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FOREWORD

techmicel progress ef the resecch on cireulating-uel reactors end ell other ANP reseorch et the 

Leboretory under its Conwect w-7405-eng-26. The report is dividod imto three major ports:
1. Reoctor Thaty, Comp 

HL Shielding Reseerch.

The AP ct is e

r—I*

Developmemt, ond Conswuction, M. Materials Reseerch, ond

hie

formed •• support of the -ork of ether org

peticipating in the netienel ANP effert Maee.e». th* bulk of the ANP 

directed *a wer* the developmen of a circulating-fuei type of reoctor.
The design, constuctiom, end op

ch et ORNL is

Vien ef the Prem & Whitney Arcref Division, are the specific objectives of the project. The 

ART is to be e power a bawl ay ate* that wili include a fO thr circulating-fuel reflector-moderated

A means far beat a pea al. Ofiatiea of the system will be far the purpose

esibility, ond the probiems essociated with the desigm, conawuction, end 

er, circuleting-fvel, reflector-moderated cirereft reecter system.
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- . PART L RHACTOR TMEoRv, comPOMEMT 
DEVELoPuENT, AM» COusTRUCTON poshdeted negative ^1 te ture w*

V Ref

The deveicome 

timuing- Ne- fea

Med 4 Reecter

of the reoctor ioyout «• con-

a
4

b 
e d

ef stress, fluid flow, or fobricability 
None i eel ado on ellipica fuel expansion

tomk, « rounded dome to enelese the tep ef the 
reoctor, • ne-ly designed sodium pump impeller, 
end ether eeleted items. Recemiy completed hear* tests yielded consistemt deto from -hich
a aeries of beer exchangers is being designed. 
The most pre*! sing of these will be chosen for 
the ART.

The pi of I win ar; layout of the interior of the ART 
test cell which shows the mojor items of eqip- 
ment and the iscf ■nisi presi cions for surport 
was completed. A similor layout for the NoK 
piping and >edi seers wee also cor* fated so thot

ficient. It See also been found that, if es much as 
5-" lithium were added te the NoK in the 
secondary coolont circuit, the reoctivity of the 
ART would be a fairly sensitive indicotion of a 
NieK leck into the fuel circuit. Burnup and poem a 
rap hooting of isi earth oxides being considered 
os control red matericls are being studied.

2. Exporimentel Roeder Engineering
A series of design changes heve boon node ia 

the nose, er hooter, section of the in-piie loop os
note tail concerning fhe flux in

4 
p

ings for the buildimg ond concete work couid
d. More deteiled de gs of the coll mhat

-ill sho- mhe disposition of the small items ond
ed.
ing the basic-

comtrol octi eno desired for the ART here been 
gi scared end will he wood os a bod* foe seiection 
of the hardware types and the control technioves

ti
oof that mill rewirene- sempe

of eas af com- 
ent devel eement.

the MT* boom holo end the flux deoresstoo of the 
■peer i cis of loco constuction hoc become ovoil- 
able. The present nose section consists of e 
2%-turn coil (on increase of 1 turn) with its sons 
pdellel to the boom holo center line. The flux 
soon bp the fool in the in-piie loop is no- expected 
to he 30% of the unper trbed volue, and the overage 
power density in the nose section will he 0.7 

h-/‘cm3.
A o orbing mockup of the in-pile loop has been 

tin in ip lot nd and is being operated with the fuel 
mixture NoF-ZF.-UF. (53.5-40-6.5 mole %) or a 
Reynolds wonhor of obout 9000, a temperature 
diflerential ef 175F. and a moximum fuel temper- 
atre of 1S00PF. Resistance hecting is employed.
The ation of the

--

in-pile doop at the MTR.
The Reeien gas holdup system for the locp le 

being tested with flow rates of 0.15 and 0.03 scfh 
of helium with about 0.130 hr ye son. After 15 days 
of eg or orten, an significent am sente of krypton 
ii era petting trough the liguid nitrogen cooled
choree el adsorption trapa- 
loop for fhe MTR in pile o 
witk operetion scheduied f

Assembly of the first
i is der "Y-

> -l-l
Three additional test stends were installed for

ar d-circulation loops with lerge
ials for imvestigating e

-

Coleiations res made of the
of de ART fhat check weli with previous

trensfer of Inconel br fl sori de fuel mixtures. Also, 
three more gos furnoces were pioced in service OS 
hect coerces for these locps, bringing the totol

-- -

: 1;*.
..•r i k •":i: *5se • 4 - le

- 1
I
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a—bar of test stonds to tan. Operation of 16 
loops was terminated during the quorter. The 
majority of these loops operated for 1000 hr in 
the Reynolds numb or range of 1,000 to 15,000 and
with 
The

ature differentials of 100 to 300°F.

cessive high wall temp e in the bends
of electric resistance heated loops was corrected 
by relocatien of the hooting elements so that heat 
is plied in ady straight sections of tubing-

Four test stands are now in operation for studying 
corrosion and mass tensfer of sodium-Inconel and 
sadi— Incend—stainless steel systems. Oper-
ution of six such loops wos *
at the conclusion of periods of either 500 er 1000 
hr with maximum sodium temperatures of up to 
1500‘F. Appreciable deposits of mass-transfered 
e—rial were found in the cold legs of these 
loops, and therefore a controlled series of experi­
ments wee started. The loops will provide infor-

sodium, the use of a cold trap, the use of • lower 
tempvercture, and the use of an all-stainiess-steei 
"‘TART fuel pomp (mndel MF2) was operated 

to water performance tests. So— cavitation noises 
were present in all teats, but no — <ious effect of 
the BP parent cavitation an perform—es could be 
found. It is estimated that the efficiency of the 
pomp at design point, exclusive of seal and bearing 
leases, is 70%. New infer volute configurations 
are curieatly beicg designed and tested. The

hi^i temp
cold mechonicol shakedown, and 

test stands are being fobricated
and ee tumbled.

An extensive prsgr— of hoot exchanger testing 
is under way for obtaining rolieble hoot transfer

(about 100 tubes) of the general size and configu­
ration of ART heat exchangers (arranged for 
regenerative operation), while the SHE stands will 
be used to test smaller, more easily fabricated, 
tube bundles (20 to 50 tubes). The SHE stand now 
in operation will be modified for use as a general 
test loop following termination of the current test.

Design of oil IHE test stands is complete, and 
procurement and assembly are well under way. 
Design of the SHE test stands and procurement of 
equipment are under way.

Water tests with a Rd l-scale aluminum model of 
the 21-in. ART care and the entrance header region 
were initiated. Without inlet guide vanes, the 
fluid was observed to enter the core at an angle of 
about 70 dog from the vertical. Flow reversal at 
the island was observed. Dora from these tests 
are being used in the design of turning vanes and 
vortex generotors to correct this unacceptable flow 
--.-fl*-. — con -uuGe

A second thermal-eye ling test of a sodium- 
nconel-beryllium system was completed. Over 

100 thermal cycles were applied to the beryllium 
piece between the range of the high power level, 
61 w/cm2 to the beryllium, and the low power 
level, 2.5 w/em3. The sodium temperature from 
inlet to outlet at the high power level ranged from 
1050 to 1200‘F. Inspection of the beryllium piece 
after the test (total operating time, 1030 hr) re- 
vealed three axial cracks on the outer surface of 
the hot end of the beryllium.

The 100-kw gas-fired heater was tested and was 
found to perform very satisfactorily. Minor modi­
fications can be meds to this heater that will
in the capocity.

type and configuration for ART application. Con- 
siderable information will bo obtained on the t!lact 
of corrosion and mass o—*er em moterials of 
fobri cot i— in high taoporotyre, high-heat-flux, 
NaK and fluoride systems. An opportunity will 
also be provided for ascertaining the structural 
imtegrity and reliability of fobricotion of heat 
enchongers and radiators —pelled by outside

3. Cciticef E^od meets
The critical assembly of the reflector-moderoted 

reactor consisting of the beryllium island and 
reflector enclosing the fuel region and having axiol 
extrusions simulating the ewit and entrance flow 
channels was loaded with sufficient uranium to 
give several per cent excess reactivity. This 
overloading was used to evaluate so— of the 
materials of interest le the design of the ART prior 
to dilution of the fuel to the critical uranium

The pro gran involves the operation of three 
inter ms dieta hoot each anger (IHE) test stands and 
two snell heat each onger {SHE) test stands, such 
OS the SME stand now in operation. The IHE 
etends will be used to test large sbe bundles

density.
Moasu s were made with songies of a

mixture of the oxides of the rare-carth elements

control rod of the ART. A cylinder of the mixture

2

.4-
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... D0.79 in. in diameter and 21 in. long decrecsed the 
reactivity nearly 2%; measurements with shorter 
lengths of the mnaterial indicoted that the total 
value of the rod could be increased by 63% if the 
diameter were increased to 1% in. Tests made on 
tubes of several different dimensions zave data 
for the design of the control rod guide thimble.

A high-temperature critical experiment embodying 
the nuclear characteristic of the ART has been 
designed which will operate at zero nuclear power 
at about 1200 F. The purposes of the experiment 
are to measure the critical uranium concentration, 
the temperature coefficient of reactivity, and the 
effectiveness of control rods.

PART 11. MATERIALS RESEARCH 

4. Chemistry of Reeder Material s
Interest in obtaining fuel mixtures more suitable 

for use in a circulating-fuel reactor than those 
available in the NaF-ZrF.-UF. system has led to 
evaluation of the NoF-LiF-ZrF. ternary and the 
NaF-Li F-ZrF.-UF. quaternary systems. The NaF- 
LiF-ZrFa system has been reasonably well de- 
fined, but much work remains to be done on the 
quaternary system. Phase-equilibrium data show 
that quite low melting points are available in the 
ternary system and that adequately low melting 
points are available at ZrFa concentrations as low 
as 21 mole %; however, no composition with physi­
cal properties better than those available in the 
NaF-ZrF.-UFa system has been found.

Study of the analogous NaF-Li F-BeF, system 
has shown that adequately low melting points are 
available over wide areas. Physical property data 
have not yet been obtained in sufficient detail for 
comparison with available fuel material. Pre­
liminary data on the solubility of UF, in BeF,- 
bearing compositions were obtained. The scattered 
data show a trend of increasing UF3 solubility 
with increasing temperature and decreasing BeF2 
content, but in no cose does it appear that the 

solubility of UF, at 600°C is sufficiently high to 
provide more than a fraction of the concentration 
needed for an ART fuel.

Previous measurements of the partial pressure of 
HF at equilibrium during the reduction of FeF, 
by hydrogen in NaZrFs showed higher values than 
would be predicted from thermochemical data and 
ideal solution behavior, and it was postulated that 
the higher values were due to a lowered activity 
of the metallic iron because of alloying with the 
nickel apparatus. The postulated alloying has 
been confirmed by low values for final FeF con­
tent of the melt and by chemical analyses of 
portions of the nickel apparatus.

Additional data were obtained on the reduction 
of UFa by structural metals. Data on the reduction 
of UF, by metallic chromium with NaF-ZrF.-UF, 
(51-45-4 mole %) showed that, in comparison with 
the data obtained with NaF-ZrFa-UFa (48-48-4 
mole 99) as the solvent, an increase in the final 
male fraction of NaF from 0.48 to 0.51 in the melt 
containing uranium causes a significant decrease 
in the equilibrium CrF2 concentration. Data for 
the reaction of UFa with metallic iron in those 
mixtures and in NaF-KF-LiF (11.5-42-46.5 mole $) 
agreed very closely and were somewhat higher at 
600°C than at 800C. Some, as yet inconclusive, 
data were obtained on the reaction of UFa plus 
UF, with chromium metal and Inconel in Nof-KF- 
LiF (11-5-42-46.5 mole %) at 600 and 300-C. Ad­
ditional data were obtained that confirmed previ­
ous findings that FeF is relatively stable in the 
NaF-KF-LiF eutectic at 600 and 800°C and that 
CrF, is not stable.

Previous evidence that UF, was more stable at 
elevated temperatures than free energy estimates 
had indicated was substantiated by vapor prossre 
measurements on UF, in the temperature range 
1270 to 1390°C. The disproportionation pressure 
curve that was obtained shows that the dispro­
portionation of UF, is far from complete under the 
conditions prevailing in the vapor pressure cell 
and that UF, is thermodynamically stable with 
respect to pure UFa ond uranium metal at temper­
atures below 1400°C.

In the investigation of variables affecting the 
reduction of UF, with uranium in alkali fluorides, 
the effects of the surface area of nickel or copper 
exposed to the melt and of adding excess uranium 
metal were studied. It has become apparent that 
alloying of nickel and uranium can occur at temper-

3
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olures far below the minimum nickel-uranium 
diquidus temperature (732°C) and, consequently, 
that disproportionation of UF, can be expected 
to occur at the temperatures of interest at nickel 
surfaces or at any metallic surface with which 
uranium can alloy. Preliminary evidence was 
obtained which indicated that UF, dissolved in 
an alkali fluoride mixture is more stable in copper 
than in nickel.

Investigations of methods for rapid purification 
of fuel mixtures included attempts to use electroly­
sis under a hydrogen atmosphere to remove oxides 
in order to avoid the container corrosion that 
results when HF is used and to use metallic zir­
conium to replace most of the hydrogen in the 
stripping operation. The use of zirconium metal 
was demonstrated on a 5- and a 50-Ib test scale 
and was found to be a quite rapid and effective 
method for purification if small quantities of UF, 
in the product are tolerable or desirable. In 
electrolysis experiments, the ZrF. -bearing mixtures 
could be electrolyzed smoothly, but the alkali 
fluoride mixtures gave variable results. Attempts 
to prepare mixtures containing UF3 and no UFa 
were unsuccessful, the largest U, content af- 
turned being 85% in an NaF-rF. base.

Fifty-six pilot-scale preparations totaling 630 lb 
of material were produced in various compositions 
for small-scate corrosion studies, for physical 
property determinations, or, in meny eases. for 
use as purified intermediates in phase-equilibrium 
studios. Uranium trifluoride was a component of 
nearly 25% of the materials requested. Production 
operations were resumed on March 1, 1955, on a 
three shift, five-day-week basis to provide test 
material for the greatly accelerated ANP engi­
neering program. A total of 4800 lb of purified 
material was prepared during the quarter. Attempts 
to find a commercial source of ZrFa are under 
way. If a commercial source is not found, it will 
be necessary to expand the Y-12 production facili­
ties immediately. Two batches of enriched fuel 
were prepared for use in an in-pile loop, and prepa­
rations are being made far the production of the 
materials far the proposed high-temperature critical 
experiment.

Potential measurements were made with combi­
nations of several half cells consisting of metal 
electrodes bathed in solutions of the corresponding 
metal ion in the molten salts. The temperature 
range studied was, in general, 550 to 700PC.

Cells consisting of zirconium rods immersed in
various NaF-ZrF 
metallic nickel c 

melts and cells consisting of
ii d in solutions

of NiF, in molten NoF-ZrFa melts were studied.
Vapor pressure measurements of mixtures in the 

LiF-ZrF. system were started. The data showed 
the vapor pressures of the LiF-ZrFa mixtures to 
be considerably higher than those of the corre- 
spending NoF-ZrFa mixtures.

An x-ray diffractometer for studying the structure 
of liquids has been constructed and is undergoing 
final testing. A high-temperature attachment for 
an x-ray spectrometer has been used for studies 
of compositions in the systems NoF-ZrF.. LiF- 
ZrF.. and NoF-BeF,-

5. Ceres si ee Reseerch
Several Inconel forced-circulation loops that 

wore operated with fluoride mixtures and with 
sodium as the circulated fluids were ined.
The fluoride mixtures included ZrF -base mixtures 
with UF. and with combinations of UF, ond UF. 
and an alkali-metal base mixture containing UFa- 
Favorable results were obtained with the ZrFa- 
base materials in that the depths of attock were 
no deeper than hove been found previously in 
thermal-convection loops. Attacks as low as 5 
mils in 1000 hr appear to be obtainable. The 
conversion of some of the UF. to UF, decreoses 
the attock. The most important variables appear 
to be maximum wall temperature and me ho? zone 
surfoce-to-loop volume ratio, whsrees large vari- 

little effect on the depth of attack. The olkeli- 
metal base mixture containing UF. caused exces­
sive mess transfer and o very heavy interganulor 
concentration of subsurface voids to e depth of 
35 mils. The mass-transferred deposit in the cold 
zone was up to 65 mils thick.

Mass transfer of large amounts of nickel metal 
was found in the Inconel forced-circulation loop 
that circulated molten sodium at 1500°F. Layers 
of dendritic motel crystals up to 26 mils thick 
ware found to have formed in 1000 lx. The use of 
type 316 stainless steel in the cold portions wee 
found to reduce the moss transfer slightly, but 
further study of the variables in the process is 
needed to confirm this finding.

Alkali-metal base mixtures containing combi- 
nations of UF, and UFa were circulated in Inconel 
thermal-convection loops, and, when about 2 wt *

4
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■rm inn was era i ent as U**, low depths of attocks 
and no deposits were found. Higher U2* os racon 
tetions resulted in deeresaad attach, but hot leg 
layers wars found.

Inconel hwed convection loops in which ZrFa- 
base fouls containing about 2 wf * urmium as 
U2* wore circulated did not show so large a re- 
auction in antock as was found in the loops that 
circulated dkdi fuoride fools dm containing 
2 wt * uranium es U2*. However, sees reduction 
in depth of antock and a fair re duct lew in omount 
were found. The effect of the hot-leg tempereture 
(1200 to 1600PF) an mass trensfer was investigated 
in several Inconel thermal -convection loses seer 
ated for 1500 hr. A definite increase in depth of 
attock with an increase in hot-leg temperoture woe 
noted that moy be attributed to mass trensfer, 
ima
did not show Ao effect of temp re on depth of
anock. The moss tronsfer effect is netted by 
the effect of impurities end nonequilibrium conditions 
during the first 500 hr.

Considerable noth ie being dene in an effort to 
find the couse of the increoses in depth of ottech 
end Am nonuniformity of results non beimg ob- 
Mined in Inconel A erand- convection loops operated 
as control leone tander ttenderd cenAtiene. Cen 
teoinotien during filling or operotion does not 
oppeur M bo the couse of the difficulty-

C tests of brczed type 310 stainless
steel T-joints in stetic sodium ond in static NaF-

beca of their high corrosion resistance and 
sfoctory ch sstlcal and phyaice properties.

Sorer ei Kentenivm cermets tested in NeF-ZrF.- 

UF. (53.5-40-6.5 mole T) at 1500" for 100 h -ete 
fovnd to hove good resistonce to solid shooo

i

bonding if the contoct pressure bet dhe speci-
mens did net exceed 50,000 psi. The compositions 
of the cemete tested neree

ao wt % TIC-10 -t s NbTeTiC,-10 -t 5 Mi 
70-% TIC-10 -t * NBTeTIc,-20 -TN 
64-15 TIC nt % NbTeTiC,-30 nt « Ni 
64 nt« TiC6 nt s NbTaTic,-

25 nt * Mi-5 nt % Mo

Lithium nee circulated in two stoinless steel 
Aemd wmctlw loops far g cried* of WOO end 
3000 hr, reMectirely. The hot- ond edd leg tem- 
ger smass note WOO ond 550F, respectively- 
O» er st le« was setisfoctory Airswghssf the Met 
periods, ond necreePMit Menieefien revecled no 
mass-wensierred crystols in the losps or in the 
fithium drain sd from the loops. Metollogrophic 
examination reveoled sub em face voids end e 
farritic surfoce loyer 0.3 M 1.0 mil thiek in the
loop d for 1000 hr end 1.0 to 1.5 soils thick
in the loop operated for 3000 far. Lithium meiel

hod p d to the depth of the subsurioce voids.
The weld zone of the pipe -es attocked to e depth 
of 3 mils in the 1000-hr test ond 4 to 5 oil* in the 
3000- Met. A few smoil (0.2-mil) cobide por- 
ticles were found eneched M the woll in the cold-

allor 9 Si-2.5% P-88.5% Ni to be satisfoctory
in both ne Auras. Simile toots el brozed
giekel T-joints showed the follewing brezing olloys

ton Ni-10% Cr-10% P. and Nicrobrez. Sees
osion Mete in boA

T-joints Ao wed the Coast Metals alloy No. 32 to 
have the best resistonce in sodium and in An 
A worlds mixture.

Since the structurdl metel alleys that hove boon

e 4 for use in me fabricetien of reocter fuel 
and coolant lines have e tendency to form solid- 
chose bonds at derated tenges stures in liquid 
metais and in fused saits. mhey are unsuitable for 
use in volves, bearings. and secia. Th er elate 
cermets and car on ice thot de not bend to each 
other but that con be bonded to the structurol metol 
elloys are being investigated. The cermets (nsesl. 
bonded serenlcs) oppear to be the more promising

•• Detoruintoisns of the oxidation rote of sodium 
have been nods at 79, -20. 25. 35, and 48C.
The Mi results indicate thot, contrery
to cawrent oxidotion Ae sr). Ae eaids films formed 
on sodium are highly protective in Ao aba sw co of 
water vepor. The rate curves do not conform to 

any of the "stendord"* rote egutthens reported in 
the ltereture, but they are quolitatively coos sr Ais 
to low-temperoture curves for copper. It Is hoped 
to clarify the em dstl m mechonism ossscitoed -ith 
e "eo rsM low though a careful study of the 
structre and co sags sinew of the aside films famed 

an cdumblum in the meighborhood of dOO^C-
Studies of costs slew ond «noss tonsfer by fused 

hyAo aides indicote that both nickel and Incomel 
may possibly be compatibie with hydroxides at
temp es ef obout 600C. Heetdlo> B le
unsati sfoctery bec use of its poor corosion re-

•• • •••

• • • • • ♦- - • a • • e e . « • e« •• •= • •== ♦ *
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onge o700C. . 
looted rate of noon

He | Ao Awai elong ef Hastelloy B in

mixture wos found. A study of An effect on cor- 
rowan of the-rotio of UF, to UF, in vorious 
solventa a re tied thet increcsing theUF, co mart 

up to SO* wos boeaficioi ond that any further 
inceese hod linie oWott.

cir are equivelemt to or lower Aaw those to agon, 
-hereos Ae lien germ, of other pickel-molybdemum 
alloys are morkedly gecter to eir Aon to ar gee,

A progom hos been initieted to A
oging "red 
et rorrico 
heve been 
et Umporot

het
ent results to seripus embriti 
... .. IF— tie. Typicel micrestu 
Mwtaed fom specimens beet e d

is fvom 1100 to 1600"F for times from

h
pre

octi geri eat were continved to the studr of Ae 
wties of todhei beet elloys ceneoining IS to

32K molybdemum, ter nori alloy a with e nickel- 
golybdomn bona, end Hoe toiloy A Art rap re ere

fobricobility. ewi Arlen re al atm co. ond mechonicol
prop at । nt- Additional a. I don co bee been obtained
which indi that *e poor high-temp

to Ao impurity content; h , it is felt that the
superior strength of cow or ci el Hestelloy B moy 
be derived Iren Ao i aero Irion. Therefore mechoni- 
cel pt ng wty tests are under way an an alley with 
Ae nominol Hestelloy B composition, 4* Fe-28% 
Mo-68% Ml. bar without Ae Map plea on to to

on b elt. chromiu

A tbe blenk eztruded from e vocuum-melted coat 
bill at of commerciul Moe tail 
Ao T-et etep of e reduction operotion; however, 
a blank --de from a wrought billet was nacoir- 
fully reduced from 1.5-in.-OD, 0.230 in. well to 
0.187-in-OD, 0.0 17-in. mail

sions of ee rear elted com-
mercici Hestelloy 8 were mode on 2000‘F -ith 
good recovery of sound red. Anempts to roll the 
rod or 2000‘F were, how vever, unsuccessfui; Ao

d from the resdrs
tests of Hestelloy B sheet in the

eiwWeo enweoiod condition to an agon phere
or 1300 ond 1650‘F. A comporison of these dato 
with prelimimory dote boa tests in fused solts 
shows thot prep era re of Ae afloy A Ao fused 
solts ere ectwelly regal a to the properties to on
agon

6

100 te 1000 hr. ond • is to be mode
bet physicol properties end the microstuc-

troeeaowte of Hootoiley 
end it ie hoped Aet. ee e resulr of Ato work, e
proced 
nd creel 
to high p oging-

The binary at cho l awl|bdi olloys thot hove
boon studied hove included IS to 32* molybdemm, 
end Ae ternary olloys comtoined 20% molybdenum 
plus nickel end one of the toller ing: 3 to *8* duro-
mium, 2 to 10% Moo, 2% ok imum, 18 tito-
nium, 2*
of s

dium, ar 1* zirconium. The results

gth
and ductilities tor most of Anna olloys ond indi- 
cote thot vocuum weiring olone is wet sufficient 
to obtein opimum properties. The possibilty of 
i nor owning Ao stength ond AotHify throvgh cerium 
odditiens oppears to be prowl omg. tin co An ed-
dition of cerium has been shown to h
physicol poeportiee of Ae elloy- II boa beceme 
opporent that improved deozidotion proctices are 
we co e eery im melting Cese olloys, and efforts are 
being directed tuwi Ae production of sounder
imgots.

On l dot ion tests of a Aoi wolyh*

ebout 10* cheen 
spolling prom eft

phere. Croon tests in air. im or gon.

r f ! i h ■ • • ess • •••

olloys
g 3 to 10% doreium hove sho-n thet

H meressery to form • mon-

the mid—ion rete under stotic conditio 
reduced 30* hr fhe oddition ef 33 throw

Ho-ever, 
as con be

Cyclic tests consisting of WO cir cools from

1500"F in 300 hr here row boon « d for
bracing elloys previovsly evelunted to en^tc 
mi doti on resistonce tests at 1308 one
Most of Ae oileye ee eted showed good resistence

•s e I1
•% ::

• • o•e • •
itFi
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ditions. Cyclic tests at 1700F are mo- under woy

•perimemtel mickel-bese el Ley a. and ex- 
el precious-metol base dlleys. Physics!

ties

The latericetion of aa—rM mojor laser I an will 
bear wamsfer lee* components -as completed. The 
WeaM fabriceted included a 20 tabs fuel-to-NaK

honger, a MI scale 200-tube hrel

di hect ez- Ceremics
chenger Na. 2>, two 500-kw NaK la aw zodiators, 
end a Ml scale tiayal Ila liquid —alai le ew

combine the property al high obsorption areas

Lib are 
proced 
ara des

designed by the Cornell Ae
y. The combi

icol

M used in the obricetion of these units 
ibed.

Three billets of 
2000F. Tubing pre

di
4 from these blenks is to

ba clod on the outside -ith stoidless steel, end 
Aa clod tbing will ba used in corrosi 
Four high-purity molybdenum billets g

properties of high density. strength, corrosion re-

essemblies M 4

• mere pre-

their possibilities es
fowl rod moteriels. The possibilty of cocting

reoction with molten silicon in on
A

reoctions wre baia, ■>■« A a<

V. Haa* Temafur end Phyaicel Pspertes 

The frictien foctor ea a funetion of Way wa 14s
continued. The Awee ply 

in the production of stoin 
S Arl er fuel ilia, aw.

iala me to be uned
d-cled de

■■Mei -es 4 
cose of wrbulem

8 r dly for the
nly flowing NoF-ZrF.-UFa (53.5-

44.5 mole $) in Inconel tbes; dhe resujts ara

* -ith
ful.nccle Ayr funl-4o-NeK hmat

al friction data.

indicot

ger -es
Pte-

thet Iha hem

A -

wremnsfer coefficienta on the fuel side of the em- 
dling thermol resist-

■weal in the system, era obout 1.6 times lower then 
would be cbtcined b, the ci an as »!■■! reletion for
wubuk flow in circulor-pipe ■> ale

ding prai s*s Mei were t-o times as
high aa those for flo- ta smooth pipes. Se—e

ibteined for the 18-in.
ART core for the cose where the fuid enters the 

core with a » hit.anal velocity component; hhe 
infuence al hurblence-promoting screens a* the 
core inlet aa the flow was elso studied. A study
-as mode ef the

core fee

perete end cerresponding

iey periods of flo-

- ♦ » ♦ •• •ese- * ♦ #.
: : H s :

* a • ees 4 4 44 4 4

syal

I FIFO

• —---e-memaum

meor the —all. The results of a theoret- 
experimentol study of • free-comvection 

weining e volume heat souce wre given.
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The enfhelpies ond heot cogeflhies fa fa— mo- 
tericls were determined: mommely. NaF-ZrF .-UF. 

(50464 mole T. NaF-ZF. (50-50 mole 9. NaF- 
ZrF,-F. (56-39-5 mmole $. NaF-LiF-ZrF.-F. 
(20-35-21-4 mole %. —fa lthium liy Aifa. The hect 

cepocities to the liqid stete fa Am 17 Rluoride 
miztunes that hove been studied — dote ore repre-

ond fa mo- — Am finel stoges fa ossembly far the 
— pile test Dote which were obtained far thee 
differant sizes fa ch—CMifa weps to delay A—i— 

—mm Aim Am mm—II loop — Am event fa rupture 
were positively corteleted. T-o O — till waps 

huve been incorp 
I—M.

A wube-burst stess- ic hes been

9

p - 9.0 g •
—mm—Alfa ond —-oits Mlfap prfar to •■rfal—l— 
fa fa LITR. —fa — LITR-medicted m»—mi c—-

d ta Am hot
celis. The — i— mpporetus btalled fa Am MTR 
hes just completed six weeks fa Imo A —i—i end is 
reody tM be i—mid — ORML far postiurodiation

LiF-ZrF.“F.-UF. (20.9-38.4-35.7-4-1 mole 7. 

NeF-Z-F.UF. (6-46-4 mole MJ. NeF-UF. (66.7- 

33.3 mies. MeF-KF-UF. (46.5-26.0-27.5-iem. 
MeF-LiF-Z-F.-UF.-UF, c0-55-21-6-0.4 M-fa 

NaF-LIF-Z-F. c22s5-23 mole end NeF-LIF- 

BeF. (56-16-28 umole 7)- From Am viscosity 
—MMMMT—memts Gnet M— mow eveileble far BeF,- 
bearing fuoeide MiM—TMM. M relationship fatllMM 

BeF, t mu cii— — I — c—d fai—lily wos inver tigoted 
fa p—A, Am viscosiny decregsed mi Am BeF, 
concermrotion decrsosed. Some preliminary thermof- 

condoctivity dote fa m ZrF4 bi — imp AmmiI de mnim- 
— Im Am liquid stete —m obtoinedI with m new 
conductivity cell end MTW in ogeemet with previ- 

MMM date ebtoined with M different trpe fa cell.

S.
m descibing she beh of the xenon

poisoming fa m Awid fa Mild —mo— wos derived 
end wos opplied — fa ART design. fhe colcu- 

I Mi— indice*m thet the —mu ol ot zenon far 
sporging with helium will be M satisfoctory meons 
of comtrolling zenon poisoning fa Am ART. Also,

mo difficulties appec to emist in ction with
Anfai him poisoming — A— ——pwp r—ci selected 

far ART m— wation.

mos colikreted for Am d

da

The prog
A Redieti
ofMTR A

• Demoge

dictions fa Inconel MMM 
ing UF,- ond UF.-bose

mations mede shus far have shown mo   id—ci of
rdietie 
signifie geg

— A—M it MM — I—i Mi CM. MM 
fa —IMM^, ond MM rh—pMl

The AMMridt AmI loop d— mmm epen 
LITR horizemtel beem-hoaM I—M been dis

—fa p—ti fa W h— been es 

mmIIi. Subsufoce void MW
d e

ted in the 
ssembled, 
dlogrophi-

wsed far Am fuel loop wos limited to less A— I 
mil fa depth. The A—»— products Ru‘0- —fa 
Nb"S were found to hewe pieted ovt fa — sections 

of fa loop, —fa thus portiel substontiation fa e 

simile —e fa Am ARE —mm obtoined.
in • werti-

! r

fa unonium metol fa fluoride selts far Am method 
fa which Am metel fa . ........imd — UH, end subse- 
wAy ignited fa exygen — 400 «M far— water 
end UO,- Sompies fa UF, —fa XF-UF, —M then 

—olyzed. The coefficien fa w—i— -a s 7% far 

fwrence

p A

nce of either fluoride solts — eri- 
mos iwici M—r i d. and therefore Am 

dd be oppliceble to fat types fa
Ifanri Al fuels.

A comporison fa Am metyl
olution methoda far Am de

fa— «— nydre- 
wminetion fa tri-

'■■fa—H uronjum in LiF-BeFz MeF-LiF. —fa NoF- 
BeF, base fuels -os mode. etirfactery ogeement

ho
methods — observe e far Am— ■ m—tImIm; 

w. Am —dts far wivolent —i— Im m
KF bose obteined fa the methylene-bue method
showmed meg bios -hen compored with those
Am— the hydrogen-evolutiom —ethod. Methylene- 
Hue solutions mAI A mi—m 1.5 to 6 with respect 

— HCI were shom — be — du cud — m—Ail— i
white a room etre fa finely Afa Ad metollic

Aim Im Mi,, ron, mickel, end —i—i Rich fa olloy-
Studies Mi—I contimed — Am MiM—It — MM 111

• • e = ••
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la fluoride solta. The p 
species of pentovelem 
white wos investiganed.

umi 
det

iu

*

—

of on imteroction 

and methyiene

hhonge resin Im Am hy-
dezide form to retoin zirconium, beryllium, wo-

was mode
by titration of the free bose -hich resulta from Aa 
enion raaia exchenge. When more Am* one elkoli
metol wos present, dhe 2-ethyl-1-hezanol p

wos applied to the d

-
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Nickel test 
coupons held b* mhe nickel reoction vessel during

nion runs showed carrMai— of the
solution type that wes even over all foces.

dwr*

--e

ph
of lithium, end

y4 boron method wes coplied to the 
i of potossium. Sadi mm mos determined 
methods.

umetric method tar the determinotion 
A Ruoride Meira wes proposed. I*

Ais method, which I* * modifcetion of the method 

dord solution of 
disodium dihydrogen ethylenedieminetetoncetete 
I* used to complex air—MiMaa, ond fhe excess re- 

egent is bock-titeted -ith irom?:11). wifh A a*Aimi
1,2-dihydrozyb
cotor.

-3,5-di sulfonate as the indi-

The brominetion method tar lb* determinotion of 
omygen aa ozide wos opplied to somples at CrF,

—. . Faba tests **r* mode on A* 
sis method tar Ai* determin

qentity of iodine 
The iodine i« dut

Am investig

eqvivolent to thet of oxygen, 
ermined spactroph 
h *rA—>1—e.
wos mode of the determination

ef troce wentities of nickel in Ruoride by the use
of the roogemt sodium diethyldithioceb

efthe iatartaraaea
s were met succeezul

The feosibility of r

MM MM

L The

ce

sing ef Reector Fuel
d use of o mickel re-

y of ARE-type fuel wos demon-
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inciuding welds, im contoct with fhe molten seit. 
Severe locol pining wos moted ther voried im depth 

upt mils on the Huorine gas imlet tub* in the 

vapor zom» obove the molten solt. The ottock on 

fhis tube im the liquid zone wos mora umiform ond 

veried from 4 to 7.5 *4l« in depth The recction 

vessel showed nomumi ferm anock ol the molution 

type thot vuied ba* S to 9 mls in both he liwid

At either 200 or 650C, CaF. -as much less 
efficiem thon NoF Mt ASO^C 1m refovine volotilized 
ruthenium from the UF.-F, ges. Ho-ever, results 
of runs mode under varius conditions indicoted

that he size, ond conditioning of the
NoF bad era vary important

The engineerinv flosheet tar A* ARE Aral 
racarary pilot plont I* 85% compiete. Design of
10 of the onticipated 29 process eqip pieces
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E. S. Bettis

Aireef Reoctor Engi

AIRCRAFT REACTOR TE:T silica
A. F. Free a

Aircreft Raactar Engineering Division
The

rooctor cd! far the Arcrah R sect er Test (ART) 

which shows the major items of eqipment end the 

recommended provisions for suppor was completed 

A similar leyout tar the NeK piping and rad tear a 

wars dee cany last C. It has been esteblished that 

free ba tbh saba will be 

cd l wals far

di service lines. C

has been given to the design of the
Building 7303 ired for the ART. the

to

distrik iliory equip

dly

The type d equip by which
d frem the inner cell has been specified.

The beat a

been

A

ified. The ART hect dump system is te

with • meen 
NeK syatem. The aaaet

ion capacity of 60 M- of hec 

ature levet ef 1300F im mhe

, im sive.

ond compoet heat dump has been found te be a 
vound-tube, yloa fie rodictor care. This basic 

type of hear wremsfer surface has been found re be 

sufficiently relicble tot heet exchonger teat rigs. 
Five seyarete systems will be used; four will 
constitute the main heat dump ay ate n. while the

fifth will be the mode 
Ley acts have been prep
stock

colcul d.
is hove been ttively

estoblished far the prevention of feilure of the 
Inconel care ond veflector shells during operetion 
of the ART. The cere shelis are to be %-im.-thidk 

laconel. They are to be cooled on one sidm with

A. P- Freaa

A. M Pemy 
ering Divisien

flowing sodivm in ar ier to maintein 
every-hmre beta w 1S00F. The vefk
is to be d below 1300F by

the shells 
octor shell 
wrrounding

beoring moteriol, • ges
ay ace to serve os s heat dom, end en Inconel 
clodding layer to seporcte if from the hot fuel im 

the hect exchonger. To tri ii ana buckling o the

eute- care shell becouse d 4 rediol pres-

sure differences end fa free act excez-ie de-
formatian of the reflector shell b
cessive era tear a

djusted to be

ex-
ia, the ya essures in the

Whey though the primory heet ezchenger. In

ture 
300F. 
from com

relic thermal stresses, the t a ay sr a 
ocoss the shells is net te exceed

1, but tive pessures have been

estoblished for the fluid circuits.
le cose of a foihe of oport of the reeater 

system, for instonce • fuel pump, during operetion.

cessory to moi gency con-
dilions far short perioda im -hich the era a sera 

differences ocoss the shells will be much yraelai
Calcar* 

ictions indicete that these conditions can be 

meintoimed without sudden foilure d the shells 

by buckling at rupture. Ka newer, the tetel life d 
the reset ar far normel operation will be dispro-

t ly a* d.
Detoils of the basic design d the reflector
A cooling ay W hove bean set forth.

uhed in the design by criticol eaperiments, heat 
enchonger optimizetion, cere hyAabynyac testa, 
end beryllium thermal etress end corrosion tests 
new in progress (d. Secs. 2, 3, ond 7).

The meron-removel systen has been designed, 
as described previously.’ and the had end sodium
pumps mre being tested (cf. Sec. 2, "E
React er Enyt 

been incorpon

rimentel
ring"). Hew featues thot have 
• becouse of stress, fluid Hew,

* fobricebility considerotions include on ellipticel

‘o. seml. ena W. L--., ANP Qu-. P,og. Rep. 
Dee. M. 1934, ORML-ii • it.

e •• eeeeeeeeewme
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fuel

----

tenk, a vounded dome to enclose

culoted tor utilizimg the heot
gn
Me

4 *
ing." end Sec. 7. "Heet 

Properties"). The mos 

promising f these designs are hipllil ha 

Table LL The velues gives in the table are 

imdended to focilitude comperisen of typical heat 

ezchemgers. The eel was listed for beet exchonger 

thichness ond shield weigha are enly reletive end 
were besed on a mimimum-thickness tube eater 

suited to the yr a a are toe me leyeuts. Final

tingen as a easei 
tetiena, ta a a aery.

end •

heng
Me eveluenie

•WM be con- 
of shens lkmi-

sien

■ere mode at the
*ey dose twees at

isimthe ART fecility. h wee
rous 
ned

that rodietion levels in the building during rawer
Mae

shield tor 3 ft of -oter in the cell eaw—Ut ene

subi 
radi

red

siel thick ane Twa

tok 
loc 
cet

y-h

1, the initiel dose rete from • reoctor

eha wouid met be ware than e lew gens
These lew dose retes are the resul of 

, being loceted 16 tor intorgisil ond

shielded (in eddition to (toe leod reoctor

ere ere to be shielded so mhet, in the evemt 
1O% ef the fuel entered the rediatos, the 
ion dose -ouid mot esceed l e/hr as amy

point outside th mgin cir duc or —act ar cell. 
Reseach is under woy rhea -ill provide much

desigm.
made 1

inmton padei as « basis 5 Sre,

-ith voe
ef the refle *

lium. Inconel, end ror
•to

ed

d. The into

end cooling

4 reoctos, matericis of

arth omides, ore being 
om being obo l £ wrill

butiens in the core will be used in d

final

fig

s. Date em ae«ar dismi-
ining the

end size of the core ond the
end ducts, M well es the lhi cheat a a* the Incomel 

shells end the cooling veqired Meosuememts

beimg made om

vod for aha ART.
Imdensive experi

th oxides ce expected te

is in yy e in c-

•eel ..2 is Me ARE. As .1, m rasisteair . 

perior fuel emizdres have been a tote ma <. but aha 

ph l el eel preperties of the ZFa-beoring mixture 

heve been improved te some a Meat tor vanner the

TASLE L.L ART MEAT EXCMAMGER beHGNS

r *

T-bedemmtm, MS

Tue e,-eima im

Tebe -el «ie 1, m
F-ei

MeK temwrete rears "F
T-e la aerh. •
IW A.os
Ma« AP, sea

MJ

a0n
0.023

1230 • MN
1070 M» 1300

ao

MJ

Meer - •hiehmmsn, im-
Reeener shield -eight, -ater pius lmed (to

•■■in. M-

R.lani-- MaK eei-etie-

16

41

39.6 
242 
72,600 
«M4
ss

I
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owen 
tivele

The
Mt 
nie pere

tore AHcroatiel. Inconel loops with fuel miztures 
of inter set he* demonstrated that the velocity of 
the circulated fluid hos little eHec* on cerreeim 
end moss wensfer and that the resylts of the 
mumerous (horwad-cm- '* cti* ri loop tests are opoli- 
eeMo to the dynmic ART systeoL

8

e detri

d e fool mixture im the LITR he* henn 
A ond rodiation wes found not to heve 
entel effect sn cm * * ion end mass wensfer;

• second loop will be d in the LITR during
Am in-pile loop fhat will more

4 is is te be

the mass han tier; elso, the arse of stainless steel 
in the cold portions of the system is be icy in- 
vestigated.

CwMs for use co volves, becrings, end seals 
0*0 undergoing imtensive seif-bonding - and cor­
rosion reel Manes (eats, and erteo dares for brezing 
ew woes to incenel have been developed.

have ind

base
ciel He etell ay B, io porticulor. 
aibilities of finding e structei

materiol with rsoperties superior to those of 
Inconel for circuloting-fuel reoctor epplication. 
bet some of the problems imvolved are of such 
• mognitud
tericis cm be mede aveileble in time fer wee in

e fluid-fueled reactor hos k *4 thet the
removel of seem by sparging with helium -ill 
be o soti efectery meons for comtrolling zenon 
poisoning in the ART. The study else indicated
thet mo difficulty -ould exist in
shdo-n 
forARTe 

Eeperir

with

ging rotes selected
wetien.
OS no- under woy at the Lid Tenk

Ft !- ■ • i-:

Shielding Facility will provide much of the dots
needed for finol design of the reactor and, in 
porticular, the shielding- A mockup of the reactor
and shield is being used to 4 ine activations

thick of matericis. The activation of the
NaK within the heat exchanger is of porticvlor
im ce because of th* effect it will have on

outside the reoctor shield.
Deeian of the maim or inf How sheet of a fuel 

rocs very oilot plant is 85% complere. It is hosed
that the rapid ssing and recovery of fuel
that wouid be rewired under service conditions
can be 4 ted with this pilot plant.

The merry colibration and serfs ce tests
scheduled for the ART ere summari zed in Table 1.2. 
Some of the tests con be run in the course of the 
endurence tests, which should consist first of 
25 simulated flight cycles (M hr at Rall power and 
1 hr M from 1 to 10% power) and then of 100 hr 
of continuous operation st felt sewer. This will 
give e tetel of 300 hr or hall power and 200 hr at
low power during the end ce test period. It is

d
fe

firs* 400 he of 
servicing ond ■

thet the preliminary colibra ion and 
s tesis con be corried out during the

n. with ollowences for 
eo. In reviewing the

*s and the tests plenned for the 
ART. it is saldmt that many modifications could 
be made in the test conditions to aw* the severity 
of the test. The hey voriables, tepe th sa with the 
desired volves for the test. ere flaw in Toble 1.3.

k 

hem

ART CONTROL
J. M. Eostmon 

Bendix Products Division '
E. R. monn

mentation and Conti1 els Division
block diog showing the basic

contol octi ms desired (without reference to hord- 
■ we or techniques) hove been prepwed for the 
ART. They will be used es • basis for selection 
of the horde ere types end the centre I techniques
to be used and for 4
thet
He

will require new
tion of sr oct. of control 
mponent develepment.

tion lor reoctor simulation has been *1.001*04
to Pren & Whitney, and they hove built e simulotor. 
It -ill be used to check the odequocy of the basic

FIFO•• • « 4 •== ••

l

I )

1, 
| 1. «. 
i
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Criticelity
Demem
Davarm

Dete 
Dete 
Dete 
wces

TABLE 1.2. MUCLEAR EXPERIMEMTS ON TME AST

te procedwre for going criticel 
eriticel mass

Oy E=perime 

wmine fuel » 
rmime eeflec 
emine mess

Oil win dileyed

Shielding

Dm

Deme
Si

U

ft

ft

ft

ft

A

Zem» tsnli

ieretue coelficient 
end ielend tempere 
etivity ceeficien

ecefficiene

sivity es a funetien ef few rete
less te

NeK ectivetien in heet
%

*

Migh

Thet the Reecte la e Sleve te the Leed Demend

iete udden A dforim d power by turbejets

"uebeint
ne Weerfivlfy KMe rte of Other Trensients

Ce
Af

Obrein Heet Bel 
laland, Reflec

of ion Reqired for Fissien-Preduet Peisening end Burnup

heet items i st upen IhufdowS 

ces at Verieus Pemerste Deter
SMI, Gemme Shield, end Neutron Shield

Additional simulator work will ciso 
be done at ORNL.

Centvol Principles

Til* control system is to provide automatic cor-
rective action for « 
rapid to permit op

ation, with mini

no door k
dependen

gencies requiring oction too
deliberation.

donge
Automotic 

row* opor
operator limitation. Operotion

umentation ond will hove only limited 
(for scfety) on other instrumentation

during power tronsients. Three closses of emer-

1. thuse requiring outomatic rod insertion, load 
removol, end fuel dump,

2. those requiring only outomatic rod insertion and

18

mem mmsm

■

..............................................................................

■

. .. .

-

at oper-

ator’s discretion),
X those requiring only op er of or warning ond manual

Ona-half th* wind tunnel biowers and on* half 
the pumps (of eoch type) will be powered by com- 
merciol supply. The remaining blowers and pumps 
will be powered by • deisel system. Duplicate 
fuel and sodium pumps haw* beer provided for 
safety, but if any one at these four pumps foiled, 
the output of eoch of th* remaining three pumps 
would have to be decreosed to prevent pump covi- 
tation or pressure overstressing of the Inconel core 
shells in the current design. Th* basic control 
action* provide for this depression of output, but 
it is questionable whether pump speeds can be de­
creased fast enough to prevent adverse transient
comditlons. For examole. ghe Inconel mav be

’ ; *•- *• • ••
: : : : : : • • • •

ememe

over-

8
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TABLE 1.3. KEY ART PERFORMANCE VARIABLES

Varieble

Time e? full power

Terai time eriticel 

Total time ehermally hot

Power level

Pooh fuel temp 

Peck motel ten 

P.ak Nak tom
eture

ature

Temperature difference 

between fuel end NaK

Mumber ef Sewer eyeios

Mose of chonge 
of mean fuel temperoture

Number of dump cycles

S00h 

1100 hr 

1900 hr 

60 Mw 

1600PF 

1540PF 

1500PF

100PF

30

5

stressed momentarily, with a consequent increase 
in creep rote. To prove at least that the reactor 
can be safely scrammed after such a pump failure, 
it is planned to include cutting off the commercial 
power (or diesel) at design point (60 Mw) as a part 
of the test procedure. This will constitute a class 
1 emergency, as defined above.

The control rod cannot be abruptly inserted in 
the case of an emergency, because to do so and 
yet prevent the fuel from freezing or getting too hot 
would require accurate transient matching of ab­
sorbed power and flux power, which would be im­
practical to accomplish. Therefore a scram (class 
1 or class 2 emergency) will abruptly insert the rod 
only enough to reduce A/k by 1%. This will be 
followed by automatic insertion or the rate of 1% 
Mk/k in 30 sec. This speed will be the "fast” 

normal rate of red movement. The operator may 
also choose "slow” rod movement of 1% M/k in 
5 min. Below 10-Mw power operation, the operator 
will be automatically limited to the slower rate.

