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SUMMARY OF PROGRAM AND PROGRESS

la recognition of the need for a broader developmental program to ostab
lieh tbe feasibility of obtaining tbo potontinl advantages of homogeneous
reactors for tbo prodnetioa of fiaaionable wmatorials and poeer. tha OWL
Homogeneous Reactor Exporia>eat Project (HRE) which was organised to develop,
design and constructa pilot scale homogeneous reactot, baa boon recoaatitutod
as the Honogenaous Reactor Project The eltimato objective of tbe ORNL
program baaed upon tbe studies of tbo Long Range Planning Group, is to
provide tbo technical information required to dotemiae tba feeasibility of a

full scale plutonium poeer producing homogeneous reactor.

Homogeneous Reactor Program

The program of the Homogeneous Reactor Project which will be required to

attain the above objective ia conceived to be the following.

Completion of Pilot-Scale RSI. At present approximately 90% of the
effort on the Project ia directed toward tho completion of the dovolopneata 1,
design and construction work for the pilot scale HRE Major emphasis is
pieced on chemical and eaginooring studies of the system UOJSO# HjO contained
m 347 stainless steel under auxinum conditions of 2S9*C and 1000 pai and of

the mechanical components of the reactor system

Kxperlneatnl Operation of tbe IRE. A preliminary schedule for tho start'
up end experimental operation of the HRE was preseatod ia the last progrsss
report (ORNL 990) Detailed plans dill be prepared prior to completion of

construction Tho experimental program should achieve the following:

1 Demonstration of the operability of a circulating equeoea fuel
reactor up to a maximum of 1000 kw, correapoadiag to a power
density of 20 kw por litor

2 . Demonstration of auxiliary portions of the system, such as gas
separation gas handling, and ‘recombination and control by
variation of concentration

3 Operating experience with this type of reactor.

4 Direct measurement of radiation decomposition and eorroaion at
flux densities comparable to those in a fall scale reactor.
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Investigation of AltiruU Ilyaloa aad Baaetar Tjrpea. Research oo
alternate foal systems,* BMterials of ooaatroctioa, and reactor types is car-
. i
rently being pursued on a anall scale.

toolga Bevalopaeat of laternadiate-Beale Honsgaaeons Basetar. Research
and daaiga leading to construction of an interaediate-scale hoaogeneous reactor
has been undertaken. The reactor is now conceived aa operating at a anxious
«f 40 aw aad being of a aiie approaching that of a full scale reactor, i.e.t
| to 10 ft diaaaterlcore tank ra. IS to 20 ft for a full-scale reactor.
Tha following are considered to be logical steps in tkia development:

1. Co”-eptual design of a full-scale (~000 aw) reactor upon which
to base p?»as of aa intermediate-scale reactor.

2. Preliainary design of aadintermediate scale hoaogeneous reactor.

3. Research, conponent *dere lopaant * aad detailed design of the
interaadiate reactor.

i

4. Construction and operation. ,

The najor objectives of building such a reactor prior to a full- scale
hoaogeneous reactor are considered to be (1) deaonstration of the operability
of a large-scale reactor syaten, (2) loag-tarn tasting of the reliability of
handling a circulating aqueous-fuel syktan, and (3) tasting of a cheaical
pilot plant to extract plutoniua continuously fron tha fuel systan.

Status of RBI

Construction. The 7500 Building which will house th* reactor has been
coapleted except for laying the concrete floor at the east side of the reactor.

The units comprising the reflector syaten including the pressure vessel,
have been constructed, with couplets installation acheduled for Jnly. This
will be followed by pressure aad leak tasting.

Conpletion of the construction of coaponeats of the fuel systan has beaa
delayad pending results of current studies on chcuical stability aad oa the,
gas-reaoval system.

Installation of the control aysten has been started. Mountings for the
turbine, generator, and condansar have been constructed. Installation of
components of tbe power aysten awaits delivery.

»
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ecalga. A design review group has been appointed to aapjyse. crit(vUy
the design of tbe entire WE ayeten with rtapect to ita operability. Tbe
considerations of tbia group should be completed by August, 1951. During this
quarter design work was directed toward completion of piping, floe shoot and
shield drawings, and bills of naterials.

Beanarch and Bevelopaernt. Two general uncertaiatiea east yet be resolved
before the possibility of operating the HRE for e sufficiently long period to
achieve the desired objective will appear great enough to justify completion
of the construction of the fuel systen and initiation oY operation. These are
(1) establishment of the specific conditions required for stability of the
fuel solution, \,e., UO,S04 HjO (30 to 40 g of wraniua per liter) in 347
stainless steel at 2S0*C and 1000 psi, and (2) perfection of the gas-letdown
system

With regard to solution stability, it appears definitely established that
maintaining oxidising conditions in the system, fer exsaple by addition of
oxygen will provide stability. The optimum partial preaaure of oxygen is now
being deternined. The effects of a number of variables inclading acidity,
halide ions, various chemical pretreatments of the natal, the presence of
corrosion products, the condition of the metal surface of the test pumps, and
the presence of graphiter bearings have been studied in static benb tests and
pumped circulating loops.

Engineering studies of the gas-letdown system heve led to modifications,
specifically aa'iaerease in the flew ef. liquid reaovod with the gas sad the
additiea of a surge tank, which show premise ef eliminating the oscillations
which have been observed in the original system. Work is being initiated to
develop an alternate external gas separator.

Further work on the design and testing of graphitar and stellite bearings
for the Westinghouse nodeL* 100A pump has given encouraging results.

Several aethods fer promoting mixing in partially stagnant regions of the
reactor core have been studied, and one method produced encoaragiag results.

