs in excess of 300 hr. This condition 
apparently resulted from distortion of the reiatively 
thin rotor. At no time during test operation with 
any of these seals was a satisfactory leakage rate 
established. Therefore efforts are being mode to 
adapt a seal configuration similar to that being 
used on the fuel and sodium pumps. In addition, 
other promising types of commercially available 
seals will be investigated.

Pump Lube-Oil System Gas-Anenuation Tests

S. M. DeCamp

The leckoge tests of the seals on the model 
MF-2 fuel pump, storted previously,4 were con- 
tinued with Gulfspin 60 oil being used as the 
lubricant. For those tests the temperature of the

4s. M. D.Comp, ANP Quar. Png. Rep. Marcb IO, 1936, 
ORNL-2061, p 43,
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system »«» 1000°F, the temper atwr* of hhe lubri- 
cant was 160°F (max), the pump iprad wos 2400 
rpm, and the go* pressure in the system wo* 5 psig- 
There we* no liquid in the moin pump loop. Th* 
seal leakage doto were obtoined by bleeding 550 

liters of helium through the pit into the loop 
system each day ond at the I— time bieeding 
500 liters of organ into the loop system directly. 
Fifty liters of go* wo* bled from the pump cotch- 
basin drain eoch day and 1000 liters of gas wo* 
bled from th* pump loop system. Ge* samples

were token by evocuating a gloss o and
than filling it through a line connected to a somple 
joint. Th* somple joints were at hr cetch-bosin 
drain. the off-go* line from the loop system, and 
th* go* spoce over th* lube oil reservoir. Th* 

*a —la* war* a—lysed * pa ctro graphically for 
argon, helium, oxygen, and nitrogen. Th* appear* 
one* of argon in a tempi* token at th* catch-bosin 
drain wo* an indication that th* organ hod bock- 
diffused up th* onnulus between th* pump shoft 
and shield-borrier plug- Th* appe arene* of argon 
in th* sample token at the lube oil reservoir get 
spec* wo* an indication that th* argon wo* leoking 
across th* lower pump seol. Th* data obtoined 
from this test are presented in Tobi* 1.4.1.

During the tests it be co— apporent that the 
control of the small gas flow rates and low pre** 
sures wo* more difficulr that had been anticipated 
ond that th* ada piracy of the —th ad of go* sompling 
wo* pea*tienable. Therefore Eto data pre*anted 
at Table 1.4.1 give only qualitotive indications of 
•ho looboge. Future seol leokoge tests will be 
mode by bleeding ergon down th* pump theft end 
using helium a* th* tree* got. This should improve 
•h* occurocy of th* date obteined *po ciro graph really. 
Th* mosking effect of cir will a loo be iess. Th* 
sompling technique will be improved by continuously 
bleeding go* through th* sompl* bottles to elimi- 
nate the possibility of. drawing gee free regions 
other than th* sompling points.

Fuel Pump Endurence Testa 
s. M. DeCamp

An endurence test of on ART fuei pw—p (—dpi 
IMF) was started on April 10. 1956 —* de fvel
mixture (No. 30) NoF-ZrFa-UF4 C:
•» the pump fluid. The first 1488

(50-46-4 mole T)

of the system is described here.
hr of operotion 

Th* operating
conditions or* indicated on Fig- 1.4.1, -hich gives 
the system temperatures, oil flow rotes, and seci

TABLE 1.41. FUEL PUMP (MODEL MF-2) SEAL LEAKAGE AS MEASURED BY THE 
AMOUMT OP ARGON DIFFusiON FROM THE PUMP LOOP WTO CAS

SAMPLES TAKEN AT POmTS EXTERIOR TO WE PUMP SEALS

Det ef
Ne.

At Cete*- 
Besin Dr-in

Agen Pawn4 (pom)

At OI-Ge.
V.n.

Ar L-be-Oi 
R..-rci

3-24-56 I 3,200

3-26-56 3 16

3-27-56 3 15,000

260,000

218,000

230,000

280

344

400

3-27-56

3-28-56 3 ► Somples meken but lest trough mishendling

3-29-5

4-3-56 7 124

4-4-56 7
4-5-56 * 13

4-8-56 10 0

4-9-56 11 738

4-9-56 13 9

290,000

247,600

174.400

191,600

152,000
104.400

1830

137

48

86

•4

301

48
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•adkoge as a function of ip orating time. The speed 
of die pump woo nomMined at 2400 rpm during the 
ported described by Fig. 1.4 I. in addition to die

re fluct is sho-m on the goph, the
tempereture of the system -os cycled 17 times
b 1300 and 1 100‘F. It Mhos approximately
1% lower the 
2k to 3 hr to increc

■piroom to 1100"F end 
it to I TOOT. The lukei-

testing indicated that leckoge, or bypass How, 
oroumd the impeller was causing ingassing of the 
system. The pump and the loop wore diorofera 
modified, as described in the following section, 
by providing e pvturi breed de min labyrinth along 
the theft and by removing the bypass vanes from
the boch face of the main impeller.

«

coling oil being an e d in the system is Gulfspin 60. 
Helium is being Mod down the pump barrel at e 
rate of 990 litera/day. and 90 ltera/dey is Mod

drain. Present indi-
cetions gre thot lo- leokuge rotes ond sotisfoctory
r
cen bo obs d

ced

Fuel Pump De rob Tests

xxw. Simon%
The two loops designed* for high-tempeature 

performomCO testing of mhe ART fuel pump and 
centifug essembly aero completed and ore being 
weed for development tests. Water perfermance
dote -ere token on these loops to d het

ol system wo mI4
here on eflect an pump porter —ce.

The heod ond How curves ebee med for these 
J aepe substontiated the eripinol -oter-test data.f
During the tests it become 1, he
the system pressures were not stable.

ever, thet 

The Hwc-
tuctions
function ad the rotor level in the fuel exponsion 
tonk and the locp resioeence. in some instonces
these fluctuctions

tel to reoctor
T-o types of modification -ill ba mode te she

mhese

no-
As

being pro per id for high
The system is 

nre operation.
in the fuel pump endurance tests, described

above, seol leokege tests will be run before the 
system is filled -it the test fluid.

Sodium Pump O' mt Tests

The originel design of the ART nodi on pump 
(model M4) called tar the byposs How ere and the 
moin impeller M be hew mh» exponsion tonk to die 
pump discharge. This was to be occomplished 
with die aid of i once on die bach side of the wain 
impeller. During the first series of Msts of this 
pump, however, it be cows evident thof the system 
was ingossing- in an effort M correct this situation 
the bypass flow was reduced by reducing dm vane 
diometer on the bach of the impeller, bat ingassing 
still occured. It was decided than to reverse the 
direction of byposs flow, mhot is, to allo- die How 
to be hew the pump discharge M the eop an sign 
tonk. This How condition ello-s the ges bled 

down die pump shaft to Rew M die exponsion tomk
• 

os shot through which the bypass liquid flows. 
This reversol of How was occomplished by com- 
pitzly rm0in2 the bypass ions bm die bert

byposs flew was resticted by adding e pressure- 
heami deam imhs m sh aea- dm kma T - a e- —A a.- H Geg mem BragWI• — • • •B 9 Tae
modified pump indicete operation.
Tests are nee unJer -oy to dot or an no whether the 
meg on s*on tonk and mhe bypass How lines can

fluctuations.
ditions -il be d, end, MC—i, the zenon-

hondie reoctoe byposs flo- re 
ingassing of the system fluid.

rements -ithout 
The best sodium

removol system will be altered to study die effects 
of each of the vrious fio- pen egos.

pinny porter wo nce deep ob earned to date are pre-

SediumPumpEmduence Tests

S. M. DoCeap

Preliminory water tests of a sodium pane thot 
had boom installed m a Mat stand for enduence

On essig~men* fre- Oren & "hitn-, Airerel.
“R. Cari end ML. Ye--g. AP gin. P-g. R-,. S-pL 

la, 1931, RML-194. e 44-
‘R. L. grew sier -e at.. ANP Qa-. Rep. se,L Iq

1933. OmNL-194. e 29.
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Primmary NeK Pump Develep Tests dotoot the lover speeds required for unto stortup

H. C. Yojng®
M E- Lockey

Water tests on the primory NoK pumo (model 
PK-P) volute ond impeller, imiliated previously, *

eration-

in oder to determine the correct wol g

n oro completed.
-hich sho- heod va

The final perh ce curves

onjio, * directionel proke -es instelled in the 
volute ** the periphery ol the mpeller to meosure 
mhe omgle et -hich fluid lef mhe impeller. Th*

dete obe 2 indicoted thet the oiginol ion^o

6

pressure boiowca lene ot severol constont i*o* 2i 
from 1225 to 3550 rpm ore *roio*M2 an Fig- 1.4.3, 
ond o plot «I pump all oil horsepomer *• fle- lor 

•h* some heod ond flo- conditions is sho-n an 
Fig. 1.4.4. The original <**» desig point of

to 1230 O*n flo- over the heod ronge indicoted by 
the verticol line on Fig- 1.4.3. The »*ImM hy- 
droulic balonce line cosses this heod ronge **

on jie -os correct

A ■** -os instolled in the pump pot to meosure 
leokog flo- throug the lobyrinth seel wand the 
impeiler haab. Some leokog Ro- is needed to 
rows io gas from the system fluid; ho-ever, ex- 

cessive leokege, porticulerly ot lo- liquid levela, 
no old couse ogitation of ba* liquid level in the 
pump pot ond possibly resulr an angossing thwrough 
the pump suction. A se es ef thee testa -os

conducted in -hich the rodicl clee b

ereting conditions eppeor mbeim the ronge of 
ceptoble hydrovlic bolonce.
Tests -ere rum ot speeds alow 2900 tpm by

usimg • 200-hp wound molor, -hich -es re-

ploced -ith • 60-hp d-c —w in order to obtoin
SOm essig _
"ML C. f---g e-d M E. Lech-y. ANP Ow-n Pmp

Rep. Mare 1o, 1934 OML-2061, * a&-

frem Pew A whim-y Aerel.

the impeller hob end the top lobyrinth seol ond the 
exiol cleoronce bet-emo the dynomic seol mon 11 
on the boob *4 the «**■ II* hub ond the stotionary 

element -ere a*n2. Byposs flo* -es measured 
during these tests, ond me pumped fluid -os 
observed through Plexiglos ports an mhe loop.

SI
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Curves ef Heod *• Fle- >hawing

0.030 n. end the optimum rodiel ciecrunce to be 

0.015 im. These clewrences will result im • byposs 

flo- vot of 3 to 6 et 1220-gpm 

flo-.

Stotic deflectiom tests -ere made om the pump 
shafr used in the II o—» test ond on the Inconel 

pump shof to be used * hhe finol o—• The 
I will— tl — obtained, alomg -ith the colculoted

deflection of the Inconel pump shefr during high- 

seal vodiol cimoronce of 0.015 in. should be sulfi- 

cieni• te prevent rubbing of the impeller hub agoinst 

the top labyrimth seol.

These -ater tests of the primory NaK own indi- 
cote thot the pump mil meet he heod —4 II—I 

condition • required for the ART. A pump vonk gas 

presswe of 10 psigshouid be sufficient to suppress 

covitetien «t the desig flaw rote ond up to • NoK 
temperetwe of opproximately 1380°F- The desig 

conditions are in the reng of minimum volute
I
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Auxiliary NaK Pump Development Tests
H. C. Young J. G. Teague

M. E. Lackey

Water tests were conducted on the auxiliary NaK 
pump (model PK-A). The volute used for these 
tests consisted of two brass volute halves bolted 
together. The volute flow passage was accurately 
milled in each volute half. The test impeller was 
fabricated of brass, with vanes silver-soldered to 
the hub and soft-soldered to the inlet shroud.

The pump assembly was tested in the test loop 
used for the water tests of the primary NaK pump.9 
A 60-hp d-c drive motor was used. No changes 
were necessary in the instrumentation, except 
that a new orifice was installed to measure the 
lower flow rates.

Performance and cavitation data were obtained 
for as wide a flow range as possible within the 
practical limits of volute hydraulic unbalance, and

and therefore this pump will be satisfactory for 
use as the special NaK pump for cooling the ART 
fuel fill-and-drain tank. This pump requires 300-gpm 
flow at a 275-ft head. The impeller diameter, the 
dynamic seal vanes, and the top labyrinth seal are 
the same as those for the primary NaK pump, and 
the speed ranges of both pumps are the same. 
Therefore the radial and axial clearance* determined 
by the primary pump test* were used for the auxiliary 
pump. The pump showed satisfactory degassing 
characteristics with these clearances.

After 
plated.

the initial performance tests com-

a 0.023-in. spacer was installed between
the volute halves, and tests were conducted to

the final head flow curves are presented in
Fig. 1.4.5. A plot of pump shaft horsepower versus 
flow for some head and flow conditions is shown in 
Fig. 1.4/6. The volute hydraulic unbalance over the 
design range was found to be quite satisfactory,

430 .
— — PUMP EFFICINCY

400 •

SPECIAL pumP
DesiGN POINT

350 •

comrirwTa L 
omtL -LR-DwS

AUXNIARv puuap
DESIGN RAMGE

VOLUTE PRESSURE
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—2.- 5550 rpm
■
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S 
# too
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400 -
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I
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3

fttf<
o o o ° 9 / / • ,
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3450rpm

L

3050rpm
/~02950rpm 

/ / 2 830

23s0-p-
P- 2250-pm

/ / 
,/900-pm

i

determine whether the addition of the spacer would 
change the volute hydraulic unbalance. The pur- 
pose of these tests was to ascertain the allowable 
tolerances for use in welding the Inconel volute 
halve* together.

The volute hydraulic unbalance wo* measured 
during these tests by eight static pressure taps 
equally spaced in the volute near the periphery of 
the impeller. The static pressure readings at any 
of the eight taps, for a given diecharge head and a 
set flow rate, did not change over 1 psi from the 
measurements taken without the epacer.

In general, the water teete indicate that the pump 
will meet the head and flow conditions required for 
use in the ART, both for the auxiliary and the 
special NaK pumps. The design conditions are in 
the range of minimum volute hydraulic unbalance. 
Cavitation characteristics of the pump, based on 
extrapolations from water to NaK, indicate that a 
pump tank gas pressure of 14.4 psia, or —0.3 psig, 
should be sufficient to suppress cavitation at 
design flow for a NaK temperature of 1282°F, as 
compared with a required pressure of 6 psig for the 
primary NaK pump at the same NaK temperature.

Primary and Auxiliary NaK Pump Test Stand*

H. C. Young J« G. Teague

- —3-4000 rpm

«00 200 300 400 500 400 POO eoo
plow igom)

Fig. 1*4.5. ART Auxiliary NaK Pump (Medel 
PK-A) Performance Curves of Head vs Flaw Show
ing Efficiency and Volute Pressure Balance Lines.

Fabrication of all part* for two primary and two 
auxiliary NaK pump hi gh-temper a fare test loops is 
under way. At pretent, the pump volute* are the 
most critical delivery item. A method of profile
machining the volute halves from a pattern is being 
used. Several primary pump volute halves have 
been received, and the vendor is now setting up tor 
profile-machining of the first auxiliary pump volute 
halves.

A series of welding tests were conducted to 
determine the joint preparation and the welding

)
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techniques required to control weld shrinkoge so 
that final volute dimensions muM be within oc- 
ceptable toleronces (see Chap. 3.4, "Welding ond 
Brazing Investigations""). The first set of primary 
pump volute halves has been welded.

In the first tests in the new loops the pumps will 
be operets* with notor in order to chock the pump 
assembly, test-stand vibration, loop resistonce, 
ond operation of the system throttle voive, ond, 
of primary importance, to correlate performance 
and ceri tot ion dato with the dato previously ob- 
taino* on the water-test rip.

Some engineering chon pat are being mode in order 
to lengthen the piping on the primary NoK pump 
endurance-testing loop an* olso on Iha ouxiliary 
NaK pump endurance-testing loop on* to relocate 
these loops for use in colibrating electromognetic 
fiowmeters.

MEAT EXCMAMGER DEVELOPMEMT

E. R. Dytko
R. E. MocPherson J

diat

J. w. Cooke
k Meet Ezchenger Tests

H. G. Hopkins

The information obtoined hem intermedicte heat 
each mt per (IHE) test stond operetien during the 
quarter is summorized in Table 1.4.2. York rodiotor 
Mo. 9, which is being teste* in intermediate heat 
exchonger test sten* A, is currentiy undergoing a 
ther mal-cyc ling proprom consisting of 16 kr of 
po nor operation followed by 8 hr of isothermol 
operation. During the power phase of the cycle, 
the rodiator NaK inlet an* outlet temper otires are 
1500 an* 1100*F. respectively- Isothermol opere
tion is at 1500°F. Transition from isothermal to 
power operetien is occomplished by dropping the 
NaK outlet temperature at a rate of 20°F /sec for

TABLE 1.4.2. SUMMARY OF MTERMEDLATE MEAT EXCMAMGER TEST STAMD OPERATION

Tesv Uni,"
Mours ef 

Nonisothermel 
Operetion

of Operetien Thermal Cyeles
Reeson fer
Ter minetien

Test Stend A

York rodiator Na. 9 
(revised design)

Cireuleting cal* trap Na. 2 
(4 in. in ilima/)

471 973

121«

NeX sereen filter 264

20 Test contnuing

Test contnuing

Test continuing

Black, Sivolls an* Bryson boat 
exchongers Nas. I an* 2 
(type IHE-3)

Combridg- rediators Nai. 1 
an* 2 (modificatien 3)

CGirculating cel* tree Na. 3 
(4 in. in *iaim tar)

3*2 *03 3% Test continuing

• 20 1345

*30

Test continuing

Circuloting cold trap Na. S 
(4 in. in diameter)

71S

Removed for weal, 
notion ofler heot 
exchonger foilure

Test continuing

A
*

"ineludes only units tested during this report period.
"For tests In progess the fatal ■pirating time is shown as of May 15, 1956.

CThis type of cal* trap was previously referred ta as 80-gol syatem 4
56
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the first 200°F ond B’F/sec fo the next 100F- 

The final 100"F drop is at • slower rete in order
level outto allow the owtlet temp

properly- The wronsition from poem to isothermol 
opergtion is occomplished ot • rote of )0*F sec 
for the first 100"F, S°F/sec Ur the final 100°F.
The rodi hos been cycled 20 limes, and the
cycling prey mu is cont inuing-

The me pessure drop dato‘0 obsei nod Ur York 

rodiator No. 9 substontiolly ogee wah the doto 
for York rodiators Nos. 1 ond l ond the ham 
transfer data substantially agree wA the data’ 

Ur Combridge rodiators Nos. 1 and 2. Thus Ur 
the NaK pressure drop hos increased 119% ebere 
the initial level (219% at the initiel volue). This 

rodiator is the first $00-k- rodiator of the revised 
design’’ to be tested, ond it is identicol to York 
rodiotor No. 7 illustoted in Fig- 1.4.8 at the sub- 
sequnt section, "Smell Mom Exchonger Tests," 

of this chop tor.
ORNL hoot exchongers Nos. 1 ond X type 

IHE-3 (ref. 12). were removed bom intermediote 
heat go ch on per test stand B ond ore mderpein, 
metollurgical inspection. Preliminory results at 
this inspectiom reveal that ham exc h on per No. 1 
(MoK-to-fuel hoot each on par) foiled in the hot end 
between the heoder weld ond tube bends (see 
Chop. 3.4, "‘Welding ond Brozing Investigotions"). 
Severe careoar on wos evident on the fuel side of the 
tubes. Five tubes hod obvious crocks in the 
tension side. Th® WewMoncy and severity of the 
crocks were most pronounced in the end row at 
lobes where the distance between the tube bonds 
and heeU was the shortest. A maximum of 15 awls 

of mass-transferred deposit was meosured on the 
NaK side at this hem exchonger (Fig- 1.4.7). No 

evidence of mass transfer was detected in heat ex- 
changer No. 2 (fuel-to-NaK boat exchanger). Moss 
transUr buildup would occount for the NaK pres- 
sure drop increase experienced during nonisothermol 
operation. Pressure drop wos not meosured in the 
individuol hoot exchongers. Howe rm, if it is 
assumed, on the basis of the moss-tronsfer evi- 
donee, that all the pressure-drop increose occurred 
in ham exchanger No. 1, the total pressure drop

g

10. C. Ames, ANP Owar. Pme. Rep. Mareb M. 1936, 
ORL-2061, • Sa

R. D,tko ea aL, AMP Qtatr. Pmog Rep. Mareb IO. 
1936, ORNL-2061, p S3.

1 2R. D. P.ck at al., AMP Qatar. Rep. Dec. IQ. 
1911. ORNL-2012, p 41.

Uc ---ee MM •0o, 
edoz 
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’ coce 
coo 
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$

X Mm

lomm .
■ . d-1 
“om- 
• m ae— KO

t igf, -5 ” •7

Ter msor OOI 1

Fig- 1.4.7. Mezimum Mess Tremafer Feund im 
Nek Cicuir of HMeK-te-Fuel Hee Eschenger (ORML 
Ne. 1). Type IHE-3, Which Opoe—d IBS he im
11 ediete Heet Exehenger Test Stemd B. (Secret
with coption)

•ntrao— tor this heot exchonger -os opproximately 
180K.

Blcek, Sivalla and Bryson Nos. 1 and 2 heot ex- 
chngers, type IHE-3, were installed in test stond 
B, and test operations wore resumed. The stond is 

currenily operoting on o constont-powee endurence 
run to provide corrosion information for comporison 
with the data Ur ORNL heat exchongers Nos. I ond 
2. During shutdown of the test stond, instrumento- 
tion wos odded to allow seporate meosurements of 
heat exchonger pressure drop. After M2 hr of 
power operotion, the NaK pressure drop hos in- 
creased 140% in heat exchonger No. 1 (NaK-to-fuel). 
Na increose hos occured in heot ®» ch on per No. 2. 
Cambridge rodiators Nos. 1 and 2, which hove 
operated for 820 hr under nonisothermol conditions, 
have experienced a NoK pressure drop increcse 
at 84%. A tabulation of the NoK pressur drop 
voriations thot hove occumred in mhe vorious heot 
exchanger tests is presented in TabU 1.4.3.

Construction work on stand C, to ba used as • 
ART prototype rodiator test stond, is continuing.

57
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Smell Hest Eachenges Tests
L.H. D.vlin13 -

stond B -os shut down -hen the ORNL heat -x-
chonger No. 1, type SHE-2, hod —< success-

1

chonger (SHE) test
stond operetion is presented in Teble 1.4.4. Test 13O. essig---- e- Prew a whitm-y AfwM.

TABLE 1.4-1. SUMART or MeK PRESSURE DaoP VARLTOS TAT MAVF OCCURRED 
me MEAT EXOAMGER TESTS

Tesr Unin
Tes
Seana

Tesv 
P-rina Op-

Cenditie-

OML red M-. 3 SIE-B 200 •I

Yek rediete Me. 4 SE-B

Thermei eyeling

Meni-e*

Yerk rediete Me. 0 MMIE-A Menisethermi

72 ••

IK lee*
25 ieethrmi
30

512

Me-i MeK

in Syate-dF)
1500

1270

1770

1235

1270

1S00

1200

1a00

MeK

an Test UnirdF)
1270

114s

100s

1020

1270

1100

1400

IMO

IMO

(T- es=d - 
aminiel I---1)

30

a.2
IK*
-If

107

Ce-beidg- rediew 
Mes. I end i 

a

IME-B 552

274

el MOO 1100

Menisethermel MOO 1100 28

ORL heer e-cheng 
Me. 1, ***• MM

IME-B 300 Menisethermel MOO 1275 21s*e

-62

448 .400 1275 27

Bleck, Sivelis 

end M ; l— heet
IME-8 274 Nenise* el MOO 1275 IM

Me. 1

Bleck, Sivella 

end Cry sen heet

MME-B MOO IMO

emeh Me. 2

w—f

• »W t--e-et-

174

1

0

“Percemtege sho-n is -ithin e-perimentel erer.

whis run the cold wep end ehe plugging indiceter -er inoperetive. Omide centeminetien level of the MeK
-es belo- 1M ppm in ell other ceses, es dete

FThis celeuletd -es bosed en the essumotion thet ell the heer esehe mressure drep cheng- oecured in
heer eneh Me. 1. 4
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TADLE 1.4.. SUMMARY or SMALL MEAT EXCAMGER TEST ITAMD OPERATIO

Tes Umi"
Meeso of

Menis*-- 
Op—.

Tetel
Meu. of 

op.uen•

Tes• Seend N

•t..

OmE heet --e 
(type SE-2)

Prcese Engineerins 
Me. I (tree S1E-2

Yerk redieter No. 4 
(m-diicenen 2

Me. 1 141 2071 T-st

* 120 Tesr eetinuire

74a 1336 31 Test eemeleted

Yek redieter Me. 7 (-vie-d desig)

Cireuletng nW tree Me. I 
(aim.im 41 —t—I*'

Cireuleting celd wep Me. •
(4 tn. in die

OmL Ite or --eh 
(type SE-2

120

95

216

T-s

Test
difie «>

Tesv Seend C

g- Mo. 2 102 634 >»

9

H-t-d

Pt mt 111 —en testrietie
•e feel Ht» de-leped

St*es.Still heet 
(type SME-2

▼ash redieter Me. 5 
(medificetien 2)

Careuleting eeld trep Me- 4 
(a Ma lit diemter) _____

Me. 1 280 2 Test 4 Wi mi
•4 mswietien •e fu-i fle-

106 914

914

IT Tesr eenunuing

R-pleced by ne- eeld wep

"neludes enly unita tested during *<• repet peried.
"Fer tsts in mregess whe tetel ating Haan is she-n es el Mey 1S, 1936-
FThis type el eela tree mevieusly relened to oo •0-gel •ystem

ond York rodiator Mo. 4 were removed hot the
stond for metollurgicol ex ion.

Heat tronsfer data, fuel pressure drop doto, ond

NaK 
were in substontial og it with data previously
reported1* ond did not conge throughout the test. 
The rodiator hoot transfer dots subsh
with tho data for ORNL radiator No. 3, end the oir 
pressure drop data substontially ogeed with the 
dots for Combridge red iators Nos. I end 2, oil 
previously reported.10 The rodiotor NoK pressure 
drop increased approximately 30% during the test 
operation. Much of the test progom on those

umits consisted of thermol cycling spores tens. A 
complete cycle consisted of 16 hr of power opero- 
tion, with maximum ond minimum NoK temperotres 
of 1275 and 1005°F, respectively, ond Bhrof 
isothermal operation et 1285°F. The rote of NoK 
temp tr ene e chonge during the tronsition from one 
condition to the other vos approximately 7°F/sec.
The hept exchonger log temperoture difference
chonged from OPF during isothermal operation to 
74°F during power operation.

York rodiotor Mo. 7 (Fig- 1.4.8) ond Process 
Engineering Co. hoot eechen per No. I, type SHE-2. 
were installed in stand B, ond test operotions were
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q
wee esem «I 
Femsse mnere

N

4

Fig. 1.4.8. Yerk Rodieter Ne. 7 (Revised Design)-

resumed. A ne-, 4-in.-dia cold trop -os installed 
in this loop. This cold wop is identicol to the 
previously used cold traps except thot the copper 
cooling coil hos been reploced by a stoinless steel 
coil and oddiional thermocouple wells howe been 
povided to determine the temperature profile in the 
cold wrap. Operation thus for hos been devoted to 
cold-trop evoluation under simuloted ART operating 
conditions.

Operation of smoll heat exchonger test stond C 
was terminated after 634 hr when ORNL heot ex- 
changer No. 2, type SHE-2, developed a high re- 
sistonce to fuel flow during power operation. This 
heat exchanger was reploced by Struthers-Wells 

Corp. heot exchanger No. 1, type SHE-2, and tes‘ 
operations were resumed. Wien heot arena far con- 
ditions were initially estoblished, this heat ex- 
cheaper also begon to develop a high resistonce 
to fuel How, similar t that experienced by ORNL 
beat an then par No. 2. At this time, a leok de- 
veloped in the resistonce heater and the stand wos 

shut dean. The resistonce heated section -os 
removed for metallur gicol onemnotien.

Examination of ORNL boat exchanger Na. 2 

disclosed extensive buildup of metol porticles 
thwovgheut the fuel side of the hoot eachon^r thot

would occount for the morked in resistance
to fuel Hew. It is felt thot exomination of 
Struthers-Wells heat exchanger No. 1 will reveal 
the same condition but too lesser degee. Evidence 

of mass wronsfer ond self-welding in certain arena 
of the resistonce heater indicated thot exheme hot 
spots hod occurred in the ha etar. Thia wold 
occount lor the buildup of metol portieles im the 
heat exchanger. A section of the resistonce hooter 
at which severe overheoting occurred is shown in 
Fip. 1.4.9. The metol porticles which built up an 

ana of the boot exchanger tubes are shown in 

Fi*. 1.4.10.
A new beater desig hea been completed, ond a 

heater ia being fabricated. The teat stond is 
currently being operated as a NaK loop to obtain

I
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1.4.9. Section ef Resistence Hooter Removed from Small Meet Exch
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cold-tropevalvotion dota. Upon receipt of a now 
25-tube smoll heot ott chow per (type SHE-7).14 the 
Struthers-Welis hecter exchonger No. | will be 

veploced, ond the test stond will be put bock into 
full operotion.

Cold-Trep Eveluetion in Heet Exchenger 
Test t—Ji

Six similor 4-in.-die circulating cold waps hove
been

stemnds. These cold tvaps were previously referred 
to os 80-gal-system circulating cold traps. Is it

14. C. Aa.., U. H. De.lw.. and J. G. T.ner, AMP 
Pm. Prp«- Rep- Dee Q 1933 ORL-2012, • 49-

"SF. A Andernon ena J. J. nailieh, ANP Ou. Fro* 
Pep. Sept IC. 1933, ORNL-1947, • si.

hos boon found that core must bo exercised during 

iniviol cold-trop operotion to prevent oxide plugging 
during main system bootup. The original desig 
specified copper cooling coils which necessitated 

maintaining the cold-trap temperatures below 700°F 
at oil times to prevent excessive oxidation oi the 
copper. This meont thot at system temperetres 
above B00°F, with high conmminomt satuation 
levela (800 to 1100°F). it wet possible to pre* 

ci pi tete material in the economizer which tended 
to settie out and plug the cold-trop inlet line.

One cold hop with a stoinless steel cooling coil 
hot been tested. This trap wot beought up to
1200°F with the moin system. The temp re of
the trap wot then goduolly reduced by supplying 
moximm air cooling ond reducing the cold-trap 
NoK How. By using this method of startup, no 
indicotion of serious plugging wot observed. No

• —•
• o o • « ee

• •• • e

■
• ooo ee

• • o •• ••• st
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a Howevr, these two voriobles ore not necessorily 
closely related. In f — instonces the equilibrium

plugging re of the plugging indicotor moy
be os much os 400°F obove the minimum cold-trap 
temperature, while, in other instances, this dif- 
ference moy be less thon 100°F.

a above 1350°F the con-

ONE INCH

Fig. 1.4.10. Fuel-Side Well of Remeved 
frem ORNL Fuel-to-NeK Heot Exchenger ORNL 
Mo. 2, Type SHE-, Shewing Mess-Trensferred 
Metel Particles. (Secret with caption)

circuit has beendiliculty with cold
encountered with ony of these cold traps during 
routine loop operation after initial heatup by the 
procedure described here.

In oil coses, the cold traps have been copoble 
of reducing the NaK con somi nation level of a 
77-gal NoK system to less than 100 ppm ond, in 
several instonces, to below SO ppm, at determined 
by e plugging indicotor. All cold traps tested on 
IB pul NoK systems have been copoble of rducing 
the contaminotion to below SO ppm ond, in most 
cases, to below the sensitivity of the plugging 
indicotor (< 30 ppm).

A longer period of time is required to clean up a 
77-gal system than an 18-gl system. The cleanup 
time appears to be related to the surface area in 
the system, and it io appreciobly reduced when a 
lorge percentoge of the system surface area has 
previously been cleaned at mmaximum system torn 
perature. The rate of cleanup appears to increose 
with an increose of flow through the cold trap. The 
available cold-trap cooling limits the NaK How 
throvg the cold traps to opproximately 1.5 gpm 
while maintaining a 300°F cold-trop outlet tempore* 

ture with a system temperature of 1500°F. There* 
fave, the effects of cold-trop How rates of above 1.5 
gpm have not been studied. The minimum attainable 
contamination level has been found to be dependent 

on the minimum altainable cold-trap temperature. 

torni notion level has boon found to increase rapidly 
when the system temperature to increased to beyond 
the temperature et which the system was previously 
cleaned. Sudden variations in system operoting 
conditions, such os flew stoppage or abrupt flow 
changes. also appear to in creese the contomination 
towel. After a system fate been cleaned at the 
maximum eyetom temperature, there is slow con- 
tomination buildup if the cold trap is turned off. 
However, this increase appears fa become slower 
with system oge.

Cold-trap evaluation tests are continuing an foe
attempt to obtainheot exchanger stands in

quontitive dato regording the effects of cold-top 
NaK flow, cold-tap temperature, 'Ott of cooling, 
etc. Various methods of cold-trap operations are 
being investigoted onOor simuloted ART operoting 
conditions to estoblish on operating procedure for 
the E TU and ART cold traps.

AUXILIART comPOn AT DEVELOPMENT
D. B. Trouger J. J. Keyes

Dump Valve

L. P. Carpontor

Prototype dump valve No. 2 wos tested to de- 
termine Ra odequocy for use os the dump volve 
between the reactor ond the fuel fill-and-druin tonk 
in the ART. The variobles investigated were seot 
leokage, self-welding of seat materials, and galling 
of the stem on the stem guides. Seat leokoge 
requirements are less then 2 cm3/hr with a 90-psig 
differential pressure ocross the volve. The volve 
temperature during power operotion is expected to 
be 1250°F.

The seot materiols were the some os those far 
prototype volve16 No. 1, that is, Kennametal 152B 
(647 TiC-30% Ni-6% NbTaTiC, far the plug and 
Kennometol 1628 (64% TiC-25% Ni-5% Mo-6% 
NbTaTiC,) far the seot rm^. Prototype volve 
No. 2 differed from valve No. 1 in that the stem-to 

stem-guide clearance was increosed from 0.001 to

‘•L. P. Cerpemter, J. w. Kingsley, end J. J. Milich, 
ANP Omar. Pree Rep. Morr* 10. 1936, ORNL-2061,• 60 3
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0.005 in. on the diameter and a 30 dog conical 
bevel was ground on the seat ring.

The valve was tested for seat leckage at 1200°F 
•n the fuel mixtre (No. 30) Na F-ZrF a-UF a (30-46-4 
mole %). The minimum leokage rate obtained was 
2.13 cm*/hr, with a 5-psig differential pressure 
across the seat and a valve stem thrust of 1200-ib 
force, which pees an estimated seating pressure 
of 12,000 psi. Failure of the seat ring braze 
occurred when the valve was opened after having 
been closed for 72 hr with the above mentioned 
force applied to the stem. Examination of the seat 
ring and plug revealed that self-welding had 
occurred, and the seat ring had pulled from the 
valve at the brazed joint. The hrazing technique 
has been revised for future valve fabrication. 
There was no evidence of gelling of the stem 
guides, such as that which occurred in the tests 
of prototype valve No. 1.

Prototype valve No. 3 has been received from the 
manufacturer for testing. The flame plating on the 
stem crocked during a stress-relief operation, and 
the leakage past the seat, as measured with 
helium, increased. The valve will be accepted, 
however, far soot material testing.

Cold Trap end Plugging Indicator 
R. O. Peak”

The cold-trap evaluation test stand, previously 
described, ’ • has been operated only intermittently 
because of continual equipment difficulties. Two 
different types of plugging indicators were tested, 
and the results correlated poorly with he data 
obtained with the Argonne sampler, described 
previously. 1 * Two methods have been tested for 
cooling the cold trap with air, but it is apparent 
that air cooling elane is insufficient. A combina
tion of air with water injection and, finally, full 
water flow should achieve the low-temperature 
cold-trap operation desired for the ART systems. 
Other methods of cooling are being investigated.

The second cold-trap evaluation test stand was 
completed, and wilt be placed in operation soon. 
This test stand is much more versatile than the 
first stand, in that several means have been pro
vided for sampling and for recontaminating the NaK 
with the various impurities of interest.

17 ent from Protr & Whitney Aireraft.

I
18. J. Ml lick and R. D. Peck, ANP Quar. Pro*. Rep. 

Merv* 10. 1936. ORNL-2061, p 42.
19A s. Ms yr, W. J. Ross, end G. Goldberq, SMP 

Quar. Prog. Rep. Sept. 1Q 149% ORNL-1947, p 172.

Zirconium Fluoride Vapor Trap 
M. H. Cooper20

The program for the development of a trap for 
zirconium fluoride vapor h-3 included an investi
gation of high -temperature adsorbents for ZrFa a 
determination of the plugging temperature of ZrFa 
in helium in equilibrium with the fuel as a function 
of the fuel temperature, and the testing of prototype 
traps. High-temperature adsorbents were tested by 
passing helium partially saturated with ZrF* 
through a 1-in.-dio pipe packed for 24 m. with die 
test material. The temperature of the test section 
was controlled by clamshell heaters. From the 
trap, the helium flowed first through woter bottles 
to collect any residual ZrFa through wet-test gas 
meters, and then to the atmosphere. The results of 
these tests are summarized in Table 1.4.5. Alumina 
is the most promising adsorbent tested, while UF a, 
which has not yet been tested, may also prove 
satisfactory, since ZrFa and UF. form a solid 
solution with a high melting point. Charcoal, when 
used in a trap, enhanced the formation of ZrF a 
nuclei, wiich grew into large individual crystals. 
Charcoal thus may be a suitable packing for a 
thermal trap, since the formation of individual 
crystals does not plug the trap. Suitable operating 
conditions have not yet been established for char
coal traps.

The saturation temperature of ZrF a m helium 
in equilibrium must be known in order to design 
the fuel of f-go s system of the ART for tempero- 
tures which will prevent the precipitation of 
ZrF4. A schematic drawing of opporatus for de
termining the plugging temperature of ZrFa in 
helium passing through -in. tubing is shown in 
Fig. 1.4.11. In each run, helium was bubbled 
through the molten fuel mixture at a measured 
temperature, and the helium became saturated with 
ZrF.. The helium and ZrF. vapor then passed 
through a section of %-in.-dio tubine eatend mg 
through a hole in the center of a stainless steel 
block which was 6 in. in diameter and 10 in. long. 
The entrance face of the stainless jocket was 
heated by a Calrod heater and the rest of he trap, 
eacept the eait loco, wos insulated to provide c 
linear thermal gradient. The temperature of the 
tube at the point where the ZrFa first precipitated 
was assund to be the plugging tempera"ure of 
ZrFa corresponding to the fuel temperature. The

2°On ossignment from Pron & Whimney Aireroft.
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tabla 1.4-5 SUMART or TESTS or ZeFa ADSORBETS

Adaerhee 
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peratue, •» -ell as the satu- 
predicted kvom both ORNL and

Battelle Memorial Institute vopor pressure dote, ore
ven in Fig- 1.4.12. The tel plugging

temperatures ay* to within S with the lempero- 
tes predicted from the vopor-presaure dota. The

dicted
not octally saturcted -ith ZrF4 in the experiments. 

T-o prototype vopor wops, •* the type described
previousiy. 21 have been testod. Protetype map
No. 2, which -as e cted to the fuel pump of
intermed iate heot exchomger test stond B ond -es

s piugged
21. J. Mailieh ama 3. w. Kigal-,, AP Qn-n . 
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OUTER CORE SMELL TMERMAL 
STABILITY TEST

R. Cumry22
The first Mat of the

A. M Smith

nt — l» model of
the lo-er holf et the outae coe shell23 wos Mr—.
mated efter the
bece
meo

■ ol 5 thermel cycles, 
eloped Ml the loop piping

mhe--test piece. H -os decided to pewtiolly
exomime the sheil before contimuing the test. The 
center islond -es cut loose ond out of the
housing essembly to expose dhe i—a sufoce of
she shell for

220- eanig
230. = Bai
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surfoce reveoled no crocks or other flows. X-ray 
phefeytehs taken through the shell well and the 
thick outer housing wall likewise did net indicate 
cracks or flows, but it is lodged that this inspec- 
tion technique was not sufficiently sensitive to 
reveal heirline creeks, if such existed, on the 
exterior surfoce of the core shell.

The internal contour of he shell wos mopped by 
centering th* shell on a lathe and meosuring 264
rodii. For these meos ts, 15 axial stotions
% an. oport were designated. The radius wos then 

me osured for each 30 deg of rotatiom from an 

ossiged zero position at the eight stotions noore at 

the smali-diameter emd. At the sevem stations 

neorest the larg-diemeter end, the rodius was 
— soured for eoch 15 deg of rototion from the zero

this quorter. The operatiomal date for these loops 
are summas ized in Table 1.4.6. Eight of these 
loops were elecwicolly heoted ond one (loop 4935-6) 
was hooted with o natural-gos furnace. Two of the 
Inconel loops circuloled a naw fuel mixture (No. 70) 
NoF-ZrF.-UF. (56-39-5 —la %). and the Hastelloy 
B loops circulated the fuel tester* (No. 107) 
NoF-KF-LiF-UF. (11.2-41-45.3-2.5 —I* #). All 
other tests were made with the fuel mixture (No. 30) 
NoF-ZrF.-UF. (30-46-4 mole %). Other parome tors 
investigoted were operating temperature of the
fluid, surfoce to-volume rotio.
differential, and Reynolds number.

temperature 
When com-

position. The a 

pored with mmeai
ments obtoined were com- 
ts naken after the initial

mechining of the enodel- it wos found that the 
average rodius et eoch station mi no cose differed 

ft— the original rodius by mmor thon 0.012 in. 
Ar mo statiom did the spread from minimum to 
mmaximum radius exceed 0.021 in., and the average

pleted, the results of metallurgical exom nations of 
th* loops are reported an Chap. XI. "‘Dynomic 
Corrosion Studies.""

The first Hastelloy B loop failed during otte opts 
to put it into spa ret i on. Therefore no corrosion 

date wore obtained. bud valuable infar mation per-
taining te the engit g, fabrication, ond opero-

sprecd for the 15 stotions wos 0.014 in.
"‘crests" 

rotatiom

ond ""volleys" aw * plot of rodius
The

I vs
indiceted thar the basic deformation at

sock exiol stetiom wos from circulor to ellipticol 
or poor shoped. This comparison between final and 
initial shape is imval id te some dOgFO*. becouse

tion of Hastelloy B loops wos obtoined. As • 
consequence, the second Hostelloy B loop operated 
setisfoctor ily for the scheduled 1000 hr.

The one gas-fired loop wea terminated of 83 19 hr 
os e result of o leok wi the cooled section. This 
look occurred while the cooled section wos being 
thowed out after e freezeup which occurred when 

the peep dr i re unit foiled.

the initial ta were taken before the
shell wee welded at each end end installed into 
the outer housing-

The shell is now bock in the test rig and it is 
to be cycled « total of 300 cycles or to foilure. 
Ports ere being fobricoted for • second 300-cycle 

test to another core shell model.

X w. Kingsley P. G. Smith
A G. Smith

Twelve forced-circulation loops were operated 

with sodium or NaK as the circulated fiwid, ond one

wos Op d with water. Ten of these loops were

4

FORCED-CIRCULA Tion coRRoslON ANO 
MASS-TRAMSFER TESTS

w, B. MeDanala

Fwsed Selta in lucemel end Hestelloy *

x v. Kingsley p. G. Smith
A- & Smmith24

Nino forced-circulotiom loops, seven fabiceted 
of Incomel ond two of Hostelloy B, were operated 
with fused salts as the circulated fiuids during

240m ennig frem Pvem * whimer Aimrerelt.

electricolly he eted and three were hooted br 
natural-gos fumaces. The operotionol data for 
these loops ar* su nue prised in Table 1.4.7. The 

three loops that are heated by gas furnaces are 
being operated as life tests. Small centrifugal 
pumps (model LFB) ar* wood on the gos-heated 
locos: the other loops that circulate liquid metals 
he— elect—gnetic puemps. Th* model LFB 

cemtrifugal pu— wos wood on the leap thar circu-

When co—ieteX the results of metallurgical 
exominations of th* loops er* reported in Chap. XI.
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TABLE 1.4.0. SUMMARY OF OPERATIG CONDITIONS OF INICONEL ANO MASTELLOY B LOOPS M WHICH 

FUEL MnXTURES WERE CIRCULATED
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TABLE 1-4-7. SuMaARr or OPERATIG comDiTONS or MCOMEL AID STAINLESS STEEL FORCED-CRCULAT1O 

LOOPS THAT CIRCULATED LIQUID METALS AMO WATER z

7 426-6

Cela

Yes

Y-s

Me

Ma
iel

Imceonei Verieble

Veriebie

u el >15,000

Differen
(F)

Memimm 
Fluid 

Temperat- 

d°F)

Opereting 
Fluia Ce

200

Verieble

Vwriebie

125

UdHwa

Sediu-

»- r Jg- -J *- -f 1T W-Tr tests

Pi teata

hes leg 1000 he

s
n-

5

5

=e=#

• • • •==

el >15000 300 1250 Sodium Be- al beryiliu- plems imserted in 
her ieg celd-wep taaaaaaa—aa era 
300°F: pu-, failea ener BOB h, el

2
•4

*

eeee=e

• * *

• 4• •

L.s.i

•I©

>11

•11

-14

742-1A

749-51

-52

Yes

Yes

Yes

Ves

Yes

Yes

Yes

Yes

Yes

li

el

el

Type 316

mte

©

li

>15000

>15,000

>15000

>15000

>14,000

MB

300

MB

MB

75

1300

1250

1350

IBM

UM

IMB

Sediu-

Sediu-

*■41 —

el veriebie

>15000 MS 1900

Meter

el >15000 875 IBM Meneutetie MeK

Beryilium inanrt in het leg

MOB to

Beryiliu= la a ie her leg eetd-=
t.mp-retu. -es 280 F, epereta
1000 he

Celd-wep

d

200; in ma

Celu-wep tememret«, 300° F: in tesr

Cela 1. 260‘Fa in sent

Life teut; IBM h 4

Onereted •e eteim dete en Rle- wa
a... .... mpeed; el

MeK eteuin el ART a a

Lile test 2192 hr Aem

Life temt; IBM he eccumleted

tetie 
ulama

(

-



•eemm emoremeame

PERIOD KNDIMG JUNK 19. 1999

1.5- PROCUREMENT AMD CONSTRUCTION 
W. F. Boudreau

ART FACILITT

F. R. MeQuilkin

1 Construction work is nearing completion on the 
contract portion of the Aircraft Reactor lost (ART) 
facility in Building 7503. Package I work on the 
building additions, building alterations, end cell 
installation was oppromimately 7% behind schedule 
at the 92.5% completion point on June 1, 1956. 
Abou* one half the deficiency may be accounted 
for by lack of breakers and reactors for the elec- 
trical switchgear. During the quarter the principal 
work accompli shed included final erection of the 
cell tanks; erection of the stock; placement of 
concrete for the main air duct, the penthouse, the 
radiator pit, the Hower house Hoar and equipment 
bases, the cell encasement, and the main building 
floor at on elevation of 852 ft; pointing; grading;

c

Package 2 work on the installation of diesel 
gsraerstars and facility, elacWreel control centers, 
and spectometer-oom electricoi and air-condition
ing equipment progressed to the 79% completion 
point during the quarter. The installation of the 
electricoi control centers and the diesel generators 
will complete this work. The estimated date for 
shipment of the diesel generators is June 25, 1956.

The contract for Package A work on the ins to I lo
tion of auxiliory piping wos negotiated with the 
V. L. Nicholson Company at a contract price of 
$50,351.62, with completion scheduled for June 15, 
1956, unless material delivery schedules interfere.

Some of the Package I and Package 2 work may 
be soon in Fig. 1.5.1, which is e view from o 
location southwest of the building. The dark-sided 
portion of the mein building is the addition which 
will house the reactor cell, the heat dumps, and 
the spectrometer tunnel. The appurtenances to 
the main building shown in this view are, from 
lef to right, the generator house, blower house, 
vent house, and stock. In front of the vent house 
can be seen the top portion of the 10-ft-dia and 
23-ft deep concrete rank that will contain the 
water-submerged off-gos piping.

The west and north faces of the main building 
and the generator house may be soon in Fig. 1.5.2- 
On the left may be seen the newly installed 32-ft- 

wide door that is required in order that the reactor 
and the tops of the cell tanks may pass into the 
building. The cylinder bank in the left foreground, 
which served as helium storage for the Aircraft 
Reactor Experiment (ARE) will be used for storage 
of nitrogen for the ART. In the foreground, in 
front of the truck, may be seen the 1500-kva trans
former and substation that will serve the purchased 
power (TVA) portion of the power service to the 
facility. The openings in the generator hcuse, 
on the right, will receive the radiators for the 
five diesel generators that will have 300-kw con
tinuous ratings and will supply the locally gener
ated power service to the facility in Fig. 1.5.3 
may be seen the pressure vessel and water tank 
that make up the containment cell. The 24-ft-dia, 
36-ft-bigh pressure vessel is within the 30-ft-dia 
water tank. The top portion of the water tank had 
been removed and was sitting on the main floor 
when the photograph was taken. Although the 
pressure vessel manhole is 5 ft in diameter and 
will pose meet of the items to be installed within
the vessel, the contractor will re the top heod
to provide the required access for the reoctor. 
The pressure vessel wos field stress-relieved and 
hydrostatically tested at 300 psi during the quarter. 
Inspection of the welded joints between the 24-in.- 
dio junction panel sleeves and the 4-in.-thick shell 
wells revealed a failure of a joint in the hoot- 
affected zone of the sleeve base metal. Therefore 
all eight of the one-piece sleeves were replaced 
with two-piece units and a revised joint design 
end welding procedure was used. The field stress
relief procedure and the hydrostatic pressure tests 
will be repeated.

The concrete penthouse adjacent to the cell is 
shown in Fig. 1.5.4. This structure will nouse 
the NaK pumps, pump motors, and the mechanisms 
for supporting these units and the radiators, and 
will also house the NaK piping to the main air 
duct and to the radiator pit below. The special 
equipment room is directly below and covered by 
the roof plugs shown in the open doorway.

Design work continued on Package 3, which 
comprises the process equipment, process piping, 
etc. to be installed by ORNL. The design will 
probably be completed in July 1956.

• •
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Fig. 1.5.1. View of ART Facility Building 7503 from a Location Southwest of the Building. Photograph taken May 11, 1956.
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ETU FACILITT

M. Bender W. R. Osborn
G. O. Whitman

Design wok on the focility in Building 9201-3 
for the Engineering Toot Unit (ETU) is well under 
woy. and lo— preliminory drowings of service 
piping here been completed. Line and oguip mo nt 
heating reew»re aunts have been estoblished, end 
the design of the NoK piping and structural sup- 
ports hos been started. Preliminary layouts here 
been completed for the hoot dump system, includ- 
•ng ducting, louvers, beerier doors, end the blower. 
The building structural modifications were com- 
pleted, but oddit ionol design information has shown 
the need for further support for the floor structure.

The lube oil pumps, the NaK tanks, the ETU

fuel dump tank, ond miscellomeous Inconel mo- 
teriols have been ordered. A decision to expedite 
assembly of the ART with respect te ETU com-
pletion hos resulted in procu of additionai
items of equipment so thot ART construction con

rently with E TU operation.

ART-ETU REACTOR PROCUREMEMT AND 
ASSEMBLr

M. Bender w. R. Osborn
G. O. Whitman

Detoilad study is sudor way methods for
assembling the reuctor. A preliminary procedure
for ossembling the reflector mode has been
completed, end work is continuing on proced
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lor assembling other parts of the reoctor. Of por- 
ticulor concern in these studies are the problems 

date obtained from test weldments (see Chop. 3.4, 
"‘Welding ond Brozing Imvestigations") have sho-n 
the wed to modify some ossembly techniques 
origimolly comsidered lor mhe reoctor in order to 
control the dimensions of the fimal assembly. 
Stress problems -hich -ill occur in hendling com 

penentt during ossembly hove olto imposed re- 
strictions on ossembly netbeda and ore non being 
ewloeted -ith respect to their effect on the tech- 
niques.

Virtally ell of the long delivery materials for
blies hove been ordered, but

octuol fobricotion of most items hos been deloyed 
by lock of firm dr-ings.

A revie- of the design indicated the wed for
the reflect dfle- tests and islond 

ooteeAhoo. While the extent of this test progrom 
hot not been clearly defined, it is eogocted to 
couse a significont delay in the completion of 
the reactor ossembly.

At stated obove, construction of the ART is 
being occelereted with reteoct to construction of 
the ETU. A calculated risk is being teken that 
the ETU will not then a wed for correction of 
the ART reactor, and that the ART reoctor -ill 
be essembled at teen at possible after the ETU 
OttenMy io cone I eted. Ports for e third reocter 
ere being procured os insuronce ogoinst excessive 
time lott if the risk foil*.

Febricotien of the north hood of the ETU hot 
been stonted. Seno dole, hot occurred beceuse of

to beelding pr eye

of the sodi

forged ports moy hold up oerb on this item. All
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for two of the six inconel euire that is not widely evoiloble.
shels is oveiloble, ond Lyc— n is expediting 
work —• th*** t-o shelis. 4 44l w—l design in-

tion is still needed for th* remeining shells, 
nandrels are being rough mochined for pro-

ducimg that.
TLe beryllium reflector for the ETU is being

moch 
imfor

4 by Th* Brush Beryllium Co., but some 
ion on ehis item •• still locking becouse

of design modificetions. Th* island holes are 
now being drilled at ORNL ornd th* islond well 
be ■—wt to Th* Brush Beryilium C*. for contouring
whem this is completed.

Becouse of th* speciel dies which will be te- 
quired, th* delivery of these heavy shells —*y 
also effect the reocter cerplation date.

Knopp Mills, Inc., hos been selected es th* 
supplier of th* l**4 shielding, which w»ll be pre- 

formed ond bolted to the reoctor. It is 4
that only th* side pieces be mounted om th* ETU 
becouse of spoce and time consideretions. No 

design drowings ar* ovailoble to describe th* 

■*t— shield, but it is enticipated thet this, toe, 
Will

-

The heat ezchonger suppliers ore *tlll studying
thods end tech « for fobriceting

the channel sections of the fuel-to-NaK heat ex-
ch— JRf. Potentially, this eq
to be one of th* controlling foctors 1m th* mm—My 
schedule.