The 1% scram will automaticolly cut off one-half 
the blowers to reduce the food. The ioad will then 
be further reduced by automatic closing of the 
radiator shutter in response to a 1050°F low limit 
signal for the NoK-to-oir rodiotor outlet t- wpereture.

Since the design point occurs at the high temper­
ature limit (1600°F) for the fuol, accurate limiting 
will be required. In addition to thermocouples in 
the fuel, the maximum fuel temperature will be

indicated by continuous computing from NaK 
thermocouple signals by using heat exchanger 
calibration data. The dependability of fuel-temper­
ature-sen sing thermocouples is questionable be­
cause of the poor conductivity of the fool and the 
high gommu-roy heating.

The reactor is to be initially filled with barren 
(without uranium) fuel carrier to check out the 
system. This will be done with the system iso­
thermal at 1200°F and all NoK and sod.am pumps 
operating. Electric heaters will supply the hoot 
needed beyond that produced by pump work dis­
sipating. After the checkout of the system, pert 
of the barren carrier will be removed and replaced 
with fuel-enriched manorial to provide 80% of the 
calculated critical amount of U235. Criticality 
will be checked, and the fuel will be further en- 
riched in steps until criticality is obtained. The 
conirol red will be calibrated in the process. A 
Hum serve will then be available for holding the 
reactor at very low power levels (under 10 kw)
during lo sperimentation.
the temperoture coefficient will be

At these levels 
inadequate for

good control becouse of the high thermal capacity 
of the system.

The minimum power level for control by the 
temperoture coefficient is eepacted to be about 
300 kw — the estimated heat removal by the radio- 
tors with the hoot barrier doors open and no air 
How. To take the reactor to the 300- kw level, it 
will manually be put on not less than e 20-sec 
positive period, and the bonier doors will be 
opened when the flux level reaches a set value 
equivalent to something less than 300 kw. If the 
doors were opened too soon or tee iote, excessive 
power surges might occur before the flux stebilized 
and there might possibly be damaging thermal 
shocks. After stobilization at 300 kw, the control 
rod will be slowly odjusted to bring the mean fuel

wpereture to 1200"F (it will hove gone •hot
above this).

To increase the power above 300 kw, the blowers 
will be turned on end the shutters opened es de­
sired. The control rod will be used to odjust the 
mean fuel temperoture. Automatic limiters will 
close rhe shutters if the minimum NaK temperature 
drops below about 1050°F (tc prevent fuel booting) 
and will open them if the minimum NaK temperoture 
goes obose 1300* F (to dissipate afterhect and pre-

• ••• ••
• • • •• ••• *•*
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vent loss of ZrFJ. To teke out mare than 20 Mw 
will require shat the mean fuel temperoture be Mt 
above 1200°F (H must be set at 1425°F to Mb* out 

00 Mw). Below about 6 to Mw, the hvat dump 
will have to be adjusted slowly to avoid high flux 
and temperahure surges. Above this power the 
tempereture coefficient is expected to permit 
reosonably fast (for jet engines) lood changes 
without excessive trensient surges.

REACTOR pMvsics

ART T Coefficieme
Anderssn

Aircreft Reoctor Enginsering Division

sho-ed • positive conmibulien resultmg from the 

decrease of the obsorption cress sectiom of the 
Inconel core shells 3 -ith increos ing meumon energy- 

Th* smoller Inconel cross section allo-s more 

neutrens to enter the fuel amnulus end thus inereese

ctiwity. It seema justified toessumeal/s
cross section fer the Inconel on th* bosis of the 

experimentolly measured velue of th* ********* 

integel, ond therefose, if an increose, \T, of the 

beryllium temperature couses a neumon energy 

increose preportiomel t IT, the fractionai cross-

sectien d M» of the shelis is
the number of fissions >• inereosed

*• AT/T, end 
by the focter

20

(Ar/T}, > 

if only dhe sub

she" thickness . cudmium kaction

dm nevtrons re aifected end
the meutrons ore incident normel te the shell. 
Actucily. the thiekness of the hnenel thur the

the hhet preoter thon
thet of shell, on the averege, but this • • at 

least portially offset by the cress section ol

: ft C V t : : r ft 
i.. %•.:i: : L.
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ehan-thermel velue for some 
—h. The volue of 14/

4 in his woy is •1.7 * 10-3 AT (‘F) foe

-im. in f < she:is. As pointed out tv Mills end

ol lomer 4 
thin posin

1.7 -

less, the results support the postulated neg
dficiemt ol mhe AMT

emd Ergen UM—L cor shells of
bsorpm

*
cross sectien woule reduce

» coefficient comtibution- 
Incomei shell -wre veplacn

rQine.•Cb)
/(nc.)

• 1.7 •

Reectivity E Heet •* • M— Eneh 

A.M Pumy

Lesk

W a MU
V by f 1w

0025 - 10- vo-*/"F , d pmesiic db—VH It b—

where f is the frection of thermel neuwens inciden 
on 0M shelis thet we ebsorbed (ef. precedina

dered
by using, es a modei for the reoctor, • sphere 

R,) of noncopturing beryllium ih • high 
netren shell source ot R,- The source 

neutcns sle- do-m occording te cge theory, ond 
the slowing doen demsity et thermel eg" is used 
as • nource for the thermel diffusion equmtien le

by mhe Adwisory Comminee on Reoctor 
Sfegverds shet the veoctiwity effect con be geetly 
enhonced by adding lithium or U* to the Mek- 
Prliminary emperimemts indicete ** pe’heps 
5-% lthium com be edded te the NoK ecectie 
-ithout roising fe meling poimt ebeye 250C- 
The less of reoctiwily due •» ppesitie ebsorption 
is colculated on the thot

M 

2

V Alp

T 7 I, *
is d hes et themmal MW* every neuteon
swiking the shell ot R, is ebsorbed end couses • 
fission. By usimg this model, mz* turns otbe”

-2KR, p ar

-s, (, - R, -R,

hem K is the cnellicien» ol linem mhermal en- 
pension fer the beryilium end * is the thprmal og". 
By uning K - 9.3 ■ 10-“/"F, 1-90 cm2. R, - 25 
cm, gnd R2-S6 cm, it is fovnd thet M/k • -1.2 ■ 
10- AT.

The net of these tmo comtibtioms is then 0-5 * 
10-)/"F for k-in. Inconel core shells end ,0.2 - 
1o- • for cor „hella of %a-in. hit—■< and a-in. 
columbium. A fuel coefficlen of -1-7 * 10-57"F. 
which is besed on a conserwolive vele of 0.1 for

-her t eqvois obsorbed in fuel)/ney-
wons obsorbed in core). 32p is the chonge im 
poisom cross section, and F •• the fuel eress 
"Th,"i.n, •* cecctivit, wo fual dlution is

coleuloted om

A

i essumptio 

l az.

To ,

dhat

I N
’ 10 -v *

where V is the MM— — volume, ond %V the 
volume of NeK leoked MM the fuel cireuit The 
foctor %o is a conservative —MMW bosed on 

eme" izrauckcnul io.., «aviin cubte 
feet of coolant leok imto the fuel circwit, «• given 
by

(52/V(M/M) gves
-1.2 « 10-S/"F and 1.9 • 10-3/"F for dhe two
coses. V shoud be noted, U—t that the col- 
culotion is ol • merginal type, ond hence there 
mighe be • izable error in dhe results. Neverthe-

o E4.5SS1ac, 

w. 0. Meml,. ori-me

she Berlit-- Cemtm 
effcar= ef Memenmetrn

•Ma

JUL - -2.4 ,
A

«f dhe coolont is NaK; by

• - (2.4 • 2.2 w) AV() .

st the fl— e NaK plus w-1% lathium, ond by

J1 - -(2.4 ♦ 29.6w) MW .
A

Les s •
1F ft : u L*
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M mode ore valid ovy for smail 
fivity end for smol percemtoge

condilion at the plone foce ef •

The elleble belere en ever-
fo- would *ii*i*i— will to* 0.37 f”. This volume of 
MeK in ata* fuel civcuit would produce • reoctivity 
ct***— el 0.9% The some volume of NeK plus 
9 — * lithium wovld produce • reoctivity chonge 

ef 5%. A leck ef 0.007 63 ol hoK plus 5-% 
L“ weula produce • reoctivity Um *f 19k

medium end e strong ebsober.

Solunems fur /|*x) amd M«0 —• foud fue the 
cose ol • single obsorber end the vesults heve 
been plomted — Fig- 1.1 for • sleb ol Sm,O,- Fer 
lorge values ol eler/. -here - j0) the 
curves ol J(«,) end E«,4) essume rigid shepes
th— —• propegeted — the da 
• -ith opowen velocity

• •

9

-

incident —a — foce wre, for the cose of on eb- 
norber with • isotopes wif high thermel coptun• 
cross sectonse,.

• - 2.9 * 10-S cm/sec. This suggests the use ef 

the lineor fermle

( xo 2 0.012 * (2.9 - 1-22 s,o em

for Ma* thickmess of • sleb ef Sm,0 
wensmit MR ef ), neutenw/mAwc 'iA—* m

where

1 and 2 were

Pe--

mteg
• Nime

th— -ill 
cident on 
of « sec.

—— • e,3 - o •

e - It—— <1—■ im—I to the sleb,
1 - I, ♦ I, ...» I,- mocoscopic thermel

neuton bsorption crcss section.
* - flux,
• - enposwe time.

By meking use ef the relationship I - , -here 
p is the overage ii"—** — the cosine for Mo ongulor

for «a» cose ef godolimium —A t-o isotopes wih 
high thermol ebsorptiom cross sectiona, —nd the 
resuhs —• sho-n in Fa— 1.2 for G,O, The 

lineg veletion to—** X ond • for Ur— ole/a 
fer 64,0, '•

(4) XW - 0.0025 ♦ (M k 10-22 oem .

Form os 3 end 4 may also to* use4 os an ap- 
proximetion of the burmup of • cylindricel shell of 
ebsorber, —* nil 4*4 that Ma* inner rodius of the 
shell is mch lorger fyon the Mora... neutroma meon 
fvee path of Ma* absober; Ur, in Maa* cose. Eq. ?

■

(2)

s A ♦ X/ - 0 .

-

d.p ♦ oIJ - o .

I* the —ft— where most of the burnup tokes ploce.

a is

to ronge beh

absorplion cross

to 0.5 — the surfoce, th I—Or volue being the
dory

22

-----------

(5)

oins umchanged, while Ee 1 la i—n

=3 . x - fl
neutrons t— iM— on th* ovter surface. For •

shell of this kind, the term fl A in E q. 9 is olwoys
gligibl

up. In the ART, • 20-in. control rod with • 1

**>*14* diomet 
least 2 x 10’4

*in
n/em2-sec in order to be 5%

effectve in reactivity. Thus, f • cylindr icol shell
of Sm,0, obsorbs 2x 10’ “ 

1000 hr. Ma* neutrons will pen
nlcmege "o‘

X() - 0.012 ♦ (2.9 ■ 10-°0.2* 10°) - 0.22 cm.

A shell of Sm,O, must have * ***** this thickness

••
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la - 2 * 10'“- For Gd,O, -
X) - 0.0025 +14* 10-°0.2 * 10°) - 0.10 em.

To obtein en estimate of the error of the approxi- 
mation, note that for • shell with an —HiJa diom-

KJ
- 1.76 em end • length of 20 in. - 
sbsorption rete of 2 x 10’* nev-

4.05 x 1023 etoms

outside 01—«■» of 1.76, cm, a length of 50.8 cm, 
and • vlume of IM cm” hos • wall thickness of 

0.22 em. The bunup of Eu,O, slobs has olso 
been calculated, and the resufts are presented in 

Fig. 1.X .

G m-Roy Heeting- Two effects are expected 
tribute to the internal heating of control 

rods of rareeorth oxides: absorption of gamma 
rodietion eminted immediolely after coptur of 
neutons in the rod ond absorption of gomma roys 

from the veoctor fuel.

P m W m • & euy hecting

ebebpison will he w 1000, 100 w/e5. Mere 4»-
colcuk 

craf l Mi
mode by Pret & Whitey Ar- 
the gamma energy obsoption

moy be es high os 170 w/cm3. For the higher 

mIm the maximuna interior temperature rise above 
the surfoce temperature to 460°C for • 12-in.-OD 
hollow rod of w !■* oxide with • k-in. wall, 
if the thermol conductivity is assumed to be 0.0040 
col/sec-"C-cm. H • cermet of IW—Mth oxide ond 
iron is mM in place of the oxide, the maximum 
temperatum rise is abovr 45°C, if • thermal con-
ductivily of M #iir4 thot of iron, or 0.050 cal/

23

e* • • • •• •« • ••• 4 s’* ee.

.11.2228 ilm I
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2. EXPERMMENTAL REACTOR ENGNEERIG
E. S. Benis /

Os sign work an tha in-pile loop for optrotlan 
in th* MTR hos been completed, «nb th* finol loop 

la being fabrltataJ and eattabled. A bench test 
•f a werking mockup la under way. Twenty two 

highvelocity forced-circulatian Iwgr tMparehra-

rodiation wos y gairad to override the effeci of 
the minimum puriod in which the reoctor could be 
brought to Ml power. Gold foils inrodiated at the 
low power and ogoin at Ml power in a verticol

hole to HB-3 pie lidad • means far exto-

d for investigating polating the dot to full power.
th* corrosion end moss tronsfer of Inconel by 
fluorido fuel mixtures under dynamic conditiens.

ted te test moss trens-

Tfait MM 
th* effact of

mt mode it possible to ■■■Inf 

iols and geomety of the in-pile

far in Inconel end stoinless steel loops im which 
sodium is circulated.

A full-scole model of th* ART fuel pump was
tested with woter, and perf ce charocteristics

■ ere obtained. A test stend for high tsoporatara 
tests has been designed. A tat stand for inter- 
mediate heat exchongers (100-ube bundle) is being 
assembled, and tests are under way with a stand 
designed hr testing smoll-scale (30 tab* bundle)

Flow potlot no are being studied in a full-scole 
node! of the prop1—* 21-in. reoctor core and en- 
franco beader. Several modificrions me to be 
tried in an otiMipt to prevent flaw toy oration in 

th* car*.
A thermal -eyeding tact woo me de on a sodium- 

Inconel-beryllium system, and opporatus for o 
third test is being assembled. A -mall-scole gos-

losp m th* Ur*. Volues obtained from foils inside 
the wel tube were consistent with other doto token 
fren foils irradiated in Iconel nbes by using a 
rabbit facility for irendiation in hole HB-3. Other 

doto an th* depression of flux in inconel tubes 

with a fuel mockup present were also used to esti- 
mate the flux for the MTR in-pile loop.

Th* flux seen by the fuel in th* in-pile toop it 

now expected to be 30% of the unperturbed velue. 
Th* heater ioop, or nose section, originally de- 
signed far a depression of 50%, has been modifled

to obtain etore Th* presem nw* section

fired heat souree was —d successfully at e
power output of 100 kw, and tninor modifications 
were planned that will increase th* capacity.

consists of o 24-turn helical coil shaped, tn out- 
line, iimwiir as a truncated cane. It is mew need 
with its axis per* 11*1 to th* beom hole center line 
and with the small and forward. This will permit 
the nose t* be pieced in th* most forword position 
possible by utilizing the concicl and of the water 
jacket. The developed length of the coil is slightly 
over 3 ft.
reqvired for the design conditions: Reynolds

I

nL-PILE LooP COMPONENT DEVEHOPMENT
D. B. Trouger

Aiveraf Reecier Engineering Division

number, 5,000; wperature differential, 200°F.
Th* overoge power density in the nose section, 
on this bosis, will be 0.7 kw/em3; however, this
value moy be c tive. Provision is being

Flux

Flox Meusurements
D. M. Haines

Pren & Whilney Aircrof

wements, eo prewiously described, ’

during operation and thus utilize the flux gradient 
to adjust th* power. A higher power density may 
be foasible for later loops.

were camiod out in the H8-3 beom hole of th* MTR. 
Cobah foils instolled in various cesemblies thot 
simulated the l»«t wee imadiared for 3 hr at about

5 Mw.
ware ab

Plans to make ts ot full power
doned becouse an excessively long r-

ORNL Mazz-ipe ANP o-r- Prog Rep- Men 10. 103
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Fission-Ges Meoldup

D. W. Mognuser
Aivcraft Reoctor Engineering Division

Th* adsorption of krypton from helium by octi-
vatedcarbon at liquid-nitrog nperature is being
tested in adsomption traps designed for use with 
th* MTR in-pile loop. The traps contain 280 g of 
Columbi ACA ac:ivated carbon. A hehium cylinder

r.i *.: r: r 1:
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comtoining 0.137 krypton is being used te supply 
five times the design Row vate though see top.

Ee). 1n mvmm. The aaceW m, wT ba 1.610002
et the conclusion ef the rhe ent, and the od-

sorbed gos will be anolyzed for totol krypton. Abler
if doys of operation, she krypton mation in
the sin neat swreom was pproximately I ppm in 
beth syatems, at the froctional breakthrough wos

less than 0.001. A temp sing elememt
filled wifh ezygen, with au. ease net ic fill device.
is being ecad to keep •
the metal Dewar which contins the wrops.

liquid level in

Aireref Reocter Engineering Division
A bench test for the in-pile loop bos been oyer 

eted for more then 666 hr. The purpose of this 
bench test te te determin the feosibility of con­
struction techniques, to test the suitability of the

lishing control and ay er eti enol procedures end in 
training operators far the in-pile test, and t deter- 
mine Iba snsiwrence of supporing nant.

Tha design conditions os s-t forth for the in-pile 
edhered to as closely as possible in the

benc Modificetions were limited to
incorporating a resistonce-heoter ceil for power 
gemeration. Tbr Seen is enclosed in a plug that 
differs hew the ocwal in-pile loop plug only in 

that the forword end is open to occommodote con- 
nections with the resistonce heater. All service 
lines to the loop run dwau^ the plug in the some 
monner as they will in the inpile test.

The instrumentetion and the central penal for the 
bench test era identical to those to be weed at the
MTR, except for the ob of radiation-detectien
instruments. Thus operotorteining can be occomp-

Fabrication end ossembly of the bench apporotus 
served te point up certoin difficulvies in bvilding 
this lype of system. One bosic reqtrement for an 
in-pile loop is concenticity of less then k6 in. 

in 14 ft el length. Some difficulty was enperienced 
because of wurping at rhermocouple wells and year 

firs. Fixtures ere being fobricoied for use in align- 
ing ports during construction, and the drawing: 

hove boon revised in not instances.

*:: r * 
e a

rnrmsaw ------

-----

The commgciel Kosw gl as e seals used to bring 
power end thermocouple wires throvgh bulkhesda 
and to form leoktight closures have proved t o abbs 
some by not being edoyuotofy iecktigh, A seal 
has been disobeyed at the Gaseous Diffusion 

Plant, K-25, which is quite satisfactry, except 
that ir le vo beer able te breokage daring teey es- 
sembly. Feorse oft th ome ee ay le leods er eigh 
power loads can be brought through e l^g in. die

Bench teat enperience showed that the use of
• poured berytes shield in the rear sec-
tion of tbe shield plug reqvired that the leod wires 
be protected from moistre condensetion ond tbe 
can arete. Glass braid insulation wee applied to 
indli ideal wires, which a see then bunched and

ing ond pumping on fhe

wos

made the c*
nections usable, but other steps are being token

prevent of this wrovble for the im-pile

The eyeroti ng conditions, for the bench tost ave: 
temperanre differentici, 175°F; Reynolds number, 
5100; power input, 21 kw; temperature differentiol 

for oir, 250°F at 250 scfm. Control is ochieved 
by regviation of the cir flew twough the heat ex-
changer by an aw 

a needy constent te 
tube at the pump, 
manually controlled.

tic contoller that maintoins
ip re. ±10°F, an the feel

The electricol power input is

Operotionof the loopis proceeding sotisfactorily- 
Covitoion of the hy dreel he power unit has coused 
momentary fluctuations in the pump speed that trip 
the alarm system. A look in the drive pump suction 
line has been found to be the cease of covitation 

and has been corrected. TI in-pile ye war unit 
is also being ay era ted and cheehod prior te ship- 
stent te NRTS.

Mori saal al lb aft Sump Faw*

J. A Conlin
Aircroft Reactor Eng ineoring Division

The regeneratie rurbine-type in-pile pump,previ- 
busty described. 2 wos dirassembled and inspected 

after completing 1300 hr of ayeration. As can be 
seen in Fig. X1, there wos ne erosion end only 

a slighr indication of tabbing between the pump

2 A Conlin, ANP Quar. Prog. Rep. Mur. J A 1933.
ORKIL-1864, » 22
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shef extenaien ond the pume housing- This reb- 
bing is kne-n vo hove eccumred ding preheating 
ef te pump end te hove been cousec by thermot 
shcases induced by on unduly pume memnnng.
Them wes me evidence o fluoride -oper
in the teor pump hovsing beyond • poimt . . 
from the pump sump poper, and mo solts -ere mumd

in the vent line efter the test A comt heligm
purge ef Ate we of Aim 0.3 cfh wsed. 
There -os no inter* of te in ite kel porten 
of te mump, te meosued te seol leckoge temg 
0.15 em3 fo te 1000 te. Momever, te pumo 

sump gos pressue wos higher Amr the beoring 
housing ptessure, which wouid tend te cose seoi 
leokoge te te tomerd ite bearina housing- Tte 
shoft seel focos mere in good condien ond op-

1000 te. te m--.

Tte pump impeller ehat —11 te used in te »te 
pile exper ment is identicol mith te one used an 
ite ter described tew. Tte beoring housing 
ond seol designs mm different, h—mmi. in order 
to evercome te problems of rodiotion demoge t* 
tte *«1 ond to pevent Matej » of fissien goses. 
Insteod of te oil cooling, ite sholr is cooled te 

• copper spool tei te shoft thar operetes mate

fium

•e

Aetimg MeF-

mosghere -ih • elose el, wm f te the 
eledhevsieg. The oummp bewings and seals 

-ubricated. Te seei fissiom geses frem
the eil in the hydreuhic drive mee, t-e shef seeis
ere empleyed, ene bet the pume i — aed the
beming housimg end ene bet-een the bewing hovs- 
eng end Ite hydreulie mote. There wre fece-type 
senis -ith mmtollie belle-s te the femible membee. 
The ges volumes in both Ite sup end Ite beming 
heusimg me mged -ith heliu- te futher ruduce
vhe possbidy eb eil The pump
heusing else serves es a leekvighr bdkheed in te 
-ote ocket te seol ite loop end bom te bemin 
h—.a, end meter sertiem e te —te jockei 
This —ti— te — te pump bukheod end te 

imtermediete Mtel —lite —ed mi occumlet 
te -oste beoring- a— seol-lubricebng eil. An 
ewploded vie- ol this pump is sho-n •Fag. 2.2.

Diffie uhty is stli being d -ith All MM
ef the rotetimg seols. Thit wevbie is primcipoily 
ossocietee viA the belle-s end -im beckeg
of the cerben rings. Pepl
bello=s -ith ste 
ercise of greote

ef the beess

less steel belle-s emnd he ex-
core im bly seem te Mi«

imgwoved the situonon. The sliding sufeces heve 
given lile, • ne, wouble.

#rj--*-*ii• ?*• * • ee"
E—

-
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Fig.2.2. E.lnded M-ePempt Be Usmdter MTRIe-Pl LeepWe.T-

B dimg

P, G. Alfel
Awereh Reoc* Enu

P. A, Gmod

mont ef the amamumems. Some diieviy «MM bnem
-meoumtmred -inh the pump cpm meter, -tere Ww

ve eomect ahis

.000*

AsnmmbiyelwTR ie-PieLeepMe-
c. ", Cumm

Aierede Rescte Eng

1

9 Diwsio

Sheldimg el Aanes 
* .« campomema w- e-peeted 
ditien. Simce the bench test

aiccl -ith ehet for MTP

—

*
' eperphen, 
enng ewip

Mes peris fo the ferst m-pile loop hgve been 
faheieatd, end essemby *• umd-r -0y- * -ooden 
modmi «l eve cutiele spece hes been fabiceted •• 
an eid in she inemellehen »% bines to the oon “20 
ies emlimies. The purts, ineluding • evt-e de- 
ice I* *• -eieus ines, wil be enatelled on "he 
mode fist, and dlen removed for shipmerw o 
MRTS. This, - is heped, wil enswe • prope *•*

ehe-mite inatallenen time.
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DEVELOPMEMT AND oPERATON oP FORCED- 
CincutAToM CORROSION AND

MASS TRANSFER TESTS

Operetien ef FusedSeltne 
w. B. McDonala

C. P. CM^htM. P. G. Smith
Aircreft Reoctor Engineering Divisipn

J. A Milich R. A Dreisbach
Pan *1 Whimey Aircref

The eperatien of high
difg

relocity forced-cireu letion 
tial loops for imvestigat- 

ing the comrosion of Inconel by fluoride fuel mix- 
MM under dynamic cenditions has become so

ation can be scheduled, and the
schedules can be mainteined for periods with- 
out serious interruption. Twelve loops have bnen 
terminated following scheduled cperation; five 
loops were terminoted short of scheduled operating 

time becouse of various foilvres; and five loops 
were started and are contining in operation. A 
summary of the typicol opereting conditions it 
given in Teble 3.1.

ter, loop failures 
ugs were welded

TABLE 21. ruHM»rr OF OPERATMIG COMDITIOMS FoR 22 FUSEDSALT-NcONEL 
FODCED-CIRCULaAToN comnoson AMD MASS TRANSPER TESTS

Mezimum I*—4 Sel T « 1soo°F

Lem 
M-

m-*ed = 
m---,

Tm• • Te
Me-t-d m-h. Du 
sema-

Reemd-d Teh 
w-n

"p,

Fuedse" 
Cwealeme

Op-ng 
Te- 
0)

Te-imaen

40301 

«soz

amso-a

D--e
D--e

D--e
«mos D--e

40304 
MM 1 
asvs-1 
esm2

D--e

Du-em-

Smetg 
seigh 
swetde

Cuilaa 
Cutaa

Mm
Mu*

MH O Dm-e

$,000

MMM 
•«4MM 

10,000 
10,000

&,000 

1000 

MMM
.00 

1600 
10,000

2000 

MM 
MM 
100

MM
IM

Smntg"
su-igh

MM 
amsa 
Ml

Mil

O-A--da

Ge.feeheet=

Gef-dheu
G-.f-d h---

C-dad 
Calee 

C.d,a 

Cadtaa 

C-u.a

AM 

1~0mo 

MUMM 

10,000 

1,000 

s,oco 
10,000 

10000 

10,000 

e,noo

•c

4c

■ Mo44mbT

w MM 4 --t * -h 2 n • rena
M ns-eoas-el-t
K 113-59.1-293-. A

200

MM 
MM
MM
MM
MM

IM

MM 
MMM 
1720 

1470 

IM

MefauF." 
mafzF,ur.- 
m-f-zrur 
m-f-zecur. 
m-f-z,ur." 
Maf-zrur." 
mef-zr,ur.e 
4g_g,y,e -ac * "T-" """ 4-" 4 
mfzr.ur, 
m-r«rLip«
Maf-zf,ur."

1000 

• Mt 
MM 
MM 
1300

MM
1000 

Ml 

aar 

MM

M

Seheduled 
setedulua 

sehcddlua
Sehedute4 

sehedetea 
seheduled 

sehedusa 
L.-

I,
Te-ismd eher 

etegming emr*- 
p- Mm • • •-r•

e
MM 
200 

MM 
MM 
200
MM 
MM 
*M
MM 
MM
MM .

• •M 

nans 
MM 

MMM 

sees 

IM

ma.v”*

""-‘euP. 
M-f-zcur." 
m-vzr,ur.- 
u-fz.ur. 
Mf-zrur." 
n-fzur, 
u-fz,ur,- 
nefz,ur. 
mef-zr.ur," 
nef-zreur." 
ner-zur."

M 
so

MM 

aa
Mt

IM

1000 

1000

MM
MM

Seheduled 
sehadalaa
Setedula

te=h 

seh-dul.

Seh 

seh

dulea

seheduie
I *M

D--em-- Smetg

k

c
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to the tube well in such e manner as te conaa high 
thermol stess concentetions end high elecwicol 
cm am density an the luga. Three identical 

foilures resulted before bun an We -ere sub- 
shtted for exiel beod am 14a to elleviote the tea 

dition mhe covsed the foilures.
Two beuring feilues resulted tn en mm an get । it 

ef the thrust beer I age used to the pumps (model 
LFB). This study imdicated thot the fies were tee 

tight, end mew bewrimgs -ith loese fits boranes

sis

hell 02 ami tare gbreimed Ne futhe beerim

Meteligicel exominatiom of eorly direct-re- 

d loops in -hich the aim! sectons 

of sweight section folle-ing an ch bend. In odditiom, 
the length of the heated -ection im she resistence- 
heoted loops wos imureosed frem 12 ft to opproxi 
motely 17 f in order te ceduce the meximum tube

wall etue to e mitre toleoble level. These 

a apgeg to have comrected the over-

heeting and resulmant emcessiwe comrosien.
The f».A—4 loopa *« being rum te ewdlvete

the effect of the h 
tube well temperen

ng method end the effect of
and moss IF— 

ehe fiest t-o effer. Loopa 4935-5 and 4935-6 ere

• series of three locps • be rum with well temper- 
etes W 1550°F, 1650°F. — 1800°F.

P c. P. Coughlen O. R. Wed
Aiernt It aeon Emgineering Diwison 

R. A. D-eiabach

b side
thicker, M wes thevght shat the geoter cunemt 
At—tit, ef the Shi ch at on the cempesson

-ith sodium ta hconel caat type 316 steinless 

stool -ere epereted end termimated. The importemt

opmetng e
Table 2.2.

din
Since appecisbie depesits e mas»-

ef fe- reveoled thet poor Sail fe- diahri- tames ton e < moterigi ate foumd to the cold legs 

of these loopa, e comtelied ant tea e exper imems

erh A Ma -es »a«-ntosA The opereting cento fee thene

2.3.
t. ~hich er me- operehmg. wre givem in Teble

en the
dy40dia ra

Jn.•.Malime- L. D, Telnet, a-a M D. Qanaaa.
l. • cmla me. 0.. •* • 20-05 manim

IM
--4 Fim at T-te Memd. O*ML 

L WML
iMo tempe 
steel ny»tem.

emd mheuse ef am «M< dess-

g 1

4

TABLE U. SuARr OF OPERa TmG comDrTOMS FOR LOOTS TnaT CICULATED soou

a a nsoo"F

Lep

nee«
4689-5

assse

W»».I

d-

ton can l -- roe 316
at mN at -teei lah kes

tan anal -u 316 
«te-l-- at--i ante les

Nmaem-l

ad

' 624000

~ 2,000

+62,000

>15,900

»1s,000

>15000

Temgmehee
Difem-mel 

c“F)

300

300

300

IN

O-guts 

Teme 
0.)

1000
1000

NO

aso
MM

• ri :
• •• • • •=a • tea

• ee•se •es • ene ee
I * • * * « • • • e l * * # * •e • •* » eee • • e• ♦ ♦ • *• A ♦ • * • •' • e= •= - e • *0 * e=
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eem-

TADLE IX sumARr OF OrERaTIG conoimous FOR LooPS now CIcuLaTiG soowa
Reyeels mumben 15.000
Temgmetu-deremtiel 300‘F 
sehaduled eperuting times 1000

Lep
im- Sedium

Lene sel Cemwelled Veietie

el 1300
4951-5 

as- 

av5-7
.. ....-....

Me-im-m Awad • 
Q.ss o, edd-a

Twe 3a ateimlens eteel law Leep m-tel

puaP DEVELOPHENT

E. R. Drake
Ptan 8 Whitney Arcrft

A. G. Grindell
Abcaedt Me at ter Eng

G- D. Whemem 
wimg Division

A series ef tem experimemts hes keen performed, 
to dete, end the test conditiona omd resuss ere 
given im Teble 2.4. The performonce dote bee 
a ng er iwiawt Ma. 3 ore pleated in Fig 2.3. These
dote me •i live ef the best operetion eb-
teined during she testa. The pump efficiencies are

Weter Per Tests dared to be w om obsolute bosis.

G. D. Whitman
becouse mhe mete -es net celaemted and rhe meter

R. L. Brewster
Ahmedt Reactor Engi

M- E. Leciey 

ing Dwision

fecher"s
ei It is estimgted thet ehe efficiencr

A full-scole model of the ART fuei aw desig 
desigmated MF-2 wee built, end -eter pe fermonce 
det -ere obeaimed (er severel .eg el ter designs 
and fere* aec* ta conditiens for a givem dischege- 
volut desigm. The dischorge velute ond the test 
impellers ■liana fobriceted krom brosa nd e be wag 
housingusedfo the model MF-I testa wee edopsed 
(at use in the rotary essemby. The umit wee 
driven by a direct-coupled, 154. varioble-speed, 
de mmotor The pump wea imamlled im a test- loop 
built of 6-in. pipe -ith heed end New wee am tag 
imstumentetien emd a themlimg welve.

The first exper imeet wee performed by uting a 
pump-suctien comfigation thet simuleted the te- 
ecto desig. A ban ce ate in i ng e Met plem 1 in. 
be tew and pwrellei to the gamp a me tian Henge war 
vend. Fer the second test, the He* piece -os 
removed end an B-in. pipe «•» comnected directy 
te the pump suction. Since pump a ail earn nee wee

18 ~ppre=am

Danta abn

dy 70m et the desig point.

d by wmryimg the mg clemremce
t-een the t ewer Kigaliw ah re ad end the welute 
dicnted the* the clewemee canid be in e-cess

of 0.040 a*. w Wax* loss an perk ce et desigm
peint. A* tew Han high-heod conditioma, there -=s 
epurozimately e I0" less i• heed beceuse ef te- 

circulotiem im the pump-

A preblem persisted through she

cam wn i wiener. At Mewa cd over 400 gpm end speeds 
in emcess ad 2000 tpaa. e sleghe noire wee detoctod
in the pume, emd the 4 *y of this dishbcmce

ebout the some im both tests, the • der el rhe

-ere

“A G. G-ind-n -nd c. Inane. AP o--, P-g
Rep Mmn 10 1931 O#ML-1864 a 34

increesed -ith -n created tie- * ap-ed aba»a he 
three held wine I. He-eve, ne revitetiem deme e 
he* been Mane ted im the »ma, emd the dot d• 
net indicate e decraene in pant taro e it tie ae Mae cove- 
reman regien The performance el the pump -es 
mot eltered by varping the cacti an pressue e-er 
e renga ad -5 *19 psig: hawerer. the imtensa, 
af the neise could be suporessed by ncreti n 
the system pesawe. The auction c end it nene were 
e bar ad by changing the rodius ol the imlet dye 
ban “6 to m.. end the impeller and wee redo- 
signed to give better fluid gm dene a. Neither cd

32
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TABLE 2.4. COMDITIONS AMO RESULTS OF "ATER PERFORMANCE TESTS OF 
ART root. puuP MODEL MF-2

)

Desige veimt MM apm, 35- heed

E

1 Sucti- baa eimuleting 
reecter, %-im. vedius

2

3

4

$

s j. ge point mer mt ily 2800 rpm

Seme es ebew

Foe -enea Marfo mip

8-im. pipe O* feve

Sem- m ebeve l la 2600 rpm:

-im

M a non inereose in eWieiener 
» la --pedmem I. -ih he peek

•a venen Marfo ip 
engb, 22 deg leoding 
edges e-* bech aa en

Fi -erem Marfa tip 
-egle, 26.Sdeg an-

Sem- •s ebewe

Seme es ebe--

ele
4. Maw 00

CM la pump 
i---

•t esigm peims

-ih mespeet

fe

te 0.025 im.

Sem- •s ebe-*
rediel ab in- •* desig- filial lon less im heed -i re-

a te 0.040 an. speet • «• fe-a ba law >00 gem
end apmeda ebew- 2000ep-

7

>4

Ma -enes: Marfo tip 
engl-, 22d-s

Sem- 08 ebe--

Sem- -- abaoo Similee m »

B-im- pipe -itb fe- 
entia-iri »—fc I-in- 
eedius en euetien ey-

Similer •e I eme 7

0 Fie -enen Marfa nig 

engl-, 26.5 deg

Sem- aa ebe- Teng-e eut ba ah aa -e-*: aeef 
aimilar «a thet la --peim--- >

Sem- es ebexe

eu • simder «a eher im ---

these chonges hod ony detectble effect on the 

peblem. It «• believed, a» present, thot 

the ceviarien moy be a result ol poor fud guid- 
— to et the leading arfyaa of the impeller vones. 
A new vane design hos been completed ond -ik 

be tented ncom.

W. C. Tumnell

Beering end Seel Tests 
D.R.Wad

J. W. Kingsley
Ajcreft Reoctor Engineering Division

A test hes been desihned for studying the func-
ion ef the fwrence fit bet-een the joumel

33
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eriutics ef ART Fuel Pump Medel MF-Z im M Testa. For teat con-

beming ond the face seal to the model MF-2 pump 
et elevgted shaft Hl weWree end under simmuloted 

bearing loadings. The test opporotus consists of 

on MF -2 votory element to which a looding device 

is one feed at the impeller locatiem. The pume 

sheft votetes freely within the aide leading device. 

Ha at is epalied at the lmer reg ion of the pump to

simulate gomme heating unde ectal ating
conditioms. One phase of the test will consist in 

an eeAeonce rum under simluted pump design 

conditions, and the other phesu for -hich a dupli-

The rotory elemem wos me 11 centimwously for
« period of 300 he et 3800 tpm mithout echiee ing • 

successful seol et the lomer oumnelbering region. 
It wes found thot rhe oil leckoge rote WOO mearly 
comsvnt et 1.8 tn.* per doy. Although this rote s 

mot excessive, the gool of zero to phage woe not 

ochi owed, probably hoc etree the fece of mhe jourmol 
-os nos fiat. He further testing of this model is

cete test bly istbe used, will consist in

As por of the rem 
pumps for use in heat

atiom of ARE+ype sump

short tests for studying the folloming voriebles:
IO0h coid mechomicel Oh

ger ond ethe testa, 
edo-n wen e the

roty elemems WOrB conducted on five units.

ehe, rate of coolont Mow, ond time.
assisr in the devek ef the metol-to

To 
etal

seol for the model MF-2 pump, the ft 00*1 n Oraph-
Mechemcel Shekede-m Tee*

XX*. Simom
Pratt & Whirmey A ar croft

A few oddirional mmechonicol shokedo-n tests 

were oerfeamed on the model MFu1 ART fuel owe-

bor rimg ot the lowes seol essembly -es ed
end tao laced, on t-> umits, by a moified ucper 

seol bello-s essembly. This modificetom mode 

e meaol to metal tower seal essembly. One -le-

ment foiled in the cold shek
e foulty bell-s el

edewn test beceuse ef 
, but the ether elemem

34
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wee fa and to be very sotisfactary in that no leak 

ape was detected. The latter element wee then 
ploced in eperatien at high temp er e»iwe an a heat 
a ■chew war teat stawA After she at 200 hr of het 

operation, a beoring ham developed and the unit

wos reploced; ho , up to thet time, there had

been no ail fa shape detected et this lower metol- 
te —tal teal. Upon disassembly of the umit, the 
seo l surfaces were found te be in excellem eew" 

dition. As a result of this test, ell additionol 
ARE-ype pumps will have metl-to-metl sea is 
at the I ewer donnel

shokedown test stands for testing model MF-2

Meet Orwit Pump-Test Stead

S. M. DeCamp
Aircroft Reccto Engineering Division

The study and desige at a short-circuit leap for 
testing model MF -2 Sweatt were completed, and 

fobricetion was strted. Tests are to be —de with 
this leap at ape i er. wp tampers bees in the reaps 
1100 te 1500°F. the beets hew bees designed 
for deter mtw nap the fello-i w:
1. proper operation of the lubricating end coolant

ea,
2. 2oshng", "ot d "e wne ° lo" reoh

3. tempereture gad
cylinder end in the rotary element,

4. preps r clomences between the teat impeller 

ond pump cesimg at operating temperotwres,
5. poP" fining e terra at spare trap tempered ret

It wee decided -w >w*M a short-circuit loop to-
telly a din a *nk t eliminate the poblem
ed diflerentiol thermal emponsion. The iuop con- 

toins t-o fimed area oifices »• simulote ART fuei 

circuit heod loss, omi at has been designed se 
that the pume may be operted ot fluw rotes ol up 
to 400 gpe end e head of opprozimately SC ft.

Since the desig o the el feoture
of the pump hos "91 yet been senled, rf -es de-
cided te use • e A by pass Ro- und

the pump impeller. This lobyinth -es designed to
simiate suztien ond dischorge-volute con-

• : A •

PERIOD ENDING JUMt 19, 1955

ditions as presently enwisioned for the ART fuel
pumps.

The removol of pumping power, opproximately 
40 hp at the isothermol steody-stote condition, is 

to be obteined by constucting e woter well around 
the CM—» tonk. A webie furnace will be installed 

between the pump mn ond the weter well. It 
should be possible to dissipate the pumping power 
et an isothermal opereting condition by lowering 
the movable furnace and exposing • portion of the 
bet tank wall mo the weter well. The fluid Ree in 
rhis very short loop wi 11 be observed through ports

NEAT EXCMAMGER TESTS 
E. R. Dytk.

R.E. MacPherson
Arcreft Reoctor Eng g Divisiom

Heet Ezchenger Tube-Specer Pressun 

ft. O. P.ok
Pratt & Whitnoy Aircraft 

X W. Kingaley

Deop Testa

in order to select the beet spacer configuratk
for the ART heat eachange 
of tests on wet i ewe eyecer

coeducted 
repre senta 
of 25 alum

The test

hbe bundle, a series 
*rengements hea been 

ratus consisted of a
4

inum rods 0.191 Mu in diometer end 4 ft
leap center wed tn e a peers aluminum duct 1.12 in. 
inside. The tube spacers warn far— d bee. fias- 
tewed coppe. wire 0.028 by 0.046 im. Tube ee tubs 

spec tap wee 0.028 in-, and tube te ■meH apocing 
was 0.025 te 0.026 in. The spacer rods were 
soldered on eppee Me st des of the bundle — 
O020nhach rapper piece m. d: "eg

and totol pressure dreys were token across the 
twbe bundle by —s ef e a—meter.

Six config were tested, and the results
of each test ere sho-e Mt Fig- 2.4. The results 
indicete that the pressure drop is leost when the 
t^rert are inclined at 45 deg to the direction of 
flew. Ve-ticel, in-line aye car a. of course, pere 

at 45 —g 40 209 h-ea the n 22 bat

ampre os mould be expected.

-=s * <*• •«
: :

• t : :
e •an 44
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PERIOD ENDING JUNE 10, 1955
e

A

L » Heet Eschongwe Tesm 
R. D. W*A

ci The fluoride mizhre NoF-ZrFa-UFa

Pratt & Whimey Aircreft

Constuction •• obovt 70% completed om A* test 
stand described previouslyS and shown here in 

Fig- 2.5. The twe 1.3-- 100 h**r exchonger 
bundles have been completed.“ as mell os A* tmo 

$004 high-conductivity-fin rodiators. Th* NaK 

pump (DANA), total pump (DAC). omnd the radiator

(50-46-4 mole %) •• circuleted outside A* tubes,
andNoK (56 No-44% K) to circuloted Mi A* tubes.

Thr assembly to now operoting on am endunonce 
run at • fluoride mixture Reynolds mummber of ap- 
proximately 3000. h is pionned to MA* data over 

A* Reynoids number ronge SOO to 6000 after SOO to

of ation and again efter 1000 hr.

blower ere
14 gos-

dvoged eq ne from the ARE. The
cows FLOw TEST

fired heater tor this test loop is now

Smell Heet Exchenger Tests

XC. Amos l
Aircroft On cm Engimee

R. L G-ey
Pran & Whitney A

M. M. Yarosh
wing Division

A

A test of • smoli Uil i* M*K total exchanger 

nas stusted April 10, 1955. Pressure drop and 
hect wensfer date have been token Ar* mfr A* 

flucside mixhre Reyeolds number range SOO to

6300. Prelimines
Atal the heet exch

y anelyses of the dete ndicete

vtM P
P3rop ad iemomegcod

A

2.6, -hich

The
4 telatie 
valem A

the recet results mith the 
wp Mu/P,®- - 0.23 

eter vsed in colculgneg the
Ki mumbers wes bosed en the totel -etted

penmeler 
while the

of the wbes plus the side-well
elent d used in g

the Nusselt mumber utilized only the tube perimeter- 
The heat wonsfer oreo wos bosed on the tube 
length betmeen heoderregon center lines.

The heat enchonger being tesled consists of 30 
Incorel tvbes *. in. im outaide diometer, wdb 

0.01 7-n--thick wGlis. The nbes, -hich ore ep- 
peouimately & fr leng. ere er*—in c by 5

mawim and ce din a rectomguler chennei on
0.22-n. centera, with e 0.032-im. tub ell

•• e. MePh--a- ANP Q--n Peg Rep Men ia 
1913 dbL-i64 • 34
. 4p. P-wimee -e aL. AP Oman Pug Kep. Men K 
ess NL-iL • Bb.

• • 
: :• : ‘ :

•• •

• e e 2 •
:-2

G. D. "hiten

A MI into modal of ehe

R. L- Bremater 
ering Division 

posed 21-in.

ana aneema Ur fiula c.cuasi cn/0 »»w 
matien. The model -us instelled in • loop —w 

toining • 1000 to- woter pump, ond to enwance
lines were ided et the heoder »• smvlote the 

Date -mte eeken et fio-s that
provided « Rwymolds number elation of III

Tb* core —Al was mochined frem olumimum 

cestings end mas instrumented •* 72 atatic presaure 

and 10 probe poimts et mine elevotions olong the 

wericol axis of the core. Directiom-finding impocr 

tubes were used to troverse A* c* »*.*>■ *11 region 
at she probe poimta. There ww* 1-o probe U** 

tions at eoch of A* nine elewatiens ond hi the 

enwence heeder. A moverse -•• mode from A» 

i—r to A* euter well A fluid possoge to 

obsin A* dwectiom o flow ond • total pressue 

profie. Static pressure meesmementa -ere taken 

at A* wells o” enzh elevetion, om: A* fhued ve- 
leciy wos ci from A* total end static

peessuee dete.
TM* duta -eve tokem mi A* upper holi *4 the com, 

end • regiom ef fle- rewersol -es ****** A** 4 

qound A* inner ume shell. This reverel ez-

ly one quortet of the A*toM*
beteen bo imner emd owter shell sumfeces ond 
wes net senaitive Ml fe-s do-m Ml ene-holf the 

design Rrymelds mumber. Dete mere ens tekem et 

flo-s UI— tis wine.

eTpormmni ".locn, MI fUU •i.8g m. «*•, 
and tning —I ore te be mterted te direct the 
ilo- amially trevgh the core volume. M imtolereble
flo- sep d at the euter cere
•M*M "fa; he"" 2" "Tl", tubuio Mill 

this wevkle.

33
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2.6. Mast Traaahir Data for 20-Tube Frei Sa MaK Hast Saab aa par.

TMERMAL-CTCLIG TOST 00 SODIUM- 
MConeL-BEEYLLIuM STOTOM

R.D. Peck M. M. Caaaar

The beryllium piece was cycled 104 times be- 

tween full power end low power, with 20 cycles 

heving a crele period of 20 min and 80 cycles 

haair*, a cycle period of 4 hr; four cycles were 

regired for inatrument checka, pawar failures.

potbilily testing
* has been ce

lindricel beryllium test piece -os

retus, previously de- 
•d. The test stand is 
ing Fig. 2.7. Thecy-

end siortup. The time
full power to law pianar or bock was 2 min. Upaa

plet

perti

dory ef a 250-k-
4 between 
rw.alara.ar

was run at full pawar to achieve a totol spar st .a p 

time al 1030 hr. The beryllium test praca is shown 
in Fig. 2.8 ofter the unit was disessembled. The 

karyllium was found as hove grown from 0.0000 to

abulated in Tc.'a 2.5-

7i.ona.

The 
are

0.0041 in. aa en everege cutside di

2. There were three axai cracks
of 1.123 
mimately

in. long aa Iha outer surfoce at the hot end of 
beryllium. Inspection by the Dychek method

rasaaisO no ether cracks aa the outer surface.