Because the recombination of essentially 100ft of the H, and 0, in stoi-
ckiometric nixtures has been demonstrated by the use ef fiame and catalytic
recombiners, current effodft has been devoted to investigating the feasibility
of reconbining with massive metal catalysts. Early tests gave unfavorable
results with copper, silver, and platinum; therefore, this effort will be
directed toward other ogre promiaiag investigations in the next period.



The develop**at of eethoda for chboaical control'of IKE fuel haa continued
to bo centered oa too inatruaenta: tbo electroaagnetic denaitoeetar and
Priaco Deaaitrol for aeaaareMBt of aolutioa de.naitiea, .and the ceraaic -coated
radiofreqeeacy coil imaeraed in the fool for indirect aeaaireaeat of uraaiua

concentration froa the atored energy capacity. *

tataa of Loag gauge Stadiaa

Studioa of tbo phaae equilibria of UO,(NO,),-H,0 tad UO,-H,P04-H,0
ayateaa have been coatiaaed ia an effort to evaluate tbea ,aa poaaible hoao
geaeoua reactor faola. Ferric oxide produced by corruaion within the fuel
ayatea baa been atwdiod in connection with ita effect on tbo critical aolutioa
teaporaturea of tbo 1)0,30, H,0 ayatea it wga found that the effect waa

relatively aaall.

Although it baa not yet been poaaible to prepare a uraaiua oxide alurry
which ia atabla after boating, encouraging progreaa haa been aade Slurriaa
of tkoriua oxide containing 1000 g of thoriua par liter have ahowa theraal and

radiation atability cbaractariatica that are proaiaing,

Slurry puapiag atfadiea carried out oa a baall acala indicate that it aay
be poaaible to puap and control adequately an unatabla alurry which aettloa

relatively qL{ickIy

a e

Throe aotkoda of cheaical proceaaiag far aquooua hoaogaaeoua reactor
fuola have been inveatigated on a aaall acala Than* include (1) breakthrough
adaarption oa fuller 'a earth Dowex SO aad Dewax A 1; (2) couiplate adoerptioa
of fuel on Dowex SO and Dowex A 1: and (9) precipitation fellowed by adaorptioa
oa Dowox SO with Cu*4 diaplaceaoat aad elactrolyaia There ia evidence that a

proceaa can bo developed aa anodificatioa aad/or coabiaatioa of tkoae aethoda

Praliaiaary atudiea of boiling hoamgeaeoua raactora bavin boon atartad aad
e;(perie%nta are being doaigaed to toat the validity of theoretical calculations
aad to doaonatrate flow ratoa bubble formatié)n and riae tine and the be
havior of a aolutioa boated in a aaaaer aiaulating fiaaioa heat in a hoao

geaeoua reactor fuel
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C M attal

In general, design work during the quarter has been aimed toward comple-
tion of piping drawings, flow sheet, shield drawings, and bills of Materials.
Emphasis hss been placed on completion of the reflector system, and a thorough
check of the complete system haa resulted in numerous changes in details.

Major components still incomplete in final design are: (1) the low-
pressure catalytic reconbinera for fuel solution off-gas and the reflector
off-gas, (2) a high-pressure catalytic reconbiner for D# and 0,, (3) a heat
exchanger between the letdown stream and the feed stream from and to the high-
pressure fuel system, and (4) a liquid-level control for the fuel pressuriser.

All these components have been designed as tentative experimental models,
but final designs will not be made until experimental data are available. The
experimental catalytic reconbiner is shown in Fig. 1.

A simplified HRE process flow diagram, giving process lines only with no
instrumentation, is shown in Fig. 2; valves which are operated by automatic
controls are shown as diaphragm valves. The general assembly of the reactor
tank, including the pressuriser, control rod drives, instrument thimbles, and
all connecting piping, is shown in Fig. 3.

Pool Solution (Soup) System. Few changes have been ande in the high-
pressure part of the soup system since publication of ORNL-730 in June, 19SO0.
The only significant change is transfer of the reconbiner to the low-pressure
system. The low-pressure gas-removal portion of the system, however, as shown
in Fig. 1 represents a considerable change. Although the design of this portion
as shown is tentative, pending outcoaie of e full-scale mock-up test, work is
proceeding on the basis that it will be final.
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Study of goo generation in the soup feed pump indicates that a shutdown
time of less than one minute will be sufficient to gab bind tha pump. Provi-
sion 1is being siade to bleed the gas out of the high-pressure side of the puap

into the soup duaip-tank vapor space.

ftaflactar System. Condensers for the reflector system are completed and
installed as double pipe exchangers so that joints on the DjO side will not be
exposed to light water as would be the case with ahall-and*tube type condensers.

Reflector dump tanks have been installed with cool ing-water jackets for
eswrgency cooling. These jackets have been designed to be welded to the tanks
at only one point to eliminate stresses due to differential thermal expansion.

All piping design for the reflector compartment is complete and approxi-
mately SOX haa been installed. Figure 4 is a pictorial view of the piping in

this compartment.