Orders for th* boron corbide tiles ond b—e 
copper cerimets have been ploced -ith th* N—e 
Compomy ond th* Allegheny Ludlum Steel Corp-, 
respectively- A fobricator haa not yet been se- 
lected to form th* boron-copper cermets inte the

A number of jgs ond fiztures I— use im essembly 
hove been designed and ore being procuted. These 
include fixtures for *■>*—bling th* reflector- 
moderotor, ossembly ond checking fixtnes fo 

for eh"cking th* 2112, ona 0*0 henjh^ 

4* «tc * *•

Febeicoticm of the heovy 1-in.-thick pessure 
shellm, which must be speciclly formed, will re-

Am or** in Building 9201-3 is mo- being modi- 
fied for use M • teoctor ossembly W**. The 
oreo will be enclosed —nd oir-conditioned, end 

it will be serviced by on * i—h**4 crome. It is 
onticipated thot th* —m will be reody for use 
when th* first reoctor y—1> arrive in August.
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1.6. ART, ETU, AID IN-PILE LOOT OPERATION

ART OPERATIMG MANUAL
w. B. Cotwal

Aw Operatians Committee, comsistng of rapra 
sentalives of th* physics, design, comtrol, engi- 
neering. construction, ond opereting praam. mos

posed desig me
difficuities we cu

difi for esolving these 
dueted.

m-PILE LooP DEvELoPMENT AMO TE3T3 

a & Twaugur

g
Menuol for both the ART end the ETU. Thus fer, 
the effort of Ok* comminee howe been directed 
toward the preporation of the ART opereting peo- 
caPrret, -hich, in hr at rew^ Mah form, is eba at
20% compl Since the ETU is to serve es •

Opeee
c. c. Bolta"
x A, Conlin
c. Cunningh

Leep Ne- 4

R. A. Dinbac’
W. T- Furgerson
D. M. Haines ’

praceOwrea -ill subser 
ART operoting proced 
tests whnich moy ha desired.

The base a fo the operet

ond -ill include other

9 P ar* mhe
d objectives of the ART, the mew

d

dation e* the
ced is presently ovoilobie im mhe form of

d
ed by •mH members, ond

sheeta, iWr*> 
nutes of desig

end Operations Cemmittee meetings.

The mmonsal is to pevide 4e*ai led procedures.
including check lien, for ell Bions beg g
efter the imstelletiom of Ok* ART eqipment ond 
termimeting -ith Ok* orderly shutdown of the re- 
octor. A* presently outlined the momuol will in- 
clude a check list of equipment ond detoiled 
pocedures ter cleonimg th* ART. tar ipeOwp Ok* 
MaK systema, tar heetimg th* reoctor, for looding 
Ok* sodium ond fuel systems, ter shekedo- thach 
ing the fluid systems, for enriching th* fuel, ter 
a* er enap at lew power (10 to 100 -), for opereting 
at ntermediate pe war (2 to 20 M~). tar opueting
at high po-er, ond foe

Commne
parformane

has fawaO

test.

vpotibilities in
its

the 
ond

limitations in the desig of others -hich would
duled shutd

These difficulties Ml imto two taHpmi: those

tion nd those -hich -ill mot reqire chenges but 
hnich win restrict the method of operation. Pro-

:* .*. :
: r : t 
• e • • •eee • —*

> *•

w. L. Scon

in-pile icop Ne. 4, -hieh wea described in O* 
previous repeat,* mos cut from the shielding plug, 
and the nose end • * being secticmed fo metollo-
gephic L This loop wes
a total ef 90t he, including 316 hr at the

• diffrentiol of 200"F end 80 hr
re differen cs.

temperote point in the loop -os
1500"F throughovt Ok* periods of operaticn with 
• temperoture differential immposed ar th* system. 
Th* tea* waa operated under isothermol conditions 
at lower *a a* ar etwra a during th* remgining IOS hr. 
while Ora react* war shut do-m for refveling end
for ether C*. The po-er density in the
lawp w*a 778 -/cm during operetiom with the 
maximum a*** area** differentiol, we deler mined 
hew th* heat removel theaaph the heat ea^eapar 
and Or* toto: melaww of fuel im Ok* wee* baa the

cheaper outlet to inlet.
Functionolly, the loop a»art i aa -os pt a 4. The 

heater circuits, -hich hod ha Mai rata l at i an thon 
the imsulaticm used fon the haata. circuita of loops 
tested previously, were free of foilure. The pea*
opereted smoothly threap 
tols for Ok* heat excheng ond other e ts
were
therm

satisfoctory. However, 7 of Ok* 14 nose
foiled tar tion, either by the 

by beckage of one
of the -ires (usually the Chromel -ire). These 
foilures are now believed to hove been coused by 
poor nstallotiom tedha part. Six of the seven

‘o- esaig~m-m 4- Pien A Anna. Awereh.

2c. C. B.l. er az, ANP IMA P-mg. Eep. Mmeh Mu 
1936. ORL-2061, a 41.

: : :* : ::
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now been modified so diet all takes mmoy be pinched 

leok-tight, cut, ond V
possible the renew I of the activity prior to hhe 
en ty of personnel imto the cubicie. The only work 
-hich will reqire entry to the cubicle will be the 
re ni xl of the air and water lines.

rect this condition.
As with loop No. X both the I gh

mhe aw —a P-g oulieta pi« The beoring
purge outiet plugqed five doys ofter stortup, ond 
the sump purge outlet plugged four doys later. 
The cease of this plagginr. is still being investi- 
gated. The bee i an gas obsorption sops from loop 
Na. 3 haws been sectioned. An extensive block 

deposit was found in the inlet of one ond a bromish 
film was found in the other. This Mach deposit, 
bell a nod to hove come from the pump lubriceting 
oil in she beoring housing ba so tea given rodio- 
ossoy ond ap si: a r gi ephtc analysis to determine 
Ha caaassmen (see Ohop. 4.2, "Rodiation 

4 to operete fute loops 
with linle ar no purging of the bearing housing 
ond reduced purging of the pump sump Sa minimize 
the pebcbilz o2 poina Paxiculy dse tether

LeepNe- S 

D. M Haines

In-pile loop Ne. 5 wos completed and inserted
in the MTR, but could not be filled.
was
MTR

to have d forded
This loop 

tion of two
ting cycles with « maximum fuel tem-

»sir eSex of 1600‘F ond a tea 
of 200°F. The improved th

re differentiel 
uple imstallo-

tion signed ebove was weed m he febeicetion
of this loop, and the rear section was nodihed to 
simplify removol end Se preside e second hermetic 
eeel to teach up the sael at the manned I etc bulk-

mize hydreulic-mol 
indicetes dhat, alt

L. E ce
gh some contominatiom results

completed 1000 he of e 2000-hr end
4500 rpm end 1S00°F. The test was

ce test et

Other ■ejer difficulties d were a leek
ms the pump bulkheod, probobly through a glass 
heater er tarmac eagle-wins seol, ond an excessive 
rodiation level an the cubicie after shutdown. A 
new type of electrical seal ter the pump baHAaed

seizure -es c—4 by the buildup of zirconium 
fiuoride on the sheft slinger. This was the first

pump d et 1S00"F, the previo

nd
The excessive ectivity of

operored at 1400"F- The sopor pressure of zir- 

conium Haer i de in the fuel mixture (Ne. 44) NoF- 
ZrF-UF. (53.5-40-6.5 mole #) weed in this test 
is 2 an Hf a 1400" and 4.5 mm Hg et 1500"F. g

wolls dunng Rodioti
as 50 eAhr -ere — ee mad on the
ortie Chet

levela as high 

n. gang parge 
reble difficulty

re is considered to
heve been hhe cose of hhe buildup of zirconium 
fluoride on the alinger. A ne- pump is to be built

ol bltKM it necessitoted o reletively 
of preporetory wek. The desig has

wifh
Jo.
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2.1. PHASE EQUILIBRIUM STUDIES'

C. J. Barton R. E. Moore R. E. Thoma
H. Insley, Consultant

Th* several loothods described in previous 
reports of this series were used for further phase
equilibrium studies of
and 
diet

quaternary systems.
iety of binary, ternary. 

Although the phase
are not considered to be final in every

respect, a compilation of the diagrams of binary
systems consisting of UFa or ZrF 
the aikali fluorides is presente

>

with each of 
here. The

striking differences observed in the diagrams for 
these systems indicate a need for detailed study 
of some of the complex crystal structures that 
characterize certain of these material*.

The RbF-ZrF. and RbF-UF. systems now 
appear to be moderatsly well described. A thermal 
effect in the RbF-ZrF. system at 375°C that was 
previously reported to be a eutectic temperature 
has been shown to be a lowered inversion temper
ature of th* 2RbF-ZrF. compound; the eutectic 
contains 42 mole % ZrF and melts at 410°C.

Solvents with compositions near 35 mol* % NoF, 
25 mole % RbF, and 40 mot* % ZrF. apparently 
dissolve up to 4 mole * UF. at liquidus temper
atures below 480°C and up to 7 mole % UF. 
bole* 510C. Such mixtures ore of interest as 
reactor fuels.

Detailed examinations of some ternary systems 
containing BeF are being made. While extremely 
low melting points can be obtained (the lowest 
eutectic observed to dot* in the NaF-LiF-BeF, 
system melts or 318‘C), it is not yet apparent 
that these materials a Her fuel mixture* that are 
substantially better than those cveileble in the 
ZrFa-contoining systems.

Studies of the phase behavior of CeF, in binary 
sy stems with alkali fluorides have boon continued. 
Th*** system ar* of interest because of concern 
over the behavior of f is* ion-product fluoride* in 
high power long-duration reactor operation.

GENERAL COMPARISONS OF THC BINARY 
SYSTEMS MF-ZeF. AMD MF-UF.

R. E. Thoma

The two parallel fomilies consisting of binary 
systems of UFa and of ZrFa with eoch of th* 
alkali total fluorides have been under investi- 

got ion here for several years, and th* character
istics of these systems are relatively well known. 
In the course of this research many people have 
contributed to an understanding of these phase 
relationships, and the information on phase 
behavior is scattered throughout a large number of 
reports in this series. Accordingly it has seemed 
worth while to prepare a brief summary of the 
differences and similarities in these several 
phase systems. No attempt has been mode in this 
concise compilation to give credit to those whe 
did the work.

Both these families of binary systems are much 
mare complex than a cursory examination would 
indicate.2 It is obvious that fundamental studies 
of the structures of the complex compounds 
involved would be of general value. The large 
number and wide variety of complex compounds 
observed in these systems are indicated in 
Tabi* 2.1.1. (The ratios shown are the ratios 
of the alkali fluoride component to the ZrF. or 
th* UFa component.) Comparisons of the phase 
diagrams presented in Figs. 2.1.1, 2.1.2, and 
2.1.3 display several of the striking character
istics of these materials.

A stable, congruent, high-melting-point compound 
(Fig. 2.1.1) with the formula 3MFZrFa or 3MFUF. 
characterizes all the diagrams, except those for 
LiF-UF. and NaF-UF.- For the LiF-UF. system, 
which represents th* lowest ratio of radius of 
M* ion to radius of M4* ion, the 3:1 compound 
does not exist; for this system, and this system 
alone, an incongruent compound 4LiF-UFa is 
observed. In the NaF-UF a system the compound 
3NaF-UF. is congruent but relatively low melting, 
and it is unstable at temperatures below about 
530°C.

...

I

‘The o**»y ohic exemimations repated here were 
perfcrmed by G. D. White, Metellurgy Divieiom, and 
T. N. McVay and H. insley. consulfants. The away 
exeminetions war* pertcrmed by R. E. Thome and 
B. A. Soderberg. Matericls Chemisty Division.

2The casa ef the relatea »yatem KF-ThF4 is similar. 
The early concept at th* system reported by E. P. 
Dergune, Doklady Akad Nmt S.S.S.. 60, 1185-1 IM 
(1948). was a simple one, but a more recen report by 
*. J. Asker, E. R. Segnik, and A. W. Wylie, J. Cbem. 
Soc. 1952, 4470. shows the system to ba relatively 

earn* las.
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TABLE 2.1.1. COMPOUNDS* OF ZrFa OR UFa WITH ALKALI FLUORIDES i
3:1 2:1 3:2 5:3 5:4 7:6

31 iF-ZrFa (e) 

3NaF-ZrF. (c) 

3KF-ZrF. (c) 

3RbF-ZrF4 (c)

4LiF-UF. (1)

3NaF-UF. (c) 

3KF-UF. (c)

3RbFUF. (c )

2LiF-ZrF4 (c)

2NaF-Z,F. (1) 3NeF-2ZrF. (S)

2KFZrF. (1) 3KF-2ZrF. (1)

2RbF-ZrF. (1)

7NaF-6ZrFa (e)

1:1 3:4

5RbF-4ZrFa (c)

2NaF-UFa (1)

2KF-UF. (1)

2RbF-UF. (1)

5NoF-3UFa (1)

7LiF-6UFa (1) 

7NeF-6UF. (c) 

7KF-6UF. (c) 

7RbF-6UF, (1)

2:3 1:2 1:3 1:4 1:6

3LiF-4ZrFa (1)

MoFZrF, (M) 3NeF-4ZrF, (1)

KF-ZrF. (c)

RbF-ZrF. (c) RbF-2ZrFa (1)

LiF-4UFa (1)

RbF-UFa (c)

NaF-2UFa (S)

KF-2UF. (1)

2RbF-3UF4 (1) RbF-3UFa (1) RbF-UFa (1)

(c) Congruent compound.
(1) Incongruent compound.
(M) Metostoble compound.

(S) Subsolidus compound.

A series of incongruent compounds, 2MF-ZrF. 
and 2MF-UF., are observed in all the diagrams, 
except those containing LiF. The compound 
2LiF-UFa does not exist, and 2LiF-ZrF. has a 
relatively low melting point but is congruent. All 
the incongruent 2MF-ZrFa and 2MFUF. com
pounds, except the 2NaF-UF. material, melt to 
form the compounds 3MF-ZrF. or 3MF-UF. and 
liquid.

The low-melting-point central portion of the 
binary mixtures, that is, the mixtures with 35 to 
55 mole % ZrFa or UF., as shown in Fig. 2.1.2, 
exhibits many variations in compound types. The 
occurrence of the unusual compound 7MF-6ZrFa 
or 7MF-6UFa is remarkable. The compound has 

the same crystal system wherever it occurs, and it
displays 
compound

no polymorphism. One member, the
7NaF -6ZrF

interstitial solid solution 
lower ZrFa compound.

forms an extensive 
series with the next

Compounds formed from mixtures with high 
concentrations of Zrf a or UFa are invariably 
incongruent, but they display wide variations in 
degree of incongruency. These compounds, as 
shown in Fig. 2.1.3, occur at widely varying 
compositions in the range 55 to 95 mole % ZrF a 
or UFa- Several of the diagrams in this series 
are considered to be preliminary, and.the systems 
those diagrams depict are still being studied. 2
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TME SYSTEM R»F-UFa 

H. A. Friedman R. E. Maire
The system RbF-UF. has bo— investigated 

recentiy becouse of its importonce in the —a 
termary fuel system NoF-RbF-ZrF.-UF.- The 
eorlier work of Blekely etal.3 hos been lorgely 
c—d by thermal onolyses of slowly cooled 

melts. to oddition to the compounda riginally

3* mole % ZrFa ond melned et 375°C. It is mo- 

apperen» that is the lomered ropid inversion
• i 

e.

of 2RbF -ZrF a l MhlW thon the eutectic
37 end 44 J

arte % ZrFa 2RbF -ZrF, eppears opticolly (a be 
like quench growth at cli vemperatures above the 

lowered inversion ee—at Mora. This occounts for

the — a ai naa m a *a* M

d, ho . there is — MCI
Petrogrophic

g com-
pound 7RbF6UFa-

Quenching experiments — ths system are mo- 
under wey, but the a—b to wet yet tor oweepb 
advanced to ear— presenting a phase diogrom of 
the system. Petrogrophic ezominations of e 
series of quenched somples comtoining 33.3 mole 

% UF. indicated th— a rapid inversion of the 
ce—sued 2RbF-UF. occurs — so— to—sr-sire 
bel— 572°C. The congvent — tews® paint of 

RbF-UF. (727‘C) —• confirmed by petrogephic 
anew iseti— of a series of peadient peewched

comteining 48.3 —la % ZrFa estoblished thot 
SRbF-4Z.F. is the primary phose; the liquidus 

wa—MMI is obout 396°C, and the solidus 
temperete is 390C. Thus, the eutectic ba—sen

5RbF-4ZrF. end RbF-ZrF. contains 
mole % ZrF. ond me Ira et were.

Ezomineations of slomly cooled prep 
oh— w the existence of a compoum 
were th— 50 mole % ZrF This e

obout 48.5

wetions ha** 
d canes ining 
e——nd has

as RbF<2ZrFa by the
aba—" MtMl of necrly single-phose moteriol in a
series of equilibroted ond ched somples

sition of MM incong
ing so mole % UFa-

compo•
The compo- 

4 previously
thovght to ba RbF-4UFa has no- ba ew esteblished 

os RbF<3UF. by the abeam —i aw of Sinpto phase 
—aerial in a series of equilibroted ond euanrhad 
somples canto ining 75 mole $ UF.- This phase 
as not saab is aba— 714"C. In mixtures caw

CM—twin® 66-7 mole % ZrFa- This compound 
— incongruently to ZrF. and liquid et 447°C.

TME srsrEu Mef-Rar-Z.F.

R. E. Cleory3

lb

50 100 mole % UF..two 
ddition to RbF-3UF. heve been

A phose diog 
NoF-RBF-Z-F..

M. A. Friedman
ef she fuel solwent system

based om thermol ona lysis of

d in both slowly cooled ond ched
« —In. One phose conteins more th— (O mole 
K UF.. -hile the other phase centoins between

THi SYSTEM RaF-ZrFa

R. E. —MS
Saw—al revisions haw* ba— mode in the set— 

tive diogrom presented pren lesely for the RbF- 
ZrF a system.* The revised d iopre a to given in

Visuol observation experiments have she— that 
the eutectic between 2RbF-ZrF. ond 5RbF-4ZrF. 
contains abs— 42 —I* % ZrFt and — Its — about 
410°C. Results of quenching experiments had 
indicated previously th— the eutectic contoined

-lo-l, cooled melts, differemtiol thermoi analysts, 
and quenching experiments, is sho-m in Ft®. 2.1.5. 
So— of the compotibility triongles ond quosi- 
binary mixtures -ere rapertad previously. The 

are eest stotus of the mi—slier — the com- 
patibility tr ionpies. eutectics, pM-ctecs, and 
boundary cuves to shawm to Fig- 2.1.5. The 
locatiens ad the eutectics and the exact paths of
the b 
finol

dory curves ore not considered to be
in this diogom; they ore g on

The phose relationships of the recently dis-
covered d RbF-2ZrFa
system hove not yet been dh

in the ternary 
imed. The ter-

nary compounds of the solvent system are: 
NaF -RbF -ZrF , which — Its conguently et 61 5"C; 
3NaF-3RbF-rF.. -hich melts inconguently M 
we. ond NaF-RbF-2ZrF. which melts comgu- 

ently at 460C. A fourth iernary compound with

3. P. elk-t, -e at., ANP Qum. Prog. u-p. Jun- IQ 
1931. AnP-85. • 87. Fis-

“M. A. Fri-dm-n emd R. J. Sheil, AMt Ouen A wm 
Kep. Merch 10, 1936. ORML-2061, • 12, Fig- 4.1.

JOm essig---m kem Pren * Mi Mama l Aserelt.
“u. A. Frid-en, AMf Qu-, Pm-g. Rep Car* sa, 

1936, ORML-2061, a n. I
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-
-

i
eo

the opponimate 
may exist at high

composition 3NoF JRbF 42ZF a
mpe

hove not yet estoblished
s. Quenching studies 
pereture Mmits aa its

to the ordimory and di

stobility. Prelimimary Owen chin, studies show believed te ferm on inci

thet the compound 3HaF-RbF-4ZrFa 
incongvently to NaF-RbF.ZrF. and liquid.

aroy dato for rtf e

mehs

The
4 are

the en 4 NaF-RbF.2ZrF

demma

arvef 4 in the follo=ing section. □■li.Hl

OPTICAL PROPERTIES AND X-RAT 
PATTERMS FOK 3MeF-]RLF-4zeF.

R. E. Thoma H. Insley

No
N,

• 1-436

• 1-430

Listed belo- the identifying choracteristics 
of 3MoFRbF-ZrF. • mew compound encountered 
in she phose studies described ch if. The symbol

X-ey deter

**>

meosured in omgstroms. The term I//, refers to 
the relative imtensity of the lines os compored 
with an arbiteary value of 100 for the swongest

6.77

6-11

5-72

—t
—L

+.—

VC Z-‘.

, end Ne refer 
ry indices ef

The compound is 
solid solution with

M/‘,
*

11

11
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d[A) M/4,
TME SrSTEM MeF-RbF-ZrFa-UFa C
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M. A. Friedman
T-o reas of the qu

H. Dowis’

ry system NaF-RbF-
ZrF.-UF. offer mixtes -hich moy be m Stable 
fuels fo circulating-fuel reoctors. Solvemts -ith 
opproximately 10 mole % NeF, S3 mole * RbF. 
and 38 mole % ZrF. -ith the oddition of 4 mole % 
UF. give « fuel • liquidus . ...... ... of 
approximately SO0"C. With the oddition of 7 mole

% UFa • fuel -ith • liquidus 
pomimately 545°C is obtoi 
mmixtures hove RbF-UF. or 
primory phose. No serious

These fuel
RbF«3UFa tea the 
segegatien of the

uomium phese hos been evident in the experi- 
mmentel -ork. These mixtures ore mot optimal
choices fo it* fuel becouse the uranium
phase contoins a high comcentration of UF a ond
there is • lorge difference bet

etures et which the aniu 
phose ol the g eke ta sepos 

Sokents with appromim ly 35 mole % NoF,
23 mole T RbF, ond 40 mole % ZrFa with the 

oddition of 4 nl* * UF. give • fel -ith • 
liquidus tawtow ol epproximately 480°C. 
With the odditiom of 7 mole * UFa * fuel -ith • 
liquidus temperature ad opproximotely 510TC is 

ebenined. At bath UF. levels the uronium is com- 
aa»i—d ent isely in the slid solutiom 7NoF6Z(U)Fa- 
Mixtures of Awa generol type should hove physicoi 
goperties and cerosion chorocter istics thet 
woul moke them of definite imterest «a fuels.

TME SYSTEa MeF-LiF-BeFa 

R. E. Itaadwa

Qvenchimg studies of da system NoF-LiF-BeF. 
continved, and it is near possible to presen 

e diogram (Fig. 2.1 6) of she triangle heving LiF. 
NoF, ond NoF BeF , et the opemes. Work on it* 
ether parti aw et the systee is under -ay- Petro- 

grophic idemtificetion ef phoses in this system »a
very difficult, becouse al of the comp di
hove neorly the some indices of refroction end «ta 
inowropic, or meorly so. A* • r—** reliemce -os 
pieced on identificetion by meons of »roy dif-

even this identificotion is

‘om essig tew Pren A whime, Asereft

- • •* •• • • • e
=-e • •• • • • » ♦ • s • •• • *• •• • • ••• • •<
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The diovom shoms the foilowing compatibility 

wiengles: LiF-2NaF-LF-2BeF --2F-BeF, LaF- 
2MeF-BeF.-NeF, —4 2NoF -LiF2BeF --oFBeF a- 

2NoF -BeF 2. In oddition to the congruently melting 
compounds which form the epezes of these 
compatibility wiongles, the dote sho- • subsolidus 
compound, MeF-LF-BeF, -hich decomposes to 
up end 2NaF-LF-2BeF ebove obou 240"C 
(ref. 8). and enother subsolidus compound, probably 

SeF-LF-BeF, -hich decomposes obove obout 
320"C •o 2NoF-LF4BeF, 2NF-BeF,. and UP. 
Bele- 320C, UP. 2NoF-LiF-BeF, end 
5NoF -UP 3BeF j ** mhe epezes of • comptibilit.
triongle. No eubsolidus velotionships hove
been definitely estoblished. Im the diogom 
(Fig- 2-1.6) the 3 MM; nd qosi-binory eutectics 
re indiceted, ond the donted lines ere the oppoxi- 
mate primory-phose biwiM n -hich meet at the

Mm, X. mo-g. » alig-m Ch-- 276, 113-117 
(954)-

87

r. r*• ♦ ee • • •
•• •••

: " : •. i r : r : :
• - • •• • ••e •• ••• e=e =••e ••• • e=s •=

NMHV



AP PROJECT PROCRESS REPORT

comroom-M
om e4em

euTEcTC 
343

EUTECTIC6 1M 2 
zmef l* zeef, .

355 
EUTECTC 340 . 

Mof L Bef, •
renaMY cuteenC 
- 3ze

- EurEeTC —-
4es --

Mef Bef, 
seo

X EuTrCTC
--- MS 

EUTECTC
__ \

----- —---_zmof Bef, 
"w_" 595 
K EUTECTC 

\ 570

sregf La Bef,

TENMAMY EUTECTIC 
40

L« 
as EUTECTIC 

69

—» neK
905
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i

termory eutectics ah— mi eoch of the three 
companibiliry wiongles. There is • limited solid 
soltion region in she ternory system for • high- 
tempereture modif icotion of 2NoF-BeF, which is 
mot 4 on the diogrom. It is noi likely 4hm
Am limmits of this region con be accurately de-

d with the Mil methods imw being
ml.

The phose -hich wos peviously" believed Ml
be • ternory ei 

the
* d and which wes
formula LiF-7MaF-4BeF

ptiwely 
was

identified by G. D- White theough the use of high- 

temperatume roy diffroction os • polymorph of 

2NeF-BeF,. This phose, which is atabla ebove 
320°C, hod not been reg worted in previous imesti- 

gationa of the MaF-BeF , system‘o.‘1 end hod not 
bnen foumd — quenched somples of NoF-BeF,

mixtues
imersien is $o ropid foe it to be

4 in this loboretory becouse its
hed in the

bimory system. It is, ho , stobilized by the
oddition ol LiF. with which it MI 41 wb— dly forms 

• Ih—4 solid aul—in.

LIF-26FLIF28.F 

mixtme NoF-LiF-BeF 
this mixture te have

ts with compositions on the 
join om both sides of the

2
(37-26-37 mole %) show

approzk
sitiom of the eutectic -hich melts et ebout 340C.
Petre 
of q

hic and --roy diffroctiom
ched

Mic
ples ond slowly ceoled gratia

rmtions show thot the 2F-LiF-2BeF 2-2NoF-BeF a
join is • owes ■ binary system • eutectic
thot contoins 45 mole * NaF. 16-5 mole S LiF, 

and 38.5 mole % BeF , and melts ot obout 343°C.

A phose thot dote At It Illi

about 320‘C im quenched somples mas assigmed 
the 5MoF-LiF-3BeF, becouse the mroy 

diffroction ponerm of • quenched Hill of this 
composition was not found te comtain lines that

"L- M. M«»w. R. t. Meede-s, end R. J. Shei, 
ANP Quen Pme -A m-re* 24 193 ORL-2061. P 75.

V9E. rhat. end 9, Liheu, z. pbyea. Chem 19,
175-141 (1937)- 

"o. ak 
c —Sec.

en E. F. Osken, J- Am

system. The comclusion that this compound 
exista onl below the solidus tempereture is 
bate 4 on the lel l awing evidence. First, slowly

cooled * tions within th* 2NoF-L»F«2BeFa I

“2: • : "2-
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• • • • eee
• ♦ • •# ••
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NaF-BeF 2-2NaF-BeF2 triengle conteined only 
the three phoses ot the opexes, since the reoction 
rate in the solid state is too slow to permit
equilibrium to be obt d. Second, nat
al ** anchad somples in th* LiF-2NaF -LF-2BeF a- 
2NaF-BeF, triongle showed that she ternary 

eutectic (mp, 328‘C) is dm the upper limit nt

genecus, but th* mixtures containing 45 and 50 

■Mia % NaF were predominontly one phose, and 

therefore thure moy ba a compound with the compo- 
sition 2NoF-RbF-BeF--

D

stobility of the compon 

belo- the solidus tei 
apexes of the triengle.

d ond that the phases just 
peratune are those at the

is related te that given by John’ fo lo
atue 3NaF-LF42BeF
co ding

2
et-

F,- Quenched compositions 
3F-LF-2BeF conteimed

LiF |W«f2NoF-LiF2BeF, 2NoFBeF,
ba law the solidus tempereture ond SNaF -LiF -BeF
2NoF-LiF-2BeF, and LiF below 320°C. No 
evidence hos been found in this lobaratory to
suggest that 3NoF-LiF-2BeF 2 exists.

Tha locotions ni th* phose boundories ond 

ternory eutectics war* deduced tot* tha yrinary 
ond secondary phoses observed in 4*1* n chad 
■ airy l*t nt tha compositions within th* compati-

phoses
obtoined thermal onolysis deto.

temperatres at which the 

well os from peeviously

TNE SYSTEM MeF-RbF-BeFa 

L. M. Brateher
Thermal onalysis doto were obtoined for • 

number of compositions in the NoF-RbF-BeF 2 
system contcining 50 i*la 5 BeF, ond some ol 
the slo-ly cooled melts -ere enomined petro-

deta show that the NaF-3RbF-BeF2 join is a 

***** binary system which ha* a etectic with 
the opproximete composition NoF-RbF-BeF, 
(45-41-14 mole #) that melts at 640 t 5°C. The 

joim N*F-2RbF-B*F ? is like-ise believed to ba 
a ***** binary system which hat a eutectic with 
tha composition NaF-RbF-BeF, (43-38-19 mi* %) 
that melts at 655 t 5°C. Th* NoF-RbFBeF, 

join is complicoted becouse one nr nmm ter try 
compounda exist on nr nnnr the join and RbF -BeF a 
melta «nc any ** fitly. Thermal analysis 4at«
indicate that tha oddition nt NoF lowers tha 
incengruent melting point nt RbF-BeF- None nt 

the slowly cooled melts m33 completely homo-

12w. J-hn, z. • allg-- che- tn.
0934).

es

• • • eme
• ••• • • 

• •*# • •

TNE STSTEM MeF-KF-LIF-UFa 

W. A Sheil

Data reported previously on the liquidus tn W* 

atures of mixtures formed by adding UF. to NoF- 
KF-LiF (11.5-42.0-46.5 mole #) indiceted that the

liquidus varied quite ropidly with
chonging UF t concentrotion, at leost with mmixtures 
conteining m i ■ it i ■»■*■ Fy 4 mole % UFa (ref. 13)- 
Visval observations nt .liquidus temperetures im 

shis system during this ** 1*0 gove values «4 
550, 570. and 595"C for mixtures conteining 5.0, 
7.5, and 10 mole T UF. respectively. Th* 
velues obteined by this method for th* mixture 

conteining 10 ml* T UFa ogreed quite well with 
ecrlier thermal omolysis dte. It now oppears that 

th* liquidus temperatures nt mixtures in this 

system comtaininig 0 to 10 i*l* % UFa nm not so 
strongly dependent nan UFa concemtratioms os 
th* earlier data13hod indiceted.

ALKAL1 FLUORIDE -CeF, SYSTEM 
L. M. Brorcher

Preliminary date on the NaF-CeF , end RbF-CeF» 

systems were given in the previous tepcet, 14 
Study «I the LiF-CeF, system mos imitioted 

rerenely. and thermal onlysis doto obtoined with 
five compositions in this system showed thot

there is eutmctie contoining ly
19 mole % CeF j that melts *t 755 t 5C. For the 
NoF-CeF, sysiem, extropolotion ef thermol dote 
obtoined with mixtres contoining 10, 15, and 
20 mole " CeF, indicotes that the eutectic -hich 
melts at 725 » IO"C chmw opproximotely 28 
i*i* % CeF 3- A compound reported to to* present 
•n this system has not yet been identified. Th* 
RbF-CeF, system hos been studied mmore than the 
other t-o systems mentioned, but thermal onolysis 
dota and studies of slowly cooled melts hove •• 
for foiled to give • cleor picture of phose relations. 
It oppears that at least two compounds ore formed 
that possibly have the formulas 3RbFCeF, and

I3R. J. Sheit, ANP Qu-. P-. Eep. Dec. 1a. $934. 
ORHL-10l. • s*.

14L. Mb Bovehar, ANP Qwa, nreg. R-p. Mmmeb 10, 
1034 ORML-2061, • 78.

ese • eee *•
2- 23- : :
a * *•• J**
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RbF-CeF,- In oddition to liquidus and solidus 
thermal effects on cooling curves, solid transitions 
were noted at about 425 to 450C with mixtures 

in the 10 to 35 mole % CeF, range and at temper- 
atures ranging from about 500 to 580°C with 

mixtures containing 33 to 60 nolo * CeF,. These
transitions probably occount for the that
particle sizes of crystalline phase* are so smell 
that microscopic identification is difficult and 
some phases even give poor x-ray diffraction 
patterns. The minimum liquidus temperetuis of 
eppreu imetoly 615°C apparently occurs between 
42.5 end 50 mole * CeF,- Study of oil three 

systems mentioned is continuing.

THE STTEMLiF-CeF
L. M. Breteher

The recent aveilability of pure CsF prompted O 
re-exomination of the iF-CsF system which is 
of interest because a ci d is formed such os
that formed in the LiF-RbF system. 15 The results 
of the earlier studies were not published because 
of the scatter in the thermal analysis feta. While 

the existence of other alkali-halide binary 
compounds is well established, no mention of 
alkali-fluoride binary compounds has been found 
in the literature. The freezing point of the CsF 
used in the recent investigation was found to be 
700 ± 5°C, which agrees with recently published 
values of 705‘C (ref. 16) and 703°C (ref. 17). 
The thermal analysts data shown in Fig. 2.1.7 
include 10 tee data from the earlier studios. The 
binary compound, believed to have the compo- 
sition LiF-CsF, was easily recognized under the 
microscope because it is birefringent, whereas 

4

both LiF and CsF are isotropic. Ho , for
that are not well understood at present.

the mixtures ined to dafe ceve resher Door
x-roy diffraction patterns for the compound. The 
large nuirher of lines observed suggests that the 
compound is either monoclinic or rhombohedral.

M, Bratchar er al., ANp Quar. Prog. Kra. Jume 
10 1934. ORNL-1729, p 44.
’•o. 3c*»WiW-Ou—KI E. Schmitz, Z. enorg-

Ch 252, 32* (1944)-
* 7. A. Bredig. H. R. Bronowin, emd wm. T. Smith, 

J. Am Chem Soc. 77. 1454 (1955)-

too
omC-UD°SMT“a M

eoo — —1

700

I
? I

s 600 * 1
500 - -

-

400 •
5

300 L 

LaF
-L- 
o 20 >o 40 90 60

Cef mu *1
ro •o

L 

90 Caf

Fig. 2.1.7. The System LiF-CsF.

90

W. ammmom

2



v•m •memme

PERIOD ENDING JUHE 10. 1»S*

THE SYSTEM MgF2-CeF2
L. M. Bratcher

In the course of on investigation of the system 
NaF-MgF,-CoF2, thermal data were obtained with 
two MgF 2-CoF2 mixtures which indicated that the 
literature value for the melting point of the eutectic 
mixture in this system might be too low.’* Thore* 
fore six additional mixtures wore prepared which 
covered the composition range 37.5 to 50 male % 
CaFa- Cooling curves obtained with these 
mixtures showed that the eutectic mixture con* 
tainod approximately 48.5 mole % CoF2 and melted 
at 985 ± 5°C, as cumpored with the literature value 
of 940°c.

THE SYSTEM RbF-CeF2
L. M. Bratcher

Preliminary thermal analysis data indicate that 
there is a eutectic between RbF and a binary 
compound (probably RbF-CaF2) that contains les* 
than 10 mole % CaF and hos ° melting point of 
765°C. Cooling curves with mixture* containing 
10 to 45 male 9 CoF, did not show reproducible 
liquidus thermal effects, but the thermal effect at 
765°C become less marked with increasing CaF 2 
concentration in this range. Petrographic exami- 
nation of samples containing 10 to 20" CoF 2 
showed increasing amounts of a cubic compound 
having a refractive index of approximately 1.410. 
A 1:1 compound (molar ratio) has been reported ” 
to be present in the similar system KF-CaF2-

THE SYSTEM LiF-NiF2
L. M. Bratcher

Dato obtained with three mixtures in the LiF- 
NiF, system covering the composition range 10 to 
30 mole % NiF were given in the previous 
report.2* The compound found in this system was 
tentatively assigned the formula 3LF-NiF2, 
mainly on the basis of petrographic and x-rdy 
diffraction studies of slowly cooled melts. The 
thermal analysis data obtained to date are 
difficult to interpret, but it appears likely that 
the compound melts incongruently to NiF and 
liquid at a temperature only slightly above the

o
BE. Beck, Metallurgie 5. $04 (1908)-

1‘P. Silber and M. Isheque, Compt. rroJ. 232, 1485 

(1951)-
20L. M. Bratcher, ANP Quar. Prog. Rr^. Marcb 10.

1956, OR MU-2061, p 70.

minimum liquidus temperature. Well-crystallized 
NiF2 was found in slowly cooled mixtures con- 
reining 30 mole % NiF, or more. The first attempt 
to determine the melting point of NiF was 
unsuccessful, but the melting point was evidently 
below !200°C, the maximum temperature to which 
the material was heated.

THE SYSTEM UFa-UO2 
R. J. Sheil

Preliminary thermal analysis data and the 
results of studios of a few slowly cooled mixtures 
in the UF a-UO, system were reported previously.2’ 
Thermal analysis data obtained during this quarter 
were not very satisfactory because of the previ
ously mentioned undercooling difficulty and a 
container problem. The use of graphite con
tainers for the UFa-UO, mixtures was abandoned 
when it was discovered that mixtures containing 
4 wt % UO, or more penetrated both ordinary 
(C-18) and high-density graphite when heated to 
a maximum temperature of 1 100°C. Mixtures 
containing 2wt% UO, or less did not penetrate 
ordinary graphite to a noticeable extent when 
heated to the same temperature. Surface tension 
measurements of UF.-UO2 mixtures will be made 
in an effort to account far this interesting 
phenomenon. The recent thermal analysis studies 
were conducted in sealed nickel capsules to 
minimize changes in oxide content of the mixtures 
while the thermal analysis data were being 
obtained. This closed apparatus does not permit 
the use of seeding, which apparently will be 
required in order to obtain reliable liquidus values 
in this system. Heating curves and some cooling 
curves obtained with mixtures containing 4, 6, 
8, and 10 wt % UO, show evidence of a eutectic 
which melts at approximately 910°C. Extrapolation 
of available liquidus temperature data for these 
mixtures involves considerable uncertainty, but 
it appears that the eutectic probably contains 
9 to 11 % UO, (10.3 to 12.6 mole % UO2).

THE SYSTEM ZnFz-ZnO
L. M. Bratcher H. A. Friedman

During the course of earlier investigations of 
alkali fluoride—ZnF 2 systems,22 a variation in

2‘R. J. Sheit, ANP Quar. Prog. Krp. Morrh IC. 1956, 
ORNL-2061, P 71.

22L. M. Bratcher. R. E, Treber. Jr., end c.•. Borton, 
ANP Qmar. Prog. Rrp. June 10. 1952, ORNL-1294, p 94.
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liquidus temperatures was noted in attempts to 
determine the melting point of pure ZnF2. Cooling 
curves showed liquidus effects ranging from 
885 to 940°C and a second break at or near 845°C. 
Since ZnO was found in all the samples that 
were examined subsequent to the melting-point 
determinations, it seemed probable that the 
liquidus temperature was affected by the amount 
of ZnO present. Confirmation of this postulate 
was obtained when a cooling curve obtained with 
oxide-free ZnF2, prepared by NH.F-HF treatment 
of ZnF 2 previously dried in an HF atmosphere, 
showed a thermal effect only at 940 ± 5°C. Be
cause of the large discrepancies between this 
value for the melting point of ZnF 2 and those 
reported in the literature (872°C by Puschin and 
Baskow,23 and 875 ± 3°C by Haendler, Patterson,

231. Puschin and A. Baskow, Z. anorg. (hrn. S1, 
359 (1913).

and Bernard24), the slowly cooled ZnF was 
analyzed chemically and spectrographically. It 
was also carefully examined petrographically and 
by x-ray diffraction, along with a highly precise 
determination of cell parameters. Since no 
evidence was found of the presence of impurities 
in more than trace amounts, the melting points for 
ZnF2 reported in the literature are believed to be 
erroneous, possibly because of oxide contami
nation. Thermal analysis data obtained with 
mixtures formed by adding 5, 10, 15, and 20 mole % 
ZnO to purified ZnF, show that the eutectic 
which melts at 850 t 5°C contains approximately 
21.5 mole % ZnO. Only the pure components were 
found in the slowly cooled mixtures, and thus it 
appears that solid solutions do not occur, at least 
at room temperature.

24H. M. Hcendlor, w. L. Pottwon, Jr., and w. J.

Bernerd, J. Am. Chrm. Soc. 74, 3167 (1952).
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2.2. CHEMICAL REACTIONS IN MOLTEN SALTS
F. F. Blonkenship
R. F. Newton

L. G. Overholser
G. M. Watson

*

ACTIVITY OF CHROMIUM IN CHROMIUM-NICKEL 
ALLOYS

M. B. Panish

Further measurements were mode of the electro- 
motive forces of electrode concentration cells in 
in order to determine the activity of chromium-nickel 
alloys. The cells used were the same as those 
described previously, 1 and they contained as an 
electrolyte a eutectic mixture of sodium chloride 
and rubidium chloride with about 0.2 to 0.5 wt % 
chromous chloride added.

Activity determinations were made for alloys 
containing from 11.2 to 53.0 mole % chromium. It 
was found that there was a marked tendency for 
the electromotive forces of the cells to drift down
ward because of the reaction

Ni + CrCI,—-NiCI, * Cr

This effect was reduced markedly by packing the 
lower end of the cell with crushed quarts in order 
to prevent the transfer of nickel by convection and 
diffusion. For several cells in which the quarts 
packing was not used, the equilibrium electromotive 
force was approximated by extrapolating the steadily 
drifting electromotive force to zero time.

With cells in which the alloy electrode contained 
over 35 mole % chromium, erratic results were ob
tained after raising and lowering the cell tempero- 
ture, whereas the electromotive forces obtained 
should be reproducible. The reasons for this be
havior have not yet been ascertained, but it is 
highly probable that the diffusion rate in these elec
trodes is very low and that surface effects play a 
very important role. It should also be noted that ac
tivity values for the high-activity region will be 
approximations because of the low electromotive 
force produced by cells containing these electrodes 
vs a pure chromium electrode. If the activity of the 
chromium in the alloy electrode of such a cell is 
0.90, then the electromotive force will be about 
0.004. The nonreproducibility of the cells in this 
region is of the same order of magnitude as the 
electromotive forces measured.

The activities obtained for various chromium- 
nickel alloys at 750°C are shown in Fig. 2.2.1, 
along with the curve obtoined by Grube and Flad2 
at 1100°C. The two curves ar. not inconsistent, in 
that it is quite possible that the differences are 
due entirely to the difference in the temperatures at 
which the measurements were made.
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Fig. 2.2-1. Activity of Chromium in Nickel- 
Chromium Alloys at 750 and 1 100°C.

It should be noted that the chromium activity in 
the region near 15% chromium is slightly below the 
ideal activity which would have been predicted for 
a perfect solid solution. This is considerably 
lower than the activity which might have been ex
pected from an inspection of the chromium-nickel 
phase diagram, and it justifies the assumption of 
near “ideal” activity for chromium in inconel. 
This assumption is usually made in discussions 
regarding the chemical equilibria involved in the 
corrosion of Inconel by molten salts.

C IM. B. Panish, ANP Quar. Prog. Rep. March IO. 19J6. 
ORNL-2061, p 92. 2G. Grub* an4 M. Flad, Z. Elekzrochem. 48, 377 (1942).
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REDUCTION OF UFa BY STRUCTURAL METALS 
J. D. Redmon

Further studies were made, by use of the filtration 
method, of the reduction of UF. by chromium and 
by iron in reaction mediums that differed from those 
used previously. In the earlier studies, the re
action mediums used were NaF-ZrF. (50-50 mole %, 3 
53-47 mole %,4 59-41 mole %•), NaF-LiF-ZrF. 
(22-55-23 mole %),• and NoF-LiF-KF (11.5-46.5-42 
mole %). 7 Other alkali fluoride mixtures containing 
ZrFa have been employed as reaction mediums in 
the recent studies in order to determine the effects 
of various alkali fluorides on the interaction of 
UFa with chromium or iron. The results obtained 
by using KF-ZrF. or LiF-ZrF 4 (both 52-48 mole %) 
as reaction mediums are presented in Tables 2.2.1 
and 2.2.2.

Dato for the reaction of UFa with chromium at 
600 and 800°C in the reaction medium KF-ZrF. 
(52-48 mole %) are given in Table 2.2.1. In these 
runs approximately 2 g of chromium was reacted 
with UF a (10.6 art %, 4.0 male %) dissolved in 
approximately 40 g of the KF-ZrF a mixture can. 
tainod in nickel. Similar studies wore made with 
LiF-ZrF. (52-48 male %) as the reaction medium at 
a UF. concentration of 12.0 wt * (3.9 mole %). In 
these studies chromium from two different sources 
was employed; the results are given in Table 2.2.2.

As seen from the data in Table 2.2.2 the equi
librium chromium concentrations are the same at 
both temperatures for the two different chromium 
metals used — hydrogen-fired electrolytic chromium

1

3J. D. R.dman and C. F. W.ovar, ANP Quar. ProK. 
Rep. Junr IO. 1994. ORNL-1729, p 30; ANP Qu»r.
Prog. flop. 1O. 1994. ORNL-1771, p 60.

4J. D. Redman and C. F. Weaver, ANP Quar. Prog. 
Rep. Jurr 10, 1999. ORNL-1896, p 60.

53. D. R.dman, ANP Quar. Prog. Rep. March 10, 1999. 
ORNL-2061. p 93.

6. D. Redmen end C. F. Weever, ANP Quar. Prog. 
Rep. Sept. 10. 1999. ORNL-1947, p 74.

7J. D. Redmen and C. F. Weaver, ANP Quar. Prog. 
Kep. March IO. 1999. ORNL-1864, p 56.

TABLE 2.2.2. DATA FOR THE REACTION OF UFa 
WITH CHROMIUM IN MOLTEN LIF-Z-F. (52-48 MOLE •) 

AT 600 AND 80o°c

Conditions of 
Equilibration

Temperature 
(°C)

Time 

(hr)

600 3

3

Present in Filtrate

Totol U Total Cr* Tofol NI 
(wt •) (ppm) (ppm)

9.9 2350 30

3000 75

TABLE 2.2.1. DATA FOR THE REACTION OF UFa 
WITH CHROMIUM IN MOLTEN KF-ZrF. (52-48 MOLE %) 

AT 600 AND 800°c

5

5

5

10.0 2980

3060

70

45

9.5 2800* • 50

Conditions of 
Euilibrat ion Present in Filtrate

Temperature Time Total U Total Cr* Total NI 
(°c (hr) (wt (ppm) (ppm)

800

5

12

12

3

9.5

9.6

9.6

10.1

2790*•

2910

3060

3820

50

30

35

55

600 3 8.0 1030 35 3 9.2 3830 30

3 1060 55 5 8.9 4070 35

800

5

5

3

3

5

5

16

16

9.7

8.5

8.2

8.4

8.1

8.2

8.2

* Blank of 290 ppm of Cr of 800Pc.

1180

1060

1250

1190

1130

1150

1060

1140

55 5 8.6 4040 45

235

35

25

295

285

30

5

5

5

12

12

9.2

9.3

9.5

9.5

3810**

3780*•

3780

3830

40

60

60

50

‘Blank of 250 ppm of Cr at 800°C. Electrolytic chro- 
mium hydrogen-fired at 1200°C wos used in all runs ex- 
cept those noted.

“Blank of 190 ppm of Cr at 600° C. Very pure iodido 
chromium, not hydrogen-fired, wos used in these runs.
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and iodide chromium. The iodide chromium was 
obtained from Battelle Memorial Institute and con
tained 10 ppm or less of oxygen. This pure chro
mium was not hydrogen-fired, and therefore a com- 
parison of the blanks obtained for this metal with 
those found far the electrolytic chromium (used in 
all previous studies), which was hydrogen-fired 
under the usual conditions, should demonstrate the 
effectiveness of the hydrogen treatment. The 
chromium values of 190 and 250 ppm obtained for 
the unbred iodide chromium and the hydrogen-fired 
electrolytic chromium, respectively, suggest that 
the hydrogen-firing is successful (unfired electro
lytic chromium gave a blank of 900 ppm). Evidently 
the mojor portion of the blank arises from oxidising 
materials (H,O and HF) present in the LiF-ZrF. 
mixture.

The equilibrium chromium concentrations and the 
equilibrium constant* calculated from mole frac
tion* for the reaction of UFa with chromium in the 
various solvents are presented in Table 2.2.3 for 
comparison. The effect of varying the NaF-to-ZrF. 
ratio in the various NaF-ZrFa mixtures on the 
chromium concentration has boon shown and dis
cussed previously.’ The values are included in 
Table 2.2.3 for comparison with the KF-ZrF. and 
LiF-ZrFa data. It is evident from the values 

given in Table 2.2.3 that the porticular alkali 
fluoride used in combination with ZrFa influences 
the reaction markedly. The different alkali fluorides 
affect the octivity of the UFa to varying degees. 
The octivity of the CrFa • • also influenced through 
complexing of the CF2 by both the alkali fluoride 
and the ZrF. Studios will be mode shortly with 
an RbF-ZrF mixture as reoction medium to com- 
plete the alkali fluoride series.

by iron at 600Studies of the reduction of UF by iron at 600 
ond 800°C with LiF-ZrFa and KF-rFa (both 52-48 

mole %) as reoction mediums were mode at UF a

concentrations of 12.0 wt % (3.9 mole %) for the 
Li F- ZrF mixture and 10.6 wt % (4.0 mole %) for 
the KF-rF. mixture. The data are presented in 
Table 2.2.4. As may be seen from the data the 
equilibrium iron concentrations are not significantly 
changed by replacing LiF with KF. It may be 
noted that somewhat smaller values result at 800°C 
than at 600°C for both solvents. Those values 
also are in good agreement with those found when 
NaF-ZrF. (50-30 mole %), NaF-ZrF. (53-47 male 
%), and NoF-ZrFa (59-41 male %) were used as 
the reaction mediums. The iron values obtained 
by using NaF-LiF-ZrFa (22-55-23 mole %) as the 
solvent fell in the same range, but in this case the 
values were slightly larger at 800°C than at 600°C.

TABLE 2.2.3. EQUILIBRIUM CONCENTRATIONS AND CONSTANTS FOR THE REACTION 
Cr* ♦ 2UF,= 2UF, + CrF, IN VARIOUS SOLVENTS

Solvent oC)
UFa 

(mele %)
O 

(ppm) K,*

LiF-ZrFa
(52*48 mole #)

NeF-ZrF.
(50-30 mot. X) 

•
NoF-ZrFa

(53-47 mole %)

NeF-ZrF a
(59-41 mole %)

KF-Z,F.
(52-48 mole %)

NeF-LiF-ZrF. 
(22-55-23 mole %)

NeF-LiF-KF
(11.5-46.5-42 mole %)

600
800

600
800

600
800

600
800

600 
000

600
800

600
800

4.0

4.0

4.0

4.0

3.7

3.7

3.9

3.9

2.5
2.5

2.5

2.5

2900
3900

2250
2550

1700

2100

975
1050

1080
1160

550
750

1100

2700

7 * 104
7 x 30“’

4 x 10-4
5 x 10-4

1 x 10.
3 x 10-4

1.4 x
1.6 x 10-5

X4 x 1-5
3.2 x 10-5

1 x 1072
4 x 10-6

2 2"Kx " F CrF Cr ^UF * where X is concentration in mole fractions
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TABLE 2-2-4 data row TE REACTION or UFa 
wIm IRON m LiF-Z.F. (52- MOLE •) AMD IM 

KP-Z,Fa (52-48 MOLE AT 600 AMD so0°c

tion in the hot regiom of a system with • temperotre 
grodient, is much worse when the circuloted fluid 

• S the alkali fluoride mixture than when it is the

Cend irions of 
Euilikeatien

Pres-nt n Filwet-

ZrFa-b g fuel. In addition, discrete crystals
of neorly pure chromium found in the cold

Tempere 
(°o

Time 
(h)

Tetel U Tetel Fe* Tatel Ni 
(wr M (ppm) (vpm)

Selvent LIF-ZeFa (52-48 mele *)

MD 3
3

5
3

10.0

9.7

400

330
MO

520

30

35
40
65

■00 3
3
3

5

■JI

9.6

9.6
♦.5

360

390

400

350

33
30

33

35

600

800

Selwent KF-ZeFa (52-48 mole %)

3

3

5

5

3

3
5
5

7.3

3.0

1.1

7.9

8.2
3.1
UI

520
*30

e0

510

330

280

310

330

1 
Ml

3 

M

65
30

70

35

*Blenka of 100 and 40 of F. •« 800°C for LiF-ZrF. 
end KF-ZrF. respectively.

senes of Inconel loops in which the MoF-KF-LiF- 
UFa mikture has been circulated. Metallic deposits 
are not usually observed in leapt which have cir- 
culated the NoF-ZrF.-UF. preporations. Depth of 
void formation does increose with time, however, 
for both classes of systems, even though the con- 
centration of chromium compounds in solution 
reaches an equilibrium concentration early in the 
corrosion test and remains essentially constant 
thereafter. The amount of chromium removed from 
the leap walls, es estimoted from the volume of 
voids in the hot zone, is considerably larger than 
con be explained by the amount of chromium com
pound in solution in the melt after the test. Mors 
over, the corrosion seems to be nearly independent 
of the ratio of the surface area of the loop to the 
volume of the melt and not strongly dependent on 
the concentration of uranium in the melt.

The processes that occur are undoubtedly very 
complex, and it is not possible to explain in 
quantitative fashion all the effects observed. 
However, by the use of equilibrium data obtained 
for the chemical reactions and by making sow* 
reasonable assumptions it is possible to rationalise 
much of the available data and to indicate a pos
sible explanation for the observed similarities and 
differences in these two fuel closses. For ZrFa- 
bearing mixtures, of which the mixture with SO mole 
% NaF, 46 mole % ZrF. and 4 mole * UF. is 
typiccl, the important corrosion reaction is known 
to be

The indifference exhibited by the UF.-Fe° reaction 
to changes in the reaction medium is in marked 
contrast to the behavior noted for the UF.-Cr re
action. No satisfactory explanation con be offered 
at this time for these differences.

NeF-ZrFa
2UFa ♦ Cr ========= OF j ♦ 2UF,

The equilibrium constant for this reaction is given 
by

SOME OBSERVATIONS OH MASS TRANSFER 
OF CHROMIUM BY MOLTEN SALTS

W. R. Grimes

When the corrosion of Inconel by NaF-ZrF.-UFa 
mixtures and by NaF-KF-Li F-UF a mixtures is 
compared, some striking differences are observed. 
The corrosion, at measured by depth of void forma-

Ka) -
(GF,) (UF,)2

(UF.)2 (O)

where the quantities in parentheses represent the 
activities of the materials involved. The equi- 
librium constant, Kay, cannot be determined by 
experiment, but the equilibrium concentration. A4
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(
Fec.r,>

K", • .
157 CCU%> "IC*)

where C,o represents the equilibeium concentration 
of the designated component im mole froction, con 
be evaluated for pure cheomium end hos been sho=n 

to be constant at • given temperotre.
For coses *• which th. CrF 2 ond UFa present 

ove formed only by th. reocticm described obove, 

Fcur,) “ * •

chromium compound in solution is mivolent. TH. 
net reaction is (oppromimately)

1aUP, . ♦ CrF, ♦ 14UF,
end

-

K(» -

w

-

and

Ke -
4c‘c.P,»

( ur,» C(c.
If the amount of UFa odded initiolly is alwoys the 
HIM and (f the froction of this Fa reduced te 

UF, is small, then

c2 .A'"(UFa) • " "

“ c", 
ie A"C,c.,

C(cer,» "
K(eyAT(Ce) 1/3

4

Accordingly, the CrFa concentretion at eqvilibrium, 
if all other foctors ore constont, depends on the 
cube root of the mole fraction of chromium if the 
alloy. Therefore it should be possible to colculate, 
from experimental data for pure chromium, the equi- 
librium concentrations to be expected frof» Inconel.