39
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Fig- 1.7. Gsometrie Drewing of Leop for Thermal-Cycling Tests of ■ Sodium-nconel-Beryllium System.
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» table 2.5. summary o= OPE*ATG COMDTIONS FOR THERMAL-cYCLG test of 
SOLiuM-ICONEL-BERYLLIUM SYSTEM

High Power Levl

Bmyilium pomer, -/em3 Al 2.5

Curent tuough test piece, amp 1 1,100 1,900

odium llo_. gpm. 4.0 4.0

Sodium iniet tempereture, F
Bur, tium-- edium antertece temperoture u* odtum •niet, F

B.ytum cut-idedometer «» poeretur- •• sodium nlet,

Sudium outlet temperature, F
B.ryilium-godiur intevface temperoture g* sodiue outlet.

I oso 
1095 
1225

1050

B-ydium out-ided t-m-ratu- at sodeum outiet.

1200
1245
1375

’OSO

~mn ■ V ft s t *'tCt
u~C A33 • 1•
--019 234*:

F

F
F

*5 T 1

4 4
5

si ’ ' %

£•e
*

• f

t*
I, a a- 1

MCONEL jAc*ET

Fig. 2.8. Beryllium Test Piece from Thermoi -Cycling Test of Sodium-Incenei-Beryllium System.
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The beryllium pieces and sections of the loop are 
under poing extensive metallographic exoamination.

Apporutus is being assembled for a third test

Testing was not vpted ot higher sutput be-

The test stand and test will be simile: to

ause a modificotion of the gos injectien ports te 
reduce the pressue drop wouid have been meces-

those used for the test described above. The 
some full-power density, 61 w/cm3. will be em- 
ployed, but the overoge sodium temperature will 
be increased boat 1125 to 1225°F. The test is to

sory. Preh g cf the heat exchonger sectiom
prior to sodium filling wos occomplishec by oper- 
ating the burner at iow poi.. or output end odding

!» was possible to heat exchenger tube
p s in the tOO to 1200‘F range by thia

GAS-FIRED MEAT SOURCE

R. E. Mac Ph—sori
Aircraft Procter Engineering Division

R. Curry 
Pratt & Whitney Aircraft 

The sma I I-scale gas-fired source, described 
previously,* has been tested at a power output 
level of 100 kw. The operating conditions for a
power output of 100 kw ara given below. 

Sodium R»w rete, ya**

differenticl throvgh

Funec output, k-

Ges flaw rete, seim et 14.7 psie end 70F
Chemicel heet imput rete (besed en
MO tu/sefm). k-

Farnam effiziency (fyrnoce outpu* vs 
chemicei heat iaput). %

7-9
380

103
20.5
354

29

No difficulties were once uniat • : except for the 
foilur of the sport plug igmiter and severzl plastic 
thermocouple connectors beceaso of the high 
radian* hoe* emission base the combwenor- chamber 
barrel. The gas flow to the burner was momen- 
tartly imterrupted several times in the course of 
the test of reliobility of relighting. Ne grub is ms 
arose Pr0 to folu"" of the "gpter mechenism.

With o few minor repairs, the furnace can be put 
into eperotien as a utility heat source. By en- 
lorging the 90s infection ports (a minor modifico- 
tion), the copocity of the furnoce may be ncreased 
considerably for any future application.

"R. E. MyePhersem end R. Cm
Rep. Mm. 10, 1933. ORNL-1864, •

1

r • •' 5
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( 2 CRTICAL EXPERIMETS

A. Du Callhen, Pbysica Diwigion
Du Scoet v. C. Tunnell

non

R. M. Spencer, United States Air Force 

X X Lynn, Physics Division

J- S. Crudele
3. w. Nooks

efie

RoOM-TEMPERATURE
REFLECTOR-MODEBATED-REACTOR 

CRITICAL ExPERIEMrS

ART Cental Red Id—a ri of e. To provide boons 
for the design of the coasts I rod for the ART.

note made on tonal st of •i
series of exp hone been done on ble e • s. A test ml—e wes formed

* d re net on . These riments

by "ones'ing bery limo iron o regies 1%. by 1* 
in. as croas section rhat exended 21.5 । . •• in- along

embodied e ws ■Ao of different configurations of 
fuel ond refector, which -ere described at detail
P ly.% The latest of these modifications
consisted of e nor, Ilium region i errs ended by a 
fuel layer, which, in turn, was so cleeed by the

the exis of the essembly from one end to a poim 
0.72 in. beyond the son—at ii of o*—. A lone in 
reoctwity of 19.1 cents —itod.

Consider—ion wos else given to the thimble in 
which the control rod would operate. Tubes of

beryllium reflector.
tended, with io da cod di

*egerarion WOS em 
, on opposite sides

different di
-ithin the test volume, end the 

pressioms tn reoctivity wore d

and moterials -ere placed
.rent de- 
d. The

which simulate the end exit fuel chennels.
Sono recalls of a variety of e=perimems -hich 
were done mith this or seed ly are erese—eS here.

results are gis on in Teble XI. n is indicetei that, 
n the range of the meosurements, the change in 
reoctivity depends more agon the quont ity of 
mterial present than upon its shago. A slot of 
the loss — reoctivity incurred by O sompie OS a 
function of its lineor density, that is, its moss

d about 37 ezzess reoctivity.
which wes utilized for the evoluet ion of reoctiviy 

e and by 
adding s angles of not oriels of imterest in the de- 
sign of the ART. It wes feosible to moke these 
bussmisiiisiiIs prior to the redact— of the fuel

gee unit length, is given in Fig- XI.

An evaluation WOS rhen mmade of rhe

exides of the e

the
critical fuel leading. The evoluat ions wore bee nd

RsRsctsr. In one et the thickness of

the essembly was reduced from 11V so 8% in. by 
removing the eater (essentiolily cy l indrical) nnulus, 
which won 27 in. wide and 18. in. long This 
onnulus was e tee id with the Cel region. The
d in reect ierty wos 165 cents.

’a. Cu Calahe- et at. ANP ©uas p-eg Rep man MU 
mt. ORL-1864, » at

ab-
properties of e mixture of some of the

th el ts being considered
fee woo os the go teen on the co—tel rod. Tests on 
solid cylinders end on e cylindricel onnulus were 
mode along she ante of the criticol essembly in
the test volume described ah a. ■.

The composition of the mmixture of 
ozides tested wos the followimg:

Oedes im Ml men ■

S?» 
040, 
Dr,°, 
•,0, 
Yr, j (end eth-a)

Ame-et tw Mi-ture 

(-9

6as
263

a.s

0.7

a2

43
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TABLE 11. •• ACTIVITY EFFECT or COMTEOL R0D TMMBLE MATERIALS

e

Di--eai
(im)

Ou*aid- 
Dieme-r Tichm

Lime= Dem mity

(n)
Rememwity Lesa 

(eemea)

♦ aan 00s 12.27 255

L255 0.045 20.72 41.7

meei

124

1.255

0.871

L230

1.230

0.871

1.233

0062 3268

0045

c.0s
32.99 61.3

Tye 202 mteel

seome 
o--e- nm

0.085

0.085

o.ms

008

0.060

41.75

S4.02

14.10

27.91

• -
97.5

22.9

41.7

• - 1. +

•o

ro

*»

• eo
!

to*

20

to

-

•9

♦
I

mcomML
t

The mixture -os pressed solid cylinders 0.450 
and 1.375 MM in <1—1*1 and imto onmuli 0.790 <». 
tot outside * —I— ond 0.140 Mt. Mi mOK Eoch 
piece -es obout aim. in height, ond the pieces

bbined te giwe vorious-lemgth somples.
|m tie first ser o ts -ith the smoli-

sized cyl and the ennuli, mhe inconel »«» mOIm.
whhich -es 1.290 in- in eutside diomet 
to*. im wa”I shickness and -hich d

end 0.085 

easn the

reoctiv dty 80.7 cens, ~gs in plece in the — imI
void The cb ples -ere im an

mhe thimbie. The —» b dic of the corvier

--
i

as w

~—T 
zus srn i---- -4

♦

so eo ro
UMM cemget’ tgm:

Fig- 3.1. Reectivit, E fiects ef Thimbie

44

tube -es 0.871 im-, the -all thickness -es 0.035 

im-, and 1** end -es cl—by • *y-in-thick plug- 
The smell cylinders — CM—/ M this conmier 

tbe by • third inconel *!■* w. -inh — auside

di of 0.500 in. and • -ol; thickmess et 0.020
tau, which, in turn, -as 4 by elumimum
spocers. The effects of the —r tube end ef 

essemblies of cylinders and onmli,both — —'i—M*y 
mnd toguther —* 2W—wisnd Mt Tohl 22 Th

-ith the thimble olone. in oll e— the test vod 

-as mi—>1 21.5 m. ime the thimble, rher as, the

e2.5 bly-

in • second series «f • comge

1

—
—

*
r : !
• s • ••es # •

fi -r r: r:f:H -1 —’si • s*’
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Cyla

TABLE 22 ErFEcT or SAPLE 

COurROL noDs on REACrIVITY

• 3-in--leng cylimdricel somple, 0.450 in. im

di r, mas

Semele
Leng* Diemet 

(mJ (im)

euevieiy 
Less 

(eema

16.8 2 0.5

Ammala

Cylinders atat
-nmi tegeth

n.

210

210

0.4m

0.790 jwi tat
0,s10

(tmmide)

cm

•The imner-es eemerime mbe elene 
A-ity eteut 9 MM*.

“:Ceimed 
ieh ehetee •e-

1550 2 15.0**

200 220.0**

230.0 220.0**

el • erias ef

e ehe re-

lea eteer el ee ier mt -melded.

-es mede of A* effect on rece tivity at the diometer 

of axide mimure. Th* diometers 

of the somples were 0.450, (790, end 1.375 in-, 

th* one of imtermediote size to* 1*, t*r -*4 toy pled- 
ing the smoll cylinders in A* cmnuli described

The ples -ere about 5.5 in- long, end
eodh wos tested et the some positien in the es- 
sembly. The distonce from the end ef rhe somple 

to the ef the essembly -es 2.0 in. It
wos necessory te the 1.25-in--die thimble

•s, ond the ebsorbers hod to
to* -repped im u— foil. Th* chenges in 
reoctivity measured, referred to the errey -ith the 

test sechion void (without the thimble), re given 

in TAteU

TADLE 12 ErFECT OF ADSORBER 
DIAMETER on REACTNITr

(im)

Leng* 
(im

Remest-t

Less 
(e-me

95.0 2s0

0.700 UM

Lin s.a 2560 250

el distabation of the 
re-eorh elememts -es

elso mode. The chenge in reoctiity produced by

was abou 0.5. The

d at • ooim -here the 
red by gold-foil activatiom 
meosurement -as rhen re-

d 0.02
tab thick. Th volues — 55.9 ond 61.7 centa, 
rerpectively. The codmium alone reduced the re- 
duced the reoctivity 37.7 cents. From these data

it eppeors thot obou 43% o the reoctiiy de
is du to mevtn

1. A

ie
-hich penetrete the codmium-
*»m*—t. similor to thot just

described, -os emede with — Inconel somple Mt 
BB AMI" MB Bit IM— the dependence of the reduction

I 1 * 44 "47 **** 5 -cgnd 8 M a ata ” cola 
tea provded wtth • 0.02-in--thick bbOmI** cover.

The eflects, as of the inconel ane the
codmium -ere mecsured singly ond »B Ai bi at the 

e—i at the beryllium islend ond in th* fuel region 

a-in- 
inconel core shell -es reduced to kaim-in thick- 

ness in th* region ef this mecsurememt.) Th* gol

activation cod frections et the tme positiens
-me 057 end 0.33, respectrely- The reucrivty 
chonges ere given in Toble 3.4. The fe*i—« of 

the totel ehange ebar re coused by neutrons
mre also tebulated

TABLE 1.4. REACTIVITT CrAGES FRow 
BARE AID CaDuum-CDVERED mCOMEL
---------------------- 

As
F-el-Relleet=

--------------------------------------------------------------------------------------------------------------

4
© em--

too

113.2

40
225

Freeniene
eetiwit.

12.2 206 7.3 226

el 
fee

057 0.23

45
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Thee enmulo eings et fuel -ere successively 

removed in 2%-im- imcrememts from one end duct, 
ond the resuting Mow— Ml ceoctidr — 

moted. Em* rine mwm M SH5 g ol U“ 33. end 

thus • totel of 2.475 kg of U233 wos vemosed The

Iwa in reoctiwity ate
the thwee rings are shon in Fig- 3.2, -hich also
gives the loss in reoctiwity per umit dispiee -

or fwel sensitivity, evereged ee- eoch ef the kuel

emmuli removed.

zoe
mcomerom--*-oa-m

f

*ee »

Bydiig Im " Fuj Raien Sinee "h", P"S 

mould b enother possible moy of Anti Mg the

--o

•e ■

al
1, om mes «* —

the huel rf il ol the criticel 
mhe t—I fuml subassemblie

My. One of 
comsistcd of

metal shemis h—* 0.004 in. thick) end
in. thick) wos modified

Seven

V "00 
« i " 

• -

-e--
■e

eg •

te effect • d im reoctivity of 22.7 cemts.
The substittion of • somple of beryllium, 7%, 
■ 2* x 1 in-, for this Wlw ond Teflon resulted 

in • net reoctivity goin of &5 cemis over the W 

pertubed velun. The odditiom of • %,a-in.-thick 

loyer ef inconel completely oround the beryliium 
reduced this net goin to 4.0 cents. Am esrimate of 
she effect of the Mw» eiM beryllium on the

•Wk mmo•

EFeet ef Fuel an Emd Duct em Reee-
tiwity-

si

The 
fui l

Pemer Disteih
•It M fission rane An

ulus mes A
stribudion ecross the 

d Imw rhe fissien-

V

2

a

• • a »

4

—

■

»

*

M

r •

product octhities collected om al
mith the

• feils in
-ere elso

0.02-im--thick cod in order te ebtein •
• cr* Ml

fiss The locotia
the liqid fuel cen be • 
goviy.

d by dreining umder 

ds upon the
fuel section «f the

ef foil WWW* -ithim the 
embiy e shown et she tep

of Fig- XX As moy be recelled, the fuel comsists 

of I—n— of wrenim (0.004 in. thick) end Teflon 
(0.142 in. thick): she meosurements were made et

wpper end duct. A • of rhis sensitivity -es 

ww— e-perimene ro li
positiens on lnms perpendiculer t» these 

The fission rate AiitHmiw ecross esehA A

• fu

» e • *• elee ee•. a • • • e • i.. L H
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memennernmerreereneeeemremee -m

bh-
Velues to ito codmium frection (ito froction to mH 

gies less 

thom ~0.5 ev) MIM elso pioned. A* ito time these 

mecsuemems -mre made, ito i tote Um around the
cemter sectien ol the 
thick.

My wes Mi

l

ASSEMBLT FOR MIGW-TEMPERATURE 
CRITICAL exPEMMENT

Operetiem « high e of e criticel as-

A
et the ele

olu
tig

The d Ml zere nuclea
po-er ond ot ton jf 1200‘F. Meet will to supolied 

by elecwicel heeters esternol to ton reflector. The 

essembly is *• include • beryllium isiond end c 

beryllium !■!!—«, essemially 12 to thick, -hich

mill to in • helium * orgon phere and will

The ART core configretion, MM presen’ly envi 
aiened, -ill to exocly mocked up to ito experimens

b
pione to the core. Some minor tow । — from ito

i.ess

ART In ii y we beimg mode beyond to—r >■ inf i» 

simplify fillimg end dniming- The fuel -ili not to 

circulmed The coe -ili to filed -im mmolven

mohen selt imto she My. The system -ill to

«
(-ith ito

seqently to odded so ito MaF-Z.F ■MS*
"ue mi ito sump tomk. After eoch edditon to 

Me„UF. the mixtue -ill to pessized imte rhe 
coe od shen droimed until the eriticel mi — I ■■

is * d
A single rod -ill to locetedI withim a 1.50-in-ID 

inconei Mb i tote along ito verticol cxis ol she 

beryllium ill—A It -ill emend frem the tep of mhe 
iw temk im *0 to belom Ito equatorscl plone to 

ton core. The comtol rod -ill to m cylimdeical

th el
described above, enclosed (m em inconel shell. 
Anml: of two m iMti, L end La in-, will to provided

utien Ml
1300F IM enoble recctivdy temg

peretunes to ••
*ue coefficient

mode •e

• •a

a to to mode. Am antemot -ili elso to
•to fuel e coefhiciemt

essembly * l

•qHF[i



C MI

yu..............-....................

*

e

......... •

e

f«, : 

- ♦ ••- a - -e # •••

Partil

e

- —e

MATERIAIS RESEARCH #"s

!

!

-

■

-r < i k
• • •« • -

i
- '■ ■ * e *

--



ex

4. CHEMISTRY OF REACTOR MATERIALS

W. R. Grimes
Materiols Chemistry Division

Phose eqvilihrium studies were made of the 
systems LiF-ZF. NeF-LiF-ZrF, end NaF-LiF- 
ZrFaUF.- Two BeF z-begring systems - NaF- 
LiF-BeF„and NaF-LiF-BeF,-UF, - were studied, 
end the solubility el UF, imBeF’-becrimg syatems 

wos tares tipatad. A method tar zone melting of 
fused salts twee dew feed ee on oid in phase 
equilibrium studies. Additional wok wee dene 
im imestigating the equilibrium reduction of FeF. 
by hydrogen in NoZrF, the reducties ef UF. by 
stuctel metols, end the stability of chraium 

end Iren fluorides in molten fta wider. Vapor 
pre e owe meosuements were mode on UF, in the 
temperenee reeve 1270 to 1390C.

PMASE EQUILIBRIUM STUDIES

F. F. Blankenship

The i ig iobles effecting the
rennet In with Metallic womium of UFa dissclved 
in elkoli fuorides wos continued. A study of the 
efloci of the nickel filters used in e-periments ia 
deteemining the stobility of UF, in the NoF-KF- 
LiF system showed that disproportionation of he

ed hectare of the filter.
wificetion end peeporation research 
tperimemtol use of electrolysia under e 
tmosphere to is mows esidee and the

use el Metallic siecaniuM to veplace most of the 
ation. In adition.

were mode to pepore mixtures g
very high UF„/UFa rotios. A study of the con- 
ditions for the prep watt on of BeFa-beoring melts 
was contimued, and production operations -ere

Met* isle Chemistry Division 

H. Insley. Consltont
The very consideroble interest in obtoining 

fuel mixtures with phyaicol erapstties were 
fovorable than these ovailable in the NaF-ZrF.-UF. 

system has led to evoluation of the NaF-LiF-ZrF. 
iwwt) and the NaF-LiF-ZF-UF. quaternar 
systems. Lorgely as a cenmeuence of studies 
pore end during the past snorter, the former system 
has bean reasonably well defined; the lost* 

re sabas considerably more effort. While photo 
equilibrium data show that quite low melting 
points are ovailable in this system and that 
oSoautas melting points eta avoilable et ZrF. 
concemtratioms os low os 21 awele T, no cowpie 
sittan with physical properties better than those 
available in the NaF-ZrF.-UF. system has been 

dews, so*, d.
Study of the onalogous NaF-LiF-BeF, system 

has been continued. Adoguete melting potato are 
ovoilable over wide eta in this system. Whether 
eham mSne - — nd ten nre - — — — — — — — — — — — iwt — — - t —PY--E™5 PrGFeTIee- www PrVPer C OmP9S 11 t on S en 
this sysmm can show signifiicomt ed» rata pet ewar 
•hose in the NoF-ZrF.-UF. system cannot yet be 
enswered with certainty.

The Bimary Syatee LiF-ZrF 4
re
ecploretni

d to provide test materioi fer the geatly R. E. Mocre R. E. Thoma
ring test steyn. 
wements were swede with

Materials Chemisty Division

combinations of severei holf cells comsisting of 
metol electrodes bathed in solutions of the 
corresponding metol ion in A* ■■hr 1 salt mixtue 
NoF-ZrF 4- Also, vopor pressure mre
were mode of mixhres in the LiF-ZrF. system. 

An z-oy diffroctometer designed specifically for 
studies ef the swuche of liquids is describad.

A tans*ins diagrem el the LiF-ZrFa binory 
system, bosed primarily on thermal analysis deta, 
wee published previously. A re enewinetien of 
this system by petroprephic end *+0y diffroction 
studies of quenched end slowly coeled somples 
end b, differential thermal analysis was started

Fimol testing ef the difroct
high ue cb

is under -ay. 
for an x-roy

of current imterest

phose rel in fuel systems of interest.

’l- •LBreteher, V. s. Crimen. e~a C. 1. Bertam, 
ANP Q-an Pme Ren )ume 10, 193). OBML-isse, • 44.

in the NoF-LiF-ZrFa system.
Although Saonchiap of LiF-ZrFa Mixtures is 

net completely sotisioctory bseeuse of tepid 
Crystal I ization el imen) mixtures in the system, 
come conclusions moy be drown from the results. 
A eutectic between LiF end Li,ZrF 7 et about

a e =ee• e • • •* ••• • • •=

=e 
as

: : : : :• • === ••
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21 mole % ZrFa was confirmed by quenching 
s apartments on both sides of this composition.
The eutectic temp e ky quenching is
about 600°C instead of the 590°C indicated by 
th sr es l analysis. The melting point of-Li,ZrF, 
(645°C according to thermal analysis) could not 
be checked by quenching because of too rapid 
crystallisation. Decomposition of Li,ZrF, into 
Li,ZrF. and LiF occurs somewhere below 480°C. 
This decomposition explains a series of cooling 
breaks at about 465°C end the apparent discrepancy
b thermai analysis data and the results of
solid-phase studies (reported earlier ’). The 
melting point of Li,ZrF, (585‘C according to 
recent thermal analysis data) was found to be 
approximately 590°C by quenching- The primary 
phase was found to be Li,ZrF. and thus the 
belief that this compound melts congruently was 
confirmed.

The only other binary compound in the system, 
as yet unidentified, was found by exomination of 
both quaechod and slowly cooled samples con- 
reining more than 50 mole * ZrF . No evidence 
was found for the existence of LirF,. A careful 
study of samples of compositions with 57.1, 60, 
62-5, and 66-7 male % ZrFa which were held both 
above and below the solidus temperature for about 
12 hr before quenching indicates that the unidenti­
fied tompound is probably Li,Zr,F,a (60*) or 
Li jZr.F 1, (57.15) and that it melts incongruently 
to 2rF4 and liquid at about 515°C. The optical 
properties of this compound are almost identical 
to those of LiZrFe so it was necessary to rely 
almost entirely an x-ray diffraction to differentiate

end of cooling, about 75°C/hr. The base line 
obtained on the automatic plot of samele temper- 
ature vs differential temperature 'difference 
between sample and Al,0, reference omplified by 
a d-c amplifier) seemed to be less erratic when 
the transformer was controlled manually then wher 
the automatic temperature controller -as used. 
The compositions studied to date cover the range 
from 31.9 to 66.7 mole % ZrF.- These studies are 
incomplete, but the data obtained indicate a 
melting point of 493 1 5°C for the eutectic at 
about 50 mole % ZrF, and a value of 520 1 5°C 
for the incongruent melting point of the unidentified 
compound containing more than 50 mole % ZrF.. 
The thermal effect at 462°C was apparent on the 
heating curves of all compositions, presumabiy 
because a small amount of LiF present in the 
Li ZrF, combined with Li,ZrF. to give Li,ZrF, 
This effect was noted only upon cooling of the 
mixture with 31.9 mole $ ZrFin which it would 
be expected that Li,ZrF, would be present. The 
existence of only one thermal effect, at 565°C, 
for this composition. in addition to the 462°C 
solidus transition, appears to verify the existence
of the Li
sit ion.

‘ Li,ZrF-Li2ZrFe eutectic near this compo- 
nest studies are continuing, and it is

expected thot o revised diagram wilt be completed 
for this system in the near future.

The Ternary System NaF-LiF-ZrF.

C- M. Blood 
F. P. Boody

H. A. Friedmen
F. w. Miles -

bet them. Work on questionable aspects of
the tempos it ions with store than 50 mole * ZrF 4 

is continuing.
The differential thermal analysis technique and 

the equipment previously used in the study of the 
NaF-ZrFa system3 were also employed to obtain 
more precise thermol data for LiF-ZrF a mixtures. 
Tse gram samples were prepared by mixing purified 
Li zZrF. with the required amount of ZrF a ar 
Li,ZrF7 in welded nickel capsules fitted with 
thin-walled censor thermocouple wells. Manual 
central of * Variac transformer was found to give 
a reasonably uniform rate of heating, about 90-C/hr,

k.A.Friedmen end F. F. Blenkanship. unpublished 

deta-
JR. A. Bolemey. ARP Quer. Prog. *•(. Dre. 10. 1999. 

ORiIL-1649, • M.

R.E. Thoma 
Materials Chemistry Division

Fuei mixtures bosed on the NcFZrF. system 
have suitable molting points only if the compo­
sition lies close to the compound No,Zr,F,,, 
which is ch.octerized on the phase diagrom by a 
flat maximum at 520°C with 500°C eutectics on 
either side. The typical MaF-ZrF ,-UF. fuel 
mixture therefore contains about 45 mole " ZrF.. 
It is unfortunate that several of the physical 
properties values of this class of fuels are some­
what unsatisfactory because of the high ZrF. 
content. The physical properties that are trouble- 
some are vapor pressure, kinematic viscosity, and 
heat capacity per unit volume. In the LiF-ZrF. 
system, the low-melting region occurs at 50 
ZrFa and 500°C, and therefore there is little 
promise of improved physical properties here.
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However, there was a possibility that low-melting 
regions with much lower ZrF a content would be 
found in the NaF-LiF-ZrF. ternary system. The 
substitution of LiF for NoF was expected to 
result in lower melting points, because Li,ZrF, 
(mp, 645°C) melts at a much lower temper store 
than does Na,ZrF, (mp, 850°C), and Li2ZrFe (mp, 
585°C) melts at a much lower temperature than does

(incengurent, liquidus of 700°). Ths use 
LiF would be expected to result in higher heat

Ne 
of
capocities. In order to find low-melting regions 
that would have as little ZrF, and as much LiF os 
possible, the ternary system NaF-LiF-ZrF. was 

oxplcred. The result* are summorized in Fig- 4.1. 
No ternary compounds were encountered.

The liquidus contour* were obtained from 
cooling curves on melts of at least 500 g con­
tained in 4-in. graphite liners which were enclosed 
in nickel pots in a 5-in. pot furnace. The melt* 
were stirred by belt-driven nickel stirrers; temper- 
atures were measured by thermocouples in the 
hollow shorts of the stirrers. A flowing atmosphere 
of helium was maintained over the melts. The 
important features of the ternary system were 
determined en mixture* blended from eutectic or 
compound compositions which had been purified
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by a high-temperature HF treatment. All the 
solidified samples were examined petrogrophically 
to determine the phases present, and representative 
samples were examirtsd by x-ray diffraction when­
ever questions arose which could be studied by 
this technique.

The first objective of the investigation was to 
find quasi binaries which would serve to define 
the compatibility triangles in the ternary system. 
Beginning at the low ZrF a concentrations, the 
join between LiF and Na,ZrF, was found to be a 
quasi binary with a simple eutectic at 625°C and 
38 mole % LiF. The compatibility triangle formed 
with this join and NaF as an apex contains a 
ternary eutectic at NoF-LiF-ZrF. (51-38-11 moleT. 
which melts at 600°C and contains NaF, LiF, and

--ow n»

600 • •G

———

roo
L m•

3QLo so

UQID MO u,2-f, 
Soo sOLuon

1

Na,ZrFr
The next quasi binary is the No,ZrF,-Li,ZrF

join. Here extensive solid solutions occur.
7

«.

«
I
2

•30 ■ —e, ■ -m,,. e w
LyDf, $LD NOUTMO 7

as
shown in Fig- 4.2. Cooling curves gave uncertain 
indications of the solidus, and therefore the 
limits of miscibility at the eutectic are not known. 
However, the limit of miscibility of Na,ZrF, tn 
Li,ZrF, mixtures at 35O°C is clearly defined. 
This is cue to the existence of a lower limit of 
stability of Li,ZrF, at 490°C, coupled with the 
lowering of the limit of stability by increasing 
amounts of solid solution with No,ZrF, and the 
large thermal effect associated with the decompo­
sition. At the composition NoF-Lif -ZrF. (26-49- 
25 mole %) the lower limit of strbility of the 
Li,ZrF,-rich solid solution has decreased to 
350°C, and the saturation limit has been reached. 
The x-ray diffraction lines for the Na,ZrF,-rich 
solid solutions are puzzling in that they show the 
expected shifts up to about 30% LiF and unex­
pected, decreased shifts at higher LiF concen­
trations. The eutectic occurs at 50% and 590°C.

The compatibility triangle lying between the 
No,ZrF--LiF join and the Na,ZrF,-Li ZrF, join 
is characterized by three two-phase crystallization 
paths with a relatively small temperature gradient; 
the paths join to form a eutectic at NaF-LF-ZrF. 
(22-55-23 mole %) that melts at 575°C.

Superficially, the join between Ha2ZrF, and 
Li,ZrF. appears to be a quasi binary, since only 
the end members are readily identifiable in so­
lidified melts lying on this join, and a eutectic- 
type break n the cooling curves is found at 
445°C and 31% LiF. However, Na,ZeF, melts 
incongruently at 630°C, and on the N,Zr F. limb

30 _Mez2f,.. 11QUP —1 ।
TWO soLo 
souroS

L.UzZf -
•MO

400

LF,L2-f,.
Ano *

Son

3oo — 
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Fig- 4.2. Phase Diogrem of the Quesi-Binery 
System Na,ZrF,-Li,ZeF,-

of the eutectic, No,ZrF,-rich solid solutions are 
the primnary phase. The eutectic type of halt at 
445°C is observobie only on the Li,ZrF. limb, 
and it corresponds to the appeoronce of an 
No,ZrF,rich phase, which must subsequently
reoct with liquid to give the No ‘rF. found as e
final product. The true eutectic between MozZrFa 
and Li,ZrF. appears to occur at about 435°C. 
The thermal effects occompanying thia behavior

final product. The true eutectic

are shown in Fig- 4.3.
Those complications have prevented the es- 

toblishment of meaningful compatibility triengies 
between 25 and 33.3 mole % ZrF.- in this region 
at 455°C and the composition NaF-LiF-ZrF. 
(34-35-31 mole %), there is an intersection of the 
two-phase erystallizatien paths involving Li,ZrF,-

b
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Anempts to define the crystallization path 
between No,ZrF, and No,ZrF. hove been rather 
sketchy and uniruitful; cooding curves const IbeSo 4 
relotively tittle toward the definition. Similorly. 
essentially nothing is hoc— obout the primory 
ph—o field of No,Zr„F,, The region above 45", 
ZrFa. is d little in—test ban the stondpoint of 
fuel compositiam, and hos been imvestiggted only 
sporing’t. There was no evidence of melting 
points bo l— 450C when the join beiween 
Na,Zr,F. ond L.F-Z.F. (30-50 mole $) was 
in—istigahed. The composition of the LiF-ZrF. 
io Ci ■pros nt compound cento ini ng obout 60% ZrF.

—,2" *
- LguO

has not been established, and pts te find •
quasi-binary join between this compound and

ma,2- 
soo souuton•
uGu

Na,ZraFas or bet 
weie w—ceraful.

Na.Zr.F., and Li2ZrFa
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Materials Chemistry Division 

ternary system NeF-LiF-ZrF.-UF. has
boon studied — « Cm—i —or system by con-
sidering only COW—IWo— « g 4 mole "

Fig- 4.3. Thermal Effects io Ao NeaZrFa- 
Li,ZrF. System.

ond Li,ZrF,-rich solid solutioms on the one hand, 
and Na,,- and Li,ZrF,-ich solid solutions 

on the ether. From this junction O crystallization 
path crosses the No,ZrF -Li,Z,F a join before
reoching o eutectie.

The join between No,Zr.F-1 ond Li2ZrS, i» - 
quasi binary with • oiwle eutectic ot 286 LiF

is •

that melts at 455°C. Between this joim ond the 
Li,ZrF -Na,ZrF a join there is e eutectic region 
of pecufiar behaviar which has not been explained. 

The system behoves es though a metostoble 
ternary eutectic between No,Zr.F,, Li,ZrF.
and NazZtF. forms at 425°C. but, 
solidificotion can occur, o binary eutectic ben

complete

Ne,Zr2F,1 and Li,ZrF. mokes ita cppecronce. 
The m Iring point of the stoble eutectic is 435°C; 

the composition is NoF-LiF-ZrFa (38-25-37 
mole D). The metostoble eutectic at 425°C is 
more strongly evidenced et o slightly higher LIF 

concentrotion.

UF. and by considering the UFa — e substitution 
for 4 mole " ZrF.- When UFa is added to the 
Naf-LiF-ZrF, ternary system, the uronium is 
found in only fou phosst; No,Zr(U)F, Li,Zr(U)F 

No,Z.(UI,F,,. and Zr(UF4- »" each cose the 
urcmhium forms a solid solution. No Zr(UF. has 
spy scrod in compositions of interest — fuml.

The quani binary between LiF and Ne,Z-(UF, 
dropped KFC. to 615°C, os a result of the lower irg 
of the melring point of Na,ZrF, by including 
on—ph uranium *o give an o—r dl cowtitton of 
4 nolo $U. On the NoF side of this ioin, the 
Ce—i tor nor । eutectic wes found at 590°C, ond 
the co—ooitiew wos shifted to NoF-LiF-ZrF.-UF. 
(53-35-8-4 mole T).

The saddie between Ne,Z-(UF, and Li,Z-GUF, 
wes depressed so strongl that the manimm in the 
joim was over laid by the LiF-phose field. The 
lowest melring coop coition alonc this join storied 
freezing at 545°C and had the cone eertion NoF- 
LiF-ZrFeUF. (20-55-21-4 male "). The viscosity 
of a similar mixture has been meosured (cf., 
Sec. 7. "Heat Trunsfe and Physical Properties").
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ZrFa comtemt Mted inonim im the

co

Mm— MM. mm—cted tumn of events become 
oporent, enention wos shifted t compositions 

smsoining more ZrF . The e—.Ifl— NoF-L:3-

ZrF.-UF. (32-35-294 MM*. %) melts et 445‘C 
end resembles • eutectic comtoining No,Zr(U)F, 
and Li „Z.(UF, solid solutions —d Na,[Z-Ul,F, 
Most of the uamium is in Mm No,Zr(U,F,, 
phose. It is intereisting to mote ther the meli

My to — cppnoximateldy*
50150 miztune e NezZUFa end LizZr(U)F,-

Th* qvasi binary bet-eem Ne,Zr.Fa and 
Li.ZrF. -es mot chonged —rb by the mclusiom 
of 4 «MM % UF.- The eutectic rose only abovt 
2°C (to 457C), with on almost icperceptible 
•MA in *h» directien ef more Li,ZeF.. The 
tlfll Hi — of this — i-binany eutctic is 
NoF-LiF-ZrF a-UF a (31-28-37-4 mole U Since 
this eutectic eppecs to be • soddie poimt, • 
— t —— y eutectic Mitill be M—6 w some-
what lower ZrFa concemtetions. A reth 
IBM C*l hos not revecled ony lower I

siw

ci sitie

I

mm l

- -

established im the phose studims described above 
are summarized in Table 4.1.

1
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Mm mre difficult to obtain in this 
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Me anly ternary compoumd that hos beem defimitely

T M 
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and the eiming CI
y —MIb—A thot they mere almost 
i Abb prepmations exomined to dote. 
Selubilitr ef UF. in BeF,-B

ds -ere so poorly

pesiti
Thesolu
wes dete

BeFa mmixtues, some ef them et difFerent temper-
All the d i -ere coried out 

M the melt -as
filtered fwough mickel filters efter en equilibnotien 

period ef 2 hr. Some solubility det obtoimed -ith 

BeF,-comaining —Hb ond reported eorlier -ere 
ebsakmed in the some type of BNim BIBB*.* The
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tar the solublity of UFa la NeF-BeFamixhes 
were bosed upon the assumption that d wanium
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The deta im
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Lab
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termory mixtue NoF-LiF-BeF, (56-16-28 mole T) 
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mixhues in this respect, es might be expected.
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be utilized ee en cid in phose equili-i-- studies.
The elring method consists to ly
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F. F.

iu

enhenship L- G. ^'arheian
iteriels Chemisty Di vie inn
A Am ee el FeF, by M, to MeZ.F,

C. M. Bleed
iteriols Chemiswy Division

eaneranaanta* of A portiol pressure 

liillAlan during reduction ef FeF,

A chcmicol det ond ideal

ribed to • levered activity of A 
metaliic iroe bewa of olloying of shis ale near 
with A* al the I ayyeer>n. The yea Aimed olloying 
bn* been comfirmed by lew wolues far final FeF, 
comrme el A* mel and by chemicel enel yea a J

of UFa han been in antlgnaaJ -ith HaF-Z,F. 

(53-47 mole 9) used os A* solvent. Ale*. An 
react inn of UFa -ith chwomium metel and toaenef 
hes been studied by vsing mixtures of UF. and 

UF, dissolyed in NoF-KF-LiF.
The m etea of some ztudies an An re ActI an of 

UFa by threw I an. metol A NoF-Z.F ,(53-47 mole %) 
at 400 end B00C are given to Table 4.4. In 
Anan m«periments, 2 of hyAe^aa fired chomium 

•n* reacted with UF. (11.4 wt %) in 40 « of An 
NoF-ZrFa mixture comtined in nickel. The 

values given for Ka were colculated far A 
react I en

2UF. ♦ =2, • C-F,

tract in
tie • 1

pe ens ef the nickel
AM
ncim

is heve been mode te repeot these em- 
i -ith e mild if I liner in the nickel 
1, a stnel gos annaKe wube, and stuel

screen beffies. Preliminary data hove sho-n Ae*

Previovs studies ith MoF-ZrF. ($0-50 male #) 
es the solvemt and 4.1 mole % UF geve a chromium 
concentretion of 2290 ppe ond k, - 4 x 10-4 nt 
600’, ond 2550chomtumeK, - s x 1-4 
nt wire. Thus, an inanaaa. from .48 to 0.51 
in the final mcle beetle* of NaF to ehe melr

well

with
This

ce el a stainless steel thermocouple 
ding tone th melt hes been caw lag a 
regse in chromium content of A* mel 
quen Ina* ef FeF. from the selution. 
ended side reoction wee soken into

ci g men l via couses n significomt Acreeae

and will be evoided im

e-h 
The

anailiWl— constent (mmole fractian of dissolved 

species used ee octivity) -os 5.7 for this ex- 
periment; thia is significontly lower Ann A*

4 in the nickel equip and is

in A* equilibrium CrFa cancan* atim.

Date far A* react lea of UF. with metallic Ina 
inMoF-ZFa (53-47 mole 7) are given to Tebin 4.5. 

I* Anan runs, 2 f of hyAeyea And iron wire end 
1144-1* UF a were usd.

The iron caeca nary* ons given in Teble a.5 are 
very neoly equol M those fuund far Ai* reocton 
-hen NaF-ZrFa (550 mole %) was used as An 
solvent. They ol-o ogree very closely with those 
•beetoed when NoF-KF-LiF (11.5-42-46.5 mole #) 
area vend os Ae solvent. The iron values were 
aenenl.ee higher at 400 then at MFC A all three

ORsL-M.,,

Data are presented to Table 4.6 for A* reoction

anp Q-m P-og. An tom A 193* of chromiam metol with 13-3 wt « UF. plus 1.5 
wt % UFs nt 400 and nt 800°C when NaF-KF-LiF
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PER0D ENDING JUNE 10, 7955

TABLE 44- eQUILiBRIUM DATA root TME RE ACTION ON UFa wrm CNOOMWM METAL M 
MOLTE Mef.F. (47 mU •) AT SOS AMO Bo0C

Feme «• Famt

T.-pere 
("c)

Time
0)

Teteluem 
(-n (mm)

Teal Miehel 
(,m)

K

600 3
3$
*

84 
ss 
8.3 

a.s

1710 
1a 
tris 
1o

207
20

23

30.

» x nr*

Biek el 230 oom e eh

Cemdit
T.mpera

3
3 
S 
s

8-5 
8.6 

u

2100 
ns 
2180 
2170

$07

: ■
23.

nmyPeW —e

TABLE 4S- eQulLeRNM DATA FOO TWO REAcTON or UFa WITM METALLC IOn 
m MOLTOM MeF-z.Fa (53-47 mele n) AT 600 AMO moo’c

Ti-- 

0.)

Feumd * Fie

Terl Ura- Tesi Lrem* 
(-n 6-

Tetel Meehel
6g-)

3 
3 
1 
* 
s 
»

—4 
s.s 
L6 
&.6 
8.4 
8.7

423

620 
aas 
ao 
aso

30 

os 
is
33 

iss
SS
}

3 
s 
s 
s 
s

8 
&4 
8.8 
8. 
a.s

is
23
MS

m

• Bimmk ef 10 nom el aru- et .

(11.5-42-46.5 mole O is used os solvent. The
rums were comied ou in nickel

2gof hydrogen- 
the NeF-KF-LiF

Results given

fired ch metal ond 21 g of
izhre -ere vsed.

peviously• for • mitme cem-
toining 15-1% UF. shomed equilibrium cOrsoi MM
concemwrations of 1100 and 2700 ppm ot 400 and
800C, respectively- comporison of these

•a.D.Radmen-d C. F. •am--. ANP O--n Prme 
Rep Man 10 1933, OmL -1864, • IS.

• ♦ • • •
• ee= • • me

43
30 

ao

ss ) 7 ■ nr1

volues -ith Aw given im Toble 4.6 sho=s the
■ Hec* ef • relotively smoll omoumt «* UF, on the 

eqilibrium chomium cemcemtretion. I mmust be 
recogeized tha th UF 

the cendirions studie
moy di under
and thet the final UF

concemiratien moy be difierem rom thar coleuleted.
Similer studies -ere mode -ith Inconel in piece 

oi the ckomium metoi. The results civen in 
Toble 4.7 ■ — obtoined -ith IWwS
Incorel and 13.3 -t % UF. plus 1.5 -t * UF, in 
he NaF-KF-LF evtectic.

•* - *«« 2 K
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TMO a. zoumnmnum DATA POR mE REACTON or UFa PLUS U"» •TM OMOMM METAL • 
mou re MeF-EP.Li 013-2-8-5 mele mAT400 AiD mdC

I

Cend
Tem-wa

» W lr
Tim
Q)

Tetel Uhe-
(-rn)

F mm - Filmete

Tetai Ch-t Tetal Mimhed
(oe-)

» 
>

12 
12 
12

10-2 
104 
na 
tv*

12.

259 
19 

ves 
vos

119 

e0 
n
23

€1

5 
S 
•

» 
• 

12 
II 
II

10- 
noJ 
10.9 
1.• 
11.1 

11.2 

1. 
las 
10. 
10.6

1700
a

2070 
1oo 
I7» 

MM 
1aso 
wo

20
1o 
M
20 
ss 
as

3
<»

m

TABLE a.7. DATA FOR TME REAcTOM or MCOEL "TM UFa PLuS UF» 
mOre M.F«F-Lf (u.s-2-6.s •* • AT «M AMD ao’c

Fem M Feemt-

T.-pc 
Fc)

Te"i UMM 
(-n (oom)

Tetel
cpom)

Teml Im* 
(osm)

$ 
»
1 
12

s
$

•
12
12

MU 
1a 
•4 
KJ
10-
10.s 
o-a
13
1.1

20
35
2s

310 
mo

105 
lit

so

525 

ans 

c0 

47s 

723

705 
es

20
«»

I HI 
n 
ss 
40 
so

The velus given in Teble 4.7 fer 600"C ere

eclier® far • 

with UF, 
velue of MO

mixhe comimimg 15-1 UF. 
wvigimally peesent. As MFC. •
ppm far ch ium with ne UF 3 

compored —inh Am

seme-hat lower velues giren im Teble 4-7- Since 
she ehemium concemtetion imcreosed -hen she 
heotimg peried er 8o0C mes ewtended from S to 

12 fa. M mey b" "e" "elib"tm hed "" Um
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( Stebility ef Chomium and tone Flworides 
in Moltes Fluerides

X D. Rodman C. F. *W' st 

Matertals Ohs ■! str । Divisiom

A mumber of experimemta ■■ere rum to derermine.
If possible, the stent to which sens of the

st d mmetol fluorides ore reduced by metallic

Since previous studies10 hod indicated that 

FeFa wos relotively stoble in the NaF-KF-LiF 
eutectic at 600 and 800‘C, some additional runs 
were mede for which e longer heating period was 

wd. The results of these runs are given in 
Toble 4.9. The dat showed thar some 90% or
more ef the iron was divalent eher 12 hr of

chomium, in one , 10.9
he This finding is in with

i
1

wt * Fe”* wos odded MS FeF, to the NaF-KF-LiF 

mmizture cemtaimed in on Iran chorge bonrle end 
reocted ef 80CC. The filtete was found to 

sin 14.7 wt T totol Fe end 13.8 wt " Fe**.
Another rum, st 600°C, |»w 3.9 wt % Fe** and 
4. wr * totol Fe, which indicated thet ths Fe2* 
wes almost completely reduced by rhe mesollic

findings of the earlier studies for which the 
hucling petiod wes 3t5h.

The previ
which ...die—0 that CFa is not stoble in the

ron- 
cemb

Seme resuhs ebtained far el other
re given in Toble 4.8. The result

given im Toble 4.8 show rhat NF, is

duced by metollic chrom
titatively

iron et 600 end

according to the reoction

30F, —2 2C-F, - c,"

Ths data shteinerf st 600-C gave a chromium 
beleecr approximating that ess sets f ler the 
r secHen. bet the values ebeeinef at MOTC did

S00C in the MoF-KF-LiF mixture ond thot FeFa 
is reduced by ewomium under similar conditions.

'*■>. 0. ■ —W C. F. Weever, ANP Quan. Prog
Rea Dec 1a 1934 ORNL-1816, • 63.

TABLE 4.4 PATA FOR TWO REDUCTION OF STRUCTURAL METAL FLUORIDES Br METALLIC MOM 
OR cnaoMM M HON. TOM MeF-KF-LiF (01.5-42-46-5 mele •AT AMO soo°c

Eoilarten Tl—i S he

Eeil dretie 
T—••»■»—» 

rej

Plerde uhr

(-n
•lUe Redehg 

Agent

“’w in Filwete

600 1.5 Mi

1.s M*

*•

«• F.

600

<b**

(-%)
Tetel Cr 
(-n)

*•

(-•T)

1-29

1.21

Temi F• 

(-*)
▼•Ml Mi

1-40
«.w

no

210

IJ*

n.swa

+*
••

F• 1-14

127

UM

1.03

4*

2s

MOi*

IJM.”
Cr 0-55 

a.s•
0.41

Q.71

nsu••
C

o

0.84

o.sz
1-23

1.24

105

45
245

as

24 Fe"" 
„ a —-e

• .13

2.SF."*
O

O 0.13

0-32

0.3

o.sa

04009

0.012

0.009

as

IM

M

JUS F."*
C-
&

0.28 1.22

"Michel eddd •» Fa ***** ndded •s FeFr

Mi 1.31 
—

•MT

0.007

HS

as
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Additional runs were therefore ■ado ar
800C, ond the results are given in Table 4.10.

Cr**
with the previous data. Most of the 

state, hot the total chromium
comtent found is too high to occount for removal of
Cr** by disp tionation. The similarity of
total chromium in the filtates and in the residues 
suggests that finely divided chromium posses the 
filter, but, if the case were this simple, the values 
i op mod for Cr** should include this metol and 
therefore be higher than those found. No satis* 
foctery explenation for the behavior of CrF 2 under 
these conditiors can be given or present.

The Dioprop erWoeetien Pressure of UF, 

S. Longs
Moe ialo Chemisiry Division

Previous studies of the disproportionation of 
UF, pore evidence that UF, was vore stable at 
elevated temperatures than hoe energy estimates12 
had indicated. This evidence has been sub- 
s rant i Med by vapor pressure measurements on

* ‘w. C. whitlev and R. X Sheit, ANP Quar. Prog. Rep. 
20 4934. -1816, • 60.

12L. Brewer et aL. Tbermodymamic Properties and 

Equabrie Pt Mig Temperatures ot Cvamsum Halides. 
Psdes, Nipredeg. emd Carbides. MDDC-1543 (Sept. 10. 
1954, rev. Apr. 1, 1947).

TABLE 4-% STABILITT OF FeFa IM MOLTEN MeF-KF-LiF (11.542-465 mele 7) AT 600 AND 800‘c 

Equlbretion Time: 13 hr

Eeitibretie 
Tempeatre 

CO

FeFa Added 
(- « F.) Fe** 

(-K)

rpMod in Filtmete

Tetel Fe
(w %)

Totel Ml 
Gopm)

600 137 
13-7

5.9 
s.9

13-7 

13.7 

IU 

13.7

5.9 
5.9 
s.9

4-2 
5.6 
4.5
5.3

12.1
12.0

12.0
12.5
5.2 
M 
s.2

5-3
5.6
4.6 
s.4

185
2SS
210
233

132 
131 
12s 
t2.7
$.7 
5.7 

s.a

90
60

46s 
1240

25 
133 
120

TABLE 41Q. MESTABILITT OF OFa M MOLTE NeF-F-LaF (11-5-42-46.5 mole %) AT 800°c

ch

64

Time ef Heeting
0w)

CeFa Added 

(„isc-)
Im Filtete

Feound (wf *)

In Renia.