Kaargency Cooling lystsa. A natural-convection cooling system is designed
as shown in Fig. S. Calculations for this system show that isusediately fol-
lowing dump of the soup and reflector into the dump tanks, boiling will occur
in th« jackets until heat stored as enthalpy in tha solutioaa at high pressure
haa been reduced to correspond to that at lower prassuras in the dnaip tanka.
An equilibrium condition will be reached after boiling approximately 30 gal of
water, at which tine the finned-tube natural -convection system will raaove up
to 28 kw of heat without boiling. Under this equilibrium load the following

conditions will exist:

Heat-removal rate 95,500 Btu/hr
Velocity in 2 -in. pipe 0.727 ft/sec
Mass flow rate 3,360 Ib HO/hr
Temperature of hot leg 174*F
Temperature of cold leg 145*F

As a result of these calculations several changes have been made in
design of the system. A pressure relief valve set at IS psi gauge has been
specified for the surge tank vent so that under boiling conditions the system
will operate at that pressure giving a greater At for condensation of steam in
tha finned tubes. The surge tank has been placed at the top of tha cold lag
instead of the hot leg so that steam rising from the jackets must pass through
the finned tubas before -escaping. It is felt that with these modifications
the quantity of water evaporated from the system will be held to a minimum.

11
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ltlyitu. Shop dritiagi of the 250-kw atau turbo-generator and the
iOO'ft'iarfaea condenser have been coaiplated by Worthington Peaip end
Machinery Ceaapany and approved by ORNL." Shipeent of the fcoadeaaer ia acheduled
for August 1, 1951, and the terbo-generator for October 1, 1951. . %

Draviaga of turbine foundationa and pipe trench have been approved end
iaaued for coaatructioa.

Shield. Figure 6 illustrates the genaral arrangement of the reactor
abield atructure Coaatructioa drawing* of the akield have been approved aad
iaaued to the field.

It eay be noted that acceaa to all interior* parts of tho shield is freai
above, except for instrument tubea. The shield will be coaatructed prinarily
of solid concrete blocks, the outer two courses being laid ia nortar aad. the
ianar onaa being stacked. AIll blocks are of barytes aggregate aad the first
two course* mast to the reactor tank coataih colenanite or* to reduce tbhe
induced activity ia the shield. Removable top plug* are of precast concrete_f.lf_I

i

Central. The principal effort of the control group has been devoton
to checking out the control conponeats and to a re-examination of tho operation
of the ayaton in the light of new information. The Da0 aysten is now stablised
aad the changes in its control are indicated on the floe sheet. Study of tbe
soup systen is still open as coapoaeat development progreaaea.

Tho essential changes in tbe Da0 systen involve noaaureaeata ia t” e
offgas section. The functioning of the recoabiner will be checked by a
Vanperatur* detaraination of th* catalytic bed. For an insulated recoabiner
this temperature ia aa accurate iadicatioa of th* composition of the gas
passing through th* bed Aa a check agaiast loss of D#, the exit gas stress
is analysed by a platiaua- filanest hydrogen detector ia tka*off-gas line
beyond the cold trapa. Water-flow and toaparatur* instruments are provided on
tho recoabiner condenser to perait a deterniaatioa of tke®amount of gas being
reconbiaad.

Th* aoup off gas systen control has bean revised to function with the now
off-gas System Study of the gassing problea innediataly after a shutdown
indicated the need for a neaaa of handling aa appreciable amount of gas in th*
praaauriser. This ia provided, by operating th* preaaurixer vent valve by aa
excess pressure signal fron the proasurixor pressure controller.
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The snut-off of soup aystea valves which block flow to any external part
of the aystea is very iaportant Valves for these points are being checked
by neasuring air leakage tbroagh the valve froa ateospberic pressure to a
vacuum chanber. These checks indicate that new ataialesa steel — stellite tria
valves will give a liquid leakage of less than 1 rc/aonth for a preasare
differential of *15 pa\ across the valve when the operator has IS pai air

preasare on it. lacreasiag the operator preasare will decrease this leakage
< till further. Stel lite-stellite tria valves are worse thaa this by a factor
of S to 10

AIC(S)I’Ttl’Ol aanual e<for the HRE"widl be writtea and published during the
next gaarter as a separate report ,

Control Bad grlvos. A complete aaseably of one control rod and ita driVe
aechanisa has been bailt and ia being tented. A 1/16 in boral plate contain-
ing? approxiaately 100 ag of boron par square centiaeter baa been successfully
fabricated, and a aaapla aaseably of coatrol plates baa been aadq ia which
boral plates are enclosed between stainless steal platan welded at the adgaa.-
A _general arrangeaent of these drives and platan is shown ia Fig 3 .

laatrua.vat Belas. General arrangeaent sad uses of the iastruaent holes
through the shield age given in Fig. 7. Detailed construction of a tube aad
plug are shown ia Fig 8 The nethod of withdrawal of the fiasioa chamber ia

also shown in Fig. 8

Bellows Valeo eperater. The endaraaca teat of the experimental bellows
valve operator was discontinued after 400 000 cycles owing to failure of the
solenoid valve supplyings-air to it 03 the basis of this teat, design of a
production nodal has been coapletfti and drawings issued to the shop Figure 9

shows the final design -

Leak-Beteefloa Spates. It iaa planned to inntall n aystea for detection
nnd location of leaks in all flanged joints ia pipiag and vessels containing
Da0 or fuel solution Separate but aiailar leak detection systena will be
used oa the two different liquids As shown in Fig 10 Ileak detection for
the soup aystea consists of a pressurised tube leading froa the gasket grooves
of each flanged joint to a aaatfold outside the shield which 1is in turn
pressurised froa a receiver containing water and heliua A level detector and
pressure indicator on the receiver W4i|| indicate the existence of a leak.
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Location of tJbis leak My ba determined by checking individual linea. Vatar
preaaara vail ba Miataiaad aligbtly higher (baa tba soup pressure ao that
leakage will all ba into the soap ayatea.