Th. corrosion reaction for the NaF-KF-LiF-UF a 
mixtures is considerably mmore complex. In this 
case two consecutive reactions opporently proceed:

M.F-KF-LIF .. ....
2UF a + O .. .. ; CrFa+ 2UF 3

MeF-KF-LiF3CrFa T-. .=£ 2CrFa ♦ Cr
resulr of these ruction* about 80% of the

(CrF„(CF,“(UF,1“
(UF.‘“(Ce}5

. -4 * 4
"(CrF 2) "(CeFa) ’ (UP 3)

C (r, c‘c-;
if CF, CrFa- ond UF. all arise solely fvom this 
reoctio ond if Ccur .» is constomt, then

S(ceF,> - <fCtf|» •
Fur, - *

Gc.r,» 
fr» * —

* (c.r,» 14 (C.r,

A - < »A (C»»

Fcc.F,» -
**,*"6 ce

| n 4* *

1/19

Accordingly, with oll other voriables held comnstomt, 
the concentration of CrF, ♦ CrF, is • funetion of 
the 5/19 power of the mole froction of chromium hi 

the alloy. Therefore, from equilbrium deto for 

pure chremium, corresponding concentrations can 
be calculoted for Inconel.®

•it eheute be emphasize ehat ecewecy ef the cem 
pliceted eqvetien

14UFa ♦ SCr=aCF, + CFa • 1«UF, 
la mot an essentiel pert ef ihe nt. The seme
quolitetive eonelusiens ere epperen* -hether one uses 
es the eonres ion reectien

(H
(2

+ Cr==2F, + CrFa

3UFa + Cr==3F, + CrFa .

In reactiom l. es sho- fer the ZFebeuring fwel, the 
CrF, concentetion wanes es (Cr)‘/. and in reection 2, 
the C.F, concenwation vories •• (Or)’/.
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Eacenel 
fromcliom <

15w*C or w cheomium —Il

ef Aew* 0.16. The ww mhat the
in Inconel is rouchly equel to

its mole frection oppeers t be rether good. The 

compounda in Aw melts, mhich ww meoted with 
puee dhwremium et 600 end 800"C, ere shown in 

Table 2.2.5 along with corvespondimg values col-
culeted for equlibration with Imconel. Ei tal

experimenis with
Inconel end Ae— melts re usuclly slighily lower
them these colculeled volues, p bly becouse

k
experiments emi ibrium is aleined with WB 

4 surfoce loyer significomtly depleted in 
um. Khll Inconel powder is used Ml experi-

memtol equilibretion s, side reoctions thet

The deta in Teble 2.2.5 elso reveal, he
that Inconel 4 to NaF-Z.F

to the fluorid mizhre under the some conditiens. 
Accordingly, if is MW* possibie for chrommium to 
dissolwe from 800"C Inconel and to deposir at
600°C Cr* mhen NoF-ZrF-UF mixhures of

ef pure G* would, ef course, moss-tramsfme in
di mma ss monsfer con occur

if w sufficiently dilule olloy of chromium con be 
formed in Aw cold zone. This i a le i ** Awi Aw 

mass-wonsfer process sokes ploce in Ae follo-ing l

ticm; equilibrium ations ef Ariel in com-

■ fa
left fl ere good only for Ae ideolized cose de- 
scrsbed.

Fvom Ae data to Tobie 2.2.5 is obvious Ae*
k 4 exposed to Ae NaF-KF-LiF-UF a melt will
suppor e higher con centretion of CrFa-CrFa to 

equlibrium et 800°C thon pure O* is oble to 
supsort wt 600°C. Accedingy, chromium is re- 
moved from law—e> to Ae he* zome of e loop and 
deposited os essentially pure Aif if to Ae cold 
zome- Si—*' — diffusiom process is nee—eery Mi 
Ae wild zone (Ae chromium con deposit ot Ae sur- 
toea of Ae Cr° crystals), Ae rote of e*f—ii is con- 
tolled simply by Ae rete ef diffusion ef A if if 
to A— metal-salt imterfoce to Ae he* zone.

The MilAi solt to the hot zone reoches w* 

librium with Aw 800°C Inconel ond posses -ith 
Ae dissolwed CF, to the cold zone. In Ae cold 
zone, equilibeium is estoblished by deposition of

(by reversol of thea amall omount of Ae ch

reoctiom) Ml Aw surfoce loyer wf Aw metol to form 
an alloy conteining slightly more chromium Aww is 
normally present to Inconel. I no diffusion wf 

chromium were possible, e true equilbrium would 
be reoched shorily, with Aw Mel sufoces slighly 
depleted and Aw colder surfeces slightly en- 
riched in chromium. The process would Awn 
stop (except ter Aw exchange process which hos 
M net effect), with negligible corrosion wf Aw 
metol. Since difhusion does toke ploce, however. 
Aw process continues. In Ae he* zone Ae con- 
cen tratian grodient couses e flee ef chrae if to

TABLE 2-2-S. EQUILIBRIUM COM CI MTU ATI OHS OF CRomNM FLUORIDES WITH 
ALKALI FLUORIDE AMD Z.F,-BEARmG FUEL MXTURES

Owl KM Ce
imHeF-KF-LIFF.

on Opom)
In MeF-ZF-UF,

Were ehremlum, (C) - 1.0*

AecooPc
A,a0o‘c

1100

2600

2400

25s0

Results eeleuletd fer eguiliketion el me i
-ith Ineenel, (Ce) - 0.16*

A,sooPc

A,800Pc

710

166o

1320

1a00

Wien el eh

• • •=e
: • :
• • • W
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mium m» the surfoce to mointined at some level 
oppreciebly less thom 0.16. to too colder zones 
the diffusien godient to ewey krom too tell —tof 

interfoce, ond too chromium octivily to mointeined 
at some octivily slichily higher toon 0.16- Since 

diffusien at toe loe tempereture to slower toon 

toot at toe higher to mm ere—, too rete-conwolling 
step is Mil enobh too low-iemperehe diffusion

of the reduction of FeF, by H, im MoF-ZF ,‘-l 
Equpmnt chenges inluded the substitutlon of
nickel os the ■—■rill in ploce of the
mild steel used to the pevious study- Opengtionel 
chonnges consisted im the use of hydrogen-elium 
mixtes of known composition insteod of pur 
hydrogen Mt the R CyOt MW MM of the equilibratin g

This mos found to be
after the results of el i—eery

anoy

wperetne
regions, in which the c*—c»l driving force is less 
bu the diffusion rote is fester, wre the most im 
pertont vegiens; there is no • priori woy of telling-

coted the necessity for using smoll portiel pressures

are
erosion end moss-tesfe phe- 
d in this light, it is obviovs why

«f hydregen < 
order to moini 
soluliom.

The imitial

and high M It I Ml pressures of HF in 
toin mmeasureble qontities of MiF a MI

ita were emode in order te

neither flew rete nor or eel on concentetion of too 

fuel niitwr is on ley off Sector offecting cono- 
sion attock and mass wansfer to Inconel systems.

If it is d that most of the corosion observed
involwes mass wonsfer to • dilute olloy, the lock of

oscertoin the solubility of MiF, Mt the solvent 
mixtue MeF-ZrF a (53-47 mole #). The volues 

obtoimed by UhrM— of the sotueled solution end 
chemicol nalysis of the filtete when • totol of 

0.17 -1 wos odded os MiFa OTO summmorized 

to the following toblationt:

on effect of toe surf olume retie becomes
comprehensible, h the relative effect of diffusion 

rete vs driving iorce to noted, the moson tor the

poor correlation of corrosiom with ature drop

.. .....tin
c"c»

Selubatty ef MF, 
(mem)

con be understood; wlto e ZrFa-becing fuel, corre- 
sion may be worse with a top temperature of 1500"F 
end e 200°F drop toon mith • toy tempmretue of 
1500°F and e 400"F drop-

The er ye newt points up too feet toot, 11 too lew

S5 
600 
•IS

600
90

14so

e wore mode sufficienily lom, deposition

the coefficient of too reoction is not
knomm below care h is possibl toot ho ligh 

frosting of Chreol— often observed to he cdd 
deod-leg sump of old-style thermal-convection le eye 
may have been tore to such an effect. It would olso 
be possible to hove olloys sufficiently high to 
chromium concentration (ond octivity) to couse 
chromium deposition to occur. These considero- 
lions point to toe consideroble superiority of olloys

over pure metols for • nt of molten salts.

EQUILIBRIUM REDUCTOM OF MIFa BY Ma 
M MeF-ZeFa
C. M. Blood

Investigation of the equilibrium

NIF, (0+H, ()—N (e) ♦ 2HF (f)
■Un the mixture NoF-Z.F. (53-47 mole 9) is uzed 
as the solvent —as iniviated. The equipmemt and 
experimental techniques for this study were very 
similar to those deserbed previously for the study

Solubility values were elso obtoined by filtetion 
by Redman (see followimg sectiom OM "‘Solubility 
and Stability of Structural Metol Fluorides to Molten 
NoF-ZrF.") who showed that the solubility to e 
function of the qvantity of NiFa odded. Topol" 
also obtoined solubility volues by meesuring the 

electromotive forces of electolytic cells. The 
volues tor the solubility Mt 800°C ihat were ob- 
tuimed in the different inweiatigatioms wre shown to 

Fig. 2.2.2. There appeors to be sotisfoctory corre- 
lation of these solubility volues with those ob- 
taimed by filtration methods. The changs to solu- 

bility at 600°C with total quomtity of MiF odded
moy be cscribed t the soturating phose 
complex compound rother hhon MiF,. The

•C. HU Ble-a end G. ML. Wataen, ANP Q--. Prog Rep 
Sepe. 10 1934 OMNL-*771, »•«,

IOc MU Bland, ANP 
OWL-2012. pas

••c. MU Blana ana G. MU

Prog- ReA Dee. 10, I93K

AHP Qoer. Preg
Rep. Mdreb 10, 1999. ORNL-2061, P M.

17L. E. Topol, ANP Quas. Prog. Rep. Mareb no, 1936, 
ORML-2061, 5 e.

: : *
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-000 r
------■M* (* -- -- cylinder. The compositions el doe mixtures thus

lOM wined by de grog or adopt 
combstion omolysis techniq

so •
- r The experi-

I

i

5 MM

5
2 **4

• • omen
• roma
• moc

I

*• • • • • 
wm A= * •3

men nr l results ere summorized in Teble 2.26-
As is customoy. eqilikium wee oppooched 

hew both directions in obeeining die series of 
meosurements described, hud interest to note 
thet die cwt ext med values of the equilibrium con- 
stents for die reoction renge from 11 to 45 eon ot 
625°C when die solid end the supercooled liquid, 
respectively, are weed as slondord stotes. The 
experimental values denote octivity coefficients 
of NiF, e thovsond times pooler thon those ob- 
reined for FeF,- Detoiled numerical cokulotions

Fig- 2-2-2. Cempm 
od MiF, in MF-ZrF 
OoetMi By Theee ton

ie
4

Ml ef Velues ef Selubility 
(53-47 wi* ») et

estigeters.

TABLE 2-24. EQUILBRIUM COmSTATS FOR TWE

REAcTOM MF, « H,d—e su(») « 2Fc»
AT 625c

i dent if el with die subatonce NiF,-Z.F. peviously 
13

Miehel Centem 

ef eh 
(oom) (em)

MF
Prssue ■ • * 10-“

dy celculations perk d prior D 77
ted thet il MFa em-

hibited oclivily coefficients similow to mognitude 
to those previowsly de Oomi nod for FeF, equli- 
brotion ot 600"C with H,-HF mixnes contining 
obout 3% HF would ollow sufficient NiF- to re wn in 
in solution for sotisfoctory anolysis. Only hotel

73
7s
75

7s

of NiF, (<K> ppm) were •owed ofter repected end 
pre len god eqilibratiom under these e
even oftee die reactor temperatue hod been re-

ditions end

duced to 550°C end the Ha-HF equilibrating miz- 
ture hed been changed to comtoin 30KHF. Anempts

to inereane the MiF, koncnwun n wolunu •y 

simply roising dm nr concentretion of the equili-
broting geo mere unsuccessful beyend NiFa con-

Nickel fluoride e wei tens of sufficient mog-

nitude Im on occeptoble degree of precision in the 
analytical determinations were finally obtained by 
lowering the portial pressure of hydrogen, in.oddi-
tion to g e high HF concentrotion in the
equilibreting gee mizhres. This wos occomplished 
by the use of hydrogen helhMi mixtures rcther than 
pure hydrogen. The mixtures were grog or nd by 
injecting helium geo into e portially empty hydrogen

_  — ____ ANP Qmen. Preg. Rep. Dee. 10, 1933.
ORL-2012, • 01*

100

* :

as

75

as

160

1so

14

12

1o

123
135

125

00628 

0.0661 

oose 

o.osos

0.0617

0.0628

0.0se

0.064

0.0251

0.0253

0.0255
0025

0.0260

0.0270

0.0270

0.0207

00274

0.0276

0-302

0,as

0.472

9-528

o.s1

0.43

0.40

0.460

0.457

0.448

0.447

0.425

0.425

0.427

0.416

•.413

3.06

2-40 

2.96

347

2.30

2.74
2.97
2.92
2.74

2-v8
2.00

1.03
3.72

3.78

2.81

3.19

2.74

2.89

A. 101 ±0.18

“K, • -nd 

p is Minn in etmespheres.

J : :
• *•.* • : •: r • . •

•«* *••e • •
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of mhis reoction will be mode at the conclusion of 
the experimentel work.

Experimentol work is now in progess ot 575C- 
Efforts will be mode to extend the NFa concen- 

Welton ronges ond to obtoin the tempeote de-

Similo studies heve been corried out on the
solubility of FeF, and MFa in this solvent, ond 
the dato re presented in Tbles 2.2.8 and 2-2-9, 

respectively. The doto for these three structurel 
metal fluoridos olso are plotted on Fic. 2.2.3.

penFonce of the equilibrium.
will be given to the d 
ofNiF, in the sotratin

Porticulor altention 

nion of the •cHvity
g phose.

SOLUDILITT ANO STABILITT OF STRUCTURAL 
METAL PLUORIDES IN MOL TOM MeF-ZrFa 

J. D. Redmon

The results of studies of the stobilily and solu- 
bility of CF, in NeF-Z,F. (53-47 Mein %) ot 
600"C were piesented previusly. 14 From these 

experiments it an* concluded thot the solubility 
of CrF. increosed os the zirconium-to-chromium 
retio decreosed, ond, occordingly, the solubility 
ol GF, in this selvent wee n function of the 
omount of CrF, Ir -os postuloted that the 
chang in solbility wen due to the separotion of

incrose in the NaF
as the solid phose, with • resultemt

Some of these
co etion in the melt.

iments hove been rerun in er For
to obtoin more pecise volues et the lo ger 2 wnconium 
to-chromium ratios, ond the volues thus obtained, 
along will* some of the earlier ones, are given in

ToMe 2.2.7._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

14). D. R.dman, ANP o*. Pmog. Rep. De. ML 1999.
OmNL-2012, • sa.

An of the data presented for 600C
shows that the solubility of CrF 2 increases quite 
roe-Fly es the secern um to chreMiuM rotio de- 
creeses ever the entire romg stdied. A less 
pronounced eflect ie noted for FeF and in the 
cose of NiFa a slight increose is observed for 
the higher zirconium-to-nickel ratios. At the leaner 
zirconium-to-nickel ratios the solubility is con- 
stent. These diflerences in behavior ere shewn 
quite clearly in Fig 2.2.3. H appeors that the 
solid phones present he the CrF, ond '
tems contain ZrF * probably as MZrF. whereon 

the solid phone in the NiF, system oppeers in tie 
up only very smoll omounis of ZrF.- it may be 
noted thot at 800°C the solubility of NiF, is in Fe

pend of the zirconium-to-nickel ratio, which
nueeasts thot the solid phose present is NiF--

There in some question regarding the reliabilify 
of the Feoo given in the zirconium-to-sodium rotio 
columns in the tobies. but for CrFa ond for FeF a 

or 600°C *i is believed that the decrease in the 

rotio as the excess ol metal fluoride odded wee 
mersese* is reel. The rotio of zirconium to sodium 
is 0.88 in the storting moteriol, ond the consider- 
ebly lower volues found for the lorg odditions of

TABLE 2.2-7. SOLUBILITY AMD »T*MLin or C-Fa M MOL TIM MeF-ZeFa (53-47 MOLE %) AT 600°c

Cendiwiena ef 
Euilitetien Feund im Filmet

Cr"* 
(-1 3

Ze-to-Cr 

Ratie
Z.

(-, n)
Ma

(- *»
Ma

Rasie
F

(- K)
&

*1
Tetel Ce 

(-, •)

1.4

<4

• .4

6.4

9.6

9.6

17

0

SJB
s.8

41.5

41.1

30.8

3.4

X4 

XI

XI

30-5

38.4

38.9
37.9

ixa 

1X4 

12.1 

IX* 

1X4 

14.1

0.79

0.za

0.70

0.7a

0.71

0.70

4X1 

aee 

4X1 

4X2

0.66

0.65

XI

2.0

MJ

13.8

1.4

44.8

MX

xs
X4

XO

0.68 44.2 5.7

0.73

•Al

1.*

1.* 

X>

3.6

5.2

X*

-Rate celculetd from mele freetions.
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TABLE 2.2.8. SOLUBILITY AMO STABILITY OF FeFa m MOL TOM MeF-ZrFa (93-47 MOLE %) 
AT 400 AND 000*C

Cenditiens of Equiliketion Found in Filwate

I

1
Tempere

(•a (-t 7
Zr-te-F• 

Retie (: ,,
Ne

(I XI
Zr-te- 

Resie-
F +•

(-1 7) (-t %)

600* 0.5 90 41.5 13.7 0.78 45.7 0.26 0.26

0.5 90 41.9 lit 0.82 45.3 0.25 0.26

000

1.0

s.0

5.0

10.0

1041

6.0

6.0

1X0
1X0
18.0

18.0

25
25

4.8

4.8

2.3

XI

xo
xo
1.7
1.7

10
1.0

Rete eeleuleted frem mele frectiens.

13.8

13.6

40.3

39.8
37.9

37.5

38.9

38.5

34.7

34.5

3X2

3X1

0.78 45.2 0.33 0.32

0.7a 45.0 0.35 0.35

15.5
13.8

140

1X7

10.8

10.4
10.0

8.8
0.2

0.76

0.73

0.69

0.70

0.91

0.91

0.88

0.93

0.93

0.88

44.3

44.4

45.0

44.6

4X2

4X7
44.7

44.0

1,3 1.4
1.4
2.9

XS

0.1
4.8

10.7

11.3
14.1

12.8

1.9

3.1
3.5

6.0

541
11.7

11.0
14.2

14.0

TABLE 2.2.9. VOLUBILITY OF MIFa IM MOL TOM MeF-ZeFa (53-47 MOLE X) AT 400 AMO 800°c

Cendiriens ef Equiliketien Feund im Filtate

mperotue 
c°c

Mi
(-, M

Zr-to-N

Wette*
Zt 

(- 9
Ne

(- •)
Zr ■ tn-Mn
Ratie

F 
(- •

NI
(- 9

400 0.5 . 412 1X0 0.00 4X2 0.14

0.5 4X0 1X4 0.79 0.12
1.5 IXO 0.02 4X5 0.17

1.5 41.4 1X5 0.04 4X0 0.19

XO X2 40.4 14.1 0.73 4X3 0.32

XO X2 39.8 14.0 0.72 44.7 0.31
10 X4 40.0 14.0 0.73 0.32

X4 40.8 12.0 0.01 4X3 0.31

1.5 41.6 1X0 0.00 4X2 1.0
1.5 4X5 1X1 0.07 4X3 1.1
XO X2 41.6 * 1X3 0.07 4X4 1.2

5.0 X2 41,8 11.0 0.89 4X4 1.3
X4 41.7 1X4 0.84 44.6 1.0

10 X4 41.3 1X2 0.07 44.7 1.3

"Rete eeleulated Un mole frections. 1
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METAL FLUOMIDE ADOED (-1 7. M »

Fig- 2.2-3. Efect of Amount of Metol Fluoride Added on Solubility of Nf FeF,. andCeF, in
NoF-ZrFa (53-47 mole %) nt WC. ’ ’ 1

metal fluoride are additional evidence for the 
belief that ZrF. is combined with the metal fluo- 
ride in the solid phase.

mole %) were continued through the use of the con- 
centration cells discussed previously. 1 * Ceils of 
the type

MMF2xZrF.(c,),NaF-ZrFa NaF-ZrF. MF2*ZrF.(c2)M ,

A comparison of values given for Fe“ and total 
iron shows that F*“ is stable under these condi
tions. The slight deviations noted are attributable 
to exper iment el errors. The agreement between 
Cr ** and total chromium is not so satisfactory, but 
it is evident that more than 90* of the chromium is 
present es Cr**. Since the starting material does 
not contain over 95% of the chromium as Cr **, it 
is evident that no appreciable disproportionation of 
CrF 2 occurs under the conditions employed.

SOLUBILITY DETERMINAToNS BY MEASURE- 
MENT OF ELECTROMOTIVE FORCES

OF CONCENTRATION CELLS
L. E. Topol

Solubility studies of structural metal fluorides 
and their complexes in molten NoF-ZrF. (53-47 

where M wo* Fe, Ni, or Cr, and x-Oor were 
measured of 525 to 750°C in o helium atmosphere. 
The contoiners were alumina, platinum, or the 
metal M when M waa iron and nickel; a ZrO, bridge 
impregnated with NoF-ZrF. (53-47 mole %) served 
as the electrical contact between the two half 
cells. When the electromotive force was measured 
as a function of temperature, the saturation points 
were apparent from the points of discontinuity in 
the plot of voltage vs temperature.

In the cell assembly employed it was not feasible 
to measure the temperature of either of the half 
cells directly. The temperature recorded by a 
thermocouple placed in a well that was permanently

1 SL. E. Topol, MP Quar. Ptok. Hrp. Mareh 1O. 1956. 
ORNL-2061, P 89.
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fized midwoy between the to hell celis -os 
formerly used as the cell temperote. in onder to 
refine the temperature meoswements, a colibeated 
thermocouple, enclosed in • nickel tube, wos sub- 
stituted for on electrode in e dummy cell. In the 
to impel tore raw of interest (550 to 750°C) the 
mmeit temperotes found were 10 • 2"C higher thon 
the mel temperotues at the center bet-een the »we 
crucibles. Thus all the temper atures reported in 

connection with previous potentiol meosurements 
should be revised upword by 10"C. Only the solu- 
bility doto are sufficiently temperature sensitive

Application of the temperate corection to the 
solubility data prewiously reported13 gove the 

following new expressions for the solubility at 

MF--Z.F.inNaF-ZrF.(53-47 mole

360-102
2.576 r

6-87 . for FeFaZrF.

40.1 a 103
2.5761 8-36 . foe CrFz-ZeF

be compored. X-ray ond petrogrophic exominations 
of the solidified welt from the half cells should 
hove sufficed to identify either er both of the joins 
os qosi-bimory; in proctice, ho-ever, both 
NFz-ZrFa ond e new phose were leawd in the 
slowly coclod holf cells. The new phose is thought 

to be o ternary compound, simce it hos never been 
found in the binary systems.

Gradient OMonchee ($10 to 540°C olong the two 
joins revealed only the new phese, with no 
NF-ZF.- Such ombigous eesults wore dis- 
oppointing, since an e wsi binary torn the solu- 
bility does not vary with the omount of solute 
added. as it does olong a random joim.

Cells containing MF, in NeF-Z,F. (53-47 mole 

%), with no oddition of ZrF a. ga iis the solubilities 
of the amuchol natal salts sho-n in Tobie 2.2.10 
and Fig- 2.2.4 for NiFa and Table 2.2.11 bar FeFr 
The solubilities of the nickel salts olong the joins 
NiF2ZF.-7F-6Z,F. ond NiF,-7NeF-6Z,F.. as 

well as die volues for NiF, obtined by hl tret ran 
Methods, we plotted in Fig. 2.2.4. The discrepancy

c

. 28.8-103
logN- * 4.72 » forNF-ZF.1•

4-3.0 •

bet-t 
hos 
deter

ran the results of the vorious experiments 
not been explained. The elects one trreally 
mined solubilities appear to as virtvally the

-here % is the — la froctiom of MF a and T is 
temperature in "K. The corrected heats of soiution 
ond "*idvol" melting points ore now 36.0, 40. 1, ond 
28.8kcei mole ond 675, 775, ond 1060°C 
for the Fe, Cr, ond Ni compoumds, respectively. 
Solubility dote obtained by enolyses of filrates 
from seturated solutions, os described in he pre- 
ceding sections el this chapter ("Equilibrium

NFa-
-heth

ZF,.

T

and "‘Solu-

an
Molten MaF-ZrFa", did mot ogee with hhe elec- 
trometricolly determined solubilities, porticulorly 
im the cose oi NaF-- Since the filwatiom meosure- 
ments were corried out by odding NiF, rather thon 
NiF.-ZrFa os solute (ond simitorly -it FeF, ond

4 it -ere re-
peated with NFa os solute so thut the dote could

‘“Fre- ehia M 
minaic. af

eatigie end --ey end g

ne- beli-ved te e-iet in • teemury
ches al MeF-Z-Fa -eina, NuFa

de
i,

the solute is odded os NiF, or as
•• be twe fo

2-2-10- SOLUBLITT or MaFa at

MeF-Z.F. (53-0 MOLE •

Adeel —hi; - *»’c

d®o

533

54

sa

He 
ss 
6s

puF 2 Selukitaty

-t % -ei %

0-12 
o.1 
o.w 

o.2 

0.7

0.73

•• NFz-Z-F. M eteted • 
fer eh- selubili, -es reviam 
— « ..... .. i— ■•• wait •a Omi

d, reter ehen 
m. .-cnia-

• *e lilial edd
•memet- cem-

653 

e•

706

. 723

0-88

0.m

1.97

as 

az 
in 

0.63 
o.m 

o.v2 

MI*

2.19

203

2.2
T 6
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C FeFa- The FeFa saturation 
weli defined or rupi oducible, ho

points ii—iro mot n• solution in both holf cells wes expected).

FeFa-ZrF. •• te
650"C. fhe potenticis of momny

ever, as those for 

ini — n—in ■ » ebove 
of the cells flu-

and petrogophic revealed a better-

tucled geatly ond were mch lower thom dhe valuns 
predicted from ehe Nernat equatien (-here complete

vpestue (535C
Pm—cKo of FeF, melts thon in >i^ »•—or^»o 
(672°C) quenches; the FeF, ternorV comples givs 
the — x-roy pottern os that given b the NiFa

4 em e
-m--« e- -- e- ----

ed
«- 0m
• ~e
• •*, a—

• ---• a- moc• — * m-« mom-

FREE !*<■«<» OF FORMATiOn OP couPLEX 
METAL FLUORIDE$ uFyZ.Fa

For O —4 solution of MF 2-ZrF a in • mmelten

gmrmsw meta

t •*!
5 ecem • 
■

-

eoe t 2
emome » a 04

•OR i

ooon 5

**»<—**»

♦ Z.Fa.-1-, •A-0.
U NaF-Z.F. (53-d mole • soivent, the 
ectiwtes of MFat..t., ond ZrFa.t, ore kmo-m, 
at 1—** oppreximately. in • fe- coses, —4, since 

the octivity of solid MF 2-ZrF a •• wnity. the free 
energr ol formation of F.-ZrF. is the oniy un- 
known in the fello-ing relotions as opolied m the 

setunation equilibmiumm:

= m — •m —e 
mwmtman- mo

she #

Fig- 2-2-4. Solubility ef NiF. end MiF.-ZrF 
im MeF-Z.F. (53-47 mole T)-

“faV - 0 - V* -KTi ------- 
“ur,

TABLE 2-2.11 TETATIVE VALUE FOR TE
SOLUBILITY OF FeF, m MeF-z.Pa (53-7 MOLE •

• AF*r, ♦ V2-r. - V&r,--F.

• 23 Ki log Vme me “z.r. *

Co

FeFa Seleeluy

-t % mele w

533 
sal

Q13
0.23

0.31

LU 

o.z 

0.3a

where % is moie frectcm ond - and y ee, respec- 

tively. she octiwit od he octiwit coefhe-nt
besed on mhe me solid os the stondord state. The 
free energy of c—n, of MF 2-ZrF a fom solid 
wF, ond solid Z.F. is

0.72 0.7s
VF - AF2 e--, * • Fr,- V2-e.

ex L.0e LU

ex L.1a
• 2-3“7 leg Yus „e “z-r. *

eas

ees
2-44 
.23

263
1a

Hence • hue in U4f of mhe activity of hhe dvasolved 
MF, ond ZrF a suffices to yield the free enerw of 
CO—fooi—, V this qomtity has boon col-
culeted few the popesed family of complees

710 7.22 7.75

742 9.91

CFZrF, Fer
am i akU 2.2.12.

FeF z--rF a. and NFaZrF 
- —. Simce lor NiF,-,F.

«• she-m

positve, there is odditiomal 4—0
--- •• 
et ei-
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TABL 2-2-12- FREE EMERGYT or FoRaaTioe or

MFa”ZeFa ec
Setueetie 

Selubitety. N 

(mie €nectien)

Actidty
Ceellicieet, y

Free Emerg ef 

Cemple-ing F..m, 
(hceV/mele)

Free Energr et 
Formetiom, AF® 

cal/mi.)

F»FzF MB

700
00071

0.0 MD

3-28

2.20

-8.8

-&.3

-530

-520

•00

700

000331

0010

1900

1100

+0.®
♦ 1.6

-510

-500

600

700

0.0210
0.183

L1>

0.87 -7.8

-545

-535

G

solid complex as met stable with respect to solid
NiF a ond ZrF.-

The activities of MF, in the sanoted solution 

were obteined far erfatrirf solubility and activity

“zrFa
p

coefficient mmei ts. Henry’s low is expected
te hold quile well far dilute solutions M — linn
electolAytes becouse mhe enwiro it of • solute

-here P is the wopor pressur of ZrFa in NoF-ZrF. 
(53-4 mole T) and P. •• the I OOT presnre al 
solid ZrF.- Since

ion is not significom*ly influenced by thM presence 
of other solute ions umless appreciable concentre- 
tions wre present. This —a been fa—fat 

FeF a im NoF-Z,F. (53-47 —la 0 —or o eonge ef 
concentrations fromm 0.03 te 0.06 mole % far — ea- 

or a—t to of the ectivity coefficient fa—0 — equi- 
Itfar— studies at 600 to 800°C.17 The volwes of

w., . 9.243.2-2510”
ond

a. 13.400 -

the octivity csefficients far FeF

elerto
y et we is 2.20) 2 (y ot earc is

■mu e A
ricelly d 4 octwty coefficien

_P 3.124 x 103log — - -4.157 + ---------- -- --------
Po T

eatios’9 (fom bimetollic couples) to gv the 
ectivity coefficients of OF. and NF, sho-n in 
fafa 2.2.12. Prewiovsly pubshed meosurements * * 

shewing • fold cheng ha YF.v p with cencem- 
tration in the rong 0.06 to I.S —fa % FeF j ase 
tentatively regarded 04 Mi meed ol reimtewpetation.

The somation comcmmtations lsted in Table 
2.2.12 mere obtoied trem the equetioms p-esented 
in the peceding sectiom on "Solubality CW—MIRO 
tioms far Meoswement ef Elecmomotiw Foces of 
Concemtatiom Cells."

The of ZrF. — computed from —por

p

where r •• * • im "K, which gives

logL- -0.578 at oarc . 
Po

- -0.945 at WC .

V’c. ML Blend ed G. M —MA anP o--n. neg 
—p — 10 193. OOM -2001, M fa.

The eqvation far Pe wos ubtgined from the work of 
Sense et al.’" The octivity of ZrF. in the sat- 
roted solutiom -os MM MM — J m fa the MIW as the 
octiwity in the pure solvent NaF-ZrF. (53-47 
— fa This ossumption • • probably velid im all
— escept thot of CrF , et 700°C; far* the solu- 

tion is too concentrated far much telionce to fa 
ploced on the celculation. If the sotunoling phose 
-ere simple NFa im the MF, experiments, then

14. E. Tes 
OmL-2012, »

AP U-an Pee- Kep- Dee. IA 193
!‘«. A. Se-a- et aL. Vag- Fressmes et che Sed-- 

FI~eie-Zieu--- Fi-erite Syncem am4 Aernea Im- 
mmeta-, Bmi-1064 (Jen. 0. 1936). t
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“MIF2 - yN should be unity (a pure solid has unit 
activity). The apparent activity is 9 at 600°C and 
20 at 700°C, however, which indicates that the 
saturating phase is something less soluble than 
NiFz- The discrepancy amounts to a factor of 
10 in the activity coefficient or the solubility and 
to about 5 kcel/mole in the value of AFRar in 
computing the AF° for the formation of the complex 
compound from the elements, the free energy esti- 
mates given in Table 2.2.13 were employed.20

An independent check on the differences in the 
standard free energies of formation of the MF2-Zr Fa 
comp les from the elements is afforded by previously 
published data obtained for bimetallic couples in 
saturated half cells.21 To a first opproximation, 
the cell reoction was

20L: Bee-er rt al. • 104-115 in The c hemsm amd 
Metelluo ef Miscellameoas Materiaix, Thermdymamiex, 
EnES f: 198, ed.bL-L. Quili, MeGre--Hili, Ne- 
t erk, 19 S0 •

TABLE 2-2.12- SELECTED VALUES OF 
FREE ENERGY or FORMATION

M ♦ M‘F2-ZrFa . MFa*ZrFa + M" .

This reoct ion neglects transport and junctiom poten- 
tiols, which ore •moll if the soturated solutions 

ore sufficiently dilute. From the relotion

E»3 . -AF

for the cell reoction, where F is the electromotive 
force, m is the number of equivulents transferred, 
and 3 is the number of Foradoys possed, an opprox- 
mate value of the difference in the free energy of 
formation from the elements is found. The corn 
porison is shown in Table 2.2.14.

\® (kcel/mole) The values of AF in Table 2.2.14 were ob-

At 600°c A, 700°c ta« nod by subtrocting the values of AF° given for 
those compiexes im the lost column of Table 2.2.12.

FeFz 
CFa 
NF, 
z.F.

-137.5
-152.5

-1319
While the went is goo 
solubility of CF, al 700°C
for the discrep

is probably responsible 
ncies.

-127.9

-383.4

-1248

376.8 ’’u, E. Tepel, ANP Quan. Pog. Rep. Sept. 10, *»>». 
ORNL-1947, P S&

TABLE 2-2-14 COMPARISON or FREE EMERGIES or FORmATOn or MFzZFa 
OBTAMIED er TWO MEmODS

Dif

At 600°c Ar 700°C

FeF z”ZF.-CFaZrFa
-E-

MFcale

IKS 16.8

IS IS

F-FaZ-F.-uFaZ,Fa
-19.5 -20.0

cele

CFz”ZF.uFaZFa 
1*1 + -ill -36.3

• • • e

• • •

••

-35 -35

-ee • OOMS ••
OO • •• • •
* • • • •
e • see ••

107



ANP PKOJICT PROGRESS REPORT

PREPARATION OF SoLUTIONS OF LeFy 
BaFa AMO RbF IM NeF-Z.Fa-UFa

F. L. Doley W. T. Ward
A special preparution containing LoF --BaF2-RbF 

(2.8-1.0-1.1 mole %) dissolved in « standard NoF- 
ZrF.-UF. (50-46-4 mole %) mixture was requested 
for use in determining whether the introduction of 
the simuloted fission products would produce sig 
nificant viscosity changes. The usual methods of 
purification and filtration were used, and the equip- 
went was modified so thot small filtered temples 
could be dispensed directly into the tubes used for
the viscosity ts. The resulting preparo-
tion was studied to obtain some indication of the 
solubilities of the fission products at 800C in 
this solvent. It is believed that the solubility of 
LoF, may be typical of the solubilities of the rore- 
earth fluorides, since LaF, presumably forms solid 
solutions with other rare earth fluorides.

Two filtered ramp les of the NaF-ZrF a-UF a mix- 
tore without the additive were obtained, and two 
more samples were obtained after the fission- 
product mixture was added. A small portion of 
solutiom which remoined unfiltered in die reoctor 
ofter withdrawal of all the temples was also re- 
covered for onolysis. All filtration* wore p erf or wad 

at opproximately 800 + 10°C. During the course of 
the viscosity measurements, the presence of a 
finely divided solid material was detected in the 
molten mixture, and a small sample of the solid 
was obtained by decantation. The solid was 
tentatively identified by x-roy diffraction analysis 
as free LoF,, with occluded solvent. The results 
of chemical analyses of all the samples taken 
are presented in Table 2.2.15.

The results indicate no greater concentration of 
additives in the unfiltered portion (reoctor heel) 
than in the filtered temp les, and consequently it 
appears that the oddifives were completely dis
solved of 800°C. From visual observations, how
ever, the solution se eme d to be essentially sotu- 
rated of this temperature. The saturating phase 
appeared to be free LoF,, and the probable solu- 
bility value for this compound of 800°C seems to 
be about 2.5 wt % During the preparation of this 
material no porticulor effort was muds to control 
the filtration temperature at exactly 800°C, and 

oneu^t to fix a liquidus temperature; however, the
order o mognitude of the solubility of LoF 3
NaF-ZrFa-UF
about 2 mole

. (50-46-4 mole %) appecrs t be 
ar 800°.

TABLE 2-2-1 CHEMICAL compoSrTiOM OF NeF-ZeF«UFa SAMPLES BEFORE AND AFTER 

UTRoDUCTON OF LeFy-BeFrRBF rO SIMULA Tt FisSIoN PRODUCTS

eture, 800°c

Ne Le u Be Le R• F

tmmpurities (ppm)

Mr C, F.

MeF-ZrFaUF.

Sa-pia 1

Sami- 2 

Th-matiet

10.7

10.3
10.a1

38.8

37.98

8-8

8.7
8.2

0 
o

t

e
e 419

4X»

4XW
35

so
as

NeF-ZFaHFa plus 
LeF,-BeF--RLF

Sampi- 3

Sampi- 4

R.ne-u heai

Selid detee
-is esity fs

108

9.2 

Kt

8.9

9.6a

357

344

37.8

35.17

Kt

7.7

8.2

1-23
1.16

1.18

1.25

0.62

262

2s
2.31

a.ao

Q-ee

•JV 

a.az

4L-7 

an.s 

a1.2 

an.7a

80

100

23 6s

90

IM

IW

26.6

1
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Althovgh it oppeors that the solubilities of the 
rare earth fluorides in the NaF-ZrF.-UF. mixture 
are sufficientiy high to prevent precipitafion upon

fission products during ART

opparent in onalysis of the filtrates obtoined, these 
data should be considered os preliminary. It is 
anticipated that more relioble velues will be 
availabie within the next quarter.

operation, team studies of solubility of individual 
rare earths and roe -aarth mixtures are currently 
under way. One possible development from such 
a study might be the demonstration of a simple 
among for removal of the rare-earth fluerides from 
the fuel mixture if the magnitudes and temperature 
dependerices of the solubilities are odequate.

PRELIMART SOLUBILITY VALUES or CeFa 
IM MeF-ZeF,-UF.

C. M. Blood
As a start of a systematic determination of solu- 

baitties of the rare earth fluorides tn ART-type
fuels, such es NeF-ZrF 4-UFa
one experiment wos per

(55-40-5 mole M. 
to determine the

opproximote solubility of CeF, in a typicel solvent. 
A previously purified mixtre of the NoF-ZrF a-UF a 
selvent ond oppoximately 2-5 mole % CFgsoc
enelosed in a nickel contginer and heoted to
The mixture wos continuously stirred by bubbling 
hydrogen and helium, olternately. through • dip leg-
Two hours prior to filtration, the e of the
solution wos lowered to 800°C- Semples of liqwid 
were then withdrewn through e mickel filter tube at 
800. 700, ond 600°C. A second set of filtates wos 
obtained in the some monner at 700 and at 600°C 
after the mixture hod boon given on odditional
hydrofluorination ond hyd tre it. The
results ore summorized in Toble 2.2.16-

Since the CeF, used in these experiments wos 
not especially pire and certein difficuties were

TABLE 2.2.16. APPEOXIMATE SOLUDILITT OF
CeF, me MeF-ZFAUFa (55-40-5 MRU •)

CONCENTRATION CELLS AND TRANSFERENCE 
MUMBERS IN FUSED SALTS

R. F. Newton
It is well known that wonsference numbers are 

needed for correlating the electromotive forces of 
concentration cells with octivites or other th er am 
dynamic properties of the solutons involved. While 
mecsurements have been and are being mode of the 
transfer of tons of fused softs across parous dio- 
phrogms, some investigators doubt that these date 
can be properly interpreted as the ’'true” trans
ference numbers of the ions, since the diophragm 
itaelfmay cause a Hew of salt across the boundary. 
It is of interest to note, however, thet telactte 
transference numbers, which are the values of 
thermodynamic interest, can bo me soured in on 
ordinary Hittorf experiment.

It is well known that the transport of motor oe 
part of a hydrated ion im oqueous systems cannot 
be determined without some rather questionobie 
ossumptions, but standard transference numbers of 
egg ooms ions are given relative to the motor. Fer 
an ample, tn a mmixture ol two salts. such os AgCi 
aca hnf i sh.m dm — * 4am mae m maamhs A f Acs " mnenu ha Me •M* t g -ne= VV W «==e= “*--—=E #‘ "=F -=

defined relative to the NoCi. The fictions of the 
ideol transference numbers, «.. «A, and t are 
useful m At onalysis. In an o’dinory Hittorf 
transierence experiment to which silver electrodes 
are wood and the mixture of salts contains at moles 
of AgCi per male of NoCi, N for edots of electricity 
aaa maa am4 aums4 eH.m ““.anlisaee emadm emmnec#.“ • W9• #wHe “‘5 "I"= -HwM " 4= “-W" —™* v-
went gains N males of Ag* by electrode reoction 
and Mj. males of Cl" by wansfer and loses Ne. 
am lot of No* and N2, ami les ofAgby tansler.
This moy be ized as • goin of * moles of

Tempere 
ec

CeFs Selubilty

Mt % Co Mel- % C»

700

1-62 L2

AgCi by electode reoction ond O loss ol NeA, 
meles of AgCi and of VeG. moles ol NoCi by 
nansfer. The Lost that con be done experimentoli,. 
however, in to csiyw the AgCi in e given quontity 
of NaC at the end -ith that im the some omoumt of

0-7•
MJ

0.6 NaCI at mhe stort. K. foe ple, the enode portion

0.65

•ebon for omolysis at the end of the experiment 
censor no one mole of NaCi, ond the ""ideolized" 
onode compartment has feet notes of NaCi,
this represents I • Ne. moles of NoCi at the 
stort. The AgCi or the stort was m • ond

T". *' -
• Ml • •
* * •
• o •ee=
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the AgCl at the end wos

(1) N + ms + mNe. - N:A
. C

A,

where m it the AgCi in one mole at the stort ond 
N it the AgCI from the electrode reaction. If • and 
N ore subtrocted from expression 1 and the re- 
mainder is divided by N, it** relative tonsference 
of Ag * is seen r* be

A
m m —

e " ue 

•/c,.

(2)

By « simior arg

- tA, - mt. - 

nt it moy be seen that

(3) - A
Thesc relative trons ference numbers are *li thot 
con be obtoined unombiguously from M** Himorf 
experiment, in which N fradays of electricity are

From E. 4 it it evident that the relative tronsfer 
of the silver ion is proportional to hhe comcentro- 
tion of the silver ion and to the difference im dhe 

mobilities ofAg" ond of N*\ ond hence the relo- 
tive tramsfer may be either positive or negative. H 

at at negative, cci will be greate thom umity-
Far opplicavion to « concentration cell mith 

mansference, consider the cell

ts ore onalyzed.
ond the AgCi content *4 the electode comportmment 
it compored with thet initielly present in the some 
omount of NaCI. They are also the —»y mumbers

Ag, AgCI in 
NaCi; m" mole 
AgC/mole NaCI

AgCi in NoCI, 
Ag; m“ mole 
Ag /mole NoCi

needed for * dynemic use.
Useful correlations of the relotive wrons ference 

numbers with electric conductono e moy also be 

made. For these crelations, A (the ionic eta
ductonce) It defined thot, for pur NaCi,
u. * Act - •/C. where « it the specific con- 

ductonce ond C is 11** concentration im equivolents 
per cubic centimeter. For Mt* NaCI-AgCI mixture.

a, * * cc •

e" ‘+de”i

Ag - Ag *(m")

*2, mole Ag"(~") it lost by tronsfer, and

(l — A,) —I* c-i goined.

At the cothode the opposite processes occur, with 
eoch A reploced byB. In the section with a con- 
centraticn gadient between A and B, in eoch

CM.u.- - - - -
al—nt, such os beh the donted lines,
gain of AgCl is "A, ond *he loss is 4, + dA,- 
„hich gives • nei »»• of dtA, —it Ci in mhe

VF

. Ccrce
«u -

ond, when these walves ore substituted in Eq- 2, 
it moy be seen that

(4) C a, , * 'a* - — «.

- FA _ P® ♦ f» dF .
H g" >t constont this simplifies to

N - (1 - 6,) (FA - pa i
he-ever, as shown ie Eq- 4, X •* not expected t* 

be conatant.

no
"2 **t •

•• ••• •

* • 5 «•
• • *

eas • -aa
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D 2.3. PHYSICAL PROPERTIES OF MOLTEN MATERIALS

F. F. Blonkenship
E. R. Van Artsdalen

G. M, Wotton

C

PRESSURE-COMPOSITION-TEMPERATURE 
RELATIoNS FOR TME SYSTEMS 

KF-ZeFa AND RbF-ZeF.
S. Cantor 

it guiding principles in the 
search for improved or modified fuel mixtures are 
predictions regarding the changes in properties 
that will occur as a result of the substitution of 
one species of ion for another in on otherwise 
similar melt. To a very considerable extent these 
predictions con be based on a determination of 
how the activity coefficients of the constituents 
change with composition. One of the easiest 
octivities to measure, and a fairly important one 
to know, is the activity of ZrF. in mixtures with 
alkali fluorides ot compositions such that the 
vapor is essentially pure ZrF.- Mixtures con- 
toining 45 mole % or more ZrF a produce e vapor 
which, for practical purposes, is pure ZrF a. end 
the activity of ZeFa is readily obtained from the

termined by the Rodebush-Dixon method that has
boon uaed for other ZrF
This method depends on 1

mixtures of ORNL. 
, "‘valve"" action of

the self vopor above a liquid held at constant 
temperoture; the volve action is manifested by a
differentia I which registers the re-
sistonce to flow of inert gos through o region
occupied by the refluxing soft vapor. The
""valve"* becomes suddenly much more definite 
in effect when the inert gas pressure is lowered 
to a velue corresponding to the salt vapor pressure.
An absolute
pressure at which this occurs.

eter is used to meosure the

total vapor pressure. Accordingly,

The System KF-ZrFa

The trap er pressure experiments initiated pre- 
viously on the system KF-ZrF. were continued. 
The Rodebush-Dixon method.* previously de- 
scribed.**7 was employed.

In the present study the temperature de Semi- 
notions were carried out potentiometricolly by

ere being made of the pertinent vapor pressures 
in olkali fluoride- ZrFa systems. It has been 
found the* the volatility of the ZrF. vories in
versely with die size of the alkali cation. This

using colibrated plotinum-platinu 
mocouples. Pure ZrF. was proper

hod ther-
d by subliming

is e cenoegoon 
plexing of ZrF
cation 
tons.
outsto

which

co of the more pronounced com- 
the presence of the alkali 
less attraction for fluoride

Lithium fluoride represents the cose of on 
dingly strong ottraction of a cotion for

fluoride ions bo COMOO of the lorge chorg
ratio of the lithium Corresp
trap or pressures front the LiF-ZrFa

dingly. the 
mixture ore

the highest; this system is currently being
d at the Battelle M il Institute. The

NoF-ZrFa mixtures hove been measured of 
ORNL‘-3 and at Battelle.* Vapor pressures f*r 
KF-ZeFa and RbF-ZrF. are curently being de-

‘R. C. Teter, R. C. Mew. and C. J. Banem, 
AAA 0--• Prog- Kep- Dee- 10. 1933. ORNL-1649. • 99.

2R. f. Moore and C. J. Boni , ANP Qnar. P-og. Kep. 
fan* MU 1934. ORNL-1729. e |*|.

e, t. Mami, ANP o--n Pmg. Eep. Sepa no, f*M. 
OBL-1771. P iz9.

K. A. to" u et eA. Vapor Pmsaurs ef Ow l ■» drain 
rimende-Zerems- f . .. wadi bum and tlmn ml l*f-m 
m-zem. Bei-1064 (Jan. 9, 1956)-

r. r* .• * ** *
-•• 0*0

•. •I’ * •
• e=♦ • •

J l

hoirtaro hoe ZrFa •• 720C under e vocuum. 
Trons lucent crystals were then hand-picked from 
the sublimate. Spectrochemicol analyses for ten
possible metollic conta in every
case, less of the impurity than of the ever lobio 
standard. Potossium fluoride was purified by 
hooting die reagent grade product to 50C above 
the melting point, cooling it slowly, and selecting 
clear frogments of the fused salt.

In the KF-ZrFa compositions studied, the as
sumption that the ZrF4 is responsible for die 
vopor pressure was justtied by chemical analyses
ond x-roy ond petrogrophic
materiol obtowv 
wos completed.

ed from the
studies of sublimed 
pporatus after a run

The vapor pressures obtained for
the various mixtures are sun mart sed Toble
2.3.1. The constonts 4 and B are those expressed

Ss. Cantor, ANP Onu. Arap. Rep. Mamea so, I* A. 
ORNL-2061. • 103.

M. Rad
•St 0951

*• end A. L. Di-o, Phys. Rew 26.

‘R. E. Mew end C. A Bann, ANP ona. P-ug. R.p.
Sepe. Mi. 1951. -1154 • 136.

s* • ooo • #ee •*
. : : : so* • • • •
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TABLE 2-3.1. SUMMART OF VAPOR PRESSURES FOR TBiF SYSTEM KF-ZrFa 6
Esperimentel Temperature 

Remge Pc

Compea itien 
(mol. w)

Constamta

ZrFa KF
A B

Meet of Vepoizetien 
ef z-F.. AH 

(cc/mol.)

750-900

790.900
779.000
825-950

079—090
950-1000

975-1100
1199-1900

09.0
59.6
99.0

47-3
45.3
40.4
34.9

34.1

40.4

45.0

90.1
92.4
54.7
59.6
65.1

9-754 

9.142 

8.403 

7.722

7.679 
7649 
74612 

7.387

8,813 

8,321 

7,778 

7,363
7,467 

7.731 

8,465 

9,020

40.4

38.1
35.6 

>3.7

34.2
39.3
38.8

in the relation

leg P (mm Mg) — A

where T is in °K. These constants are obtained 
by treating the data by the method of least 
squores. The heat of vaporisation, M‘,. of ZrF a 
is obtoined by multiplying the constant H by 
2.303 CR) or 4.576. The valves listed in Table 
2.3.1 ore considered to be more roll obis than 
those previously published.* Apparently there 
wes some free ZrFa present in some of the earlier 
experiments, and for the compositions containing 
65.9 to 49.9 mole % ZrF a e reonalysis by least 
squores gave the new constants. A plot of the 
data free which the equation for each mixture was 
obtained is shown im Fig. 2.3.1.

A very odd ph is observed when the
apparent heat of voporization, M,, is plotted 
e gainst composition (Fig. 2.3.2). A sharp minimum 
occurs at 30 mole % ZrF.. and the heat of vopori- 
cation increases linearly with composition in both 
directions from the minimum. The change below 
50 mole % ZrF. is in the ospotted direction. since 
ZrF. becomes more tightly complexed by fluoride 
tone. The change above 50 mole * was not 
expected; qualitatively it can be expleined by 
assuming that ZrF. exhibits positive deviations 
from Ro wit's low when dissolved in KZrFs- 
(This version of Rooult*» lew cells for a "two- 
part tele” depression at the ZrFa end of the 
composition range and for core pressure at the 
KZrFs end.) In proctice, the vapor pressure of 
supercoeled liquid ZrF. is not sufficiently well 

known for o numerically reliable Rooult law to 
be established for ZrF. systems at 600 to 800°C.

The System RbF-ZeF.
The vapor pressures of reviews mixtures in the 

system RbF-ZrF. were determined m the some 
manner OS Mt the KF-ZrF. system. Reasonably 
pure RbF was obtoined by selecting cieor crystals 
from a slowly cooled meit. Analyses showed that 
the other alkali metol ions were present in the 
following weight percentages: Li, 0.023; Ha, 
0.005; K, 0.16; Ce, 0.24.

The date for various mixtures are compiled in 
Table 2.3.2 and shown graphically in Fig. 2.3.3. 
The constants A and B are from the relation

log P (mm Hg) - A - $ ,

■here T isin°K.
As in the case of the KF-ZrFa system, the hoot 

of voporization goes through a minimum at 50 
mole % ZrF. (Fig. 2.3.4). The linearity with mole 
fraction is also similar to that of the KF-ZrF. 
system. Thus the effect seems to be a real one 
in spite of i.'s unnatural appearance.

A comparison of the effects of the various alkali 
fluorides is given in Fig. 2.3.5, in which pressure 
is plotted as a function of composition at 912°C, 
the melting point of pure ZrF a- Moore* has 
studied two compositions for the system LiF-ZrF.
and Sense et of Bantelle Memorial Institufe
and Moore’- 3 hove studied the NaF-ZrF. system.

SR. E. Mw, ANP Quar. Prog- Rep. Jume IO. 1935. 
ORNL-1896, • 91.

112

:: : • •••
• e • • * • •



PtKIOD KNDIMC JUHK 10, 1956

COnFIDEMTIAL
ORML-LR-owG 40637

200
<200 4100 

j n ।

400 4

TEMPERATURE ("ci

4000 900 800

4

------L

V

8 "4 \P \*
r

r
8.
I
E

t t 8, 4

20

«o — 
0.65

t T
8

T A*
% '

i + 
8

$ + f

8,4-—

0.70

* - - - t

1
0.75 0.80

1
0.8s 0.90 0.95 400

Vre-k a 103

Fig- 2.3.1. Vapor Pressures of KF-ZrFa Mxtures.

The volue of 905 mm Hg for ZrF. at the melting 
point wop obtained from the subl mation vapor 

pressure equation

log P (mm Hg) - 12.5417 - 110°“ .