S

12

c,** Tetel Cr c,** Tetel Cr

54 
jj 
s.8 
s.a
5.0
5.0 
s.o

065 
0.48 

0.71 

0.57

0.36

0.89

4.1
53
5.2
5.2

43
4.1 
as

0.20
0.44
0.43

0.42 

0.a 

0.50

7-5
5.2
s.a

4-4
4.3 
s.a

—

- *

1
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• * • • •
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PCmOD ENDING JUNE 10. 1955

UFa in the temperature range from 1270 to 1390°C. 
At these tenperatures, the vapor pressure of UF, 
is negligible, while the vapor pressure of UF. 
ranges from 61 to 152 mm Hg, as shown in Fig. 4.5. 
Hence, the vapor pressure developed above a 
system initially containing only UFa is due to the 
UF. resulting from the disproportionation of UF, 
according to the equation

4UF,= 3UF. + U°

The condensed phases in the system were 
presumed to be solid UF, ("P, 1400°C), liquid 
UF. (mp, 1035°C) saturated with UF,, and 
uranium metal or an alloy of uranium metal with 
the type 316 stainless steel container material.

The vapor pressures were measured by the 
method of Rode bush and Dixon.’* The apparatus 
was essentially that described by Moore,14 except 
that the charge was contained in a tantalum liner

SECRET
OML~LR-DG 7394

in order to minimize allaying of the uranium metal 
resulting from the disproportionation of UF,- 
The low vapor pressure of the system limited the 
measurement* to temperatures above 1270°C, and 
the failure of the container material (type 316 
stainless steel) was the limiting factor at temper­
atures near 1400°C.

in all cases. UF, of at least 95% purity wos 
used as the starting material. Analysis of the 
condensate of the vapor phase, collected from the 
tubes of the vapor pressure cell, showed that the 
vapor phase -os pure UF.- The disproportionation 
pressures obtained are given in Table 4.11 and 
are plotted on Fig. 4.5. The reproducibility of the 
measurements was not noticeably influenced by 
ascending or descending temperatures. By using 
the method of least squares; it was found that a 
straight line through the points was represented 
by the equation

log P (mm Hg) - (-4187/7) + 3.945

I

1000

TENaPERATURE CCI

650 6300

.-.11. ""."'i'..1-.. -
1250

+ -1

500 *

J—

200

51 100II
so

yapom PMESSURE or UF.

to

DISPPOPORTIONATION PRESSURE OFUF» 
e--g - .

or
-RT in P (mm Hg) - 19,160 - 18.05 .

The AH obtained from the slope of this line is 
19,160 cal/mole. This AH, however, is a combi­
nation of the heat of vaporisation of UF., the heat 
of the disproportionation reaction, and the heats 
involved in the formation of any solutions existing 
in the condensed phases. Several attempts were 
made to sample the equilibrium liquid in order to 
determine its composition, but this proved to be 
unfeasible because of the limitations of materials 
at the temperatures involved.

(Fig- 4.5)The vopor pressure curve for UF4 (Fig- 4.5) 
was obtained from the data of Ryon and Twichell15
(five points at low pressure were excluded as 
obviously in error), data of R. E. Moore, 14 and 
points obtained during the course of this experi­
ment, which extended the temperature range from 
1200 to 1300°C. The equation of the line is

log P - (8428/7) 4 7.250

10 L 

60 62

Fig- 4.5. The Vapor Pressure of UFa and the 
Disproportionation Pressure of UF,-

’ 3w. H. Redebush and A. L. Dixon, Pays. Rev. 26, 
• SI (1925).

‘“R. E. Mocre, C. 3. Berten, and R. E. Trober. Vapor 
PmessuresofZarcomium Tesa/tuoride and Fused Aixtures 
wirh Sodtum Fluoruio (»O be i ublished)-

’ SA. D. Ryon end L. P. Twichen, Vapor Pressure and 
Retsd Phyr.ctl CoKHaon of Uranrum Tetraflmorde, 
M-5.385.2 (uly 25, 1947).

‘6R. E. Moore, ANP Ouar Prog. Krp. Mar. IO. IMZ 
ORNL-:227, P 155.

I
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1 TABLE 4.11. DiSPRoPORTONATION PRESSURES OFUFa

peroture
rc>

Temperetre 
PK)

--2— k 10“ 
r®K)

Pesmre 
(— Hg)

1269-2

1270.4

1700.0

1287.1

1290.3

1300.0

1304.0

1316.0

1316.3

1317.5

1325.0

1339.1

1342.0

1342.

1345.8

13514)

1354.7

1370.0

1370J

1383.6

1300.0

13014)

1543.0 

1551.8 

1560.1 

1560.3 

1563.5 

1577.0 

1577.0 

1589.0 

1589J 

1590.7 

1598.0 

1612.3 

1615.0 

1615.5 

1010.0 

1624.0 

1027.0 

1643.

1043.0 

1656.8 

1662.0 

1654.0

6-481 

6-444 

6.410 

6.409 

6.395 

6.34’ 

6-341 

6.293 

6.291 

6.287

MH 

6.202 

0.102 

6.190 

6.177 
6.158 

0.143 

0.000 

6.083

0.030 

6.017

0.010

18.00 

18.95 

19.10 

WJO 

19.30 

» 7 JO 

16.00

njt 
20.35 

1960

22.70 
20.95 

20.45 

21.15 

20.70 

23.05 

22.a5
23.95 

23.40 

31.80 

27.65 

32.80

or

—KT InP- 38,600 - 33.18T .
The heat of vaporisation of pure UF a, as obtained 
from the sicpe of the line, is 38,600 col/mole. 
This value is in fair agreement with the value 
of 42,000 cal/mole obtained by R. E. Moore.

It was not surprising to find that the vapor 
pressure from UF, was only a small fraction of 
that from pure UFa but it had not been anticipated 
that the fraction would rapidly become increasingly 
smaller with increasing temperatures. Indeed, at 
sufficiently elevated temperatures, this would not 
be the case. The effect of dissolved UF, is 
undoubtedly important; it appears that the solu­
bility of UF, increases markedly with temper- 
atura and also that the UFa is complexed to the 
extent that pronounced negative deviations from 
Raoul t‘s law are observed. There was no definite 
evidence of alloying of uranium metal with the 
tantalum liner; no x-ray diffraction data on uranium­
tantalum alloys are available.

An extrapolation of the vapor pressure curves 
in Fig. 4.5 to the point of intersection might be 
expected to provide e rough estimate of the 
eutectic temperature of the UF,-UF. system. 
The intersectiom occurs at about 1610°C, whereou 
cooling curves hove shown thermal arrests, which 
were presumed to correspond to the UF,-UFa 
eutectic, of 87C'C. This discrepancy is probably 
due not only to the difficulty of obtaining the 
vapor pressure measurements but also to the long 
range through which the extrapolation must be 
made and the change in AH with temperature 
through this range.

Th* small slop* found for the disproportionation 
pressure curve means that the disproportionation
of UFt is for from complete untior the conditions 
prevaiing in the vapor pressure cell and that UF,
is thermodynomicolly stable with respect to pure 

UF. and uranium metal at temperatures below 
1400°C.
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PERIOD ENDING JUHe >0. 1955

Reductien of UF a with Uranium im
Alkeli

C. J. Barton B. H. Clompin
Materials Chemistry Division

The investigation of the variables affecting the 
reduction with metallic tronium ofUF. dissolved 
in alkali fluorides was continued during the post 
quarter. The technique used in these experiments, 
which are corrjed out in e small, nickel, filtration 
sppsretua, was described previously.’7 It has 
become pporent that allaying of nickel and uranium 
con occur at temp erot urss far below the minimum 
nickel uranium liquidus temp pro-ure (732*C) end, 
consequently, that disproportionation of UF, con 
be expected to occur at the temperatures of 
interest at nickel surfaces or et ony metallic 
surface with which uranium con alloy. Some effort 
was therefore dew eted to finding contoiner ma­
terials that will allay less readily with uranium. 
Copper, which has a minimum liquidus temperature 
of 990*C with uranium, showed some promise in 
this regard. Although the results obtained in . 
nickel apparatus, and possibly also those obtained 
in copper containers, are not to be regards d es 
equilibrium dots, those experiments did give some 
indication of the effect of some of the variables 
that ore involved in the reaction and thus ore of 
value. In some experiments, pure UF, wee 
introduced directly for comparison with results 
obtained in reduction experiments. The results 
are reported below under the headings of the 
veriaSles investigated.
T7R.3. Shell end A. H. Ciempin, ASP Quar. Prog. 

Rep Man 10. 1999. ORNL-1864, p 53.

Effect of Michel Surfoce Aree. It wes previously 

reported that the amount of nickel surfoce area 

exposed to aikali fluoride-UF, 
marked effect OR the degree of

melts hod • 
reduction ob-

tained.17 This observation i* substantiated by 
the dote shown in Table 4.12.

In these experiments, the normal surfoce-to- 
volume ratio of 2.55 (square conti moters of 
surface exposed to melt divided by volume of 
melt in cubic centimeters) woo decreosed by 
using a larger charge (40 g) and increased by 
adding -in. nickel belle or nickel powder. The 
nickel filter medium surfoce area, to which the 
melts were exposed for a short thee, was neglected 
in making these calculations, but it was the same 
in ell experiments. The nickel surfaces were 
exposed to hydrogen at 750°C before the charge 
materials were added, and partial sintering of the 
nickel powder undoubtedly reduced the surfoce 
area to a smaller value than that calculated. The 
marked effect of nickel surface area upon the 
degree of redoction of uranium, as shown by the 
data in Table 4.12, was probably due to the 
previously mentioned effect of alloying of uronium 
with the nickel.

Effect of Copper Surface Area. In view of the 
results obtained with nickel, it seemed desirable 
to determine the effect of another metal on the 
reduction of UF. with uranium. Finely divided 
copper powder that was hydrogen-fired at 750°C 
was odded to an LiF-NaF-UF.-U® mixture (57.6- 
38.4-4.0 male %-20w*% excess U) in sufficient 
emount to give a surfoce-to-volume ratio of about 
1000 if the surface area of the nickel container

TABLE 4.12. EFFECT or SURFACE-TO-VOLUNE RATIO ON REACTION OF UFa WITH 
URANIUM METAL m ALKALE FLUOR IDE S IN MICKEL COMTAIERS

Mumber o
Esperiments

T emperotte 

Fc)
Retio ef Suec* 

to Volume 
(em-1.

Retio of U1* 

to Tetal Urenium

NeF-LiF (4060 mole »)

NeF-KF-LiF
(11.5-42-46.5 mol. *)

2 
4
2
3

5
2 
4
2

750 
790 
790 
790

590 
590 
*90 
*90

1.89
2.55
4.74 

~1000

2.95 
~1000

2.55
~1000

09 to 0.82 

0.65 to 0.70 
0.43 M 0.51 

0.05 •• 0.0*

0.55 te 0.65 
0.04 to 0.0S 
0.55 to 0.65 

0.04 to 0.05
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wos no pitetc d. The filtrate obtoined off the
mixtue was heated for 2 hr at 750°C e
19.2 wt % U2* and 26.0 wt % total

results *
*

mained 
These

the obsence of the copper ond encowroged an 
imestigation of copper as • container material

The results ere given in Tobles 4.13 omd 4.14. 
The theoretical total uronium hi the filtrate in ell 
these oepmimonte, ossuming complete toecNon of 
the UF. with the uromium mt to l eccmdtaip to the

for UF --containing melts.

Effeet of taMil Uramiu

above tower i mt, woo 27.1 wt %- 
The date hi Toh let 4.13 and 4.14 ere het

It was reported
oorlier'1 that there was little difference tat the 

depre e of reduction of NoF-KF-LiF-UF a with 
uranium metal whether the theoretical emo met of 
uranium ropoirod by the oomoN on

u ♦ *UF. == UF,

wee need or whether 1.2 times the theoretical 
omount woo employed. It therefore seemed 
desirable to imestigate this weriebie with NaF-LiF 
(40-60 mole X) oe the solvent htetoed of NoF-KF- 
LiF. Thie investigation wee emried out in nickel 
apparatus, including nickel filters, ond in copper

by using more thon 100% excess

of these exp

Qpp equipped with • bronze filter medium.

ium (two

Comparison Mt the results
In the two tobles indicates thar UF, dissolved 
hi NeF-LiF is more stoble in copper thon ht 
nickol.

Stebility of Binary Alkali Fluoride-UF, Mixtures. 
The preporation of filtered LiF-UF, aemples 

contoining 91 to 967 of the uvonium in the trivolent 
form wos reported eorlier, *• but no dota on filtered

NaF-UFa 
a few exp

emplee have been reported. Therefore 
iments were performed to determine the

’ *C. M. Mewl rr AMP Quan Prog R.p. Sepa 1a. 
1934. ORNL-1771, • 77.

TABLE 4.13- EFFECT OF EXCESS URANIUM ON REDUCTiON OF 
MeF-LIF-UF. MU TUR RS IN MICKEL APPARATUS

Ameum* ef Eseess Urenium 

(•)

Found im Fitrete (-t %)

Tetel U
•»- ofv3*,Totlu

Th
17

so 

uo 

300 

500

4 18.6

18.s

20.3

193

21.0

30.0

28-4

27.2

25.2

26.4

26.3

26.3

0.65

0.6•

0.79 

oss 
0.0

0.77
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TABLE 4.14. EFFECT OF CXCC3S URANIUM ON REDUCTION or 
MeF-LIF-UFa MIXTURES IN COPPER APPARATUS

Ammnt of Excess Urenium 

(%)

Found Im Filwete (wt T)

U3* Totel U
Retie of u3* to Total U

20

100

100

200

10.1

24.1

23.8

25.2

27.3

27.1

27.8

27.3

071

040
0.86

0.2
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stobility of UF, in these systems under the some 
conditiens as those used for mero complex systems

otres were necessitoted
by the higher liquidus » 

are given in Toble 4.15.
e. The dots

Since the dota do not
show sigmificont differencet between the two 
systems in degree of reduction ond since UF, is 
known to form a stoble complex with NoF in the 
solid state but not with LiF, it oppeors that 
complex formation hot litle influence on the 
stobility oi fused alRoli-UF, mixtures.

Efeet ef Filter Medium om Seebility ef UF, 

M. B. Panish
Materials Chemistry Division

Previous studies’’ on she stobility of UF, in 
the NoE-KF-LiF eutectic suggested that the 
sintered nickel filters used for the filtrotions 
prebob ly hod on effect on the do pros of reduction 
found in the filtrates. Since it oppoored likely 
thot the UF, concentration found in the filtrate 
did not coriespond to that present during the 
equilibration becouse the UF, woo reduced by 
ropid removal of uronium from the melt through 
alloying with the nickel filter during filtration, 
some experiments were porforasod to confirm or 
disprove this po: sibility. These sxperiments 
included runs in which e sintered nickel filter was
V9e0 Ond orneS en wnecn G Per’weTed nicuti 
stick was used in place of fhe filler. The use 
of container materials other than nickel has teen 
investigated, os well on filtration through graphite.

The runs were mode by using HoF-KF-LiF 
(11.5-42-46-5 male %) at the solvent and 7 to 14*1 
uranium present as fluoride. The urenium motel 
added was 500 to 1000% in excess of that required

* PR. J. Sheil and B. H. Clempin, AMP Quar. 
Rep. Man tO. 1999. ORNL-1864, • 53.

to reduce all the uranium Hueride to UF. H it 
were ossumed that ell the uronium wes present ee 
UF.- This large excess was used to a ns wo that 
some aranium metal wes present et unit activity 
even though o lorge amount of the uranium prosaw 
probably alloyed with the wells of the nickel 
contoiner. Dota were obtoined only from the runs 
in which unchanged uronium motel wee visible in 
„L_ L_. L •T 9 B•

The reaction filtration apparel ue wos modified 
to permn rapid insorchengo of cento inore of differ­
ent types end materials. Si etered nickel of 0.0015- 
in. pore size was weed os the filter in all cooes 
except where otherwise indicated. A nickel stick 
with few ‛a-in. holes how the bottom wee used 
to draw up portions of the melts that were not 
filtered. The results given in Table 4.16 were 
obtained by using an equilibration period of 2 to 
4 hr, except os other w i se i nd । c • • ed .

If it Ie assumed that there is very little or no 
uranium metal present in the somples obtoined 
in the perforated nickel stick. it may b* deduced 
from the results in Toble 4.16 that the dispro- 
portionation of the UF, eccurs, at least in a 
major port, because of depletion of the uranium 
from the melt by the sintered nickel filter. It 
should be noted that the totoi uranium found was 
lower by 1 to 1.5 wt % (absolute) in those coses 
in which the sintered nickel filters wore used, 

ak- e-ami w Im -----I Seto"neree Te T OTO I HrenHT WGHe r" gerer-N t "•9 
some (within experimental error) os that expected 
in the cases in which the perforated nickel sticks 
were used. This loss of 1 to 1.5" of the uranium 
accounts for the difference in the degree of 
reduction observed in the melts. Analyses of 
several sintered nickel filters gave results which 
showed that there wee more uronium in the filters 
than would be expected if they were simply

|

TABLE 4.1S- STABILITY OFUF,n LiF-UF, AMD NaF-UFs MIXTURES

Ewperiiments

Tempereture 
Pc)

Rete el U3* 

r Tetel Urenium
Urenium Added es

LiF-F» 03-27 mole %) 850

•90

0-75

0.79 M 0.82

NeF-UF3 (71-29 mole %) 820

820

061 to 0-67

0.72 *• 0.82

UF:
UF. ♦ U® (20 excess)

uF,
UF. + u°(2on e-cess)

1 

s

2
4
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TABLE 4-16. EFFECT oF SMTERED MICKEL FILTERS On TME DornoroBTOATIO 

or UF, in MeF-KF-iF EUTECTIC

Eeilewetien Tamet 2•ahr, ewee es indiceted
COw Pare Beat 0.0015 im, -cepe «s indicemd

Temoeretre 
Ac I*

Celeulete Tetel Ureniu- Temi Anelysed Urnwm
• Cheg- Maae,lei Aleer Ewdhretie

(-ny" (-10)

Rewe el V1* •e 
Tetel Anelysed 

Uvamium

Pilered Sempl

800

700

800

UEa 
UFa 

Ura 
UF,

Ur: 
UFa 
uF4 
UF4 

uF, 
UF» 
UFa 
UFa

n-4
13.4

13-4
1X4

13-4 
na

92 

11.4 
vue
7a 

9.9
10.1 
1X1 
126 
11.
a.a 

10.2 
12.2 
12.4

0.68

0.70

073 

0.7 
0.70 

04 
0.75

0s 

0.60 

0.74 
062

550

600

700

800

UFa 
UF, 
UF, 
UFa 
UF,

UF4 
UF 
Ur 
UF, 
UF3

13.4

1-4
1X4 
1X4 
1X4

8.3
76

9.1
13.0

90 
1X3 
n. 
1X3 
13.1

7.1 
a.a

0-96

0.9 

CM

1.01

1.00

0.07
1.0

“The welue given for the celeleted totel uronium la thet expeced fer totel veduetiem of all UFndded. Ma celcu- 
leted velues ere given fer muns aterting with UF, becmse errete resvits 
mqteriela.

"Filer uned hed a e era size of 0.0004 ba.

‘Smel emoumts of metellie mickel were observed.
“Equilaretion Hee IS min.

Eqilaratien eime 30 min.
‘Eqilketiom tima 60 min.

ohteined in mnelyses of the cherge 

.‘a-
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seturated with the omit and that thio could account 
for 2$ to 90* of the uranium lent.

Several runs were mode with the NaF-KF-LiF 
eutectic plus UF, in gold, platinum, end mo- 
Iybdons a contoiners. No uranium am to I was 
added, end perforated nickel sticks were used for 
eb eel wing sangles. The ratio of U3* to total
uranium 
and avidi 
p Iasi ns an

found at 650C voried from 0.42 to 0.67,
ence of alloying of 
wos observed.

ium with gold and

Thrse rumns in which the NoF-KF-LiF mixture, 
UE an w uanium metal, and a grophite filter
were were mode in the

intimate contact. The metols to bo studied (Cr, 
Ni. Fe) can ba alloyed with uranium to farm 
eutectics with melting points below 900°C, end 
therefore at experimental tempsruturee over 900°C 
the alley moy be used as one phone of e two-pk ~se 
system. The celt phase of the system must 
consist of material not reduced by wranium metal, 
end. cones out ntly, for the initiol experiments, 
the salt phase is limited to olkali-metol halides 
or combinations of olkoli motel halides.

fure r—
600 to 800°C. The degree of reduction varied 
from 0.41 to 0.63, and indicated that graphite le 
not a suitable medium for filtering melts corn 
toining U3*. Analyses of the graph Ito filters gave 
areal up values that occounted for 3% of the missing 
uranium at 600‘C and 75% at B00‘C. Approximately 
four times os much potassium was found in the 
fitters as existed in the NaF-KF-LiF mixture, and 
thus it is though* that the potassium may hove 
reacted with the graphite under these conditions 
to give a carbide.

•
It was expected from engineering dote obtained 

from thermal-comection loops that the uromum 
alleys could be formed by heating the metols and 
the salts in e grophite container under an inert 
atmosphere or under vacuum. Consequently, on 
opperotus was constructed with readily ovoiloble 
moteriol to carry out the primary part of the experi- 
men*. Contrary to expectations. when the experi- 
meat woe ess tied out under vacuum with chromium 
as the added metal, there wee catastrophic
decomposition the grophite container and

Stebilty of PbFa-BeF a Melts in Inconel

C. J. Bartom R. J. Sheil - 
Materials Chemistry Division

The desirobility of d ining the stobility of
PbFa-BeFa molts in Inconel was pointed out in 
the previous progress report.30 To determine the 
stability, mixtures containing 50 and 75 mole % 
BeF, were sealed in Inconel capsules and heated 
for A cut 10 hr at 800°C in a helium atmosphere. 
When the capsules wore opened and the contents 
melted out in a helium atmosphere, bright globules, 
presumed to be metallic lead, were observed on 
the capsule walls. It was concluded that Pb** 
ions are not complexed in those mixtures strongly 
enough to prevent reoction with Inconel at 800°C, 
end no further testing was performed with mixtures 
in this system.

distillation of alkali metals through the vacuum 
system to the glass-wool trap. A more thorough 
search for information concerning the reoctions of 
graphite and alkali metals then indicated that 
potassium reacts with graphite and causes 
decomposition of the crystal structure. The salt 
used. NoF-KF-LiF, became green and soaped 
through the graphite crucible. There was no 
evidence of alloy formation between the uranium 
and the chromium. The metal fragments present 
hod retained their initial shape and size, even 
though the reaction vessel was heated to 1000°C.

Solubility of Metols in Molten Solts
R. E. Cleary

Prot & Whitney Aircraft
Experiments ave under way for determining the 

solubility of chromium, nickel, and iron in molten

2°L. M. Bratcher et al.. MP Quar. Prog. Mar.
10, 1935. ORNL-1864, p 52.

In subsequens experiments, a helium atmosphere 
wos also found to be unsotisfoctory for this 
reoction. Additional attempts to moke a uranium- 
chromium alloy in grophite liners in a nickel pot, 
under helium or vacuum (50 to 75 p) at a temper- 
ature of 1150°C, have proved unsuccessful. Con- 
sequently, it is now planned to use molybdenum 
and/or tantalum crucible liners in a much smaller 
stainless steel reactor. It is hoped. based on 
previous work with molybdenum. that those liners 
will be inert to the reoctants. The smaller volumes 
and mass will make it possible to hoot the 
apparatus to temperatures of over 1200°C in 
available equipment.
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PRODUCTION OF PURIFIED PLUORIDES
G. ). Nessle F. F. Blenkenship

Fuel Purificetiom end Prep Resecrch

•um

Electrolytic Purificetion ef Flweride Miztures.
Rep or i moots for determining the twee of omide 
re moral by hydrofluorinatiom were made during the 
prep erotism of some LiF-ZrF 4 

found that hydrofluorination of
mixtunes. h was

e mixtne far l hr

C. M. Blood
F. P. Boody

F. L. Dairy
F. V. Miles

at 700°C wovld net lower the oxide concentrmion
belom he limit of

Materials Chemistry Division
Imvestigotions of methods for rapid purification

at 800‘C for 2 hr, ho
thic detection; similor

, was suf-

have included
electrolysis under e hydroge

■MP-

---

corrosion that results when HF is used and to use 
metallic zirconium fa reploce most of the hy drapan 
in the stripping operetien. in oddition, attempts

ficien. Since the dissolution of NFa by the melt 
and the length of the subsequent smipping vime 
are directly dependent on the by^eRuoriwotiow 
time and the tampereturo. urtsapte were mode to 
remove oxides completely by eloctrolysts between 
y» ophite enedes end nickel cathodes under a
hydrogen

ining
very high UF„/UFa ret lee.

Use ad Ziconiim Metal la Fuel Puriiicetion. 
The time cons mw l ng step in fuel purification 
precessat is the reduction of such materials es 
FeF, and NiF, with hydrogen. Reduction of these 
materiols by the oddition of an active metal should 
afford a more rapid process, but it is not possible 
to odd an excess of active metal to e UFa-beoring 
mixture without the formation of large and vorioble 
quantities of UF,. A process has been demon 
stated m a b and 50-Ib test scale, however, that 
is quite rapid end effective if small UF, concen- 
trot i mm are tel or able or Besiroble.

To prepare NaF-ZrF.-UF. the NeF and ZrFt, 
in proper quantity, are charged to the standard

hod shown that oxides coald ba raarcd by 
electrolysis and that the onode products were 

CO and CO, when a gophite amode wos used. 

When hydrapaw was used in conjenction with
electrol 
anod. 0

in recent experiments, the prodeminent 
it wos HF. The purpose of the experi-

ond are hydrofluorinated in the usual
manner. At thia ata pa, a considerable excess of 
metollic zirconium chips in a nickel basket is 
introduced into the ra act l aw vessel. After 3 hr 
of stirring with hydrogen, the bosket and excess 
zirconium metol are removed. The proper quontity 
al UF. is than added to the melt, and another 
nickel "basket containing a small, known quantity 

of zirconium metol is imtroduced. Stirring for 2 hr 
suffices far the melt to react with all the zirconium 
introduced e

in a 50-ib tost preparation of NaF-ZrF.-UF. 
(50-46-4 mole %), the final mixture contained 15% 
of the uranium as UF,. with the Fe, Cr, and Ni 
contents being 50, 35, and 25 ppm, respectively. 
It appt ere that utilization of some variant of this 
procedure might cut the processing time on the 
250-lb production unit to below the 24 hr required, 
at present, for each batch.

mont wet to tent the combined effect of oxide 
removal os a primary enode product ond hydro- 
fluorination by the electrol ytically produced HF.

After 0.4 equivalent of HF had been predated by 
electrolysis at a current efficiency of 37%. the 
HF was stripped from the meh with hydrogen. 
Ne snide woe detected by petrographic examinotien 
of the truwoferred product. Chemicol analyses 
showed 1.1 wt % oxide in the sampie before 
electrolysis as compere a with 0.4 wt % in the 
finished product. The swucturol motel contami- 
nation was simultaneously reduced to the following 
volues: Fo, 55 ppm; Cr, 15 ppm; Ni, 30 ppm.

The earlier experiments with electrolysis21 
hod been carried out either in the NaF-KF-LiF 
eutectic or in mixtures containing NeF and 40 to 
50% ZrF.- The alkeli fluoride eutectic wes very 
prone to an onode effect, while the ZrF.-bearing 
mixtures could be electrolyzed smoothly. Batches 
of NoF-LiF eutectic proved to be variable in this 
respect, and, in one cose that gave a bad onode 
effect, the addition of 0.1 mole % ZrF. gave no 
significant improvement. On the other hand, on 
NaF-ZrFa (81-19 male ) batch could be electro­
lyzed smoothly; the transition range must lie 
be’ow 19 mole % ZrF..

Mixtures with High UF, UF. Reties. Attempts 
have been made to prepare fuel mixtures con-

2,C. M. Bleed er al. Prog. Drr. 10.
1934. OANL-mS. • 66.
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toining UF, and no UFL for on* ar l ms real work. 
Earlier am optsindicated that such mm lures 
could be prepored -ith Nof-ZrFa mixties as the 
bose, but not with the NoF-LiF-KF eutectic. In 
order to obtain solubilities of the order of 3 mole% 
uronium at 600°C, it *** fsued that compositions 
containing more then 50 mol* % ZrFa would be 
****** ary. There set a possibility that UF, 
wee capable of furnishing fluoride ions to < any les 
the ZrF. ** that the physicol properties, porticu- 
lariy voy or pressure, might be for different (rem 
these of fuels in current use. Accordingly, a wie! 
wee mode with e composition that could be con- 
sldorsd, from a stoichiomnetic point of view, to be

An owOTtmow* to onswer this quo* Ham showed 
that 70m of the wrenium remained as U2* in 3 kg 
of NoF-ZrF.-UF, (52-46-2 mate ") after 3 hr of 
equilibration wiih hydrogen bubbling at 700C. 
Ie the 50-lb apporonus, am onempt to prepore e 
composition contoining 1.2 mole % UF, and 0.8 
mole TUFain NoZ.F, by storting with 1.7 mole % 
UF 3 and 0.3 —I* K Fa wo« unsuccessful, since 
th* resulting product onolyzed only 0.5 mole % 
UF,- Resampling and reanolysis confirmed the 
validity of the initial onolysis.

Piet-Scele Purification Operetie

composed cf NaZrFs ond U(ZrF,),- The compo 
sition we* NoF-ZrF-UF, (44*53*3 mole "). After 
o thorovgh purificmion J the NoF-ZrF

J. P. Blokely
C.R.Crof

F. A. Doss
J. Truin

a bos*, the
UF, woo odded, aiong with uronium motel (1 w» % 
of fhe amount of UF,) and zirconium motel (0-2 wt % 

of the ensue* of rF
hydragen for 2 at

), ond equilibrated under
O0°C. The uanium and

zircomium wore included in err effort to suppress 
the i or no Hen of UF.- After cooling to 600°C, 
the 4-kg melt was filtered; 79% of the uranium hod 
remained o* U**. There we* no insoluble heel.

The preparation was then reyeetod on a 50-lb 
botch; only 69% of the uranium we* U1*. This 
was theught to be a consequence of the previous 
history of the ^epoeHen vessels for th* two 
batches. The wells of th* 4-kg reaction vessel 
bed boon subjected to melts which deposited 
uranium in the form of a nickel alloy, while no 
preparations involving UF, ivad ever boon -node in 
the 50-lb apparatus.

Another trial was made in th* small apparatus 
by using essentially the same procedure, except 
that a large aacos* of zirconium in the farm of 
“-in. bar* was allowed to remain in the molt 

during the equilibration under hydrogen following 
the addition of UF,- This time, 85% of the 
uranium was U3*. These preparations llustrated 

the effect of variations in th* activity of uranium 
metal and zirconium metal on the stability of 
UF, during processing of a UF, fuel, and raised 
the question of what fraction of UF, would 
normally "survive” in a reaction vassal which 
had no previous history of exposure to UF, or 
uronium metal and to which no uranium or zirconium 
p,a — —a— ‘9 Dger GGGGHe

22c. M. Wesson and C. M. Blow*, ANF Quan Pmg. 
Rep. june 10, 1954, ORNL-1729, • 51-52.

Motor iele Chemistry Division

Fiftrsix preparations totaling 530 lb of notarial 
were produced during th* quarter. Those props 
rations were of vorious compositions and were 
consigned to various requesters for smell sc* le 
corrosion studies, for physical property de- 
terminations, or, in men; coses, for us* a* purified

dietos for phose-equilibrium investigations.
Uronium trifluoride was a cemyowent of nearly 

29% of the Mil* riels yreyarsd. These batches 
were prepored, in every cose, by complete purifi- 
cation of the solvent fluorides with the desired 
quantity of UF. followed by addition end dis*** 
lutior of the desired Qu entity of pure UF,-

The study of optimum conditions for mo yrs pe 

ration of BeFa-bearing melts was continued 
without comp lets success being amtoined. Hydrogen 
reduction of the nickel and iron compounds to 
occeptoble concentration levels *ppe*rs to be 
mars difficult in the BeFa-beoring molts then in 
the ZrFabeoring miztres. When the MF concen­
tration in the hydrogen from a ZrFa-beoring fuel 
reaches 1 « 10-4 mole oer liter, th* Fe** - Ni** 
concentrotion is less than 150 ppm (by analysis 
of th* filtate). As th* date shown in Table 4.17 
indicate, this is not the case for the Be F,- bearing 
fuels even at MF levels of 10-3 mole per liter. 
Further study of this system will be attempted as 
time permits.

Product ion-Sce le Open otions

J. P. Blakely J. E. Eorgon
Material* Chemistry Division

Production operations were resumed on March 1, 
1955, on a three-shift, five-day-meek basis to

73

• * *
• * * s • a * a

I I ...... Ill II—.......



guanszansssma

ANP PROGRESS

b TASLE a.17. turunnns m Mef--r,ur. mixrunEs AS A runcnom 
op NF COMCENTRATION OF xIT wrDROGE

c •e"e el HF -- "a 
(mdl-/litec) F-

Cenae"

G

i"* (pem) 
nu *

1 x 1o-S

225 
225 
1M 
1eo 
IN 
144
125

12 
30 
M 
IS 
40 
25 
l«

I 
1o 
IM 
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It 
M 
as

200 
ns 
n

N 17
14

100

123
193
10

75

37
23
IS
17
23
20

95
70 
so

»
9
6

44
11s

123 
s <»

provide Met materiel for the greatly occeleroted
AMP ering program. A total of 4800 lb of
purified materiel wee prepared during the quorMr.

Several small, but significont, changes in 
operating techniques hove contributed to better 
operation, slimMr processing times, end. com*' 
quently, higher yields of material per mon hou. 
The three meet importont changes were the 
institution of rigid specifications en the purity of 
the row materials, the use of * 30% larger flew 
rote of hydrogen during the final stripping cycle, 
end the use of porollel rather then series flow of 
th* hydrogen through the receiver and reaction 
vessel. It appears that these changes have 
reduced the processing tie* by neorly 50%. With 
new or recently cleaned equipment, 250-lb batches 
can be processed to meet specificotions in 24 hr.

It ho* definitely been estoblished that, by using 
two men per shift, 1000 lb con be produced par 
fiv* d*y week; it is believed that this production 
figure can bo iienni slightly in the near future. 
Present estimates of ORNL end Pron & Whitney 
roquireeont* during the next several months coll 
for production of 1500 lb per week. It is believed 
that two men per shift on a six-doy work week 
could meet this production level. Such on ex- 
pension of effort will necessitate on increase in 

processing and storoge contoiners, ond, since 
linle excess copocity will he ovoilable for

• in spore furnoces ondgencies, an in
other mointenance Heme will be tequired te mini- 
mize downtime for repair.

The life of the processing equipmen* hos 
already considerobly exceeded expectations. A 
number of the reoctors hove prspsrsd mete then 
25 charges, end only one react sr hos ever foiled. 
Tests ere how under woy to determine hew many 
runs cm be mode with the "specificotion" row 
materiols before excessive stripping time* require 
cleoning of the reecter.

In spite of the shorter processing times described 
above, product purity i* being rigorously mein 
toined. Analynes ol ten typical 250-Ib botches 

of NoF-ZrF.-UF. mixtures er* hown in Toble 4.18.

The present supply of ZrF4 
meet the accelerated demond 1

is not adequate to 
r she molten solts.

Commerc iolly ovoilable (NoF),ZrFa centoining 
obout 30 mole % ZrF. is being used ot present, 

but, since this must be blended with 40 ZrF a to 
produce ART fu~l compositions, neorly 600 lb 

of ZrF. is still required per week for the 1500-Ib- 
per week demond. Also, in moking the hofnium- 
free fuel fee the high t*n»oreture criticol experi-
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TASLE 18. ALALTSES 0? TYPICAL Mef-ZFeUFa 
muxruREs MM PnoDucTON PLAIT

Retsh Wo. 5
i—prew Me—I

Ml Cr F.

$14 
Ml 
1M 
•V 
IM 
519 
$20 
521 
Ml 
sza

802

8.rs 
849 
864 
•Ji 

8.0 
8.28 

8.70

25
10 
n

IC
11

7

s
10

85

43 
as 
34

ac
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11
11
11
10
20

<1

11
1M 

as

BoOehtag end Dispensimg Operettas

J. P. Blokel, F. A. Doss 
Materials Chemistry Division

Since production of the purified fluorides is 
done ba 250-Ib batches end since • large froction 
of the tests cell for smoller quantities, it is 
necsstory to botch a emu idol skit fraction of the 

—■riel produced into 5-, 10-, or 50-lb containers. 
In the recently occeleroted progreat at hoc boon 
ae cattery to ip eases this equipment virtuolly

MI rime on • shift, five dey wesb bests.
During the quarter • total of 6680 lb of materiol

During —coos weeks, 
i—lied to permit hydregr

quip has been
. of all 50-lb 
Another unit copoble

ment, the use of the commercial (NoF),ZrFa will 

not be gee Miscible.
Since 290 lb per week eg psora to be the limit of 

the present copocity of the Y-12 Flows for the 

production of Z,F. alternative sources orW being 
A commerciol sou—■ which 

clims to be Ohio to supply the required qvontity 

how been locoted, end specification too— of their 

meteriol are in progess. It oppeeag. ar present, 
that this mater io’ oty solve the problem; if so, 
the Y-12 ZrFa-production focility will be used 
only part time oe needed to provide hafnium-free

if the commerciol source does net materiolize, 
it will be necessory to expand the Y-12 ZrFa- 
production focilities immediately. Accordingly. 
S. H. Sedley at K-25 is using some ovoiloble

of handling the s—Her conto iners is to be 
imstalled in she near Mure. This eguipmeet

should minimize tion of clean fuel by

Fer the first time since production begen in 
March 1954, usoge during • quorter bee kept poce 
with production. Present estimates of onticipated 
needs indicote that the de—ad for processed 
materials will necessitote • six-doy production 
week after July of this yeor. The bolance sheet 

for the quorter is shown below:

Ma—r l at en hand Februery I, 1955

Tetel

Material dir 4 during vorter

pilet-scale equip come sion of
Metriel en hed et end ef qerte

4,987 tb

5430

10,417

6,682

3,81a lb

ZrCl, to ZrFa- it is anticipated that, should 

edditional conswuction prnve necessary, o were 
efficient cenversion plant then the present one 

could be built.
In order to economize on the use of ZrF. about 

1750 lb of previously props—d NoF-ZrFa end

Prot & Whitney Aircroft received 2000 lb of 
this waterial, and the reel wos dispensed to 
varioux reqvosters in the ORNL-ANP progam.

NeF-ZrF.-UF.
ART f

---a mixtures hos Um comverted to 
fuel compositions by returning the motiriel

to the processing equip ond odding ZrFa

end UF. os roquired, to odjust the composition. 
These moterMs have else been repurified. From 
the experience gained to dote, it oppeers that, if 
the moterial must be melted for delivery to the 
processing reoctor, about 750 lb per week would 
be the plant’s maximum output of reclaimed 

—riel.

Loeding end Dreining Operetions 

N. V. Smith 
Materiols Chemistry Division 

Responsibility has been assumed by Materiols 
Chemistry Division personnel for loading ond

draining oil test equip other than the thermol-
convection leaps in Building 9201-3. This 
respens ibility includes the loading of liquid 
metals, as well es molten fluorides, end includes 
the obtaining of reliable somples of the molten 
ere—rial while the equipment is being fillud or

s • o at oe • s== • ••
: • : : : :
« • o • • • • • • •
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drained. Investigations are presently under way to 
ascertain the best procedure for the delivery of 
wry pen free sodium or NaK to test equipment and 
to determine the most reliable method of sampling 
this material for snolysis.

Special Services
J. P. Blakely F. A. Dost

J. E. Eargon
Materials Chemistry Division

Euriched Fuels for In-Pile Loops. Two botches 
of fuel comtoining omiched uronium were processed 
for use in an in-pile loop. Since the size and

year. Since all operntions will be similar to those 
performed in the ARE startup, there would seem 
to be no doubt of the validity of the procedures 
to be used.

Reprocessing Pilot Plant. Plans are under way 
to provide charge material and to fill the equipment 
required to test operation of the uranium recovery 
precess developed by personnel of the Chemicel 
Technology Division (cf. See. 10). Operatiens 
that each require about 800 lb of moterial are 
scheduled for July and December of this year. 
The material, equipment, and procedure seem to 
present no unfamiliar problems.

noture of the in-pile loop equip require that
the finished fuel botch contoin 600 ±50 git has 
been agreed that in the future the material will be

Experimentel Preparetion of Simple Fluorides
E. E. Ketchen B. J. Sturm

containe
portions and botched into

re rf proper site. An odoquota mechonism
for anolyticai quolity and occountobility control 
has been estoblished to ensure proper handling 
end dispensing of the finished material.

Materials Chemistry Division
Voriebles Affecting UF, Preparation. The 

preparation of UF, by heating a stoichiometric
mixture of UF 
in e seeled

4 and finely divided uranium aortal 
ball mill of stainless stool was

co of increased demands for
fuels contoining enriched uranium, the processing
focility has been established in ope end
properly equipped location. A new, smaller unit 
that is better adopted to meet the demands of the 
in pile loops is being installed, end the larger 
unit is being remodeled to occommodate require- 
me net for the ART high temp erm we critical 
eopor teaat. Present known demands for materia < 
will rose ire operation of the facility for one week 
per month during the balance of the calendar year.

ART Migh-T Critical Experiment.
Preporations ere being made for the production of 
the necessary moterials for the high temperature 
critical experiment, for locdin the experimental
equipment with the NaF-ZrF
most of the No2UF. 
obtaining rellobio sor

a (fuel carrier) and
(fuel concentrate), and for 
ples of the mixture as the

experiment proceeds.
Production of the fuel carrier is presently under 

way, end production of the fuel concentrate will 
proceed when the UFa allocation is received. The 
processing time for this material should not exceed 
two weeks, but e somewhat longer time will be 
required to obtain analyses and to comply with 
accountability procedures.

Fabricotion and overhauling of equipment to be 
used ere ie progress. It is anticipated that all 
preparations can be completed by July 1 of this
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described in previous reports. 23-24 The require­
ments for UFt bearing fuels appear to be most 
easily met by the addition of this compound to 
carefully purified solvent compositions. A study 
of variables in UF, preparation has ben mode, 
ocrordingly, to determine the optimum conditions 
for production of kilogram quantities of the material.

The variobies studied hove inch ded number and 
size of the steel bolls used as milling mediums, 
amount of moterial charged, and the reaction time 
and temperature. In order to facilitate leading and 
unloading of the 4-kg 15-in. reaction vessel, the 
loading tube diameter was increased to 1 in., and 
one end plate was welded at 45 deg rather than at 
90 dog to the cylinder axis.

In twenty preparations for which various reaction
conditions were w ed, essentially pure UF
obtained when the normoi reaction t

3 was
nperature

program was used. This consisted of heating the 
rotating mill and contents at 900C for three 
16- periods. The mill was cooled to room temper- 
ature between heats ond pounded with a hammer to 
remove coked material from the walls.

Over the range studied (0.75 to 2.25 kg), charge 
size does not opp» or to offset completeness of 
comersion. Quantity and site of the milling

23w.c.whileyand C. J. Banon, ANP Quan Prog. 
Rep: Sepa 10, tail. OSMIUM, p IM.

2“e. J. Sturm and E. t. Ketchen, ANP Qwar. Prog. 
Rep. Mar. 10, 1935. ORML-1e64, • M.

» nh :!
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■baa %-im. bails were used, theHo
product, in esnry ceaa. 
This e Heer im serious b

ed te be sintered.
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ted when
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HF dim
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FUPDAMEMTAL CHEMISTRY OF FUSCO SALT*

EMF M ts

Haiti isle Chemisty Division
Potential measurements were mode during the 

pest quarter -ith combinations of severel holf 

cells connisting of arrMI elecucdes bathed be
solutions of the « 
■ ■haw sals. The

dimg metal ion in the 
we venge studind was.

im generel, 550 to 700C, with the system moim-

voined under an inert . The holf celia
waa a 
or pk

as leal in crucibles of Maryanins, mickel, 
ue; electricel came ct between them was

echieved by e"selt beidge" consisting ef a porous
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TABLE 4.1% MEASURED POTEMTIALS POR Zea COcENTRATO CELLS
—

c) Cell Ne. »• Cell Me. 2-

700 •.Mt 0.120

EMF t”
Cel Me. 3-

—
0.26a

---

a, • E2

0.261

6s0 0.129 o.n3

0.14 0.113
0.092

0-232 

o.2» 

a.201

0247

0.227

0.200

tin Me. Be €u - 41.8 mele * Z-Fa

Cen Ma. 2 e, - M4 m-i- « z-F.:

e, •

e

Cell Me- •> «,- 36.0 mele * ZeFa r

• . 
»
1 . 
I "

So4mei T ZrFa 

4U mele « ZeF. 
somel-t z.F.

iom. The totol cell

ZrF , + NeF..—>ZeF.r. ,-4 
4t=;» ""a”

TABLE 4-20- ACTWITT RATS POR MeF 
IM leeF-ZF. MXTURES AT 630‘c

Thae momive force ol Mm cell moy. Mi 
d as

t • 
lap

efoce.

gr “Fet-,»
E * MI — — |O — I III — ।* Z-Fa-;,

MaF , 
_42
NLF <•»»

ar

"""te2 
nmF . (e>

MeF

MeF

yMeF

r"""a;
CeiMe S

C.lN.. 1

644/38.7

S8-2/50
$0/44.

2.

3.4

1.1

im Midh • ayM— is rether
by the ZeF. te form com

■I«*>l> hmM d

ZrF--.ZrF.--.ete. Since curent tromape 

■ lenge ions should be very • mmU ci
d by 
ered

2.1

a.o

141

"Cei Me. a: e n - soo mele « ZeFa: c, - 55.2 mel- *
ZFa Easo-c * 0.01

unitr-
The wepo pren 

melta has been
•* Z.F. ever MeF-Z,F 
sued Mirh comiderabi

ZrFa et Mm 
essumed to ve 
ana dsis mm

mcentretioms >lM... Mi ebeve one 
iene the octivity eetion of ZeF. 
d te be umity. the ectivity HIM 

arios combinatiems com Im ob-

of such cel
Fl mu the

MW shown im Teble 4-20. 

na, it MM I Ml thar the vopid
end umifenm odditien ef ZrFa to molten he 

reduces 4m ectivtty of Mm NeF uneil Mm
•M eched; further edditi

of ZrFa Me mot alter the NaZrF. complew.

Cell* -ieh Swucturel Metel Fluerides. Cells 
consisting of metellic mickel elecmodes immersed 

im soiutions of NF a in mmolten NF-ZrF, iwImi 
*Hemet potemtieis of to 3 -hen Mm NiF, 
concemtretions in the hel cells -ere —t. the 
NiFa cencemtretioms -ee, in all coses, suf- 
ficienly high to efford • i—i selution. 

Simlor Fe/FeF. cell* m* -hich the helf celts 
comtaimed eucel cemeenwations of FeF, shemed 

potentiols of to mw. Win** the helf cells 
cemtoimed dilfering FeF a concemtratiema but more 

FeF, thon thet required Im sonsetien, >■*—■■!* 
were obtoined which voried from about 40 
550C to 10 ■» •» 700C. Ewoct voltges veried 

Hem cell to celt. het Mm hm — in emf -ith 
"emperetu• -eemed quite "epreducible-
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A cell of the type

where

F

Fe
/ z,o, /

. NoF-ZrF. /
" " “ , NaF-ZrFa y

c, ond ca - c! •

resuited hi emf’s of 1 mv. it woo believed that 
ell the FeF, would be reduced to FeF, by the 
iron electrodes and that os o result a pure e/FeF, 

cell with etched F* electrodes would be obtained.

He , analysis of the finel melt proved thot
most of he FeF wos still present; it is not 

m was established.