Status of IKK Caaatructiaa. Thba aaw building for tba HRE was occapiod
about March 1. Since that data all underground sarvica liaaa have bawa
installed and tba shielding structure raised to the floor laval. Equipment
sad piping for tba heary-water ayatea is being installed as it becoaes avail-
able Over-all coapletioa is approximately 20% Progress of HRE coastructiaa
ta shown in Figs. 11 aad 12.
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UNCLASS'F'ED HG h progress of hre construction

SKCV, 'NG PLACEMENT OF DgO DUMP TANKS, DgO CELL PIPING, AND REACTOR SUPPORT FRAME



UNCLASSIFIED

PHOTO *8159

FIG. 12 PFfOGRESS OF HRE CONSTRUCTION
OVERHEAD VEW OF DgO DUMP TANKS AND REACTOR SUPPORT FRAME



2. CORROSION: UO0,SO4—R,0—14? STAINLESS STEEL SYSTEM

3ftit, Omt-tf-?2tlt Ttiti Pmmf L—f Stmdttt Stmditt ¢/ Cor-ttirm Vmrimkltt
Sanaa |: IL I. Lietike
Sariaa Il: N. D. Stlaaraaa

Htttrtkmmicm| Cerrutiee Stmditt

J. C. Griaaa

STATIC. «VT-dT-PIL* TtITI

A general review of some aapacta of the passivity imparted to stainless
atssi by cbssiieal prstrsatasats sad a prograa for atady ars prsaented. It aaa
deterained that tbs aotal sarfacs condition of tost boaba in which ataialess
stssl apscisena wars pretreated sssrted a aarhsd influence on the physical
appearance of the saaplss. OIld surfaces reaultod in dal 1-appearing filaa
while new BMtal surfaces produced lustrous saaple surfaces.

The*results of testa on the offectiveneaa of oxygen for aaintaiaiag a
passive file ia uranyl sulfate at 250*C were erratic. The iaconaiatency vaa
attributed to the previous teat history of the autoclaves used for the study.
In untreated stainless steel ayateos at 2S0°C the reduction of uranyl sulfate
was gradual during the firat 4 hr, and reduction was nearly 100X complete
during tbe next 4 J>. The thicknesa loss on untreated 347 stainless steel in
uranyl sulfate at 2S0eC was 0 1 oil after 24 hr.

The operation of two thermal test loops in uraayl sulfate at 250AC is
described. One loop was pretroated with IX nitric ae»d, the other loop wae
not pretroated but the uranyl sulfate teat solution waa aade IX in aitric
acid. Both runs were classed as aucceaaful.

The corrosion resistance of various types of titanium aetal in uranyl
sulfate at 250*C remains excellent Zirconiua metal containing 3 to SX tin
has shown excellent corrosion resistance
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Uranyl nitrate corroaion atudiea at ISO C vara started. 01 the Hater*
ials taatad. titaniua and sirconiua ahoaed superior reaiftance. Uranyl
fluoride testa at 1S0°C ahoaed aolatioa reduction at the end of 168 hr in un-
treated stainless steel bosibs. There aaa no solution redaction ahen the
boobs aere initially pretraated in IS nitric acid. Illioai R exhibited the
best corroaion resistance in an untreated condition to uranyl fluoride at
1S0°C contained in pretreated boabs; the corrosion rate aaa 0.4 ail/year

after QOO hr.

The corroaion resistance of SAE 1030 carbon steal, of ahich the HRE
pressure vessel is constructed, in distilled aeter containing aaall aaounts of
hydrogen peroxide aea determined at 200°C. Galvanic couple testa eith 347
stainless steel aere investigated also. The addition of 275 ppa of triaodiua
phosphate served as an effective corroaion inhibitor even aith hydrogen
peroxide initially present.

Status of Corroalaa Testing Kgalpaoat

Stagnant corrosion test autoclaves for use at 250®C have been iacreaeed
to a total of 88. Plans are in process to fabricate approximately 20 theraal-
convection test loops of various typea of stainlaaa ateels suitable for
uranyl sulfate exposure at 250°C. Ten 2-liter capacity autoclaves for stagnant
corrosion testing aill be fabricated froa ataialeaa ateels, titaniua, aad
tireoniua

Taelve nea stainlaaa steel autoclaves for stagnaat corrosion atudiea at
elevated teaperatures have been received aad aill be uaod to investigate
uranyl fluoride aysteas. The autoclaves have an individual capacity of 22S al.

The six stainless steel theraal-convection loops previously described' 1>
have becoae inoperative oaing to failure of the electrical heating syatea.
These loops acre designed for operation at 250*C by aeana of calrod heating
eleaents metallised directly onto one log of the loop. This type of heating
arrangement resulted in frequen*. and early burn-out of the calrod units and
localised hot apote. Nea theraal loops are being designed usiag nichroae
ribbon as a heat source. It is planned to fabricate 20 of these loops to
study uranyl sulfate, uranyl nitrate, and uranyl fluoride eysteas at elevated
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teaperatures. The loop* will be constructed of typo 309 niobiao stabilised
stainloss steal, type 347 staialass steal, type 316 astra-loa carbon stsialass
steal, type 316 siobiaa stabilised stainless steel, Carpenter 20, and titaaiua.

Sis autoclaves, 1500 al in capacity, are being designed for see an bigb e

teaperature ntudies. These anteclaves will be equipped with ssnple cells to
perait solution withdrawal at operating teaperntnrs. The design will be such
that intarchangsable liners of various aaterials nay be substituted. Titaaiua
end sirconiun corrosion will be investigated in this nanner.

The coaponeat parts for a 150 gel dyaeaic syatea, 34? stainless steel
ronetmction, have bean fabricated during the past quarter. This waft will
operate eitk uranyl sulfate at 100*C and velocities approaching 25 ft/eec.