This equation represents a leost-squores treatment 
of 33 experimental points obtained with the present 
apparatus. The results conclusively show that 
in solutions of ZrFa end alkali fluorides the vapor 

pressure of ZrFa decreoses as the alkoli ion size 
increases.
VAPOR PRESSURES AND PHASE EQUILIBRIUM

DATA IN THE FeCI-Kci SYSTEM
C. C. Beusman®

The vapor pressure of FeCI, in FeCI,-KCI 
systems was measured by the Rodenbush-ixon

On ossignment from the Oak Ridge institute of 
Nuclear Studies.
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‘46 r

2 /

- t

8 40 t

8
4 Ml
i

method in concentrations from 100 to 45 mole % 
FeCI, in KCI. Pressure vs composition curves 
obtained at 850 and 900°C are shown .n Fig. 2.3.6; 
these are typical of the curves obtained at temper
atures from 700 to 1050°C. The strong deviation 
from ideality suggests that the FeCI is complexed 
in the liquid at these temperatures. Since the 
experimental evidence was obtained in phase equi
librium studies of the compound K 2FeCIa in the 
solid state, it is interesting that the same stoi
chiometry may apply to the complex in the liquid. 
The strong depression of the vapor pressure below 
45 mole % precludes further experimental efforts 
with the Rodenbush-Dixon technique. The tran
spiration method will be used to complete the 
experimental curve on the KCI-rich side of the 
graph.

8 so a
U»

34

—
KF 20 40 60

rf^ ( mole X)
80

Fig. 2.3.2. Effect of Composition on Heat of 
Vaporisation of ZeF. in KF-ZrF. Mixtures.

The phase diagram for the FeCI,-KCI system, 
shown in Fig. 2.3.7, was determined by two ex
perimental techniques. First, both conventional 
cooling and differential cooling curves were ob
tained on small melts, and, second, quenched 
samples were prepared by the gradient-quenching 
techniques used in this laboratory. Petrographic 
examination of the quenched and slowly cooled 
samples revealed two well-defined compounds in 
the solid state, K,FeCi, and KFeCI,- Both 
compounds appear to have solid-state transfor
mations, and K2FeCla melts incongrently .

TABLE 2.3.2. SUMMARY OF VAPOR PRESSURES FOR THE SYSTEM RbF-ZrFa

Experimental Temperature
Rang. (°C)

Compesition 
(mole %)

Constants

114

ZrFa RbF
A B

Heat ot Vopor izotion 
of ZrF.. A, 
(kcal/mole)

800-850 
725-825 
750-825 
750-875 
775-875 
775- 950 
350- 975 
900-1050

a 000—1200 
1 125-1275

81.6
74.6
70.0
65.1
60.0
54.8
50.4
45.2
40.0
35.0

18.4
25.4
30.0
34.9
40.0
45.2
49.6
54.8
60.0
65.0

10.778
10.359
9.808
9.143
8.789
8.307
7.555
7.512
7.290
7.296

9.506 
9.189 
8,790 
8.358 
8,078
7,902 
7,310 
7,794
8.146 
8,790

43.5
42.1
40.3
38.3
37.0
36.2
33.5
35.7
37.3
40.3
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tension of NaF-ZrF4 (53-47 mole %) were obtoined 
bubble-pressure method previouslyby the maxim 

described.' • 
Table 2.3.3.

The results ore summoriz 
Difficulties were encountered

F "20° » 

- •0o 
mo •

-

1 
b

7

result of plugging of the nickel tbe obov the 
copillary tip. In every case the concentration of 
oxides ond oxyfluorides in the plug materiol 
oppeared to bn quite high, and thus at is thought

eo •

€0

20 •

* 1
A- tin1.

that there was air cen tion of the helium
Atrnom. The assembly <■ being exomined an on 
attempt to locate ond eliminate the source of

• »------- -------- --
-oo2o w -soe mm- r-c, 

r-c,t--*:

IOF. w. Miles. Wr Oman Prog. Rep. MLarcb 1o, 1936.
ORNL-2061, • too.

Fig- 2.3-6- Vepor Pressures of FeC,-KCI 
Mufw.. et 850 and 900°C.
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Fig- 2-3-7. Phese Dingrem ef the FeCla-KCI Sy

'5 TABLE 2.1.1. PRELIMMARY VALUES OF DEMSITY AMO SURFACE TKMMOM 
or MeF-z,F. ran? MOLE *, OBTAMED BY maxuuu-BUBBLE-PRE SSURE uETMoo

inaid Mil» 

ef Cepiliery 
(em)

■•11 Thieknesa 
ei Cepillery 

(mila)

on
~c»

Demaity
(ele-3

•ie
M mmes/e-)

0.758 4 600 3.049 131

0.0513 9 MO 3.014 127

02513 ♦ 800 3.051 125

0.0513 700 2.916 120
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c on, ond chomges heve hi mede im Additional a -ili be on •
the design of the copillery tips.

ts listed an T Ohio 2.3.3
-mre ebtoined on the seme botch ol matenal. 
Alhovg the melt -os repurified, O ploce, after

fresh botch of similor composition. When more 
reliable values ore ih— wd. the megsusements 
-in be extended to other mixtres et interest.

eoch det
dicetede during
more, dhe batch -es kept et high

. Further- 
etues fce

severol -eeks. Mien i the reoctor -os opened, «• 
-as obserwed that ion ZrF a hod sublimed out 
of the solutiom. These foctors indicote thot the 
velues given in Table 2.3.3 must be considered

SURFACE TEM510MS OF MOLTEN SALTS
S. Lenger

The sessile-drop techniqve Io meosuring surfoce 
MUM, briefly discussed im the previous report, ’ ' 
-os to • number of somples of an NaF-ZeF. 
(53-47 mole $) mixtue M estoblish the importance

to be omly of a very prela y nature. If ••

ging. ho e. no note that wolves of the

of • mumber of experimental veriobles. 
has been demonstated that NaF-ZrF.

mow of mognimde -ere obtoined -ith
copillary tubes of different woll thicknesses. 
This behavio seems to imdicote contoct ongles 

of less shan 90 deg. Consequently, the inside 
rodius of the copillary controls the bubble size, 
ond no porticulor uncertointy exists os to -ether 
the value of the inside or of the outside rodius 
should be used •* the celculations.

of rhis

Since it 
mixtures 

wet C-18
grophite, all the experiments described here -ere
conducted mith this moteriei the supporting

A schematic drowing of the sessile-drop oppo- 
ratus is sho-n in Fig. 2.3.8. The somple on its

* ‘s. Long-, ANP Vo* no E-p. Mam* 1o, 193. 
ORNL-2061, • 105.
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supporting plagve as loaded emto the tube throvgh 
the somple-looding Haw pe. The centol aerwew 
of the tube is then baked out under high vocuum

cal—■< by using the tobles of Beshforth and 
Adoms‘2 ond the densities a baa mri by Miies.12

The imitial
to volatile materiols which might com-

its inddicoted — change at

t—«a the surfoce of the 
fumace is odjusted to the •

ample- 

oting 1

After the

e,
the somple is pushed to the center ef the constant-

surfoce tension -hen om atmosphure of helim -os 
admitted he rite opporatus in -hich tests hod been 
— aria mw riat vocuum. Mite seats -ere e aerie atari

k
blach with rite solenoid rated

im vocuum, ho . volotil ization of ZF. covsed

g rods. Wi alapl apriis era saken
of the a—kt es • function of time to ensure the 

esmbli shment of an eqilibrium rirapA photo- 

groph of the sessile drop of NoF at 1025"C, token 

durimg colibotion work, is sho-n in Fig. 2.3.9.

otmospheres hove been od 
future testa.

ri as ri for

=-ea

Ftp. 2-3-9. Photegreph ef Reference Seale end
Sessile Deop of MeFet 1025°C ee graph He Pleque.

The dimensions’ ’ of the sessile drop (rite 

aet — M— rite—tier, 2., ond she distonce from 
the lime of rite — i—— diometer to rite epee, r)

ore ed directly irom the ph hc eeye

tive by using e toolmoker"s microscope. Cor- 
rec Homa tar ew near epic shrinknge of rite film are 
obtined by using rite reference scole -hich 
sunounds ike rirep. The surfoce sen sion is cel-

Dot 1 
NeF-ZrF 
53 mole

typical of those obtoied a» date for

4
melts whose initial composition -os

Toble 2.3.4. 

periments ore 
relolive ay

NaF and 47 mole % ZeF

While the data of
ore sho-n in 

a eorlier ex-
r-ed -ith >— uncertinty, the 
i of the surfoce tension oelwa

obtoined from droplets of -idely vorying sizes 
(os ewidenced by the spree ri el a a—la weights 
ond x/z rotios) is gratify img.

SPEcIFIC COMDUCTAMCE AMD DEMSITT 
OF FUsED LITMIUM, POTaSSIUM, 

AMD CESIUM FLUORIDEs14

E. R. Vam Astadalen
Electical conductence ond density have beew

—aetata ri as ■ function ol p for pure.

fused lithium, potossium, ond cesium fluorides.
ne-ly designed bridge, in conjunction
speciel cell fobriceted from pleat 
alley, -os used in the measurements.
of the

with • 

hodium

The results
ts ere expressed by the

eqvations it atari in Tobles 2 -3-5 end 2.3.6. Statler 
doto were elee obtoined for several ret a. earth 

holides.

These dete have beem coreloted -ith those 
reported previously- it is watt possible le give
sotisfoctory theoreticol inte of the re-

sults in terms of the swuctre ond watts pert 
properties of *»e liquid solts.

* 3F. Beshieth -na J. C. ad--s. A- Azse-os ee T-at 
rhe raeomes ef c apilan Act--. Ce-idg- Umt. 
P-s., L ende-, 1M1.

"3F. w. Maites, mi-ate ce eetie-, te &- Lenge.
•is e4 *ia -erk -ill be •-bhiehed - eepmete

uttt end art tries ke- *• Oemiet, Dixinie-.

S
■
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TABLE 2-3.4. SURFACE TEwsio MEASUREMEMTS on MeF-ZeFa (53-47 MOLE ♦»

co
Semele "gigha •eigh* Less

Ka) co

Finel C mie-*
(mele * 2Fa

•/a Demsiy 
Ke/e-

S-fece Twi— 
(,men/em)

601**
603--

0-870
0.870

24-2

28.2
364
36.

1-71706
• aasva

3.043
3.040

141
141

•11 
ete 
co 
601 
201

0-4502 
UM 

0.asz 

0.asaz 
0.sc 
0.ascz

3.1
3.1
1.
3.1

3.1

43-5 
43.5 
41.5 
az.s
43.5 

ax.s

1-53637 
1635 
1.60342 
1.57069 
1.55am 
n.sava

1-030 
1.030
3.04 
3,043 

3.043

S 0M1»

141 

IM 

122 

l» 

120 

121

010 
• 10 
en

0-50%7
0.30m

0.507

3.7

1.7

3.7

41-4
41.4 
an.a

168795
165v22
1.aaasa

2.031
1.031
3.043
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124

128

"Celeuleted frem enelpeie at metriel efter teat.
•-Teat-d im ell etler le- tented --der helu-

TABLE M.S. COMSTAMTS OF EQUATNON FOR SPECIFIC CODUCTA"CE, 
«, 00 FUSED LITMIUM, POTASSIUM, AMO CesIUM FLUORIDES

b
Stended Devierie 

(ehm- 1e--
Apelicebie Temperet--

•-g- c»

LiF -3.805 • 1.004 -3.516 0.008 47-1027

KF -3.an -1.480 -sos 0.009 869-1040

CeF -4.511 • 1.642 -ijua 0.009 25-921

TABLE 2.3.. COSTANTS or EQUATIOM FOO DEMSITT. A- OF FUSED 
LITIIUM, POTAsSWUM, AMO cesiuu FLUORIDES

p---(- 10“ 3, -her- riim °C

*Sel
Stemderd Devietiem,

• (»'«•*!
E-perimenel Temperet-• 

R.-,- Fc

LaF 2.2243 0.4902 0.0003 876-1047

KF 2-a6as Olahs 0.0003 81-1037

454sv 1.2806 0.1001 712-912
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2.4. PRODUCTON OF FUELS
& J. Nessle

L. G. O--helse
G. M Wetaem

PERIOD EnoiG /UM M. >*M

EXPERIEMTAL PREPARATION OP 
VARouS FLUORIDES

B. J. Stum

Continued use of stuctd metal fluorides for 
research necessiteted the preporotio of additional 
pa OU it ios of these wee crisis by the several meth ■ 

ods den sloped preview sly. As in the post. use woe 
mode of chemicel, x-oy. and pitipohit exomi- 
notions to establish the idemtity and purity of the

e an de bee, but e sulkur content of 170 ppn was 
rap arts C most of which cause ben the L’CO, 

The Iwel was subjected to 5 cycles, each of which 
enrolled e 10- to 15-hr by Aspen a eat set and l hr 
of hydrofluorination o 800°C. The product then 

contained 45 ppm of sulfur and a trace of oxide. 
My Aoftweir motion o 700"C for 6 hr then produced

LABORATORT-SCALE PURIPICATIOM 
oPEnaTONS

Additionol CrF, was ared by hydrofluerimo-
es well as by the th d

T. Wand

decomposition of ONH„),CrF,- The ietter it pre- 
pored by the interociion of hydrdted CrF, -ith 

NH.F-HF, and it may clso be reduced by by Aspen 
te yield CrF,- Severcl botches of NiF, were pre- 
pared by the by Aoft uori not i on of r^a hydrened

With copropricte modaficetions. rhe stunderd hy-
drof •hydra go Pl of I am process was used
to prepe a mumber of especicily pue materiels 
requested for vorious purposes. Of these only an 
NeF-ZrF.-UF. mixtre comtoiming odditives of

NiFa
prepe

bydraoed NiCI,- One batch ad AgF was
ed by hydrof uor inati on of

described previously" were used
CO,- Methods

tion of odditionel qontities of CeF, ond of LoF,-
An ctempt to remove oxide from a KF-ZrFa mi-- 

tarp by hyAeftuA warn was umsuccessful. Runs 
at 600°C foiled to remove rhe oxide ce up lately 

ond, -hile this could be occomplished A 850C, 
the loss of ZrF. wos sufficiemt to alter the trees 
sition to the point -here the material was unsatis-

A batch of CuFa -es d for use as a ce-
rier in certoin spectrogrophic b—aa onolyses. Mo- 
terial law in boron ond silicon was reqested for 
this purpose. Anhydrous CuF. wos hydrofluor- 
inated for 4 400C, but this shoet period of 

nrectment foiled to reduce she boron content sa a
sufficienly low level. He ding the
period of hydrofuorinetion to 30 hr yielded a mo- 
teridl that was acceptable.

A fuei mixture ce gLi” ond enriched uro-
mium was prepared for radiation damage studies. 
Since Li” wee ovoiloble only *• the carbonate, a 

preliminary run was mode with mormol Li,CO,. 
UF.- KF, NoF, and excess NH.F-HF to establish 

whether fusion of this mmixhre sold yield on 
own de hot product. After the prelimimory run proved 
successful the procedure wee applied to the mix-
hure o ng Li” and U233. The materidl was

e=e a e
:

. a •
-=e ==

BoFz LeF,. and RbF hod not previousiy been pre-
d a. Operdionol focil-

ities to tronsfer and a open so smell somples (200 
to 500 g), e spec rally nto cppordtus for occurate 
a» al Matron of physical properties of materiola, were 
constructed and used successfully during this qor- 
tar. There is evidence that direct tromsler of the 
punfied me into the opowatus has sigificontly 
improved the purity of the test mdteriol and. oc- 
cordingly. increased comfidence in the test results.

Ceppw Imad stoinless steel reactor s wore weed 
successfudly in the purificetiom operations.

PILOT-SC ALE PURIFICATIOM OPERATOMS

J. P. Blckely C R. Cref
X Trusts

The pilot-scele purificotion facility processed 68 
botches totoling coprozimotely 1300 lb of various 
fluoride compositioms for wee in smdi- scale curio 
sion testing, phase eqlibrium studies, and phys
ical property studies. The bulk of the moteric 
was produced durimg February when the facility 
was operating on o three shift, 3* hr day banis. As 
O result, the bocklog reported lest quorter was 
eliminated and norm at operotions wore resumed.

... L AP 0-- Pme Kep- M-c* M. 1934
ORNL • 206 •. p 100

: 2."
• a
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The use ef copper-lined 

M the 5-ib unita hes prove
dess steel teociors 
cessful. Therefore,

gove foirly firm for dy 1700

whan like mickel reoctors now on homd wear out ond 
era discorded they will be reploced mith cnee or 
lined stcinless Mes i vessels. The new copper- 
lined vessela, an oddtiom to sho-ing pr gnu so of 
hoving longer lives, MO more versetile thaw the 
nickei ri actors in that they can be used in the

1b of processed fuorides pe ill *W for the remain- 
dercithe calende r^r. The ORNL Aircroft Re-

■cm Eng g Division hes been using an e-

prepoction of BeF 2-c g mixures.
Although the supply of 50-ib nickel veoctor ves- 

sels is at presen sufficient, these mill olso be re- 
ploced -ith copper-imed stainless steel vessels 
es they «• discorded.

S

PRoDucTlON-SCALE OPERATIONS
X E. Eorgon X P. Blekely 

mteen betches tetoling opproxi mately 4230 lb
of fluoride compositions ware processed by the 
are Auction scale focility. Two new copper-lined 
stoinless Mod nectars were received obout the 
first of March ond were put into era Auction oearo 
tion ranee iAie*el>. To dote, nine batches hove bean 
processed in one reactor ond eight im the other with
mo difficulties. Recent exernal
tion of these reactors show ne deteriorotion or 
foudta, ond it ««ey be that the life service of these 
reocto rs will

in spite of the toorosrory ohutf a in a of this focil-
ity. the processed fluorides inventory hos r
high. Operetions were al ewe A dow during the lost 
three -eeks of »h«s qorter be com so of a shortoge

to A

essed Hucrides during the nex

A survey is mo- being MaAo 

peoc-

recemt e

Oekend= be

Te-e

bW—M< d-ing eener

o» kemd e -md el eete
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eroge of Abe M 1000 lb of fluorides per aw*. 
Aliough the new survey is mot complete, indico- 

tions are the Aircreft Reoctor r Enginesing Divi- 
Man vsoge -ill ronge wrcund WOO to 1500 lb per
month for rhe der of 1956. The d ds -ill
not reoch the prodoction copocity of the focility.
bt at loost they will moke it colly feo-

sible to 1
The re g 7500 Ibofheh b g zirco-

nium fluoride ordered from o outside vendov -os 
received and all the materiol wos occepted •• 

sotisfoctory-

BATCN2G AMO DIsPENsmG OPERATONS
x P. Blakely Doss

The betching ond dispensing focilitr dispensed
148 belches toteling dy 4900 1b of proc-
essed fluorides in botch sizes ronging how 1 to 

230 Ib. The total enow* dispensed wes about

1000 ib less thon wos di sed the previous w
ter-
imve

Therefore there was onother gain in stock

▼ in
terial bdlonce for the quorter is given in Teble 
2.4.1.

The production ond use of special compositions 

is decrecsing Me Wily. but periodic increoses can 
be expected os new moteriols are developed for 
testing and investigations. The use of NoF-ZrF. 
(90-90 Wt« ond NeF-ZrFa-UFa ($0-46-4 mole $) 

or closely relaned comoositions is expected to in- 
crease to about 3000 lb per menth duing the first

TABLE 2.41 MATERIAL BALMCE

MeF-ZFUFa

(50-a6-a mal. •

e-riel (ib)

M-F-Z.F.
(so-so mel. • Speciel Tetel

•* e-e• : -2

6,235

1,50

9,778

1,828

• •

1,875 

ns

591
1,789

6,701

5,530

2,073 14,231

1,078 4,906

1,302 9,325 1

•e •* *
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half of fscol yeor 1957. This estimote includes 
Pran & Whitney requirementa. At this rate, full

TABLE 2-42 PURITT OF ZrFa 
PRODUCED FRO Z.Cia

production should still be obie to • high
stock y ond t ellow for ony mecessy
shutdown of the production-scole focility. The eh

ficient hondling. ce, ond dispensing of
some 200 storoge cons has made it possible to fill 
oil sizes of orders with a minimum of delay to 
operating sections of the ANP progrom.

Run
Na. Me.

Mater 
CiaVHmri

<—

z, F a

Impuriies" 

(vom)

Ml O P.

PREPARATION OF ZrFa FROM ZeCla
J. P. Blekely

The facility for the conversion of hafmium-free 
Z.Cl. to ZrF. was so er ote d three rimes during this 
ps art er. The mechonico operation of the unit is 
now satisfoctery. Handling techniques need to be 
improved to cut down on row notarial and hn« shed 
product losses. Alaa. the finely divided netue of 
the product ZrF. has presented a dust-less problem 
of con a* datable magnitude. Seeps me being token 
So eliminete er gioutly impious this situation. Large 
quontities of ZrFa dust were carried into the proc
ess gas exit lines and caused meter Imo plugging 
difficulties. A change in piping arrangement im- 
proved this situation somewhat in the lost run.

Rough mcterici balances of the three operctions 
indicated a total loss of about 22% of product in 
the first two runs and 11% m the lost run. Approx- 
imetely 75% of this loss was occounted for in mo- 
tertai removed from the exit gos lines. A new dust 
hirer hoe bean or deed for imstolletion on the unit 
which should cut down the dust loss considerably- 
Qp morion of this focility will be postponed until 
this new filter arrives or there is an urgent need 
for more hofnium-free ZrF

Anolytically. the product materiol wos es goad or 
better than materiol previously or presently being 
used. Four samples were taken from each botch es 
it was bemg discharged from the unit, each sample 
representing roughly one fourth of each batch so 
that uniformity could be tested. The onalyticol 
results are given in Table 2.4.2. Although the first 
botch was not so good as the lest turn, either in 
uniformity or quality, it was considered to be us- 
obie.

SPECIAL SERVICES

J. P. Blakely F. A. Doss
Requests for service in filling, droining. and 

a as pl mg operations wave at a normal and s seedy 
level. The gectly occelerated pace sot im the

»

2

3

1
z 
3 
a

1
2 
3
4

1 
3
3

Theereticel

•Th- hefmu

52 
S3. 7
54.3 
54.2

sa.s 
s5.1 
$4.6 
54.6

se.a 
$4.3 
54.5s 

MJ

MJ

450 
aa.2 

44.3 

44.6

as.2 

44.8 

44.2 
45.2

4s.a 

44.3 

44.9 

aa.6

as.5

0.29
0.40
0.50
0.63
0.29

0.3 
0.34 

0.36

0.39
0.45
0.43
0.39

90
Bo 
SS 
55

45 
so 
OS
SO

as 
to 
PS

ss 
ss 
45 
as

35 

35

SO 
25 

JO 
30

ns
595
593

620

375

400
375

375

430
430
410
400

•I ehe — la riel -es less the tOO
po~, whe beren centen* WM lesa shem l vpm the sulfur

semen* amo about 30 vom and th- cerben 
300 ppm.

-e•

previous quorter was net mointained. Past eape 
rience indicates that filling and droining op eve- 
tiens will be reqested in cycles, depending pin 
the cate at which tests are started or terminated . 
Present indicetions are that onother occelerating 
cycle will occu in the nest quorter.

Arproximately 3000 1b of processed fluorides and 
1500 lb of liquid metals were used to charge test
eq during the ski in chorge sixes rong-
ing fcw 5 to 900 1b. Since the liqvid metol ONeK) 
inventory had run below 1500 Ib, onother 5000 lb 
of noneutectic NoK (56% Ne <<% K) was erOerad 
ond received. It is ash wee ed that this supply 
should lest sis to eight months unless consumption 
is sharply increased.

A serious compl icotion arose in the disposal ef 
NoK during the cold months of this winter. This 
mateflal, which is normally molten at room Samper 

atures, could not be disposed of by mis nWo 
injection because it froze in the tronsfer lines. It 
was fortunate that sufficient storoge cans were 
available to contain the NoK drained tree equip-

Shor arrived and that a tie
porotively smoll omoum* of NoK wos droined from

• •
• •
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equipment duing this peersor. It has been re- 
qested that electric power be supplied at the 
disposal quatry so that disposal of both sodium 
and NeK can proceed regardless of atmospheric 
tempereture. Present rough estimates of the cost 
of such an instailation range from $250 to $1000. 
Firmer figures are to be obtained, and, if the ronge 
above is correct, odeqate power is to be installed 
for liquid metal disposal.

In-pile loop No. 5 was filled with enriched NaF-

ZrFa-UF.(53.5-40-6.5 mole 7). Two new batches 
for in-pile loop* were processed. Dote* far filling 
loops with these batches have not yet been set.

Two other small batches of special enriched mix- 
teres were also processed this quorter. One batch, 
NoF-ZrF.-UF, (62.5- 12.5-25.0 mole %), was to be 
used or CRNL for special radiation tests. The 
other batch, NeF-UF. (66.7-3X3 mole %), was or- 
Acred by Battelle Memorial Institute.

(
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C 2.5. COMPATIBILITY OF MATERIALS AT HIGH TEMPERATURES

F. Kertesz

PENETRATION OF GRAFHITE 
BY MOLTEN FLUORIDES

H. J. Buttram G. F. Schenck '
it appears very likely that graphite is the only 

reasonably effective reactor moderator material that 
will remain chemically stable upon direct exposure 
to molten fluoride fuel mixtures. The use of graph- 
ite to contain such fuel mixtures has been known 
fora long time to be practical for simple laboratory- 
scale experimental equipment. The graphite most 
commonly used for this purpose has the commercial 
designation C-18. However, little information is 
available concerning the rate of penetration of 
reoctor-grode graphite by molten fluoride fuel mix
tures. and accordingly an investigation of this phe- 
nomenon has been initiated.

imens of APC2 graphite %x%xHin. were 
socked at 60C°C for various periods in sealed cap- 
zules of Inconel containing molten NaF-ZrFa or 
NaF-ZrF.-UF. mixtures under helium atmospheres. 
Th* specimens were then sectioned and examined 
under the petrographic microscope. Preliminary 
observations indicate that the APC graph it* was 
completely penetrated by NaF-ZrFa (53-47 mol* $ 
in l hr at 600°C but that NaF-ZrF.-UF. (53.5-40.0- 
6.5 mole %) had not detectably penetrated the 
grophite in 10 Sr at 600°C. The rapid penetration 

of the graphite by the NaF-ZrF. melt is considered 
to be surprising, since such penetration is in con
trast to the stability of C-18 graphite in this and 
similar fluoride mixtures. Other graphites of higher 
density wll be examined in these and other fluoride 
mixtures. If necessary, attempts will be made to 
prevent penetration of the graphite by prior impreg
nation with high-melting-point materials such as 
NaF or CaFj.

rent density and temperature. Th* apparatus con- 
sisted of a crucible of Morganite (recrystallized 
alumina) containing molten sodium hydroxide into

a cathode, as well as awhich o nickel anode and < 
nickei thermocouple well. were inserted.
electrolytic cell and its furnoce were placed 

This 

in a
large chamber which could be evacuated or filled 
with the desired atmosphere. A lead storage bat
tery served as the power supply; the circuit also 
contained a voltmeter, ammeter, and ampere-hour 
meter, as well as rheostats to control th* current 
density applied.

When th* assembled electrolytic cell was main
tained at th* desired temperature without an applied 
voltag*, attack on the electrodes was negligible. 
Passage of current resulted in erosion of the anode 
and subsequent deposition of crystalline nickel an 
the cathode. The weight gain of the cathod* did 
not correspond precisely to the weight loss of the 
triode, since the crystalline deposit was not per
fectly odherent; in addition some sodium alumi
nate, formed by th* reaction of NaOH with the 
Al20, of the crucible, apparently contaminated the 
cathode deposit. Loss in weight of the anode was 
accordingly used so evaluate the efficiency of the 
cell.

The data shown in Table 2.5.1 were obtained at 
a current density of 2 amp/cm1. At this current 
density th* cell efficiency is very poor under all 
conditions. The dissolution efficiency is decreased 
slightly by substituting hydroget for helium as the 
static cover gas and is reduced considerably by 
bubbling hydrogen through the molten electrolyte.

TABLE 2.5. 1. EFFICIENCY OF ANODIC 
SOLUTIONS OF NICKEL IN NaOH

Current density: 3 amp/em2

EFFECT OF ATMOSPHERE ON ANODIC 
DISSOLUTION OF NICKEL IN 

MOLTEN N.OH

F. A. Knox

An attempt has been mode to study the efficiency 
of anodic dissolution of nickel in NaOH under 
various ctmo sphere s and various conditions of cur-

Cell Efficiency (%

Pc

350

On assig~ment from Prct a Whimey Airereft 
2Natiene Cerbon Ce. code desi gnation-

600

800

Under
Under Static
Helium hydrogen

0.01

0.65
2.77

0.006
0.42

2.12

With Hydrogen 
Bubb nd Through 

the NoCH

0.66
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2.6. ANALYTICAL CHEMISTRY
J. C. White

DETERMINATION OF BARIUM, LANTHANUM, 
ANS RUBIDIUM IN FLUORIDE FUELS

A. S. Neyer, Jr. B. L. McDowell

Methods were de/eloped for the determination of 
barium, lanthanum, and rubidium in NaF-ZrF.-UF. 
as part of a program for determining the effect of 
typical fission products on the physical properties 
of molten mixtures of fluoride salts. For the barium 
determination the fluoride salt mixture is dissolved 
in fuming sulfuric acid, and the barium remains 
in the iasoluble residue, as the sulfate. After 
dilution of the sulturc acid solution with water, 
the barium sulfate, which is contaminated with 
uranium and zirconium, is separated by filtration 
and purified by dissolving it in a hot ammoniacal 
solution of ethy lenediaminetetraacetic acid. It is 
then reprecipitated by acidification of the solution 
with hydrochloric acid. The reprec; ipitated barium 
sulfate is filtered off. The filter paper is charred, 
and the barium sulfate is then ignited to constant 
weight at 600°C.

Lanthanum is separated from the filtrate from 
the barium determination by precipitation, as the 
oxalate, from a neutral solution of ammonium oxa
late. Coprecipitated zirconium and uranium are 
separated from the original oxalate precipitate by 
dissolving the precipitate in concentrated nitric 
acid and carrying out a second oxalate precipita
tion from a neutral solution of ammonium oxalate. 
The purified oxalate precipitate is converted to 
the nitrate by digestion with concentrated nitric 
acid and evaporation to dryness. The residue is 
taken up in a small amount of water or very dilute 
nitric acid. Lanthanum is finally precipitated by 
the addition of solid oxalic acid to the hot, slightly 
acid solution. The lanthanum oxalate is ignited 
at 900°C and weighed as La,O,.

Ammonium salts in the filtrate from the lanthanum 
determination are destroyed by digesting the solu
tion with aqua regia. The alkali metals are sepa
rated and converted to the hydroxides by passing 
the solution through an anion exchange column 
in the hydroxide form. After all traces of ammonia 
are removed by evaporating the alkaline solution 
to dryness, the rubidium is precipitated and weighed 
as the sparingly soluble tetraphenylboron salt. 
Potassium, which is present as a trace contaminant 

in the base fuel, is also precipitated as the tetra- 
phenylboron salt. The potassium in the tetra- 
phenylboron precipitate is determined by flame 
phot or let ry, and the weight of the precipitate is 
corrected accordingly.

Good precision has been obtained in analyses 
of replicate samples of fluoride mixtures which 
contained 1 to 3° of each of the above-mentioned 
elements. These methods are also being tested 
for the determination of cerium and the proximate 
determination of the cerium group of the rare-earth 
elements in fluoride fuels.

DETERMINATION OF NIOBIUM IN FUSED 
MIXTURES OF FLUORIDE SALTS BY 

THE THIOCYANATE METHOD

A. S. Meyer, Jr. B. L. McDowell
R. F. Apple

A method for the spectrophotometric determina
tion of niobium as the thiocyanate complex, re
ported by Ward and Marranzino, 1 was applied to 

the determination of niobium in NaF-ZrF.-UFa- 
The method is based upon the reaction of niobium(V) 
with thiocyanate in a mixed solution of 4 M hydro
chloric acid and 0.5 M tartaric acid to produce a 
complex which exhibits an absorption maximum 
at 387 mp in an ethyl ether—acetone medium. The 
addition of acetone to the extract of ethyl ether 
containing the complex inhibits the polymerization 
of the thiocyanate ion and stabilizes the solution 
for at least 20 hr.

Tartaric acid eliminates the interference of ura
nium, which also forms a complex with thiocyanate. 
The interference of the red color of the iron(III)- 
thiocyanate complex is eliminated by shaking the 
ether extract with a solution of stannous chloride 
for 30 sec to reduce the iron(lll) to iron(ll).

The concentration of the reagents in the aqueous 
phase must be held within rigid limits if repro
ducible absorbance values are to be obtained. 
In order to maintain fixed concentrations, the 
fluoride sample is dissolved by fusing it with 
potassium pyrosulfate and dissolving the melt in 
1 M tartaric acid. A 1- to 10-ml aliquot of the 
resulting solution is combined with a sufficient

‘F. N. Word and A. P. Marrenzino, Anal, c bem. 27, 
1325 (1955). 2
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volume of 1 M tartaric acid solution to yield a 
total volume of 10 ml. Then 15 ml of the hydro
chloric acid—tartaric acid reagent (9 M MCI and 
0.5 M tartaric acid) and 15 ml of 20% (w/v) am- 
monium thiocyanate solution is added, following 
which the oqueous phase is extracted with 5 ml 
of ethyl other.

Tests of this method have revealed that a linear 
relationship exists between the absorbance and 
the concentration of the niobium in the range 0.2 
to 2.0 ug/ml. The coefficient of variation for this 
method, based on standards, is 25.

DETERMINATION OF TRACES OF COPPER 
IN FLUORIDE FUEL MIXTURES

B. L. McDowell

2

Since copper is considered to be compatibla with 
molten fluoride salts containing sulfur impurities, 
the nickel reactors used for the production of 
fluoride fuel mixtures have been equipped with 
copper liners to prolong their useful lifetimes. 
This modification in production technique neces
sitated the development of a sensitive method for 
the determination of copper in mixtures of fluoride 
salts. The spectrophotometric method in which 
"‘cuproine" (2,2 "-biquinol ine) is used as the chro
mogenic reagent, reported by Guest2 to be specific 
for copper, was adopted for this determination.

Copper is determined as the copper(I)-cuproine 
complex formed by equilibrating an aqueous sulfate 
solution of the sample containing copper(I) with 
a solution of 0.02% (w/v) cuproine in n-omyl 
alcohol at pH 6. The copper complex is extracted 
in the organic phase. The complex exhibits its 
maximum absorbance at 550 mp. Hydroxylomine 
hydrochloride was used to reduce the copper to 
the monovalent state, and tartaric acid was used 
to complex iron and uranium.

The extraction procedure recommended by Guest2 
was modified for application to the determination 
of traces of copper in solutions of high ionic 
strength. The volume of the aqueous phase was 
increased from 30 to 100 ml in order to ensure 
an optimum amount of copper in the aliquot. The 
extraction period was increased from 1 to 30 min. 
and 10 ml of on alcoholic solution of the reagent 
was used. Since the aqueous-organic ratio was 
so large, 10 g of ammonium sulfate was added 
to reduce the solubility of the alcohol in the

2R. J. Guest, Anal. Chem. 25, 1484 (1953).

oqueous volume. The ammonium sulfate served 
to mask the mass-action effect of ionic constituents 
in the sample; however, it reduced the effective 
pH range for quontitotive extroction from a range 
of 4.5 to 7.5 to a range of 6.0 to 6.5.

The absorbance of the organic extract is a linear 
function of the concentration of copper up to 7.5 
ug/mi. The coefficient of variation of the method, 
as derived from standard samples, is 2%. Samples 
of NaF-ZrF.-UF. prepared in the copper-lined 
nickel reactors have been analyzed for copper by 
this method. The range of the copper concentration 
was 1 to 25 ppm.

DETERMINATION OF TANTALUM 
IN NeF-ZeF.-UF.

J. P. Young J. R. French
The determination2 of trace amounts of tantalum 

in NaF-LiF-KF has been extended to include the 
determination of tantalum in NaF-ZrF a-UFa- Since 
zirconium and uranium interfere with the determi
nation of tantalum by the pyrogallol method,4 it 
was necessary to develop some me ons of removing 
these interferences. The separation of tantalum 
from uranium in NaF-LiF-KF-UF., which was 
described previously,2 was accomplished by a 
precipitation of the tantalum with Cupferron. Zir
conium, however, is also precipitated with cup
ferron. According to Hillebrand rt al..* tantalum 
can be separated quantitatively from uranium and 
zirconium by precipitation with tannin in a zlightly 
acidic solution of oxalate which is half-saturated 
with ammonium chloride. Since the samples con
tained alkali fluorides, it was necessary to dis
solve them carefully to prevent the loss of ToFs 
by volatilization. This was accomplished by a 
careful digestion of the fluoride sample in dilute 
sulfuric acid in order to hydrolyze TaFs to TojOj. 
The solution was then evaporated to dryness, and 
the residue from this evaporation was fused with 
potassium pyrosulfate. The product of the fusion 
was dissolved in ammonium oxalate and then pre
cipitated with tannin at a pH of 5 in a hot solution. 
The precipitate, after its removal and ignition to

33. C. White, Determmatio- of smail A-umts
tn NaF-! if ’Kf 

CF-56-1-49 (Jon- 10, 1956).
4s. 1. Dinnim, Anal. < bew

. ORNL

25, 1003 (1953).
5w. F. Hillebrand al.. Applied Imorcamte Amalysis. 

p 598, 2d ed., Wiley. Ne- York, 1953.
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To2O,, wos fused with potassium pyrosulfate, and 
the tontalum-pyrogollol color wot dei eloped. as 
described in the eorlier report.1

The coefficient of variation was 5% for the de
termination of tantalum in NoF-ZrF.-UFa- in the 
separation of tantalum from uranium and zirconium, 
a sample which contained at least 0.5 mg of tonto- 
lum was taken.

DETECTION OF TRACES OF NeK IN AM

A. S. Meyer, Jr. J. P. Young

• The design of an instrument for the photometric 
detection of NoK in air was completed. A func
tional description and the operational requirements 
of the apparatus were given previously.* The 
electronic components of the instrument have been 
assembled, and the optical system is now being 
fabricated.

Preliminary engineering drawings of the instru
ment for the detection of submicrogram quantities 
of NaK in air by observation of the sodium reso
nance radiation have been prepared. Experiments 
are being carried out to devise a method for the 
introduction of reproducible concentrations of alkali 
metal oxides into air streams in order to provide 
synthetic samples for testing those instruments. 
The alkali metal is injected into the aw stream 
in a jet of helium which is saturated with alkali 
metal by contact with the molten alkali metal. 
The temperature dependence of the vapor pressure 
of the molten metals provides the method for the 
control of the concentration of the metal in the 
helium. An apparatus has been assembled to test 
the stability of sodium aerosols that have been 
prepared at various mixing temperatures and various 
flow ratios of helium to air and to determine a 
quantitative method far. transferring the samples 
of air to the detection instruments.

DETERMINATION OF OXYGEM IN NeK

A. S. Meyer, Jr. G. Goldberg
Since it has been established that reasonable 

precision con be obtained in making the determi
nation of oxygen in alkali metals with the modified 
Argonne distillation sampler, the sampler was 
connected to a loop in which NoK was being cir
culated. The loop operates at a temperature of

A. S. Meyer rt al.. ANP Qmar. Prng. Kry. Mareb tO. 
1*1*. ORNL-2061, p 207.

1200°F, with a cold trap differential of about 
600°F. Since no inherent difficulties were en
countered in the operation of the sampler in the 
loop, a detailed, step wise procedure7 was written 
which covers the use of the sampler with both 
sodium and NaK loops. The analyses made over 
a five day period while the cold trap was in oper
ation gave the following concentrations of eeypen, 
in ppm: 1330, 1265, 575, 310, 265.

Since the results obtained with the sompler 
appear to be satisfoctory, additional tests will 
be conducted in which the results from a plugging 
indicator will be compared with the results from 
the sampler. Plans are also being formulated to 
add a known amount of oxygen to the NaK to make 
further comparisons of the sampler and the plugging 
indicator. In the sampler now being constructed e 
sight tube is being pieced in the distillation them 
her so that the operations of sampling and distillo-

EXAMINATION OF COLD TRAPS FROM 
ALKALI-METAL SYSTEMS

A. S. Meyer, Jr. G. Goldberg

A program was initiated to carry out the chemical 
exomination of cold traps removed from systems 
circulating alkali metals, such as hoot eechonger 
test stands and corrosion-testing loops containing 
sodium or NaK. A typical request for onalys s 
calls for the determination of oxygen, iron, chro
mium, nickel, and, in the case of NaK, a sodium
potassium ratio. Other constituents which are 
sometimes requested are uranium, zirconium, and 
beryllium. The cold traps range from 3 to 5 in. 
in diameter and from 2 to 6 ft m length.

In order to carry out the determination of oxygen 
successfully, the trap is drained as completely 
as possible. The residual sodium, or NaK, on the 
Demister pocking within the trap is then reacted 
with butyl bromide to farm the neutral bromide 
salts of sodium and potassium; oxides of these 
elements do not react with butyl bromide. When 
the reaction is completed, the organic material 
is drained, and the trap is cut into two ports. 
Until the trap is cut open, a blanket of helium is 
maintained ir it.

‘J. C. white, for the Determtmatiom of Oxy-
gem im Somu- and KuK by tOr Diszilatsom Methn, 
ORNL CF-56-4-31 (April 5, 1956). 1
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c After the trap hes been sponod, both sections 
are washed carefully to dissolve the hr amides and 
oxides, and the woshings are combined end filtered. 
A portion of the filtrate is titrated with hydro- 
chloric ocid, end the concentration of eeypon is 
calculated from this titration. Both the fiitrate 
end the residue are also analyzed for the corrosion 
products and any other constituents shot were 
colled for in the request for the onolysis. The 
results of o typical analysis are presented in 
Table 2.6.1.

meter be mode with motel rather then plastic hubine 
ed.

If plastic tubing is used, the tubing should be 
edepMOtely purged with test pas before mecsure- 
wonts are teken.

COMPATIBILITY OF BERTLLIUM WITM SOME 
TYPICAL ORGAMIC DEGREasING AGEMTs

A. S. Meyer, Jr. V. J. Ross

Tests hove bean corried out to d the

TABLE 2.6-1. AMALTSIS OF MeK DRAIED FROM 
TME CIRCULATG COCO TRAP OPERATED IM 

MTERMEMATE MEAT-EXCMAMGER TWIT STAMP ■
the machined i sector comp Suggestee de-

De *iem *ater-imaelubi•
R.sid.. (g»

Tetel
<•>

greosing procedures inelude 30-min flushing periods 
with ecotone and
trichloroethylene and perchloroethylene e* their
boiling points. He detectable attack on beryllium
wes oh ed even ofter e 24 -hr period of dynomic

Me MM

K

Cr 0.6

300 

o.s
AnP SERVICE LABORATORY 

W. F. Voughan
Mi 1.2
Fe •.1

Anolyses of ton 
Wright Air Devele Center (WADCI. The de-

U Mer detected
Moe detecter

°3 130

terminations mode on mhe WADC fused-fluoride-solt 
somples inciuded otol wronium, trivalent uronium, 
won, nickel, ond chomium. The hydro pen content 
of zircomium hydride liners, which had been en-
cosed in Inconel tubing, -os also de ed.

The bulk of the -ork at the service lab y
DETERMIMATION OF WATER IM MILIUM

A. S. Mayor, Jr. G. Goldberg

Troces of moisture in the helium used at a 
blonhat gos in engineering studies con ho con- 
veniently determined by meosuring the dew point

wot the omolysis of fused-fivoride-solt mixtures 
and alkali metols for the Reactor Chemistry end
E tol Emp >p Groups. A total a* 1164

of the gos. Ho , high and errotic de
temperatures are occosionolly moo sirred. It was
observed that when copper tubing was used for the 
connections from the helium to the dew point motor, 
dew-point temperatures below -145°F, correspond 
ing to about 1 ppm H,O, were obtained almost 
immediately. Conversely, periods of flushin of 
as long as 15 min at o rate of obout 10 fl .hr 
were required before comparable reudings were 
obtoined when the poses were passed through e 
2- length of Tygon tubing. It is therefore recom- 
mended that, when possible, connections to the

samples -os analyzed, which involved 416* re- 
ported results, an overoge of 3.6 per temple. The 
bockiog consists of 48 temples. A brash down of 
the -ork follows:

“y-ber •* Mu-b- ef 
temple* Hepented ae--t

•• a

• ••

Reecter Cheminwy

FrC •
mel

WADC

Miscellenenus

• 4"“

734
337

10

83

Tetel 1164

3*01

1375

So
142

4168
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3.1. DYNAMAIC CORROSION STUDIES

J. H. DeVan

FLUORIE FUEL MIXTURES me IMCOMEL 
FORCED-CIRCULATIOM LOOTS

• comtroi looo for this ■■■—I wwt ond for
severei previonsly run experiments

J. H. DeVen R. 5. Crouse variables such es -all

An >nc—al i—cad C irculetion loop. 742 5-a, in 
mhich the cold-leg surfoce wn -os lorger thon

godient, 
studied.

ond surioce
"peroh
*o-vok

in 
tempe 
ratio

-hich

-ere
Both the loops, 7425-8 ond 7425-10,

thet — the stondord la—. -os
the efect of the cold-zome —ea — moss monsfer 
— the L—I mixture (No. 30) NoF-ZrF aUF . (50*6 < 
—U $). A tube Im—41* -ith « top and • > —■ in 

and five connecting coils of %-in.-dia 
-os used — place of a »t—4—4 mad

-ere to o—»— — • —i—i wait temperetre 
ol 1600"F ond -ith the other conditions given — 
Toble 3.1-1. Ho-eve*, it -os found ofter ——1>—i 
thut Saab loops bed identicol discreponcies — the 
recorders w—d »• — o— maximmm wall temper-
eture, end thus they octolly

cooling coil of

g the co
« >4—4 loop.

-in.-die tubing." With this 
ild-zone oreo -os twice thot of

The of the cold zone

mum -oli i 
comporisons

-os held es necrly os possible the some •• thot 
for • stondard loop so that the total loop volume

testa, 
imvalid

the

mper etun of 1580"F- While good 
con be wade be»—n these t-o 

la— wall ibu——at v— some-hat
is the use of Imb 7425-10 os • stondord

would be —ch
4 comne

ged. The svondord loop 0425-10) 
ently -ith this 1— -os designed

"a. M. Ad—— emd a. s. o—. ANP Q--. >*» i— 
Kep- jeme IQ 1933. ORML-1898, ■ m. S-a.

loop for comporison -ith other test loops.

The maximum — aS in the le— -ith the lorger 
cold-zome — ■, 7425-8. -os to a epth ■* 4 —Ila, 
-hich c—a bibb quite closely -ah the onock 
to a depth of 4.5 — the a—6—4 loop, 7425-10. 
There ■—a — cold-leg dapaawa — either la- 
end fuel one lyses mode aHa» the tests aba ma d

TABLE 2-1-1. OPERATMG conDrTvones FOR FOUR MCOMEL FORCED-CIRCULATNON LOOTS THAT
CIRCULATED TME FUEL MIXTURE Ota. 30 MeF-ZF.-UF. cso-as-a --l- n)

Os ■ Cendiiens
7425-8 7425-10 7425-41 7425-43

—-me

Ou vg . h 1000 1000 1000 1000

Me-i-- Sue ade
—.,»F

Ft—4

im- tube wall •t--,

Fluid Ipa
Meeted a-fere mree, in.2

Ceeled s-fece —■, im.2

Retie el eeeled •—fece —■■ te
« —I l*— in »!■■■

Retie el heeted sufec- ■«« te

• • ne

IMS im UK 1300

200 200 300 200

1580 IMC 1700 1700

10.000 10,000 2,730 6.500

6.5 6-5 2-06 4.47

267
M3

4.2

1.94

282 262

247 247 247

2.0 2-0 2.0

2.1 2-1 3.1

4.5 1o
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le
400 ppm.

ch
Thus the increase in the cold-zone

araa produced no efect on
coerosion under the condisions of these tests.

The i lima a*ta act of the wall temperature to co- 
rosion im lac awa I fl war 14a fwal systems -os 
discussed previously.

as evidenced by increcsed het-leg eneck, -as 

expected with increcsed cold-leg surloce on
the basis ofth dy e studies of the reoctions
of fluoride solts -ith pure chremium and -ith the 
chromium to Inconel (see Chop. 2.2, "‘Chemicol 
Reactions to Molten Salta**). These studies 
predict thet moss tronsfer of Inconel to ZrF - 
beoring lla at 14a mixtres shovld ba rate-comtolled, 

to port, by the omount of cbra ato ■ which cen 
diffuse from Iba circulated fluid into the cold leg. 
Such a process -ould ba related directly •* the

K .• .

"****“.
% V. 
f * ’

I
-

coid surfoce ataa. >
Enominatiom -os <■■*!« to 4 of locp 7425-43, 

which mos opereted os a port of • series of tests 
to study the eflect ol she bulk fluoride toatoWMira 

on the cortosion of inconel. The loop circulotd 

the fuel mixture (Na. 30) NoF-Z,F.UF. (50-46-4 
mole T). ond it operoted -ith a maximmum a all 
temperote of 1700F, a maximumfluid to iMwWw

*

Fig- 3.1.1. Regiom of M Aneck im Imcomel

of 1500"F, end • flvid drop of 200F.
The resulrs of operetion of this loop ore to be 
compwred mith those for laa* 7425-41, -hich, as
reported peevi 
maximm well 
but wih a ma

sly. 2 -es f < -ith • simile

FercedCirculetien Loop 742543 Which Circuleted 
the Fuel Mixture Qo. 30) ^F-Z^F^A/F4 (50-46-4 
mole %) la* MM he -ith a Mezimum Wall Tempere- 
ture el 1700F end a Meximum Fluid Temperetue 
al 1500F. Etched with modified equa regia. 
250X. Reduced 32.5%. (Sacra* -ith coptiem)

Other conditions of
fluid M 
perotio

ond 
emp Tis-F.

fo these t-o loops
ato compored to Tabla XI.I.

The moximum attack -os found to the region of
maximum mall w in both Loops. As
sho-n im Fi^. 3.1.1 ond 3.1-2 the types ci enock 

were quite simile, os a ar a she depths of anock, 
being * mils in loop 7425*43 in -hich she maximum
4luid wos IS00F an 10 mils in
loop 7425*41 to which the maximum flvid temper- 
ote -os 1650F. The am . ..... .. al chromium at 
solution in Iba Haar ide arittatat to both loops.
os shown in Toble 3.1.2, -ere alse ible.
-ith the amount in the fluid circulated et 1500"F 
octuoily being greoter. I voriotions to Reynolds 
number ore meglected, os erged W* taae hr. * 

the ins ignificonce al the effect of the differences
to bulk fluoride mixture * in these t-o
tests is opporently the resul of the similarity in 
aaa l aaa -all temperatures (1700F MI both locps)

2a. K. D-Vem, ANP Q-a. P,ng. Rep. De. 14k 2933. 

OR5L-2012, • os.

134

- "-e.

3- "ah < 
e"n * *

«

Fig- 3.1.2. Regiom ef Mezimum Aneck to I 

Fovced-Cireuletion Leop 7425-41 Which Cb« «l— 4 

the F^ Mimture (e. 30) MeF-ZeF.-UF. (50-46-4 

mole T) for 1000 he with a Maximum Wall Tempere- 
•MM el 1700F end • Mezimum Fluid Testo 
el 1650F. Etched -ith modified aqua tegie. 
250X. Reduced 32.55. (Sacra* -ith coptiom)
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TABLE 2-1-2. URAMIUM AMD MMaPURITT AMALTSES or FUEL MIXTURE 0de- MI MeF-ZFaUFa 
ao M l mel. «| AFTER CIcULATION M MICoMEL LoOPs 7423- AMO 7425-4

Leep Me.

7423-41

7425-43

Belee fillimg

Belme fillimg
Afwr A 9

-Thin -el-- M M> deue.

SODIUM AMD MeK Nt MCOMEL 
FORCED-CIRCULATION LooPs

J. H. DeVan R. S. Crouse

Uremiu" C« 
(-- n)

861

10.3-

•JO

9-37

Ml

40

40

so

1000 hr of operotion with sodium which hod been
4 omide «i

prior to testimg- During this test the
fluid e wet
otue drop -os 300F.

1500‘F. ond the temper- 

Prior to the octol test.
sodium mos circuloted shrough the loop ot 1500F
under isothermal conditions to • axide films
if both the hot ond cold legs of the loop. This 
sodium mos then dumped ct 1SO0F ond reploced 
-ith e chorge that hod cold topped ond
filtered in • service loop wreted et 300F. A 

4 et 300F wet else
used during the test. An evoluetiom of west 
wronsfer in this loop shewed shot the insist ol 
deposit wee equivolent to thot feoed in loops 
operoted -ith mormal sodium either with w -ithout 
circulotary cold trope.

to evolu • the effect of e lo-er 
roture. Mi -hich MeK 
uned, lihewtee failed

to sho- • reduction Ml moss wronsfer. Loop 7439-3,

clso constructed of inconel, -os
with the cold rop 
for -hichflo-thre

4 1000 hr
held to the minimmum

gh thetrop could be d,
ly 100‘F. The operoting conditions.

except . for cold tree tempereture, were identicol 
to those for the shsio me mi enod loops. A visuoal 
exomination of the loop foiled to show e redection 
in deposits mi comporison with the depot its found 
in loop 7439-1, described previously, which else 

circulated MoK ond e per wed with e 300"F cold

ime-iies Feumd op-) 
— —

440

55

aso

45

70

70

SODIM-BERTLLIUM-ICOMEL 
COMPATIBILITY NS DYNAMIC $rSTEMS 

J. K. DeVen R. S. Crouse

Previous compotibility studies of Inconel- 
beryllium-sodium systems, conducted by imserting 
swell beryllium tubes mi the het legs of toroid, 
thermol-comvectiom, w forced-circuletion loops, 

sho-ed little sheet on Minp srotwe fret writ moss 
wonsfer et temperehrer up to 1300‘F the* could 

be otibuted to the presence of the beryllium. Te 
determine whether increasing the beryllium surfoce 
wee reletive te the surioce wee of the Inconel 
-ould oflect the compotibility. two forced-circu- 
lotion lo opt. in which equivolent sufoce wees of 
beryllium and Inconel were in contoct with the 
Hot mp sodium, were opereted et 1250"F. Only

one cf the loops hed et ezide cold Mee.
The beryllium, in the form ef rectanguk blocks

-ith drilled holes. woo conned mi Incomel ond 
inserted in the hontest sectiom of the loop; the 
remoining sections ol the loop were consmucted el
Inconel. A 
meimtcined be

ereture drop of 300"F wet 

the hot on coW fiuid temper-

atues wi eoch test. After 1000 hr of tion.
ate imcrease mi the amount ef mass nensfer wee

m>! ms either ol these ‘aops as ci •4 -ith the
moss trensfr found im mimilor loops with tew Iler 
boryllium inserts. Tte west Mows lowed deposits 
found ret not sufficient m quontity to per unit 
chewicel onalysis They were similor in omount
and ce to deposits seen Ml Inconel loops
-ithout beryllium inserts. The oddition of the 
cold tree hod linle ellect on the test results.

th Devon, t. A. twrannt. ena R. s. Crewee, 
ANP O-e he- Rep. mme* IA 1936 ONML'MOt, 
e 117.
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TMERMAL-cOMVECTON LOOP TESTS or 

MCOMEL cAsrIGS
tested aw a leap which circulated sodium at 
1500-F.