FeF,(e]

FeF,(c)

whim
t, • 7.0 to 73 wt % .
c2 • 5.1 to 5.4 wt " .

hov yielded Aw data shown in Toble 4.21.
Th* thermochemical estimates of Bre-er suggest 

that E° for this cell should hove « meorly constant
value of 0.25 • over the 550 to 70°C te ure
intervol. Again, exominction of the solidified 
melts showed that isomorphous cowpie* compounds

Cells of the type

j / z.O, /
“/”Fu,” oF/M-wy**^** • NF fa )/•

hove yielded moderotely reproducible potentiols 
at vorious temperates. In these cells, c,- 
mole % ond c, — 5.0 to 5.6 wt T. Fiom the dato 
obteined, E® is estimated to be 1.41 to 1.42 * by 

of NiF. and FeF, -ith the solvent occured. If 
th* junction poteniial of this cell can be assumed 
to be negligibie, then at 650C.

fluoride ond that the activity of the ZrF. con be 
estoblished, os before, he* vopor pressure data. 
Fromm ", ir OppOOre tbar AP® - — 131 kcol

0.42 * - 0.25 •-"in
a

“NFa

Z,®

Thin ia in

2MFa — 

coMont ag
•ZrFa ♦ 2Ni®
ement with NF - -127

kcol Losed en the thermocher
Bre-er.23

There is some ewidence, he

icol estimates of

er, frem wf

which indi
MiF, hot te some, es yet 
fluoride. The dato pro*1 
indicate thav shis comgi

■ At *»>*■*< complex 
ed -ould seem t 

fluoride is quite

Ei

"FeF.
——— - ~ 10-2 . 

“NF,

twice thot of NiF. at this tp—PPM torr end since 

she fiuoride ion octiwity should be similar in the 

•wo solutions, it opceors thot the octivity coef- 

ficiem hrM**h higher by 200-fold than shat for

metaa 
M. M

►
aa

* 107 ene 10 in Chrmrt ==d
Marenala: T*e

Quil), MeGre--un, Ne- Yek,
mame*

/ / ZrOa
Fe/IFeF,,, , » NaF-Z.F. . _ 
/ ’ i / NaF-ZrF.

/ ( •-e*a J f "

MaF-Z.F..NF, . Au
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TABLE 421. POTENTIALS or CELLS
Fe/FeF„NIF,/ M NeF-Z.F. SOLVENT

EMF (-)

Fe*".

•c» TrielRe. 1

0-425

0.21
0.aa

0.ao»

Triel Mo. >

0-423

0.«24

0416

(MW

was atorted during the post quartee becouse the 
NaF-LiF-ZrFa system is being considered M • 
possible fuel corrier. The vapor pressure work 
on mixtures containing 33.3 mole * ZrF. (Li,ZrF.) 
and 50 mele * ZrF. wes completed. THa date 
for these two mxdtures are given in Toble 4.22. 
TH* vapor pressure equationa, which were ob- 
toined from the best stroighe lines on • log
p * vs reciprocol temp • piot, are, for

It appears olso shor the solvent-Fe **
complex is much more steble (about 8 kceV/mole}

Veper Ptessures ef LiF-ZeFa Mixtures 

R. E. Mane,

the 33.3 mole % ZrFa mixtre, 

log P mmHg) . (833/7) • 7.967 .
ond, fer the S0 mole * ZrF. mixtue, 

log P (mm Hg) - ♦ 9.397 .

where T is in "K. The heats of veporization ore 
38 kcol/mole Mr the 33.3 mole T ZrF. midure 
and 41 kcol/mole for the 50 mole * ZrF. mixture.

The vopoe pressures of the LiF-ZrFa mixdures

are iderobly higher than those of the corre-

The 4
series of LiF-ZrFa mixtures by the method of 
Rodebush and Dixomae and Fiock and Rodebush27

■M 15 Redmb--h m• -- Qi Phy* Re- 24

Z’e. F. Ficca end •. M. Radubuh, ). Am Chem 
See ah, MM ( 1926).

sponding MeF-ZrF, miadtures- For example, the 
vapor pressures J the 50* LiF mixtre ore 30 

te 100* higher then those of the SOK NeF mizture. 
It mighe hove been ernected that the amall lirhium 
ion would produce compounds in the fvsed state 
which ware more stoble than the sodium t— 
pounda. One possible explanation far the higher 
vopor preswres is than LF.- ***** mey ewist in 
the melt. H the lithivm ion has a marked tendency

TABLE 4-22- TME VAPOR PRESSURE OF TWO LeF-ZeFa MIXTURES

T emperetue Obserwed Presmure 
(m-Na

Celeuletd Pesmur

I
80

944
•n

MIU

112
1178

812 
«M

am 
MI 
977

LF-Zea (06-7-2-3 mele •)

13
22

$4
•9

M*

LaF «eFa (0-50 mele T)

V 
23 
>3 
ez 

125 
209

«• • * • * 
‘ ** : *

• eae »•:i:

13
24
31

•• 
nas

•7
24

32 
e3
20
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to attract fluoride iona to produce tech complexes, 
fewer fluoride ions would be available for the 
formation ef complex ions with ZrFa-

Solubility ef Xenon la Fused Salt*

R. F. Me ate*

Research Director’s Deeartment

The previously described yrecedur**** let de- 
termining tte solubility of xenon in fused salta 

were medified a* that the source of the ayread of 
velues eb tamed could be oscertoimed. Long ex- 
poswre without gtirring |r«i essentially the acme 
results and thus indicated that the supposition of 
the production of fine gas bubbles by stisring. 
which bubbles war* then transferred to the stripper 
elomg with the liquid, **• unfeunded. However, 
long canti need ereling 2 helun thoudh the wait, 

which wos cought in at liquid nitrogen trey ond 
wee read an th* McLead goge at xenon. This 
moteriol may have been SiF. from th* rs act inn of 
eL _ gL_ HF I - - ----- *-------------- g._ .“F9 Weg#9 wEFT erw T- ""HeHEEH »»trw T"G‘ " 
KF-LiF (11.5-42-46.5 me le $). Meant for elimi- 
nating this materiol er corecting tor it are tea 
under study.

X Ray DIfoelon Study of Liquid.

PERIOD ENDiG JUNE 10. 1935

mounted an rhe arm with the detector. A scintil- 
lation detector and a molybdenum target x-roy 
tube are in use in the system new undergoing final 

testing.

High-Temp • X-Rey Spe 

G. D. Whte

Studies

P. C. Shgrrch
H. A. Levy
R. D. Ellison

M. O. Danferd

M. A. redig
Chemisdry Division

Th* constuction ef an xrny diikrocto de-
signed specificolly fer studies on the structure 
ol liquids wos completed recently The diffroction 
pattern frem th* horizomtol surfoce of th* liqid 
somple is ebroined with « divergent beom tech-
miqve similor to the Eirogg-B Aat-aemyle
syalem frequemiy used am po-der somples. Th* 
i nearer cat provides in simultoneous ongulor 
metion ef the e**y rube end the detector on arms 

moving obont a herisamaat axis lying in the liquid 
surface. Thi ad*i f potibl ta war* 1h

ebsorptiom and sconering are eliminated. A small 
furmoce for work with athew materiel* is included 

in the design. Munech-emetic a rodiotiom, **. 
sentiol to good work mith ekquids, is ebtemed 

tkough the use el a bent-crystal monochwomato

„aoFcdtetzn, A.P 0—" “er Dre 1e

Metallurgy Division
T. N MeVay. Consuite

A high-temperature attachmant for on x-ray
spectometer • * being used to help clorify M ne 
of th* phose relationships in fuel systems of
interest.
cooled al

• The apparatus consists of a water-
cylinder with a vacuum-hght lid

which tts the open end of the cylinder end e 
projecting rod on she ciosed end by which th*
moch

and th

is fitted inte th* gonio

lid, which also

The

aple leods are ell mounted on the

• vacuum. iatertei wround th* center of th* 
Cylinder e beryllium window through which th* 
* roys poss. When assembled, th* ortachment can 

be pumped down to • vacuum of I*** than I * by 
vsing a Welch pump ond • email diffusicn pump-

Initially, th* enochment wos oligned by using 
* ThO, somple. The brecket which holds the 
somple can be rototed amd can toe shifted 
verticolly or horizontally. It is held in position 

toy three rodiol set screws. By monipulating these 
set screwa, the ThO j somple wos put in e posihian 
whar* ene af ita tr*n**» zemy pecks mas at the
proper engle end hod imtensity. Thus
far th* oligment hes remained true, elthough 
somples hove been =emyed elmost doily for th* 
past three montha.

I* ord- Eor th* ettochement to be used mosi 
effectively, the I amyl* t* be studied must give 
an -ray diftroction ponern with fairiy imtemse 
peoka, th* diffreoction potterns of the polymorphs 
mst be considereby different, ond the inversions 
or phose d ages must be fgirly especially 
«t th* somple being studied oxidizes reodily -

Th* sample to be m-toyed is svound to a po-der 
end looded into « nickel sample helder with ***** 
left for exponsiom. After th* somple holder hos 
beee mounted in the brocket ced the thermocovple 
beod hos bee ploced om the surfoce ef the 
powder, th* lid 1* festened to th* cylinder. Th* 

system is pumped do-n ovemnight, and the a-oy 
difiroction palterns ere obtaimed th* next doy.

Bl

• • e= •• • • eea: 5 I i t. s t.
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Room-tempereture pattemns are alwoys obtained 
before and ofter heoting to chech an the alignment 

and Hatae i a of the surfoce of the sample.

To date, work has been Ama on compositions 
to* the systems: NoF-ZrF,. LiF-ZrF.. ond NaF- 
BeF2 . Only the stud of the composition 
ZNaF-BeFa is discussed here. Twa somples of 
Ne,BeF4 were found to be different optically. 
One of the samplec contained twinned monoclinic 

crystois, ■haraac the parallel extinction of 
crystels in the ether casaS an wthartiecAic

cture. Ro

only difier

om-temperotse a-tey diffroction 
somples w—w very similg, the 
being in the intensities of the

High *a—earatwr* a-roy diffroction patterns were 
olso obtoined on Ae somples
somples ah ewe S inversions at 236 336‘C, 
and when cooled, showed inversions at 310 and
below wre. The could not be
mpintained be law 185°C, and therefere the lower 
imversion temparature could not be obtained.
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At 300C A, 340’
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Semp’e 1

4-18 
3.90 
347 
2.92 
288 
242 
2.43 
247 

223
2.11
1.84
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6
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26
22
•
1 
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2-71 

265 

2.34 
2.2s 
2.21 
2.17 
2.11 
2.02

is 
31 
30
3

22 

33 
13
13

2-78
165
2.18

1.11

2-% 
2.78 
2.73 
265 
2.18 
2.11

These data
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V 
33
S

12 
7
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IT 
V•

ples ore
octuolly • mixdure of two pheses: « roomdemper- 
ature phase ond the 300C form. There wre 
several d velves al room *a M — Mw which re
prenent et 300C if allowonce is made for
ponsion 
increcsed Therefore, the diffe

could be Am to • diff 
phases to* the somples.
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in intensity 
temperature
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( 5. CORROSION RESEARCH

W. D. Meniy G. M. Adamson
Metallurgy Division

w. R. Grimes F. Kertesz

^gft>0D IMOIHG 10, 1955

I
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—

were
operated with fluoride mixtures end with sodum 
as the circuleced fuids were examined- Resulrs 
of corrosion and moss tronsfer under dynqmic 

conditions were *b»t tv* A Date were obtaind om
an olkali-metal bese fluoride mixture g
UF and on ZeF.-bese mmixetures with UFa and -ith 
combinations of UF. and UF, circulated at lo- 

(1,000) and high (15,000) Roymolds numbers et a 
manimum Hluoride mixnre IVMMWV *4 1500F-

Further thermal-cemvection loop studies -ere 
mode of cikali-metol bose fluoride mixhures with 
UF, and UF. ond ZrFa-bose mixtues with UFs 
and UF. tv Inconel. The effects af temperature W 

moss wnsfer and of the size ond shpe *4 the 
on coerosion -me investigated, ond an "voluotion 

al the erratic 
locps -os mode. Severol beozing olloys on "pe 
310 stcinless steel end "A" nickel were tested 
tv aodium end tv v ZrFa-bose fumi mixture to aa 
antemet tv find a bazing alloy that hes good cor- 
vonion resistance tv both mediums. Cermets thet 
do not form solid-phase bomds -ere screened fee 
suitebility U Mt M volves. beorings, and seois 
r i------tv liqid metels ond fused fivorides

Mass wansfer ef sodium tv an Inconel thermmai- 
comection loop and of litbiwm -m a type 347 stein- 
iess steel locp wos studied. V* -ell at the cleeming 
al beryllium-inconei syaems -im Versene.

M g _ a_.a _az.. „aaaaag4, 4.agqmein Th Tnndomem70 5 Ewre#ag zw=me**e -wm"nT" 
work was done on *• imvestigation of film fer- 
moion an metols, including tests of Mi Maw

theories, end
tv the sti

dirie 
atien

4 •s -mre tvn At iti t
af comeslon and mass wronsfer

The chemical studies ol conosion imelude im- 
ventigations ot the conesien of Imconel by 
LiF-BeF, and by LiF-BeFaUFa the effee ef 
UF,UF. mismes em coosien al Incomel by 
volous solventa, ond studies vi the sodium
hydomide-nickel weoctiom.

A. me--, w, B. MeD-meia, -ma w, C. T MM*, 
anr Q.nmhe Ee,. Dee. m 1934 -18.
Fip 3-2, •45-

■ : :“ee e •••

FORCED-CIRCULATION STUDIES

G. M Ad R. S. Crouse
Metalhegy Division

Fluoside Mxtures in Inconel

Several forced 
aed by the E«p

ion ioops that were cper- 
a Engineering Deportmem

VI the request of the Metallurgy Division -ere
Aim bl and ned. The conditions V*
aperation ai these Inconel locps Ml which flucride 
mixues wee CM t ■!***< are summorized Mt 

Tobie 5.1.
Tmv ot ehe locpa enomined (4695-1 and -2 hed 

circulated NaF-ZrF.-(UF. - UF,) (50-46-4 mmole ") 
in -hich abou l *r * W ehe wanium hed been
Uinwtii to U The
similar tv that used peev
icop wes dof

ously. * Operetice of this 

385 he Aw t* of v leck at
a heating terminol, Emomimetion shewed the mami- 
mum encck, which -es found in • bend in the fisr 
heoting leg. IV be 12 mils (Fig-5.T- Ine atvuight
MRMa ef the hedted —tin. the anock
-es tV V depth of 9 mils. The depths ef etteck 
-ere thus enly slightiy less thon these foumd im 

locps -hich circulated V similar mimtune ***!>* 11*1 III«« 

no nivalene uomium; howeve, the mumbe ef veids

wes

The secend loop emgmined (4675-2 hod beem 
febricated -ith t-e sheight heoting nectipns 
connected -ith v U bend (Fig- 5.7. end * hed

9 d foe 887 tV before beimg
*i v aw bewing icilume. The

veted becovse 
mimmgm emeck

-as tV V depth of 8 miis (Fig- 5.3. ond it -as
found in the firrt AaaatM sectien A 
stud, ef Mm* loop sho-ed that the mi

but that the
occuea in the first hegted sectiee

fiuwide mimtue
eccured in the secend bat**< sectien-

mpmrewe
The kcn

-ea dded se thet mo heoting occumed em the

in Mm* crec. A thim, e* yer umidenmefied. dn0ua 
MB foud in the partem ef *m celd leg- Fe 
r*iiVMT' JI upesea, v pomtiae ef Mm* If * boch

• ee =e • =e= s gee 4“.: : *. : :• 2 2 IH : : : : L. V
e • •e •e • ♦ ♦ "
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g ■
in the cold portion of the loop. In oWhw WM,
similar deposits that were up to 5 mils shick WOTS

found. hic analysis of the deposit
1+ "- t-

. ■ •\ 
\ 1 - :

o 
o 0

J

showed the following: >5 wt " Or. 0.5 wt % Fa. 
> 10 wt % K, 3 wt % Li. 2 wt X No. 0.5 w* % Ni, 
>10wt%U (balance unidentified). Another pert ion 
of this batch of fluoride mixture was cireulated for 

300 hr in an Inconel hermal-conwection leap. The 
■ ax hewn attack was to a depih of 42 mils, end 
was unusual in that it was found only around one 
third of the cireueefereace of a somle of the hot

Fig- 5.1. Maximum Atteck Fenn 4 in !■ wl Loop 
4695-1 After Circvleting NaF-ZeF.-UF. ♦ UF,) 
(50-46-4 mole %,2.2w%0as ) far MS hr
et • Maximum Fluride Mxture Temp
1500° and a Reynolds Number of 10,000. 100X.
Reduced 16%.

of fluoride mixture was circulated for 1000 hr in 
an Inconel thermal-convection loop. The hot leg 
of the thermo l-convection loop was attacked to a 
depth of 10 mils, whereas a depth of 13 to 15 mils 
was normally found in control thermal-convect ion 
loops in which the fluoride mixture contained UFa 
but no tivalent uranium. However, thermal- 
convection loops operofed previously in which 
tri vo I ent uranium was obtained by adding zirconium 
hydride were attacked to a depth of only 3 mils.

The deepest -itack found in any forced-circuiction 
loop was that found in loop 4695-3. This loop 
circulated theolkoli-metoi base mixture NaF-KF-LiF 
(11.5-42-46.5 mole %) wivh 12-3 wt % uranium added 
at UFa The maximum attack in this loop (de- 
signed as shown in Fig. 5.2) occurred in the 
second heated section as o very heavy intergranular 
cencentrotion of subcurfoce voids to c depth of 
35 mils (Fig. 5.4). The temperature pattern of this 
loop showed that, because of the better heat 
iron if er properties of the olkali-metal base mix­
tures, bot the maximum wall and fluoride mixture 
temperatures occurred in the second heated 
section. A deposit thot was up to 65 mils thick 
was found on the lower inside surface of one area 

to • depth of 5 Mils. A cold-leg deposit thet os 
0.3 mil thick wot found.

Two other forced-circulation loops tho: had 
completed the scheduled 1000 hr of operation were 
elso exeminad. These loops had circulated MeF-

One of theseZrF.-UF. (52.5-40-6.5 mole 7)-
loops (4930-A) was hected by the electricai 
resistence of « coil, ’ and the other (4935-1) Ml 
heated in o gas furnace. These leaps were similar 
except thia the gas-fired loop herd a heated length 
of 23.5 ft. and the heated length of the other leap 
was only 7 ft. To transfer the same emeunt of 
power, it was obviousy necessary to use a much 
higher wall temperature for the short loop. The 
maximum attack in the short loop (4930-A) appeared 
as a heavy inrergranulor concentratio of rub- 
surface voids to a depth of 25 milt and was found 
in a bend in the second leg o: the heated coil. The 
maximum attack in a straight sectice was 21 mils. 
The attack was both deeper and heavier thon that
found in loops rated previously with this
fluoride mixture, even when much higher velocities 
and Reynolds numbers were used. Exomination of 
loop 4935- 1 showed the maximum attack to be to e 
depth of 11 mils; however, this attack was moderci- 
in intensity and was found for only a shor* length 
at the hottest end of the coil. In this loop no 
differences were found on opposite sides of the 
bonds. The original purpose of these 'waps was to 
compare gas and electric heating; however, because 
of the differences in heater length, it will be 
necessary to repoo. the tests with identical leaps 
operated under simlc conditions.

From the results cotoined with these loops and 
from those reported pre -iously.1 it is apnarent that 
corrosion and mass transter in tese systems are 
not so serious as had been feared. It also appears

2G. M. Ademmaon and R. oous-, Qaar. Prog.
Rep. Mtar. i o. 1933. ORNL-1864, • 75-
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Fig- 5.2. Schemotic Diagrem of Forced-Circuletion Loop with Streight Heated Sectiens.

that reducing the tube wall temperature in -hese 
experiments would result in a reductien In depth of 
attack. The celd-leg layer found in loop 4695-2 
must be investigated further.

The depths of attack found in the forced- 
circulation loops are not much, if any, greater 
than those found in the low-velocity thermal- 
convection Soops. Thus velocity and Reynolds 
number appear to be only minor variables. This 
conclusion is confirmed by the deep attack found 
in the low-velocity forced-circulation loop 4930-A. 
The data obtained from the thermo l-convection 
loops should therefore be applicable to forced- 
circulation systems.

The most important variable is the moximum tube 
wall temperature. or. more exactly. the temperature 
of the reaction interface. This is shown by the 
deepest attack occurring in areas of moximum wall 
temperature rather than where the maximum bulk 
fluoride mixture temperature occurred. Additional 

evidence is afforded by the deep e st attack in a 
loop heving occurred to the hot spots on the inside 
of bends.2

The addition of UF, to the ZrF a-base mixtures 
reduces the ettock, and even though the few UF, 
concentrotions used in these forced-circulation 
loops did not reduce the attack os much es hod 
been hoped. it appears that higher concentrations 
would result in a greater decrease in attack. 
Unless the oddition of UF, can also reduce the 
attack and mess transfer found with olkoli-metal 
base mixtures without disproportionation of the 
UF, and the formation of deposits, it appears that 
such mixtures will not be useful in large. Inconel 
dynamic syttems.

Sodiue in Inconel
An Inconel forced-circulation leop (4689-4) was 

examined in which sodium wos circulated at a 
maximum temperature of 1500° F for 1000 hr, with

« • •r •
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Fig- 5.3. Meximum Aneck Feund im incemel keep 

4895-2 After Civculeting MeF-Z.F.4UF. ♦ UF,) 
(50-46-4 mele %, 1.7 - « U es ‘") fee 887 he 
ar a Meximum Fluoside Miwture Tempercure a* 
1500"F ond e Reynelds HaaAar ef 15,000. 100X.

Reduced 113.

Fig- 5.4.
4695-3 Alto* Cireuleting NeF-KF-LiF + U". (11.5- 
42-46.5 mele % pius 12.3 -* T UF.) fer ejo he ot

Fiueride Mimture Temp efISO0F
end • Reymelds Maehar ef 10,000. 100X. Re-
duced20%.

• 300F dcp end • Reymolds mumbee
of gegter thon 50,000. The loop hod hhe configu 

rail sho-m in Fig- 5.5. A teaew, loyer a* dendritic 
mesel orystals -as found in all sections ef the 

economizer ond fe e iezser emten* in the cold locp. 

as sho-n inFig- 5.6. The crystels were sho-n by 
chemi tal emolysis fa tea 89.6* Ni ond 8.6" O ond 

•a tamloin 50 ppm Fe. The I er ar lewd im the cold
omizer wos sho-m by 
• tea 26 mmila ehict.

4U ic

the wad —pt a—le attach to • depth of 2.5 mila. 
Efforts ware mode te obtoin a ay few onolyses an 
both the criginol one the Act—d wodim, but oth 
velves we qestione ip. Free a the -ork, a 
—see that the original eoA— cor Mined ebout 
30 pom toy pee.

A towed. similo loop (4951-1) was operotee 
for 480 hr with a Z00F So—ie ate a drop, ond the 
resulrs center— d these reported ebove. The most 
tensfer is and in this loop is shown in Fig- 3.7.

logrephicully mas 11 mils. The hot I— in rhis 
Locp cl,» aha ■ aS imtergrenuia attach te a depth
«f 2.5 mila.

nd -ith poniens
of the cold legs cons—cat d ban type 316 stoin-
less steel, 
stee: ecom

Loc 4689-6 hod • type 316 less

ond cele leg. -hile locp 4689-5
hod el, a type 316 stoinless steel cld leg- Both 
these loops aiso sho-ed moss wonster, be* mot so 
much ea was found im la— 4609-d. The maximm 
deposit mhickness in leap 4689-5 -os 13 mils ond 
e loop 4689-6 it was 12 mils. The hor legs

gouler efteck to e depth of
2.3 mls in lecp 4689-5 end 1.5 nils im law 4689-6.
These fare indi thor e tmpe 3 16 steinless steei
cold leg rtduces the moss tremnafer sloghely. but 

futher study of the re i ablet im the precess is

o/gen

I

4

otien ef the sodim, the wse of •

cold trap, the wee ol a lomer meximum sodium 
to—estate. ond the use of — ell-stoiniess-steel 
ryetem are being imvestigated

I
87
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The results of • dl hic

1

inetiens heve
A-

fluoridas -ith wryMn propotions of UF„/UFa 

hod been ciraihM*. The vesults for the firsr 
helf of this series of tests were m srts < previ- 
ously.3 The metellogophic Ms ore mresented in 

Teble 5.2. The resuhs for the I ■my i -ith high
UF a CHS* MI* comfirn those repoeted vismsK.
No enock -es fomed omy section, Im depesits

-G- M. Ade-se em W. P. Tee mekes, ANP O--n
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TANLZ a. ML BRAZIG ALLOYS ON TTPE 310 STAMLESS STEEL 
TESTED M STATIC sovwum AT IMM> FOR M3 hr

Aley
D--g-*

Alley Cempe 
(-o

Weighe Oheng•

<•» nw
gephie Metes

9S-25P-8.5i

w.S Si-7.5 uan-82 Nt -0.0002 ~0.018

P-T
—

P-1

B-12

p-1

9S-13 sann-76 Nu

1477 Si-S$ t^rrjn

7.5 Si-2.5 70 •

10.5 Si-1.25 P-gaz5 Ml

7.5 Si-2.75 P-8875 Ml

6Si-2um-64n

-0nn01 "MeM-

+0.0004

-0.0008

-Q.0001

-00002

-0.033

+0.04

-0.085

-0.01

-0.022

9p-11a w-79.51 MI -014

L-20

14.31 ©-9.24 Si-2.66
me-1n.32 F•-S4.37 ne 

ssi-sp-m Mi

Si-4.23 P-m.23 Ml

10.9 P-4.16 w-22.86 Mt

3 Si-7.5 P-99.s Mi

28m-5©-57un

"Bezimg ellaye limted ia edee el 4 sing

-00001

-0.0001

-0.0012

-0.0004

><•1

-Qon

-043

re-istenee t sedi

Ne eneck elene surfese ef filler 
smvmrel Ore Mt im filler

Mb eneck elene eurfase ef filler 
emverel nidi im filler

Me eneek eleng mfece of filler; 
meverel bib Ma in fillet

Me ewid
lerge creeks «i» fillet

Ermtie euelece eneck te •
0.5 mil; el ceeka im fillet

ef

»e e io* of 1 mil
Uni teen sufec- eneek elang filler 

te e depth el l mil
Eretis nurface eneM re a depth ef 
l mil, lerge erecha three sho or 
After

Mewimum eneek al 4 arils eleng 
surfece ef Altar

Sub-ueigce veida • e 4re«* •* 3 
mils Meae Alter surfece

maemim-- eneek al 4 mila elena 
surfece ef filler

Smell eubeurfece weids re a death
ef4 mila

Unifor- eudece error L al ano enire
fillet to • depth at 4 roils

Memimg- eneek at 4 mila eleng 
narfece e fi flee

Mi sh hr rhe Ima el mwingers to a 
mezimum dopth ef S mila; met

silicon in the ebsence of phosphorus tend •o be

Static tests heve else boon e done series 
if brozing alleys 

used to braze "A"" nickel T feints in a dry by •'ogee
These teata BW also

sodium and In NoF-ZF,UF. (53.540-6.5 mole %) 
for 100 hr et ISOPF. The resulta of the tests in

Mm fivoride mixure me presented in Tobin 5.12

Teble 5.13. 
hove feir e

The brezing olloys which appecr ro
s eel stance te both media ore

the 90 * Ni-10 -tTP olloy. the to mt « Ni- 
10-% Cr-1 - % P alloy, and Nicrokraz. A 1.5-
mil loyer ef smail foce woids can be seen in

Fig- 5.10c along the surfoce of the "A"" nickel 
T fohN brozed with Nicrobraz end tested in seirfiom; 
the same brazing alloy after being tested in 
MoF-ZrF.UFa (53.5-40-6.5 mole T) is shown in 
Fig. 5.106. He atteck con be seen 
surface of the braze fillet.

So i or of of the brazing clloys which showed good 
stetic cows sine resistance hove else been tested 
in see sew opporatus, end the results are given 
in Table S. 14. These tests were condocterf an 
brozed tn cs ne I T feints exposed for 100 hr at 
e hot-sone temperoture of 1500F. A tempercture 
differendiol of ebout 40F wes merntoined in oil

All the bressnr olloys listed in Teble 5. 14 hod
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TABLE SlL BRAZING ALLOYS om TYPE 310 STAIILESS STEEL TESTED

Alley 

Denignmsi
Alley Cempesitie 

(wt 9
Weight Chenge

(g) (%
Metellegrephie Notes

fair

G-20

B-15

G-21

B-17

B-13

F-t3

P-n

B-12

P-13

P-14

9P-11.49 w-79.51 MU

• Si-5 P-89 Mi

45 Si-6.25 P-89.25 Na

10.98 P-6. 16 w-82.86 N

3 Si-7.5 P-89.5 *9

* Si-2.5 P-88.5 Ma

9 Si-15.Mn-76 Mi

7.5 Si-3.75 P-88.75 Ml

MLS Si-7.5 MM «3 Ni

10.5 Si-1.25 P-88.25 Hi

1627 Si-5.9 Mn -77. 83 Mi

14.31 ©-924 Si-266 
Me-5.32 Fe-3.37 Mi

7.5 Si-225 Mn-70 Mi
38 MM-S C-57 Me
6 si-30 un-64 Mi

-0.0017

—0.0046

-.0057

-0.0061

-0.0053

-0.002

-0.0034

-0.0052

—0.0042

—0.00 18

-0.0026

-0.0030

-0.0043
-0.0078
-0.0099

-0.152

—0.510

-0.562

-C.674

-0.516

-0.279

-0.331

-0479

-0.171

-a»o
—0.344

-Q.455
-0.74
-LOO

Ne etteck on surioce of filler; . 
severel crocks in fillet

Uniform aurfece attack along fillet 
to e depth of 0.5 mil

Suiace attack along fillet to e 
depth of 0.5 mil

Ewatic sufoce attack to a depth of 
0.5 mil eieng fillet

Surface enock olomg f t tot to a 
depth of 0.5 mil; several crocks 
in fillet

Suface aneek along entire fillet to 
a depth of 1 mi

Surfece etteck in form of small 
voids to a depth of 1 mil; severel 
crocks >n fillet

$ulece etteck along entire fillet to 
e depth of 1 toil

Surfece etteck to a depth of 1.5 
mile; severel crocks in fillet

Surface attack to a depth of 3 mils; 
large cracks thesugheut filler

Uniform surfece eteci deep filie: 
to a depth of 3 mils

Surface attack to a eraimum depth 
of 7.5 mils along entire fillet

Complete aneek of one-re fillet
Complete ateck of entire fillet
Complete onect of entire fillet

simg cerrosien resisrence te the miature.

sion resistance to both sodium and the
Roeride mixture, with the possible exception of 
the 65 wt « Mi-25 wt % Ge-10 wt * Cr alloy. The 
Coe at Motels Ne. 52 alloy had gcod corrosion
esi te the fluoride mixture in the seesow

test in contrast to its poor resistance in the static
test- A large degree of porosity was present i

Metols No. 50 alloy that h
ef the corrosion Of-

mpered the
These two

broring alleys will be retested in order to check 
the resuhs of these seesaw tests.

S
The alloys which hove boon prop d for use in

the fobricohon of the ANP reactor fuel and csoiont 
lines have a tendency to form a solid-phase bond
at elevated temp es in liquid metols and in

fused fluoride salts. Bonding of this type makes 
them unsuitable for use in valves, bearings, and 
seals, thus cermets and ceramics that do not form 
a solid-phase bond are being investigated. The 
cermets (metal-banded ceramics) oppear to be the 
more promising because of their high corrosion 
resistance and other chemical and physical . 
characteristic s.

The test apparatus being used is shown in 
Fig. 5.11. This apparatus was adopted from that 
designed for lever-arm stress-rupture tests.4 The 
container for the central components, for the test 
specimens, and hit the liquid metal ar fused fluo­
ride salt serves as a housing for the compression 
tube and upper platen. By using this arrangement

“R. B. Oliver et al., ANP Qman. P,og. Rep. Mm. Id 
1935, ORNL-1864, I ig- 7-2, p 105.
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TABLE 512. BRAZING ALLOYS ON "A" NICKEL T-JOINTS TESTED 
IN STATIC NeF-ZrF-UF. (53.5-40-6.5 male %) AT 1500°F FOR 100 hr

Alloy* Composition 
(wt %)

Weight Chenge

(a) (%)
Metellographic Notes

to Ni-10 Cr-10 p 0 0 Ne ottock on braze fillet
E0 N-25 Mo-25 Ge 0 0 No attack on broze fillet
Nicrobraz

69 Ni-5 B-15 Cr-5 Si-5 Fe-1 C
-0.0004 —0.016 No art ack on brcze fillet

Electroless nickel 
90 Ni-10 P

-0.0004 -0.013 No attack on braze fillet

65 N.-25 Ge-10 Cr 0 0 Small subsurface voids to a depth of 0.5 mil along 
braze fillet

Coast Metals No. 52 
90 Ni—4 B-4 Si-2 Fe

-0.0014 -0.05 Nonun form attack to a depth of 6 mils along braze 
fillet

General Electric No. 81
66 Ni—10 Si-19 Cr-4 Fe-1 Mn

-0.0003 -0.012 Nonuniform ottock to a depth of 12 mil* along fillet

35 Ni-55 Mn-10 Ct -0.0111 —0.46 Complete attack of braze fillet

60 Mn-40 Ni -0.0 159 -0.59 Complete ettock ef braze fillet

68 Ni-32 Sn -0.0998 -3.49 Joint partially dissolved at fillet surface

-Brezing alloys listed in order of decrecsing corrasion resistence to the fluoride mixture.

TABLE 5.13 BRAZING ALLOYS ON "A" NICKEL T-JOINTS TESTED 
IN STATIC SODIUM AT 1500° F FOR 100 hr

Brezing
Alloy* Composition 

(*♦ *>

Weight Change

(•) (%)
Metallogrophic Notes

Eleetroless nickel 
90 Ni-10 P

-0.0004 -0.018 No attack along fillet surface

Coast Metals No. 52 
90 Ni—4 B-4 Si-2 Ft

-0.0019 -0.068 Surface attack along fillet to a depth of 0.5 
mil

80 Ui-10 Cr-10 P -0.0017 -0.061 Nonuniform attack along fillet to a depth of 1 
mil

General Electric No. 81 
66 Ni-10 Si-19 Cr-4 Fe-1 Mn

—0.0018 -0.078 Attack on surface of fillet to a depth of 1 mil

Nicrobraz
69 Ni—5 B-15 Cr-5 Si-5 Fe—1 C

-0.0022 -0.U82 1.5 mH layer of small subsurface welds along 
fillet edge

50 Ni-25 Mo-25 Ge -0.0009 -0.036 Surface attack along fillet to a depth of 2.5

65 Ni-25 Ge-10 Cr -0.0024 -0.085 Uniform surface attack along fillet to a depth 
of 3 mils

60 Mn-40 Ni -0.0020 -0.079 Uniform attack along entire fillet to a depth of 
9 mils

35 Ni-55 Mn-10 Cr -0.0005 -0.020 Small words in from surface of fillet to a depth 
of 13 mils

68 Ni-32 Sn -0.0171 -0.540 Complete attack of whole fillet

•Brazing alloys listed in order of decreasing corrosion resisrance to sodium.
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I TABLE S.14 BRAZING ALLOY. ON INCONEL T-JOINTS EXPOSED IM SEESAW
APPARATUS TO SODIUM ANO TO HoF-ZFUF. (515-40-6.5 mele W FOR 100 hr AT 1500°F

|

ream* Alloy* 

Composi tien 

tw9

Beth Materiel
Weigh Change

(g) (9
Meteiegephie Metee

Ceest Metals No. 52
89 Ni-5 Si-4 8-2 Fe

Fluoride mixture -0.0008 -0.052

Sedium —0.0011 —0.073

Nemuniferm sufoce oweck 
eleng filler te • depth ol 0.5

■UI

Ne encek eleng sufece el Billet

Law melting Nicvobrez
M Mi-S C-6 fo—3 B-5 Si-1 C

Fluoride mixture —0.0008 -0.063 Nonuniferm surfece eneek to e 
depth of 0.5 mil elong fillet

Sedium —0.0007 -0.051 Subsurfece voida «a e #

of fill**

| •
Ceest MAetela No. 50

92 Ni-3.5 Si—2.5 8-1 F.
Fluoride miture —0.0014 -0.085

Sedium -0.0012 -0.077

Unifeem surfece eneck eleng 
fillet t • depth of 0.5 mil

Very eratie eurfec- aneck along 
fill** • e deprh ef 1.5 mils

70 Ni-11 C-6 Si-13 Ge Fluoride mixture -0.0011 -0.067

Sedium -0.0021 -0.139

Nonumiferm eneck te ~ depth ef 
1.5 mils eleng surfece ef fillet

Henuniferm arteck elon eufece 
of fillet to e depth ef 2.5 milm

Nicrobrez
70 Ni-i4 Cr-6 F—5 B-4 Si-1 C

Fluoride mixture -0.0005 -0.030

Sedium

Erratic aurfce eneck efong 
fillet re a depth of 1.5 mila

Very eresic string-r eneek »* e 
mximum depth of 4 mils elomg 
burfece ef fillet

65 Ni-25 Ge-10 Cr Fluoride mizture -0.0010 —0.056

Sedium -0.00 19 —0.113

Stringer-tyge eweck te e mezi- 
mum depth ef 4 mils in a few 
lecelized erees

Imermintent *urfece enesk • a 
maximum depth ef 4 mila aleng 
fillet

0

"Brozing alloys listed in order of decreasing corrosion resistence to both test mediums.

i

th* test specimens can be brought into mutucl 
compression between th* platens.

Corrosion-resistant cermets and hard-facing alleys 
have been tested in an apparatus fabricated from 
Inconel for solid-phase bonding in NaF-ZrF.-UF. 
(53.5-40-6.5 mol* %) for 100 hr at 1500* F. Th* 
test specimens were dimensionolly the some 
(±0.0002 in.) and th* contacting surfaces had 
roughnesses of less than 10 fun. The test wos 
begun by holding th* contacting surfaces of the 
test specimens apart while the apparatus was 
flushed with NaF-ZrFa-UFa (53.5-40-6.5 mol* %) 
at 1500PF. This was don* to ensure that any 
surface films on th* specimens would be removed 
prior to th* application of th* compression load. 
A fresh charge of NaF-ZrF.-UF. (53.5-40-6.5 
mol* %) at 1500°F was then put into th* test 

chamber, and the test specimens were pressed 
together at the desired contact pressure. At th* 
conclusion of th* 100-hr test period, th* NoF-ZeF a- 
UFt wos removed, and th* system wos cooled to 
room temperature and di SOS sem bled.

The contact surfoces of th* test specimens were 
examined with a low-power microscope for signs 
of solid-phase bonding. The seating wes not 
perfectly uniform in any of th* tests, and therefore 
the contact pressures between the test specimens 
were probably in excess of th* colculated values
in certain areas. Tabi* 5.15 is a ry of the
solid-phase- bonding screenin tests made ot colcu- 
lated contact pressures of 6,600, 10,000. and 
50,000 psi. In th* most severe tests, that is, 
those in which the colculoted contact pressure 
was 50,000 psi, no bonding was observed, except
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PUMDAMEMTAL coRRosow RESEARCN 

G.P. Smith
Metollugy Division

Film Femmetien en Metels

J. v. Cathcast 
Metallurgy Division

Most of the work done ha the past on the omido- 
Hen of metols has been devoted to e study of the

omidetion 
other stru

chonisms 
al —tele.

copper, alumi

oxidation eh
end alleys snob ee copper, nickel, iron, olumimum.

less steels, ete. These —atari ate either 
cholly importont or their physicel proper-

it wes eenclwded thet o fundomentel error existed 
in the crrently accepted oxidation cancepts for 
metois that obey a linear oxidation rote law and 

thet it wes therefore desiroble to inwvestigote cere- 

fully the oxidation of inn metel that does exhibir 
e linear eniWien rose. Columbium was especiaily 
suiteble for this study. Belew opproximately 400°C, 
it obeys e porobolic net Wien rose low, while above

oble HniWin studies. Compgreble investigations 
of the olkoli end alkaline-eorth metels are olmost 
emtirely locking.

dot oxidation sheories have been
devised for the hem ier metels, but is hos been 
essumed, in qenerel, thet the dWi ond elkeline- 
eerth meteis echibit • lineor ozidotion rate, in 

accordonce with the old crock Hag) of Pilling and 
Bed* erth.* Their Mmoy wos that a metal, for 

-hich the retie of the density ef the oxide to ther

this temp er at met its eeidetien rote is linecr. At 
400°C de initici at ages of oxidarion also appear 
to follow a parabolic rate, but after several hours 
of snides i nt the rate increoses and becomes olmost 
lineor. * Thus a coreful inmvestigation of the structure 
and ee—pet dien of the oxide films formed at or 
"••» 400 C should provide wolueble information as 
to the conditions which lead to a linear axidation
nM.

An odded meanr two for the study of the eeidetien 
properties of columbium wos that this metal pos- 
sesses very desiroble high-temperoture structrol 
properties. Irs use has been Limited largely by its
excessive oxidation et high otures. It was
believed that further information concerning its

seqently, there -ould be • 
of fresh metal surfoce to

oxidotion mechanism would be helpful in 
this defect.

The ri

ing

1 procedures uted and the results

dent of the thickness * the oxide film, the
Sodium Ozidetiom The oxidation rate of sodium 

wee followed by meosuring the chonge tn mreisure 
in a closed reoction chomber as the reaction pro-

ri tol doto on 
vestigation

sitive, differentiol in

of the oxidotion cb or octettes »cs of sodium wes 
umndertoken. Sodium fulfilis co—plots 1) the Pilling 
and Bed-orth criterion for e metel that oeh tbits a 
lineor oxidation rate. This study woo initiated 
becowst pr all-inert experiments indicoted that 
sodium, mnerory to the theory, octwelly forms e 
highly proto Ct hue ozide film in dry so; pen. Sub- 
sequent -ork verified these early findings. The 
ret torch hos been contimed in on efiort to clarify 
the omidotion —echonism op Hirer in a for sadism end 
to relate it to the more *he»e mighty mwoeti gated

which Octoil-S ciffusion purp oil wes used os the 
monometric fluid served es the pres no sensing 

device.
The opporetus used <s shown in Fig- 5.17. The 

•edum two sir consisted of a glass bulb closed
M one end with a thin-walled breok-off tip. 

rese
orm, wih sodium thet hod been purified by r

The

eated
vocuum distill lotions at e pressue of 106 to 10-7

mm Hg- After the side orm wes d, th
reservoir -os ottoched to e twbe below the exido- 
tion bulb, os shown in Fig. 5.17. A small furnoce

.3r..8.Pulmg epa R. E.B.g-ert, J. t-s. desal. 29, 
120 (1232 SOO elae, U. R. Evem-. Met-it. Comen Perpmen emd Freeri' n i. % Lengmen*, G---m end Ce. t»M. Mo Yer, • 102.

opporotus, with rhe sodium end the

°M. lmeure, Scelemg ef Celumbm- — Ad, ORNL-1565 
(Sept. 1. 1953).
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Fig- 5.17. Sodium Oxidetion Testing Apparatus.

manometer protruding from suitable holes. The 
entire opparatus could thus be baked-out under 
vocuum before ony sodium was admitted to the 
system. Care was token to load the manometer by 
the vocuum distillation of Octoii-S from a separate 
bulb into the manometer arms. This procedure 

assured that the manometric fluid would ner oct 
as a source of apprec iabl» gas.

After a bake-out period of 16 to. 20 hr Hui system 
was allowed to cool to room temperature, and the 
break-off trp above the sodium reservoir wo 3 
crushed. The sodium was then distilled in+, the

106

o♦
♦
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tube below the oxidation bulb, and the sodium 
reservoir wos removed. Finally, the sodium was 
distilled into the oxidation bulb and allowed to 
condense on the walls. Both these final distil­
lations wore made under a pressure of approxi­
mately 2 x 10-7 mm Hg- As the last step before 
me admission of oxygen, the tube below the oxida­
tion bulb was sealed off, as were the vacuum leads 
to the two reference bulbs.

A 50-cc flask served as an oxygen reservoir. 
Prior to being attached to the oxidat on apparatus, 
it wos filled with carefully purified oxygen to a 
pressure such that when the gas was allowed io 
expand into the reference and oxidation bulbs the 
resultant pressure was 200 mm Hg. The purification 
of the oxygen was accomplished by passing it over 
hot copper oxide (to remove hydrogen) and Ascarite 
(to remove carbon dioxide) and finally drying it 
over magnesium perchlorate and in a liquid-nitrogen 
trap.

The tube leading from the oxygen reservoir to the 
break-off tip was made of 2-mm capillary tubing. 
By thus minimizing the volume above the reservoir, 
it was possible in the low-temperature runs to im­
merse the reservoir in a cold bath to procool the 
oxygen to the desired reaction temperature.

When the break-off tip above the oxygon reservoir 
was smashed, the oxygon passed through the T 
connection above the manometer and simultaneously 
filled the reference and oxidation bulbs to identical 
pressures. The intersection of the tubes of the T 
wos then collapsed os quickly as possible with a 
hand torch. The three arms of the manometer wore 
thus separated and any change in pressure in the 
oxidation bulb resulting from the reaction of sodium 
and oxygon was reflected in a change in the relative 
heights of the oil columns of the manometer.

The use of the above-described T connection 
instead of o stopcock had two advantages. First, 
it avoided oil possibility of a leak occurring in the 
system, but, more importantly, by dispensing al­
together with stopcocks, this arrangement eliminated 
the danger of contamination of the sodium surface 
by stopcock-grease vapo . and permitted the bake­
out of the entire system during the initial stages 
of evacuation. It was felt that these considerations 
were sufficiently important to forego the greater 
conveniences of a stopcock.

Oxidation rate measurements have been made at 
five temperatures: -79, -20, 25, 35, and 48°C. At 
25, 35, and 48°C, an apparatus identical to that 

shown in Fig. 5.17 was used, except that only one 
reference bulb wos found to be necessary. For 
recsons described below, the second reference 
bIb proved very helpful, however, for experiments 

the two lower temperatures.
or all experiments the oxidation and reference 

buibs were immersed in a constant-temperature bath 
contained in a 4-1iter Dewar flask. Mineral oil 
served as the both liquid for the three higher 
temperatures. At -20°C a saturated sodium 
chloride —ice bath proved to be satisfoctory, and 
at 79° a slurry consisting of powdered dry ice 
and a 50-50 vol % solution of carbon tetrachloride 
and chloroform was used to attain the desired 
temperature. The densities of the liquid phase and 
the dry ice in the latter bath were approximately 
equal, and thus a slurry was produced in which 
there was little tendency for the segregation of the 
dry-ice particles.

At -79°C the sodium oxidized at a very slow 
rate. The maximum pressure change which oc­
curred in the system as a result of the oxidation 
was 0.2 to 0.3 mm Hg- Therefore it was necessary 
to pay particularly careful attention to factors 
which could cause spurious pressure readings. 
One obvious source of error was a temperature dif­
ference between the reference and oxidation bulbs. 
This difficulty was overcome by utilizing a rela­
tively thin slurry in the cold bath and stirring it 
very vigorously. A less easily corrected source of 
trouble was that, of necessity, the reference and 
oxidation bulbs were maintained ot dry-ice temper- 
ature, whereas the manometer and connecting tubes 
were at room temperature. A simple gas law calcu­
lation shows that, in such a system, any change in 
the temperature of either the cold both or the 
manometer will produce, in general, a difference in 
pressure between the oxidation bulb and the refer­
ence bulb. A special case that is an exception to 
this rule occurs when the volumes of gos at the 
two temperatures are identical on both sides of the 
manometer. The magnitude of the pressure dif­
ference is dependent both on the ratio of the volume 
of gos hsid at the two temperature extremes and on 
the difference in temperoture. Thus, this effect 
was of no great importance for experiments close 
to room temperature, but it became significant at 
-79°C.

It was impossible to maintain exactly equal 
vo' mes on both sides of the manometer, and the 
etteinment of precise temperature control in the
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cold bath at —79°C was almost os difficult. The 
equilibrium temperature of any dry-ice bath is 
determined by the sublimation point of carbon 
dioxide; however, the constancy of the sublimation 
temperature is dependent upon the constancy of the 
partial pressure of carbon dioxide above the bath. 
Thus, unless the bath is contained in a closed 
vessel, variations in temperature will occur in the 
both because of changes in the partial pressure of . 
carbon dioxide above it. In addition, the neggtive 
heat of solution of carbon dioxide in carban tetro- 
chloride and chloroform caused the temperature of 
the bath to fall below the equilibrium subii nation 
temperature when the cold mixture was first pre­
pared. Since the both was contained in a Dewar 
flash, the lowered temperature tended to persist 
for long periods of time unless a heater was immersed 
in the bath.