The Corrosion Laboratory is uadergoing aspaasion to ineraase the 100°C
corrosion test facilities by 30 units’. The total expanded capacity will be
100 naita.

Carrantan Stadias

The results of corrosion studies 'during she past quarter will be treated
uader the following headings: (1) Pretrestaaat Filas on Stainless Steels,
(2) Stainless Steel ThersMIl Loop Tests,t(3) Corrosion of Titaaiua. ,(4) Corro-
sion of Zirconiun, (5) Uranyl Nitrate Corrosion Studies, (6) Uranyl Fluoride
Corrosion Studies, and (7) Corrosion of Reflector Materials.

1. Pretrsatneat Filaa an Stnlnlaas Stasis. The use of either 1% by
weight of 70% nitric acid or 2% by weight of ehroaiua trioiide (CrO,) at 250°C
iaparted passive characteristics oa staialass steels used to contain uranyl
anlfnta solntions at 250°C. The characteristics of these pretreataant filas,
as dateraiaed by stagnant corrosion studies, were described in the last
quarts: y progress report. Roth types of filas apphar to be hydrous
oxides. In the case of the nitric acid fila. which has received the aost
stndy, it appears that passivity is not entirely due to the foraation of a
balk oxide fila. An additional factor, possibly cheat sorbed exygaa or water
of crystallifetioa, aay be an inherent coaponeat of the oxide file in the

(2) J. L Eaflinb and A R. 0lsenlL*‘Pile Stad.u oa Ptwtreeted Staialena StaeJ.** Komogtmtomt
Qe*r»#rly Pr*g'.* « Swpe~* v7«-»*d »g, 1951, CWL 990 p. 43 (Mir II.
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over all Mchnin of passivity. This assumption is baad os ssvsral rather

conclusive laboratory studios as follows

a. Passivity was not conferred oa staialass steel aerely by heating
autoclave surfaces in circulating air at 2S0°C for periods of
24 hr Suck pretreataeat coaid result only ia a thickening of
the aorual oxide fila on the staialess steel la subsequent
taste with araayl sulfate at 2S0°C this oxide fila alone was not
sufficient ta prevent reduction of the sulfate solatioa. i.e,

there were ao passive properties present.

These results indicate that with nitric acid pretreataeats at
2S0°C the presence of oxygen or nitric oxide froa the theraal
decoaposition of the nitric acid serves not only to proaote
oxide file forastioa on the stainless steel aurfsccs but also
aay becoae an essential part of the fila aa adsorbed atoaie or
srolecular oxygen

h. Stainless steel speciaens pretreated in either nitric or chroaic
acids at 250*C lost the passivity effects iaparted by these
treataents if the speciaens were allowed to reaaia exposed to
air at rooa teaperatures for periods exceeding 3 days. These
speciaens when later subjected to uranyl sulfate at 2S0*C

caused reduction of the sulfate solution. Suck behavior«would
indicate that initial fila forastioa at 2S0VC was occurring
under aetastable conditions. Extended exposure to air at rooa

temperature caused a reversion to the noraal oxide fila with a
loss of sons constituent, such as water of crystallisation or
possibly adsorbed oxygen froa the fila |If, after pretreataent
the speciaens were allowed to stand in water or uranyl sulfate
at rooa teaperature for periods exceeding 3 days there was no
resultant loss of passivity during subsequent exposure in uranyl
aulfate at 2S0',C

The two phenoaena described in (a) and (b) are considered significant as
affording a aeans to study aora closaly the general aeehaniaa of pretreataeat
filaa Future studies will be concentrated on theaa two phases with the
ultiaate objective of deterainiag whether or not the passivity on stainless
steels after pretreetaeat is a result of bulk oxide foraation alone or whether
other constituents, oxygen -tnd/or water of crystallisation is contributing ta

the over-all aeehaniaa of passivity.

Sufficient data have been collected on the stagnant corrosion behavior of

pretreated stainless steels in uranyl sulfate at 2S0°C to conclude that:

a. If the protective fila. obtained by nitric or chroaic acid pro
treataents. is properly foraed on stainless steal surfaces,
there is no aeasurable loss in the uraniua content of s 0 17 M
uranyl sulfate solution (analyses are based on initial and final
values over exposure periods of 1 week).
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b. Corrosion attack os various typos of pretreated stsinloss stools
is alsast negligible (<1 ail/year) okas condition (o) prevails.

For tksso reasons eaphesis sill bo placed apsa a study of tke pretreatueat
nockaaiso rather than a coatinaatioa of purely restiae eorroaioa stadias. Hie
fol losing investigations sill be undo daring tke fertbeoaiag work period!

e. The effect of teaperstare on tko aatare and properties of aitric
acid and ckroaic acid protroatoent filas Temperatures of 1SO,
200, and 2SO#C sill be stadiod.

6. Tke effect of aetal surface condition on tke characteristics of

pretroatasat filas. This study will include various degrees of
abreded fiaiskos sad chemically steked surfaces. Teaperstare
variatioas sill he included also

e. The effect of increasing coaceatratioas of nitric sad ckroaic
acids sad other oxidants on tke stability of thoso filas ia
uraayl sulfate solutions at 2S0*C.