6
J. H. DeVen E. A. Kovocevich

In order to evolucte the use of Income I costing 
for large, ntricote sections required in she ART, 
three stondord Inconel thermal-convection lo ope 
with caa« Inconel inserts in the ho* legs were 
opereted for 500 hr. The costings, -hose canape* 
sitions are given ata Table 3.1.3, comtoined oppros

As sho-n in Table 3.1.4, very severe corrosion 
of the cost specimens -os found in the loopa 
-hich circulated the fuel mmixture. The attack 
occurred mot only Ma the form of the subsurfoce 
voids that are typicol of the onock of -rought
Inconel, but, in oddition, very deep k

mmetely 1.2% g Z" niobium, ond 1 to 2%

slicon, Ineertt J21 ond 322, -hch hod the 
lo-est and the hghest silicon comtents, re- 
spectively. aan tested in loops -hich circulated 
the fuel eO— (He. 30) NoF-Z,F.-UF. c50-46-4 
mole $) a 1500F, -hile the remaining imsen.

penetretions oppegred, -hich reoched in the -orat 
cose to a depth of 70 mils, os show- in Fig. 3.1.3.

These
result ,

pen tions, olthough •

of rapid owech of pre in bound ary con-
stituents, —re aided considerobly by the porosity
end rhe shrinkoge crock~ pre in oll the costings

323, -ith di silicon content. -os
in the os-eceived comdiion, os sho-n in Fig- 3.1.4. 

The casting containing 1% silicon wos found to be

TABLE 3-1 -- CMEMcAL AMAL TSES OP CAST ICOMEL MeERTS TESTED IM 
STAMDARD •MCOMEL TMERMAL-couveCrN LOOTS

Ces law one I imeert 
Ma.

CW ma of A

221

323

"Oeimed by difk

Leeg 
Na.

Imaet 

Ma.

87 321

•77 322

878 C—»i

879 123

Ne. 30.

n* Cu F- Si

(-2 T)

C O t

70-49

69.79

70-4

enelysis.

Ml

0.0

Ml

Owl—< Fiuid

MeF-ZeF."
cso-aa-2 note n)

MeF-ZeF.Fa* 
mei. K)

MeF-Zef a-UF a“

$edi--

8-20

8.70 1.9

1-4

1-22

1-17

1.16

9 "imes $o0h
- fluid issaTr

Me-Les Anech

Cest nectiem, 23 mils
■•W

0.23

0.22

0.22

IL

4ec-, -ila

Cest seetem, 23 mils 
w„u a—Hore. 25 miis

10 mile

Me eneck

16-67

16-51

16-67

Results

2.08

2-09

2.00

Celd-Les Aneck

Ligh* sufece re-gh

0-005

0-006

0-004

g -ith
• metel depesi m-sem

Ligh •ufe h g -ih
eridenee e metel eryareis

Me eneck

Me eneck; me depesia

1M

2
0*0 • • oo ••
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K
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am

(<1 mil) in the insert section. Metallic deposits.
which note found by onolysis to too pre do* 
nickel, -ere visible in the trap area. The

tly

of deposited mater iol -os opprox imote ly the some 
os thet normolly found in wrought Inconel leops.

l» is thot Inconel costings of the compo-
sitiomns tested we not suitoble for use •" contact 
-ith she fuel mixture (Mo. 30) MaF-Z.F.-UF. 
(50-46-4 mole $). While the costings shomed 
resistonce to sodium, further tests of longer 
durotion will be required to completely evoluote 
moss-tansfer effects.

-
UU.

FLUORIDE FUEL MIXTURES IM MASTELLOT 
TMERMAL-COMVECTION LooPs

J. H. DeVan E. A. Kovocevich
Fig. 3.1.3. Region of Meximum Aneck Moor

Cestimg-Weld k ♦ in lnconel Cestimg Ne. 321
Expesed fer 900 he to the Fuel Mixture (e. 30)
MeF-ZF.-UF 
Imser inihe F

(50-46-4 mele %) et 1500F es em
ef e Wrought Inconel Thermel-

Etched -ith modified
regia. 100X. Reduced 32.5%. (Secret -ith coption)

- . -** • " . • -

- 4■»

Three Hostelloy X (ref. 4) thermal-convection 
leapt, which were constructed from %-in--dia 
tubing, vwa opereted 1000 hr, two with sodium 
at 1500PF and one with the fuel mixture (No. 30) 
NeF-ZrF.-UF. (50-46-4 mole %) of 1500‘F. 
Leapt 855 and 856, which opereted with sodium, 
had no hot - leg attack and no n idoncoa of Metallic 
deposits in the cold log. Leap 857. however, 
which circuloted the fuel mixture, thawed con- 
sideroble hot-leg attack to e depth of 27 mils. 
The cold leg of this leap wee enocked to e depth 
of 1 mil, and Hwrc wore evidences of metallic 
crystols end a metallic layer, at shown in 
Fig. 3.1.5. The metallic crystols in the trap area 
were anolyzed and found to too tly

-

• vi,
2- ’ ...

, ’* - » - . ■

Two loops, 872 ond 873, constructed of %-in--dio

Hostelloy V (ref. 5) tubing were elso ted for
1000 hr with sodium and -ith the fuel mmixture

Fig- 3.1.4. Porosity in Ap Booehrad Ino anti 
Cesting Me. 321. 100X. Reduced 32.5%.

(No. 30) MaF-ZrF.-UFa (50-46-4 mole T), 
spectively. of 1500"F. Neither loop sha
hot lop ottock; ho loop -hich op

re- 
med 
ated

no behter from the corrosion standp 
one conteining 2% silicon.

then mhe

Motoi dopants were soon ne tell ph «celly
ond visvolly in the hot legs of both loops. 
Spectogrophicolly. the deposits were found to too

-ith sodium, hod scottered metollie crystois in 
the cold leg. The hot leg somples of both loop* 
were similor metollogrophicolly to the es-received 
emplot of each leap.

The significont difference in attack on the two 
alloys, Hostelloys X and w, by the fuel mixture 
can undoubtedly be exploined toy the difference

do nly nickel, with olumimum, chromium. in the chro content of the two olloys, 22
ond iron reported es mojor elements. The silicon

go comtents in these deposits were “Th. mal cempesiien e Meetelley X •• 22%

Loop 879, -hich contoined insert 323 end circu- 
lated sodiue, revealed very iinle corrosion

C-23* F•-PE Me-1-5* Ce-belenee Ni.
Th- ne-imel ee~pesiie- al Hest-lle, w in sn 

Cr-5K Fe-24% Me-IG Ce-belenee Mi.
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end 5%, respectively. As may be *eon in Table 
3.1.5, the chromium content of the fuel mixture 
circulated in the Hastelloy X loop was much higher 
than that of the fuel mixture circulated in the 
Hastelloy V loop. This reflects the greater 
tendency toward chromium removal and the 
resultant void formation in alloys with high 
chromium contents, such as Hestelloy X.

FLUORIDE FUEL MIXTURES IM MONIL 
TMERMAL-COMVECTOM LOOPS

J. M. DeVan
Thee monel thermol-convection loops, 806, 

808. ond 809. completed 500, MS. ond 1027 hr of 
operation, respectively, with the fuel mixture

QNo. 107) NaF-LiF-KF-UFa (11.2-4 1-45.3-2.5 
mole 7) circulating et a hof-leg temperature of 
1500‘F. Loops 806 ond 809, which were scheduled 
to operate 1000 and 1500 hr, respectively, were 
terminated before completion of the scheduled 
operating period becouse of excessive ox idation 
of the outside surfoce of the monel tubing. The 
oxidation did not completely penetrale the tube 
wall in either loop. Metollogrophic exomination 
revealed hot-leg attock to a depth of 1 mil, as 
shown an Fig. 3.1.6, in all those loops. Three 
other monel loops, 880, 881, and 882, that hod 
been chromium-plated to provide oxidation pro
tection were operated under the some conditions, 
but, apparently, the platings were imperfect, 
and two of those three loops, 881 and 882, were

t

1 *

2 . • Qi

a
• mm E

Fig- 3.1.5. Metellic Crystols end Loyer De- 
posited * Cold Leg of Hestelloy X Thermal- 

Comvectien Loop Which Circulated the Fuel 
Mizture (Mo. 30) NeF-Z.F.-UF. (50-46-4 mole %) 
fer 1000 h et • Het-Leg Tempereture of 1500PF. 
Etched with HGI-H,C-0.- 250X. Reduced 32.5%. 
(Secret wit. coption)

Fig- 3.1.6. Region of Maximum Attach of Hot 
keg of Vowel Thermal-Convection Loop 809 Which 
Cirzuiated the Fuel Mixture (Me. 107) NaF-LiF- 
KF-UF, (11.2-41-45.3-2.5 mole %) for 1027 hr ot 
e Het-Leg Tempereture of 1500sF. Etched with 
UNO j-acet ic ocid. 2SOX. Reduced 32.5%. (Secret 
with caption)

TABLE 11-5- CMEMICAL AMAL TSES OF TME FUEL MIXTURE (Ma. 30) MeF-ZrF.-UFa (5-46-4 mmole %) 
BEFORE AMO AFTER CIRCULATIOM POM 1000 hr AT Iso0F m HASTELLOY X AMO w

TMERMAL-COMVECTION LOOPS

8s7

an

Leep
Met-riul

Mestelley X

Mestellor *

Semple Teken

Befee fillng
Afer dreiming

Befee falling 

Afer dreiming

(-* K)

9-39 

8.68

8-78 

8.82

Impurities Found (ppm)

NI Cr I

MO

40

135

1060

IIS

125

80

as

60

275

75

110
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terminated after 1217 and 1339 hr of the 1500 hr 
scheduled because of excessive oxidation and 
resultant leaks in the heated areas of the loops. 
The remaining loop, 880, completed its scheduled 
1000 hr of operation. Metallographic analyses 
of these loops have not been completed.

SPECIAL FLUORIDE FUEL MIXTURES IN 
INCONEL THERMAL-CONVECTION LOOPS

J. H. De Van
Additional Inconel thermal-convection loop* 

have been operated to evaluate corrosion properties

of several special fluoride fuel mixtures. Tests 
of 500 hr duration were completed for mixtures in 
the MF-ZrF-UF. system, where AF is KF, LiF, 
NoF, or RbF. Mixtures with each of these fluorides 
and 40 or 46 mole % ZrFa have been tested; each 
mixture contained 4 mole % UF. The results 
obtained for the fuels containing 46 mole % ZrFa 
were reported previously,5 but they are repeated in 
Table 3.1.6 for comparison. Lowering the ZrFa 
content, as shown in Table 3.1.6, hod no effect on 
attack by the NaF-containing mixture, but the 
attack by the KF- and RbF-conta ining mixtures 
increased from 1 to 2 mils. The LiF-containing

-d

TABLE 3.1.6. RESULTS OF METALLOGRAPHIC EXAMINATIONS OF INCONEL THERMAL-CONVECTION 
LOOPS OPERATED WITH SPECIAL FLUORIDE FUEL MIXTURES

AT A MOT-LEG TEMPERATURE OF 1500°F

Loop Fuel Mixture Fuel Mixture Composition 
No. Code Designation (mole #)

Meteliogrophie Resul:s
Opera ting ........—   --------

y Moximum Ho*-Leg
- . Attack 
(hr)

(mils)

Cold-Leg Deposis

845 94

846 94

883 94

884 94

930 WR4

931 WR4

847 93

848
928

929

93

WR3

"R3

•39 ♦5
•40

932

95
WR5

933 WR5

MO 30

Ml
926

30

WR2

927 WR2

KF-ZrFaUFa 50-46-4

KF-Z,F.-UFa; 50-46-4

KF-ZrF.-UF,: 50-46-4

KF-Z.F.-UF,: 50-46-4

KF-ZF.-UF,: 54-40-4

KF-Z,F.-UF,: 56-40-4

LiF-Z,F.-UFa; 50-46-4

LiF-Z,F.-UFa: 50-46-4

LiF-Z,F.-UFa; 56-40-4

LiF-Z,F.-UFa: 56-40-4

RbF-ZrF.-UFa; 50-46-4

RBF-ZF.-UFa: 50-46-4

RbF-ZeF.-UFa; 56-40-4

RbF-ZF.-UFa; 56-40-4

NeF-ZrF.-UFa; 50-46-4

NeF-Z,F.-UFe; 50-46-4

NeF-Z,F.-UF,; 56-40-4

NeF-Z,F.-UF,: 56-40-4

SOO

500

1500

1500

SOO

500

500

SOO

500

500

500

500

500

500

500

500

500

500

6.5

11
9

7
♦

17.5

19

10

10

♦
9

1G

11

10.5

9
10

7

Metallic layer 

Metallic layer 

Metallic layer

Metallic layer

Metallic layer

Metallic layer 

Pr esible crystals 

Possible crystals

Metallic layer and crystal* 

Metallic layer and crystal* 

Metallic layer

Metallic layer

Metallic layer and crystals 

Metallic layer and crystal* 

Nana

None

Metollic leyer ond crystal*

Metallic layer and crystal*
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mixture showed quite anomalous behavior in that 
the attack decreased markedly with the decrease 
in ZrF.- These results are being rechecked.

The loops containing mixtures with 56 mole % 
of the alkali-metal fluoride, with the exception of 
the loop operated with the KF-containing mixture, 
showed traces of metallic crystals in the cold 
legs. These crystals were most pronounced in the 
RbF-contoining mixtures. ' Specimens of the 
crystals found in loop 933, which circulated the 
fuel mixture RbF-ZrF-UF. (56-40-4 mole %), are 
shown in. Fig. 3.1.7.

Two additional Inconel loops, 883 and 884, 
were operated under similar conditions to obtain 
further corrosion data for the KF-ZrFa-UFa 
(50-46-4 mole %) system. An increase in
operating 
increase

from 500 to 1500 hr caused
the 
on

in maximum attack of 2 mils. Thin
metallic layers were noted in the cold legs after 
both operating periods. As yet these layers are 
unidentified.

.va,d,3' ,4
un-LASeD

*4, 'k
- e

291942

2
21

" 2 . €
-2
Ml

22
ma

Fig. 3.1.7. Metallic Crystals and Layer De
posited in Cold Leg of Inconel Thermal-Convection 
Loop 933 Which Circulated the Fuel Mixture 
(No. WR5) RbF-ZrF.-UF, (56-40-4 mole %) for 
500 hr at a Hot-Leg Temperature of 1500° F. 
Etched with modified aqua regia. 250X. Reduced 
32.5%. (Secret with caption)
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C 3-2. GENERAL CORROSION STUDIES 

E. E. Hoffman

BRAZING ALLOYS IN LIQUID METALS AND 
IN FLUORIDE FUEL MIXTURES

D. H. Jansen

Two Inconel thermal-convection loops with in
serts brazed with 70% Ni—13% Ge—11% Cr—6% Si 
brazing alloy in the hot-leg section were operated 
for 500 hr. In one loop NaK (56-44 wt %) was 
circulated, and in the other the fuel mixture (No. 
44) NaF-ZrF.-UF. (53.5-40-6.5 mole %) was cir
culated. The hot-leg sections of these loops 
consisted of seven Inconel segments brazed with 
the alloy being tested. This type of thermal
convection loop test assembly was illustrated 
previously.1 The hot legs of both loops were

'D. H. Janson. ANP rJuar. Prog. Dec. 10, 1935.
ORNL-2012, P 113, Fig. 5.9.

maintcined at a temperature of 1500°F for the 
duration of the tests. The cold-leg temperature 
of the loop that circulated NaK wot maintained 
at 1165°F, and the cold-leg temperature of the 
loop that circulated the fuel mixture was held 
at 1150°F.

The inner walls of the Inconel regments and two 
samples from each braxed joint were examined 
after the tests for evidence of attack. The results 
of the examinations are summarised in Table 3.2.1.

The attack of the fuel mixture on the brazed 
joints averaged about 5 mils. Typical samples 
are shown in Fig. 3.2.1. The ottock of the fuel 
mixture on the Inconel tubing odjacent to the 
joint ranged from 4.5 mils in the coolest (1450°F) 
portion of the hot leg to 9 mils in the hottest 
(1500°F) portion of the hot leg, as shown in 
Fig. 3.2.1. A slight trace of metallic crystals

TABLE 3.2.1. RESULTS OF THERMAL-CONVECTION LOOP TESTS OF INCONEL SEGMENTS BRAZED 
WITH 70% N1-13% Ge-1 1% C,-6% SI BRAZING ALLOY

Operating 500 he

Brazed Joint 
No. Effect of Fuel Mixture

Metollographic Notes

Effect of HoK

1* Brazing alloy attacked to a depth of 4.5 mils; 

adjacent Inconel tube attacked to a moxi- 

mum depth of 9 mils

No ottock opparent; large crack through brer ing 

elley to center of tube well

2 Brazing alloy attacked to a depth of 4.5 mils; 

spotty, nonuniform attack on tube wall to a 

maximum depth of 7 mils

Artack to o depth of 0.5 mil

3 Brazing alloy attacked to a depth of 6 mils; 

spotty attack on tube wall to a depth of 

7.5 mils

4 Brozing olloy ottocked to o depth of 3 mils; 

tube well ottocked to o depth of 4.5 mils

No ottock; lorge crock, os 1° joint I above

Attack to a depth of 0.5 mil; lorge crack in 

brazing alley

5 Brazing alloy ottocked to o depth of 5 mils; 
tube well attacked to o depth of 4.5 mils

6 Brozimg olloy ottocked to e depth of 5 mils; 

tube wall ottocked to a depth of 4.5 mils

Attack to a depth of 1.5 mils; some porosity in 

brazing alloy; no large cracks

« •Brazed joint No. 1 wo. located at the hottest (1500°F) portion of the hot log.
•'Joint No. 6 was located ot the coolest (1450°F) portion of the Kot log.
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Fig. 3.2.1. Specimens of Inconel Joints Brazed with the 70% Ni—13% Ge—11% Cr-6% Si Brazing Alloy 
and Exposed for 500 hr to the Fuel Mixture (No. 44) NaF-ZrF.-UF, (53.5-40-6.5 mole %) in the Hot Leg 

of on Inconel Thermal-Convection Loop. (a) Joint located in coolest (1450°F) portion of hot leg. (A)
Joint located in hottest (1500°F) portion of hot leg. 
(Secret with coptton)

Etched with 10% oxalic acid. 150X. Reduced 19%.

was found in the cold leg of the loop that circu
lated the fuel mixture. Spectrographic analyses 
of those crystals showed strong lines for chromium 
and nickel and weak lines for iron. There was 
no evidence of mass transfer in the loop that 
circulated NaK.

The brazing alloy showed good corrosion resist
ance to NaK, as shown in Fig. 3.2.2, but large 
cracks which extended to a depth of one-half the 
tube wall thickness were found in some of the 
brazed joints, Fig. 3.2.3. It is not known whether 
these crocks were caused by thermal stresses or 
shrinkage. Analysis of the NaK after the test 
showed 1160 ppm of oxygen. This is admittedly 
high, but no efforts were made to purify the NaK 
which was received in container lots.

A third Inconel thermal-convection loop was 
operated for 500 hr in which the hot leg contained 
Inconel inserts brazed with the 82% Au—18% Ni 
brazing alloy. The fluid circulated was the fuel 
mixture (No. 30) NaF-ZrF.-UF. (50-46-4 mole %). 
The hot and cold legs were maintained at tempera
tures of 1500 and 1175°F, respectively. Micro

scopic examination of sample* from each brozed 
joint showed the attack on the alloy to average 
about 8 mils, with a maximum depth of 10 mils.

Tests were also conducted on a series of buttons 
of Coast Metals brazing alloy No. 52 (89% Ni- 
5% Si-4% B- 2% Fe), which were exposed in see
saw apparatus to NaK (56-44 wt %) and to the 
fuel mixture (No. 44) NaF-ZrF.-UF. (53.5-40-6.5 
mole %). Since previous tests of this alloy showed 
depletion of the second phase at the exposed 
edge,3 these tests were conducted to determine 
whether the high-cross-section boron component 
was removed and, if sc, whether the removal was 
time dependent. The buttons were contained in 
nickel tubes with hot-zone temperatures of 1 500°F 
for both tests and with cold-zone temperatures of 
1100°F in the tests with NaK and 1200°F in the 
tests with the fuel mixture. In all the tests, the 
specimens were retained in the hot zone of the 
test capsule. The duration of the exposures to

2D. H. Jansen, ANP Ouur. PmK. Rep. Ore. 10. 1055, 
ORNL-2012, p 119, Fig. 5.17.
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NaK were 100 and 350 hr, and the exposures to 
the fuel mixture were of 100 and 500 hr duration.

The results of the tests are presented in Table 
3.2.2. Boron was found only in very small Ruon' 
titles in the areas depleted of the second phase 
by exposure to NaK and to the fuel mixture. A 
microspark traverse on the sample exposed to the 

fuel mixture for 500 hr showed that the concen
tration of baron was less than 1% from the surface 
to a depth of 8 mils. The boron content then rose 
sharply to its normal value (4%) and stayed there 
for the remainder of the traverse. Samples of the 
depleted area, obtained by microdrilling, were 
analysed and were found to contain 0.6% boron.

NICKEL PLATE UcLansio
V.WM6 t I

NICKEL PLATE
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Fig. 3.2.2. Specimens of Inconel Jo i Mt Bra led with the 70% Hl—13% Ge-11% Cr-67 Si Brozing Alloy 
and Exposed for 500 hr to NoK at 1500F in the Hot Lof of on inconel Thermal-Coavection Loop. These 
two specimens, No. 2 and No. 6, illustrations (a) orid (b), respectively, were the only samples examined 
that did not have large cracks in the brazing alloy. Etched with 10% oxalic acid. 150X. Reduced 8%.

TABLE 3.2.2. RESULTS OF SEESAW CORROSION TESTS OF COAST METALS 
BRAZING ALLOY No. 52 (89% Ni-5% si-4% B-2% Pe)

Both

NeK (56-44 wt *)

NoF-ZrF4-UF4
(53.5-40-6.5 mole %)

Duration of

(hr)

100
350

100

500

Weight Loss of
Specimen 

(«)

0.07
0.23

0.06

0.34

Depth of Edge Depleted 

of Second Photo 

(milt)

0.5

3

6
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It wos also found that the silicon content hod 

dropped to about one-third it* normol volue (5) 

in th* depleted we. Evidence of the time de- 
gen fence of th* amount of depletion is presented 

in Fig. 3.2.4. None of the buttons tested showed 

attack to • depth of mor* thon 0.5 mil.

Hordness measurements the interior of the

button exposed to NoK for 350 hr gove • volue of 
716 DPH, while measurements at th* edge gave 
o volue of 145 DPH, *• shown in Fig. 3.2.S. Th* 

buttons tested in th* fuel mixture gove similor 
hardness troverse results. Chemicol onalysis of 
th* fuel mizture from th* 500-hr test and of th* 
NoK used in th* 100 hr test showed significant 
concentrations of boron.

NIOBIUM IN STATIC SODIUM 

D. H. Jansen

V

t

ta l -

R /
MB

1

Fig- 3.2.1. Typical Crock Found in an Inconel 
Joint Brazed with the 70% Ni-13% Ge-11% Cr-6% 
11 Brering Alloy After Exposure for 500 hr to MaK 
at 1500° F In on Inconel Thermal-Convection Loop. 
Etched with 10% oxalic acid. 100X. Reduced 29%.

niobium were tested in static
sodium at 1500°F for • period of 1000 hr to de- 
termine the suitobility of liqvid sodium •• a pro-

niobium during high*tectiwe environment
temperature mechanical grog arty tesis. The toot* 
war* designed to show whether th* niobium would 
be corroded by th* sodium and whether th* hard* 
ness of th* niobium would be aggro rtobfy oltered 
through th* pickup of oxygen from th* sodium.

Th* specimens war* contained in typo 304 stoin- 
less steel and Inconel copsules, and the variobles 
such *• th* velum* of th* bath, th* contoiner size, 
and th* oreo of th* specimen were adjusted to 
obtain a surfoce-areo-to-volume ratio that would 
be a* close as possible to that found in creep-test 
equipment. Cold trap* war* utilized an th* bottom 
of each copsule to reduce the amount of oxygen 
in th* sodium bath. Th* niobium specimen tested 
in th* type 304 stainless steel capsule showed 
more evidence of surfoce roughening than did th* 
specimen tested in th* Inconel copsule. Fig. 3.2.6, 
and the thickness to** wo* olso more than that 
of th* specimen tested in th* Inconel copsule. 
Tabi* X2.3. A thin, britle layer, approximately

TABLE 3.2.3. RESULTS OF TESTS OF NIOBIUM IN STATIC SODIUM 2

E posue time: 1000 hr
Temperature of sodiuena 1500°

As-received material

Specimen tested in type 304 

steinless stel tube

Specimen tested In Inconel 
tube

144

Herdness 
(VHN

130.5

135.0

114.4

Thickness Lose 
(mil.)

3.0

1.8

Impurity Analysis of Somple (pom)

H2 °2 M2 C

2.4

3.8

3.4

40

84

00

>25

250

92

300

370

1180

1
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Fig- 3.2.4. Specimens of Coest Metels Brezing Alley He. 52 (89% Ni-5% Si-4% B-2% Fe) After E»- 
posure le Seese- Apperetus to the Feel Mixture (Me. 44) MeF-Z.F.-UF. (53.5-40-6.5 mole • Ie* (a) 100 
hr and (M 500 hr. 150X. Reduced 12.5%. (Secret -ith coption)
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Fig- 3.2.S. Specimen of Coast Metols Brozing Alloy No. 52 (897 Mi-57 Si-4% B-2% Fe) After E»- 

posure in Seesow Apparotus to NaK for 350 hr. Note differences in hordness. Etched with 10% oxalic 
acid. 150X.
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Fig- 3.2.6. Specimems ef Miebium After Exposue to Sialic Sodium et 1500‘F in (a) on l nce no I Capiofe 
ond (h) e Type 304 Steinless Steel Cepsule. Evched with 25% HF-25% H,SO.-son H,O 2s0x. Re- 
duced 17%.

0.3 mil thick, ormed on the surfoce of both speci- 
mens during the test. This layer, which is very 
hord ~~1180 VHN), is probably a riobium-nickel 
olloy resulting from dissimilor-metol tronsfer, but 
it has not yet been positively identified.

Vickers hardness te were mode on he
os-received ond os-tested specimens. The hord- 
ness of the specimen tested in the type 304 stoin- 
less steel copsule increased (130 to 135 VHN)
during the test, wt the hordness of the speci
men tested in the Inconel copsule decreosed (130 
to 116 VHN). A correlotion of the hordness volues 
with the impurity onolyses indicotes thot nitrogen 
is the mojor hordening ogent. A niobium epeebeen 
previously tested in orgon ot 1500°F for 2000 hr 
showed o hordness mtmu from 127 to 168 VHN. 
The impurities (,O, H,, N,, ond 0,1 el the argon 
used in the test totaled 130 Dpm.

TMERMENOL ‘* STATIC SODIUM

D. H. Jansen
Somples of Thermenol (82% -5% Al-3% AM

cwt from • piece of hct-rolled strip were corrosion 
tested in static sodium for 100 hr at 1500"F. The 
specimens were contoined in AISI 1035 steel and 
type 430 stoinless steel copsules. The specimen 
tested in the AISI 1035 steel copsule showed a 

weight loss of 0.22", ond the specimen tested 
in the stoinless steel copsule showed • weight 
loss of 0.07. A slight roughening of the surfoce 
occurred on both somples. Fig- 3.2.7. Neither the 
type 430 stoinless steel nor the AISI 1035 steel 
copsule wos attacked during the tests.

STATIC TESTS or ALFEMOL
E. E. Hoffman

Seer inane of Alfenol (84% Fe— 16% Al), ivA 
minted by The Glenn L. Martin Co., were tested 
under stotic conditions at 1500°F in the fuel 
mixture (Ne. 44) NoF-ZrF.-UF. (53.5-40-6.5 
mole %), leod, lithium, ond sodium for 100 hr. | 
Since no Alfenol contoiner tubes were avoiloble. 
Inconel wos used as the contoiner material for 
ell the tests. The Alfenol specimens used in 
these tests were -in. cubes. The specimens 
were placed in 2-in.-OD, 0.035-in.-wall Inconel 
hi bat, together with sufficient test medium to 
give 3 in. of liquid bath at the test temperoture.

The specimen tested in the fuel mixture wos 
covered with block crystols end thawed a 30% 
weight increose. The crystols were onalyzed and 
found to be UF,- The specimen wos attached 

throughout its thickness along the goin boundories. 
Fig. 3.2.8.
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>1 (82% Fe- 15% Al 3% Me) After Expesure te Stetie Sodium et
1500F I* («) • Type 430 Steinless Steel Cepsule end (6) em AlS 1035 Steel Cepsule. Etched mith oquo 

regia. 250X. Redced 16%.
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Fig. 3.2.8. Speci

—

ef Alfemol (84% Fe- 16% Al) in (a) As-Received Conditien end (6) After E»-
posure for 100 he to the Stetic Fuel Mixture (No. 44) NeF-ZrF -UFa (53.5-40-6.5 mole ot 1500°F. Th*
groin-boundory onock shown in (6) is typicol of the otock
with oquo regia, (b) Unetched. 250X Reduced 13.5%. (Secret with coption)

throughout th* specimen, (a) Etched

147• •• • •
• •• • •



I

AMP pbojcct PROGRESS REPORT

Ne weigt change doto were teken on the speci- 
men tested in leod becouse porticles of leod od.
hered to the specimen. Metallogrephic inatio
revealed ottock only in • fe- scettered nut to 
e dtp* of 0.5 mil.

The 
shrovgh 
-hich

specimen ‘ested in lithium -es attacked 
out its thickness along the groin bounderies.

were *ly alMninan rich regions.
Gentle teto^C coused *W epeei non to break up 
into individuol goins. Fig- 3.2.9. The lithium 
both wos lewd to contin 0.2 at K alumimum after
the lest.

Th* speck
(0.009 art T) during the test and metollogrophic 
exomination reveoled mo attack. The sodium bath 
wos found to cantata 0.001 art % oluminum after 
the test.

SODIUM-BERTL LIUM-IMCOMEL COMPATIBILITY
IM STATIC SYSTEMs

E. E. Hoffman

A test wos conducted in order to de 
thickness of inconel shet would be e

ine the

•V 3• 1

*

<

4 2g-

on olloying reoction b inconel ond beryllium A
in direct contoct under pressure while immersed 
in sodium at 1300‘F. The opporotus used for 
the tests is sho-n in Figs. 3.2.10 and 3.2.11.

in this test, os sho-n in Fig- 3.2.12, were chro- 
mium pitted ta study Aw effect of chromium in 
reducing Aw extent of Aw allay for motion between 
nickel (from Aw Inconel) and beryllium. The feat 
specimens aero % a k x 1 in. with the k * 1-in. 
surfoces in conioct. ufficient land mos opplied 
hrovgh a ctwtitiw red and bellows to yield 

a 500-psi stress an the specimens. The foot 
eate ii ib ly wes leaded with ted tea and held at 
1300°F far 1000 hr. The lead wt applied to dw
specimens -hen the test tempe was reoched.

It was found efter the test thot the chromium- 
ploted Inconel specimens could be seporoted from 
the odjacent beryllium specimens; however, it wes
impossible to sep
a>ana hen the beryllium tpecimene. The results 
of metellogrephic exominat ion of Aw fou specimen 
interfoces, pro tan ted in Table 3.2.4, indicate that

UMCLASSIFIED
Y-12721

*
* Tc

F * *
d» 

e

-

Fig- 3.2.9. Alfenol (84% 16% Al) Cube Thet Disimtegrated After >00 he of Exposuve to Static
Lihium at 1500PF. 12x.
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LOADr
UGaman UNCLASSIFIED 

Y-17061

TESTSPECMENL

-

4 7
Fig. 3.2.10. Apperetus for Studying the Extent 

ef Alloying Between Beryllium and Verious Metels 
Under Stress While Immersed in Molten Sodium.

• thin chromium plote on Inconel does not elimi- 
nate olloying reoctions with beryllium when the 
two materials are in contoct while immersed Mt
high-h ure sodium, but the plote dost sub-

I

Fig. 3.2.11. Enlerged View of Test Specimens 
Shown in Figs. 3.2.10 end 3.2.12.

ONE INCH
e=

Dmc CONTET

ErerLn/N

stantially reduce the extent of alloy formation. 
Approximately 4 mils of Inconel wos consumed 
in the formation of the 24-mil nickel-beryllium 
alloy layer which was found where the Inconel 
and the beryllium were in direct contact (Fig. 
3.2.13a). The major portion of reoction layer 
wos found to be Bea Nig, with • small percentoge 
of BeNi adjacent to the Inconel. The reduction 
in alloy formation brought about by the 2-mil chro- 
mium plate is illustrated in Fig. 3.2.13*. A second 
test is new under way in which the effectiveness 
of 4- and 6-mil chromium platings will be evaluated.

owe? COATACT

WOOMU

-me Caedana PLATE

MHYLLNM

2 - me CremcnAmM PL ATE

E
i

Fig- 3.2.12. Sodium-Beryllium-Inconel Cow 
patibility Test Specimens After Exposuve to 
Sodium at 1300PF for 1000 hr.
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TABLE 1.2.4. RESULTS OF METALLOGRAPMIC EXAMIMATION OR THE IMTERFACES OF THE 
SPECIMEMS SHOWN m FIG. 2.2.13

Test envirenmenn sodium
Tee duretiens 1000 h-
Test tempereturet 1300"F

Smess en specimens: SOO psi

Interfece

A-B:* Ineenel va beryllium — direev 

comteet

Metellogrephie Netes

10 te 34 mils ol elloy formetien (B-2,Nis pius BeMI) elong 
imterfece; * w»1» of inconel consumed in the produetion of 
reectien leyar

B-C: Beryillum vs Iw—l - direet 22*24 mils el uniferm elloy fo along interfoce

C-D: il -ith 1-mil che

plete »• beryllium

D-E t Beryiliu- vs 2-mil ehremium 
plate en Ineenel

3.5 te 7 mils of elley fer 
pleting wes vhinnest

3 mil. of imtaracvian ban

atien; 7-mil loyer found where

specimens elong 907 of inter- 

ene aree -here pleting

eppeared te heve been defective

"See Fig- 3.2.12 fer lecerien ef interfece.

-

INCONEL (A)

ALLOY LAYER

43

BERYLLIUM <•>

‘(e),- ' dm (b)

INCONEL (E)

ll

8
m-

1

a

Fig. 3.2.13. Comperison of Resulte of Direct Contect of Beryllium and Inconel (d) with Results of 
Comtect Between Beryllium and 2-mil Chromium Plate on Inconel (b). Areas designated A, B, and E may 
ba located on Fig. 3.2.12. (a) As polished. 150X. Reduced 15%. (M Etched with oqua regia. 1000X. 
Reduced 15%.
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STATIC TESTS OF INCONEL CASTINGS 

R. Coriander

In thermal-convection loop tests of Inconel cast
ings in the fuel mixture (No. 30) NaF-ZrF.-UF. 
(50 46 d mole %), much heavier attack of the cast 
material occurred than is normally observed for 
wrought Inconel (see Chap. 3.1, “Dynamic Cor
rosion Studies"). Metallographic examination of 
the as-received material showed the presence of 
crocks, stringer porosity, and large grains, with 
the groin boundaries perpendicular to the surface. 
In order to obtain further information on the effect 
of the composition of the cast material on its 
corrosion resistance, static tests of three Inconel 
castings that differed primarily in silicon content 
were performed in the fuel mixture (No. 30) NaF- 
ZrF.-UF. (50 46 d mole %) In wrought Inconel 

capsules far 1000 hr at 1500°F. Examination of 
the tested specimens revealed that the casting 
with the highest silicon content (1.93%) was the 
least attacked, while the casting with the lowest 
silicon content was the most severely attacked. 
In all cases, the attack was a combination of 
subsurface voids and intergranular penetration. 
The depth of subsurface voids on the Inconel 
costings was 3 to 4 mils, as compared with 2 to 
4 mils on the wrought Inconel capsules. The 
intergranular penetration, however, varied from 
3 mils on the high-silicon-content casting to 12 
mils on the low-silicon-content casting. This 

difference is attributed to the porosity and to the 
groin boundaries running perpendicular to the 
surface of the casting. The results of metal- 
logrophic examinations of the three cost specimens 
are presented in Table 3.2.5, and the wrought 
Inconel capsule and cast Inconel specimen No. 321 
are shown in Fig. 3.2.14. In every case the 
wrought Inconel container was more corrosion 
resistant than was the cast Inconel specimen.

INCONEL ANO STAINLESS STEEL IN NeK 
CONTAINING LITHIUM

R. Coriander

Type 316 stainless steel and Inconel were ex
posed to NaK containing lithium in static and in 
dynamic systems in order to determine the effect 
of the lithium on corrosion resistance. In the 
static tests the specimens were exposed to NaK 
(56-44 wt %) with lithium additions of 1, 5, 10, 
20, and 30 wt % for 100 hr at 1500°F. No attack 
occurred in any of the tests.

For the dynamic tests, 12-in.-long capsules 
were filled to 40% of their volume with NaK plus 
lithium (5 or 10 wt %) and placed in a titting- 
type furnace (1 cpm) at a hot-zone temperature 
of 1500°F (cold zone, 1100°F) for 100 hr. No 
mass transfer occurred in any of these systems. 
The Inconel exposed to NaK with 10 wt % lithium 
added was attacked to a depth of 1 mil in the hot 
tone, while the other capsules were unattacked.

TABLF 3.2-5. RESULTS OF METALLOGRAPHIC EXAMINATION OF CAST INCONEL SPECIMENS AFTER 
EXPOSURE TO STATIC NeF-Z,Fa-UF, (50-46-4 mole %) FOR 1000 hr AT 1500°F

Cest Inconel
Spec imen

No.

Silicon 
Content 

(wt %)

Depth of Aneck (mila)

Cost Inconel
Spee imen

Metollogrophie Notes on Cost 
Inconel Specimen

321 1.04 4 12 Subsurfoce voids to depth of 4 mils; 
intergranular penetration to depth 
of 12 mils; no crocks apparent

322 1.03 2 3 Subsurfoce voids and intergrenular 
penetretion to depth of 3 mils; no 
crocks opparent

323 1.34 2 0 Subsurfoce voids ro depth of 3 mils; 
intergranular penetrotion to depth 
of • mils; no crocks opparent
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Fig. 3.2.14. Speci
Eapesure te the Fw< Miztme (Me- 30) NeF-ZeF4-UFa (50-46-4 mele •
-irh oqua regia. 250X. Reduced 3K (Secret mith coption)

Specimem Me. 321 (M After

M»O hr et ISO0F Etched

ctiom loop tests -ere elso con-
In these tests the hot-leg perahre

-os 1500"F (cold leg. —1250"F) ond NaK witb 

5 w " lirhium added -es circulated for 1000 hr.

A slight 
small adh

•t of mass nensfer, in the foem of 
crystals contoining 71.5% Ni, 4.6%

Cr, and 0.7% Fe, occured in the Inconel ioop. 
while no moss wonsfer mos found in the stoinless 

steel leap. Portions of the het and the cold iegs 
of rhe inconel ond the stainless steel loops gre 
shown in Figs. 3 J. 15 ond 3.2. th. respectively- 

The Inconel wos onacked to a depth ef 1.5 mmils 
in the het and im the cold legs. The stoinless 
• tee I wos unanocked in the het leg but -os 
attacked te e depth ef 6 mila in the cold leg-

ond of the stoinless steel loops cne shomn in
Fig. 3.2.17. The oddirion of 5 % lithium to
the NaK did Met de

resistonce of Incenel to NaK, but it did decregse 

thot ot type 316 stoinless steel. The difteremce
in antock bet sh- hot and cold lega of the

stoinless steel locp MM* be atributed te mhe lege

celd leg thon im the hot leg. lAlBt* * — cebides
ore im selutiom becouse of 
at the hl temperotre.

4 selubility

TRAMSFER or CARBOm BETWEEM DI5IMILAR 
METALS m COwTaCT WITw MOLTEM soDtuu

R. Carlade
The decesbuizatio - Alsi 100 ateel by mohen 

sodium im Armco iron ond type 304 ELC steiniess 
steel conteiners -es demonstoted in tests ot 
1830"F c 100 hr duration, *e described pevicusly.3

dd >1 test has been perfoemed te A

Je. t. rntte,—^ ANr o-- P-g me, ne-, so, 193*, 
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the effect of time on the extent of decorburizatien 
of the steel specimens.

Twv AlSI 1043 steel specimens ond sodium were 
looded into evocuated Armco iron ond type 304 
ELC atoinless stmel containers and tested •» 
1830°F fe 400 hr. The conditioms and results 
of the tests ore given in Toble 3.2.6. As expected 
on mhe bosis of the previous imvestigotion, exten- 
sive decorbuizotion of the steel specimens oc- 

cutred in both the iron and the stainiess steel 
containers. The extent ol decorbur izotion of the 
AISI 1043 ateel specimens was greater in these 
400- tests than in the previous 100-hr test, 
and, in addition, the vopor zone of the stoimless 
steel conteiner mos corburized in the 400-hr test 
and not in the 100-hr test. This discrepancy may 
be due to the vopor zone somple hoving been token 
closer to he bath zone after the 400-hr test than

4

TABLE 22-6. CAnBOn ANO MICKEL AMALTSES of TME VARIOUS couPONENTS or SYSTEM* DESGMED 
FOR SrUDVIG TME DECAGBURIZATION OF MLLo STEEL Br soouu

Cebem Con* 
(-r K)

Nichel Conten
(-t •

"eighe Lesa in 
00- Tese 
(lin.2)

AlSi 1043 amel speeimee Am . St--i
Armee men e 0.433 0.008

Afer 100- teat 0.121 0.0001

Alsi 1043 ateel rk An

Afer a00-he •••♦

Ivem ce

Aa n-eei--d

Vepe nene
Afer 100- teur
Ah.. a0oa, t-at

Be MM
Af- 100-- t-ar
Af- a00- ♦•••

0.054

0.018

0-010
0016

0.035 

o.24

0.0408
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vye- IM ELC •teimless 

m-- eo-in--
A- f 0.433 0.008

Ale 100- •• • •

Afe a00-h

Si-i ee

Veg- eme
An- ta
An-, a0o- --

Beth sun-

An- Wh met
Af-. a0o-h- m.

• ••

100
0.074

0.037

0.022*
0.162--

0.128
0.200

0.0002

0.0%0

11.12

10.72

9.98

0.0303
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ofter the 100-br test. TH* extent of the decorbu- 
rization of the AlSI 1043 steel was greater in the 
Armco iron container than in the steinless steel 
contoiner. Furthermore, sufficient nickel moss-
trensferred to the surface of the steel specimen 
tn the stoinless steel container to couse « phase 
transformation to a depth of 2 to 4 mils. but the 
amount of nickel that moss-tronsferred did not seem 
to increose appreciably in cemporison with the 
amount tonsferred during the 100-hr test. Photo- 
micrographs of th* as-received and as-tested AtSI 
1043 steel specimens ore shown in Figs. 3.2.18 
and 3.2.19.

RARE-EARTN OXIDES EXPOSED TO STATIC 
$ODIUM IM IMCONtL COMTAIERS

w. M. Cook

in considering rors oorth oxides as possible 
control rod moteriols for th* ART, sodium w*s 
suggested os • hoot trans for medium for cooling 
th* control rod moteriol, and it was proposed that 
Inconel be used as the container material for th*
sodium and the rar th oxides. Tests were
therefore conducted to investigate the corrosion 

resistance of th* rots north oxides to sodium and 
the effects, if any, on th* Inconel contoiners.

On* specimen of Smm,0, (density. 5.88 g/cm2; 
apparent porosity, 25.4%) was tested for 1000 hr 

in stotic sodium at 1500°F m an Inconel copsule. 
Two specimens from a body of • mixture of rore- 
earth oxides (density, 6.58 g/cm3; apparent po

rosity, not determined) were tested similorly, one 
for 500 hr and th* other for 1000 hr. Th* body, 
fabricoted from a commercially ovoiloble powder 
known ** Lindsay Mis, obtoined from th* Lindsoy 
Chemical Co., hod th* composition 63.8 wt % 
Sm,0,-26.3 wt % G4aOj bo l one* primarily other 
rore-eorth oxides.

Th* results of th* tests indicated negligible 

corrosion attock by th* sodium on th* three speci- 
mens and their Inconel copsules in 1000 hr, but 
there moy hove been some reduction in their 
strengths. Th* weight ond dimens tonal chonges 
of th* three specimens were *11 positive, as would 
be expected with porous mater iol s, and were lots 
than 0.5*. Th* original buff colors of th* spoct- 
mens chongod to pray black, but this was th* 
only mocroscopically visible chonge. It was found

'4

(D)

A 
Ah “ETV8 •

ET tF •

) 4.
■

Fig- 3.2.18. Specimens of Alli MM3 Steel (a) in the As-Received Condition end (M After te
Sodium in en Amce Iren Ci—i—r fer 400 he at 1830‘F. Etched -ith 4% picral 200x. Reduced 10.5%.

ee= •*«
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thot the groy-black color extended throughout the 
specimens. This is evidence that the sodium 
completely penetrated the specimens, probably 
along the pore spoces.

Powder x-rov diffraction patterns of the untested 
and tossed pieces of SmaO, and the two Lindsay 
Mik specimens did not revea ony reoction products. 
Chemical analyses of the sodium baths indicated 

negligible quantities of rare earths, chromium, 
iron, and nickel, which also supports the con- 
elusion that there was negligible attack on either 
the rare earth oxides or the Inconel capsules. 
The major looses of rare earth oxides were cal- 
culated on the basis of the chemical analyses, 
and the results are summarised in Table 3.2.7. 
In comparing the results from rhe 500- end 1000-hr

UqL asu « o

• •

/

\ 
)
/A ama

) ‘

.v .1

-E

(e) ’ f
mal

(b)

I
am

Fig- 3.2.19. tpsci —at ef AlSI 1043 Steel After E ■peters to Sodium in e Type 304 ELC Steimless Steel 
Contminar at 1830°F for 400 hr. (a) 200x. Recuced 13%. (H 500X. Reduced 13%. Etched with 2% nital.

TABLE 227. RESULTS OF TESTS or VARIOUS RARE-EARTH OXIDES EXPOSED to STATIC 

sooiun me MCOMEL COMTAMERS

Specimee 

Maoturiai

Density
Ko/em- Perosit,

cn "F)

Tesr
Dureten 

Che)

Celeuleted O-ide Less el Specimen"

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
sm,o, Ga,0, D,,o, r,0, Tetet

w,o. 23.2 1500 1000 2.9 2.6 0.18 0.13 5.8

Lindsey MAin"* 1500 900 2.9 1.08 0.76 0.41 5.1

1000 0.82 0.67 7.4

3.53 53.5 too 11.2 5.90 2.16 17.4 38.7

-Th-.- --- eeleuiet-a • eh- besin at he mw emta leund b, ehemicel enei,eea em the sedium lew mech
"e*-

--C 63-8 -* « S-z0,- 26.3 -* • G420,- bel primeril, ether ee-om » ■ n 4« e. 4
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tests of the Lindsay Mia specimens, no significant 
differences were found.

Metallographic polishing and exomination of the 
rare earth oxide specimens before and after ex- 
posure to the sodium indicated that the specimens 
may have been slightly weakened by the tests, 
but there was no microscopically visible corrosion, 
as shown to Fig. 3.2.20. Metol logrophic exomino- 
tian of the Inconel capsules revealed slight sur- 
face roughening to a depth of less than 0.5 mil 
in spots on the inner surfoces that contacted the 
liqvid sodium and the Lindsay Mix specimens. 
There wes no surface rovghening and no attack ■ 
of the Inconel capsule that contained the Sm20, 
specimen and sodium. Spectrogrophic exomino- 
tions of the inner surfaces of the thro* capsules 
did not reveal any rare earths.

The corrosion resistance to molten sodium shewn 
by the Lindsey Mis with a density of 6.5® g/cm* 
prompted further tests that were designed to ap- 
proximate more closely the expected operating 
conditions and for which e Lindsey Mis body with 
the prepesed density and configuration was used.

The purposes of these tests were to determine
rent porosity of thethe relationship of the

Lindsay Mix body for woter to that for molten 
sodium and to study the corrosion resistance of 
the body and Inconel when separated by only a 
small thickness (approximately C.O5 in.) of sodium.

A hollow cylinder of porous Lindsoy Mix body 
was used that was nominally 0.9 in. OO, 0.5 in. 
ID, and 1 in. long, with a density of 3.53 g/cm” 
•nd an a pp grant porosity to woter of 53.5%. This 
body hod on opparent porosity of 52 to sodium 
after exposure to stotic sodium for 100 hr ct 
1300°F in on evocuoted Inconel copsule. To 

determine the apparent porosity oi the body to 
sodium, the sodium was allowed to cool and 
solidify around the body at the end of the 100-hr 
test period. The test copsule wos then opened 

in • helium atmosphere, the excess sodium eat 
removed from the surfoces of the body with plastic 
scrapers, and the body and its absorbed sodium 
were weighed. The absorbed sodium wos than 
removed by vacuum distillation, and the body was

•nt porosity of the body• pom weighed. The
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to sodium was calculated by using the latter weight, 
the density of 3.53 g/cm3, the weight of the 
absorbed sodium, and a sodium density at 97.8°C 
(the melting point of sodium) of 0.951 g/cm-.

As shown in Table 3.2.7, the leases of rare* 
earth oxides by this low density (3.53 
body were greater than the losses by the higher 
density (6.58 g/cm3) Lindsey Mis body, which is 
in keeping with the general trend for the lower 
density ceramics to have lower corrosion resist- 
once. There is no explanation for the relatively 
large loos of Y,0,- The exposure to sodium also 
slightly weakened rhe body; its hardness, on the 
Mohs* scale, changed from 3 to 2 during the test. 
Long-term corrosion tests of finished ART control 
rod Lindsay Mia shapes and sodium in Inconel 
containers have boon initiated to determine the 
extent of the corrosion of these materials under 
the mos* edvoreo operating conditions expected 
and for periods equol to and greater than the pro
posed operating time.

K150A (80% TiC-10* NbTaTiC,-10* Ni), and 
K152B (64% TiC-6% NbToTiC,-30* NO with 
calculated contact pressures of 20,000 psi" in the 
fuel mixture (No. 30) NaF-ZrF.-UF4 (50-46-4 
mole %) at 1500°F. Bonding was absent only 
for molybdenum vs tungsten and molybdenum vs 
K150A. The surface roughnesses of the contacting 
surfaces of all specimens were 1.5 to 2 pin. rms, 
es determined with a profilometer.

The contact pressure reduced from the
standard 50,000 psi to 20,000 psi in an effort to 
get below the yield strength of molybdenum et 
1500°F. The 20,000-psi loading was not low 
enough, inasmuch as the molybdenum deformed 
slightly in ell the tests. All examinations were
made with a low-p microscope.

SOLID-PMASE-BoNDING SCREEMING TESTS 

w. H. Cook

In the test of molybdenum vs molybdenum, the 
solid-phose bonding was accompanied by some 
deformation and considerable upsetting. In the 
bonding betessn molybdenum and K152B, e thin 
film appeared to hove been transferred fror the 
molybdenum surface to the KI52B surface in the

Molybd has been tested for 100-hr periods
for solid phase bonding with itself, tungsten.

contact 
molybde

oreo.

boon identified.

IM

This was probably a nickei-
diffusion loyer, but it has not yet

I

I
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3.3. FABRICATION RESEARCH

J. H. Coobs

DEVELOPMENT OF NICKEL-OLTBDENUM 
BASE ALLOYS

H. Inouye T. K. Roche

The available supply of Hastelloy B and W 
tubing was prepored by redrewing tubing formed 
from welded strip, and it is not of high quolity. 
Since these alloys ore charocterized by high- 
temperature strength and resistance to fused-salt

the 2050 and 2100°F used for the unsucceasful 
extrusions. It was concluded from this work that 
Hestelley w could be extruded an e laboratory 
scale by roising the extusion temperature and 
lowering the extrusion rose to allow time for the 
heat generated in the work to dissipate to the 
sumoundings. The successful end unsuccessful 
tube-blank extrusions are illustuted m Fig. 3.3.1.

comosion, e source of
and therefore considerable effort has been derated 
to the study of extrusion techniques for the pro- 
duction of seamless tubing of these Hastelloys 
end other related alloys.

Extrusien of Hastelloy w

Early attempts to extrude tube blanks of 
Hastelloy • failed. In these experiments forged 
billets canned in Inconel were eatruded at 2050 
and 2100F at an extrusion ratio of 7:1. Severe 
fracturing of the rubing occurred during the ex- 
trusion process as a result of melting- An 
excessive temperature rise as c result of the rapid 
deformation of the material is believed to have 
caused the difficulty. Recently this alley we* 
successfully eatruded under conditions identical 
to those used earlier, es listed below. except for 
the extrusion temperoture and rate:

Bilet
Bilet size

Di size

Mendret size

E wtrusien retie

Fur ped Hestelley * comed in Ineenet

3 »«. OO. 1 L in. ID. 3 in. long

1k in, 30 dap core

1 •«.

71

The rate of extrusion was controlled b, regulatang 
the flow of high-pressure water to the rom of 
the extusion press by omens of e throttle wolve 
which opened completely in four turns. The rose
s ewings. in terms of the number of tarns that

31
unsuccessful extrusions and 21

and 3% for the 
« the successful

exwusion. Actual extusion rates.
minute, were not defer

The extusion tempere

ed during these ex-

of 2200‘F used for
the successful extrusiom -os an increcse over

Eatrusion of Hestelloys B, •, and X 
on e Commmercial Scale

An experiment was performed at the Huntington 
Works of the Internationol Nickel Company on 
March 27. 1956. to determine the feosibilty of 
producing tube blank extrusions of Hastelloys B, 
W, and X on a commerciol scale. The experiment 
was carried out aS a cooperative effort between 
the Oak Ridge Notional Laboratory, the Inter- 
national Nickel Company, and the Haynes Stellite 
Compony.

Forged and machined billets of the Hastelloys 
were propored by the Haynes Stellite Company. 
Based upon extrusion experience on a laboratory 
scole at ORNL. as described above. e schedule 
wos prepared for the eatrusion of the Hastelloy B 
billets. Since small tube blanks had been prepared 
successfully by using a slew eatrusion rate at 
2200°F, it was proposed that these l ar per billets 
be eatruded at at slow a rate as procticoi. The 
extrusion temperature could be lower, of course, 
because of the larger site of the billet. The 
results of the Hastelloy B extrusions, which are 
summarised in Table 3.3.1. were reported to ORNL 
by the Imtemationel Nickel Company upon com
pletion of the experiment. The actual extruded 
tuba blanks a* Hestelley B are shown in Fi s. 
3.3.2 and 3.3.3.

Although the Hestelley W and X billets wore not 
eatruded under the direction of ORNL. the fobri- 
cation of those alloys is of interest to the over-el l 
alloy development pr apron. The ovo table results 
of these extrusions are presented in Table 3.3.2.

The following generol conclusions have been 
drawn regarding the extrusion of 6.9-in.-OD, 10- 
in.-long billets of Hastelloys B, W, and X:

1. F arped billets of Hastelloys B, W, and 7 can 
bo successfully eatruded to tube blanks.

159
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TABLE XXL EXTRUSON OF MASTELLOY B BILLOTS BY IT ERMATIONAL NICKEL COMPANT FOR OAK RIDGE NATIONAL LABORATORY

Biiet dimensions 6.%00 in. OD, 2.500 in- ID, 10 in- long
Machnd aiz. of billets conned on OO only: 6.650 in. OO, 2.50 in. IO, 10 in. long
Mechined size of billets e

o L

4 on OO and ID: 6.500 in. OO, X75 in. ID. 10 in. long
Machined size uncanned billetat 4.000 im- OO, 2.50 in- ID, 10 in- long 
Produet dimensiens: Outaide diometer, os indicated below

Inside diameter, 2.230 in.

o 
o
3

Billet 
Na.4

Billet Preparation

Or OO On IO

Mose 

Rodius 
(in.)