It was decided therefore that precise temperature 
control of the apparatus at -79C was improctical. 
However, it was essential that some reference 
point be established for the both so that the ap­
paratus could be brought back to the initial con­
ditions of the experiment after, for example, each 
renewal of the dry-ice charge in the both. The 
addition of a second reference bulb proved satis­
factory for this purpose. The two reference bulbs 
represented a “differential gas thermometer." It 
was observed that within about 10 min after the 
start of an experiment a small difference in the 
heights of the oil in the reference arms of the 
manometer was usually established. This dif­
ference remained constant as long as the temper- 
ature of the bath and the room temperature wore 
unchanged. When deviations in this difference 
were observed, it was possible to moke slight 
alterations in the bath temperature (for example, 
by removing part of the cover of the Dewar flask 
and thus decreasing the partial pressure of carbon 
dioxide above the both) and thus re-establish the 
desired pressure difference in the reference bulbs.

It was recognised that the constoncy of the 
pressure difference between the two reference 
bulbs did no* necessarily indicate a corresponding 
constancy in the cold-bath temperature. Frequentiy, 
the adjustments in the bath teeperatue that were 
necessary to maintain the pressure difference 
represented a counterbalonce to changes in room 
temperature. The resultant small changes in the 
both temperoture meant, of course, a change in the 
temperature at which oxidation occurred; but, since 

the oxidation rote of sodium i» not a sensitive 
function of temperature or -79°C, this olteration 

of the experimentel conditions wos not considered 
to be significant. In ony event, ee moy be seen in 
Fig. 5.18, the use of the technique described obove 
produced excellent ogres .'went of the data for three 
separate experiments at -79°C.

The experimental data obtained at the five temper- 
atures investigated ore shown in Fig- 5.18. The 

change in pressure in the syslem, which is ob- 
viously a function of the thickness of the oxide 
film formed, is plotted egainet the time of oxidation 

on e lag-leg scole. Each curve represents the 
composite of dato token from three or more experi- 

monte.
Perhaps the meet striking tool re of the experi- 

monte wee the slowness with which oxidation 
occurred. Very roughly, one unit on the ordinate

in Fig- 5.18 is equal to « film thickness of 
Thus at -79°C after 1000 min oxidation.

scole 
10 A.
the thickness of the oxide film wos only obout 30 
A, while et 48°C, it was 300 A.

Since the curves, os plolted, were not lineor, 
there was an indcation thot the data did not fit 
ony of the conventional cxidation rote equotions of 
th* form

x" - kr ,

where x is the thickness of the oxide film after 
time t, and A is the rote constant. The data were 
else tested against the logarithmic rate equation

but no fit wos obtained.
As moy be seen from the curves in Fig- 5.1B, the 

oxidation rotes of sodium at -79 and -20°C 6*- 
creose very shorply after the first ISO to 200 min 
of oxidation. This behevior is quolitatively similor 
to that predieted by Cabrera and Mott” for oxidation

of very thin 
A) observed

processes leoding to the formation 
films. The oxide thickness (30 to 40
at - 79C is very close to the thickness range re- 
quired by this theory. The dote were checked 

against the oppropr istts rate equetion

1
--A-BInt.

whore x and e are oxide thickness and time, re- 

spectively, and A end B are constonts, but no

'’ti Cabc-ra end M. F. Mem. Repr.. p-og. am P&yw.
11. 163 (1949),
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ag
similarity bet the observed rete curves and
those predicted by the theory suggests thot the 
results obtoined at -79 and -20°C an
— i dot ion process in which the mechonism proposed 
by Cabrera and Matt is competing with him second
mechonisi 
omidatioo 
-79C.

It is hoped to test this ideo by moking
•• es below

The very small amount of oxide which wos formed
et oil otures investigoted emphosized th.

metols hum ovoiloble, it may prove possible to 
devise a th. or; of oxidation which is opplicoble 

to ot leost th. low Urotrtiirt oxidation of oil 
metols.

Ar th. present time th* oxidation dote obteined 
ot 25°C or. being rechecked, ond th. time of oxi- 
dotion is being extended. It is Ml thot these ad- 
ditionol dots or. toon trod in order to obtain . 
meoningful onalyticol expression for th. rote 
curves. Th. meosurements ot 48°C will also too 
extended in a similar monner.

highly protective charocter of sodium oxide films 
in corefully dried oxygen. Th. frequently occepted 
ideo that sodium obeys o lineor oxidation rote 
must be discorded. Th. results also suggest thot 
th. oxidotion mechonism for sodium (ond possibly 
olso thot for th. other oikoli and olkoline-eorth 
metols) need not too rogordod os being of o speciol- 
ized nature but may be very similor to ths oxidotion 
mechonism for th. heovier metcis, such OS copper 
and olumninum. As further details of th. oxidarion 
charocteristics of sodium ond other "ultro- light"

Th. oletion of these rate studies will mark
the end of who* might too termed th. "‘clossicol" 
phose of th. investigotion of th. oxidotion of 
sodium. i• is plonned that th. future work with 
sodium will include • study of the surfoce topogro- 
phy ond structure of th. sodium oxide films. 
Electron microscopy ond diffroction techniques 
will to. required hr this work. Th. investigations 
of Horris, Gulbronsen,ond others hove demonstroted 
thot, controry to oil existing oxidotion theory, 
oxide films formed on copper, nickel, and iron are
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of the oxide io contoined in muclei ecotterod over 
the metol surfoces. These findings emphasize the

ne wen on, reverted by Inovye,° of the wonsition of 

the oxidation rate how a parebolic to e linear re-
lationshi

me

ts with a
tion of the oxide films formed in

any complete oxidation study-
Columbium Ori dating. The work on coiwA han it

in the prel y etey. It ie elenond to meosure
she rate of oxidation ol columbium at ol temper-

of 400C and then to
corelote the oxidation rote ond oxide loyer thick- 

none with the structre ond porosity of the oxide. 
In this manner it should be possible to estoblish 
the conditions which exist in the film, both when a 
porobolic lew is obeyed and -hen the rgte becomes 
linear.

A check hoe beer —A on the oxidation rate of
columb at 400"C in highly purified oxygen.
Qualitative verification wos obtained of the he-

•■Met
Te-geren 

do

430

575

MO

MO

623

625

650

675

675

MO

MO

MO

•00

"Bueker

Tha imitiol stoges of oxidation pro-
duced oxide films which exhibited fe
(colors). As the react ten procweded, however. the 

eoeciwene become coated with e whiie, opoque 
oxide film whose surfoce wee rough. The oppecr-
once of the white oxide 4 to coincide ap-
proximately with the tronsition from the initiol 
parabolic oxidation rate to a lineor rate.

Meet Trensfer end Car roe ion hr Fused Hydrozides 

ML E. Steidlitz
Metal leu y Division

The study of corrosion and mass tronsfer of metol 
by head sodium hydraxide >• under woy. Over 60

*M. inwy. Srofragr f CoM^aow to AM ORML-1565 
(Sowa. 1, 1953).

TABLE IK MASS TRASFER or MICKEL I SODIUM 

MYDROXIDE UMDER A mydoogim ATMOSPMERE row MO h,

Temperetum 

Dimremiel 
ef Syarem" 

Po Testa

Ameum of Mess TMari
(Vinuel Otari ■ Miami

100

100

WO

MO

200

MO

so
MQ

200

M

>00

>00

90

MO

W«»WW less the eeld-finger
This tesr • •• mede under • helium

1 tempererue- 

esphere.

t

I

it

t

1

9

t

2

1

I

1

I

7

1

1

Lue

Mene -

Very lindle

Very limle • liele

Very lindl.

Mene

Very liwle

Buely ebs *ble

A

Linle

d

*
d

Very heevy
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E00‘C, «• weli es em ,1—Mi — tai rhe rele end Nos. 38 ehvough 41, MM*

800 to 700 C. The a sferred deposit e the
liqid lmme, os shown tei Fig- 5.20, indicetes the 

This 

specimen is • duplicnte el Nk it, fo which she

Ne, 10 Ne, X Not, end 10% MH, MM* 
Im no cone did ehe oddhin decvensn i

pectively, 
aiming 3 
pecthvely- 
the MM#

t—lt. The MM wes mu fe the thind and last

Sevwrel

wpwretue wos 700"C ond the cold-inger 

compounds zhov — chosen for their

eddiie wied, sediumhyd
Im all the teama wimh a

phesphite.
me, ehmure wes evi

denc Hum som, ** mot meet, ef the added mereriel
dint illed ov of the bucket. These seme

togethmer with the hydrogen otmoapneve, will Umm 
the mess trammefer — i nickel. Resulta of tests 

with sodium — sodium hydride mMM to th sodium 
i4* •• shon in Fig- 5.21. J*** ******11

cold Iim*— ahown were held e 600"C, end the

migh be found to effective in • mor cunfined 
eyatem auch es • elosed loop. Me hove yet
been run et the tempe

were 700"C. No oddition wes
made to the sodium hydromide te which Ne. 37 wes

is first moliced, end It M possible vhat these od- 
diives mighe inoese the memiwam temperetue 
thot cen be enteined wiehwoub mess trensfer occuming-

The resulis of — on inconel tai sodium hr- 
dromide are shewm tei Tebl 5.17. The mass wit 
fer of Incenel wes ti*»tfiewMtl> less them that ol

-I<, sT
2a It

o X d--ed -Sa nNlaummed • 
- "ed

• 3 ••

T 

rso x 
__I__

T— 

INCH 
_____

Fig. 5.20. Mass-Trensfened Deposit on Celd Finger Exposed to Sodium Mydrexide — • Bucket Temper- 
atuve of 700C wieh • Tempievatuve Differential of 100"C for 100 he. 250X.
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rhese tests ee met e 
a bujre afa

iously.

fa—rf fa ehe ""cold-
6 ef

plete, curtein petterms ef

rved.
eum, =hich wes described

illy heeted
bucket ol hydreride into which dips oe air e—IW 
cold finger. Both the celd linger emnd the bueket 
mre comstucted ef d— metel being tasted. Themel 
gediems ere observed fa——« the ovtside of Itai 
iMSibat end she inside of fas celd finger se thot

PEmio zuoiG uwE rw

wotcum at 300 far at enet 8 h faHa—ad by a 

minmmum ef 16 fa at 40/C- fa some ineitences, 
previously dehydrated hydremide ia used, fa which 
ense, a raiid pumping at 400‘C fa deeme6 suificient.

The mmetolu studied fa dove hove been nichel, 
Imeonel 2nd tuui, B. Q "haa, picdal and

use with the hydromide a el the order

of 600‘C. Him Ilan • N by far tme lecet resist

there ie never th ple metal x the hydremide
corroded a 800C-

The conditiana ond vinual ob ef the
bath. All tests fa—a been ran l— 100 tar, emcep* 
aa otherwise nata d, at the indieaiad ■— 

temperatnes and tana—afar a gredienta vnder a 
He iring hydrogen at—asyfaira.

The sodium hydromide used in this study ii 
rengent yada. It is fatay faatid ia elece under

tests on nickel ore —a naiad in Teble 514 fa no 

sass wos saidatifa c— allar observed. Mass 
panafer doss occu at 600‘C, aa showm la Fig- 
5.19. The cold fingers seen in Fig- 5.19 ore 
nickel, with the exception of Na. 19, -hich is
Incomel. Bucket —ra 600, 630, 670,

'mu E. Smidtina end w. M. Brid 
s mania 193 1, ORML-1064, •

ANP Qum Pmg
ond 700°C far Nos. 17, W, 20, ond 21, reapectively-
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fat. Mez. Semsenu Pmoga Rep. A}n, 10 
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Fig. 5.21. Mess-Teonsfened Depesits en Mickel Cold Fingers Esposed for 100 he to Sedium Hydremide 
wih end wiheut Vevevs Additives. Cold finger mointoined ot 600C; bucket moimtoined •* 700 
Mo. 37 exposed to sodium hydromide with no odditives; Nos. 38 •wrough 41 erposed to sodium hydroxide 

5% Na, 1OW Na, 5% Nat, omnd 10% Nat, respectivek,-

TABLE s.17. CORnosiOM ano MAM TRAMISFER om 
MCOEL IN sodum wronoxIDE UMDER A 

wrDRoGEM ATMOsPMERE FoR too t
-------------------------------------------

Bueket

Temperm• 
ro

4s0**

530

MO

MO

MO

300

Temperet-e 
Difleremtiel 
et Sy*rem* 

ro

100

Mumh-r 

M 

Tm**
Ce

I

100

200

100

200

100

100

100

»
3

I

I

I

1

ere-m dgenu ne 
mesa wenater

Orem. 2 mes*

Bre-n arein me
meaa weneter

9n ■ v armin, ne 
mess wenafer

Bre- atein; ne 
mesa trenater

Brewm steim; hoel y 
ebeeruble mes

Bre- atein, -ery 
tunete mesa 
trenafer

Rus celer en
burket, medium 
mesa wemsfer

Bueker emperene lesa the eold finger tempereture.
This rese wes mde under • helium ermesphee.

nickel, but the Inconel corroded to some extent. 
Specumen Mo. 19 of Fig- 5.19 is on inconel cold 

finger tested unde* the seme conditions os wos the 
nickel specimen No. 21. The metoi deposit on No. 
19 •« less than that on No. 21, but the vornish on 

No. 19 indicotes thot there wos some corrosion. 
Therefore, in the remoining Inconel tests, the 

Inc mel bucket (that is, the hot tone) wes ezomined 
for corrosion. inconel buckets vhot were ewposed 
to sodium hydroxide ar bucket temperotures from 450 
to 800 C ore shown in Figs. 5.22 throvgh 5.26. 
It is most interesting to mote rhe chom» in type 
and extent of ottack thot occurs between 600 end 
650 C. At 600 C end below, 1 to 2 mils M groin- 
bounder? mock may be seen both on the inside 
end utside well of the bucket. The ottock on the 
outside well wo* coused by hydroxide thot crept 
ov over the bucket lip. Above 600 PC, on oxidized 
I Oyer formed thot wos 3 to IS mils in depth. This 
temperatre sensitivity is, os yet, unerplained.

Other netals me to be studied in on ottamp* to 
roise the temperoture limit at which no moss trons- 
ter occurs. It is keyed thot questions such os what 
couses the chonge in rate end type of ottock in the 
600 to 700 C renge will else be resolved.
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CWEMICAL STUDIES OF coRROSON 

F. Kertesz
Materials Chemi istry Division

Cemveslen ef incenel by LiFBeF, end 
by LiF-BeF--UF.

onalog. These resulrs ore of the same order •* 
mognitue os these obtoined for the ZrF-bone 
mixnos.

EMect of UF,-Fa MI—W en Ceneslem ef 
Im*m4 try Verious Selvemta

M. J. Butti min *. C. Meadows H. J. fl utn *m R. E. Meodows
Materiels Chemistry Division

Inconel capsules containing th* BeF,-bearing 
mixtures LiF-BeF, (69-31 mole %) and LF-BeFa- 
UF, (67.3-30.2-2.3 mole %) vzre testod for cor- 
rosion in tilting-furnace teste. After 100-hr en- 
posures, metollographic observotions ol Hl* copsule 
walls revealed no attock; chemical analyses cen- 
firmed these findings. Th* chromium concentrotion 
was found to bn about 290 ppm in th* LiF-BeFa 
mixture ond 400* opm in th* UFa-containing

Materials Chemistry Division
Incidantol to anempts to study the dis *ien-

etinn confirmation of the beneficial effect 
ef UF, on cocrosien of Inowl by NaF-ZrF. 
(53-47 mleK)andNoF-KF-LiF. 11.5-42-46.5%) 

was obtained. A series of F.-UF. mixtures in
these solventa wes heated in cepsules.
Th* contents were onolyzed for total uranium and 
wivolent uranium after testing tn the tilting furmoce 
or under static conditions. Considereble dispeo-

-
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Fig. 5.23. fawl Buekut Enposed te Sedium Hydrenide for 10© tab Bucket tempereture, 600C; cold- 
1, SO0C. 750X.

portionation at the »44»4 UF. wos observed in 
both solventa, especially when the UF.AUF, retio .
wes law; the NaF-KF-LiF mixtures showed, in
each cose, owa disporpo wion than 4*4 the

NoF-ZrF a solutions.
Anolyses of the melts for chromium reveoled 

that the beneliciel elleci of UF, on corosion of 
Inconel wos ogain demonstrated. If a plot is mode

chre co

thot a emall pe

ation fter testing 
। UF,/F. ravio, ir * 
a of’UF,

as

- 0.2)

couses a shorp decreose in the omount of chromium 
removed from the Inconel wolls. Increasing the 
UF, content up to a 50-50 mixture with UFa wos 
found to ba beneficial, but any further inereos» in 
the UF,/UFa ratio opporently had Bitrle

ii 11" i 'py 
iii

F. Ketesz F. A. Knox
Moterials Chemistry Division

During previous work on the equilibrium hydregen 
pressure of the sodium hydroxide-mickel reoction, 
e was found thes the repreducibility wos somewhat 
poor. Similar difficulties were observed during 
determinutions of the egilibrium solubility of the 
metel in molten hydroxide. In studying the possibl 

recci ion

2a0M + —- Ne,O-mO * H, 

the hydrogen pressure ar she nickel concentration 
wos determined as a function of time and tempero- 
ture. The hydrogen pressure wos measured with

115

ppgnmrempepe
•» : F • • : :a a a • • •••

m a©

8 •



anP pnosecr pnoGnEIS

UMcLaSSIFICD 
a-tbtTh

e.ti.

- ••

OuTSIDE

o o
-

o
2 o -

o smcu a o

♦ jo

3

IMSIDE

finger temp 1, 550C. 75X.

the reoctiom chember 
and the nickel cencn

nnected to a monometr, 
atien was determined by

p

anelyzing the contents of • qortz-jocketed metel
copsule ofter vhe denived 
the two nets of date were

» vima. Si wee 
rily Peter elm A

an separate syatems, there was the possibility of 
unknown variables being pre*—». even though 

awety effon wos made to keep the weriobies 
identical.

This experimental difficulty be* re centty been 
counterocted by construching an etMhe that 
makes possible simultaneous determinations of 
the hydrogen equilibrium pressunes ond the eqwi- 
librium mickel solubility- A chorge of purified 
sodium hydroxide is looded into a hydrogen-fired 

niekel copsule which I* sealed enber helium and 
then ploced in a quortz tube that is evecueted end 
seoled. The jocketed copsule is hemted to the test 
temperature for the desired time period. H the

| 116

2

Mure, 650Ca celd-

is wfficiemtly long, the hydrogen pres-
sure developed should be in eqilibrium with the

The pre* ante should be nearly quel inside end 
outside the nickel cepsule, beeawee hydegen 
diffuses ensily theough this metel at the liter
nes used. Upen ol the high-temp
fure 1, the cepsule is pleced im a flenged
metallic cylinder which, .ofter evecuation, is con-
nected to a V A smeli metal pin
held nea the qortz copsule be • metellie bellews 
oxtending threugh • loterol hole im the cyl in Aw con 

then be tapped * breck the qortz jocket. The 
presnure established in the aystem comn be reed on
the amnd a zimple colculation will give
the pressure inside the qartz copsui: before it 
wos brekem.

Calibrotion tests with copsules conteining 
hydrogen at • knewn pessure showed that the
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enel Bueket ■ mpesed te Sedium Hydrexide fer 100 hr. Bucker 
e, 600C. m

ollo-ed pressues «• be d ined to
within 1 After the pressure mecsuement the 
nickel copsule -os rteU ond the hydrexide wos 
leached ovt. with the ratal olkolinity and the dis- 
nolved nickel being determined on the some somple.

Some of the oortz-jecketed nickel copsules 
conteining sodium hydezide were kept at B00°C 
lor voriovs leng*s of time in order to oscertain 
the vime necessory to reoch eqilibrium. Runs for 
long periods ef time were unsuccessful becouse

—
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MM

# ’

c-i

sNSIDE

o
2

erature, WCi cold.

of feilure of the michel cepsules. It wos found
that che nickel of the hydroxide
neorly constant whew the nime ef exposure

dined
► wos

voried considerobly. which would indicate that 
equilibrium wes reoched ofter • short e-posure 
vime. The hydrogen pressures determined by this 
method did not level off os expected, and the 
resulting pressure wos found to be greatly in 
ezcess of thot to be expected from consideration 
of the react) on postulated.
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6. METALLURGY AND CERAMAICS

W. a Many X M. Warde
Melollungy Division

Additienal fabicetion studies of H— ilar B 

heve t——A the —iA— that A— poor high- 
temperetwe febricebility 9 reloted — — 'i—» 

cement bom which the Mi—gM ecy be Am i naA 

Sevarel micAmI ilyW 
loye — —I* in oxidetiem — and — » —

DEVELOPMEWT OF MICKEL-OLreDEUM 
ALLOrS

J. H Cocbs M. Incuye
Mm—11—at Di <»«■»— 

ML R. D’Amore

and ele

edd

A

mresarvphu 
kel-meliybd

A

re temsile testa. The er- 

um plus

Mb l B. Two immpoct extrusions 91 Haste A
loy B red were mode et 2000°F nib good V
of sound matewiel. The billets were prepored from

-mnelted imgot e iel Hastelloy *

cyclic —— were rum« the static end cyelic date 
-mesimikor I— tests «• 1500°F. Cyclic test 9 

1700F mre unde -ey.

tohnk a—•* ny, — ImmI —. amAC —
mediete hect enchange Mb. 2, —M 500-k- NeK-t-
ei —A—« 
sigmed by A— Car—A 4 Leb y-

>1—mm -ere mode o Amt— billets «f

Ab— end feu bigb nW molybd billets

—m «A delem end Am bm »>» mm—U durimg em- 
— exwu ion — comtimed. The febricatiom ef 

cled —Mm Ab—i -es —Migeted, end diffusion 

bin ■ shu — a mb— mode. AAA no—I imfor 
wes ebmim A — A— pepenies e B,C-Cu mi

4
ii es t ■•■■Me. sh 

fenrW t,pe 310 sw

-us i 
figet 

Am d

s
• aM— thet wre being com- 
Ading materials.

A A-cled columb
■MM lllllf loeps -mre fabwiceted fee co- 

esting.one the bi—mgM* w o— — incenel 
estig

iw w the ART cere -es found te 

dly smbie eher thermal cycling-

Omi a bbA cmremics bar use in comtol eds -ere 
wmed into the poper shepus fer teating — eriti-

— ameuye i
Den MU 14 -1816, •

ANP O-e Pee rp

Au t--y-. A AL C.mb., ana M. D*A----. ANT 
0-- Pmg . Men 2 1933, ORML-18e4 • 97.

aaa 9 9 • ••

2- : ‘ ;* eee ♦ • •• •• • • A ==

bs An med ded vod to
ely. end me w—Mw

meter iel wes bA—A.
T-o b—bAbA wbe bl—b. Ami —A bM— shipped

— A— Superior Tube Cm. A— —A en N ameli-

Ai— 1 
mode *—i 
. .an A.

ssed; ome blank -es
—./U WnWl ond the other brem cest 

The wb blamk mede bom • wacuum-

—mi 11—. E 5 adi mmmIm Am—i • — 
biller — wuccenufully precessed l—i 1.5-n 40D, 

0.250-in---ell — 0.18-n.-0D, 0017----eM M—M 
less tebing- h -as Am—d that —mm— reductiom
schedules were permissible —A A—1 

swesseliewwimg heet A—II — M—B
OlB» IM—I, IBM—BA B—Bill III B—B*

higher >1—'Ull — —•» — M—B enei

। mm—Ami 
unnecessmny- 
showed rhat
bk

H—H— B billet —• conned — InceneL

Imconei cons bub been

eww *

it the 
Thmre-

dloy 8 billets with end witheu
d fer futher tbe

Artempta — —II extruded Mme—liny B —A et 
2000°F -ere umauccessfu; the ■—>—t crecked

0.03 ceriumm oddities 

— improe the high 
Mm— H— B, edditie

— Ml. Simce

hod meviously? baa r fond

1 e febicobility el
d mlea wmee meomeed weeh• """ """ e" =g- " """""

veioua ■ e ■—I Mi I odded — the fgrm of
M IK Cn-89 Al — iw elloy. A amoli ...... ..... ....

1—■ 0.3 cerium crecked durieg hot
1 omd in 11—MM emperimemas «» -es

sho-n thot B —it of 0.1% cerium -as usekul 
— — >IM| the Al^l ——1—IB fobeicebility-
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An elloy with the nominal Hastelloy B compo- 
aitien, 4* Fe-28% Mo-68% Nt, but witheut the

Therefore odditional oxidatien tests re pianned to

=

tremp Ill—M venadium, silicon, a 
balt, chromium, , ond elumi 
pmed fer evaluating the effects of

g t, ce-
wes pre-

the »il properties of Hastelloy B.
dies on

Three-
poumd vecwum melted sleb ingots 0-500 a*, thick 
wan prepored ond volled et 2100"F to 0.150-.- 

thick sheet. This materiel showed mo tendency to

able dato oppear to indicote thot the MM of oxida- 
tion of these binory nickel-molybdenum olloys is 
not • function of the molybdenum t—t at. Two 

thermal-cowection Roops for circulating fluoride 
mixture in ehe 85% Ni-15% Mo tubing oe being

fabriceted.
Both voou- and el d-te p (1100 to

«

cr»ck during hot rolling under mod

eheduk The

muteriel or the melting proctice. It is b 
increosingly evident thet the poo high-tem

9 
*

fobricebility of Hestelloy O is relemed M the im-

0 comeri Hbzinio, B MI chm.
r swengthb 
-ith thet 

npurities.

6.1, r ging in thet they rhe tensile
>W« • Mm el

rhe commerciel olloy under these test dinions.
AOA* Mom* * ty msts ere under -ey-

TABLE A. I. ROOM-TEMPERATURE TEMSALE 
srnenar OF TME an F--zm M *1 MI ALLOY -

*■■■ Amt, egd M* he 
a. 1300"F

Micke-elybd

1650°F) tensile tesrs ef this olloy hove been com- 
pleted. Eratic results -ure obtainad in the voom-

tempe 
i — 4

re tests of specimens oged 284 h et ele- 
perones (1300 vo 1650°F). The temsile

stength wes low at eli test rs, and lo-
ienge were ebserved at teat

above 1300°F. The results of these tests we given
im Toble 6.2.

Nickel-lolybd 
y y -os init

num elloys. The olloy Cf 
have eli included 20 molybd

mng

nickel-molybde- 
m* investigated 
plus mickel and

• third elememt. The termar» systems thet heve
b dore:

2* - 20% Me-bel M

2* N.m Me-78% M

z V-20m"e-ee

Mb ze-zom Me-7a Mt 
m Ta-zon M.-70K Mt

Temaile

If t^A

Eu-s)

1204000
WAN

Binery Alleys.
eusly repeted* wo it on mickel-molybd

6-)

25

Th gi;

alloys ves —dended by • study ef on 85" M-15 
Mo alloy. The elicys studed peviously -ere 
on Ni-20% Mo, 76% Ni-24 M«. and 68 Ni-
2 Me. Am — Wtita test of she 090 Ni-I5 Mt 
alloy e• 1500°F in stetic os indiceted • lomer rote 
ef emidanon Mt— thet th—. .. far the B0 Ni- 
20% Me alloy, but • higher vete thon the vetes far 
the 76% -24 Mo MM 68...... -325 Ma clloys.

nM. aneu,- —-4 a. M Ca Mt, Amp Q--- mt । E-p
Dee M. 13a OOML-WM. • MO.

120

2 t IC co
The elumim

eatigetedbec

b

se o the
ichel olloys

popenties art I * im the iiteretre fo this elley 
syrtem. Hot-forgeobalaty shudies were conducted 
on 100-g ere f Hi comtoiming from 2 te IOT olumi- 
mum, bu omly the oiloys <*■—ini** less then 5 
eluminum were found te be farjatMt at 2100"F. 

Further studies mH be t —far Mt on Am* zlloy 
system.

Vened 
westig 

>1* MOt

1 zirconium, end msenium eddit -ere
edim on effort to impeve the eleveted- 
• ductility of she 20% Mat 00% N> alloy.

Ne difficwlties -ere es ced im dhe hot rolling

Prelimimry room-tempenreture tensale stength 
dav far mhe alloys comteiming olumimu-, — Aw, 

zinconium, end titonium mi betn the onneoled end 
aged conditiona tra oesented in Toble 6J. All 
specimens aged et 1650"F far long periods of time

ted, • MA.

*
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TAOLE 6.2. RESULTS OF TENSILE TESTS or AM 85% Mi-15* Me ALLOY

Cendit
Test s.e

Test Tempe 
PF)

Tield Peint, 
e.2* OH...

Os)

Tensle 
Sweng* 

(pm)

Elengtien im 24n. 
Gege Lengths 

e)

| IM M 2100°F

Ann--i-a, eg-a z84 he e• 1300"F 
Annealed, eged 284 he et 0000*0 
Anneulcd, ag-a 304 h, at 16s0"F

Reom

Reem

Reem

Reem

A cd l he er 2100"F 1100
1300
1300

16so

32,100 60,400 is

12,700 70,200 17.5

Sheet, 0.000 im. thick.

32.000 99.700 so

31.500
18.700
17
17.000 
16.600
16.000

68.400
30.000
30.300
30.000 
33.300
30.700

>1

16-5
7.5 

s.

6.3

9.0

TABLE 6-3- ROOM-TEMPERATURE TOMSILO STREMGTNS OF SEVERAL NICKEL-MOL TBDENUM 
BASE TERNARY ALLOTS

Alley Cempesme 
(-• n)

Cemdite el
T.u So-cim-

Temsile Swreng*

(oni)
Elengetie 

en)

a Al-20 Me-en ded
Aed, eg-d soohet 1500°F 
ded, eg-e 304 h. mt NesdF

150.500
1 18.s00

70.300

33
59
13

2-20 4-8 A
A .~g-s 284 he et 1300*0

117.000
127,000

22
30

i Z,-20Me-79M
A

ded
4*4. egea 3M he et 1300’5

101,000
115,000 •

33
M

I Ti-20 Me-79 Ma A eled
Aged 284 teso"F

115200

71,700
60 
tb-S

shom lewer

unoged * aged at lo-er n
gths and ductilities thon those results could not be ob ed. A study of these

s. The speci-
—i eged et 1650°F -ere exposed to e hrdrogen 
atmesphere, -hile the ether apecimens -ere seated

elloys hes led to the suppositien shet the shrink 
ccvities -ithin the ingot re the couse of the Lee. 
ruring. The billets are currently being inspected.

under e helium etmosphere er mi * d quortz
copsules. The possibility of hydogen embritle- 
ment el the Mie i—h oged at 1650°F >• be tag 
imestigeted.

The olloys conteining 3 to IOT c iwe
been eceluated in oxidotion, stesseuptue, ond
tensile tests. The quantity of less tubing
mode for corosion testimg hos been ho-- 
ecer, becouse of shontering during extrusion. AL 
chough sound rod end nbe blenks hove beev mode

at en extrusion lee* re e 2200°F. consistent

by --cy end 01
exwusion, in an effort to correlote the

chmiques, prior to
dness

of the storting moteriol with the extrusion resuh. 
The hot rollimg of extrvded rods of ch—iw

olybde
tempem 
severe

om-nickel alloys in the 1950 •* 2200°F 
re renge wos unsuccessful becouse of

crocking- Subseq
the hot shortness -os probobly coused by oxygen
ce ation ol the electolytic che used.

It -os found that odditions of 0.1% cerium for eoch 
3% ebreew UMI in rhe melt "AwM render these alloys

m

•e •• * e* * ♦ *•. % i :
• • • «•• •• • «
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) het forgeable. Further experiments have been con- 
ducted with 100-g arc meits centaining up to 2% 
titanium and 2% alumimum os deoxidonts. The 
aluminum additions ware found to tea ineffective, 
but the titanium additions Sanaa 4 to reduce the hot

I was d ined that app ly
2% titonium would render a 9* Cr-20% Mo-757 M 
alloy completely hot forgeoble. The oatrudod rods 
of die hot short alleys could readily be rolled to 
sheet at room temperoture. Work-hordening date 
for a 3* 20 Ido— 77% Ni alloy ere presented

Ram tonpereturo tensile strength data for chro- 

mium-molybdenum-nickel specimens subjected to 
tori e mo haa* Meetmonts are listed in Table 6.5. 
The data reported ore the overage of the resuits 
ef two to three tests of each alley. Included in the 
tests were alleys the* contained additions of 0 -5% 

columbium or up to 0.25% cerium. The minor ed-

ditions of columbium opr 4 to increose slighily
the tensile strength and ductility of these alloys.

and an average decreose of 5 in elong and

in Table 6.4. The allays contoining bet 3 and
a slight ese Mt swength were noted
for the alloys with small omounts of cerium odded.

10* che k-hardened at the some rate. The elet seed a

122

TAD' ■ 6-4. WORK-ARDENMIG Of A 

In C.-z0n Me-77 • ALLOr

Redueten (W Merdness (VPN)

*68

chat sail olybd
atre tensile strengths of 
lacteal allay specimens ofter

various aging trotments are gwen in Table 6.6. 
All the specimens were tested at the oging temper- 
ates Hoood. The results are given for ample 
tests. The elevuted-temperature ductlitiesof these 
alloys are low compered with the ductilities at

10-4
21.1

304

45-5

32-4

0.1

312
337

an

48o

room

Ip

* The mimor additions of cerium

sly oided in obtoiming higher elevated- 
eue swengths in these allays, tetr* more

toots era needed to aerify this ebaervetion. He 
rekntionship between the physical properties end

the chromium content ta reodily in either
room or elevated-tempercture tests.

In the temperatre i papa above 1300°F the e Hoys
cawaamtae up to I0R che eppeor «a tea single-

TADLE 6-5. RoOM- TEMPERATURE TEMSILE STREMGTH DATA FOR cROmUM4OL vsDENUM-CKEL 
ALLOY suer specuENs

Agig Timet , 284 h: memimm, MS hr

Alley Cempe 
(-1n

Genditiee ef
Test Specimen

Tensie tar
(ai)

Elengutie

3 Cr20Me-77Ni

S Cr-20 Me-75 e

7 C-20 Me- 73 N.

M C-20Me-70 Mt

Anneuled
Ag-d — 1300"F
Aped a* 1500°F
Aged as mW*
Or no oh d
Ag-d OS 1300"F
Agede IS00°F
Ayed at

Amneeled
Ag-d et nod’s 
Aped et 1500"‘F 
Aged os neso"F

Own rated
Apod at mo0"F

107.000 
109,00 
11wo

67,500

120,000
119,000

11scco 
72.500

116,000 
116400 
114000
69400

t >«. MB 
181400

•I
••
64

19

58
59
62
14

63
63 
W 
1a

71
63

sa

• e • • • e
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TABLE 6-6- ELEVATED-TEMPERATURE TEMSILE STRENGTM DATA FOR 
CROMIUMMAOLYBDEMUM4ICKEL ALLOT SNOOT SPECMENs

Alloy Cempesiti 
(-1%)

AgimngTe 
(h)

Temmil• St
6nl

Elengetien 
ex)

3 0-39 Me-77 Ml 1300 
1900
16so

33.300
37.300

6-3
5.

19.0
3 Cr-0.5 Cb-20 Me-76.5 M« M3

303
1390

9 Ce-0.5 -20 Me-74.5 Mi 300 1300
ISOO

30.100

30 JOO

6-3 
s.o

75 
s.o

3 C-0.25 Ce-20 Me-74-75 Ml M3
M3

1300

7 C-20 Me-73 Ml M3
Ml

1300

59700
43.190

40 JOO

16-5
114*

9.
3.5-

7 Cr-0.5 C-20 Me-72.5 Ml SOO 1300 48,800 12-5
7.5
3.8

7 Cr-0.1 Ce-20 Me-72.9 Mi M3
362

1300
1300

54.500
■JOO

17-
s.8-

tO C-0.5 C-20 Me-89.5 Ml SOO
300
304 UM

•I mtaide 2-. g-v length.

Additienal studies of the microstuctures 
will be conductad on alloys mode with hifh DMity
eh as the Martian material. Further evi-

i
is shown in eged

stength o ductility are observed in specimens 
oged at 1300 and IK0°F. The low strength and 
ductilities of specimen oged et 1650°F way toava

* used
—»• an

either in
ather thee 1650°F were occomplished 

tuated quertz mbes at under a heli—

The resuhs of stess-uptue tests (s 9
leter in this section) li— sho-n tew stengths end 
dwctilities for most of these alloys ond indicote 
rhat vocuum meling elone is net sfficient to ob-

‘ain
crec

properties. The possibily el in-

cerium BtiOWl HI eppeors to be promising, since
the alloy* with cerium oddis

• A 9 •
- * 9 e
see e V• • » • *

ee*

38.300
43,600

8-8
90
6.

physicol tio^
It haa becume app that # d dcctdutte
proctices mre necessary in melting these alloys, 

ductian

■ alyOO— alter* comei
■II—. The results repoete 
elloys wm bosed an m

continued — mickel- 
ing to— 3 te 10* cho- 
d previouslyS fo these
idatiom

fe

tests of smoll 
een chemicolly 
• been vetes ted

Tebl 6.7. to

to— chemicelly anolyzed 
he results at puesented in 
ison with The yay IP la at re-

position mes alightly to—«, ond in wer
& 7, end 105

a. sSg;mo44S.D2Ag”a ANP Q- Prme “"p
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TABLE 6-7. OXIDATION ar CNROMNM-OLYBDENUM-ICKEL allot DURMIG 
1M h, AT 1So0PF M STATIC AIR

Alley Cempesition
<-• n)

3 Cr-20Me-77 Ma

$ Cr-20 Me-7s N

7 Cr-20 Me-73 Ml

10 -20 Me-70Mi

Weight Gein
(mg/em 2)

5.17

5.30

3.14

0.45

chromium. It appeors thet obout lOW cheomium 4* 
mecessory to ten* • nonspolling protective oxide 
on the tore er y alloy- However, it hos been ob- 
served thet the exidetion rete under static cento- 
tions con be re Awe A 50% by the oddition of 3% 
chromium.

STRESS-RUPTURE STUDIES ar MICKEL- 
MOLreoe MUM ALLOTS

D. A. Dougios J.H. DeVan
J- •. Woods

Metallurgy Division

Hestelloy 8

A series of creep-ruph
aled « 
mosph

• tests on Hestelloy 8 
ondition has been com- 
wrect 1900 and 1650°F.

rized in the design curves
presented in Figs. 6.1 end 6.2. A similar series of 
tests in fused solts to mneoring completion that 
provides on intwrestimg comperison with toe orgon
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rupture !*«• ore cerceriw4. Ho-ewer, she finel
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-os odded aha woe a 
properties aa-ao-a

tion 74.75% Mi-
20, Ma M C-0.25% Ce end was iala»ie» —
Hestelloy B from the stendpoint of ruph 
but, — 0300 psi, it hod a finoi elong of 2eT
cempwred -ith 16 for Hestelloy B end 7 fe a 
a aartaa elloy — -hich aa deomidomt (cerium) -os

a es
• : ••
ne e

• • *•

Metellugy Division
h hos beam shown® thet the physicol yr—e—ea 

of in i an Has telloy • alley are directly imfluenced 
by the crenelle* ice which occurs at temperatures
- the i — rta J 
r e cetera end heat exch

tionol rong of AP 
rs. An extensive pro-

grom is mo- under -ey to obtein short tensile

s b— noo te 1600" for rimes from
100 aa >000 ha. Tye eel

v d,

crostruchres ah—lao<

lotion is being mode

^0. Paiau •* aL, ANP O-an Rep. Man M 
1933, Orta*L-t—a • »U.

• • ese • •=

:t: : : : :
•e • »*• e=

125



ANP PHOJfCT PltOCJltii

■ MW —-

«aw»

«2,000

*1,000

•0000

MM

- MW

MW

mmicn

I

—

MCII. MW 
om- ---e-s -*s

4 4

•*

T

T
■ 4

IIII

_________
M

Et

-
st «ot

- -
p---ei

--4-- e—e —-e
\ m-rume

t

W 
rmzime

•0

L

- ■
+........

mii
-

• 1 • ■ 

.....

______
•MW

el Hustelley B Selutien-Ammeeled

TMU a.& CREEP-RUPTURE TESTS or MODIFIED MICKEL-OLrBDEMUM ALLOYS

Alley Cempe
(- •

n -20 Me- Cr

75 Mi- 20 Me-Ce
n3s -20 He-s ©-0.z3 Ce

n m-20 M.-7 c,

icol properties ond the 
s.Ase reg-dr ol shis

si informmotion on the high

Seesa 
«M>)

8000

ding 
gne

perotue of this moteriel is being ob- 
tained. The velotive merits ol MUM prseging 
beet treetments ef Hestelloy B ere else being 
studied, ond it is AW* thet, es • of this 
work a procedue con be deve loped -hich -ill

126

VMM te •

0)
Elng-

CM

67$
r

*
20

stebilze aft* microstrun 
the sensitivity to high-

sufficiently te "educe 
one eging.

A “u y ef mhe short-time tenaile dute that

&e
6.5, 6.6, end 6-7. ond in Table 6.9. » moy be 
neted Ml Fig- 6.5, -hich she-s the tesults el the 
test in -hich the vorioble ol oging time wes in- 
in Am A* tensile-stength ond yieldpoimt

• -- •• • : ••11 *% | f if ::

I



*

M

30

40

a»

MM

T

•r

PER/OD tMDWG 10, 1955

Ft

secmer 
e-m---9-• raeo™ I

—_- - -
D

I s
M

*

. IT
--

+t+t

11

5^.*sie.
। “‘e

—t
• I

- FLwomoc FUL mef-E-’.-u", -e* <
I I

• L
.oc

Fig-6.3. C Asen ef Nestelloy B S
UFa (50-46- mele X) M 1MB. IMO. omnd 1650"F-

O',

-

‘esren * .
•a"* " F4

"onancosa,
Bkes’ezieotttt

A

"00*,

"390*,-

+t Per

4000
’•K tar*

--TT

_ _______________

-

-

T H+H
■.in

Dete in Argen end In the Fuel Mixture NoF-ZrF.-

TADLE 6.9. RoOM-TEMPERATURE TEMSILE PROPERTIES or MASTELLOT • Im TME 
SOLUTIOMANMEALED AMO SPMEROIDIZED conorrions

•a Tenaile Se 
(oa)

Yeld Swengh 

(oni)

Elenge
HU

Sphemidined
S.lunian-anneal.a2h,a 2100"F

175,000 te 185,000

125,000 » 130,000

IMlOM M 115.000

30,000 M 60,000

ljf.»

ss M 6s

cuves for 500- and 1000-hr

ductlity curve reoches • • 
temperate. Th eusulis of m

aging«imes reoch •
1300"F, -hite

inim 
etatu

ot this seme 

phic studies.

phose - bete or • A of two phoses, bete

temperatue tensile properties obtained by • special 
spheroidizotion heat treatment® are compored in 
Figa. 6.6 ond 6.7 with those of sci ution-onneoled 
materioi in the uncged and in the aged conditions. 
AM n^i the spheroidi zation treotment wes in- 
tended to produce a stoble microstructure between 
1300 and 1600‘F, it may ba "M < that the ductlity
is lo 4 considerobly in the 1100 to 1300 F

127

H 
««« • •== • • « **: I r IE I)e=

— •



1

ANP PROJECT PROGRESS MKMT

।
so
N

a*

2a

22

20

•4

«

•0

a

* I

-

T

erenmmmmmmaeermaammmene >

secmr
om -L• - aaa rae

+ 4

+

-

200 400

+ t + *

-

t
Tr

4-------------1
+

------ |-----
TEsteo

-------1------
+

+ +
____ _
--

——t*

*

f
■

■—IESTED m angon
—--------------- »-------------- t

—1------------—
TESTED A—,--------- -----------

*

r

- -t
TESTED « meef-ZF--uF. 130-4-4 

--------- 1—. ..... . .... -----------------+-t----------

+

+

•...............X.......-... . . ........ . ..... 1.-,
eoo ano 1200 *400

ton «na

; ______  1____I 
•eoo ano 2000 2200_____ 2400 2600

Fig- 6.4. Creep Curves fer Hostelloy B Sheet Thet Wes Solution Anneeled at 2100‘F and Tested at
1500‘F and 12,000 psi im Verious Envi

MO r

#
S' „t 
* 99 *
2 . 

— 80 E
U

TESILE srAEnGT•

so 

ssKo-" 
ieb- 

E sot
g 205a =•8:

•.— 
WOO

VCLASSWID 
om-L-Dwc rscz

.......... «000 w«
T ~-o- too MB -

«00u

,2€NSuE sreEnGrw

TELDPor

DUCTLIT’
-a-

p region. Even thevgh very high tensile
and yield stvengths were obtained with this treat* 
ment, the low high-lemposature ductility would
probably prever 
cbove 1000°F.
pretre its

Investigations of oiher promising 
ore now in progress, as well as

investigations of the composition variables which 
have been shown to be of significance.

3 -so

40

20
UCTLLITY

oucTuuITr

•o

=------- ---- o
1200 •300 1400 •300 *600

TEUPEMATUME r»t

2
2

13

DEVELOPMENT OF BRAZIG ALLOYS
P. Patriarco G. M. Sloughter

Metallurgy Division
R. L. Heestond 

Pran & Whitney Aircraft

Fig- 6.5. High-Temp Tensile Properties
of Hostelloy * Thet Wes 3olution Annealed at 
2100’ Ptor to Aging at the Testing Temp statute 
for Various Times.

High-Temperture On idol tea Tests
Tests for evaluating the static oxidation re­

sistance of several brazing alloys were conducted 
previously et 1500 and 1700°F, and cyclic tests 
have now Loen initiated. In the 500-hr cyclic 
tests the samples are subjected to 190 air cools 
from 1500°F. The results obtained thus far ore 
compared with the results of the static tests in
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Spheroidized Conditions.

Table 6.10. It may be seen that many of the 
alloys tested have good resistance to oxidation 
under both static and cyclic conditions.

Tests are now under way for evaluating the 
attack resulting from cycling from 1700oF. An 
apparatus is alse being prepared for testing the 
oxication resistance, of brazed joints in moving 
moist air.

Physical Property Tests

An investigation has been conducted of accumu­
lative effects on the physical properties of Inconel 
tubing as a result of fabrication of tube-to-fin 
joints by high-temperature brazing with Coast 
Morals alloy No. 52. Brazed tube-to-fin specimens 
wit- at least 1 in. of stocked fins were machine 
ground to the original tubing dimensions. Threaded 
one sections were then brazed to these tubes to 
for- short-time tensile test specimens.

Room- and high-temperature tensile tests were 
then conducted on the as-brazed specimens and 
on soecimens that were subsequentiy heated in 
a vacuum for periods up to 500 hr at 1500 F prior 
to testing. The results indicated that no signifi-

Ftg 6.7. High-Tempereture Tensile Properties 
of Hastelioy B in the Slution Annealed and 
Spheroidized Conditions After Aging for 100 hr ot

♦he Test Tempsreters.

cant decrease in strength or elongation of the 
tubing resulted from the brazing and subsequent 
heat treatments. Tensile strengths of approxi­
mately 100,000 psi and elongations in 1 in. of 
approximately 30% were recorded in the room­
temperature tests. At 1500" F, the samples pos­
sessed tensile strengths of epproximately 27,000 
psi, and they retained good ductility.

Test samples are now being prepared to evaluate 
the effects of other brazing alloys, such as Nicro­
braz and the 90% Nt-10% P alloy.

FABRICATION OF TEST COMPONENTS 

P. Patriarca
G. M. SlaughterR. E. Clausing

Metallurgy Divisien

R. L. Heestand
Pratt & Whitney Aircraft

Twenty-Tube Hoot Exchonger
A fuel-to-NaK heat exchanger containing 20 

Inconel tubes was fabricated for studying rhe heat 
transfer characteristics of fluoride fuel mixtures

129 1
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TASLE 6.10- COMPARISON OF RESULTS OF STATIC AMO CYCLIC MO 1. OXIDATiON TESTS 
OF DRYHYDROGEN-BRAZED MICoMEL T-ONrs AT IS00"F

O-ideten R-wlta•

Brezimg Alley Tested in 
»**■■* Air 
far ooh.

Tested ter 900 he
-i* 0 

ee «ee> T.-p.mtum

iel Alloys
70 Ni-14 0-4 Fe-5 B -4 Si-1 C

Le--meltng Mierebrez

Ceee* Meteis Me. SO

80 Ni-5 0-4 Fe-3 B-5 Si-1 C

snghs

Slig

Slighe

SVghe 

Slighe 

Sliyha

St 92 Ni-4.5 Si-3 B-0.5 Fe Sligh Mede

52 89 Ni-5 Si-4 B-2 F. Slighe Mede

53 • 1 N-4 Si-4 B-8 0-3 Fe Slighe Slghe
MF 90 Ni-12 Si-28 Fe-a Me-a.s P-1 Mn-0.5 O Slighe Slighe

Mene NI Ce. Alley

Coppe

64 Ag-33 Pd-3 Me

MO Ce C

E eel Miek ee Alleye

G-E Me. 62 69 Ni-20 0-11 Si Slighe Slighe

at 66 N1 -10 0-10 Si-4 F--I Me Slighr
Ni-C,-Si 73.5 Ml-14 J 0-10 Si Slighe

Slighe

Slige
N-Si 30 Ni-12 Si Slighe Slighr
Ni-Ge 75 Mi -25 Ge
Ni-Ge-C, *S Ni-25 Ge-10 O

Electelees N-P

N,-P-C, 8oMi-10 P-10 O
MiMe-G. 90 Mi -25 Me. 25 Ge

Slighe 

Slighe 

Slighe 

Slighe 

Slghr

Slight 

Slgh.