These investigations sill he sappleaeated by X ray- diffraction studies sad
chaaical analysos of prstreataent filas stripped froa the amtal aarfacea.

laveatigatioas coapleted daring the past quarter coaceraed sitk pretreat*

sent filas are discussed in lke fel loving paragraphs. In aany cases, coaplete
aaalyticsl results sere not available due to tke tioe delay ia processing
ssaplas. la the iateria tke criteria eaployed for judging skether or not a
specific eerroaion test sas performing satisfactorily vara (a) visual

observation of the test solution, (b) aeasureaent of solution pH end (c) phya
icel appearance sad weight variatioas of the corrosion test speciaen Proper
evaluation of those three conditions invariably resulted ia valid interprets
tioa of a corrosion test as verified later by tke results of ckeaical aaalyses
oa the test solutions.

iffttt of Surfoco Condition vs. fspeturs Ttae on Nitric Acid film Formo-
tion el 250°C. The physical appearance of nitris acid—formed filas oa type
347 stainless steel speuiaeaa varied frou speciaen to specisMn Moat of tke
saaples continued to reaain highly lustrous oitk brilliant interference tiats
after 24 hr ia 1| by weight of 70% HNO, at 250*C However tke saaples
frequently akowod dull-black castings which were still estreaely sdkerent but
auck thicker than those which normally appeared on the treated specimens
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The'* black colored (ptciM M exhibited tha iaae axealleat degree of passivity
ia araayl sal fats as tha aaaples having this laatroas filaa. It vas suspected
that perhaps tha previoas taat history of the stainless atool aatoclavaa (ar
boabs) aas accoaatiag for tha differences ia appearance Many of the pra
troataoata sort run ia tost aatoclavaa that had baaa protreetad aaay tines
had bean subjected to araayl sulfate exposaras with and without solution ra
duetion and had baoa chemically etched to roaova adhering nraaiua oxides sad
corrosion products.

To deteraiae exactly if the previoas autoclave test history vaa iaflu
seeing the appearance of the nitric acid pretroataeat four old and four new
autoclaves wore prepared for test The old boabi aalactad had boaa ia opera
tion for 9 aonths daring the araayl salfatescerrosion tasting prograa Those
boabs were first cloaaod ia a WO, Ht0O, aixtara to dissolve say nraaiua axides.
washed and scrubbed ia distilled watar etched 10 ain in 10ft WO, 4* HF 1ft
HC1 (by voluae) at 60*C and washed and scrubbed thoroughly in hot distilled
watar The new boabs had aot been used previously for sulfate testing

The aaw and old boabs with type 347 stainless steal saaplaa wore treated
with 1ft WO, at 2S0*C forperiods of 14, 8 sad 24 hr The eolations ware
analysed for iroa nickel and chroaiua at tha end of each run Complete data
are listed ia Tables 1 and 2 The type 347 staialeas steel apociaona ware
prepared ia the aaae aaaaar for all teats Preparation consisted of abrading
on Nos 80 and 120 grit paper followed by degreasing ia acetone and alcohol.

An axaaiaatioa af the chemical aaalyaes allowed’that

a The dissolved iron concaatratioa ia bath now sad old baa”a lav
sled off at 1 ppa after 1 hr at 2S0*C. This is not a traa
Measure of the dissolution rata of iron siaco it has boaa astab
lished that iron precipitates froa solution aa a FetO(. The
snail quantities of brawn precipitate observed in five af the
final taat solutions were iron oxidea

k The dissolved nickel gradually decreased ia coaceatratioa froa
32 to 8 ppa in the old bcabs while ia the aew boabs it in-
creased steadily froa S9 to 97 ppa C~roaiaa on tha other
hand exhibited a tendency to increase in concentration ia tha
old boabs and, with one exception reaained low and fairly
constant in concaatratiea daring tha 24 hr ia the aew boaba
Thus it appears that on old surfaces nitric acid selectively
attacks chroaiua in preference to aickel over an axtaadad period
of tine while on newly aachined surfaces the .itaation is
reversed, i.e. aickel undergoes selective attack ia prafareace
to chroaiua
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TAILS |

AnlInl4u Im«i *f Nitric *«il-frttr*clCHt Sciaticas

DISSOLVED IONS (ppa)

EXPOSURE mm *, FINAL
s s * INCH NICKEL CHROMIUM
014 1 1.13 its 4 32 T
014 A 113 0.73 1 11 30
014 . 1. 1S 111 1 It .
014 14 1.11 0.34 1 1 33
1 1.13 its 3 St 4
4 11s 0.33 41 <1
Nm . 1 13 in 1 40 lot
14 118 m <1 tT .
N ..
TAILS |
Carroalca Nlavltr cf T)pc 111 ltalaltaa
Steel Is If Nitric AclS at IM*C
EXPOMftt. VEIGMVIT CHANCE
t85 (m*/«o») SOLUTION CONDITION SAMPLE APPEARANCE
014 1 0 137 Slier klaefc.fcreve otreeka
014 4 <0.030 Rale retire, elifkt Waaa Dali arar-kleck lilv
preeipitato
014 . +0.011 Dele rellee. ee preeipitake  Dell Brer*tleck filaa
014 34 <0 044 Streef rellee celer ee Skier klack-kreve celer
preciprtete
Nea 1 +0.013 Deter ekite. oltfkt trace Leetroee peldee pack celer
precipitate
Hmm 4 *0 004 Deter rl)U cligkl trove Laotree* p ek ieterfereece
precipitate taet
Ret .  ¢ton Deter efcile elt|kt Slack Laetrees grace paek celer
precipitate
34 +0.034 Deter vkite. ee preeapatete Leetreee Kklack celer
SO
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Although the tost speciaeas voro prepared initially in the use Manner
their resolting appearances as removed froa hath types of bombs aero Markedly
different Spaciaans reaoved froa the new boaba aero lustrous aith Militant
colors due to iatarfarancs pattaraa. Ths spaciaans reaoved fraa the old
boaba aera black in color and. ia tao cases, they aero dull tn appearance.
These ssaplas have bean subaitted for X-ray—diffraction studios in order to
discern nay diffarencaa in tba structure of tba files The yallaa color
appearing in the aitric acid salntioaa ia the eld boabs after 4, 8 and 24 hr
ana nttnbutad to the oaidatioa of Metallic chroaina to ekroaiua(VIl) by the

aitric acid.