Extrusion 
perafure 
(OF)

L Totel Soeking E «trusion
T ime (min) Rane

Product

OO (in.

Extrusion Pressures 
(tsi)

Peak Minimum Running

Eatrusion Rate Usoble Length
•I Billet Length Product

(ips) (in.)

====

• . ♦ Uncamned Uncenned 2050 720 5.5: > 3.685 77.1 77.1 77.1 1.2 41

e=e==

B-2

B-7

B-10

eed
BBB

B-3

B-5

B-4

Unce 0.5 2050 201 5.5:1 3.685 71.3 68.3 1.2 51

Cenned Cenned 0.5 2050 107 5.5:1 3.685 68.3 *1.0 62.3 1.2 47

Unconnee

Urc RR ■■4

Uncenned

Unconned

Cenned

Cenned

Cenmed

Canned

Uneonned

Ureonned

Ui

Unconned

Uncanned

Uncanned

Uneanned

Cenned

0.5

0.5

0.5

0.5

2150f

2150€

2150

2150

2150

2150

2200

2200

100

110

*5

75

*5

70

100

105

5.5:: 3.685 74.3 62.3 68.3 1.3

7:1

7:1

7:1

7:1

71

10:1

1X25:1

3.462

3.462

3.462

3.4*2

3.462

3,135

3.000

77.1

73.0

77.1

74.3

72.8

77.1

77.1

77.1 77

71.3 *0.3 50

77.1 77.1

68.3 *0.7 1.2

68.3 *0.7 1.4 70

74.3

71.3

77.1

72.0

0.5

1.5

01

99

C d

1

1

1

1

1

0 0

0 0

• 2

2

D 
r

O

AListed in eztrusion order.
"Secked in gas furnace, escept os indiceted.

‘Socked in selt beth ofter prheating to 700°F.

dBidlat stalled.

)
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C 'MID
Y-18209

Fig- 3.3.1. Scamless Tub. Blanks Extruded from Forged Hestelloy w Billets Canned tn Inconel. Tub. 
I was extruded at a fast rate at 2100°F. Tube 2 was extruded at a slow rate at 2100°F.

TABLE 111 EXTRUSION OF UNCANNED HASTELLOY W AND X BILLETS 
BY INTERNATIONAL NICKEL COMPANY

Billet dimensions: 6.900 in. OD, 2.50 in. ID, 10 in. long: Nose rodius, Y in.
Product dimensions: Outside diameter, es indicated; inside diometer, 2.250 in.

Billet
Material

Extrusion
No.

E xtrusion
T emperature"

(°F)

Extrusion
Ratic

Outside Di.ma 
of Preduet 

(in.)

Usoble Legh 
of Product 

(in.)

Hostelloy w 12** 2150 1125.1 3.00

13 2150 7.9:1 3.20 *7

Hestelloy X 14 2150 7.9:1 3.28 67

15 2150 7.9:1 3.28 67
16 2150 10:1 1135 •5

17** 2150 12.25:1 3.00

18 2200 12.25:1 3.00 104
19 2200 12.25:1 3.00 104

0

a • Soaked in gas furnace.
--Billet stalled. m
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UMCLASSWPIED 
Y-ievoe

2a ""98-,
............ '

o 5 to 15 To
MASTELLOY • TUBE BLANS ExTMUDED FOR OHM er anco

ElLET
ese

ExTRuSiON TEMPERATURE 
zi50•F

ExTRuSon RATO

B-2 2050"

B-1

2150°
2050"

2050-F

T i» 
s% 
s%z
5’2 • 
s%z t

1

«

Fig- 3.3.2. Hestelloy B Tube Blenk Extrusions Febriceted from Commerciel-Size Bilets by the Imter-
metionel Nickel Comp y-

UMCLASSIFIED 
1-18%7

1

-5

8-3

• -»O
-

e 5 to 15 20
MASTELLOY • TUBE BLANKS EaTRUDED FOR ORNL BY eNco

BILLEr

•-s

ExTRuSon TEMPERATURE

2200°

2200°F

ExTRusiom RATO 
«2‘a •

10 1

B-3 2150° T:1

•-*O 2150°F 7 1

Fig- 3.3.3. Hastelloy B Tube Blomk Extrusions Fabriceted from Commerciel-Size Billeta by the Imter- 
netional Nickel C«—y — y.
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2. Cennimg ol the billets -ith ‘-im.-thick type
314 stoiriess steel appeors to be ad geo s

TABLE 112 couposiTrioms or SECIAL ALLO 
PREPARED er MTEEMAT1OMAL MICKEL couPaY

from the 
pres sum. 
amvelved, 
firmed.

stondp
Becouse ef mhe

of reducing the extrusiom
be ables

ho-eve, this poimt meeds to be com- ah., Me.
M. C.

■W raw (-**

Mb At T« C

3. The larger moss of the co olly produced
billet mode possible the use ot io-er sookimg

T-z3011 15 5 a a 0.5 n.»

terny s at mhe smoller extrusiom rotios (*-e. T-2012 if 0.5 8z.5

5.5:1) then were found to be opt foe the T-23013 ts a j Q.5 78.5
eztvsion of smell leboratory blleta.

4. For successful extusion ot these el leys at 
is necessary thot the ballots be upset -ith suf- 
ficient pressure to stort the mgteriel through the 
die and them OaSrudo < et e relotvely slo- rote to

T-23014 15

15 a 3

1 1.5 82.5

0.5 0.23

Four extunon billeta, 3 in. and

These were the Iwo* Suecess hr I ottempts to 
exwvde these materiois on e large scole. and at 
now oggeer* to be fosible to peoduce seomiess 
tubimg el these alloys. Three Hostelloy B tube 
blonks ond one Hastelloy W tube blank ore 
scheduled to be reduced to -in. pipe and small- 
dr* water tbing for use at ORNL.

Extusiom of Speciel Alloys
alloys m the nickei-

molybdenum allo* system that contain 15 to 20*
olybd -os continued. It as hoped in this

study to find e soluhion to the peobiem of em- 
brinlement of the Hastelloy-ty pe elloys as a result
of oging- 
solution a*

At present the omly roe Aly at
to chonge the composition of the

3 an. long, -ere mochined from eoch angot, three 
law tube blanks end one ha red fobe iceton. The 
rod extusions were for roll mg to 0.065-. strip 
lor the gtogo rat ran ol test specimens *•» strength 
evaluation. The imitiel tube blonk exteusiom as- 
periments involvimg one billet ot each compositon 
awl with linle success. When a best extrusion 
rote was used, the alloys demonsweted the het- 
short tan den caps of Hostelloy B, -ith the ex- 
cepnon of alloy T-23013. 15% Mo-" Nb-3 
w-0.5" Al- 78.5" Ni. The results of that amitai 
experiment ere presented an Table 3.3.4.

Before the renginimg ballets of these alloys -ere 
extruded, the resuis obtemad in the fobricetion 
el Hestelley wata slow extrusion rasa were 
sufficiently fevoroble to prompt an alterction or

It weS reperted previously that the corrosion 
resistonce to tused solta of the binary alloy* of 
n rebel and molybdenum -hich contain atM Aon
155 molybd 
their high-te

was exceptionolly good but that 
sture strength wot not odeqote.

TABLE 13.4. RESULTS or PRELimART 
ATTEMPTS TO EXTRUDE TME SPECLAL 

alloy* PREPARED by THE arm.
MAT K»«l AL MICKEL couPANr

Thus in order to obtein alloys with greater strength 
the special alleys described below are being 
studied. In odition to the Weary alleys. ternary 
alleys are being med* the* will be tested to

E -w-sio- retiet 5.4 
tSewOrrt Msec am. de

d mine the effect of a third element on corrosion

E --usiem 
empmetue Resut.

resistonce of these alloys m fused salts.
Imtermatiomel Nackel Compamy Cm tag ma st wins.

As reported previously.1 40-b boots of hare 

special alloys -ere received from INCO for cor- 
rosion testing and strength evoluotion. The
non ingl compositions of these olloys ere given

T-22011

T-23012

T-23013
T-23014

2060

2175

2100

2010

E rWim A. l ~b- M — S a*

C an a dr* *Aa Hart a

Prs. steli-d

*emim-

an
—T

Table 3.3.3. T-2015
T. K. Reche end M Ime-y*, ANP Q—r Pme Mep.

Mamce 10, 1916 OML-2061, • ISA

T-- Monk erecked e- ehe 

innid-

153
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the exwusion conditions for the special camp*
sinens.
exmuded

T~o billets, T-23012 and T-23014, were
slowly at 2200F with

drel at an extrusion rotio of 5.4:1 
onded sotisioctoeily. but the a

• %-in--dio 
. Boh alloys

-ithin the ube blank in each cese.
drel broke
With a de-

creosed rate ot extrusiom the billet re d am
contact with the nanbal for an excessive leaf* 
of has, ond the resultant ovetheonng *4 the teal 
coused a subsequent decrease in its ultimate

cold finished to 0.065-in- stip with on imter- 
mediate moa sal at 2050F lor a hr. Finol on- 
meoling e4 each allay was scheduled to yield a 
groin size *4 ASTM 6-7. Alloy T-23015 edge- 
crocked severely during hot rolling- Th* other 
alleys for -hich edge crocking did not interfere 
with the mochinimg of sound test specimens will 
be evoluoted for strength.

Batte Ur fUturtti t ompositioms. - In

swength. The utilizetion of a I-in.--die drel ation -ith Battelle M

ollevioted this problem. The finol resuits of slow 
exmusion of these olloys at 2200° are presented 
aa Table 3.3.5. Extusions 1 throvgh 5, shoan 
in Fig. 3.3.4, ore representetive o4 the good tub*

ken these special composetions.
The tube blonks have been sent to the Superior
Tub* Compony for rede 
0.035-*"--well tbing.

g to 0.500-in.-OD,

TABLE 3.3-5- RESULTSOF TME FiAL EXTRUSOnS 
or SPECIAL ALLOrS PREPARED Br THE 

MMTERMATIONAL MICKEL couPAIr

Mendret sixez l im. die

Ma.
E-tuam

Retie
Ewtded 

$he-

Nuhn e" 
Surcesaful 
E.wulens

T-23011 71 Tub- blemt 2

T-23012 hl T-- Mom 1

T -2301 3 n1 T-he blen* J

T-23014 n1 Tube blemk 1

T-23015 n1 Tub- biemt a
T-23011 6.25:1 Red i

T-23012 6.25:1 Red 1

develop 
high-tes

it of nickel-molybd
•i Imstitute in the 
i— beta alloys for

ture wse, extusicm experiments -ere
conducted on three promising compositions with 
the intention of producing s*am less tubing foe 
comosion testing. A total *4 10 forged billets 
representing portions of 220-ib err wafted boats 
was fobricoted. The results of the experiments 
are presented im Table 3.3.6.

Although fast extrusion at a rotio of 5.4:1 re- 
suited in crocking on the inside, all these tube 
blonks or* being salvoged at the Supericr Tube 
Company by drilling th* es-extuded tube blank 
and thus increosing th* inside diometer baas a to 
1 in. before tubing iihcny. Tube Ma. 6. shown 
im Ft g- 3.3.4, is tepsesentotive of a pa sd extrusion

•« i
ed from these alloys. At as typicol of most

these high-smength nickel-molybd -base
olloy extusions, • certoin omount of surface 
rovghening wos found on the inside, but at -os 
not so severe as it appears to ba in Fig- 3.3.4. 
Slight conditioming of the blonks before redewing 
will eliminate these defects. The couse ot this

gh g is completely understood ct this
time, but it moy be reloted to the surfoce comditon
«( the billet befere extusion *o lubicotion

T-23013
r-nou

6.25:1 Re »

proc tic* during extrusion. All the bionks er* 
being fabricated to 0.500-in.-0D, 0.035-in.--oll
tubing-

6.25:1 Red 1

T-23015 €.25:1 Ree i

ORNL 

molybde 
lybdemus

Compos dtioms. The besie nickel-

Hut rolling of the extruded rods wos only moder-
gtely successful, 
varied between

The rolling p
1925 ond 2100PF,

afure -as 
and rhe

scheduled reductiom mas approximately I0 per
pass. In generol, the io-er ■peretur* proved
to be sm sotisfoctory for minimizimg edge 
c rackumg- Each alley was hot rolled to 0.250-in.

stip. pickied. led at 2050"F for 1 hr, and

164

•e=

am elloy comtoining 15 •• 20 mo- 
possesses corzosicn resi stonce on • por

with that of H*t tel ley B, better ductility and 
fabricabilty, but poorer strength properties. Com- 
sequently. alloy odditions t* the basic composition 
are required for improving the strength properties. 
Th* el e liar ts being imvestigoted as stengtheners 
er* Ti, Al. W, Mb. Cr, Fa, V, and C. In order to 
determine the effect of thee* elewants individuolly 
on corrosion resistance and to establish the 
maximum quantity *4 each element that can be

I
• • •
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TABLE 2-16. RESULTS Of EXTRUSON EXPERIEMTS OM SPECLAL ALLOTS PREPARED 
BY BATTELLE MEMORL MESTITUTE

Aley Meminel Cempesinena (- T)
E C

Ml Mo T« C Mm "F Momo Ret.*
Resuita

B-2897 77 20 I 1 4.13 0.80 2060 5.4:1 3 Beck el mb- ereched en inaide

2100 5.a:1 1 Beck ef nb- crecked en imside

20 t 7 <12 0.80 2060 5.4:1 3 Bec ei mbe erec-d em imside

2100 5.4:1

B-2899 33 24 1 0.20 0.8

2194

2194

2060

2190

2125

2150

71

hl

3
21
2%

Back ef nb- erecked em imid-

Gecd n- Lienk ebe

Gec- mb- blenk ebe d

5.4:1

5.ar1

5.4:1

hl

-eter te whe

3

3

3
2%

Beek el mb- erech-d en imsid-

Bec ef be ereched en imaid-

Beck ef nb- ereched en imside

Geee eb- bler ebmimed

rem -es mpened; discussiem ebe-e.

present -ithout od efiect on corrosion re-
sistonce, termory olloys ore being p

by extrusion of the chromium-beoring olloy* at 
2100 and 2150F. In all coses, e slo- extsion

will contoim 17 -t molybd 1, the elements
listed belo- in the ORI CM* t* sho-m, end the 
tool ORC* niekel.

ately lin.of billet low **h per
second at * rotio of 7:1 wos used. Tubes 7 ond 8 
of Fig. 3.3.4 ore vepresentotive product somples.

B- Addd

Qu-wy te
B- aad-d
(-

Is is to no — that ch odditions above e

being

O
V

Al

C

3,5,7,10

certgin <M 

stondpoint 

chre—iM*

tal from the
of corrosion by fluoride fuels, but 

is a desiruble oddihon for importing

2, 4
1 4
2, 4

o.1, a.25, 0.90

duction heots of eoch composition or* 
red — 36-Ib billet*. A small ooi ri—*

of cerboR •* odded to eoch chorge to bring th* 
resultont cerbon level to 0.06". I* •* possible 
*• mochine thro* **bo blent extrusiomn biliets boo 
eoch ingot for dhe fobricotion of sufficient
to moke three stondord th 
for cortooio* testing. T

I-convection loops

to
elloys -ith 2 -t $ tungsten, 2-1% titonium, o*4 
2-1% oluminum. Goo 4 wbe blanks -ere obteined

IM

ee e=e • esee2 : :

aasmaiseedmme

oxidation resistonce to the olloy. Results of 

previous **o«o of do—ito too ohm o mickel-mmo-
lyfeOoRMi oil*
NaF-Z.F.F.
che

s in the fuel mixture (No. 30)

(50-46-4 mole indicated the*
odditions excess of 5" coused de-

creosed corrosi on resistonce; at leost 7% d
is required, ho~e 
from am 00100*10*

. to moke the olloy resistomnt
nt. The chre level

thot con be tolereted -hen the olloy io in contoct 
-ith the fool mixture (No. 107) NaF-KF-LiF-F. 
(11.2-41-45.3-2.5 mole %) is to be determined.

In oil extusion experiments corried out this 
Om***. difficulty was encountered occasionclly
-ith billets foiling to extrude to co . This
troubie woo etibuted to excessive chilling of 
the billets by the cold rom at the slow extrusion 
retes be Mig used. Therefore o ne- billet -os 
designed that ho* mild-steel nose ond teii pletes 

tock -elded to it. Th* plates were ooqo cto 4 to

e• • • =ee• • • • • • e
• •** • •

4 4 4 4 4 •
#e

*
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allow the billet to start through the die mere 
easily. •• well as to transfer the chilling action 
by the rem to a more easily extuded materiol. 
The mild stool is cropped from the tube blank 
after extrusion. Steel washed back on dm outside 
surfece of the tube is machined off before the tube 
blank is reduced to tubing.

improved lubrication of the billet was obtained 
by c noting the comtiner of the press, OS well aS 
the mandrel, with Necrolene grease prior to each 
extrusiom. Low smiting point Fiberglos mats are 
also placed around the hot billets before they are 
introduced into the extrusion press. This lubri- 
cotton practice has resulted in lowering the 
pressure required for extusion of those moteriols.

As indicated previously." arrangement» were 

made with Battelle Memoriol Institute for the prepa 
ration of orc-melted ingots of mickel, Hastelloy B, 
Hastelloy W, a 76% Ni- 17* 7% O alloy. and
an 83% Ni-17% Me alloy. The emits were to be

odvontoge of the high orc t
ble-electode process to take

izing "mromp"* elements im an effort to improve 
the strength and fubricobility of those alleys. 
Elec We des of the firs: three alleys were to be 
supplied in the farm of rolled rods. The spec ml
nickel-molybd d
by vacuum melting, and the electrodes were te be
fobricoted by threoding ther extruded rede of
the
for shipment.

ol. All the electrodes are now ready

"Ceepermrpegem student en essig 
Umiverainy of Temnssee.

she

3 Imeu,- e-a J. M Ceba, ANP Q-an Fmg K-p 
Dee. 10, 1934. ORILL -1816, • 10.

OXIDATIOM OF MASTELLOY •

H. Inouye J. E. Sprviell2

it was reported previousiy” that the oxidation 
rate of Hastelloy B in stir et 1500°F was not 
excessive. When the alloy was thermally cycled 
from 1500°F to below about 660‘F, however, the 
rate wee in cron sod by on order of magnitude as 
a result of spelling of the protective NiMoO. scale 
from the motel surfece. This spelling is caused 
by a phase transformation in the NiMoO a layer at 
about 660F

The oxidation of Hastelloy B in static mr has 
now been investigoted at 1200, 1400. 1600. and 
1800PF. Data were obtained for mechanically
polished specimens 4 to air at the warious
temp era turns for periods of 168 hr. The increases 
in the specimen weights were determined at 
hegvent intervals to obtain oxidatiom-rate curves. 
The total weight increases of the specimens
during the tests et the vorious temp res ore
shown in Table 3.3.7. The curves of the weight 
gein vs time were parabolae at all test temper- 
onres, and thus the oxide scale appears to be 
protective.

The oxidation rote of the alloy at 1200°F is 
very low, and the superficial scale which forms 
does not spell upon cooling. Preliminary x-roy 
date show that this scale is principally NiO.

Thus for in these shudies of the oxidation 
chorocter stics of nickel -molybdemum alleys. evi- 
dance has been found that the formation of NiMoO.
depends upon the molybd content. However,
its formotion moy else be a function of tenper- 
ature, as indicated in the tests described above.

TADLE 117. RESULTS OF OXIDATIOM TESTS OF MASTELLOY B EXPOSED TO STATIC AM FOR M4 h

c"F
Gein ef Specimen ta

IM hr- Ce/em3

I

t

4

3
3 

t

1200

1400

1*00

1800

0-00031

0,0009s

0,0025

0.0095

Owid• did net spell em ceeling

Omid spelled on ceelimg 

O-ide pelied an coeling 

Omide spelled on coolimg

ese
• ee
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COMPOSITE TUBMG
H. Inouye M. R. D‘Amore“

TABLE 3.3.8. LAYER THICKNESSES or 
COMPOSITE TUBE BLANKS

The fabrication of composite tubing by coex- 
trusion was described previously.9** Initially 
these studies were mzde in order to develop 
billot* which, when extruded, would result in 
composite tubing with predetermined thicknesses 
of the various metal layers. To date, billet 
configurations for the fabrication of two- and 
thr** ply tube blank* have been developed

Alloy 

Combingten

I- type 316 atainlesa ateel

Middle
Ena

Thickness (in.)

Outer Inner

Layer Layer*

An extrusion billet desig used for the fobri- 
cation of two-ply tube blonks of equol layer 
thicknesses is shown in Fig- 3.3.5. The effect 
of vorious alloy combinations on the loyer thick- 
nesses after extrusion was of porticulor interest, 
since it i* known that the thickness of metals with 
higher resistonce to plastic deformation will be 
grecter after hot rolling thon wo* colculated. 
Billets of the configuration shown in Fig. 3.3.5 
wore extruded at 2100°F to i%-in.-OD, k -in. -well 
tub* blanks. Tube blanks of several combinations

0.122
0.10

0.106

0.119

0.130
0.122
0.122
0.125

of alloys
layer thicknesses det

sectioned longitudi nelly ond the
The results.

presented in Table 3.3.8, show that verictions in 
the loyer thicknesses are independent of the

Hestelloy B-type 314 steinless steel
Front
Middl.

End
Averege

Monel-type 31* ateiniess ateel

Middle
End
Aw erege

Niekei- typ- 31* steiniess steel

Frone

Mddle
End
Axerege

0.110 

a. 114 

0.110 
0.111

0.126
0.118
0.138
0.127

0.138 
0.122 
0.130

0.142
0.134

0.122
0.133

0.130

0.134
0.134
0.132

0.098
0.126
0.112

1

- from Prow & whitney Airereft.
5a. ML Cecba rt al.. MP Quar Prog. R-p. Sept 10, 

1933. ORNL-1947, • US.
*T. K. Reche emd M. Imeuy-, MP Quar Prog. Krp. 

Dec IO. 1933. ORML-2012, p 155.

Wmiesseem

% * «m % -

1.

1

d, — n—। 1-
T

I

• •
t

t

-- -e me em-e- • r- • 
s-E aem

Fig- 3.3.5. Extrusion Billet Design for the Pr- 
duction of Tube Blanks with Equal Layer Thick- 
messes.

"Imner leyer -es *ype 316 stoinless steel in eli the 
blank *.

combination of alleys, although the resistance* 
of the alley* to plastic deformation may vary 
greatly. Accurate thickness measurement* were 
difficult to obtain because of the roughness of the 
extruded blank.

I

Tube blanks of th* combinations listed were re- 

drown to 0. 187-in.-OD, 0.C20-in.-wall tubing with 
fair success. A* a result of inexperience in proc- 

ess mg duplex tubing, however, a few longitudinal 
crocks ware present in the Inconel layer of the 
Inconel—type 316 stainless steel combination. Al* 
so, the Hastelloy B-type 316 stoinless steal com. 
bination was rejected during processing because 
of longitudinal splitting. Preliminary examinations 
of the small*diameter tubing obtained showed that 
thermal bonds were maintained at the metal inter
faces throughout the processing and that the layer 
thicknesses were about eguai.
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The as-received Lindsay Mix is composed of very 
fine particles about lp in size. Dry mixing of the 
Lindsay Mix and carbonyl nickel powders in on 
oblique blender resulted in segregction and lumping " 
of the rare-earth oxide particles. A satisfactory 
dispersion of the oxide and carbony’ nickel pow
ders could be obtained only by wet milling-

One section of a control rod cor* has been fabri
cated by hot-pressing a cylinder of 36.9 vol 
Lindsay Mix—6X1 vol F carbonyl nickel tc a den- 
sity of 88.7% of theoretical. Additional extrusions 
of Lindsay Mix—nickel cores dad with either 
Hastelloy X or inconel are planned.

TUBULAR COMTROL RODS

M R. D'Amor*
R. E. MeDonald‘2

J. H. Coobs

The feasibility study on the extrusion of tub.'ar 
control rods. described previously, 13 was con- 
tinued. An Inconel billet can was fobricated, and 
the core was prepored by tamping a loose powder 
mixture of 369 vol % Lindsay Mix rare-earth-ox de 
particle* dispersed in nickel into th* billet can. 
Fracturing of the outer layer of this three-ply billet 
during extrusion at 2100° F resulted in a nonunitarm 
core. The core wos quite dens* after extrusion end 
appeared to be bonded to the inner and outer in- 
conel d adding.

from Prew a Whitney Aircroft.
13,. H. Cecbs, R. E . Me Donald, end M. R. D"Ame--, 

MP Quar. Pmog. Rep. Vswk 10. ORNL-2061,
p 163.
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P. Patriarca
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PUMP FABRICATION EXPERIMENTS
P. Patriarca G. M. Slaughter

Weldine Studies

The dimensional changes associated with the 
welding of Inconel pump volutes representative of 
those designed for the main NaK pumps (PK-2? 
of the ART were determined in a preliminary 
investigation. These changes were considered 
to be in excess of those allowable. Accordingly 
the welding procedure was modified and the test 
was repeated in the interest of improving the 
ability to more nearly conform to acceptable 
tolerances.

Two test pieces essentially similar to those 
used previously were machined from 2*m. Inconel 
plate. A shrinkage of 0.100 in. was provided for 

. in the fabrication of these pieces. Four spacers 
were also machined from Inconel plate to act as 
rigid supports during welding of the volutes after

th* initial shrinkoge occurred. These qre shown 
in Fig. 3.4.1, along with the component ports of 
th* tost. ’ Th« spocers were subjected to an 
aluminizing treatment prior to essembly of th* 
components in order to prevent self-aelding during 
th* subsequent operotions. Th* two volutes were 
welded in accordance with the welding procedure 
described in Fig. 3.4 J.

Micromotor measurements were mode at four 
radial sections, as described in Fig- 3.4.3, prior 
to and after each operation. The results of those
micrometer meos its are zummarized in Table

’ R. Patiarce, ANP Quar. Prog. Rep. Mmck 10. 1936.
ORNL-2061, P 143.

3.4.1. ft may be noted thaf the shrinkoge de- 
creased with incressed distonc* from the weld, 
on effnct noted previously. It cppeors that on 

improvement of the shrinkage predictiom at position 
3 by reducing the shrinkage olio—one* con be 
accomplished only at o sacrifice in the obsolute 
shrinkage at positions 1 and 2, th* over-oll error 
being of the order of 0.01 2 m.

A compromise would be to provide for a 0.090-in. 
shrinkage allowance and thereby reduce th* ab- 
solute error to 0.006-in. Th* ability to reproduce

MHCLLASSIFIED 
Y-1732

BOTTOM

SPACER

PK-2 WELD TEST
TOP

1

Fig- 3.4.1. Component Ports for NaK (PK-2) Pump Volute Wele Shrinkage Test.
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Fig- J. 4.2. Welding Prcedure emd Joimt Design for Weld Shrimkoge Test No. 2 om NeK (PK-2) Pump
Volute.

TABLE 3-.1. RESULTS OF MICROMETER MEASUREMEMTS BEFORE AMO AFTER WELDIG 
OF Mek (PK-2) PuMP VOLUTE

Dimensions (m.)

Pesiniom Befor• Afte
W„lding

Dexietiem feem
Deswed Chang-*

Dewietien frem

Rewised Chege**
AHmi

Anneelang
Addirienel 

Cheng-

Al 
01 
ci 
Ol

3.01*
3.920

3.020
3.916

3-820 
3.824
3 826
3.822

0.096

0.096

0.004
0.094

-0.004

-0.004

-0.006
0.006

•0.006

•0.00*
*0.00*
-0.004

3-818

3.820
3.823

3.818

-0.002

-0.004

-0.003
-0.004

A2 
Bz
C2 
02

3.914
3.010
3.010
3.01*

2-826
3.830
3.831
3.829

0.088
0.089
0.088
0.087

-0.012

-0.011
—0.012
-0.013

-0.002
-0.001
-0.002
-0.003

3-822
3.826
3 .828

3.82s

-0.00-

-0.04
-0.003

0.004

A3
•3
C3
03

0.670
0.672
0.675
0.670

0-585

0.588
0.589
0.586

0.05
0.084
0.086

0.004

-0015
-0.01*
-0.014
-0.01*

-0.005

-0.00*
-0.004
-0.00*

0-581 

0 SOS 
0.586 

0.583

-0.004
-0.003
-0.003

0.003

• Sheimkege ellowance: 0.100-im-
• "Revised shrinkog- ellomenem: 0.000 im.
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the shrinkoge dato described herein should he 

ducting on other tew* prier to 
emtempting fobricetion of e pump with a complex 
volwee.

Since the shrinkoge at position 3 wee less then 
expected, it wes not possible to wee She spocers.
os we ch med, to further shrinkoge during

The pump cosing wos onneoled at 

hr in order so deSor nisi the necessity 
lor Ais operation. The additional shrinkoge of 

0.002 to 0.004 in. ob term ed indicetes that she role 
of residuol stresses is significont. Properly 

machined spocers should he used So prevent further 

onneoling. ee wus occomplished 
in the previous investigation."

Tests hove else been performed to study She 
feosibility of a beazed MoK (PK-2) pump volute.

end o hold time of%hrot 1050C woe used. A 
eheseye^ of the completed ossembly •• shews 

inFig- 3.4.6. As moy he seen, excess brozing 
elloy flowed owl of the copillory ond do-n the 
side of the cesing- A sewilor condition wee 
evident on the inside ol the volute; there wee e 
fillet of brazing elloy thinly distributed around

The foilure of the reservoirs to retain the excess 
brozing elloy is atributed so the relotively lorge 
cleoronce bet-een the inconel sheor pins ond the 

sheer pin holos. It is ones e*od Shot e clearonce

of 0.001 to 9.002 in., coupled with e y
copillory on the periphery of the cosing, -hich
could be 
ficulty.

od later, would remedy this dif-

The braze joint -os subjected to dye-p i

The comp i ports for the test are
Fig. 3.4.4. The bonom volute is shown 
0.1 87-n.-die, 1-in.-long Inconel shen

showm in 
with eight 

pins in-

and rodiogrophic inspections and -as considered 

to be sound. The degree ef cortelation bet-een

the red ijissAk inte 
ness should be A

ion ond the joint sound-
ed by ilogophic

sgrtod into 0.197-n-di holes drlled to e depth 
of in. These pins -ere intended to provide 
approximately 5 m.* ol sheor oreo to supplement 
the 13 in.2 of orss that constittes she faying 

serie cos of the upper ond lo moi volutes in the 
brozed ossembly. The toe volute is shoun -ith 
0 -200-in.-D Mis i welded over the theer pin holes 

to oct os reservoirs lor the Coos* Metels No. 52 
brozing elloy. The alloy wee epplied im She form 
of 3.16-in.-dia slugs, -hich ronged from 3.8 to 
a in. in length ond were fobricated by cesting 

M* grophite molds. Severol of these slugs are 
shown MI the center of Fig- 34.4. A total of 

3041 g of Coos* Metals No. 52 alloy wos used. 
This omount wos colculated to supply appoxi- 
mately 0.19 in. of alloy, of which 0.018 m.*

the howt of eno of the >ts. As wos
expected, the best indicote the* She bezed con- 
struction e Herds e high degree ol dimesionol 
control ond should be given consideretion es e

TABLE 3.4.2- RESULTS OF MICROMETER 
MEASUREMEMTS BEFORE AMO AFTER MAXIMO 

OF K (PK4» puur VOLUTE

Dimemsies" (an.)
Pesiiem —............ .... . ■■...... ... ...—:

As Assembled Aft- Bresig Cheng

would fill the spoce b the sheor pins and
the sheer pin holes end approximately 0.054 m.* 

wovid comprise e 0.0003-in.-thick brezing elloy 
loyer between the foying surfoces of the volutes. 
It mos expected the* e surplus ef brozing elloy 
would he desiroble to ensure e omelets brezing. 
The excess elloy woe to remoin in the reservoirs.

A-
2
3

A 0.003-in. ation between the ports of the
volutes wos ochieved by -sing 0.003-in.-die nickel 
wire as a spocer.

M its were made before and
ofter brozing ot the positions described m« Fig- 
3.4.5. The assembly wes brezed at 1050‘C in 
dry hydrogen. The heating ond cooling rate of 
the brozing cycle was approximately 350C/hr,

7
3

C-l
7
3

0-1
3
3

3.813
3.818
0.629

3.817
3.816

0.629

3.819

3.818
0.679

3.818
3.816

0.629

3-813 
1.817
0.628

3,817
1.816
0.627

3.820

3.818
0.6z8
3.817
3.815

0.628

-0-002
-0.001
-0.001

0
-0.002

• 0.001 
0

-0.001

-0.001
-0.001
-0.001

"E stimted ercureer el * '0.001 an.
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MeK (PK-2) Pump Volute. Note the UcommI sheor

Fig- 3.4.3. Deteils ef Micremeter Meat »»■ 
memts MM Welded MeK (PK-2) Pump Velute.

pins the bonom test piece, the Coost Metols
No. 52 alloy slugs Mt the canter, ond hhe Inconel

M ts made et fou rodiel sections
(A through O) Mt 90-deg intervols Mt positions
1. 2, ond 3 (see Table 3.4. 1).

=comEt mum- 
mesemvom — 1
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eater mETALs 
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— —%-
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»

T
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T r-2 rump •eaz «M

Fig- 3.4.5. Deteils of MUta—tM. Meesuementa 
MM Brezed MeK (PK-2) Pump Volute- Meosurements 
mmode Mt lour rodiol sections (A through D) Mt 
90 deg intervals Mt positions 1, 2, ond 3 (see 
Table 3.4.2).

Fig- 3.4 A. MeK (PK-2) Pump Volute After 
Beczing.
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8 2

Pesitiem

A i

2

3

• 1

2

3

6.378

6.3%0

6.378

6.378

6.384

6.381

TABLE 2.4.1. RESULTS OF MCROMETER MEASUEMEMTS on DLMETER or PuuP BARREL

Afe "eMig 
s-i FL-, Chemg-

Ah- *i
el Mesweimss

De (im-)

6.303

6.391

6.373

6.380

6.389

6.3%0

6.376

•0.005

-0.001

-0.003

•0.002

+0.005

-0.005

6.387

6.3%2

6.376

6.32

6.391

6.392

6.380

Addiiemel Afte 
Ann--l~g

Add >i

©he-ys

O — y D-• •e 
A-ltef

•nWwl Sm-a.-
Tetel

Cheng-s

+0.004

-0.001

-0.001

-0.002

-0.002

-0.002

-0.004

6.384

6.303

6.377

6.382

6.388

6.3m

6.381

-0.003

• 0.001

-0.001

-0.003

—0.001

•0.001

•0.001

-0.002

• ».o®
•0.02

-•.Mt

• 0.001

•0.003

+0.003

-0.001

0.004

•0004

-0.001

I

6,382 6.383 -0.001 6.187 -0.004 6.386 -0.001 -0.003 •0.004

c t 6.385 6.391 -0.006 6.72 -0.001 6.3 — 0.001 •0.006

OS
T

z: 
»

$

• •
:2::2-

2 6.386 6.386 6.187 -0.001 6.386 -0.001

3

D t

2

3

• ।

2

3

4

6.380 6.373 -turn 6.779 -0.004 6.379 • 0.004 -0.001

6.322 6.145 +0.003 6.185 6.385 • 0.003

6.796

6.383

6.380

6.3m

6.388

6.387

6.381

6.20

6.702

6.77

6.361

6.302

6.380

6.373

6.312

6.401 ••MH 6.401 -0.008 -0.003

-0.001

—0.001

•0.001

+ 0.004

—0.07

-0.007

-0.001

6.384

6.376

6.383

6.302

6383

6.378

6.382

-0.002

-0.001

-0.02

•0.003

+0.003

6.385

4.378

6.383

6.391

6.383

6.377

6.392

+ 0.001

• 0.002

-0.002

-0.001

-0.001

-0.002 •0.o02

•0,001

-0.004

-0.001

-0.0

-0.005

-0.003

-CM

-0.001

)*
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FABRICATIOM or joints DETWEEM PuuP 
BARRELS ANO THE PRESSURE SMELL 

or TME ART

P. Poo iorco
The ability to weld om occuvately mochined end 

properly ehoee roll owed pump borrel fa e thick-
sheli -ithout the need for finish

bs t stress relieving would

heod" of the ART. A design woe svggested fa 
perwit each o pro ce date, and a toot wos c fa dotted 
fa o r oleate the feasibility of the design.

toot ere phone fa Fig- 3.4.7. The liner flonge 
■ o oho— onoched to the pump bowel sleeve, 
-hich in tumn woo in elded to the pump barrel. The 
liner flonge ip elso how oWoch ed fa e c orb on

PERIOD EMDING JUftt 10, 1956

it is interesting to mote that at leest portial 
relief of residuol stresses wos occomplished by 
cuning the barrel ossembly from the restreimts
amd t ooh leg at 1500F. Thio 4 dure resuited
fa odditionel diometicel chonges, -hich indicete 
that some distortion will occur fa the north heed 
fa service thet may be unacceptoble.

d by mi-
crometer meosurements et the positions described 
fa Fig- 3.4.12. The results of the meusurements 
ave summarized fa Teble 3.4.4. H moy be no fad 
thet pro axial shif oc cawed that wn significont
fa mognitude but r 
of -elding inwolve

rkobly smoll far the omovnt 
These results indicete dhat

nome distortion •• inevitable and mst bo either

occepted or bsequent mochining and

■HMM

that e stress relief onneci will be necessary to 
rw ire effects of residuol stesses down g oper- 
■ti—.-in.-

Thio ouxliory
steel pipe, -hich -os in tum -elded to • 2

thick cerbon-steel base plate.
hi eldnont wee intended to
restaint comporoble fa that fa be expected from 
the northhend exponsiom tonk.

It moy be noted that the shell flonge fa quite 

lorge, the intent being to minimize distortion of 

the flonge and thereby o reolistic pro-

elding to occur
tn the bowel ol tore and hence fa the bowel tself. 
The i Optra mt protided by the auxiliary me Idan fat 
ehewn at Fig- 3.4.8 wet intended fa supplement

the afo own new td e end i tree end, hence, fa worn 
ulate the northheod peessure sheli.

The shell flonge -as welded imto the p
pine we by using the -eldimg p du

omp-borel 
deser bed

fa Fig- 3.4.9. The completed toot weldment is
shoum in Fig. 14.10. Diometicol ehanges at the
pump barn I were d d by micrometer meos-
mi owen to at the positions deseribed in Fig- 34.11. 
The restroints were then removed by culing the 
carbon stel with an eoryoc eOy leno torch. end 
the barrel ossembly woo subjected fa a hhr sook 
at 1500‘F prior fa faith or Micron afar woo per ow onto 
on the bowel diameter. The results of these

ts are summarized in Teble
3.4.3. It owy be noted that the moximum chonges 
ore remorkably small considering the extent el 
welding involved.

r :" : M 

e • e • • •*•0 • oao • •

TABLE 344-4. RESULTS or MICROMETER 

uEAsUREMENTS on axs OF puuP aARREL

Dimensiems (n-

Pesitien Befmre 
weiding

Aher 
w-ldimg

Oemg-

A 1

2
3
4

• 1

1
3
4

C 1

1
3

D 1
2
3
a

E 1

2
3
4

X :r if n

2-450
2.439

2.44a
2.437

2-447
2.468
2.468
2.431

-0.012 
+0.009 
•0.024
0.006

1.4*1
2.466
2.416
2.07

2-524
2.4

2.47
2-563 
2.475 

2.151 
1.440

2-504
1.444
2.318
2.aa

2-490
2.470
2.03
2.29

2-516 
2.474 
2-394

2.431

2-561
2.573
2.361
2.437
2-594

2.478
2.721
2.438

-0.012 
+0.004 
+0.017 

— 0.008

-0.008 
+ 0.001 
•0.01 a

-0.002

-0.002
+0.010
0.003
4

-0.006 
+0.003
0.00
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uncLAsSIMIED 
omNL-I--OwO 14722 1

PASS NUMBER PROCESS

1 INERT ARC

2 inert arc

3-11 metal. ARC (.note 2)

(1-24 METAL ARC (NOTE 3>

6% n

1O5--2 tt
to

■ 4
7

1T

IS

9

13

%e in 9 (2

2

- ’4

44 ph •

WELDING PROCEDURE

ELECTRODE size (in) ELECTRODE MATERIAL CURRENT (ompi

%z 
%2 
%2 
5,2

INCO 62

INCO 62

INCO 132
INCO 132

ISO

'80
120
120

NOTES

1, VARIED FROM 45 TO 55 deg DEPENDING ON POSITION AROUND PERIPHERY. BECAUSE A 
STRAIGHT BEVEL INCLINED 10 TO THE HORIZONTAL WAS MACHINED ON THE FLANGE

2 BUILDUP PASSES INTENDED TO SIMULATE 4 BEVEL AND MINIMIZE SHRINKAGE

3 FILLER PASSES IN BUILT UP J eEVEL

Fig. 3.4.9.
Barrel Sleeve.

Welding Procedure and Joint Design for Welding the Pressure Shell Flange into the Pump

C
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Fig- 3.4.10. Completed Test Weldment for Joining Pressure Shell Flange to Pump Barrel Sleeve.

INVESTIGATION OF SHRINKAGE OF INCONEL 
CORE SHELL WELDS

P. Patriorca A. E. Goldman

A series of tests are being carried out to de
termine the weld shrinkage to be expected during 
fabrication of the Inconel core shell welds. 
Comparisons of the weld shrinkage formulas given 
in the literature with preliminary results obtained 
at ORNL revealed wide discrepancies. It was 
decided that actual experiments that would yield 
empirical data would be required. A program of 
welding Inconel plates under controlled conditions 
and close observation was therefore carried out. 
Based upon the results of these tests, the welding 
of large Inconel hoops was begun. These tests 
were performed in a manner that as nearly as 

possible duplicated the fobrication problems and 
restrictions of the actual core shells.

Each test of the initial program consisted in 
the inert-are welding of two -in. Inconel plates, 
each 6x20 in., in accordance with the established 
procedure specifications (PS-1). A 50-deg bevel 
with a % .-in. land was machined on one long edge 
of each plate. A total of nine tests was performed.

Each pair of plates was assembled as shown 
in Fig. 3.4.13. The root gap was fixed at 1 in. 
by using four k-in. tool-steel spacers. The plates 
were held against a flat horizontal plate by means 
of C-clamps. Two large clomps were used to draw 
the plates tightly against the tool-steel spacers. 
The edges of the plates were securely taped to 
prevent air leakage into the gap, since only the 2
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C om rm
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sdoe sncucD Aecar
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torch gos wos used to supoly bockup gos end -eld 

coveroge.

A -in.-long tack -eld -os ploced at ••dh end 
of th root gop, ond t-e more -in.-long tock 
welds were ezuolly ploced elong the rout gop. 
The clomps were removed after the tock -elds 
-ere mode, and the testers were dniven out.

its -ere voken, ond the ploles

»

"a-

Pl*. 3.4.13. Joimt Desigm fer Shrimkege Test ef 
Imcomel Plew Welds.

were ogoin fostened to the lie* hete. The toot 
poss wet applied after the tock -elds hod beset 
-ire brushed ond the edges hod been feothered. 
Meosurements of the root poss shrinkoge were 

th set token.

The pletes were then ossembled in the verticel 
-elding j-g ee sho-n in Fl*. 3.4.14. The re- 
moining five weld posses per plete were deposited 
in e< eerie* ce -ith the sequmce sho-n. The 

completed in tliwtwt I* she ■■ in the verticel jig 
in Fi*. 3.4.15. Diel-goge reodings were tehen 
at -min intervals during the depesition of the

mrum

•MM aTE

I

om--e--r

A
monLE•

woD-cowm •LATE

%-= TEsTmaTE>

n--— — "OLD -00- mLATE

... -mouEm

G I
{

€ TacK •LLo

L

—3
MM vEw or VE•TCAL MXMW a

Pl*. 3.4.14. Assembly ol Shrinkg Test Pletes 
late Vericel Welding Ji*.

Pl*. 3.4.15: Cempleted Weld in Vericel Welding
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finol posses, ond is mere

teken ofter mhe finol poss hod been mode.
shrinkege

The 

ere

pres 
.07,

d in Teble 3.4.5; the results of tesis 106,

100. and 109 -er in close og
elthouch M— different welding

i,

-elds.

The oo Mi** procedure used for these tests of 
plates -os then used for test -elds of hoops.
For these tests

-ere be— into
-in. inconel plotes, 6x 138 in

o*e reio prior to tecking- The oil behind the 
roct gop -es *4*1*4 -ith • cover fere *4 from 
0.010-in. ennenled bress sheet ond mesking tope, 
end the — cleee* spoce wos purged for 30 min 
prior •* tocking. Alignment <e*4 choc.1i 44 com- 
stomly a* the tock welds we— ploced been — 

the spocers. After »4——I of the —41 —el 
spocers, the —*• poss -os deposited. Mo dressing 
•i dhe lond o leothering ol the tock -elds 0*4 

permined prior to the —-04 — deposition.

epe
diometer. One edge of eoch hoop hod • so •»* 

bevel and • %. n. lond. The h—i mere ploced 
en the -eld-positioner bed — « horizontel plone 

le the monner showm in Fjg. 3.4.16. Tool-steel 
spocers, 4 M. long ond % Mi. thick, shown in 

Fig. 34.17, -ere ploced between the be—>44

After completion of the root poss, the -eld mes 
wire brushed omd she five finol -eld passes -ere
deposited by using the sem described in

ols so —mw the root gop.
Lorge C-ciomps -ere 0444 to dre- the ‘o iiec*« 
tighely egainst the spocers. Smoller C-clomps 
mere hoi—4 ond tocked Ml the bontom hi 4*o »4

Fig. 3.4,14. For these -elds, t-o -elders -orked 
180-deg opan oround 4— hoop -hile the positioner 
-os slo-ly romted. As the— in Fig- 34.18, 
for diol geges were used to record the shrinkoges 

of the finol posses. The welders -orked on * 
15-min-ak, S tele — » cycle. A typusi plot el
diel-goge reodings is sho-n in Fig- 3.4.19.

aid in the olig Asbestos
sting -es used to seal the gops bet-een the

mmicvometer ond 4—1 mm me 
are summarized in Teble 3.4.6.

ts obta
The 

ined

TABLE 1.4.5. WELDIIG COMDITiOn3 AND RESULTS or SMRIKAGE MEASUREMENTS 

qm WELDS or MICOMEL PLATE
J

......................-

(man) (an,)

C«NM
Us-d 
(mo»

Tetel Ml—— (-n-

Memmom Min iem Ave

Dil-Geg- S-inkege" (-.)

Mssimwm Mammem -y

1 72 213.5

101 1 46 >11

102 1 74 10

1 •1 198

107 1 60 226

IM 2 79 231

IM 1 64 236

70 ben) 
105-110

70 IrwH 
105110

so 6e-» 
1os-110

M 6eet
IM-1 !•

7300 6--)

1M-11*

vocet
1M-11»

eo (meee)
IM-11*

0.197

0.167

0.142

0.157

0.148

0.157

•.IM

0.123

0.130

0.11a

0.121

0.122

•.IM

0.104

0.126

0.146

0.130

•.141

0.139

0.138

0.136

0.os8 IM 0.053

0.070 •.Ml 0.060

0.087

o.om

0.104

0.10

0.102

0.079 0.8

0.022

0.0%6

0.093

•J^n

M-esm-menta oil 4e en les fi-- el whe •t psse-, dil-pg redings - teste IM end 101 •— e"e 
hhe dil-geg• eetting erm •lie—4 duing whe tst.

--T.s 102 e*e«e» — — m »4 -i* en 8o-a-v setudaa engi rethe when • 100d-e ineluded engl.

IM

‘If : • » • • • • • • •• ••• •
• "2- ; •'. s.. 1

a ••

0.100

0.098

0.007

M ii ■ m«
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meng

-

ad > —*

I 
4 1 2

Fig- 3.4.16. Imcenel Neops em Weld F—WI—« r 
Bed.

Within the limits ol this investigotion, the 
folloming conclusions con be dre-n.

1. The rasules of the lost fovr tests on ****** 
indicoted shot, under controlled conditions, the 
effect of «h* -elding voriobles cowuld be mimimized
so thot • welding ope covld, essentially.
duplicete his performonce from test to test -hem 
-elding monuolly. Also, for • given set of con- 
ditions, • welder could neorly duplicate onother 

welder"s performonce.
2. The use of vorious lengths of tool-steel 

spocers mi the tack melding of the plates coused 
wide vriatons im the resulting tock--eld 
shrinkage. The amount of tock-weld shrinkoge 
-as found to be imversely proportionol to the 
l«n jib of the spocers.

3. The results of the ***** on the hoops in- 
diceted thot the inevitohle voriotions Ml conditions 
•nd techniques while the operators were pro- 
gressing around the circumference coused greoter

•• •e*

« E •
• - ee
••• • *

r
Fig. 3.4.17. Teol-Steel Specers Used te Meim- 

vim Reev Gep while Welding Incenel Heeps.

"mrrua

Fie 3.4.18. Meop Welding Assembly Showing 
Dial Goges Used for Meesurimg Shrinkege.

voriations in shrinkoge within e >»*«> thon the 
voriotions ebeerwed trom hoop to hoop.

4. The overoil results indicate thot for "a-in. 
Inconel plate, inert-orc welded by two welding 

operotors under the conditions utilized for these 
tests, the trensverse shrinkoge to be expected 
will be from 0. III to 0.138 in., with on averoge

• ••• *♦
: :
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Welding of inconel Heops.

ts of Shrinkege Durimg Fime Five Pesses of the

TADLE 3.4.6. WELDmG COMDITIONS ano RESULTS or SMRIKAGE MEASUREMEMTS 
on WELos or MCOMEL HOOPS

1

Are Time
Reqima

(mim)

Red Used 
(in.)

Curen* 

Use 
(omo)

Tetel Srinkege (.) DielGeg- Shrimkege" (in-)

Memimum Mimimum Averege Memimmum Mimim Avmreg-

•14 1218 80(reen) 0.126 •.III 0.1194 0.095 0.080 0.088

110-120

310 1188 BO(reet) •.IN 0.1 IS 0.1261 0.102 0.088 0.0%5

110-1 20

• Mm --mmta med- en lest fi-- ef whe sim eesses; teek shrinkege end reet shrinkeg- net ineluded.

vole koi ng 0.120 in. The longitudinol shrinkoge 
to bo expected will bo 0.250 to 0.375 in. for o 
circumferential I on fib of 138 in.

At previously mentioned, the volues for the 
tronsverse end longitudinol shrinkoge for the 44-in. 
hoops do not correspond to the values obtained 
by calculation from the loimulos given in the 
literotre. Only through the accumulation of 
empiricol Aoto from octool experience con pre- 
dictions bo mode for future weld shrinkoges. Since 
oodh variotion in the thickness of the inconel 
plate to bo welded will create new problems 
solvoble only by nw octal toot results, od-

ditional tests will be conducted on eoch of the 
plate thicknesses of interest.

EXAMIMATION or MeK-TO-AIR RADIATOR 
PWA no. 2 AFTER SERVICE

R. J. Gray P. Patriarco
A 500kw high-conductivity-fin rodiator, desig- 

nated PWA HCF rodiator No. 2, foiled on Doeowbor 

23, 1955. as the result of o look. This rodiator 
hod boon operating in o test rig for o period of
1199 hr in the oture ronge 1000 to 1600F.
For 546 hr of the operating period o temperature 
differential was imposed on the NaK flowing
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"mrmmmsmaumm

through the rodiator by passing cold air ocreae
the fin surfoces. 

34.20 os it oppe 
• ito.

The entire rodie

The rodiator is shown in Fig- 
ed when received from the test

izing it under water and observing it to locote the 
origin of air bubbles. This procedure revealed 

the point of foilure, which is indicated by the 
owe# in Fig. 34.20. The rodiotor wo* then 
sectioned for further eno—in at i an, as shown in

PERIOD ENDING 1O. 1956

Fig. 3.4.21. The side portions of the support 
neebere. were removed by using a rvhbur bonded 

masonry wheel in e petoble. electric hondsow 

adjusted for a shallow cut. Each boob of fins
we* seporated by siicing the lap* art bers and
the botom flonged plote, oe shown, with e fine- 
toothed, high-speed, steel hocksow blode in e 
portable electric drill eqipped with a portable 
power-sow etteeheent. The foiled eroe wo* then 

carefully removed for metailogrophic pregeretion 
on a * ton Word wet-cutoff mochine equipped with 
on abrosive wheel.

The area of the foilure we* ogoin pressurized 
under wet** to locate the exact position of the

grophic
before odditional preparotion

motion area undertaken.
for metollo- 
The foilure

we* found to exist in the comer tube on the 
periphery which faced the side support member.

ber wea subsequently roe eve d
for unobstrcted observation of the emergence of 
the water bubbles. The point of failure moy be 

seen in Fig. 3.4.22.

. m

Pw, . -*

Fig. 3.4.20. MofC to Air Redietor PWA Mo. 2 
Thet Foiled in lorvieo. Arrow indicates point of 
foilure.

TubE SeeCiheC
FInE DAMAGE 1 

TO FW&

----

I --

3
" "nacrum

*
"e

sueponr
MEMGEN

uuniruH.iHiiiihiihliiiilllllllillll
Fig. 3.4 -21. NeK-to-Air Rodiator PWA No. 2 

After Sectioning for Metallogvaphic Examination.

Fig- 3.4.22. Failed Tobe Aftet It a to reel free 
NaK-to-Air Radiator PWA No. 2 o* Viewed free 
the Support Member Side of the Redieter.
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The tube that failed and two odjacent tubes 
were mounted intact and carefully ground to permit 
examinations of their longitudinal cross sections 
as seen against the direction of air flow. The 
tube that foiled is shewn in Fig. 34.23. The 
neckdown of the tube well indicates e tensile 
fracture similar to that observed* in York radiator 
No. 1.

Longitudinal cross sections of the two odjacent 
tubes that were examined are shown in Figs. 
3.4 24 and 34.25. Incipient fractures may be seen 
in both these tubes. Three tubes were else token 
from corresponding positions on the air exit face 
and prepared for examination in a similar manner. 
Only one tube exhibited evidence of incipient 
fracture. es shown in Fig. 3.4.26.

It is concluded that the radietor toiled as a 
resul of the initiation of a fracture in e broze 
alloy fillet by sheer forces and the propagation

Wewieree rr oL. ANP Quar Prog. Rep. Dee. 1o. 
IH3, ORNL-2012, e 14s.

ef this fracture throvgh the tube well by tensile 
forces er combinations of tensile and sheer forces 
during perioda of cyclic opr rot ion. Since the 
incidence ef incipient fractures woa ossocioted 
exclusively with the presence of support members 
or p io tea, it is recommended shot these transverse 
cestraints be remowed entirely. This can be 
cecomplished, os suggested previously. by using 

o high-conductivity fin to provide transverse 
support at 2- or 4-in. intervals3 and modifying 
the brazing procedure accordingly.