Mede

Sligh

Slg

Mi-Mn

MMn-Ce

68 Mi-22 Sn

40 Ml-40 Me

35 Mi-95 Mn-10Ce

Mede

Comolete

Sever

Cempi

Sewere

4 • I Bese Alley*
Pa-Ni 40 Pa-40 m: Slighr
Pd-Mi-Si 60 Pd-37 -3 Si Slighr Slighr
Pa-Al 92 Pa-s Al

Pa-Ge *0 P-10 Ge

AuNi 82 Au-18 Ml

Very slight

Slighe

Very alighr

Mod

Severe

Au-Ce 90 Au-10 Ce

Au-Cu 00 Au-20 Cu
Very slighe
Cemplete

Slighe 

sughe 
C.mp

"Ver slight, less then 1 mil el penetretien; slight, 1 ee 2 mils of peneteton; 
severe, greeter he 5 mils of penetretion; compiete. Aller completei, destroyed.
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it a aM vonietiema an Ama 
press chell -es b

high-ce 
heliore 
perfor

d
. The b

Am very
—WaA

eled eccordimg te Am

ded joimt desig, end es pncrbed for 

niem epolicetems, ehe eoet pess -es
elded. The ef Am -elding -es

al the umit. Figue 6.14 sho-s the heet

ehter

• A • • eee ee
-2 - 4- ?!

el the noet pess.

dastrhem 

eechenger 
The 1 P» Ji

-

133



1

anep pmoecr pnOCNESS EPonT

y-

2

*

I-beem -es uned os • stongbeck fer the sratem

Jeiming e Twe Tehe Bumdks- The •e hbe 
bumdlos -ese joimed together after bming -elded
imte their ctive yew shella; the com-

r
pieted umit is showm Ml Fig- 6-15. nmeybe MW 
then ehe joiming epereion rewired severel menvol 
helicc welds se conmect the NoK cireuita emnd "o 
ft* mhe imiet and emit mozzles. Leskeanmg
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Na. 2 sest peogem amd that the type 30 winleas- 
wteel-clod tw* high-cemducnigi"r fins hod heen 
shemed degremsed, end edgepotegved "it 
alumimum bomze The comstewction of "hene wmiS 
hes me- been comoleted, end • beief eisevswiem 
•f the mtermediete steps is pesemed hene-

Psoplecemem ef Beezimg Ally- Cegs Metels 
bresimg elloy Ne. 52 -os desigmwed fe w — 
this iUn»c becouse it possesses gond fjemublir 
et 120C end hes goed resiuenee •* hivh.tempen 
t—e emidenien. lts good comocibiley "ith odum 
—es elso el distinet edvomtege, since "he bozing 
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Fig 6.14. Imtermediete Mem Eschemger Me- 2 After Cemspletien ef the Reet Pens ef the P 
Shei Wela. Stromgbock used so who distortiom.

A 
brazing elloy constin

• hiph •
«m 
ef

bec the tubes -ere mot ety Ay in plece. A

The 
plocee 
odien

A
•s meor the circuleting NeK. 
hod e brezing elier pre-

I—metel tempiete ed to korce eech

-os used im the febeicetien ef mhese

individuel fim plece. Simze some el this diffi- 

culty -es else derived irem the slighe curveture 

she smeighe lengtha ef tbing. it is theughe

plet g in bending tech
holes the -ere precision d-illed MM utilized to 
plece conwelled omoumts of beozing elloy om eoch 
nbe-to-fin joine. The bresiog po-der -es secured 
vo rhe fin -ith Nicebeez cememt. A

• holes 0.246 im in diemeter 
pevided the optimum wuity of brezing olley 

per ieima end -cs n—4 •« prwploce elloy en the 
»0 fina.

ef Fims. The essembly ef the fins on

A set ef Lucife "‘finger" giga -es Am f < ond 
bih the simolifisd the fim w—M; probiem. 
These qiga, -hich cem be seen in Fig- 6.16,

■ ■re pieced ot 4-in.

itiens te fit the pmched 

ing Ml* — 1—1 chonnels 
vels te impert Ml

d -es conducted -imh the tube bends
de- os is sho-m in Fig. 6 M. The essembly of
she firat 4. of fims =os ely M

anvcturel stebility to the redietor. These cA—<•
-ee heliwrc -elded togethe to form A—
side pletes. T-e ehin sheets ef Incemel ■ w 
elso pleced tightly together ogeimst the chemnels 
an ehene 4-im. imtevela. The cepillory jeint be-
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ceve end emlet tube 
relotvely even fle- rhe 

•ree, end goed eweule

-as desgned M eermat 
M A—■* the em e bontal

ned weund the tbe-tehe 
The rodigto -os secuely

e hydegem -es eb- 

der veimts.
supweted em • swong-

boch t pevent sogging * distertem duing the 

highteme-eue brezing eyele. The mopoi bors 
-ere atA fom staimi-sa ste-i -hich hed beem

peviovsly 
mizing pres

sed M 1S00F. This ■ImMii

odieter, since an oxide fim

aMM

#
0

4 hy simply cumting edt the tubes et

Am umdenide ef the heoder pietes. Ne- heoders 
-ere them eneched by rebemding 4m vbes end 

repolshimg them. This MM f 4m • -es emgioyed 

en 4m vedieters in ede M ebteim lesktigh units

4 by usimg
fim joimts
4 cenning

techniwes- The brezimg elley -es pepleced on 

Am fime, es described abeve, ond • medicine 
dopper -es used te plece the beze slumry on the 
•■tai •• > ■•4m >■

A speciel boffle desigm ■M used for Am bezimg
ol Amw redietors, since « wes very

binder pe A

te

Am momim. A sheet-
■mmI -ms enached to the fromt ol the
rediete, emnd eleon, dry imlet ges am lerced
b d te the
otside ef the cen. The imside el she Amw »

mmmammamamamam

-emang by Cecst Metels eiley Ne. S3.
The rodiotee -us ploced m ehe bezing con -ith

feu th aneched im viou* post-ons
e-d the ■MiA—i . This temperwe

ment weund Am mA Am m» desireble frem • 
cemtel wondonimt, mw though peevious e-peri- 

ments hod indiceted Ami oll ports ef • unis el mhis 
size couid tar hele to -ithin 25 C et mhe beezing 

temperete. Im Am preliminory experiment, 12 
themcovples -wre mimA* 4 M w iai poimta 

over mhe test apecimen This elese conwol -os

necessmry We w the flo- ol whe

bezimg elloy is 1020‘C, ond the tw in the 
fims meits M 1087C.

The "hemei eyele used M bezing these rodimters 

•• shoun in Fig. 4.17. The *>' -es placed in the

* » te mimimize de atotion
duelly reised te the bezimg temper-

—ha*. The t-o completed rodetors •r• Aw* in 
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oceured. Stam ne —w ol kezing elloy wes

..............11 af «ha encess la pecticel lar lorge ae> 

semblies. Goed femebilin af the brezing allay 
wus obined. A arene sertion ed • typical twb* 
vofin joime breaed under condiions simuloting 
shese used to the febicenion af the redieters la 
mhoem Mi Fl®. 6.19. It moy be seen iha* good edge
pretect d in

tmeciAsSamie d

Cemel RedletrWe. I
The assombly and portial febricetion af a MU 

scale Aiqid anted ta ata redietor designed by the 
Cornell h* renew* teal Lab er alary ware described 
previously.’ • Since the header yletei an this heal 
euchanger ware $ in. thick, the braind tube w 
header joints peeled eosily- Soveve stesses re- 

zubnd ben the dffznoncna la the—el "ponien

end the brae in® alley. Hew ewer, an investigation 
of severol high-temperature krazing alley* re reeled 

the* Coos Metela alley He. 30 possessed suffi- 
cien* ductility to owercom this crocking men fur-

•t
•of 2050°.

»

‘JI 4

t

f

Other beezing ellors such es Coust Metols elloy 
No. 52 ond G-E alloy No. 62 crocked to such cn 
extent that they were not considered sotisfoctory 
for thin opplicotion.

Since brezing with Caen* Metols alley No. 50, 
which is • ntetael-aillcea barn a ban alloy, would 
necessorily resuh in the diffusion at baraa into 
the tye 316 stainless steel bese metel, aa imves- 
*«®c*t an was conducted to determine the extent of
P ond iha efiects an the mechanical ye®
erties of the bose metol. Metollogophic O—l iw
tion of typical bazed tub header joints indi-

* ,

cotd thet the diluzion wes minor (2 to 3 mila), 
even though i»m n hecting end cooling cycles 
were used. Somple» exgmined ofter subsequen 
heoting for 24 hr or 1650°F olsoexhibited diffusion 
to che some extent. After 100 hr at 1650°F, the 
diffusion hod progressed •4 5 mils. Severol 
brezed tensi le-test somples were prepored so thet 
• study could be made of rhe eflects of brozing on 
the mechanicol properties. Tests at room temper- 
ature and et 1600°F at the Corneil Aeronouticol 

Leboratory indicoted no appreciable reduction in 
the tensile stength of the bose —tel.

The bock brezing mes corried cut by plaring the 
rodiator in the furnoce at room tempereture end 
heching at • rote of 150’C /hr umtil the bazing tem

I

I
p * wes reached. The redietor was held ••

Leck-testing -ith • mese-spsctrometer helium 
leok de tee ter indiceted mo flo-s in •he integrity 
of the <lf* MoK circuita. The two rodicvors 
-ere therelere delivered for instollarion into the 
test rig.

2050"F fa hr ond then furnoce cooled at o-mx- 
imm rate ol 150°C/hr. The completed hae i ex- 

ch —yr is sho-n inFig. 6.20. Tesnng with a 
ma «s- spectome• er helium leok detector indiceted 
thet all -elded and brazed joints were leektighr.

"’p. Petire. -e <4, ANP Qa- Pmg. R-,. Man K». 
1931 ORML-1*64, • 12.
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Faur high-pusi, molybdemum billeta eorsoinino 
0.7% titenium were emwuded fade vod to be used 
far welding etudies c Benelle Mememiol imetitdte.

/

"44

Fig- 6.20. Completed Cemell A ticuel L ehe-

eatery Sed

The rodiat 
ConellAe

hes 6
ticel Lab

> been delivered to the 
Mery.

SPECIAL •ATERIALS sTuDES

J. H Coobs
MAetcls VF Divisien

uniena

W Inouye

TWw 
2000F.

billets of d ■ere ded or

vetie ef wos
The pressue regired for an extusion

mtely 45 1*1. The billets
■ore cemned en mild steel to protect the vonad 
bo* ozidetion during enrusien. The conn

ed Gom the estruded tube
blonks by’od’ng in hot NCI. The tbe bianks 

hove been shipped • the Superiow Tube Co for 

iorthet reduction ond cloddimg en the outside -ith 
stcinlesa efeel. The elod tubing wili be used in 

cmnosiom studies.

The 
dom
mttset far eefaf • 2otan2 fafafaam* Thune

— • ezeriels. Since the enn lubei

w— •» 260PF, » wos swebbod
me wulls. The Mt of sot in the

zonteinee rodocns the presme cgived fvom 700 
to 427 tenn en ■ 3-in. cam for an emtunien cetio
ol 4.5:1. Similevly, el e sie of 6.25:1,

qived wes eeduced rem 700 to

ca

A
iments en duplen aster l ale

ere dosigned far «tudying the tebriceen problems 
involved im the clodding af tube maveriala. Sie

additional exwusie
wW stee billeta hove been

site etoinless aleel-

venulta of she iens have mot been
pleted.

evalugte
moy be

ial
ed by teperimg the billet nose to

conform with the cene ef the die.

Di le eel Stebility Teel

P. Peiricrco
Mevallurgy Divisiom

d design far the core shell of the ART 
colls far the use of o spun Inconel configuration, 
and therefave an imesrigation wot conducted to 
determime the dimensionol stobility of a smoll- 
scole specimen (Fig- 6.25) obtoined from Prot & 
Whitney Aircraft. The stebility of this configuro- 
tion wes tested by measuring the distances be­
tween several reference points both before and 
after thermally cycling from 1500°F to ombient

)
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. o- those most likely to be used (cf. Sec. 5. "‘Cor- 
rosion Research"), ff these valve seats are to be 
brozed to an Inconel volve body, the brozed joint 
must be sufficiently ductile to withstand the stres­
ses created by unequal thermal expansion co- 
efficients (10.2 • 10 4 m. in. F for Inconel and 
4.0 - 10 * to 5.7 • 10-6 m., in. • F for the cermets). 
In addition the brazed joint must possess adequate 
strength and corrosion resistance at temperatures 
to 1500 F.

Good wetting of the cermet has been obtained by 
using E lectroless-plated nickel-phosphorus brazing

Fig- 6.25. Inconel Spun Core Shell.

olloy- Sotisfoctory joints nay been obtained

TABLE <.11. CONDITIONS OF THERMAL CYCLING 
OF NICONEL SPUN CORE

Cycle
No.

Heoting

()

Time ■* 1500 
(hr)

Cooling 

Time 
(h)

with a0.0001-m. layer of nickel-phosphorus followed 
with a 0.003- to 0.004-m. layer of electroplated 
copper. The addition of a nickel shim between the 
plated cermet and the Inconel is desirable, since 
it serves as a Cushion to dissipate the thermally 
induced stresses in the joint. During the brozing 
operetion, the nickel-phosphorus melts at opproxi- 
mo rely 1740 F and wets the Kentanium surface, 
continually increasing the temperature then melts 
the copper, which alloys with the nickel-phosphorus 
to form a ductile joint.

A test sample wos prepared that satisfactorily 
withstood two air cools from 1700 F. It was com-
posed of a a -

(90" TiC- 10 Ni) brazed to a
'4 - 2 in. Kentanium 150A cermet

1

1

3

4

4

4

1

»

2 
$ 
$ 
%

4

4

%

under the conditions listed in Table 6.13. The 
cycling process was perforrwd in a protective 
helium atmosphere. At the completion of the 
experiment, no recordable diametrical, axial, or 
thickness instability was observed.

Brazing of Cermets to Inconel

P. Pgtriarca R. E. Clousing
Metallurgy Division

The use of cermet volve seats has bean proposed 
for certain high-temperature fused fluoride fuel 
applications. Cermets composed, of titanium carbide 
with a nickel binder (Kentunium type) are among

along 01-2 in. face. A 1 
incorporated in the joint, 
severely cracked, but, as i

"-in. Inconel plate
ia-in. nickel shim 

The specimen 
can be seen in

6.26, the joint remained sound. Sample joints 
now being prepared for tensile tests.

CERAMIC RESEARCH
J- A. Griffin
C. E. Curtis

J. R. Johnson
A. J. Taylor

wOS 
wos 
Fig- 

. are

Metallurgy Division 

Rare-Earth Ceramics

Ceramics composed of rare-earth oxides should 
combine the property of high absorption cross 
section (for thermal neutons) end the usual ceramic 
properties of high density, strength, corrosion 
resistance, and high melting temperature. Since 
these properties are those required for a control 
rod for the ART, enough Sm20, and Gd,O, was 
obtained for testing. These oxides, in the form of 
bars 3 » % - %, in. thick (pressed from the powdered

P. Patriarce et al.. ANP Omar. Prog. Vrp. Mar. IO.
1954 ORNL -1092. • 90.
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Fig. 6.26.
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. oxides), were fired at 1300 dn 1500°C in otr- The 
resuirs of physical pru party meosasments en these 
specimens are presented •" Tobin 6.14.

Both Sm,o, and C ,0, sintered or 1500 C to 
form ceromic of good strength. High resistance 
te thermal shock mould not be ezpected becouse 
the coefticiets of thermal sup on s.on ore rather

1500C 
Sm,O,

The oxide Gd,0,
was stable in

sintered at both 1300 and 
boiling water, homever.

sintered at 1500 C wos not stoble.

A mixture of the oxides (ovailable c ciolly)
contoining 63.8*1 Sm,O, and 26-37 Gda0, (belonce, 
other rare-earth oxides) wos fabriceted into cylin- 
ders, and these specimens hove bf n tested in the 
critical experiment (cf. Sec. 3 "‘Criticol Experi-
ment""). After heat at 1500-C, the
cylinders had o density of 10.94 end a porosity of 
8, ond they were stable in boiling woter. They 

were machined to the following dimensions: -in-- 
OD. %- in.-IO. 0.8-in--long hollow cylinders, and 
0.45-in.-00. 4-in.-long solid cylinders to it into 

hollow cylinders. Similar ceramics of the mined 
asides are being tested for rodiotion demogs and 
thermal conductivity.

Exploretory tests for possible new compounds 
of these oxides were mode by combining each in . 
equ •molecular proportions with each of the follow-

Brczed Joint of Kentanium 150A
Cermet to Nickel. Note sound oppearance of joint 
despite severe crock in the cermet.

ing: MgO. CoO, SrO. CdO. BoO. Al.0,- Fe,O 
S.O_, Sno,. ZrO,, HfO,. and ThO,. After e hei 

treatment at I5COC for 2 hr. x-fay exomination

»

TABLE 6.14. RESULTS OF PHYSICAL PROPERTT MEASUREMENTS OP RARE-EARTM OXIDES 
FIRED AT 1300 AMD sodc me AIR

Promany Meosured

Sintering temperoture CC)
Density (bjlk)

Per cent •< theorelicol"

Apperent ponsity (T)

Modulus ef rupture (osi)

Meaelua el elesticity (psi)

Coefficient of ianeer thermel e-ponsiom
en./im./°c

Melting CC)

1300

6.0

01

23

1800

4.4 « 10*

2390 2 20

Sm2°, G.0,

1900 1300 ISM

7.4

100

4

2000
26.5 - 10*

0.0 ■ w*

•Theoeticel densities: Sm20, 7-43. Gd.°3- 7-407-
-Migher men theoretical density, wobebi, due to 2% tosbium present.
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abonad that both a aarth oxides formed cam 

pounds with Al ,O, Fe,O, SiOy ond SrO. The 
compounds with A,O, and Fa. Oj hove th* perow- 
skite structue, and iheir possible se aa dielectrics

in tach c**a the Fe,O, 

compound was megnetic. Both Sm O, and Gd,o, 
form solid solutions with CaO. Mg. HO, Zro, 

and ThO— in a a ch caw ih* CdO volatilized out of 
the mixtie at 1500JC-

Several rar* eorths war* avoilobie only in very 
small quantities, and hence they war* studied only 

with respect to their a-roy diffraction a aft am*. 
Their structures, as received and ofter colcination 
at 1400C, or* given in Tabi* 6.15.

TASLE A.IS. STRUCTURES or RARE-EARTH 
OK IOCS

milled for 24 hr m 1-g-copocity steel mills with 
tungsten carbide slugs and methyl alcohol. Th* 

null charge was dried and gronglated, end the 
batch of material -as pressed isosteticelly of 

35,000 psi. The blank thus formed -es sintered in
hydrogen at 2725 °F for I 
mechined to • cylinder <

Th* specimen -os 

0.8 in. in diameter
and 3 in. long by using • comventionel lethe and
steel tip tools, 

by determiring k

A porosity of 14" wos d

absorption, ond a porosity

CeOa

M.°,

E.°.

D‘°a

Er,o, 
T-.°, 
Tb,°,
•0 - und

After Celeinetie 
et 1aoc C

of 25.9 wos colculeted on the basis of theoretical 
density: these values indicate the ciose par* 
volume to be 11.9

uo, Pertieles Coat ad -ith Zro,
In anticipation ef a possible need for protecting 

particles of UO, from reoction with molten ail i can 
in the developient of an SiC-Si fuel element, a 
techniqe was developed by Shevln, at the Ohio

fee
V 

u

V - e

fee

0•"*
u

u

u

Station, for coating porticles of

UO, (30 to 30 mesh) -ith • thin layer of ZOa- 
This was done by heating the porticles to abot
S00°F in an • 
while this co

topped co on a hot plote.
-as vibratod mechonicolly to

egitate the porticles, they wart spreyed with •
ium zirconyl corbonate. Under 
a conditions, droplats of the

solution were dried, the salt was de d, and

**2 pheses present; beth emisetrepie.
--2 pheses present; ene exbie, ene

The ina am th oxides Eu2O, Nd.O,- Pr20, ond 
Dy,0, or* now on bond in sufficieit quanfities for 

determining aomo of their sintered properties and 
whether their reoction products with Al,O, ond 

Fe,O, hove valuoble properties. Specimens of 
Eu,o, la the form of disks %.in.in di an I ater and 
0.003 in. thick and bar* 3 x %a x % in. ar* being 

prepored for physicol property meosurements and 
rodiation domoge studies.

An (Sm,Gd,0,-Fe cermet was prepared by 
Shevlin at the hio State Experimene Station. This 

cermet consists of 30 wt % rore-earth oxides end

th* exide (Zr, product wos deposited on th* 
UO, awfoco to harm a continuous film, which wo* 
difficult to remove by robbing. I waaar* possible 

to use this process to farm diffusion borriers which 
wo aid prevent UO, from reocring with oluminum and 
ether metals. Atempts -ill bo made to da* out

1, and NiO coctings on UO, by this process, 
if is planned to heat rO, ond Al,O, to 

explore the possibility of cosol doting the coat-

Al

mg*. Heat treot of NiO under reducing com-
ditions will olso be imvest igated to determine the 
practicobility of producing nickel coatings in this

f
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7. MEAT TRAMSFER AND PMYSICAL PROPERTIES

M. F- Peppendiek
erimental engineering Division

was und

I

Ad ion of the friction fector
L The preliminary data are shewn

aa a function of Reynolds madulus Car the cose of 
vusbulenely flowing NaF-Z.F.-UF. in Inconel 
tbes. A full-scale ART fuet-to-NaK beat ex-

in Fig- 7.1. The results suggest that r-o-phese 

Row dens not occur in this system, beceuse the
riction factor

Sinaia pt curve.

wemen*s fall near the general 
The influence of e asm string

heng

mode

• studied es a water ba mar ar heat 
Seme velocity profile data sWI ob-

teup eseending
tensile stress fluctumions in the Inconel -alls of
She ART core Car mom 

stegnation near the wall.
T P ds of Hew

The results of a theo-
imentel study of a free-convection 
ing a volume heat source are

ezented.
The enthalpies, heet copecities, and viscosities

some 
ebtai

4b y thermal conductivity dota
d with a ne- conductivity cell.

FUSED SALT MEAT TRAMSFER

H. W. HiSaw

Previously

Also, 
-ere

ring Division

ted beet transfer esperiments
with the fuel mixture NaF-ZrF.-UFa (53.5-40- 
6.5 eels %) flowing in an Inconel tube gave results 
which were 24% below the general heat transfer 
corvelation. Twe passible explenations for this 

Aserepancy are thet there moy have been errors 
in tomperature measurement er thet on additional 
thermal resistonce moy have been present at the
fluid 4 interfoce. Calibrotion of the mizing-
chomber and tube sell thermocouples revealed ne 
tempereture errors. A study of the effectiveness 
of the ad wing chombers is new in progress to be 
sure that good mized ween fluid temperatures 
were obtoined. A visual exomination of the tube 
showed no surfoce deposits for this system.

He , the lack of residual salt odherirg to the

tbe surfoce suggests a **nenn etting** condition. 
Ta check an the general possibility of some tyoe

dr
charocteristics of NaF-ZrF.-UFa in forced con- 
vectiea through nearly isothermal circulor tubes

flaoride on (arced canssetien heat trensfer is mot 
yet bmawn.

The best transfer charecteristics of the mixture 
NeF-KF-L:F-UF4 (11.2-41-45.3-2.5 male ") are 
carts nt l» being irweetigere d. Preliminory results 
Car an Inconel systen, sho-n m Fig- 7.2, he 40
belo- the v

frogile y n film was found on the inside surfece
of the hbe.

vevealed oly the
trogmchic census cries 
ts of the self. Further

heet trensimr studies are plenned. Car -hich a 
steiniess steel rest sectien -ill ba used. Pressure-

ta mre also to be mode.
A smell-scele loop thet is to nclude a cen- 

trifugol sump pump has been designed and is being

fobriceted. Tbe p d »etem is sho-n sche-
maticolly in Fig- 7.3. The flu d flo- rcte -ill be
bt

The weig tenk will be

eighing the self as it empties into 

ease ended within a -eigh chember.
ged so the t can be

r epi dir emptied. The suma well -ill be weed to 

mointein the liquid level in the pump during the 
weighing sp eret >en.

A«T FUEL-TO-eK MEAT EXCMANGER
J. L. WaaHanC

eel Engini vering Division

A full-scale ART Ivel Se MeK beer each anger tube 
bundie (100 Inconel tubes, 6 ft lang, %. in. OO. 

0.017-in. well thickness) was assembled. instru- 

meets d. and studied as a -oter-to--ater bear es* 
chonge system (Fig- 7.4). Cold water was circu- 
lated through the tabes NloK side) at Reynolds 
numbers el sufficient mognitude to era dace lew and
calculable th el resi stonces; hot -ater was
circulated Brawn 4 the tube bundle in a parallel 
direction (fuel side). The inlet me eutlet tenpare ■
tures 
therm 
chomi

of both streoms -ere ed by t-o
couples loceted in each of the four mizing

bers. The ""fuel" side was inse
static pressure teps. Both flo- retes

♦

4

I
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Seta.

1—1 mm- -tu- §5 1 »

—•ru tam-

by utilzing -eigh tenks end electic ।
Preli

lari Wie cves fee the fuel side el she ART heet
dheng era sho-n in Figs. 7.5 end 7.6.

Fige 7.5 is besed en 18 dete points ther foll 

within ±10% of she **— curve. Heet balances

were within a * of 2 of being perfect, ond

4 • given miming
chember egreed te -ithin 0.7C of eoch other.

This hee
thet the fuel-side cherocteristics com be deter- 

mined by inilizing the tbe bundle •• — electricol- 
resistence h——■ Resulrs *4 the study should
fuether substentiete she curve sho-n in Fig. TJk
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ART cont MTDRODTMAMICS
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Resctor E
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F. E. Lynch

g Division

Futher fle- studies were * d -ith the
qerter-scele model of the 18-im. ART core. Momy

of poticles insented in -cter flo-ing
thwough the core -ithou* rotetien haw* been token.

ond 
obte

mitetive velecitr profiles heve beem

A voned sectien -os eddea et the inlet t* the
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Fig- 7.S. Peela
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geresD
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em L. 
«MB

core model t give the fluid e retetional
(e meely a 45-deg helicol ongle a the

2. The velocity prefiles were Maa eb-

*

mooo

I
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—
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vm
h । n
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7 Feietien Ch

r—

i l

em

isties
el the Fuel Side el *a ART Fuel-t-NeK Hee
Esehenger.

senved welitetively -ith the fle--isuclizetiom 
techmiige. 1 war ar i aw wes ebserved nex to the
slend well rether thon the sheil wall, -hich -es

The exiai
component profiles ara sho-n in Fig- 7.7.
la oddition, a series of 16-mesh screens -es 

edded et the inlet, both -ith end -ithout the 
■MWaan fc «... ... vomes. Linle eifect eribmteble 
to the sceens -es noted in the sncighe-threuh

M be much less hurbulent; indeed, the megotive 
pefiles were eosy to see. They pewred te ba 
cpprezimately B ar i* ilia. and thus they suggested

omaECe m..
■

#

l

CV

mevomM •-:a

Pig- 7-7. Quelitetive Aziel Velecity Prefles ef 
F'e- Thrygh a Medel el the ART Cere et • 
Reynelds Mumber ef MOO w*A a KataH aaai v.-

lecityCemp et the Imlet.
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AP PRJEcr

• lominer tme of fiew.
red 
sla

ith
He effect d Am a cr tew e 
tetianci Re-.

All mmechonicel comp ta, including the po-er
for

which permits a viation ef diffuser g ies
end cese-sectienal araa teties. The emtire diffusee 
section isbbe mode of Plerigles so thet Am fo- 
com ba shudied by A— flo--visvelizerion system.
Tbs at 

A p
•mbly is me- beimg febricoted.
A—Aaary fecsibility studr is — yr a tare

at Aw ■*
A plestic 10/44-scele model ef the 21-im. core

recctor —ret -ith monuni form Haar cross section 
have bees cenumetud ad inuelled Sy Meat iet

out. Aa **iaAa i—ly** odjustoble yai er input (thet 

is, 13 to 100 k-) so Am vest section will be pos- 
sible by —eons al severel setebie ree—era th— 
have been shown M possess emcellemt ahty . 

reguletion chonocteristics under the desired lood 
The dectri eel end powerimstumentetiom •« neoring 
completion. The vempereture swructre -ithin ea 
inudlgd “xreu teat dhrmmel will seen be

bee been desigmed ond is saw beimg feb A a
The odd scele wes chosen M meke the model fit 

Am eveilable tesing facility.

REACTOR CM* NOT TRAMSFER

H.F.P deh

predicting the thermel
elyses thet ce useful M

-ithinecircul g-

n• 192.4,

UP. rain a.

imemtelEngim
M. D. Geeeme

g Division

previously- 
N pessible

velumehec
1,2 These
te 4

ART core indicmte thet when
22 by raw—itrtiw.

etioms im the Imconel core wall shet resule frem

gnet The Mh-e,
ideclized system depictin the ART acre well 
durimg a short period of fle- stognatien -es com- 

sidured. It -es postulated thet a ley— ef fuel

mig te Am inconel wall suddenly * *
far a peried of 0.1 sec under the । aliaaa heet fhrs 
conditien d 5 k-/cm”. This Rea la raarat—a»n t 

d the conditions in Am ART becoute d the high 
Awa peek at Am well. After a 0.1-see time imtervei

• -ouid rise ebout

A
rise. icel

away ■ t l»a deb be— treader enelysis Mt mede 
Gor AM a probiem, end the vesults indicete th— the 
Incenel-fuel interfoce temperoture -ould rise obout 

EPF ia 0.1 sec. This tempereture rise -ouid, of 
course, be much smaller if the thermal conductivity 
d lnconel a er a mot so poor. The serre awiint 

de—it thermal ewes a for AH a tempereture A—e 
—les wee found to be ebs— -15,000 yai. These 

raeaht suggest that the fuid flew ia the cere 
should a— be dhrweH te Haeta—i.

-soce ay—emu» described
deta -ill meke

g-fuel
reoctors -hose pipe ar chennel ducrs ge being 
coeled — At -ells. Alse, a wensiem tempereture 
solutiam wes Aar I ii el hr the cese m -hich fuel

uvegnd 
shell, 

bound

ily nest to the Inconel core
Another onelysis -es ea 

y layer May treat ee sok
d -ith «
-here a

heet seuce eziuts in the fluid th erat el
and hj —a A—it beundary layer a are net y 
te be eyed.

FREE cOMVECTOM NI FLUIDS KAviC 
A voLuME MEAT souace

D. C. Hemiiton
Reector Ewperimem

The abjectives ot A

F. E. Lymch
1 emmaariae Divisian

med

the 
thwe

icel end

iously reponted.” Beth 

mentel enalyses el the
iltel yl—at syutem beta bean completed

—d a rayert istbeissued.“ The Awea yerdlet-

"M. A. tiwiwa •d L. D. A at wan. Fereed Cea 
werne- Meer Tr-meg-• em Pepre -ib tela-e Meer Se--res 
wibie che Fimide. 4-1503 (Met. S, —tn.

An. F. baae**— a L. D. A at war. Femecd Cea 
tiraaat Mem Teemajer Bergem Paelle Pimte• —4 ae 
Am-a wMi Velu-- Mrer Se--ces •ut she Pimds, -171 cey it. mat.

3o. C. Hit Ih«. -a P. E. L,-eh, AxP Q-- 
Rep- Dre 10. 1934, (MtML-Mta. • in.
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icolly in the upper
imset of Fig- 7.8; it consists of three porollel ond 

erticol copper pletes, 8 im. wide 
ed 36in. with a chennel width, x, of 0.5 in. 
Plestic bottems end ends meke legkproolcomtciners 

ef the two free-comvectien chennels, which ara 

MM with a dilute electrolyte (HO in H,O). 
with «ba twa outer plotes ye nm de d and the camtar 

piete moimteimed at a given e-c vohoge, heat is* d unifarmly srithie Me el olyte. The
d is trensferred by free con-

vection to the ovter -alls end them through the
outer wells «a the coolont chonnels in which
cooling weter flews verticolly mwarA. Thermo-

covple probe -ells were provided aa that the
temowetue within eoch wail could ba meosured 
e veicus verticel levels in the eyttf. The

iebl vosuwed ware coelent flow eat* end 

eise, power input to the cpparetus.

et vgious levels.
A theoreticel emedyele for leminer flow wes mode 

fhetwes besed a* the postulates thot, in the ray cm 
ewey from the tep ar bettom, the velocity profile

b fully esteblished end unidimensiemel ond 
temperature becomes lineor with the

coordinate, =, and has the some vertical

Semiquantitative visuol observctions of the paths 
of eweeceded Ace lets indicated Mat Me free 

convection circuit existed as eme iong ceil ond 
Met Me velocity profile became established in Me 
middle refi ee and was similor fa Mee eredected by 
Me theoretical analysis. The onset of turbylemce 
occurred at a Grashof moculus of 5 x 10*. Me

A curve it given in the lei er inset of Fig- 7.8 

thet chen thr "picl xicol xietion ef the 

minimum 0(0) date with the theory, it is seen that, 
foe N,s, last then 1300. the data ara about 20" 
lawar then the theory: this is good ogreement. Far

theA" dele, A "e: umiam ond ately equal 
re gredient.

Far the data (mot Maia hare) far which Muur was 
freeter thon 1300. A wes definitely not umiform; 
it was as each aa ten times greater thom A.; ond 
the •(0) data ware 50 la war than Me Maery.

Frew the turbulent regime data. It is seen Met 

free comectiom cam vreduce the mgximym tempero-

ture diffe in such systems to ct lecst one
tenth thet -hich -ould be present f the hect were

fata. Both a 

were obteined.
docity ond

The A
ture selutions
* er at ara at a

flram level oceurs at the tarwar well. The 
eqetion (at the dimensionless camtar wall fam* arm- 
nre, •(0). followa, ond «O), N,. ond N,av ore 
defined am Fig- 7.8:

Variables not defined am Fig- 7.8 ara: 4. thermel 

tamdaeti ■ i»/; g. occelerction due fa gevity; fl. 
r waif ar ata'a coefficient of exponsiom; a, thermal 

diffusivity: r, kinematic acaaify; and S, volume 

=a source term.

+40* • A- (arm A nimh A-a(1- cos A cosh A) ♦ Haas A simh A - sin A cosh A)1

-here

a • -I - 2
sin2 A ♦ sin A sinh A - A sin A cosh A — A cos A sinh A 

nin2 A - nin2 A

(cosh A - cos A) (sinh A ♦ sin A) — 2 sin Asinh

sinbb
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MEAT CAPACITY 
w. O. Powers 

Reoctor Esperimental Engineering Division 

The enthalpies and heat cdpacities of four 
fluoride compositions ond of lithium hydride have

been 4 ined by using the copper-block calori-
meter. The results are listed below:

NaF-ZrF.-UFa (50-46-4 mole IE)

Licia (540 to 890c

"t ~ H,5-c - -3.3 + 0.3178r - (4.28 x 
e, - 0.3178 - (8.56 m 10->)r

NaF-ZrFa (50-50 mole #) 

Solid (5a eo 488C)

Hr " Has°c .-4.4 o0.17987 + (2.69 * 10-5)r2
. 0.1798 . (5.38 „ 0-S)r

Liquid (546 to 299C) 

Hr

AH.ust.

• -9.8 + 0.35087 - (5.39 x 10-5)r2
- 0.3508 - (10:79 x to-5r
-630510c

NaF-ZrFa-UFa (56-39-5 mole Te)

Solid (137 to 503C)
Hr - H,s°c • -4.3 * 0.15967 ♦ (5.15 » 10-5)2

e, - 0.1596 + (10.29 x KT Sr

Liquid (567 to 892C

AHe.ni..

- 0.6+ 0.3033r - (3.24 x Kr’)T’
- 0.3033 - (6.47 x 1o-Sr
-57 530

NoF-LiF-ZrFa-UFa (20-55-21-4 mole r)
Liquid (582 to 900°C)

Hr - M25°c " -25.9 ♦ 0.4314r “ (7.42 x W-*YTa 
g - 0.4314 - (14.85 x 1o-ar

156

• •



PERIOD ENDING JUNE 10. 1955

Lithium Hydride
Solid (100 to 490° C)

Ht - M,3°c - -38-5 ♦ 0.939T + (6.6 x 10-“)r2
c, - 0.939 ♦ (0.132 x 10- 2r

m2a

• naF-Z. v TURES w 0 To 7 moie JF. 
_____ • ALL oTt? FLOIDE MIx TURES_____________

Ht - enthalpy in cal/g,
cp = heat capacity in col/g-°C, 
T = temperature in “C,

AH, , - heat of fusion in cal/g.voneon "

The enthalpies and heat capacities of the first 
two mixtures had been previously determined by 
using the Bunsen ice calorimeters. In view of the 
present importance of the zirconium fluoride-base 
fuels, however, it was felt desirable to determine 
these properties with the more proci so copper- 
black calorimeters.

The heat capacities of liquid fluoride mixtures 
may be predicted within about 15% on the basis of 
their chemical composition. It has been found that 
the product of the heat capacity (cal/g-°C) and 
a function M/N is remarkably constant. This 
function is defined as:

5-X-^r

N -$N,- 
M - overage molecular weight.

Ma = molecular weight of component, 
- male fraction of component, 

N - average number of ions, 
Nt - number of ions in component.

Figure 7.9 shows a plot of heat capacity vs the 
function ^/N. For the 17 fluoride mixtures being 
studied at present, the average of the product of 
c, and M/N is 9.0. The corresponding average 
product for the six fluoride mixtures containing 
approximately equal molar amounts of NaF and 
ZrFa and from 0 to 7 male % UF. was found to 
be 8.1.

VISCOSITY

S. 1. Cohen 
Reactor Experimental Engineering Division

Viscosity meosurements were made on seven 
fluoride mixtures, and the results are tabulated 
in Table 7.1. The data are expressed in the form 

u-A B/T .

- 03v
e
3

-02

T
* at

0’ - 
•0 to so 42 so so 

4/4

where T it in °K. These viscosity data have been 
plotted in Fig. 7.10. No equction it listed in 
Table 7.1 for salt a because of the slight curvature 
in the dota, which moy be noted in the figure. 
Salts b, C, and d ore mixtures which had been 
studied prior to the recently completed viscometry 
refinement program. Solts a, e, f, and g are 
mixtures which have been formulated recently. 
Mecsurements were made on alt* the mixtures 
(except salt g) by using both the Brookfield and 
copillary viscometers; the results obtained by 
these two completely different instruments were 
in satisfoctory ogreement (deviations from the 
average line through the data were within t 12"2). 
Nieasurements on salt g. which contained BeF2 
were made in a separate beryllium facility. Dota 
were taken with two capillary viscometers to 
furnish a check.

Figure 7.11 presents a plot of the viscosities of 
seven mixtures containing BeF2- Miatures g, i, 
and 4 were studied at ONL. Mound Laboratory 
im-estigated mixtures b one 1, end mixtures 1 end 
m were studied at KAPL. The formulas of these 
mixtres in mole percentages, as well as the

1

1
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TABLE 7.1. SUMMARY OF CURRENT VISCOSITY MEASUREMENTS

Cempes itien

b

d

/

*

Vineemivy 
(e) p

NeF-LF-ZFaUFUFs
c20.9-38.4-35.7-41 mel. 9

NeF-ZeFeUFa
50-46- mel. »>

ReF-UFa

(66.7-33.3 mele •)

NeF-KF-UF.
(a6.s-26.0-27.5 mele m

NeF-LiF-ZFaUFaUFa
(20-55-21-3.6-0.4 nele T)

MeFLIF-Z-Fa 
c22-552 mcl %)

MeF-LiF-BeFa

(M-K-S mI. %)

Ae 550C, 13.5
At 800°c, 4.3

At 57Pc, 11
At 870c, 3.4

A 700Pc. 1.25
Ae 900PC, 5.1

As6o0c, 17
At 900C, 4.4
Ar 600° C. 12

At aso°c, 3.7

At 6000c, 12
A: 900, XI

At s75°c, 7
At ao0c, 2.9

0.107 .3730/

0.171s 3v04/T

0.041

0.061 461U/T

0.1os .3580/T

<4

()

(d

wmr, —M/T

w

M

(4

(

Ase Fig- 7.10.
•s. 1. Cehen end T. M. Jones, Measwemem of tbe Viscostty of Compositiom T9. ORML CF- ss-3-61 (Mar. X 155).

Ss. I. Cehen end T. M. Jenes, Measrement oi ef Compositiom TO. ORML CF-S5-3-62 (Mar. 9.. 155).
“s. 1. Cehen end T. N. Meassement tO* Viseosuy of Compositiom 43. ORML CF- 55-3- 137 (Mar. 14, 1955).

"s. 1. Cehen end T. N. Jenes, Meassemem of the Vizcosity of Compositiom i. ORNL CF- 55-4-32 (A*r. L 1955).
/s. 1. Cehen end T. H. Jenes, Measwememt efthe Viscosities of Composinoms endCompostim82, ORML CF-s5-5-sa

(May 1K 1955).

«s. I. Cahaa and T. N. Jones, Measuememt of che Viscosiry o/ Caayartteaa T9. ORIL CF-5s-s-s9 (May 1, 1735).
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Fig- 7.10. Viscosities of Fluoride Mixtures 
Curently Being Studied.

Fig- 7.11. Viscosities efSome Flueride Miztures 
Conteiming BeFa-
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_) TABLE 7.2 TME vIScOSITIES AT 700c OF SEVERAL MXTURES CONTAINING Befa

• WK*
Vincesity 

U*» .
BeFaCem

(•%

b

i

f

A

I

BeFzLiF-MeF
ca*1-S6mele%)

B-F,Me"
(38.3-61.7 mele •)

B-F j4.tR
c69moj•m

d.F.HeF
(edass6 mele #)

b-F,n-f
(43-57 mele #)

B-F-MaFUF.
(519-47.9-0.25 mele w

BeF „LIF- TF-UF.
cav.43-49.43-036. 12 mel. K)

322 (6)

4.25 (e)

4.25

6.75

9.6

17

See Figs. 7.11 end 7.12.
"s 1. Cehen ena T. N. Jw, Measwem-mt el ch- Viscosny ef Co-,
€c fem J. F. Eiehelberger, Moun Leh r,

44.9 (d

- 47.0

S&.6

"J. K. Davia

(e)

(4)

(H

(

m ORML CF-55-5-5 (Mey 16, 1955).

dt, Fumed Fiweride Momoe Reector Symte- for Sub
Pppulsiom fSAR Phese m KAPL-72
‘Persenel ce-mnicelien frem 1. K. Devidsem, Knella An-ie Pe-ar Leh

20 F BeFa contents in weight percenteges and the 
viscosities at 700C, are listed in Toble 7.3.

Figure 7.12 shows • plot of the viscosity ef 
eoch *4 these mixtures at 700C v* the weight 
percentoge of BeF 2 in eoch of the rixtures; note 
that the viscosity decreases •• the BeF. content 
decreoses Mixture j wos formulated because W

t -t T
from trend that the kinematie

viscesity might compete with the viscosities of

f

■ 1
1

-

solts in tn* NoF-ZrFa-UF4 system.
viscosity of mixture g. eF aLif -mar 20-1-30 
mole %). was faund to be ebovt 15 higher then

The kinematie
-LiF-NaF (28- 16-56

thet of NaF-ZrF.-UFa (50-46-4 mole "a), the salt 
presently eing considered as the fuel for the ART.

- 20 so —so co 
e, conoa ar wuTunE M *3

ro

Fig- 7.12. Viscosities et 700°C vs BeFa Content 
ef Seven Fluoride Mixtures. Compositions of the 
mixtures ore given in Toble 7.2.

TWERMAL COMDUCTIVITY
W. D. Powers

Reoctor Euperimental Engineering Division
Twe methvods far the determinatice of thermol 

conductivilies of liquid fluoride mixtures or* being 
investigoted. A rodial thermal concuctivity ceil 
hos been redesigned and is being fabricated. Th*
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m0jor difficulty in using the coporatus as originally 
designed wos the lock of sufficient guard if Mof 

to assure pure rediel hect flo-.
A Hi pl— system ip now being investigated.

ELECTRICAL COMDUCTIVITY

Reoctor Ei
N. O. Greene
mental Engim g Division

pined in cells consisting of two
povellel flet plates of motal joined et the edges 
with 1O-mil-thick sheet metal. The conductiwity 
of the fiquid in the cell can bo calculated by
k 
b

ing the areo of the plates ond the dstance 
ven them and by meesuring the amoumt af heet

ture difiue between Hmm. Some preliminory

Conductivity studies of several oqwus elecw- 
lytes hove indicated the presence of • considereb • 
emount ef pelorizetion -ithin the experimenta . 
platinum comductivity cell. Accordingly. • secend 
potentiol electode will be insralled, -hich, -hen 
used in conjunction with on electrometer heving • 
10 input, should reduce the effects af

date en • ZrFa-base fluoride mixture ore currently
polori zot ion. Similor conductivity its ef

being obtoined thot re in ogree with previous
aondue"ivitr dete obteined "ith the veieble-gop

WO

some is electrolytes (molten selts) -ill
be made to own the differences im the degree
of polarization bet the t-o types of electro-
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(3 a. RADIATION DAMAGE

D. S. Billing XB. Trice

^oli—in—y onale be— e terlee ef MTR irredi*

UF,- 1 
sigifi

circul
prelim

end boot fuels sho- mo accretion. no

contained 2 mole 7 UF
the Aar-ida mimure co

end in the other cepsule
tek 4 2 mole % UF

niu
the Re—ide

The loop in which a fuel mixture wes 
d in she LITR hes bean sectioned, and
y ni have been made. The

in e vertical
hole in the LITR is in the finel stoges of essembly. 
end chacoal teps to deloy fission gases in the

event —ed

ano enotyeed. Mo e— cion cewld bo fora in any

conteining UFa 

sho-n slight com
thev wes

ule .
e ealier hed

en. The neat series ef cepsule a
the -ill become er—lobio tor enelysis consists 
of four capeetoe that will heve been imvodieted 
three rimtoo et long (siz weeks) es those onalyzed 
thus tor. The copsules in this series will be more 
likely to reveal eny diff—once that might exist 
between the two tool materials.

A tube beret strei 
essembled tor inse 
irredi weed stress-ce 
notice, The creep

atus hes been
tien in the LITR, and an LITR. 
wrosion rig is reedy for ezomi- 
app —etet interred in the MTR

pleted six weeks of irrodiotion and ia to
be i—wed to ORNL for A theo-
retical study bee been completed which indicates 
that zenon will be sporged Ire— the ART. as 
presently designed, in sufficient quantity to 
eHeeiete the pan—el preble—.

MTR STATIC CORROSIOM TESTS
ming G. V. Keilholiz

Solid Stete Division
M. L. Hemphill 

Analytical Chemistry Division

Two more of a series of paired copsules are 
being Irrodi eta d for two weeks each in the MTR. 
Theta la pen el capsules ere being irredi ere d in 
order to ea—p—e the effects of UF, and UFa in 
NaF-ZrF.-bose fuel mixtures, as described previ- 
ously. ' Three odditional Inconel copsules that 
hod been irredi eted for two wook a were opened 
end anelyzed chemically and metallographicolly.3 
In two of these copsules the fluoride mixture

___ ___  a. w. Keilhelz, end m. L. Memphill, 
ANPQsen Proe Kep- Dec IO. 1934, ORNL-1816, • 120. 

^Chrwicet enelyses by ehe Generet Anelysis Lebo- 
r— >. Anelyticel Chemisty Divisien.

3Metelegephie enely-es by the Remete Metellogrephy 
Group, Solid rate Divisien.

: : : • -
l. n

The starting fuel mnixtures were anelyzed“ for

wivalent m, total WWWu
nickel, sodium, end zirconium.
botch hod —ar a then 96% of its
wivalent conditien, whe

L —an. 'Cbra—i—. 
The UF,-beoring

nium in the
no trivalent uren

was foond in the UF* beer inp batch ■■hen analyzed 
by e method which it sensitive to C.005" U”".