Effect of Continuous Long-Time Eupoture on him and Solution Stability at
250aC A group of tests ana run aitb 0.17 M uranyl sulfate solution at 2S0°C
contained ia nitric acid —protraatad stainless steal bombs ahick reasined
closer for periods of 1 te 4 seeks. Tha object of these teats aaa to confira
the necessity for oaygan to repair sad asiataia the paaaiva fila. The teat
boaba acre cheaically cleaned and pretreated for 24 hr in IX HNO, at 2509C.
Type 347 stainless steel ssaplas aero treated ia siailer faabioa. The uranyl
sulfate solutions and saaples acre placed ia the boabs and bested to 250°C
One boab froa the original group of sis ass reaoved aeekly so that continuous
exposure ass obtained over s period of 1 to 6 seeks The date froa these

tests appear ia Table }.*

TABLE t

Effect ef Cootiaeous Essosare os Ells Stability
Is Urearl M| fate st IS# C

Initial uraaiua. 38 7 glliter

Exposure INITIAL PIg_?L FINAL URANIUM SAVPLE WHEIGHT

(seeks) pH («/liter) CHANGE (.«/<e-%) APPEARANCE

1 *4 8*4 >9 S 0.90 Dull blech fila
f 14 X1 M i 0 12 Shiny blue-bleak file
1 14 11 It 4 +lIS Urauieu aside seals
4 24 I 1 19.T +0 01 Lestrees red breee filu
1 14 14 40 S 0 04 Shiny blech fils
4 2 4 2 1 Net available *o 01 nail blach fila
31
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A decrease ia total uranium content too found as the exposure tiao in-
creased to 3 eeoks. The aaaplo removed at tbs end of the 3 week tost exhibited
a weight gain due to tka accumulation of uranium oxidas on the aurfaeaa. A
roductioa of 26* ia total uraniua occurred during tkia run and tka solution pH
dropped free 2.4 to 1.3. Chemical analyses for the fourth- aad fifth-meek
teats shooed no reduction ia total uraaiun ceateat froa the origiaal value.
Tkia pheaeaeaon aes aot expected after tka behavior during the first 3 seeks.
Ohio possible explanation for the failure of the solutions to undergo roductioa
any lie ia the previous test bistory of the boabs used ia those testa. Tka
boaba bad been subjected to auaerous pretreataeata. solution reductions, and
routine tests in uranyl sulfate U 2S0*C Variations in surface condition nay

contribute to the erratic results,

Additioasl tests te iavestigste the oxygea offset on fila stability mill

he run at 2S0°C ia uraayl sulfate solutions. These mill iaclude.

e. Continuous exposure of 1 to 4 seeks ia aemly aackined staialeaa
steel boadis which mere pretreated for 24 hr ia 1% HNO, at 2SO0*C.

6. Continuous exposures of 1 to A seeks ia untreated aemly aackined
atainlosa steel boabs The uranyl sulfate solution mill contain
1* HNO,.

e. Aa investigation to study tbs effects of couplets oxygen deaera-
tion aad various partial preaauras of oxygon on nitric acid—
pretreatod aurfaces.

Uranyl Sul/etc Solution Stability at ?50°C aa a Function of ftpotnrt Tima
in tintramtad Stainlaaa Staal Syatama. Corroaioa testa mera run in typo 347
ataialass steel boabs using 0.17 U uraayl sulfate solution. The boabs
previously used for other tests, mere cleaned at room temperature far 4 to 6
hr is 20* hydrochloric acid containing OS* Rodino No. 60 (a high molecular
maigkt coaplex organic coapoand used as aa inhibitor). After thorough uaahiag
ia distilled mater, the boabs mere further cleaned by exposure for 1 hr ia 10*
HNO, at 130 to 140*C A final scrubbing aad rinsing in distilled mater
follomed. Type 347 staialeaa steal test speciaeas, 3.1S ca ia disaetsr aad

0. S ca ia thickness, mere polished on Non. 80 aad 120 paper aad degreased ia

acetoaa aad alcohol. These specimens mere tested is a cold rolled condition
*he voluae of solution used in each boab mas ISO al. Samples mere suspended
32
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in the aolution by maa of quarts hooka. Tha total iataraal aarfaca araa of
the teat boab, including the aaapla, was 33S ea*. Tha solutioa-vwluae to

aarface—area ratio (al ca*), tharafora «aa 122

The oven uaad for heating the aaaaabled teat boaba oaa preheated to
230cC. Six boaba eere weighed and placed ia the ovea and 1 hr vaa allowed for
the boaba to reach thia teaperataro. The boaba wera than reaoved, oaa at a
tiae at intervale of I. 2 4, 8. 16. and 24 hr. The aolatioaa were reaoved
after cooling and filtered for cheaical analyeea of the filtrataa and reaiduea.
Solution pH deterainatioae were aade iaaediately after the boaba were die*
mantled, The teat apeciaeaa were dried and weighed defilued for 23 win at
boiling teaparature ia 20% HNOj, and raweighed to deteraine the aaount of
uraniua oxides adhering to the aarfacea. Reaiduea were aubaitted for optical

exaaiaation the filtratea were analysed for total uraniua and uraaiua(lV).