The tensile leading contribution to the Yorii 
radiator failure was attributed at the time of 
examination to the restraining influence of the 
support m amber, which extended up the side of 
the radiator.* In view of this conclusion, the

PWA Ne. 2. were slit, as shown in Fig. 3.4.20,

3

arsmantom
R. J. Gepy and P. Potiorca, Metellomapb 

of OftML Her rotator No. 1 Failures, 
129.

de Kf 
, ORNL

CF-55-10-1

VMT k m we •
—f.in -l.d >

30 ss CLaD 
coppte rims
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Fig. 3.4.23. Longitudinal View ef Opposing Well* of the Tube That Failed in Nak-to-Air Radietor PWA 
Me. 2 as Viewed Ageinst the Air Flow. Note neckdown at fracture. 75 X. Reduced 22%.
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Fig- 3.4.24. Longitudinal View of Opposing Wolls of e Tube Ad joeent to the Tube That Failed as 
Viewed Against the Air Flow. Note incipient fracture. 7SX. Reduced 34%.
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Fig 3.4.2S. Longitudinal View of Opposing Walls of a Tube Adjacent to the Tube Thai Foiled os 
Viewed Agoinst the Air Flaw. Note fracture within the eutectic structure of the broze me to 1. 75X. 
Reduced 34%.
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metollogrophicolly without Ao observation of o 
single incipient frocture. The differences in mass 
ond thermol conductivity of Ao tup port members 
ond plotes aa compored with Ao high-conductivity 
fins coule resul in significant differences m 
hooting ond cooling rotes during cyclic operation. 
These differences could creote loteroi forcer that 
could bo responsibie for Ao initiation ond progo
gation of fvoctures in brezed joints b tsbes

i 1 ?. J
eramcn- aat.

EXAMIATION OF FUEL-TO-MeK MEAT 
EXCMAMGER AFTER SERVICE

G. M. Slaughiter
Tests of Ao fuel »e NoK heat exchanger, desig-

nated or IHE-3, were d as a result of
the ctien of o look HI o Oubo bundle after O

m---I emt-

2
■

total of 1794 he of ogorof i on in Ao 
row go 1100 to 1500 F- There woo o 
differential imposed on the hoot es

et

chonger for

1015 hr of this totol time, ond 21 Arrow I cycles 
were opplied over Air period.

The NaK iniet and Nak outiet henders of the tube
bundle that

Fig- 3.4.26. Cormer Tube from Air Exit Fece of 
NaK-to-Ais Rodietor PWA Mo. 2 es Viewed in the 
Direction of the Air Flow. 75x. nduced 36%.

prior to instollation. It may be noted, ho

flonged plate, o top plate, and the four suppor

were brozed to these members, and o relatively 
rigid condition resulted at eoch of Ao five trans-
verse sections ocroor Ao rad matrix. Local
differences Ml rates of heating ond cooling, por-
ticulorly bet Ao air inlet face and Ao
remainder of Ao rodiator during blower storup, 
covld therefore bring obeuf Ao drurlrpiml of 
tensile loading. This condition could bo portially 
relieved by slicing Ao support members ond plates 
in O manner sim-lae to that ytilized during dis-
section for metailographic 
in Fig. 3.4.21.

tion, Ol shown

The development of ton oilo forcer alone, how- 
ever, cannot be assigned Ao full responsibility
for failure. The incidence of IS an C ipi en 9
fractures in this radiator has Uw related to the
presence of o support b
Over 13,000 tube-to-fin joints have been

or heavy plate.

ined
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ated from the heot 
ion end inspection.

Tog and bottom xiews of Ao inlet heoder ore 
shown A Figo. 34.27 and 3.4.28. The general 
location of Ao feilue is evident in Fig. 3.4.28,
in shat o dark product con Le distim-
gvished from the lighter solidified fuel mmixture. 
Forty tubes Ml the f ■ of the foilure were indi-
viduolly inspected with e dye p and •
Borescope, ond or leost five abes were found to 
contoin obvious crocks. The NoK imlet heoder 
after dissectien with an ■brortoo cutoff -heel

-2-

Fig- 3.4.27. Top ef MeK Inlet Heeder of Foot to
MoK Moor Exchenger IHE43 Sh- ing Tube Welda.

. ; .••• • oe-• • • • •
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C to permit the ation of individual tubes is
shewn in Fig. 3.4.29. Each tube was
for the sub 
Fig- 3 1.30.

The teque

bered
quent investigation os shown in

cy and severity of the crocks de-
tected in the initiol inspection WWW most peu- 
n—cod in the forward rews of tubes, thet is, 
hose with short bends. The distonce fe— the 

tube b —d< to the headers wos significantly shorter

-2:-

PERIOD ENDIMG JUMK 1o, 1956

for the first row of tubes, being 3 in. •• com- 

pared with 6 in. fer the last row tubes. For • 
given expansion of the 6- ovaroll stroight length 
of the tubes es • result of heating. « substontiel 
d«y ■ of stroim occurs in these locaticns. As 
would be expected, crocking wos more pronounced 
on the tensiem sides of the wbes. A crock i the 
tensiom side of tube 2 could be seen upon visuol 
examination (Fig. 3.4.31). Further —rd— l ■ of 
tube distonion •• the heoders con be see in 
Fig. Xd 73, which shows the NoK outlet heoder.

Severi of the tbes ol imterest — moumted 
entact in Costolite ond polished to the approximate

f

di of tbe feilure. The light
solidified mgteriel •• the fvel mixtue Qo- 30) 

(30-46-4 mole 4. (Secret mit

\

-mum
--

$
d

Fig- 3.4.29. MeK lmlet Hseder After Dissectiem 
fue Futhe. Euemimetiem.
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Fig- 3.4.32. Bettem Side ef NeK Outlet Needer 
Showing Distentien ef Tubes.

Fig- 3.4.31. Creck en Tension Side ef Tube 2 •• 

NeK imiet Mender.

The extent of the C—W«—I wos investigated by 
exomiming tbe 93 to ensure that the large bay

b ed in the previous ples did

center lime fon metolk hhic The
temsile side of tube 3. shown in Fig- 3.4.33,

osion
by the hel mizture which circulated on the ovtside 
el the tabs a. A 11 ■» let condition is ewident in 
Fig- 3.4.34, which is e pomoroma el the tension 
side ol tube 17. The eyes site foce of tube 17. 
e panosom of -hich is sho-n in Fig- 3.4.35. dees 
not ewhibit so s ericas e condition. It appeors that 
the cereai as and the stesses combined Se farm
an ob Aly umh din

not result from the reoction of the two fluids at 
the locations of the loilures. The results of the 
emomimation (Fig- 3.4.36) <wdi cete thet. in general, 
severe corrosion wos prevolent throughout the 
tubes in the inlet heoder. The inner tube welt of 
e typicel twite is shown im Fig- 3.4.37; crocks 
end carrosiom emonating from the eater well moy 
oiso be seen. A white deposit wos taxed in the 
crocks in some areas, as shown in Figs. 3.4.38 
ond 3.4.39. The noture of this decent, as well 
es e detailed investigation of the mass wansfer
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3.5. MECHANICAL PROPERTIES STUDIES

D. A. Douglas

EFFECT or EMVIROMMENT on CREEP- 
RUPTURE PROPERTIES 

or MASTELLOY B

C. R. Kennedy ’

Revised design data ab— from creep tests 
of ••kNiaw arowolof Hastelloy B sheet stock in 
vorious environments at 1300. 1500, and 1650 
are summarized in Figs. 3.5.1, 3.5.2, ond 3-5.3. 
The times to 0.5, 1,2,5, and 10* total strain at
each in the various environments are
the some, and for stresses for which the rupture 
life is more than 300 hr the effect of environment 
is shewn to be negligible. The creep curves 
obtained at 1500‘F in oor and in organ, shown ia 
Fig. 3.5.4, op got to indicate that the better 
gorier seance in air than in the other environments 
at stresses for which the rupture life is less than

300 h» is coused by the ability of air to strengthen 
Hastelloy B during third-stoge creep. Far rupture 
lives longer than 300 hr there is considerably 

Iona third-stoge creep becouse of the oging 
choracteristics of the alloy, and, as seen in 
Figs. 3.5.1, 3.5.2, ond 3.5.3, the effect of environ- 
ment diminishes. Design curves produced from 
limited dote for solution-anneoled Hastelloy B 
sheet tested at 1800PF in argon and in the fuel 
mixture (No. 30) NaF-ZrF.-UF. (50-46-4 mole %) 
are shown on Fig. 3.5.5. At 1800‘F Hastelloy 8 

does not age perceptibly and the anoint of third- 
stage creep is greet on tests at all stress levels. 
Thus the fuel mixture strengthens the alley at all
stress levels. 

those which 

thin, tightly «

Of the envin ts tested, only
are ” surface active" (produce a 
idherent files on the surface of the

nf 1) affect the creep properties of the metol. 
h can be seen from Figs. 3.5.1, 3.5.2, 3.5.3, 
and 3.5.5 that, of the environments tested, only
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Fig. 3.5.1. Design Curves for Hestelloy 8 Sheet 1 elution Annealed at 2100‘F for 2 hr and Tested 
In Argon and In the Fuel Mizture Qle. 30) NeF-ZrF a-UFa (50-46-4 mole %) at 1300*F.
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air and the fuel mixture seem to be surface active. 
Air, of course, produces an oxide film which is 
ever present, and the fuel mixture, in effect, 
creates a very thin surface film by leaching one 
of the alloy constituents and producing another 
phase on the surface, as shown in Figs. 3.5.6 
and 3.5.7.

SHORT-TIME HIGH-TEMPERATURE TENSILE 
PROPERTIES OF HASTELLOY B 

C. R. Kennedy

The short-time high-tempercture tensile proper
ties of solution-anneoled Hastelloy B are illustrated 
in Fig. 3.5.8, which gives the yield and ultimate 
strengths and the final elongations in the temper
ature range 1000 to ISOOPF. As may be seen there 
is o distinct decrease in the final elongation and 
in the ultimate strength at temperatures around 
1200°F. This change in properties occurs in the 
temperature range in which the type of fracture 
transforms from predominantly transgranular to 
intergranular. It is interesting to note that the 
change in the yield strength with temperature is 
relatively small.

CREEP-RUPTURE PROPERTIES
OF HASTELLOY w

C. R. Kennedy

Creep testing of Hastelloy W is now in progress, 
and design data are presented in Figs. 3.5.9, 
3.5.10, and 3.5.11 for solution-annealed sheet 
tested in argon at 1300, 1500, and 1650°F. 
Hastelloy W, which has almost the same compo
sition as Hastelloy B, except for the addition of 
5% chromium and the deletion of 3% molybdenum.

similar to those ofhas creep properties
Hastelloy B. Although Hastelloy W exhibits less 
of a tendency to age than Hastelloy B, as shown 
in Figs. 3.5.12 and 3.5.13, a decrease in ductility 
occurs at 1300°F. This is also shown in Fig. 
3.5.9, in which the absence of a 10% curve indi
cates that the total strain at rupture was less 
than 10%.

Rupture points obtained from tests with the fuel 
mixture (No. 30) NaF-ZrF.-UF. (50-46-4 mole %) 
are also shown in Figs. 3.5.9 and 3.5.10. The 
times to 0.5, 1, 2, 5, and 10% total strain are 
identical far the same stress and temperature, 
and, as shown, only the rupture life is affected by
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the enirommemt. The effect of the fuel mixtuse on 
the creep properties of Hostelloy V sheet oppeors 
te be the same as that shown for Hastelloy B.

SMORT-TIE MIGM-TE MPERATURE TEMSILE 
PROPERTIES or IMCOMEL

X R. Weir, >.

The tensile propenties of inconel sheet hove

d d « temperotwes from 78 to 2200"F.

The yield point, by 0.7% ffset, and the ultimate 
strength ere sho-n in Fig. 3.5.14 fer both fine- 
groined and ceeie groined material. Ae may be 
seen, the fine-grained material hos the bettor 
strength properties at temperotures up te 1700°F-

Tronsient leedo induced by thermol fluctuetions 
may, in some cases, be of greeter concern than 
the static loede that result from pressure differ- 

even though the fine groined
Inconel hoe less creep resistence in the fused 
selts than the c oar se-groined Inconel (Fig. 3.5.15), 
the fine groined material moy be the two desiroble 
structral material because of Ue bewot tensile 
properties in the temperatue ronge of interest.

CREEP TE5TS or icOnEL tM FUHO SALTS

X R. Wein, Jr.
Inconel was creep tested at 1500‘F ond e swess 

of 3500 psi in NaF-ZrF. (50-50 mole %) in order 
to comport the severity of attach with that found 
after similor creeptests in thefel miztute (No. 30) 
NaF-Z.F.-UF. (50-46-4 mole #). The results we 

sho-n in Figs. X5.16 ond 3.5.17. Very linle 
sufoce void if motion is seem in the cose of the

specimen tested in the begrimg mixture.
in comparison with the otock by the fuel
These resuhs re further evidence thot Much of 
the ettecb by the fuel mixtue on inconel et 1SO0PF

2UFa ♦ C (ht Inconel) ......♦ 2UF, CrFa •

CREEP TESTS or "ELDED ICOMEL

X R. Weir, A.

Several 0.060-in.-thick sheet-type creep speci-
—t -ere mochined from -elded L-in. inconel 
sheet stock and e few creep tests neve twat in she
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fuel mixture (No. 30) NoF-ZrF 4-UF. (50-46-4 
mole %) and in argon. The -resuts obtained to 

date are summarized in Table 3.5.1.
The positions of the fractures in the specimens 

tested at 1500°F in the fuel mixture are shown in 
Fig. 3.5.18. Specimen No. 2 was tested at 3000

psi and No. 3 at 4000 psi. As may be soon, the 
weld did not deform appreciably, compared with 
the base metal, in the gage length. Metallographic 
examination of the specimen tested at 1300PF 
disclosed that the wold metal was more corrosion 
resistant than the base metal.

TABLE 3-5-1. RESULTS OF CREEP TESTS OF WELDED INCOME!. SHEET IN THE FUEL MIXTURE 
(Me. 30) MeF-Z.F.-UF. (50-44-4 mele %) AHO IN ARGON

Swess Tempereture
dPF) Envim Heat Treutment

Ruptue Life 

(he)

Elongation
(%)

12.000

4,000

4.000

3,000

3.000

1300

1500

1S00

ISOO

1500

Fuel mixtum A* received 110» 21

Fuel mimt

Fuel mimture

Coerse greined 

Coerse greined 

As received

A» received

300 11

750"*

•20

2000

10

5

4

-P, • rupture; mobebly ceused by conteminosion of the fuel mixture.
• •*•«!! in test.

B a.--
1_______ 2

hne... 3

Fig. 3.5.18. Welded Inconel Specimens After Creep Tests in the Fuel Mixture (No. 30) NeF-ZrF.- 
UFa (SO 44 4 mole %) et 1500F. Specimen No. 2 was tested at a stress of 3000 psi and specimen 
No. 3 was tested at a stress of 4000 psi. (Secret with caption)
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3.6. CERAMIC RESEARCH
L. M. Doney

RARE.Earth.OXIDE COMPACTS FOR ART 
CONTROL ROOS

J. A. Griffin L. M. Doney
The design of the ART control rods calls for a 

porous compact of rare-earth oxides. The pares of 
the compact are to be filled with metallic sodium, 
and the compacts are to be canned in Inconel. The 
following process was developed for the fabrication 
of the compacts. The as-received rare-earth-ox ide 
material (Code 920 from Lindsay Chemical Co.) 
was pressed at 4000 psi into compacts, which 
were calcined at 1325°C for 1 hr. The calcination 
step was carried out to reduce the shrinkage of the 
oxide during the final sintering. These compacts 

were crushed to pass an 80-mesh screen. The 
final mixture was compounded from 75% of the 
80-mesh calcined material and 25% of the os- 
received Lindsay Code 920 oxide. This combi
nation was thoroughly mixed and pressed, with ne 
binder, at a pressure of 4000 psi. These compacts 
were then sintered at 1425°C for 55 min in air. 
Samples of the sintered compacts are shown in 
Fig. 3.6.1.

The compacts were oversize in all dimensions 
so that they could be ground accurately to Size 
and so that no difficulty would be encountered 
during canning. The grinding was carried out by a 
commercial ceramic firm. The inside and outside

1
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Fig. 3.6.1. Sintered Rare-Earth Compacts Before Being Ground to Desired Dimensions. - 3
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of each compact was ground to the required 
dimension, and the ends, as well as being ground 
to the required length, were made flat and parailel. 
The ground pieces are shown in Fig. 3.6.2.

The Lindsay Chemical Co. supplied the following 
analysis of the Coda 920 rare-earth oxides used in 
the fabrication of the compacts:

Somarium oxide 
Godolinium oxide 
Neodymium oxide 
Proseodymium oxide 
Cerium oxide

45-0-49.57
22.5-27%

0.9-4.5%
0.9-3.6%

o-c.9%

Europium oxide
Other rere-earth oxides

0.9-1-27
8.1-1a.8%

90% (minimum)

PETROGRAPMIC EXAMINATIONS OF 
FLUORIDE FUELS

G. D. White T. N. McVay, Consultant

Examinations of fluoride fuel samples with the 
petrographic microscope were performed at a rate 
of about 200 samples per month. The materials 
examined included quenched samples for equi- 
librium-diagram determinations, control samples 
from experimental runs, and samples from pro
duction batches. The results of these exami
nations are reported in Part 2, "Chemistry."*

ACLAB*WD
Fecre deses

Fig- 3.6.2. Rare-Earth Compacts Shown in Fig. 3.6.1 After Being Grcund to Required Size.
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3-7. NONDESTRUCTIVE TESTING STUDIES 
R. B. Oliver

EDDY-CURRENT TESTIG OF 
SMALL-DIAME TER TUBING 

X w. Allen

Continued study of the application of the cyclo- 
graph 1 To the problem of the inspection of small- 
diameter tubing hos revealed that, in oddition to 
its use as a How detector, the cyclograph may 
also be used to gage odherence to dimensional
tolerances. Although changes in di and in
wall thickness are inseparable in the readout of 
the instrument, the tolerance limits for both di
mensions may be established by utilizing two 
standards: (1) the minimum acceptable diometer 
and wall thickness and (2) the maximum allowable 
diameter and wall thickness. Dimensional checks 
made by using this method, ougmented with me
chanical measurements, have been used success- 
fully to determine the dimensional acceptability 
o: approximately 6000 ft of %e -in.-OD, 0.025-in.-

‘R. B. Oliver, J. w. Allen, end K. Reber, ANP Quar.

IO. 19^. ORNL-2061, p 164.Prog-

well and 0.229-in.-OD, 0.025-in.-wall CX-900
Inconel tubing.

The 200-ke cyciogroph trace of e 0.229-in.-OD, 
0.025-in.-wali Inconel tube that has small wall* 
thickness variations along its length and no per-

voriations as shown in F«g. 3.7.1

The wall thickness was plotted from Vidigoge 
(ultrasonic-resononce-type thickness gage) and 
mechanical measurements. It may be seen that, 
although there is not perfect agreement, there is 
a fairly close correspondence between the two 
types of checks. The disagreement is probably 
due to minute amounts of eccentricity and inter- 
granular attack on the inside surface of the tube 
having been detected by the cyclograph.

The confidence level of the interpretations of 
indications from this instrument is increasing 
with continued use. Because the sensing coil 
observes at any one instant a section of tubing 
opproximately * in. long, it is not possible to 
detect pin holes, except when they occur in 
clusters. In general, defects can be resolved if 
they have a length of k. in. or longer and have

( 0.02’5

S 0c270

W
{ 0263

- 00260

J 0.0255

» 00250

UMCLASTD 
Oni - L•- Ds 13970

TOLE"ANCE Lirs
.."t —T-1---------- !

T 
*

T

* *

1
T

+ - ■

- -♦

I 4
-

-T-

-
AvEnAGE •ALL T mc*MESS DETE"iNED VIDIGAGE 

OuTSIDE DIAMETE• constaNT AT O 230 M.

-

- —1------1-------- 1-------
200-- C’CLOGRAPM TMACE

o t 24 30
J____ L
36 42 
LEHGTHCm

< l i
54 SC OS •n re

Fig. 3.7.1. Cyciogroph Record at 200 kc from e 0.229-in.-OD, 0.025- in.-Wo 11 CX4900 Inconel Tube 
Compared with Dimensional-Variation Measurements Mode Mechanically and with the Vidigoge. I
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c depths gecter then the bockground dimensionol 
variations in the tbe.

an estimated confidence of BD to 90%. li scretches
ore present they will produce signals ci eble
to those from the very smoil delects and efiectively

ULTRASONIC MMSPECTION OF TUBING

R. *. McClung

Approximately 6000 f of CX-900 Inconel tubing 
hos been inspected by the immersed ultrosound 
method. Two sizes of tubing *. in. OD, 0.025 in. 
well and 0.729 in. OD, 0.025 m. wall, novo in- 
ejected and the averoge rejection by this test 
woo about 2". Eoch tube received a double in- 
spec t ion, with the ultrosound being boomed around

4

ond if its length exceeds the

ble defect size. If

dimension
of the tonsducer, it is not difficult to differentigte 
betwoe n dolecrs end scratches. Since the ultro-
tone 
inher

method is insensitive to di ions, the
dimensionol voriations thot give trouble

the tube in two different directions to the

in an eddy current inspectiom have no effect an 
ultresonic inspection. Both the eddy current ond 
the ultrasonic methods are cepable of detecting

chance of detection of unfevorebly oriented crock- 
like defects. This double inspection of the precut 
tubing reduced the inspection rate to below the 
original estimote. The current inspection rote is 
approximately 500 ft in an 8-hr day for lengths 
up to 10 ft.

Defects 0.0015 in. deep and %. in. long an 

polished, scratch-free tubing can be detected with

very small defects, with the eddy nspec-
tian being confused by dimensionol voriotions and 
the ultroscund method being confused by scrotches. 
A comporison of the results of the two tests aide 
in the identificetion of spurious signal*.

A typicol small delect found on the inside of 
the *,-in.-OD, 0.025-in.-oll C5-900 tubing is 

shown in Fig. 3.7.2. This crock is 0.0015 in. 
deep (6%) and obeuf h. in. long

-E- 
i

i

•t

A

I

/

, —) iv •
, • \

4

JM.

-8

Lane

Fig- 3.7 J. Smell Defct Found by Ultresonic Inspection on the Inner Surece of • % -in.-OD,
0.025-in.-Woll Incomel Tube. The defect is 0.0015 in. deep ond approximately k. in. long.
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ULTRASOMIC IMSPECTIOM or PIPE

No devel
J. K. White

-ok on the ul

t-o 3-in.-dio costers, at liev of a tail stock. This 

assembiy contoins and rotates the pipe oround

its e-n axis. The a ting is eligned
-ith re

couse the cunently 
reported to be ad

ployed cw—tt method -os
oo. Prel y

co *e the pipe exis tor • poir of Mireru 

I it is manually menslated along the 
sweighr pipe cen be rototed at speeds

el
problems that detrocted from the relicbility of 

contort inspection. I* -os found to be very diffi- 
cult to fabric*** Lucite shoes thot mould fit the 
contour of the pipe ond neoH, at th* some time, 
limit the sound beom to th* proper spectrum of 
incident angle*. A sizoble port at the sound -os 
propogated e* e surfoce wove ond produced inord- 
nately large signals bt* surfoce scrotches. For 

this r****n, delects ond scrotches could not be 
toperated. Alee, the contact rohrt reg*ire* that

of 200 rpm, but much of the pipe is too crooked 
far th •» speed. Evon in the worst cose, honeror, 
rotationel *p**d* of 60 to 100 rpm are anainoble.

This equip
of l*rg* qontities of pipe in sizes treat * to 

6 in. IPS fos the ETU end the ART.
Sotisfoctory inspectiom of tubulor *he*o* •• de- 

pendent upon obtoining r* for once notches of the 
proper depth (3 to 5 o the wall thickness) on 
both the inner and outer surfoces. A known, re- 
producible notch is easily produced on the outer

• thin film of oil be d b the wers-
, it is

<

ducer ond the pipe surfoce, an 6, thus, ony t <* co 
roughness, vibrotion, ovolity, or an inodequcte 
supply of oil resulted m a loss of signal ond

difficult to produce such notches on the inner 
surfoce of even lorge pipe. No reolly satisfoctory 
notch hos yet toa produced on the inner surfoce

frequent
surfoce.

fcilure to detect defects on the inner
of small-di

k d nted • solution
to these difficulties, ond the use of the "B" scan

inted • high inspection

notch is mecessory to prove that the elignment 
will reveol defects on the inner surfoce. Therefore 

this method is not toning used for the inspection
of small-di

simplicity wos
designed ond fobricoted for the ultrosonic inspec- 
tion of pipe. The tank is 26 H long, 14 in. wide, 
and 20 in. deep end is equipped with e vorioble- 
speed heodstock and chuck end on ossembly of

Reerter Prejeet.

Four *f the eight mozzle welds on the cell being 
fobricated to house th* ART in Building 7503 
not inspected br the ultresound **th*4. Th* 

observed indications of crocking in the weld ond 
in th* hoet affected zone resulted in the removol 
of all the -elds. The crack* reveoled -ere con- 
firmed br are gouging ond tor Mognaflux tests with 
sufficient frequency to justify the rejection of the 
welds on the bosis of the uitasound indicetions.
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HEAT TRANSFER AND PHYSICAL PROPERTIES

H F. Poppendiek

RADIATION DAMAGE

G W. Keilholtz

FUF‘ RECCVEEY AND REPROCESSING

H K. Jackson

CRITICAL EXPERIMENTS

A. D. Callihan
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4.1. MEAT TRAMSFER AND PHYSICAL PROPERTIES

H.F.P diek

ART FUEL-TO-MeK MEAT EXCMAMGER
S, 1. Cohen d

i
wes mofllied for fusther studies of heot weweler 
ond friction choocteristics. Six 60 dog stoggered 
spec I** end siz 60 dog inclined spocers were 
rloced olternately on she tube bandit. end saw

dose for direct comporison of the lrao» arson far 
and fluid-friction chorocteristics of the two differ- 
Ot configurations in the arena itional Reynolds 
modulus ran pa.

ART MYDRODYMAMICS
C.M. Copen F. E. Lynch

verse peessure tOpt < 
spacer of eoch type.

BW installed ecress
The

pressure drop ocross each a
oge trans

omne
erse

d spocer
-os plotted in terms of the ratio of the onsverse 
pressure drop to the velocity hood ti eat the fluid 
density over the Reynolds modulus roo pa of 3000 
to B000. For the inclined spocer this term ver io d 
from 1.4 to 1.1, ond for the stoggered spacer the

G. L- Muller »

Sedium Flow le Reflecter Coollap System

A 5/22-scole model of the reflector-core shell 
coal imp onmulus end imlet system -os designed and
fobricuted (Fig- 4-1.1) in order to d qonti-

dete fell rondomly b 001 ond 0.03, -ith mo
defimite tend esteblished. The onelyticel imvesti- 
patient. retorted to pre» ieesly. * on e method of 
correloting fluid-friction done for flow porollel 
to e aa>ea oney of cylindricel a v> a e in rectong ior
cross-jeclion flo- chonnels wes c d.3

An experimentol study is being mode of the 
ft horde fluid-friction chorocteristics of e mockup 
of the peesent design of the ART fwel to NoIC

of this otus
oton will Si owl— the

ART het oarhanpar es nearly os possible, eacet 
the* diet wall be no headers and the tube bundie 
wall nt hove the curvoture specified for the 
ART, thot is, the Sriction chorocseristics for e 
stroigh length of tube bundie -ill be determined.

An experimentel hot exchonger hot boon de- 
signed and is new being fobricoted that -ill be 
similer to the one on -hich tests set cendacSad

be spaced on e wiemngular array rother than a 
a 1st eraoy. This investigetion will provide

A^L. «tHotx AMF 0- Pe- E-p J-- Ml 1933-

*A L. wemlend, ANP Q--. hw Rep. Swi za. 
1936, -2061, P 173-

3a. L. •amlend, A M-sh~a ef Ce--immg grport 
wrarof Piuid Frerene Des f-- 71 n-mdi-. ef 
Dirre-m seze end fate Bu-di- iw se-i wal Speig 
ObL CF-S-4-142 (Apri A 1936)-

“s. L. Out eo A TA--el Chm-rse-use. m sh. ART 
Peei-mNeK Mear Eachamger Oats. CF-55-12-120 
(Dwe. 22, 1935).

r. r- :
: : r : : 
• • - • • ♦• e=e • ===

tetively the flow distribution im the onnulus ond 
the ear tears pressure A apt t the e ad lea system. 
The fluid used in the model -os west t temper- 
etures bet-een 20 end MFC. Although the model 
does nt incorpormte the reflector cooling holes. 
12 nestles aero spaced radially oround the inlet 
beoder to Mho off Heid t ■ tiaos sectors of the 
inlet heoder to oath up flow travel site cooling 
holes.

The flow distribution area studied by three 
meth ode: <1 > the stetic arete awe ma a a ar ed axiolly 
ocross the onnulus in conjunction with the totol

ulus flow rete
the 
two

d by •
ge velocities twough the

melet geve 
ilus fom mhe

positioms est the inlets end the t-o
positions farthest g-oy, (2) pilot sate combi- 
notion ao a ewe wants were ehaomad t positions
1-3 end 3-3 (Fig- 4.1.1), ond (3) high 4 i«w
piches W mode ol periodic ink injections.

A qontitetive woe 
bat i on was defamed or

ol the flaw distri-

9

%, 
Q.

Va 
V,

V.
3

Qf - volmetric flow rote t onnulus farthest 
from inlet,

Q. - oafs flow rate in onnulus neatest to 
inlet,

V a e. wraps lineor velocity t station indi-

So. es.

21*
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This reletionship gives the ratio of the oi Wrapt* 
of the velocities at the two stotions forthest from 
the inlets to the evereges of the velocities at the 
two stations meorest the inlets. The relotionship 
for the flow distibution when only one pump wot 
opercting was defimed at

wo* obtained by extrapolating the data to the 
Reynold* numbers for the octual system at the

lid plane of the A summary of the

Va 
v, ---- m ------- 

Q,

ppm A V,
#,

pump B
■ fr—iog

results is given in Table 4.1-1.
The .minimum flow rate was found in the portions 

of the onnulus necrest the inlets, while the erm- 
mum flow rate we* observed in the portions 
farthest away. These condition* are the veverse 
of those enticipated, and a possible explanation
is that the fluid ing the onnulus rom the

2 inlet heoder must obruptly chonge direction and

Some of the experimentol results are prsasnfd 
in Fig- 4.1-2 in terens of these relationships. 
The pedicted How diswibution in the ART system

derg high velocity losses, porticu-

•0
sec-ero-- -e- -r.. anmnas t--c-nes • O ers -

•at o anu *Lo- • coom- -OOLE- --0e09 ttttti

— ‘

lorly near the inlet to the onnulus where the 
momentum is the geatest. After the model inlet 
header used in these experiments had been fobri- 
coted, the design of the octuoi ART sodium system 
we* modified so that uniform distibution of sodium 
flow would exist in the onmulus if there were no 
eccentricities. The flow in such a concentric 
annulus will be axial; that is, there will be no 
spiroling- Studios of the motion pictures of the 
flaw in the model indicated that, for a constant

• os

• 04

F -- pump pressure, the ge velocity fluctuation at

o ~ o-u-*e

t-oms o-cmatm

[a uet-oo •
• weToo t 
feutp, 
l-un=o 2

Mi

. i

* A. .

2 •0
mE’GLDS moouuS AT wonAnE

4.1.2. Flaw Distributien la Cm metric 
Reflectr-Core Shell Annulus.

any point in th* annulus would probably be less 
than 25.

The flaw distributions in the onnulus for two 
possible conditions of eccentricity of the core 
shell wore also studied. Buckling of the core
shell bet the spocers
produce « local eccentricity.

-os • imuleted to 
Since the reduction

in How at a function of the reduction in How area 
wet the prime concern, the buckling of the cor* 
sheil wo« simulated by odding pieces of tope, 
a* shown m Fig- 4.1.X For a local reduction in 
onmulus shickness of 50 (r,/t, - 0.5), the How 
free inlet to outlet through thot sector of the

onnulus was 73% of she age flow.

Rodiol eccentricity wos also simuloted to study 
the effect of a slight conting of the core shell on

TABLE 4.1.1. SUMARY om COMCEMTRIC ANULUS FLOW DISTRISUTIOM STUDIES

-id*, im-

a medulu. at mta-„

0-133
0.n2 « 10*

0-1875

1.01 x 10*

Retie ef • 
condaie

0-386 1-00 0-609 1.00

“r‘2-
For pumps eperen ing
Fe ene pu-p a (ox normel flow essumed)

1-045 1-025
1.08 1-06

1-025
1.075

1-02
1.07

• ee •"" • • ... •
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the flow distribution in the annulus. Radial 
displacement of the shell was found to cause o 
slight spiraling of the flow through the annulus. 
The configuration studied and the experimental 
data obtained ore shown in Fig. 4.1.4. The data 
are in good agreement with a simple, derived 
expression based on parallel and equal system 
flow resistances. For a mean radial eccentricity 
(t,/t,) of 0.8 the maximum deviation of the ratio 
, /0, is about 0.8. The static pressures as a 

function of position in the annulus and in the inlet 
header were also obtained for the concentric and 
eccentric cases and are being analyzed.

J

I

Fuel Flow im Cora
Further studies of the flow through the 21-in. 

ART care model with the Prat & Whitney vortex 
generators installed on the entrance region were 
delayed pending the construction of a second test 
stand for the core model experiments. Studies of 
other care configurations thet may give stable 
flow were, however, initiated. In the preliminary 
study the following three configurations are being 
considered: a core with on area tspansion rate

i
obtained tram Nikurodse’s function, a

Fig.4.1.4. Effect of Redial Eccentricity an Flow
DistFibution.

cylindrical annular care with a large area ex- 
pension at the entrance and screens of perforated 
plates placed in the region of expansion to obtain 
good flow characteristics, and the present 21-in.
core with screens 
exponsion region.

perforated piates in the

ART COKE MEAT TRAMSFER EXPERIMEMT
N. D. Greene 
G. W. Greene 
L. D. Palmer

The instrumentotion 
istics of the ART volur 
described previously, • 

F. E. Lynch
G. L. Muller
H. F. Poppendiek

and operoting charocter- 
ve-heat-source experiment.

were

galvanometer used with the 
checked, and the

transient thermo*
couples was calibrated. Fifteen complete poorer 
runs were mode for the swirl entrance system.

•N. O. Greane rt *t.. AM' Omar. Prog. Urf. Ore. IQ, 
1933, ORNL-2012, P 174.
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PERIOD ENDING JUNE 10, 1950

1
Th* parameters of th* experiment were th* follow- 
ing: umcLASIMD

-OTO 23*40

r

c

Helicel Reynolds modulus 
Prendtl number
Axiel
Totel power • 0

66.000 to 256.000

4 to 5
5 to 10F
0.08 to 0.12 Mw

24

Th* heat balances obtained for th* system were 
within *5% of being perfect. Two power runs were 
also made with th* swirl entrance system for 
the simulated case of “one pump off."

A photograph of the one-half-scole model used 
for these experiments is presented in Fig. 4.1.5; 
it is made almost entirely of Micarta and platinum. 
The mixing chomber, pump-scroll hood, core, 
power loads, and thermocouple leads far the outer 
care shell can be identified in th* photograph. 
Th* panel board containing recording and power 
control equipment far the experiments is shown 
in Fig. 4.1.6, and a view of th* fuel annulus 
after the pump-scroll head was removed at the 
end of the experiments is shown in Fig. 4.1.7. 
The platinum—platinum rhodium thermocouples, 
as well as the platinum electrodes, which are 
visible in Fig. 4.1.7, were in good condition at 
th* end of the experimental study.

A two-dimensional plot of the electric po
tential field for the 24-electrode power circuit is 
presented in Fig. 4.1.8. Except for the very ends 
of the system where some flux distortion exists, 
the axial voltage gradient was within about 5.5% 
of being uniform; consequently, th* power density 
was within about 11% of being uniform. In the 
actual ART system in which the heat sources will 
be generated by fission, the volume heat sources 
will not be uniform; in fact, near the wall they 
will be from 2 to 3 times as great as they will be 
near the center of the channel. The mean, un- 
cooled wall and fluid temperature profiles obtained 
in these experiments with a uniform volume heat 
source are presented in Fig. 4.1.9 in normalised 
form. The asymmetries in the outer core shell and 
island care shell wall temperatures can be ex
plained on the basis of hydrodynamic flow osymme- 
tries. For example, the high island care shell 
wall temperature in th* northern hemisphere exists 
because a separation region completely encom
passes the island shell in that region. The 
solution for an idealised ART (parollel-plates 
system)7 is also plotted on Fig. 4.1.9; this 
predicted uncooled wall temperature profile lies

1

I

R

" G
> \

)
(

N k t

One-Half-Scale Model of ART Core 
for Volume Hoot Source Experiments.

between th* island and outer core shell wall 
temperature meosurements.

7H. r. Poprendiek and L. D. Polmer, FoxrrJ Com- 
vectiom Hr at Trtmfrr Hrturra ParaUr! P lair a anJ f» 
Anaah attO Votary Hr a t foarrra Ouhia tbr FluUr, 
OR NL-1701 (May 11, 1954).
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Fig. 4.1.9. Temperature Profiles of the Mean, 
Uncooled Outer Core Sh.ll, Island Core Sh.ll Wall, 
ami Fluid of the One-Half-Scole ART Car. Model 
with a Uniform Volume Heat Source.

Fig. 4.1.7. Fuel Annulus of th. Volume-Heat- 
Source Apparatus.
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Fig. 4.1.8. Two-Dimensional Plat of Electrical Flux Field in Core of Volume-Heat-Source Apparatus.
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Experimentol transient well end fluid temper- 
ature dote are shown in Fig- 4.1.10 in terms of the 
tote! temperature fluctuation divided by the oxicl 
temperature rise of the fluid going through the 
core. The frequencies of the temperature fluctu
ation* for this one-half-scole volume heat-source 
system very from obout to 4 cps. The frequency 
range of temperature fluctuations in the full-scale 
ART system operoting with fluor ide fuel should be 
similar to that in the one-half-scale volume-heat-

source systom in which on ocid wos circuleted. 
The frequencies of the temperoture fluctuations 
were found to be in ogreo merit with the frequencies 
of the velocity fluctuotions observed in the full- 
scole cere model used for flew studies.

The results of e study of the oture
structure in on idealized ART cere were presented 
Mt the previous report.S The increose in the 

*H. F. Popp-ndiek end L. D. Pelm-r, ANP Qu-. 
Preog. Rep. Mareb la. 1936 • 176.

<

r

MC*<* o-m-I -eee •4raz
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ISLAnD SELL At COUATOM
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Fig. 4.1.10. Tvansient Surface end Fluid Temperotures Obtoined for ART Core Model with e Uniform 
Volume Meet Source. c
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uncooled well temperetre thet mould orise if a 
b,f erbelic cosine power density distibution
existed rother an • uniform one wes d
The uncooied well
the fluid

*
erumned.

density cese wos found to be more thon twice

os greot os the esponding inc ntfea
umiform fewer density cose. The experimentol 
■«oooureaonts obtained for the uniform power 
density cose here been modified by this heeler 
end ore plonted in Fig- 4.1.11, along with the 
..acheneticel prediction her an ideolized AMT 
cere with e hyperbolic cosine power distribution.

ures os high as 1800"F
might occur if the wells ere not cooled are forty 
for this very high Reynolds n ember case.

. Elostie thermal stress celculotions were elso 
node for the core shell and heat exchonger tubes 
tn the basis of the experimentel to my stature
fluctuotions that were ob ed in this experiment

Mcm ’ 
om -8- enoms
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Fig. 4.1.11. Temp Profiles ef the Meen,
Uncooled Outer Core Shell, Islond Cara Shell Wall, 
end Fluid of the One-Helf-Sce la AMT Cara Model 
Adjusted fer the Nenuniform Volume Meat Saaraa.

t** a'*e • 
:• : : 
• •• •* S'

for rhe unilera. f en>er- dene»ty cose. Fer the 

MHilera fewer de nt ity system the results indiceted 
that cyclic stesses exist that are similor im 
mognitude to the endurance limit or fotigue stess 
ol inconel. It is believed that the swesses in the 
octuol AMT system moy be higher than those
colculated for the unifor

A third set of 

is under woy.

r-density case.
souce experimenta

For shese experiments entronce
tent that will reduce the rotetionol velocity 
component are loceted m the core We set.

TMERMAL-CTCLIG ExPERIEMT
H. W. MoMnew

The volume-hect-s

D. P. Gregory 

aperimemts wih rhe
one-helf-scole model of the ART core hove verifed 
that the hydodynomic instobilities that exist in
some regions of the AMT core, os 
designed, would result in ropid, high-te

P 
np

ely
differentiol cycling of the Inconel core-shell 
surfoces. These studies bare elee indicoted thot 

the tube bonds ar the fuel inlet end of the fuel to1 
NoK bear oecf refer will be subjected to this

* re cycling. The
wa indie ore that the

ume-heot-source 
perotre fluctu-

ation at the Inconel tariece moy be of the order of 
•60°F. The thermal diffuwtvity of Inconel is

poor, and therefore those lorge to my fluctu-

ations will occur, chiefly, in a region close to the
metal-fuel interfoce. For vple, the omplitude
of a temperotre fluctuotion with a k sec period 
will be reduced to 40% of its originel volue at e 

position 35 mils be lea the motel surfece. A 
possible result at this cyclic thermal exponsion 
withim the metol will be crocking of the surfoce 
becouse of metal fotigue. The possibilities of 
accelerated creep end corosion under these
circu ces also arise.

The effect al thermol cycling on moteriol swength
must ba d ned imentally, ond a system
for occomplishing this study at reoctor temper- 
otures with e fuel environment is currentiy being 
constructed ond tested. The apporotus is shown 
schematicolly in Fig- 4.1.12. The fuel mixture 
NoF-ZrF.-UF. (50-46-4 mole %) will Hew through 

the bearer under fos pressure ond will be suMerted 
to cyclic heoting- The surfoce of the unhoused 

test section will experience the resulting yer i edit

‘on e-sig

•• •• • ••• • ••

from Pren A whine y Airereft.
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temperetre fluctuotions os the fluid moves down- 
streom. Efects of th* thermal cycling will be 
determined by metollogrophir exomination of th* 
Inconel surfoce subsequent to th* test.

Th* heater and the test section are fobeiceted 
from • single 10-in. length of Inconel tubing 
(‘a-in. OD, 0.035-in. woll). Th* heater comprises 
the first 4 in. of this tube ond will be supplied 
with • pulsed current through « device designed to 
provide « ronge of pulse frequencies. In order 
thot the swesses imposed on the test section will 
result only from the thermal cycling of the tube 
surfoce, the heoter electrodes are fiooted in 
pools of mohten tin to eliminote tube bending, and 

• belloms is provided at the outlet end of th* test 
section to take up th* over-oll thermol exponsion.

Preliminory testa with NaNO,-NaNO,-KNO, 
(40-7-53 w*)as th* heated fluid ere terminated 
when oxidotion at th* electrodes resulted in loss 
of power. This sitvotion is no- being corected. 
Th* results of these first experiments for • 1 -sec 
power-on - 1 -sec power-off cycle ore given in
Fig. 4.1.13. omplitude of th* temperoture
fluctuation •• two points in th* test section is 
shown os a function of th* heoter power. Th* 
""toi l ing-off" of th* doto ot high heoter powers is 
coused by th* slow response of th* meosuring 
equipment. The cycle period will be voried in 
future experiments. c
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SMIELD MocKUP REACTOR STUDY
L. C. Fai—»

A general stdy of the hect tre—bar end fluid

pleted. The studies we being 

regions a* the nteater.

ded to other

fle= ch istics ef the pe 4 Shield Mockup
Reocto (see Chop• 5.5, "‘Shield Machay Reoctor 
Design ond Construction") Ma been imitioted. An 

swuctre within the 
fuel elements ond the caelewt end a study of the 
pressure distribution within the cara were ceca

Ee
।" * 
beat 

I-

2 wo ‘ 2
!*•

T
ora"--.

TEMPERATURE STRUCTURE IM TME REGlOM 
BEroMD TME ART REPLECTOR

M. w. Hoffmon

The Metical celculations 10 on the temperote 
stuctwe in the re fieri bey end the reflector in the 
ART awt extended te include a recent system 
modificotion. The new syslem, die aerated in 
Fig. 4.1.14 ond designated $ystem C, differs from 

these previously studied (Systems A end B)” in 

that e yertien of the barea carbide Me been

-h - near tist erat eentaan*
• m - teen t* mectom emtmec

C

reploced by • 
corbide matrix.

les s-steel-c lod copper-boron
This loyer, lee eted b the

a • aa aa «a • ea m 
ware mo-tru

Fig- 4.1.13. *

-

1

reflector and the remoining B.C, will obscrb the 

leckoge nevtrons from the care end thus prevent 
red-ice domoge of the more brittle boron corbide. 
A detoiled description of the ideolized system 
used Mi this study Me been presented in e i ay er ate 
report. '' Bosed on these ideolizations the system

e I

4

aa —

Amplitudes Observed
in Pnelimimn Thermelerelne Teu" e Icenel

+ c

MCONEL

O

d
E
• e

8a
&
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E f 

e

can be onelyzed by on 
obtain both the temperatu

iterotive dure to
re rise of the sodium and

she
the sodium and fuel retumn •*—. The heot

deposition rotes used in this a— lysis were la Ma 
five upper limits.’

r MtW—. i. L. MaarUM, end C. Ma.
heven, ANP Ou-, Prog. Rep. Man'* 10, 1936 
2061, • 174.

I’M. W. Methaen. The-mel ft—a /er ft* Krp- 
Beend he AttT - Suppiememe 1, OttML
CF-S6-4-129 (Apeil 17, 1936).
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Fig- 4.1.14. faba—tie Diogrem of Region Beyomd the ART Reflector.
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The recem system modificotion resulted in o 
mperature r*. of 33°F for the sodium coolome

The system modification in

streom and • imum boron cwt
ature drop KWH the inner inconel shell by 30 to

of 1526‘F for • sodium inlet
These volues may be CM*

35*F. Th.

WIWF.
grodient in the .Wr

4 with the previous
results for • system without the copper-boron 
corbide matrix in which the sodium temperatue 
rise wes 24°F and the boron corbide anained a
maximum otre of 1586°F. The sodium

WEAT CAPACITT 

W. D. Powers 

The entholpies and heat copocities of two

tempereture rise wes found to vory 10* (decreosing 
bw 36 to JJ^F) when the sodium inlet temper- 
oture wos chonged from 1150 to 1200"F. Typical 
temperature profiles at the inlet and outlet ends

mixtues were d ed in the liquid ond solid
For one mixture, NoF-LiF-ZrFa G 

mole *), two distinct discontinuities in he
(22-55-23

tholpy relationship wtrt found; one wos at

of th. system tar • sodium iniet temp of
370 to 380°C and the other wos

1175°F are presented ih Fig- 4.1.15, ond the 

temperoture profiles for the svstem without the 
Cu-B.C (System B) ore olso shown for comporison.

The reported liquidus te
ot 565 to 585°C.

rature is 570°C.
The lower discontinuity is MIU—t to be • phose 
tronsition from the olpho form to the beta form, the 
bete form being stoble below 375°C. Th. dis-
continuity ot the higher tempe is the fusion

13c. J. Bmven, Fusca Satr Componmiom., ORIL 

CF-55-978 -pt. 16, 1955).

of the olpha form to the liquid at 570°C. Enthalpy
ond heat copocity ts of • second salt
mixtune, LiF-NoF (60-40 mole %) showed no 
unusual chorocteristics. The enthalpy and heat 
copocity equations for these two solts follow:

*

p

1

NoF-LF-ZrF.C22-55-23 mole *)

Bete tar* (106 to 368C)
w, - w,0-c • -8.7 ♦ 0.23927 ♦ (7.20 x 10-5)r2

c, - 0.2392 ♦ (14.39 x 10-Sr

Alpha tax (407 to 556*0

Hr - H c - 64 J - 0.009165T ♦ (41.82 x 10-%)T2 
, - -0.009165 ♦ (83.64 x 10-5

Liquid (603 to 097*C)
ht - wt<e - -20.2 ♦ 0.45267 - (5.95 x io-•yr* 

c, - 0.4526 - (11.09 x 10-%r

At 375°C
• 28

At 570c

~ - 24
LIFHaF (60-40 mole 9)

Solid (112 to 572*C)
n, - - -9.0 ♦ 0.3191T ♦ (9.94 x 10-5)r2

c, - 0.3191 - (19.07 x 10-Sr
4
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Liquid (688 to 898C)
Hr - H,o-c - -88.2 ♦ 0.92497 - (24.62 - 10-Sr2 

e, - 0.9249 - (49.23 H 10-*)T

At 652C
- "... * 170

In these expressions
H - enthalpy in cal/g.
c, - heat capacity in col/g-°C, 
f . temperature in •C.

VISCOSITT AMO DEMSITY

S. 1. Cohen
A study was made of the effect of fission 

products on the viscosity of e fused fluoride 
reactor fuel. The Increase in viscosity os e 
result of the presence of dissolved fission product 
additives was found to be less then 5%. The 
formula for the fission product additives was, 
however, based on a much higher burnup rate than 
would actually be encountered in the ART. The 
formula called for an amount of LoF, (the com- 
panont used to represent all the rare-earth fluorides 
(armed by fission) that exceeded the solubility 
limit in the fuel at temperatures below 800°C. It 
is felt that the only serious possible problem that 
might arise would be the precipitation of solids. 
This preblem is being investigated in solubility 
studios on fission products in the reactor fuel 
(see Chap. 2*3, "‘Chemical Reactions in Molten 
Salts”).

Interest in the fuel mixture NoF-KF-LiF-UF a 
(11.2-41-45.3-2.5 male %) prompted a redetermi- 
notion of its viscosity, since the previous measure- 
ments*4 were mode on a relatively impure sample 
and over a narrow temperature range. The vis* 
cosity of a highly pure sample prepared far these 
measurements varied from 8.1 centipoises at about 
525°C to 2.7 centipoises at about 725°C and may 
be represented by the equation

p - 0.0292 e4307/T ,

where T is in °K. Those volues ore in satisfoctory
ag with the previous data; the neve measure-
ments are obovt 10% lower than the previous ones.

14s. 1. Cohen, MP Quar. Hrp. Sept. IO. 1935. 
ORNL-1947, p ISA.

Measurements were also mode1 * on NaF-LiF-KF- 
UF. (10.9-44.5-43.5-1.1 mole %). The viscosity 
varied from 8.8 centipoises at about 500°C to 
1.8 centipoises at about 800°C and may be 
represented troughout this range by the equotion

p - 0.0348 .4263/T .
where 7 is in °K.

A medsst progrom has been initiated to measure 
the physical properties of some fused chloride 
mixtures. Two instruments have bean designed 
to study the viscosities of these moter iols. One 
is a special Brookfield viscometer, which has a 
spindle assembly that contains two l er go shear 
surfoces. This increased shear is necessary 
because of the law viscosity ronge in which this 
class of materials falls. The other instrument is on 
a dap »e lien of the copillory viscometer currently 
being used for fluorides. The principal modifi- 
cation is the use of commercial hypodermic noodles 
for the capillary tubes. This affords a number of 
odvontoges, such as ease of replacement end 
interchangeability of noodle sizes to cope with 
different viscosity ranges.

wos mode on one chlorideA density measure
mixture, LiCI-KCI-NoCI (56-41-3 mole %), by using 
the buoyancy principle with a balance and a 
plummet. The density varied from 1.675 g/cm3 
at 425°C to 1.50 g/em3 or 770°C and may he 
expressed as

p - 1.885 - 0.000507 ,
whore T is in °C. These values are in excellent 
ogreement with values obtained on very similar 
mixtures by Van Artsdalen and Yaffo.’*

‘5s. I. Cohen and T. N. Jones, Meaxuememt of the 
Viscosity of Cento liitriu 12. It and 107. ORNL 
CF56-5-33 (Mey •. 1956)-

lE. it. Von Artadalen end t, S. Yof., 1. Pby, 
Chem. 59, 11827 (1955).

231



I

8 SECRET
x

130

ee0o
soolum co

weuuM-"

sysmeu •
on canBDE snconE 4

20
2 m 
fi

• •• ••

1330

•too

*430 

t

I€ 1400

1350

130

1250

1200

$O

*

■

1150
GO

INCONEL-—-
J____
50

, - souaE-=-v==--T
—--------- -

senEEE.

l«eS-5

O 
C 
50 
•

Es

J- - -
2En,, . "-EEEes.,,, ----- -~2ee"m

1
1

2

STA/NLCSS mi —= . CDPPER- 
BONOM cAnBDE

40
I
sa

ssteuc.ETenomruren.e.,.

SYSTEN C

STEEL STIAILESS STECL~-

—-------------------- caneDE
Eisut

MELUM—- 1. N MM t
•FUEL

20 40 O

DISTAHCE Fnon maconE L-FUEL INTERFACE IM • to-)

Fig. 4.1.15. Comparison of Temperature Profiles in Region Beyond the ART Reflector hit Various Systems and • Sodium Intel Tempera- 
ture of 1 175°F.

)

(

N



UKIOD tHOIMG JUHK 1o, 1956

C

C

"a

TMERMAL COMDUcTNITT

w. D. Powers
Two nem devices have been built that are beimg 

used t* determine th* conductivities of liquids. 
In both systees • ******** ****** of h**t flows 
down through • horizontal sample of knoun thick- 

ness and arec. Th* thickness of th* somple may 
be vuried •• thot contect tesistnces at th* 
surfaces of the semple con be eliminoted.

Q** dewice has been fobsicated t* which th* 
semple a* contoined within gloss. This mokes it 
possible I* observe whether ony gos bubbles 
or films wre pesent im th* cell at th* time meosue-

exoctly where the heat is flowing- Th* second 
dewvice hes two heat meters, one directly above 
and the other directly below the somple. It wos 
assumed that if the hect flow were th* some 
in both meters, th* heat flow through th* somple 

would be weil established. Th* original design 
did not i**t this specification and therefore • 
mmodificetion of the system is now being mode.

ELECTRICAL conDucTIVITY
N. D. Geeene

■■Mt* ore being mode. Good og with the
An electricolconductivity cell has been stendord-

obe
mol-co
initiat

ductivity dato for water wes

sahs have shown the *1
vmts -ith heot-transfer 
tion of gos bubbles

the surfeces. The effect ol this gos on the thermal 
conductivity is curendly being studied.

One of the dificuhies associated with rhe

e

ized at high s with molten potassium
chloride, ond the cell constomt so obtained ageed
withim exper imental error with those
by meons of stomdord. solut

determined 
s. Further

cell stondordizotion wimh nil** NaCI and ZmCI
as well os r*f»it* i**t* of existing 
techniques, will ******* measueme 

conductivities of Meera** melrs.

r
ng

of the
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4.2. RADIATION DAMAGE

G. W. Keilholtz
1

EXAMINATION OF THE DISASSEMBLED MT*
M-PILE LOOP NO. 3

A. E. Richt

4.2.1 and 4.2.2. The rear bearings. Fig- 4.2.3, 
^■peered to be in excellent condition.