Iren, chromium, and nickel in the storting mixtuve, 
the t entry I mixtures, and the irredicted —i—es 
were ev—raped, end retios were computed to det—, 
mine chattier there were changes in distribution 
— composifjon. The results of these stetistical
enely tea, which are pr 
Indi tela that there was

ted tn Table 1.I, 
significant uranium

segregation and that there were no chonpet in 
coneentration of urenium, iron, chromium, and 
nickel.

Chemical analyses were else obtcined of four 
odditional irredietet Inconel copsules to which the 
fluoride fuel mixture initially conteined 4 mole " 
UF.- The uranium analyses of inner cores end 
outer cores of the ta—plee apreed to within 6. 
The iron, chromium, and nickel concentrations
were bet 0.01 andO.1%. Additional capsules
of this type are being prep — rd for irrodiotion in 
the MTR at 1500PF, for central runs, and for 
thermal cycling tests.

emtery-

* • •
• •

formed by the Y-12 Anelyticel Lebe-
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TABLE L.L sumMARvorALVTTICAL RENLTS "OR NMU OF CAPSULES TesTED TO coMPARE Erreersoe 

uv, am* ur, m M-F-z.F.-aasd PUEL suaxrumes

Am C—fir

Aes an ueeies

dimed «A

7

2

hredimed egeele 
2mle*UF.

2mlTUFa
vedietedanpe 
2 mele #UF,

2 mele * UFa

“Cene
(e)Censia

1

I

3

eel t

limits wse mm 957 level.

(velua ete-in-a --r- ann

Umm—— OiiiiMiW it***

U_•/U,(ev)
Reie el Pime

•m amimi
IAmmIimm C.m.m4)

Rese «f Fime te 
t-cui, Caneme

I

I
C. Mi

1003 > 002
1.21 ±0023
0.94 ± 0.0240

126 # 0.044

0.947 ± 0.029

1.001 ± 0.048

0.972 ±0.020

121 tMn 147 ±>147 1.08 t>u»

<

1028 2 0.024

o.m* i so2”

IMI ± a4e)

0.975 t 0.024

0.v9a ± o.o2e)

auh A

•e

1as * >1as
1.53 t >1.53
L67 ± 1.47

(4

LSI ±>131

1.53 ± >1.93

0.4s 2

3.0 ±

0. i

(A

1.5

1.2 

e

0.54 1 0.6

3.0 2 1.2

(4

n.an ± a.sa

(4
3.9 2 M

(4

0,95 ± 0.5

(4

4
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LITR WORZOMTAL-SEAM-MOLE 
PLUORIDM-PUSL LOOT

O. Sismen 
CO. lew—e. 
< E. Bvundeg 
R. M. C—mlt

J. G. Morgo
M. T. Morgen 
A. S. Olaen 
•. *. Perkinson

The

Solid Stete Division
ef the loop for cirevlosing fluoride-

heee fuel in the LITR horizontal bee— hole te 

study the effect of tweeter irrodian ion on c—esien 

end href —obility wee described in the yei—is 
re—t.a The fuel mixture wee comoosed of 62.5 

mole * NeF, 12.5 moile T ZeFa ond 25 -els * UFa- 

The loop was cleoned by rumning it at 1500PF 1—

insulation, hs—an. wires, end gohite shield 

blech e. The loop is thewe portiolly stripped in 
Fig- 8.3, os photogrophed throuzh e win hew of the 

het ceil.

Tube sections cheer 2 in. long were cut be— the 
fuel tehee her metallogrophic specimens. These 

eerci—ewe were token at about 6-in. intervols from 

the pot outside the jocket sect flange ond et 2- 

inter । els inside the fionge, between the he— ex- 

specimens were *am be— the he— .changi na

the venturi for of • longitudinel

wren l w— beerln| salt. The octuol
fuel mixhure wos circuleted in the loop for 645 hr. 
including 475 hr during which the LITR was at

sectiom. The U bend of the irradieted section -es 

cut int five specimens from tel in. long, ond 

oddiriomnal specimens were cwt from the remaining 

18in.of the irradiated section at about 6-in. 
intervals. The feel wos removed brew these

MI power (3000 kw). The power g d in me
specimens by melring in on ongon sphere.

loop —ee obout 2.8 her, end the l ineor flow rate of 

the fuel mimture was 8 10 fps, which corresponds 

te e Reynolds number of 9000 te 6900. The dis- 

essembly of the loop te provide specimens for 

nion ond che— i cel onalysis 

end — reduce the loop — pieces of convenient 

site for fuel re ear—; hos been ——el—ai.

After ap—lea of the loop in the LIT*, the

Four 2-in. sections of tbe -ere aleo token from
portion of the loop bet the jocket flonge

section bet the linear seol flonge ond the

ment te permit re—ewd of the pump in its shield. 

The loop in its water jocket wos then tronsported 
— the het cells of the Solid State Division for the

ef the jockmt was drown fvom the witherowal shield 

through a hole in the reor woll ofchot cell equipped 
with the special disossembly W—h» shown 

fom above hi Fig. 8. 1.
An electricol impoct wrench atached to the 

manipulator was uned to loosen the screws holding 

the fienge to the water jocket to permit portiol 
withdrewel of the I—r from the jocket. Electric 

end thermocouple leads joining the flonge ond 

the loop were cut remotely with ordinary sheet 
metal sheors modified to operate hydrauulicolly- 
Cunting the heat exchonger —r tubes ond the loop 

support rods with the band saw then permined the 
flange t be pulled off over the sheored ends of 

the loop tubing (F—. 8.2. Removol of the flange 

provided access te the leop for stripping of thermel

ond the pump, and two -era were token 6 in. bock 

be— the teradiated sectien to furnish samples for 

chemical onalysis of the fuel.
Dteef ehl| of the pump -es ce—elic—< by 

its size and by the lorge stoinless steel enclosure 
aroud the bowl (Fig. 8.4). A 300-amp, d-c welder 

eqipped ith a hifh heewry—e sterter wos 
used t cwt the enclosure successfully. It wee 
possible to guide the cuning electrode with e 

manipulator while euning the sheet metal in e 

—er thot prevemted contamination of the fuel 
system with nomadiooctive materiai. After the 

pump enciosure wee re—weed, the insulotion ond 
the various wires end heaters were token off te 

provide access te the pump bowl and the fuel

tbes. After the fuel tbes were ed end the

So. Siemem -r at., ANP Quar Prog. Krf Man. 1o, 
ORNLL-1864, • ISO.

ends were clomped, the pump bowl wos cut just 
above the fuel level by using the band sow (Fig- 8.5). 

There wos • smail occumlation of fuel (1 g) 
visible on the upper ports of the pump baffles, but 

the octivity wos high enough to indicote the 
presence of • consideroble quontity of fission

products. The remoinder of the pump bowl, in- 
cluding the baffles, wos cut off immediately below 
the bowl flange for recovery of ony fuel which 
mighe have splantered into the baffles. There wos 

no fuel visible on the flanges, shaft, or eol of 

the upper portion of the pump, but the octivity wos 
too high to permit unshielded dismontling end 

examination. It was assumed that fission products 

which had vaporized from she fuel were the sources
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Fig-8.3. PetyDi

I .

B

-
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h -

1

MW LITR Flevide-Fwel Leep.

of ehe activity. end, since en omnolyais of the 
cemdition el bewring end seels -os precluded, 
ehis portiom ef the pump wes disceded. The fuel-

mym *

powe

The
ing pets wer stored or

dlungicol 
nicrogros elk

y-

y enelysis
indicmes ther subeurfee» veid farm «»■■>< won 
generally uniform teughout the lnop vo • depth of 
0.8 emil. Th* unifrmity el ameck possibly resulted
fem the lack efete dilfmrentiel in the

leop. Th* temperotre zacud rfawr thet the wuel 
tempereture could nt hav• been more then 20F 

lover in ehe ovt-ef-pile ***** el 4h* loco then m 
ehe in-pile penis. Some sections showed grein
ve=th, which is en indiceviem thet ••** >-
nes meve higher them "hos" recorded, far* •ven 
the ***** ei grein vewth sho-ed ne sigmniviect 

chenge im depih of conosion.

Th* fumi in vhe mese *4 the inop mas n • mem-

166

*rbed Man ef dy 0.8 « «”
‘em"-sec, which corresponds to • fission 

of 0.5 to 0.4 kw/em”. The power

density dwes • • of the sevevity of con-

dinoms imsed upon ot leost one sncton ef the 
loop tubing by rediation ellects. No diffevence in
whe comosion could be observed this
regien end othet, less sevevely imrodieted, regions. 
Ala*, abou the some denth of attock wos found in 

the wemtuni ******* of »fa» leop as wes prsemt in 
the rest ol the loov. even though there wos • far** 

No intergronula ottaek

wet *4.
Th* eiz secsions W hLing teken far chemicel 

onelysis were sorpled by a drilling method de- 
sevibedoreviovaly. After elm end *4 • tube section

•c. C. wet.-- -m3 A a. •e,-sse* stmi- Pmg «-p 193a, omuL-177, • 27.

ae ••• • • •
: : :• : : 14
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vevosvow A* n.‘03 Al Lua
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• T. Rebemsen
Selid *aa* Okbbi**

T.RM-ey 
Anelyecel Chemiemy Cbh a a*

vieveky-’ Sppetine "idce 
hes m* beee ******** Am*

■ba* A** Am leep desenibee=s=sse l
Ome eemele -es tehhem wsmse Am* Ami hgflu= 
wegien el Am See. end Am emhe wes mAmm e •
eweldisenee de-tzg--
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mmbea cenhined -h eomeienelend Ai ■a** ii*ai A 
Abb*. yielded a hell UA al 0.5 mtn A» Am mA* 
cnuame Im c-mawea *• ***** A*m Am Am* m Am

Ama* A -es eseumgd. be Am celeul 
memovel •«*• e4 Ru‘93 Ab* • furat-4 

Al Am cencenwenem

i f n

*. Ss Ab

163

----



. -.a =

■

........ .......
1

—

Ap pnoJEcT pnognes nepoar

.........
—

-di

Fig- Bemem Wew ef Pum A

Ah e deley ef 52 deya, the tes pipe semples
-ee reemgmimed v dutemime the epeemt hel 
Hea el the •m enmponema — —* gemmerey

n

imsmeed ef the memly 65 Aar* emperted. Th* 
commibeiem te eis gemmerey enmw (0.79 Mox) 
ms am lergely tem 37-ey tes". A* 65-dny z."5

A
emdysis el • fuel semple le

e
WMT

demee el Vue *m Uuoe Peme el Am Mha.

The

M

Amir—i — rw LooP
M F. Oebeme
O. A. rm A Abi

• werticel hele a* a* LTR (dnses 5
—• dheged wih A—l ed epmeed em the beneh

been

•A

dim the resee ene !■*• hmm* withdrew• 
......». Pee-e, *i.ii ■■■A ee---mamen-

„5:"u"nz,a~r o-- "* •* — *



mm .........

^gitioo EMDING June 1O, 1955

«

ded thly-
al The ation

DELAT OF FISON GASES •T 
CWARCOAL TRAPS

D. E. Guss, Lnited States Air Force

w. R. Wilis, Solid State Diwision

In she event of e leak in fto* miniature in-pile 
ep mentioned ebove, Ito* fission goses released

The two smoll traps were tested at flew vates in 
Am vegion ef ton*** at, and ell fto* elution curves 
obtined *** similor, th* activity rising quite 
eapidly and elmost linearly a* • peok and falling 

off more gredually. A typical elution curve is
shown in Fig- 8.7, in which the time di is

-32-6-GFw

)

mto Ito* a**to*0 air stegm must to* comt 
at the some time, fto* **ali*0 cir must e

a^, and
MW* to

am *

-

belew fto* comtrol set 0*1**. Te occomplish this.
te weps, 24 in. long and 10 in. in di

with 6-14 mesh activated 
been incorporcted in the 
Thene *01, which are e

ch
M. filled
al, have -e-cQ#

asj
2 r

M

mnected in series and

1, ea* to* empected to L_ y
condimed * fle- at the A**H* rate, Ito* krypton 
ectivity. which would to* teleosed over a period of 

ebout S min, would veech • peck in obout 2 min. 

H*■ai*. atm** ito* cir A** would stop ie less 

then 1 min efter • leok occurred, virtually ell the 

krypten octivity -ould to* centeined in the treps 
end would wickle «Mt over • leng period of time. 

Xenon lit* ether octive gos present Mt qontity.

Fig- 8.6. Schemetie Diegrem ef Chercoel-Trep
Euperiment.

••
wecmer 

om-----e-e

0»

amno-mz MM m^F—
»•

Since fto* oction of the checonl la a* increcse 

ito* effeclive volume of the trep ***** to* • foctor 

which depends directly upon fto* emount of chorcoal 

uned, it -es pessible aa estimate ito* trop size 

mueded for fto* im-pile 

up results obreined with eoch of t-o smell treps. 
On* ef ito* amoll w*** -es 2.25 im. long ond

1.05 in. in d

leng ond 1.05 in. in di
, ond the ether -es 23.5 in.

A e-peri-
memin -hich • full-size trep -os used to duplicete

1 svbstentieted
• of the amalt

sho- sche-

wtroduced imte
• -'Ilir—t‘- beneeth fto* trep end, ot time mw. wes 
diven itoii afto fto* tep -ith air. If then possed

end over • covmter, -here the
octivity es • function el time -os obse 
she runs -ere made et HF C

All

er-

<
03 t 

Iu.
•a ■

•«

e» •

a L
2

-

40

- .

te-- -Eso cas cuutou-"

Fig- 8.7. Elutien Curve tai 334-cm” Cherceel 

Tvep Centeining Krypten.
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eupressed in trap volumes of ges eluted. A plot of 
the imverse of the Raw rate vs time la peak octivity 

for the Z3.5-in.-long, 1.05-in.-dia tep (shown in 
Fig-88)indicates a linear relationship. The point

jocketed, helium-fiiled

aa this curve corresp g to the design fiow rate

enelosure of the faba barat. stress-corrosion ppo- 
retus, aa presently designed, 10 wiil limit tha 

fiueride salt yawar densities fa aba at 500 -/cm’. 

T -aratara fins have been odded berenn mhe salr

The elution cuve obtained et the in-pile design 

fow rete is shown in Fig- 8.9. Since the effect 

of two treps in Baria a is to double the time fa peck 

end fa Seoeden the elution curve, it is

fissi

d »a vely upon Two chorcool **aae 24 in. 
nd 10 in. in diamefer to delay emy burst of 
goses from the in-pile loop for 30 sec before

aa pprecieble amount of ectirly is releosed to 
the stck.

CREEP AMD STRESS-CORROSION TESrS

«. E. Dovis
N. E. Hinkle

J. C. Wiison
J. C. Zukes

e
hear trensfer haa been

ding woter jocket, and the 
tacraaaab sufficiently to

permit opergtion at power densities greater then 
IC 20 aca’. The first complete epparatus hos 

been assembied ond awcits filling before iwab* 
ction in the LITR. Five aart rigs are being

fezriceted.
Tests are under way to d the suitability

a* pressure-regulering velves far supplying gos fa 

awaaf the tube-burst specimen. Two pressure- 
rata a* tronsfermers with 1:1 and 6:1 rerios ware 
designed end are being fabricated. These units 

ge intended to isolate fra* the remcinder ef the 
system the ges used fa stress the specimen aa that 

ruptre of a apecimen will resulr in a baa ■* *****

dissig gitudinally finned, vestical
’• a. e. wW.o- er al. Seta Seat, s 

Fet 26, 1933. 0ML-s, • 5.
Pme Rep
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Fig- 8.9. 11—i— Curve for 30,900-cm” Charcoel 

vep Centeiming Krypten.

atus. This ♦

feature thet will be reqired for 
LITR end the MTR.

—ow end provide « ufo)

in the

Tube-burst test rigs for use in belium ond in 

vecuum were designed ond being fobricated. 

These rigs will be used for hench tests ond to 

assess the reliability of inshrummentaniien.

A pneumetic — will be received in June thet 
will meosu» inside die——ra ol specimen tubes, 

before end ofter irnrodiationto 0.00005 in. or 
streins of 0.00025 in./in. Since meosurements of

ci
te 0.0001 in. er better, so thor the stress moy be

thicknesses re beimg studied.
ol methods ef cherking well

The stesa-corosion rig irrodif 4 in the LITR 
previousy ’" will be opened when hot-cell err on go 

meuts have been completed. A transfer carrier for 
bringing aubsequent rigs from the LITR to the hot 
anile in Svilding 3025 wee designed ond ie being

The MTR creep apparatus bee just completed 

ate weeks of irradiation in the MTR ond will be
dtoORNL for ts.

A TMEORETICAL TREATMENT OF 
POISONING IN TME ARE ANO THE ART

ML T. Rebinson
Solid Stote Division

A theoretical study of a anon poisoning in a 
circulating-fuel ref1octer-medere*ed reactor was 
mode in an ahtempt to understand the behavior of 
the ARE and to extropelate this experience reol- 
isticolly to the ART. The system was assumed to 
consist of two phases: the liqid fool and the 
sperging gas (helium). The theory deals only 

with »abv at concentrations and nevtron
fluxes. Turbulent motion at the two fluids wos
eeawaeod te assure thorough mixing -ithin each 
phosa. With these ae>M«—liana, the differentiol
equations describing the behovior of the poisoning 
a ar a derived ond solved. The vorious processes 
ara llustreted schemoticolly in Fig- 1.10. The 
rarer at all processes, except the t-o Xe”* 

ammk-cemm eesae -mem ame.m-.4 em hm g.-ee —d-a-w™--Er "-THe ""T™ -=a—eG ‘9 —e —“Tr
ah.e la ak.m -aeam —-a —- ~ — a — — — | uh.a Y-1-•E‘"g" • • •-e -VrE 6= P-VPer" •94 w •® T= 4 “
concentrot ion in the storting phase. The rate
constonts for the two ph sfer operations
we rafoeedby oppdicetion of the le- of moss oction, 
end thus the equilibrium solubility of senon in the

fuel is duced.
The X.”’ poisoning oi e fluid-fueled reactor 

under steody-stete conditiens ie given by

where

X- - steody-stete 

4, - 100r,.• 
a, - 100ye/e.,

poisoning co.

I.w.-.Dexine -..AxP Q-- P-g Ren Men Ml 
1933. ORML • 1984, 9 isS.
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LOSS •v 
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DaEcT pmopucnom 
efission

*« Governing Xo”* Poisoning to Liquid-Fuelad Reactara.

a - "c'c •
- rate cowtort to trensfer of Xe 

from liquid to gos.

“r "e “x. •

tperi indicates o value of about 30 min for

ns

-neutron cress sect ions lor 
fission, u”* absorption, 
ns .5

Qa - itoi*octii ■ tocoy <ow*to»t of Xo

M - volume-averoged rtor—*l a* Mir or

VLVc - volumes of liquid, ges pheses,

•c • sporging gos volumetric ilow rote, 

s - solubility of menon in fuel at -atm
Xe press 

T - absolute

R w universel gas constont.
The results of the col co lot. OH* -ori* to the 

eqvetion *4 ito ART dete given in T able 8.2 pro 
presented to Fry. 8.11 -hich is e design chort tor 
top estimetion of too sporgin-gas flow rate for 
poocp>< toll levels of X*’*’ poisoning. The 
pwrometer T, (Fig-8. 11) is the phase-transier meon 
life fro* toe liqid to too gos:

I"‘7a, •
The velue e: T, to to chosen «* unkno-n, to* ARE
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that reactor. I* is to to expected that the value 
to Mio ART toll to considerobly smaller.

A study of Ito yo non i ng behavior of ito ART we« 
made to two different types of shutdown, to octo 
oo*o. H wo* essumed that T, - 5 min and itot

• 1000 STP litera/doy- Ar steodg gtate during 
toll nuciear power operation, ito Xe‘33 poisoning 
-ould to ebout 0.40". If ito nuclear power wo* 
veduced to aero tort sporging wo* continued, ito 
poisoning would not rise tor more than 1 or 2 of 
the Moori) ain volue before storting to Oocroor*.
U sperging wos discontinued, 
rise in about 11 to to o max value
I2a. If et this point aporging was resumed, about

po
ediae values

of 10, 5, 2. and r poisoning -ould to rooetod in 
times of about 1. 7. 17, oto 25 min, respectively, 
h cppeors highly prob to 1* that no difficulties -in
be hutdo-ns.
—■rym con to mode -ithin ito time necessory to 
force the fuei to* the dump torii* into the reoctor.

hes bsen perfor en

peisoning to Mm mto-PiH volue. to oil coses 
of erecticel intergst. Mm* epproach »« contolied 
b* the vote of 1 113 production, to foct, ezcept tor 
o chonge im oM*n. the poisoning is found to 
Hito* the *■* yoM curve.

it r* cluded thet mhe al of Xe‘23 by

to to e setisfectory -oi— i of controlling poison 
in the ART. to difficulties seem »• exinr

with shutdo-n beh of the
** the sporging retes selected tor ART

H* :1 
- e a •• es ••

"9 
in
ng
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9. AALVTICAL CHEMISTRT or REACTOR MATERIALS

C. D. tn tex
Analyticel Cham i—y Division

difi h * d pressuse’ is 
hes been coli-

Xt

evelu
vleted. Further studies wf mode on the enlad end has been applied M» the de of

were ed on

uromium metol an UF, and KF-UF,-
Somples of the uronium metal ere ploced an « 

olotinum boa in the combusticn tube and heated tn 

250C for 1 tar mi on in i ay i ai a of ta; Aiiyeii in

arder »
methed in g anion-eachenge resins was de-

ovy wrenium metel presen M the

veloped for the rataninxHx of olkali metgis an 

fluoride antae. A volumetric mmethod for the Qu- 

mmination I zircenium mi MxriM taxa fucis wos

t amyl i to the tayliOa. The axe a a *>yi bra is 
evacudted from rhe system after Ate anemia hes

Mt en sphrte

A

DErERATOM or unANIUM METAL IN 
PLuonIDE SALT mxrunEs

The opporatus Sor the de 

otpl in fluride-base fuels

B. L. MeDowell

otion of wronjum, 

ding to a method

besed en the decomposition of Aw hydride Ma on

To wacu '" Mu

174

of hydogen. The UH, produced hm the uronium 
metal is ezidized by heating at 400C fon 30 min

The

nesphere of omygen:

«un, ♦ 70,-40, • 6,0
bbustion goses ere possed Itai । efh e copper

eai M tbe 1 S00C te ensue complete couversion 
ef the hydrogento -oter. The woler vopor wroduced

S. ateyea- a., ana e. L. m.O.--u, ANP Quan Pmg Rep Men ML 1933. r-1064, » 133.
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dbi is )
t the mater *•

S j end fluoride mH miztwres which

The

• ea aacsi.a by Mamge •

wed e 
similer 
2 The

M M 0maphe. haon T p.v.m
of the uronium metel. The somples, along with the 

necessory equipment for grinding. were placed in

i the manometer ■ • i wii—fl to 

ium presem in the Mill by 

empiricol calibration ol the opporetua.
A preliminary colibraion of the eppoatus with 

BeCi,21,0 es • stondord for hydugen in the form 
af ewaar andiceted a lineor relatienship between 
Mala reoding end -eighe of by Hajaw for fhe eonge 

This Hum Milena* 
ship does mot wvply te lorger emounts of hyogen 
beceuse the pressure in the ty Mae is wmon- 
mately eqel Sa the vepor pressue ef watet. 
Resuhta which have base ebsained for Aba cdli-

a plestic beg. -hich twill be else 
eted and filled wish by Htytw. The

ly evucu-

ples wet
ground to a perticie size thet wouid poss a 

stendard US mA sieve.
Saiwai somples of U F» which had been produced 

by the neductien of UFa with uranium metel hove 

been Maty m fl for uronium awl in the new appo-
ventus. The resules for the

of the aetMial. The
cme d

derd

ium metol comtent 
regrophic onolysis 
eviation for dupli-

•* the "Ps 
retel ere in

olibretiem 
The dIff

minetions en the semples of UF, -es 
dy the some os thet obtained for the

of the appaotus with A metal.

a 0.36mg of uren 
, calibrution -ith

(Fig- 9.2 
miu metel

positiop of the UH j in certoin y*—atenos- 
pheres",3 heve been compietely eliminated in mhe

IM a coefficient of verietion of 7% for the IM1 
6160 mg of wemium.

_O-"-eerN
• omnam mm caumaanon

- as ——
I j < 

fl e ——

•T 
roe-

a-pasasaonmmncrmoe
umamv -ETA

1 • -

••• Ml

Fig- 9.2. Celab fee Determi-

Somples ef KF-F» (frosen in • tescten tube) 
-hich were onolyaed fer uronium merol wese token 
•y dilling with increesingly lorger bits so thet the 

iald

ni
ehee end M. M Feed,me, Ane Che= 22.

mos reqired for the decompositien ef the hydride 
bi m atmosphere of corbon diozide wos reduced to 
wrezimately 30 min when the ignition mos corried 
m in en otmosphere of My JMI. Tests imdicate 
thet no imterfwrence is introduced by the presence 
oi fluoride salts or triwolent urenium MI the 
somples, end therefore the procedure should be
mplicohi enalyses of oll types of fluoride
buni A "oiee ""Pe"* aa "h* "m""""eerion ""

perEaMMATON OF TRIVALENT URAMIUM 
we PLuon- »e FUELS

A. S. Myer, Jr. w, X Ross
Anelticel Chemisty Division

Ozidunioa ef Teivalene Urenium by

_______  ___ thylene-blue“ and the 
olutionS methods for the determination
ise

in fiuoride-base fuela hes been

AvP 
157.

D. L. Man ml ■ a, em4 w. 3, Ress, 
A aen 10 ms. ORNAL- 1864, •

So. L. M-nmim-. w, K. mie, ea R.
urpheds el Dreerminetee ef < TmMwerade, ORML * 
1279 (Amei 23, 1932.
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) completed. Portion s of outectic mmixtures, which 
bed bo— awl—ri sad end temp led under inert atmos- 
pheres, were analyzed simultaneously by both 
methods in — effort to minimize the effects of the 
heterogeneity and the instability of such temp les. 
An eveluaon of the results chewed that satis-

—e—out. comp or able to that r—erted 
previovsily“ Cm ether eutectic —Muros, was
echieved tat the opolytical results for somples of 
LiF-BeF,. NaF-LiF, and Naf-BeF,- The results 
ebSOMted by the methyl —s bl— method in the 
determination of tri—lent uranium fat KFUF.-UF, 
cute Mi— contimue to adhibit negotive bi— when 
compared with the —he from the hydrogen 
evolution method. No further studies were made of

of this postulation has been initiated. The method 
of Vosburgh and Ceope° will be applied to es- 
tablish the stoichiomet / of the complex. Attempt* 
to poor standard solutions of methylene white 
throvgh the reduction of methylone blue by tine 
I’m al,— ho— be— unsuccessful because of the 
ease with which line ions react with both the 
exidized and reduced forms of methylene bl—. An 
arte—t ie being made to prep ere pure methylene 
white through electrolytic reduction of methylene 
blue.

DETERMIATION OF LITHIUM IM 
Lip-BeFa AMO LiF-Z.F.-UF.

NaF-ZrF.-F, eutectics, 
could be die—hrec fat

Alt the mimtures studied
A. S. Meyer, Jr, D. L. Manning

thyl

ehiet were 1.5 to 6 M in HCI and
-blue solutions 
I saturated with

AlQy 
solutic

Me by ^eg— is evolved during the dis- 
of the most rsecti— trivalent urenium

ds.
solutiens of 
is mointaim 
— the flask.

Methylene-
HO —o

tellic ch 
oy. Zir

such — UCl,- in 1.5 to 3 M HCI 
methyl omit bl— if efficient agitatien 

4 while the solvent is being added

■bl— soltiens that are 1.5 6 in
reduced, during dissolution M re— 

1, — methylene white by finely divided 
romium, nickel, ron, and urenium-nickei

Anelyticol Chemistry Division

A method for the determination of lithium in 
LiF-BeFa and LiF-ZF.-UF. hat be— deve Acred 
that le bosed — e separation of lithium by — 
—ion-ex change resin, Dowex- 1. In thi e procedure 
e sulfate solution of the fluorides that is —proei- 
mately I N with respect to HjSO4 is possed 
through a column of Dow— 1 in the hydroxide form. 
In order to avoid the depletion of the resin in the 
column by the H,SO. the solution is equilibrated 
with about 30 ml of e water slurry of the resin in

such solutic
ium is only very slightly soluble in 
» ever e 2-hr period. The presence

Mollie impurities in fluuride-base fuels causes
highly erotic resulta when trivel sium is
A
ia

mined by the methylene-blue ■ wha 4, but such 
ities have an ex— greater odverse effect an

onto the column. Beryllium, uranium, and zirconium 
are retained — the column as the beryllate, 
zirconate, and di uranate anion, respectively, 
while the lithium passes into the effluent es Li OH. 
The following eqvations represent the probable 
reactions, where ROH is the hydroxide form of the

the hydog 
metailic im

olution method. Dissolution of the
ities in the hot ocid sol

eituti— evolution of hydrogen.
results

A more
comorehensive description of the theoretical end 
prerri—I aspects of the methyl—e bl— metho 4 for
* lining tri—lent uranium will be issued in the
form of a tepical report.

Si Determinetion of Trie sleet Ur—ion 
and ToteI Uvanium

go of the methylene-blue
olution method, that 

is, the possibility af determining tri—lent uren ium 
end toed ur—ium in the some e eagle. is Mill being 
investigated. The studies ho— led to the postu- 
loti— of — interoction species of pentavalent 
wanium and methylone white.4 A detailed study

174

L!: L. i

H2Sa + 2ROH —• RaSOa ♦ 220

ZH9D4)a + 8ROH —♦ R,zo. ♦ 2R,so, ♦ 4,0
BsSOa + 4ROR 
2UO,SO4 ♦ 6ROH
Li,so. * 2ROH

R2BeO2 + R2SOa + 220
R,u,o, • 2R,s0. • 3H,O
R,SO. ♦ 2LiOH

it moy be t—n from the equations that LiOH and 
water are the only species which are found in the 
effluent. The lithium is determined by titrating 
the hydroxide with a solution of standard HCI.

If the fl—wrid~ mixtere s contein sodium fl—ride 
in addition to lithium fl—ride, the sodium will 
react in the some manner es the lithium end will

*■. C. Vosburgh and C. R. Coop sr, /. Am Cbem Soc. 
63,437(1941).
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be found in the effluent as NaOH. A subsequent 
titration of the effluent with standard HCI will give 
the sum of sodium and lithium as the hydroxides.
Lithium is then d ined by extracting the LiCI,
after titration with HCI, with 2-ethyl- I-hexanol and 
titrating the chloride ioh in the nonaqueous medium 
according to the procedure developed by White 
one Goldberg.7

If a single alkali motel is present in the fluoride 
mixture, it can be determined directly by titration 
of the effluent with standard MCI. When more than 
one alkali metal is present, the sum of the alkali- 
metal hydrozide concentration in the effluent is 
obtained by the method just described. Lithium is 
then determined by the 2-ethyl- T-hezanol procedure: 7 
potassium, by the tetraphenyl boron gravimetric 
method,-* and sodium, by the difference.

Williams and Vaughan (cf. "ANP Service Labo­
ratory**) have utilized a two-stage anion-exchange 
resin column for the determination of the alkcli 
metal fluorides in the presence of beryllium, 
zirconium, and uranium fluorides. The first column 
contains the anion-exchange resin, Dowex-1, in 
the citrato form, whereas the second column 
contains the resin in the hydroxide form. Beryl- 
lium, zirconium, and uranium remain in the citrate 
column as the anionic citrate complexes, and the 
alkali metals pass into the effluent as the alkali 
metal hydroxides. The alkali metal concentration 
is then determined by titrating the effluent with 
standard MCI.

In the method described above, a single column 
of anion-exchange resin in the hydroxide form is 
used, and thus the need for the citrate form of the 
an i am exchange resin is completely eliminated. 
The method has been tested in the laboratory and 
found to be satisfactory in every resoect. The 
coefficient of variation of the method is of the 
order of 1% in the range 10ito 30 mg of lithium, 
topical report on the method is being written.

VOLUMETRIC DETERMINATION OF 
ZIRCONUM IN FLUORIDE FUELS WITH 

DisODIUM DIMYDROGEN
ETMYLENEDIAMINETETR AACETATE
A. S. Meyer, Jr. D. L. Manning

Analyticol Chemistry Division
The volumetric determination of zirconium in the 

presence cf sulfate has been reported by Fritz and 
Jo-neon.* Excess di sodium dihydrogen ethylene- 
dicminetetraocetate (EDTA) forms a very stable 

»
complex with zirconium in acidic solutions. The 
excess EDTA is then back-titrated with bismuth 
nitrate; thiourea is used as the indicator. The end 
point is noted by the formation of the yellow 
bi smuth-thiourea comglex. An advantage of this 
method in comparison with previous methods for 
using EDTA in the determination of zirconium is 
that onions which form complexes with zirconium, 
such as fluoride, sulfate, phosphate, thiocyanate, 
and tartrate, do not interfere.

This volumetric method for the zirconium determi- 
nation appeared to have several cdvontages over 
the gravimetric mandelic acid method now being 
used, but it was found that the yellow thiourea end 
point was obscure, especially in the presence of
hexavalent uranium. The
precision was consequently poor.

The possibility of modifying the method by back- 
titrating the excess EDTA with a solution of 
iron(III), with di sodium- 1,2-dihydroxy ben zone-3,5-di- 
sulfongte (Tiron) as the indicator, is now being 
investigated. This reagent forms an intensely 
purple complex with iron(III) in an acetate-buffered 
solution having a pH of about 3.0. Two moles of 
Tiron combine with I mole of iron under these 
conditions. This complex, which has a pK of about 
10, is relatively stable.(*

The pK of the iron-EDTA complex’ is about 25, 
which is approximately the same as that of the 
zirconium-EDTA complex. It is possible, therefore, 
to add a solution of iron(lll) to a solution of EDTA 
and Tiron at o pH of 5.0 so that when the EDTA is 
completely complexed the color of the solution will 
change from yellow to purple. Qualitotiva, pre­
liminary tests revealed this change in color at the 
end point to be well defined. The end point was 
very sharp when a solution of 0.05 M EDTA 
containing about 50 mg of Tiron was titrated with a 
solution of 0.05 M iron(III). The end point corre­
sponded to the correct stoichiometry of the iron- 
EDTA reaction in which I mole of iron complexes 
with I mole of EDTA. Future work will include

| 

I

J. C. White end G. Geldberg. Applicattcm of 
Volbard TttrHMM to the 2-Ethyi-1-ekanol Separatson 
Method for tbe Determimatiom of LehauIr, ORHL-1806 

(Ngv. 4. 1954).
"c. R: William 

ORNL-1864, p 14
Prog- Rep- Htan to. 1955.

‘j. S. F-itz end M. Johnsen, Vetumetrte Determimatiom 
of Zercomium amd EDTA Mtethod l/Hvhitr

Bismuth, ISC-571 (Feb. 1. 1955).
"A. E. Hervey. Jr., end D. L. Menning. /. Am. Chrm 

Snr Tl. MM (1950).
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I motion of zirconium by the modified
method of bock-titrating the access EDTA and e 
study of the possible interferences, porticularly

4n(OHa . O 2 . 2.0—• 4n(OH,
fluoride end tetravolen 
that tetrevelent wraniu

urenium. It is ected
would interfere becouse

The absos
* her solution ond thus liberating an

4

it wouid complex with the EDTA in the some 
manner as the zirconium would.

equivelent quantity of is dine. -hich
tlW—< with dord Mea5.0, solution-

DETERMINATION OF OXYGIN IN 
FLUORIDE FOILS

A. S. Me; er. Jr. J. M. Peele

Further tests were carried out on the determi- 
notion of oxygen es oxide in fluoride fuels* ’ by 
electrolysis of solutions of the samples in fused 
KHFj. Quantities of oxygen in excess of 90% of 
the theoretical value were recovered when known 
amount s of oxygen were introduced es water by the 
addition of samples of Na,CO,. which react with 
the fused bifluoride in accordance with the following 
equation:

Ne,co, ♦ 2KHF,-> 2NaF • 2KF ♦ MjO ♦ co. 

The yields were not quontitative, because rhe rete 
of pay gen evolution deers a sod es the concentration 
of water in the electrolyte was reduced. Since 
traces of hydrogen were detected in the insoluble 
got OS. even though a high concentration of AgF 
was added to the electrolyte. methods were adopted
for the direct d 
effluent gases.

inati oxygen in the

For somples containing l er go quontities of 
oxren the Orsat‘2 method for rhe determination 
of oxygen in gases wos applied by posting the 
insoluble ges. which was collected over KOH. 
into a solution of alkaline pyrogallate and mess- 

ilume of the ges.
A modification of the Winkler method' for the 

dot ore ino lion of oxygen in no ter —s adopts d for 
samples which contained smaller concentrations 
of oxygen. The opporatus was modified by con 
sorting the sweep gas to purified helium and 
bubiling the effluent cell gases directly into an 
alkaline solution which contained KI end e sus- 
pension of Mn(OH)a in which the oxygen wos

"‘A. s. Meyer, Jr., end J. M. Pecl., ANP Quan Pmg 
Rep. Man IO. If 9. OFNL-liM. • IS*.

-E-‘ -4m-e‘e wri' wax ■ A-
Sthed., II. 2349, Ven Nestrend, Ne- Tork, 1939.

.. w. Winkler, Ben 21, 2843 (ism.
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iadine i« 
end dete ining the e

d by eztrocting it into orthonylene

Sure of Sil

entretion of iodine at the 
otometricolly according to 
• Brodsha-, and Taylor. 14

•s are now being corried out in en
•o reduce the time reqired for the qentitetive 
evolution of oxygen. Ne significent increase in

rhe rate of e ay gen generation wee obs 
:err; ing out the electrolysis at a tempo
250°C rether then et 1O0C. The effect of the 
design ond current density of the enode on the

studied. It hes been found thet the wee of e 
duced by placing 

o Teflon cue m the electrolytic cell, simplifies
the electrolysis, 
decreased, and x 
reduced. By inn

Fluctuatiens of th current are

surfoce of the mercury, the proble
ducing the sweep gos belo- the

the entance line is el d.
incompotible with mercury under these conditions, 
* connot be used to reduce the rate oi generation

DET ERMMATION OF OXTGEM in 
METALLIC oxiocs er BROmmATON

G. Goldberg
Anelyticol Chemistry Division

Eatons ice of the etHof of Ce dell and Nor-itz‘5 
for the deteemination of eeygen in titenium to the 
cetermination in fluoride beta fuels was continued 
curing this period. So rar el modifications of the 
epocrotus described previously '* were made. New 
traps of smaller dimensions were designed, ard, —
odition, en ice-salt trop was ploced bet the

1L. Sit—— -d w. B,edshe-, Deter-1—»• ef 
Onrgrm so Certmm Gese = NAA-$R-9v2 (Apri IS. 1954-

15a. Caden end G. Mar-aa. Ch,- Emg. trsi 12, 
4565 (1954).

C. wha., G. GrlO «»s.
Q-en Pme Rep Man Id. 1933.

______ .t a—p, ORNL-1864, ,1.
ANP
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ly the ezcess b vepor-
it set fenend thet if the Row rote of the mizhe of 
helium and bromine vapor sets too rapid, the

it -es impossible to secure re— 
the etoe— ef BeO. and fusther

wes present. d of stoich

selid to during the couse ofed

Me to IssAs in
-hen BeO 

hiomety was 
af BoO and

A of oxygen in BeO, 
— was found in the

BeF.-BeD were pleced in ——t -ith eel—see 
of KF. — case—a eset as 30R (u/). — tone era 
tures of 80C. The concenwetion of toy dreoyl ions

NaF-FeF, fluz thet was used. A smoil —entity af 
the imouma fluz was therefore fro—od -ith tore—a 
vepor at 750C, ond then the — itoseiec fiux -as

of the somole wes then d -ith

L Essentioily complete 
in she BeO aample -as

obteined when this mixture was no—ed with 
bremine yopor - 950°C.

Several somples of CrF, were onolyzed for oxide

when the i 
st 990-C.

inati -ill be
known mixtures af CrF, ond Cr,O,-

Ne,z.F.
The ton

num —editione 
estigated -ith

standard acid. Velues from 7.5 — 9.0 pH —its 
a—e ctoe s— — ertoitrary end poimts for these 
tits stone. Dissedution of eittoer BeO — BeF, (-ith 
ozide contomimvotion) was me re r— id in toiler 
—eaa—iest of KF and or pH volues of 7.5. A 
fine crystolline precipitde was formed during the 
diesol—on of ell somples conteimning BeF 2- From 
the —Its of away diffroction onolysis, it was

a-

fer ezide inati
formed at 950C, and r

aero eneilyzed 
omination was 
ble waives of

DETERMIATIOM OF TRACE AmoUNTS OF 
MICKEL IN FLUORIDE FUELS WITH

SO OWN DIETMYLDITMIOCARSAMATrE
ML A. Merler

fficie

ion ware Ie—d. During the 
—las of Li,ZrF.. a orecipitate 
tea af the 8«O), bubbier and 
Row af gas through the sppo-

The use of sodium diethyldith
colors A inatien

scartoasaata in the 
nickel in troce

retus. It is believed thet the occurrence af this 
precipitete was due ta a reectiew involving the 

fluoride ar R—rice which was present at

omoumts was imvestigated. The -ork af Chilton 17 
t sirm t d — a basis far these studies.

Sodium diethyldith 
colerimetric reogem

ocob is e very sensitive
for nickel; ho-ever, this re-

A trap 
wval ef of cotions. Mony ef the metal es — le—s of sodium

these goses. The occurecy end optimum conditions
far the determination af i 
Z.Fa will ftoen toe investig

ion in

DETERMMATIOM or OXTGEM in 
BERYLLIUM OXIDE OY ACIDIMETRY 

J. P. Young

detharidtthie

The —I ar 
Otto It sarto ssi 
at 1,2-dichl

b are extroctible into orgomic

A—cy in dee for nickel-diethyl-
ichloride 
solution

-hose pH was 9 was fa—d to toe etoe st 34.000 at 
a de—ito af 328 mpa. The awler obsorboncy
index of nickel di wettof ly lyeslee is etosat 11.000

Tew oto steers possibilities for the determination 
of exygen in BeO were imvestigated:

B.0.2F--B.F,-H,0
B0.2F.2F-. H,0-- K,B.F. ♦ z0H-

In several writ i— te — coaly the first re—tise as 
e method for del willin'n mug oxide present as BeO. it 
woo found that the occurrence of eerie we side 
re cations made the a ostia d impretticei.

at the 2 
Chilten' 
ficient ex

elength
Any
ction

of its 
uly re

6 ebsorb cy-
ted thot e ware ef-

of the nickel os —its occuned
if the pH ef the equeous phase first toesiC
to to

wes found that

col geen (pH —5). Without the oddition 
vlexing ogents described toy Chilton, it

ium interfered in thla method.

1‘a. M. Chte-, Amaz Ch,- 25, 1274 cvsn. 
’•*. M. Chae--, An-L Ce- 24, 9aocvse.
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ee did iren ond melybdenum *e e very slight My. 
MA Me eddition of Me comolesing egens de- 

scribed by Chilten, it -es found mher Me imte--
fmrence of a 
Merger M 
fiuwridebese 

presented ee 
the (Mem

*

-es still presemt, elhougb
d. Of the other oms am

fuels, chremium end Me alkel ions 
imterference, and evidence indicates

diethyldithiocerk

AMP SERVICE LABORATORT
C. R. Miliems

Annalyticel Cheniatry Divisian

Me eccwecy ef this det 
heve been Mei te ach

Geb

MO

r 1

enFY
■we

d

ation, end t- steps 

this geal. Mere ef-

y comtinued to be the onclysis of fluoride
ion

ef the Wie ■ mg mw—M: Na, Li, K, F. 
L tetol U. Ni, C*. Fe, ond Mo. A n*. precedure 

fer Me determinetion of lathium -os propesed end 

tested in -hich Lthium and ethe eMeli metels

e• firat d from zi ium, beryllium.
urznium, end sulfote ions by meons of t-o
e-znenge resin col
as d in the cimete ferm and Me second im

hyzomides, the
mni

Memning (cf. "D

ncuntretien ef -hich is Meer 
with stended ocid. Work by 
ermimetion ef Lithium in LiF-

BeFa end Laf-ZF.UFa hes subsewemtly 
she- that only Me hydrozide form ef Me enien 

vesin is reqired for Me seporotion.

A total of 1673 somgles wee eneh ee -hich
8678 d -ere mede.
cevaists of 151 somples. A breckd 

is ven in Toble *.L

The bockleg 

n ef the wek

TABLE %L SUMaART or SERVICE AMALTSES 
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D

•M3
»U
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r 10. RECOVERY AD REPROCESSING OF REACTOR FUEL

D. E. Ferg
F. R. Bruce 

w. K. Eintee M. E. Goeller
X P -ung

PLOT PLAMT oesIGN

fuel by e fused selfluoride volobilaty process
pleted Of Augst 15. The 
is 85 complete. Of the

S to MM» equeous Rf m 
tomer.
Tf sefrigeretiom umits. 

Freon F.22 end F-13 cesco

hydozide im • sprey

■ —'> comsisting ef • 
U system, -ill be m—4

10 *•
cess equip 
dy desigm

no- d,
d or spesfied ond on

ceder; 2 ef she 10 heve been reseived. The
scheduled comstrut 
December 31, 1955.

date is still

- The plemt will be loceted in cells I ond 2 ef
Buildimg 3019.
metaricls — the flue

for highly redicoctive 
. the ARE fuel,dump

vple, selts from the in-pile
leops) — will Im in cell I. Equip

eind ip
gellery end en the roof obove cells I end 2-

The f— plen of operetion is to t —mi W the 
ARE dump temk into the cell, ft* the com*enta, 
and »—■ the molten soit into the fluoringter by

gen pr«»—. The process differs 
iovsly described’ in the follo-img

deteils: only two cold treps ore f' 6*4. one 

« -4C end one at -62; the UF. -ill be

fluuri -ith

ii^r contoining the voletile fem— f Ucr fluo- 
ri Ur win ba trensported M the buriel ground.

I
M. 1933. O

--- -t aL. AvP Q-en Pmg Kep Men
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a e « e=' e w - • “• • • •
♦ : r: :« ••• • •

t chill Freon F-11 to -40 end -62C for recireu- 

letiom though the cold treps.

pnocESS DEVELOPMEMT

U further studies on en ebsorption bed Ur 
eemeving veleile vediooctive material from the 

UF.-F. gas streom of the fused solr-voletility 
proesi, sodium fluoride found to be much 
more effective than colcium fuyride. o— 
teminatien -as poor in second runs with she some

ebsork bed.
of the bed is

The ebsorb

fluoride

It • • believed thet the temperetue 
importent, but cf 4 ef the bed

e -es difficult.
beds — 1-in.-die tubes thet

4 90 • of either colcium fluoride or sodium

CoSO.- 

40 mesh.

im • 9-in. Um >r*i or too ginen 18-in- 
The CaF, used f a mede by fluerinating 
Both the CeF. ond the NeF -ere 12 to 

The gos from • fluorinctor -as possed
directly imto the ebsorbent bed. The fl—I — 
reection -es cmrried out -ith 365-g cherges of the 
ARE-type fuel NeF-ZrF.UFa (53-5-43.0-3-5 

f U %) comteining 30 • — if »*■ Previous
frk* hod been done -ith similor f rl 
scole of a 67-f chorge ef fual.

The MeF -es ten rt—» as effective •• re

on •
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previously- The amoumt of fluorine used the 
fluorimation -os f cfc less thon the «»ifUH 
encess used previously- u some of the ne- runs
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lOt

« . « • ees •*•. ; L :
e • • e • e •• • • • • - ••e • « • •== #= »

*



MM

I
AMO pmoJEcr PROGRESS REPORT

Celcium flugide mi either 230 • 650C -os 
ebout Al QM es eflective es NeF mi removing
velutile ruth 
UF.-F, gos

end nieb fluoride from the
- Tests WW mode with both 
beds (Tebies 10.1, 10.2. end
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TABLE 1-2 DECOT AlMATO • An 19-m--LomG MeF ABSORPENT MO
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15. LIST OF REPORTS ISSUED FROM FEBRUARY 1955 THROUGH MAY 11, 1955

REPORT NO. TITLE GF REPORT AUTHOR(s) DATE OF DOCUMENT

CF-55-2-142 Vertical Component of Fuel Forces 
Reflector and Island H. C. Hopkins 3-2-55

CF-55-3-161 Gamma and Neutron Heating of the ART 
Fuel Pump Assembly L. T. Anderson 3-28-55

CF-55-3-167 C ircu la t i ng- F ue!-React or- P a wered 
Ramjet

W. T. Furgerson,
H. Ce Hopkins 3-24-55
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