G Ellis
E. X Manthos

w. B. Parsley 
R. N. Romsey

E. D. Sims

Metollographic exomination of MTR in-pile leap 
No. 3 has been completed except for the streight 
sections of the fuel line. Disossembly of the fuel- 
circulcting pump was found to be ware difficult 
than had been anticipated. The first operation

The neck of the pwop. between the pump sump 
and the heat exchanger, was partially filled with 
oil; however, no evidenceo of fetal or ZrFa-vopor 
deposits wore found in this region. The slinger 
assembly was re anted and exomined, and the 
slingers were found to be coated with a black, 
shiny dep toit. Fig- 4.2.4. No evidences of fool 
or ZrF^ op or deposits were found on the slingers.

wes the al of the water jacket few the pump
bulkhead. The pump wes then sectioned by sowing

... . .

through the bulkhead. During this cuhting tiom
the oil finger below the forward bellows was 
onpeoed. and no evidence of oil eat aeon in the

no signs of binding ofter it was bead from the 
impeller. The pump shoft, fore or p bellows, bear*

i
i

d from the begring
housing. The forward bellows ret partially filled

h

with oil. The bellowa b gs, ond seals WWW

cleaned ultrasomically im perchlorcethylene to re- 3b
move amy woces of oil.

the forword bellows 
colored, omorphous

c
The foce and inside of 
ained e brinle, amber-

depesit, es shown in Figs. Ftp. 4.2.2. Enforpeamot of Deposit Shen im 
Ftp. 4.2.1. 2X. Reduced 25.5%.

assri

Fig. 4.2.1. Front Fece of Forward Bellows of
Fuei Pump few MT* In-Pie Loop Ne. 3. 1/2X.

Fig- 4.2.3. Resr Beering from MT* In-Pile Lenp 
He. 3 Fuel Pump. 2X. Reduced 14%. (Secret with 

coption)
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1 F UNCLASSiFAE
The fuel in the pump appeared to ba inhomo- 

peneoue in thot it wos mode up of two phoses. 
One phase wes green and hod the normal appear 

once of the fuel mixture sed, and the other phose 
wos black. Samples of both phases were obtoined 

for chemical analyses. The two helves of the 

pump sump, with the fool still present, are shown 
in Fig- 4.2.5. The impeller showed no evidence 

of erosion. Figs. 4.2.6 and 4.2.7.

Charcoal semples were obtoined from two of the 
ho eton pat odsorption trope in the purge system. 
A black deposit that woo found around the inlet

Fig-4.2.4. Slngers from MTR In-Pile Loop Mo. 3 

Fuel Fotap. Note shiny. Hack deposit. 2X. Re- 

duced 24.5%. (Secret with caption)

ummcinasiri
■m it

ashfsmi

J
Fig- 4.2.6. Front Fece ef lmpeller baa MTR In- 

File Leep Ne. 3 Fuel Pump- 1 2X. Reduced 15%. 

(Secret with ception)

M*E * AM
Mb "

L

r
■ r Hn

€
Fiy- 4.2.5. impeiler (Top) end Slinger (Bottom) 

NaIvea of Pump ba tap frem MTR in-Pile Loop Me. 3 
Fuel Fa tap. 1 2X. Reduced 23.5'. (Secret -ith 
c apt । pa)

Fig- 4.2.7. Side Vie- ol impeller from MTR In- 

Pile Loop No. 3 Fuel Pump- 2X. Reduced 23.5%. 
(Sacret -ith coption)
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hole to one of the traps is shown in Figs. 4.2.8 
and 4.2.9. The walls of the trap on the inlet side 
else showed a biack dog ssit oround the sides for 
a depth of opproximately 1 in., as shown in Fig. 
4.2.10.

MTR in-pile loop No. 4 has been sectioned at 
NRTS, and the active portion is being shipped to 
Oak Ridge. Disassembly of the loop will begin

nations will proceed os rapidly as cell time 
allows.

INVESTIGATIONS OF MATERIALS REMOVED 
FROM MTR IN PILE LOOPS NOS. 3 ANO 4

V. E. Browning
C. C. Bolte" R. P. Shields

as soon as the hot coll equip has been re-
paired and chocked out. Priorities have been 
established for the examination of sections that 
were removed from the ARE. and these exami-

AlSPIED 
Re 1388

Operation of MTR in-pile loop No. 3, described 
previously, 2 was terminated because a plug 
formed somewhere in the purge system. Therefore 
e postoper at ionol inspection of the fission gas 
adsorption traps was undertaken. A gers sample 
was obtained by purging the traps for 2 hr with 
helium and csllecting the effluent fission gps in
two refrig d char cool trops. A radioessay of

21K

the ges is to be mode. The pvged traps were 
sectioned. and samples of the chorcoal adsorber 
and tubing were collected for rodioossoy. An 
extensive black deposit wes observed around the 
inlet to one trap, and a thin brownish him was 
present around the inlet to the second trap. These
deposits wcre grophed (Ftps. 4.2.8, 4.2.9,
and 4.2.10) and them collected for onalysis. The 
results of the onolyses of the somples ore mot yet 
ovoiloble, but in is suspected that o<l or decompo-

sition products of a*l ed the trops from the

Fig- 4-2.8. Inlet Side of Fission Goa Adscptien
Trap from MTR Im-Pile Loop No. 3. 1/2X. Re
duced 15%. (Secret with capton)

fuel pump bearing housing and sump and caused

‘onemnignmen- ben Piotr 4 wimey Alreseh.

_  _ _ er OL, ANP Qwun ^ip Rep. Dee. 
K 1931, ORL-2012 • 2%.

Al

-
J

Fig- 4.2.9. Cab
Fig. 4.2.8. 2X. Reduced 28.5

of Depesit Mown in

Fig- 4.2.10. Imner Well of Inlet Sale of Fissien-

Shewimg Depth of Formation of Block Deposit.
1 2X. Reduced 25.5%. (Secret -ith ception) 4
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6 e plug when they come in contort with the refriger- 
oMd trap inlet.

A study of on
obeat in the fuel during operotion of MTR in-pile 
loop No. 3 is also being conducted. Deter mi n at ions 
are being made of the nickel, chromium, and iron 
content of the fvel, and rodiochemical analyses 
of the heel are nearly complete. The analysis of 
the foreign materials taken from the pomp is 
partially completed.

The fission gas adsorption traps from MTR in- 
pile loop No. 4 have been received, and analyses 
of mpg er tubing sections ond of acetone washes 
of the carbon ads arbor ore on do way.

experiments. Components for *he MTR tube buret 
test eppiwetus ere being fabricoted.

One of the specimens tested previously in the 
MT* tensile creep Met app aretes4 ruptured outside 
the gage length, end therefore the postirradiation 
elongation meosurement was node on this speci- 
men. The elongation was 1.7% after 740 hr et 
1500F in helium; this valve is higher than was 
expected. The corresponding bench tests hove 
still not boon canpl eted, becovse experimentel 
difficulties (mainly looks in the bellows) repaired 
that the egg orates be robot it.

otic shessing device for bench ond in-
pile Hwnh creep tests mi built ond is being

CREEP AND STRESS-coRRoSOM TESTS 

J. C. Wilnon

leak tested. To* tie extensometers for

W. W. Dome
N. E. Hinkle

A. S. Olson
X C. Zukas

A heat transfer test of the strea s-corrosiom appo- 
rates designed for operation in HB-3 of the LIT* 
was made in the LIT* to check the hooting M he 
eng acted from the fool. It was not possible to 
reach the desired t amp grot are of 1500 with the 
2.5 g of the fuel mixture (No. 41) NaF-ZrF ,-UF. 
(63-25-12 male #) esod im this Met. A bench

use with this device have been tested. The 
pneumatic device will provide a powerful, cempect 
moons for stressing creep specimens with Iseda 
at greet os 10,000 lb.

Parts for e ateess-relaxation machine are being
built. A pa rvaai< rd so spo rotor 
for stres sing the specimen, and a atic stroin-

MTR STRESS-cORROSON APPARATUS 

X C. Mlnon

mockup which reached the some Mump c» os
that attained in the reactor indicated that only 
obout W s al hoot was gene robed by fission. 
About 200 w of heating mos expected bom this

a a Boumann
The estoss correeion

•- E. Brundoge

nated os the ell ere Me stess-comosion
wes modified to chonge the plot heater to •

fuel at the depressed flux 4 in HB-3 of
the LIT*. For she neat Met e fusnd salt with 
more ar anion will be used, or the number of con- 
ductive fins will be rodered.

Three were tube-burst stress cerroeom speci- 
mens were exposed to rodigtion te the LIT*. and 
two were bench Msts were compieted. The wrade

simpler, helicolly we end heater mode fom molybr 
denum wire. The desigr, deseribed previously, 
is completed, and fobricetion end essembly hove 
been potiolly one*—* on • model with which 
heat mansfer tests wilu he made in the LIT*.

DUCTILITY oF MICKEL-BASE ALLOrS

ated
at ISO0F with e

foiled after 164, 260, and 205 h T. C. Peice®

-herec 
tese e

one specimen b
m stress of 2000 pai,
eh-tested under similor

ditiona hod mot feiled in about 935 hr.

The other bench test wet mode at 1450F. 90 deg 
lower. end the specimen ruptured after only 900 hr 
under stress.

Tubing stock of the typo M be used in ART 
NaK-to-air 10410*010 •* expected M be eveileble 
soon for une re tbe-burst and street corrosion

An investigation is being mode of the foctors 
that govern the ductility ad rechel boss alleys. 
As e port of dos study, tensile tests was run on 
Inconel and Ni chrono V at stroin robes of 0.002 
end 0.2 in./min at temper sew as ranging bean 900
tv 14D0F. At a* temp e wee omy abrupt

3s. C. w.- - at,, ANP O-- P-mg A-a Sepe 1o, 
1931. ORL-104z. • lee.

“w, W. Dowa, a t. M-i-, end a. c. •inen ANP 
0- Png Kep Mnce m /936 ORNL-2061, » tee.

Sw, w, o.., N, t. **>•. a-as.c. •i.e-, ANP 
g er “-p Mete* M. 1034 o“--2061 Fis-

“om essigm-nt he* —I a Whr-y Aeereft

••
A •

e* e
• S ee
• ewe e a
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decrease in ductility observed in either alloy. 
The ductility of Inconel remoined constant between 
800 and 1100F at the slower strain rate and 
between 800 and 1200F at the faster strain rate. 
At higher temp er stores the ductility steadily in- 
creased. The ductility of Nichrome V decreased 
steadily as the tenestature was increased from 
800 to 1400F.

Both alloys showed stress fluctuations at both 
strain roles. the fluctuations being mere noticeable 
at the slower strain rate, but this may have boon 
the result of the inodeqvocy of the recording 
system at high speeds. In the tests on Inconel 
the stress fluctuations were present at tempera
tures from 500 to 1200F and were largest in 
number and amplitude between 600 and 950F. 
The lower temperoture limit of those fluctuations 
her not yet heen determined for Nichrome V. but 
the upper limit seems to coincide with that of 
Inconel.

Spec imenh 9* Monel Inconel and Nichrome V

They will be filled with on NaF-K F-Li F-UFa fuel 
mixture containing approximately 25 wt % eneiched 
uranium and LiF enriched in Li7.

LITR VERTICAL IN-PILE LOOR 

W. E. Browning
D. E. Guss®
M F. Osborne

H. E. Robertson
R. F. Shields

A vertical in-pile loop, which was essentially
the same as the one oted previously,’ was
installed in the LITR and put into operotiom; how- 
ever, the pump stalled when the reader was
started. By reducing the pump temp
possible to

e it wes
the loop with the reoctor ot

500 hw. but at higher power levels the tempi er at uro 
drop in the loop wes great enough to freese the
fuel in the cold leg- The pump stalled P tly

have been p d for testing in the LITR (and
leter mi the MTR) to determine the effect of irrodi- 
etion on ductility. Owl of pile tests will be made 
on the Hastelloys.

during an effort to increase rhe pump temperature 
gradually so that the reoctor could be brought to 
full power. The specifications ter the power 
chorocter istics of the loop were: total power. 
11.5 kw; moximum specific power. 577 w/cm*. 
dilution factor. 7.64.

While the cause of the pump foilure cannot be
precisely 4 ed until the loop hos been

EFFECT of RADIAT1ON on static 
CORRosOM or STRUCTURAL MATERIALS 

•t FUSED-SALT FUELS

w. E. & g Hl L. Hemphill
The study of the effect of rodi 

rosion of Inconel copsules contai
•eft fuels wes comtinued.’

tion om the cor- 
ng static fused-

copsues tem pining the fuel mixture (No. 30) 
NoF-ZrF,-UF, (SO M 4 —le #) were rrodiated 
in the MTR for six weeks eoch ot 1500F at a 
pomer density of opproximotely 3.5 kw/cm”. Two 
other Inconel cepsules contoining the fuel mixture 
(No. 44) NuF-ZeF.-UF. (53.5-40-6.5 mole SO are 
be mg irrodiated M IS0F at e p lue density of 
opt1 m e I n moly 6 k-/cm”.

Further me ch up toots were run on Hostelloy B 
copsules under simulated MTR conditiens. A

exomined, it is known, from the sounds emanating 
from fe pump and hoard through a awe raphe ne. 
and ham voriations in electric power demands of 
»he motor. that contact of moving solid parts 
overloaded the motor.

The parts that had al reedy been fobricated for 
three edditional leaps will be changed to eliminate 
most of the possible couses of pump foilure. The 
changes will include e shorter. more rigid impeller
shof ond ed b
are being tested te 4

gs. Alee, pump modela 
emine the efiect of im-

an the copsules mithout damaging the chromium-

mosphere. Hostelloy B copsules ore beimg 
ed for bench tests ond for MTR inodimhien.

creasing the clearance ere and the pump impeller. 
When these tests are conpieiod, existing parts 
will be modi hod and assembled for bon ch and ini’ 
pile seats.

Although foilure of the pump prevented ep er on an 
of the loop, the experiment provided a test for the 
reliability of other camp snouts. Thermo co up les.

system. the re rhe ms ter. the lead wires, and the 
entite instrumentation system performed sotis- 
foctorily. Plotinum-platinum-rhodium th erm u

*•. C. *»■ wing and H. L. Ms no bill. ANP Ou--. Prum 
R-n mere M iK ORML-2061 » im2.

* ke- United Stet-s Am Ferce.
‘G. w. K-ilhelea et al. ANP Omn P-ug. R-p. sepe. 

ML 1933 ORML-1947, • IM.
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C couples were used on this loop to eliminate th* 
severe oxidotion that occurred in previous loop 
ossemblies where the Chromel-Alumel thermocouple 
leods passed through heaters. Th* change in
th couple materiols necessitated a redetermi-

Three conditions contributing to errors in temper- 
oture mecsurement were investigated for the
platinum-platinum-rhodium th

in stood of fission heating, and th* thermocouples 
were mounted on th* fuel tub* in th* some way 
that they or* mounted on th* ioop. Surfoce temper- 
atures were observed, with on opticol pyrometer, 
through a quartz window and compared with th* 
thermocouple readings. These tests were similar 
to those reported previously, 10 which yielded 
different results for different thermocouple mo- 
terials. Tho differences are no doubt due to bead

First, th* thermoelectric output of th* couples 
might be chon ped becouse of incompatibility with 
Inconei; second, the junction of th* thermocouple 
it cooler than th* Inconel surfoce to which it is 
atteched becouse of air cooling: third. the outside 
surfoce of th* Inconel it cooler than the surfoce 
in contact with fuel because of th* hoot flux 
through th* wall.

A ctap otibility t**t was run in which th* plati- 
num—plotinuw rhodium thermocouples wore welded 
to Incone and heated for 1000 hr at 900°C. Th*

dillerences during thermocouple fabrication. Th* 
results of these tests are shown for six thermo- 
couple ossemblies in Fig. 4.2.11. For the oper- 
ating conditions of th* LITR vertical in-pile loop 
th* correction amounts to 15 10°C.

Th* correction for the differential perature

Hi sples were found to be mechonicoliy
sound after this treatment, and their obsolute 
colibrotion hos changed not more thon 1.7C.

Tests were olso run to dofroum th* tompmoture 
correction necessory becouse of air cooling of the

threw ph th* wall of th* loop was colculated by 
using theoreticol heat tronsier relationships in 
th* loop and egp on we nt oi flu* data obtained from 
previous loop operation in th* LITR." Th* hoot

Hi bead. g

E. Bre-ning. G. w, Keilholtz, and M. L.
Memphilt, AMP Qww. Prog Rep. Mareb 10, 1933. ONL-ie6a, t 144.

full scole, with electrical heating
"‘G. Keil

Sepa. IO. 1911. HL as A.P Q-n Pree- Rep-
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transfer calculations of Robinson and Weekes12 
were modified to apply to the presently planned 
position for the loop in the LITR by using certain 
Simplifying assumptions. The tip of the loop is 
to be 1.5 in. below the center line of the reactor. 
This is more than 4.5 in. below the position of 
maximum flux. The Hum measured near the fuel 
tube in the previously operated loop’ was token 
as the depressed Hum for that loop. It was assumed 
that the Hum depression was the same for corre- 
spending parts of the present loop. The difference 
in shape of the Hum profile for the two loop po
sitions was ignored in calculating the fuel tube 
wall temperature differential. Fission-product 
poison contributions to the macroscopic cross 
section of the fuel were assumed to be negligible.

The transmission coefficient for neutrons in the 
fuel was determined from work reported by Holmes, 13 
and it was used in conjunction with the Hum distri
bution along the loop, as shown in Fig. 4.2.12, 
to determine the total loop power.

Finally, to find the temperature differential 
through the Inconel fuel tube wall, the curves of 
hoot transfer variations along the loop designated 
Mark VIII in the work of Robinson and Weekes13 
were modified for the higher total power of the 
loop being investigated. A plot of the calculated 
temperature differential through the tube well vs 
the position on the loop for proposed operating 
conditions is presented in Fig. 4.2. IX The maxi- 
mum combined temperature corrections for all three 
errors totaled 35C.

« e

" 2M. T. Rebinson ana O. W. W.ckes, Des- Calcu- 

lazioms /or a Mimiature Migb-Temperatwre Im-Pile Circu- 
F—1 Loop. ORNL-faoa (Sept. 19, 1955).

13D. K. Holmes, Probiems of Neutrom Population im 
Localized Absorbers, ORNL CF-56-1-141 (Jan. 27, 
1956).
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Fig. 4.2.12. Calculoted Profits of Flux at Fuel Tube Surface Alamg the LITR Verticol in-Pile Loop.

340

* - * ---• • •



==

pemoD ending June 10, 7956

« 30 T

SECRET
ORNL - LR- Dw 
'T"" "!...... ?—

t REYNOLDS NO OF COOLING AM 20,000
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Fig. 4.2.13. Plot of Calculoted Temperatute 
Differential Through the Fuel Tube Woll as . 
Function of the Distance from the Fool Inlet of 
LITR Verticel In-Pile Loop.

FURTHER DESIGNCALCULATIONS FOR 
LITR VERTICAL IH-PILE LooP

M. T. Robinson

F. P. Green J. F. Krause’

The method described previously12 has been 
used to estimate cooling-air requirements and fuel- 
tempercture profiles for a new configuration of the 
miniature vertical in-pile loop. The loop is 
physically identical to the Mork VIII loop described 
previously,12 but it is to be inserted to the bottom 
of the core of position C-46 of the LITR instead 
of reaching only to the position of maximum 
thermal -neutron flux. Th. thermal-no*, tron flux 
used was that measured1 * in position C-46 and 
extrapolated to the bottom of the lattice by re-

**On assig from & Whitney Aircraft.
154 T. Robinson, Solad State Semiann. P,og. Rep. 

Feb. 28, 1954. ORN-/677, p 27.

flection of th. meosured flux in th. plane of its 
maximum value. Th. computations were carried 
out on the Reactor Controls Computer according 
to the technique previously described, 16 except 
that the flux function was generated electronically 
instead of mechanically.

Calculations were mode for the fuel mixture 
(No. 44) NoF-ZrF.-UF. (53.5-40-6.5 mole %) con- 
tained in inconel in the new position and for the 
fuel mixture (No. 107) NaF-KF-LiF-UF. (11.2- 
41-45.3-2.5 mole %) contained in Hastellov B in 
both positions. The ohysical property data used 
for air, for Inconel, and for the zirconium-beor ing 
fuel mixture were the same as those used previ
ously. The data for the alkali-metal fuel and
Hastelloy B are given below:

Density of fuel,17 g/em3

Specifie hae» .1 fuet,18 w-sec/g’c
Viscosity of fuel, 1% g/em-sec

Thermal conductivity of fuel,20 

w/em.°C

Thermal conductiviry of Hastelloy B,21 
w/em.°C

2.09

2.28

0.022

0.03S

0.113

As before, th. depression of th. thermai-neutron 
flux becouse of the presence of th. loop was 
neglected.

The results of th. calculations are summarized 
in Table 4.2.1. It is shown that, in spit. of th. 
greater length of the irradioted loop in the "‘deep"’ 
position, th. fuel temperature differential is less 
than that in the position of maximum flux. The 
principal result of the change in position of the 
loop is a substantial decrease in th. dilution
.IE. R. Menn, F. P. Green, ana R. S. Ston., •An 
Appendiz on Aneleg Simulation,"* in Desigm Caleulatinns 
for a Mimiatwre H>glf»Tr-fl>rTaturr In-Pile Cimtloling 
Fuet Loop, by M. T. Rbinson and O. F. Weekes, 
ORL-1808 (Sept. 19. 19551.

l’Estimated by method of $. 1. Cohen and T. N,
Jones, A Su
Fluoride 
dteting

ary of Heasnrrmfnli om Mcltrn

Densitie s
and a Corrr/iftiDH Uifful for Pre-

Floorttlr Mixtes
Composilions, ORNL-1702 (May 14, 1954).

of Known

SEatimated an assumption that the alkali-metal fuel 
has the seme molar heal capacity as that of 1 ha zir- 
comiumm-bearing fuel.

19s. 1. Cohan, personal communi catians to M. T.

Robinson March 16. 1956, and May 4, 1956.
20Estimeted by w, D. Powers, March 16, 1956.
2‘Haynes Stellite Company. Hottrlloy Higl^Srrmgtb. 

Nichel-Base, Corrosion-esistamt Alloy*, a 15, Sepf. 1, 
1951.
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TABLE 4.21. SOME CALCULATED DESIGN PARAMETERS OF THE VERTICAL IN-FILE LOOP DESIGNED 
FOR OPERATION IN POSITION C-46 OF THE LITR

Fuei Loop
Posivien

Reynolds Numbers

Fuel Air

F vol T ee<e ere wee 
Differentiel 

(C)

Maximum Air 

Tempereture 

ec)

Air Flo-
Rete (cfm)

NaF-ZrFa-UFa 
(53.5-40-6.5 
mole 9)

Shallow 1.500
3,000
6.000

10.000

32,000
22,000
20.000
20.000

135
65

33
33

380
410
510
520

41

30
28
28

Deep 1.500
3.000
6,00

10.000

74.000
50,000
44,000
42.000

103
56
30
17

250
450
530
550

100
70
60
59

NaF-KF-LiF-UFa 
<11.2-41-45.3 
mole %)

€haliow“ 1,500 
3.000 
6,000 
10,000

19.000
16,000
15.000
15,000

125
65
33
20

450 
550
500 
600

27
23
21
21

Deepe 1.500 
3,000 
6,000 

10,000

32,000
26,000

24,000
23,000

94
50
27
16

380
410
460
480

45
36
33
32

(

"Tip of loop or position of maximum thermol-neutron flux. 
Based on earlier calculations. 12

STip of loop at bottom at active lattice.

factor from about 11 in the "shallow" position to 
about 6 in the "deep” position.

FAST-NE UTRDN DETECTORS

D. Bind*

A great variety of radiction-damage studies re
quire a knowledge of the fast-neutron flux of the 
reactor being used for the irradiations. For 
instance, changes in the mechanical and electrical 
properties of metals and insulators are dependent 
on the shape of the neutron-energy spectrum. As 
the neutron energy increces, the number of atoms 
displaced increases yrtil critical energy
reached at which the effect saturates.22 There- 
foie, it is essential to know the number of neutrons 
per unit energy up to about five times the critical 
energy and the integrated flux above this energy.

The energy spectra in two types of reactors from 
thermal to 100 ev or 1 kev and from 0.7 to 8 Mev

22G. H. Kinchin and R. S. Pease, Reps. Progr.
18, 152 (1955).

have been investigated by Trice.2 3-24 For the 

remaining investigation, that is, the 1-kev to 
0.7-Mev region, a detector must be developed with 
which to study the variation of displacements with 
neutron energy. The development of useful de
tectors is dependent on a knowledge of this vari
ation, and vice versa. The first step therefore is
to calculate 
sumptions.

Germanium

known case based on simple as-

was selected as the material to be
studied because it is sensitive to neutrons and 
the relationship between the solid-state effect and 
the number of displacements is known. From the 
work of Cleland et al.** at low temperatures, it is 

known that five electron traps are introduced per

23. B. Trice, Fart hirutrnn Flat Mrarurrmmtr nr 
E-2S of the Rrokbaven Graphila Rraetor. ORNL CF. 
55-7-130 (July 27, 1955).

24J. B. Trice, A Series of Thrrmal^ Epithermal ami 
Fart Neutron Meas wements in thr MT R. ORNL CF. 
55-10-140 (Oct. 28. 1955).

25. w. Cleland, J. H. Crewford, Jr., and X C. Pigg. 
Phrr. Rev. 98, 1742(1955).

I
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C e "‘fost"" neutron tn a grophite reoctor and thot there 

are two trees per displocement. The question is 
whether it is possibie to colculote the mumber ef
di spi ocements of a roes enable
grophite reoctor spectrum and so ochieve opproxi- 
mate agreement with the experimental result of 
2.5 di splocements per fast neutron. (A fast neutron 
is defined2* by Cleland ri to be a neutron with 
energy greater than that required to disploce an 
atom.)

VISCOMETER FOR Maori MEASUREMEMTS 
OF THE VISCOSITT OF IRRADLATED 

FUSED-SALT FUEL$
Webatee

A viscometea was designed for use im a ho* cell 
which will be capable of mmeosuring the viscsities
of irrodiated fused-sel fuels at
to obout 750C in on 

within e shieidee cell.
inert (helium)

etwee up 
eno adhere

The apporotus consists of

For the colculation the method of Kinchin and
Pease22 modified to include e spectrum which
is the sum of 1/E distributions extending to each 
element of a fission spectrum.2* The agreement 
between the calculation and the experimental re
sult was within a factor of 4. The spectrum and 
the variation of di splocements with energy are 
then roughly correct, or at least there are com 
pensating errors.

two vessels, 6 in. long. 1.25 an. OD, mu anted in 
o verticol position, with 2 in. between centers. An 
Inconel tube 3 ft long and bent inte a LX shape 
connects the battens oi mhe vessels. A amali
fer gnetic boil travels with the liquid through

In order to test the variation with neutron energy 
alone, it is planned to use neutron sources of 
known energy. The flux from these sources is 
reduced by factors of 101 to 10* hem graphite 
reactor fluxes, but the sensitivity of pure germanium 
allows for experiments even at those low levels. 
Two sources will be used: a uranium converter 
plate in a thermal column and an ontimomy-beryl- 
lium source. The convertor plate gives a pure 
fission spectrum, and, whan used in the sionting

the tube, ane the position of the hell is detected 
at two points on each leg of the U-tube by elec- 
trona c equipment.

$ ■ age l ok connectioms are provided of the top 
for inserting liquid-level probes, and for allowimg 
helium pressure to be applied on the a ur fee e of 
the liquid in oath or vessel. The whole apporetus 
is inserted into o 4-im--dia wertical funnace with 
on 18-in. controlled-temperoture hooted sone. End 
hecters ore provided to control the hoot loss out 
the ends of the fumnoce.

EFFECTS OF RADIAT1ON OM 
ELECTRICAL couPONEMTS

X c Pig C. C. Robinson27

an
2 i

imal tunnel of the ORNL Grophite Reactor, emits
x 10' fission

of the plate.
neutrons/cm2-sec near the center 

A first rradiation of 5.8 - 1013

Insulatiom 
in previous experiments2"-2% the effect of

neutrons/cm2 introduced 1.9 - 1015 acceptor s/ar1 
in a germonium crystal. This experimental value 
agrees to within a factor of 2 with the colculated 
value of 3.4 x 10’*.

The result of the first experiment indicates that 
the present assumptious on the variation of dis- 
placements with neutron energy are roughly correct. 
This will be checked by further irrodiations with 
fission neutrons and with 30 kov neutrons ham 
the antimony beryllium photoneutron source. More 
adequate neutron monitoring is to be used for 
future germonium irradiations. This may lead to a 
complete understanding of di splocements in at 
least one solid-state reaction.

radiation on electrical insulation the insulated 
wire to be irrodicted was placed in the reactor as 
if it were o temple lead. Care was token to ensure 
that possible leakage paths from the control con 
ductor to the shield were as long ee possible. 
Whenever practicable, the end of the insulation 
that wes in the reactor was sealed over at the end 
of the central conductor. However, the possibility 
of conduction by end surface contomination and 
ionization of the air still existed when there was 
no seal er ■■hen the seal was defective.

In ardor to determir whether such least ago wos 
important in the experiments previously conducted.

27
28

On essig
'XC.Fi

Inee Wrighe Air Develop

26D. Binder, Sohd State S,-tamm P,oe. Rep. Fek.
29, 19M. OwL-2051, p 4a.

Prog- Rep
ige end C. C. Rebimsen, Selid State Semiemm 

Ane 30, 1933, ORML-i9es. • 6.
WX C. Piga er az, 

22 717 Uenuery 1956.
ateem emd Eleetr
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t-o

-

pies -ere teken from the some spool of
Tn Ann mBa4fn4 -ire. Ome somle -os the mb eel 

length 25 f long, ond the second -os 30 h leng- 
The two somples — installed et the some time

in Miu SO-N of the ORNL Grophite Re The
25- Teflon-insdated somple -es instelled in she

ne seci «• the end. The 50- somple mos doubled 

beci on atsell so thot both enda of the mire were 

outside the reoctor. The leokoge bo» h b— the
d to

be twice es lout for the 50- somple es for the 

its on the 

t-o -ires were* identicel. It con therefore be 

eenclm4b4 thot the rodiation effects described 
previously® were due to bulk —e ertant rother 

then to end suriece conduetien or tn air ionization.

__

A

l'
T

2

.................—

Buriers
A IN38A germonium — i— e—inc* rectifier wos 
eposed inc 10"-e/hr Ce®o gommo-rey source.

and tian for-ard and rewerse curents ana

in

og
Fig- 4.2.14.

-ith those obt

ed

These dote «r« in qualitative
4 by Young.20 The

ncreuse n reverse curent, followed by • retun 
towerd its initici voiue, is on effect not (ound in

experimenis becmuse it occurs
et low totel demoge. Ab moy be scen I— the 
chomge in ter ■ et4 current, the effect illustroted tn 

Fig- 4.2.14 wouid have occuree belon* the somple

•righe Air 
28, 1954).

-

> 4
Ganmna tamosm tel

C Mill— Radarie- •? Orystat Dind-k, 
men* Cemter, •CRT-T-sa-255 (D-c.

•3--•
• mewm cum-ent.-
• vo--am - «e-"

exa-a
A W NW sas, nomaaxzro ro conaM ETeemhee-e

Fig. 4.2.14. Efiect of Gomm Rediction en Conductien Thresgh • Bewimr. Ge

rectifier IN38A-B zed to 2 x 106 e/he from Co“ source; IN38A-A
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reoched thermel equilibrium Mi pile euperi-
meet. Whethee er not the aHect doe a tesult from 

neutron irrodichian hea not yet be— 4e. er mu we 4

A series of exposures —e al— mede mi e
S a 10“-/ Co® souce, end the woltoge-curent

stics of the ectifier were ed
4 from the source.

chonged by e foctor of obout 5.3. The eh—yea in 
the chorocteristic a are simmilom to those coused by 
meutren mebeita. - '

A series el wromsistors were urredieted — the 
circuit sho-n at Fig- 4.2.16 to — a a—a the ompli- 
fication of the unn during, ea well — talar a ond

after. diet The series resistome ea — the
The ch—— im the chorecteri stic curve com be 

seen in Fig. 42.15. Th— is linle chenge in the

iar 11'1—4 curve,, -hich is Mi eg -ith the deta
Fig- 4.2.14. The current — I-w reverse bios

area normalized te moke the preinedi 
eeiwci4a mith that ef the somple exp

m volue
4 in the

emitter ond Mi the collector circuit were chemged 

te motch the unit being teat» tan <4 im each emperi- 
ment. Provisions were made — smitch from 
gouddru" te goyddhau cuedt22 — that

2 ■ 10"-r/hr Ce** souc 
ere sho-m in Fig- 4.2.14

The mormalized dot
r—really -ith the some unit. E
mmode both in Co o

mere

voy souces ond im the

bies ond in the omplificotiom efeM ds-
• • 4 --e "T-" « Honeywell H-2 — tr— sistor ea e functien of

may be seen in Fig- 4.2.17. The

—- ■»'— «-m-m
------- me
—- -T- wme t-re- mam-d,
—— wn- omomm m ro • e.

r 
j. --o.e"

"3
E.5
I -

collector, bose, and aw'War voltoges were odjusted 
so the original values before each reoding- H— ca. 
the ch—ya a im emplificotion were due to chonges 
im chorocteri stics —Ml mot to chonges in opercting 

volroges. H moy be seen thot the collector current 
omnd the omplificotion were essentiolly the imverse 

of each other. Whether rhe chew ya in omplification 
wee due — e ch—ye in (he slope of the collector 

chorocter istic, e eh—ye iw seporetion el the

collector curves, or e 
ing has not yet been d inied.

a
-- ---m"

2
The ch—jet in omplificotion of t-o Minneopolis- 

Huw, wall power tronsisters es • fnctiom of

irvedietion hole 51-N of the ORNL Grophite

at e«

----
— e• w 
—-

• **

Raaeter ore shoun in Fig- 4.2.18. These curves 
illustrete the some type of behovior os thot ob- 
a arm a 4 for RCA wrons stor Ne. 1241.32 The tempo-

Fig. 4.2.15. Effect el Ge—— Redie tiee —

e—y inc 
— RCA

e in ompl fiction observed prewiowsly 
aistor Na. 1266 -as not moted. Agoin,

G Peimt-
Cemtect Rectifter IM38A-A et 20"- The M values 

are the slopes of the lines.

the flux level -as such thet this region of the 
curve would h— been teversed before thermol 

eqvilibrium -es obtcined in the in-pile experiment.

Imfl

The forwad chorocte istic cerra —ew 4a te the 
■ eltaya ter— bah aid er of the emitter el e ar— 
sistor. The —rae curwe comesponds — the

It moy be
seen iw Fig- 4.2.15 thet, dithough the aw i war 

chw—tariatrc is linle chonged, the collector 
char acteriaWc rh—yet drasticolly bath immognitude 

and siope. The mognitude of the cm— — Ur 
bios chenged by e l we—i el about 6, ond the slope

When •

te ef — Electicel Field — Diffusiem 
ef imter stitiel t Maa

amaniu is bombade by high-ene
a, the recoils from the col-

lision and secondory collisions of the WT I JI MWI

M. *sfe
33,. C. I 

Pveg. Rep.

, Sead Stee Ke
-1606 • 81
mna a. w, Clal.

Prme- Rep- *w

1 1934 OML-1s0e, • 47.

emmmmem
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Fig. 4.2.16. Tvemsister Test Cirewit.

etom os it tovels throvgh Am lomtice resudt in Am 
formatien ef lattice vecencies and interstitial

Mf 0.7 V im mAm to r— IM
The

Since the g lottice is foirly open.

Am imterstitiol atoms com diffuse reodily through 
Be

stant of itM. Am interstitial atom is ionized
Mt IM MM temperoture, end hence its diffusion should 

be infuenced by Am pnt-et of mm elechic field. 
Fields Mf Am order ef tenths Mf M volt per micron 
me av leble in Am benier vegion ol m diode, and

*7 sitive
M chenges im cerier e

A 1M38A p rectifier -es
d Am S mim im hole 51- ef the ORML

Grephite Reoctor. After r

the rectifier mm biosed M the Im h mA directiom
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lo- becovse of rodiot 
then ploced in MN oil bath te

ed 'MIM wos
Tha umit wos 

tein • constent
temperetre ol obout 25C for siz dors- At the
•mA of Am sim-doy period there had beem no* bile chonge in the curent possing through
Am semple et 0.7- bill.
Im 7 hr, then restored.

The bies was m d
When the bias hod been

restored, it Mt m—A Ama the cunent hed im- 
creased by obout •• mAm Mf mognitude. After 
eight daya in Am biased conditien. Am curent hod

When the bies wos • d, on electric field
mes esteblished MI the besier to couse therelaliwe

• * *• I
• ••
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p 
r

emoe-
------------ 700

" I

side of the berrier results MM onnealimg out the 
rype of domoge which tends to moke the p-type
side less p-type end * g •» to the ■
side. Hence both sides of the hwm ar ce ennecled 
to-erd their initiel cendition ond the for-od 

curem inereanes to-md its imitial wi—

oz Tan-cato a -ge acmom 
meshtomca-e:*uke

‘ m

1 ................ ........—.................................................. ............. * 0.
• • ■ r a •"06’ "Bi-""

maoumom posaa ter~3

Fig. 4.2.17. Effect «f Redietiem MM Collecter
*

Cument end Amplif H
well M-2 Pewer Teensister Lrredieted im Gemme- 
Rey Sevce ef 2.57 x 103 e/hr.
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M
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TNE EPFECT or RADLATIOM On POLrMER3 

O. Sigmon

W. V. Porkinson

There has beem • continuing |ii 1,1 in the 

Selid Shate Diwision te study the effecta of high- 

energy rodiction om plostics ond This 

work hes h

Solid Stete Diwsion progress repona, but becewse
ef a img st im shis mork in c»—irtiw
with ellied AMP projects ond wo *01 • • en
inoreasimg
U2 ' mN

need for rodict
erials, some ef the curent poly

mo- also be d in she ANP

=-=
=s

• • ••ee • •
2 4 * •*
• * *

• •

pogrens "eporta.
The plestics end el

quite ively. ond some of the c*— ii eW re-
■C»»W U»I been identified -hich couse the

diated
verved in the physicel
Hymera. A study is 

eenctien mreducts ef

248219
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isuned, ismesented -mre pocked -ith el
fer d

The imfreed spectre ef polystyreme, polythyleme 
polybutediene, GR-S, motwo rubber, MbiMbubi BBC 
rbbe. polyvimyl cHa Sb. end Teflem hove been

emers -hich -ere net studied se *

cm

di re given in Teble 4.2.4-

g
fer 2 te S he, omd them

*

The poly
foil M el 

wrs -me
■MB cons 
dimted in

ene er mmre of the feil g fociliti-at (1) a Ce®9

The con-

ghly efter

films -ere cemented on e 2.9 1.1 

, alumimum wire fc —B. BUS—'■<

spectum The films te be di
im vecuum wwre MM<BIB<IB< for thee te five Cars 
es 0.2 p end seo ded ip BB— M pyrex er qugrta 
nbes prior to imodietion. These sa-G wbes

Pelpe-

Pel yethyie

Pelphutedie

GW'

Pel,-in, eMende"

Tefem“

g—bb >B| source, (Z -ete-cmoled hole Mb. 19 
an A» ORNL Greshite Reacta, end (3b latice

pesitien C-46 in the LITR. The pmrmis-
sible desege -os l mited by the fermetien ef epen 

slets Ml some polyme films (cuused by shrinkege
—d ioss im fim BB •moiAL -es foumd the the 
donoge — polystyrene, polywimyi chioride, myie, 
—d polymethyl methoerete covid be imereased 
by iprodieing pnemeumeed flms.

The discowery ther posti 
eceured in inredicred poly
eir mecessituted 
nubes Ml e helaum

"9 
agh

di

*• *0-*gl 
ere. A gicve beu thet

TADLE 4.2.4. IRRADLATIOM DOSAGES or POLTMERS

Im Owye

0.3%, 4.9

0.30, XV

0.72 X»

0.3, 0.72 19

let-e 0.3%, X*
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im Veewwm
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ond tar penslerring the specimens to • gos-tight 
imfrwred obsorption cell for spectrol meosurement. 
The ab aerpti an cell -as then opened in cir, and

ore, the chonges thet mey be seen in Fig- 4.2.19 
are cni of the olteretions of the infrored spectre 
by irieAietun. Dosoges of the order of 10® to 1010

mecsuremena of the I

A. an emompi. 
in polymers, the

rods MtW

=m

L-

te the

of e polvstyre

*•
212

A lorge postirredietion 
the spectre of polysty

•Mac* was ob 4 in
1 GR-S, dnd natural

*
a to cir Minning rrodiotion 

products cezinved to form

i
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eMehMrg■
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Fig- 4.2.19. Lmfrerd Specte ef Pelysty

r.
222"
*• =ee

smusmmanmmeememem

for periods of up to AS doys. These ra act ii ant 
were indiceted by the gowth ef strong hydroxyl

emn.d M> p’asihmdid:

Irrodietien of polysty 
doses produced • whole

The oxidetiom products 
ezidotion were different 

in exygen.

ve Mi vocuum to high 
de disruption in -hich

both the einitK end eliphetic components mere 
equally aHncteA. On Atn ather hand, the aliphatic
comp 
sho- 
polyb

of GR-S (• atyrane bat a Al ant copoly er)

et equol dosoges.

im the hydrocerb
cheins of GR-S end of atwai rab> at -os de- 
craaaaA. Irodiation increased the number cf rr— 

RCH=CHR, yawp a in netal rebbe, es it did in 
polyethylene. Conjugeted ond unconjugeted un- 
saturetion wos priAaceA in polyvimyl chloride.
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U. FUEL RECOVERY AND REPROCESSING
H. K. Jackson

D. E. Ferguson W. K. Eister H. E. Goeller

(

!

i

VOl.ATM.ITY PILOT PLANT DESIGN 
AMO COHsTRUCTION

These volues show the ver definite increase in
solubility with temp re when camp ar id with the

R. P. Milford F. N. Browder
The design of the volatility pilot plant for re- 

covering fused salt fuels is complete except for the 
molten spit templing device for the fluorinator and 
the trap deer closing device for the waste-salt cor-
rier. All major equip items were received, as
well es the electrical power and control center and 
the instrument panelboards. The equipment, with 
the esc option of the ARE fuel hold tank. which is 
not required until later. is in place; and piping, 
else tri col work, and instument insrollation are 
proceeding rapidly. It is espseted that the plant
will be wp d by June 30.

NICKEL FLUORIDE SLUDGE 
FORMATOM STUDIES

G. 1. Cathers M. R. Bennet
The boheiier of NiF, in molten HoF-ZrF t and 

NoF-ZrF-UF. systems was studied to determine 
whether the presence of this corrosion product 
would covse the formation of sludges which would 
interfere with spit wonsfer in the fluoride «ol utility
process. in order to d
NF 
ten

the solubility of
2 in the sair mixtures, NiFa wos odded to mol- 

af-ZrFa (50-50 mole T), and the mixture wos
heated until O clear solution was obtained. It was
then cooled until turbidity rec 
values estimated by the disops
■ Ota im feirly peed og
* ined electroch

d. Solubility 
co of turbidity

ement with solubility values 
ically’ for the solvent NaF-

ZrFa (53-47 well %)- Based on the visual deter 
mindtiens, the estimotes of the solubility of NiF.
in NoF-ZrF. (50-50 mole #) were the following:

(°o
MB

670 

aas

Selubitiy ef MIFa 
(wt « MF,

0.7

1.o

1.3

"L. E. Tepel, ANP Quan Prog. Rep. Mancb IO. 1936.
ORNL-2061,,69.
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reported solubility of 0.2 wt % Ni at 600°C-
The addition of as much as 6 wt% NiF, to molten 

Nof-ZrF. (50-50 male %) at 600°C resulted in the 
formation of a viscous dispersion which wos fairly 
stable, and thus other tests were made to determine 
the effect of concentration on sedimentatior. These 
tests were mode by dry mining the required amount 
of salt ~~30 g total) and melting it in a }-in.-ID 
nickel tube. Nitrogen was used initially for ogito- 
tion and then as a blanket while the material was 
kept at 600°C for various times. The tube was 
quickly quenched with cold water at the end of the 
test to fix the NiF, concentrution at various 
heights in the tube. The tube was then cut into 
%-in.-long sections, and the salt was analysed for 

nickel. Although some settling of NiF, wos evi- 
- dent after only 0.5 hr when 2 wt % Ni was added 

(as NiF,), complete settling had not occurred even 
after 72 hr (Table 4.3.1). When only 1 wt % Ni was 
added, settling was more nearly complete at 72 hr; 
since the NiF, concentration was lower, tie in- 
crease in viscosity at the bottom was not so great 
and thus was not so much of a deterrent to settling.

In further experiments the sedimentation of NiF, 
in molten NoF-ZrF.-UFa (48-48-4 male %) at 600°
(Table 4.3.2) wos similar that found in the
uremnium-free system. However, with 2w1%N and 
with uranium present, the settling was less after 
2 hr than in the test with no uranium. Since the 
solubility of NiF, in NaF-ZrF. is near the lower of 
the nickel concentrations found in these settling 
tests, it appears that the solubility of NiF, is ap- 
proxmotly die sems in uranium-bearing and ura- 
nivK-ktra mixtures. These experiments have dem
onstrated that NiF. concentrations of up to 2 wt V 
mere by a factor of 10 than is expected in aircraft 
reactor fuel reprocessing, would not interfere with 
salt transfers unless the molten salt were permitted 
to stand unagitated for long periods of time.

DEcoMPOSiTIOM OF UFe-NaF COMPLEX
G. 1. Cathers R. L. Jolley

Some axploratory work wos corried out on the 
decoimposition of the UF,-3NaF complex at high

• • • •1
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TABLE 4.3.1. SEDIMEMTATOM OF HIV* IN MOLTE MeF-ZeFa (50-50 mele «) AT 600°C

Rei et i re Positiom 

el Sempling Initielly

Nickel Concentretion (wt %)

After 
0.5 hr

After
2 hr

After 
0 hr

After 
72 he

imitiel Michel Contene* — ~2 wt *

1 (top) 1.60 0.28 0.20
2 1.74 0.73 0.30 0.22 0.20

3 1.72 1.72 2.20 1.40 0.21

4 1.78 1.86 2.62 3.48 1.23

5 (bettom) 213 2.02 3.02 3.54 2.99

Initial Michel Content* — I w• *

1 (top) 0.22

2 0.30 0.14

2 0.31 0.17

4 1.71 0.10

5 (bonom) 3.06

•The nickel wee edded ea NiFz

TASLE 4.1.2. SEDIMEMTATON OF MlFj IM MOLTEN MeF-ZrFeUFa (48-48-4 mole %) AT 400° C

Nickel Concentretiom (wt *)
Reletive Positien 

of Se—eline
Initiel Ml Content - 2 •1 % Initiel Ni Comtent — 1 -* % Initiel Mi Content - 0.5 wt %

After 2 h After 44 h After 2 hr After 48 hr Afrer 44 hr

1 (vop) 1.24

1 1.23 0.25 0.34 0.10 0.24

3 7.12 0.34 0.40 0.20 0.33

4 2.70 2.75 2.53 0.47 0.22

5 (bottom) 2.81 6.94 3.00 0.85

I

temperatures in an effort to develop a UFs desorp
tion procedure which avoids UF, decomposition. 
The decomposition reaction would lead to uranium 
being held up on the NaF bed and would thus 
necessitote a subsequent recovery stop. Tests 
were conducted by saturating an NaF bed with UF 
at 100°C and then heating the bed, as a closed 
system, at the desired temperature for 1 to 4 hr. In 
some of the tests the bed was subjected to os much 
as 55 psio UF. pressure during the high-tempero- 

ture cycle. However, no significant corr-lations 
were apparent as to the effect of UF. pressure or 
length of time of treatment. The residual uranium 
content in several tests at 400°C varied in the 
range 18 to 26%. At 300°C the decomposition ef
fect was much less, a residual uranium content of 
2% being produced. Use of excess F2 (10 psio) in 
tests at 400°C also resulted in less decomposition, 
with residual uranium contents of 8 to 14%.

The residual uranium present in the product of all
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runs was pentavelent. As a result of dispropor
tionation of the pentavalent uranium in the analyti
cal procedure, however, the tetravaiest uranium 
content in each case was approximately equal to 
the hexavalent content. The decomposition reac
tion is therefore believed to be

UF6-3NaF —UFs-xNaF + HF

These results indicate that, if a significant par
tial pressure of UF. is retained in the NaF bed 
because of a plugged line or cold trap during UF, 
desorption, excessive UF, decomposition will oc
cur when the temperature reaches the 300 to 400°C 
range. Therefore precautions must be taken to 
ensure that full sweep-gas flow through the NaF 
bed is maintained during UF, desorption.

- ®

1

254

P



mmmemsemeuue

PglttOO tMDIXC JUKI it, l»i

V
4.4. CRITICAL EXPERIMENTS

A. D. Cellhen

CRITICAL EXPERIMEMTS FOR TWE 
COMPACT-CORE REFLECTOR-MODERATED 

REACTOR

over the 28%-in. length of the outer reflector ond 
comprised 70% of the outer cylindricol layer re- 
sulted in o loss tn reoctivity of $2.39.

E. Demski’
W. J. Foder1 
D. A. Harvey’

1

J. J. Lynn
D. E. MeCan
E. V. Sandin

D. Scott
The study of the NDA -proposed, sodium-cooied, 

reflector-moderated reactor with solid fuel ele- 
men*s3 has been completed. In the critical as
sembly the fuel region contained 0.004-in.-thick 
uranium sheets interleaved between aluminum and 
stainless steel sheets. This fuel region was 
separated from the beryllium of the island and 
of the reflector by stainless steel shells. As 
described previously,4 additional uranium, in the 
form of 0.01-in.-thick disks, was added in one 
section of the fuel regicn to provide excess re
activity for other measurements. An evaluation 
of the effect of this local nonuniform fuel distribu
tion on the reactivity was made by replacing 
2636 g of U235 in 0.004-m.-thick sheets with 
2678 g of U235 in 0.01-m.-thick disks in another 
section of the core. With the other materials 
unchanged, there wos o reoctivity loss of only 
19 cents.

Evoluation of Stainless Steel Shell
The loss in reactivity caused by the stainless 

steel shells was determined by substituting alumi- 
num shells of the same dimensions. The exchange 
of 4.4 kg of aluminur for 11.9 kg of stainless 
steel resulted in a gain in reactivity of 34.20, 
estimated to be equivalent to o 14% decrease in 
the critical mass. The excess reactivity was 
partly compensated for by the removal of some 
of the outer layer of the 11 L-in.-thick reflector. 
Removal of a 2%-in.-thick section that extended

‘om ••>!»» from Pron & Whitney Airereft.
2Mvelea Development Corporetion of America.

*CCR-2: A Compact Corr Rrotot for APtrpft Pro- 
polrtoo. NrO-3080 (July 30. 1954); arterly Progress 
Report. AKP Dn-rloprrm. Oft. 1 — Ore. il, 1953. 
NDA-20 (Jan. 23, 1954).

4 A. D. Callihan -t rl.. ANP Qoor. Prog. Rep. ttoreP IQ, 
1956, -2061, P 64; Ore. 1O. ifH. ORNL-2012,

P 73.

Meosurements of Gommo-Rey Meeting im Beryllium
Capacitive ionization chambers were used to 

measure the distribution of gemme re> heating in 
the beryllium of the island and the reflector of the 
critical assembly by a morhad developed at the 
Knolls Atomic Rower Laboratory. * The chambers 
are constructed of beryllium and have a 10-mil- 
thick annular cavity a m. OO and % in. deep. 
The results are expressed as power dissipated os 
heat in a unit volume per unit reactor power. The 
reactor power was determined from a colibrction 
based on the intensity of e fission-product gemma 
ray ham on irradiated uranium fori.4

A plot of the data obtained horn rodiol traverses 
and 10%, im. tram the mid plane of the reactor is 

given in Fig. 4.4.1. Three longitudinal traverses, 
one along the axis of the reoctor end the others
4%. and 7\ 
Fig. 4.4.2.

in. from the axis, are plotted in 
ese data have not boon corrected

for the ionization resulting from the (m.p) reoctiom 
in the cir-filled chambers and may overestimate 
the heating odjocent to the fuel by as much as 
25%, on estimate bated on the work at KARL. 
An attempt was made to measure this error by 
filling the chambers with CO,, but it was apparent 
that they were not gos-tight during these e xperi- 
ments. It may be possible to make o correction 
to these date by using the results of similar

its in another assembly.measu
A loyer of beryllium, 2% m. thick, was re d

from the top of the reoctor, ond one troverse wos 
repected with this thinner reflector. The heoting 
wus observed to be unaffected in the region be- 
tween the fuel and a point 3 m. from the surfoce 
of the modified reflector. In this outer 3-in. layer 
the heating decreased to a value, at the surfoce, 
about 35% less than it was at the tame distance 
from the fuel in the thicker reflector.

5c. A. Rich and R. E. Slovecek, Gmw Km Hrtrnu 
Measurementx m tPr SIR PPA-llt. KAPL-866 (Jen. 7. 
1953)-

6s. Snyder, Absolute Det-r-tmatic- of Peu-, prodwe-d 
im a Nominally Zere Pomer Krarlrr, ORNL-2068 (Mey 
IS. 1956).

255



ANP PROJECT PROGRESS REPORT

zo.-T o-- • 3 m‘

%"
--om mom-

—..

«• I

a.-’ - -

* — eemtu am mmo FuL mGon •«-uLE• -FLEETO-

I
I
i -e. «•

* - ••aa momL2n«

«.o • «•
•N- - --om

•e --an 4* ---o- *uL aoaun

20.*

• -
- 
2 •2 •4

DSrancE «-ou -1 AcTo- I* »
20 22

Fig- 4.4.1. Rediel Distribution of Ga 
Recctor Critical Assembly.

Ray Hecting im the CompocrCwe Reflecto~Mod d

Relativo
Feet Heetree Leobege

asurements of the fast-meutron look- 
oge at points on the outer surfoce of the reflector 
wore mode with o Hormyak button, 2 in. in dipmeter 
end %a in. thick, mounted on o Du Mont 6292 photo- 
multiplier tube. The button hod the seme compo 
sition, 0.15 g of pondered ZnS in 1.0 g of Lucite, 
es a similar button described by Hornyak. 7 By 
proper choice of a discriminator bios if woe 
possible to detect neutrons with energies obove 

-,W. F. Momyoh. fei. 21, 264 (19s2.

0.5 Mev ogoinst the gi——■ r»y bockground of the

reoctor.
A polor plot of the fast-neutron leakoge distribu- 

tion observed in a lomgitudinal troverse over the 
top of one end of the reoctor is presented in 
Fig. 4.4.3. The observed counting rates, nor- 
malized to the counting rate at point 19, near the 
oxis of the ossembly, have been plotted on the 
polor rodii drown through points on the reflector 
surfoce where aeosurements were mode. For this 
treverse, the reflector thickness was opproximately 
11%, in., end the top layer of beryllium was 28%
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end 2% te. thick. The 
beryllium logerimmedictely belo= la wes 34% in. 
leng end 24%. in. -ide.
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beryllium leyer -mre subsequently removed, end 
the resulting reflecter wes 8% in. thirt. The 
new top loyer mos 18'%, in. -ide end 34% in. 
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