a

The reaulta of solution analyses, the condition of teat saaplee and aolu
tioaa the corrosion data, and the aaount of uraaiua reaoved froa the aaaples

by the HNOj defilaiag treatment, appear in Tablea 4A E

TABLC «A

Cheaical Analyses of Tost gelations

Initial uraaiua: 40 Sglliter
Initial uraniua(lV); 36-0 ppa
Initial pH; 2-4
\r
il« AT FINAL URANIUM FINAL UItANIUM(IV) FINAL
250*C (hr) (m/litaii <PP«’ pH
St. 4 44 5 It
S 349 174.2 19
« 34.8 7S.4 17
i 0*4 179.9 1.9
It e 44 375.4 14
24 0 »4 194.4 24
- e X ol Sai=al
" ee - . e
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TIME AT
XS4TC (hr)

14

*4

«S?fli

14

X4

C«b4111lm

TABU «B

sf Test Spectt

SAMPLE APPEARANCE

Hilkly laatraas. uaifara galAaa yftah iatarfareaca tiata
Highly laatroaa yallaa hiaa graaa iatarfareaca pattaraa
B rilliaat yallaa raft aith tracaa af graaa iatarfareaca ealara
Dali hlaak file Irregular acala feraatiae
Dali graaa hlaak fila aaaly yredact aacaaalattaa
Dali graaa hlaak fila aaala aceaaalaticaa

TABU 4C

C M ftitIN sf Test Solstloaa

Pala yallaa
Pala yallaa
Pala yallaa
Light graaa
Light graaa

Light graaa

as*

SOLUTION APPEARANCE

calar aad44y hraaa celered raaidaa
aalar Baddy hraaa celered raaidaa
ealar aaddy hraaa ud hlaeh celarad raaidaa
ealar, haary hlaeh raaidaa
ealar, haary hlaeh raaidaa
ealar, haary hlaeh raaidaa
34
aa a a aaa aa
a . . a a a aaa
a .
a 4+ a i *
a *a a



TABLE 4V

Corraaiaa MU far Typa M| Stalalaaa Btaal Bpaclaaaa

*EIGHT GHANGE
AFTER HEATING

2S0*C (kr) (ax) (w*/*m*> (+)
1 41 +14 2 ¢ 1l

S 1.1 +10.9 +54

4 ¢l.t +141 *4.2

. ¢IS 4 ¢1.4 -S1.4

14 ¢111.. +UST.9 14 4

24 ¢1ST 4290.1 +14.9
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Reduction of total araaiaa content proceeded steadily daring the first
4 hr of test; during the 4-to 4-hr exposure period nearly coapleto reduction
f arsaiaa froa the original aranyl salfata solatioa took plaea. The solutioa
pH dropped ekraptly dariaf the first hoer froa 2 4 to 12; this ess the loeest
pH recorded during the satire test series.. The pH resalts were errstic sod so
direst cerrslistiea between tetsl araaiaa eoateat sad pH aas established The
arsaiaa(lV) resalts were less erratic and showed o dafiaits increase froa the
initial coataat of S6 to 375 ppa dariaf the first 16 hr of test; s doeresss to
199 ppa oceerrod daring the last 8 hr of oaposare Iron, nickel, and chroaiaa
ceatests wore sot deteraiaed oa the filtrates and cannot he reported. The
residaes, as idsatified in prsvioas testa, aadoehtedly consisted of ninteres
of UQj, Uala, sad a FeaOa.

The rodactioa of araaiaa froa uraayl salfata is probably accoapaaied by
tbs foraatioa of saell saoants of free salfaric acid. The salfaric aeid in
tarn, secslorates corrosion attack on the staialoss steel autoclave walls,
wbieh rosalts in the apposrsnes of iron, nickel sad chroaiaa ions in the
ersayl salfata solatioa Tho iron, and possibly chroaiaa, ferns insoluble
ceapoaads which precipitata with the araaiaa oxides, firing aors salfaric
acid.

Variations in pH resalts any well be accounted for by the coaplox series
of chsaicsl resetioas which takas place while a aranyl salfata solatioa is
aadorgoiaf rodactioa. These reactions ceald involve

Progressive redaction of U0a904 to UOa (intermediate prodact aay
be aranyl salfata, UaQa has bean definitely found).

Foraatioa of aaall saoants of free salfaric acid by the araayl
salfata rodactioa process.

C. Reaction of the salfaric acid with iron, aickol, chroaiaa, and
other coastitaoats of the stainless steel test boaba.

Tbs test epeciaeas showed brilliant interference tints daring the first
4 hr sf oxposars. Tho appearance of red aad groan tints oa the ssaples ex-
posed t sad 4 hr iadicatos socoad and third iaterferanco patterns, which, in
tarn, indicate increasing fila thickness as a function of tine aad teaperature.
Tbs spociaeas expoaed 8, 16 and 24 hr wore coated with a greenish-black



ecal*. After d«(ilai>], low-power optical exaailaation disclosed slightly
etekad aarfacaa with signs of localised attack.

A* apparent redaction in total araninn content aaa evident froa tke con-
dition of tke aalfate aolationa during tke firat 4 hr. Althoagk tke filtrate*
frea tkeae aolationa were characteristically yellow in color, feir eaoanta of
brownish-black raaidaaa were collected which contained precipitated araniaa
and iron oxides. Tke solatiena exposed C, 14* and t4 hr were light green in
color, showing tha presence of soluble nickel, aranian(1V), and/or ckroaian.
Balky, black-colored residues were also present in abundant quantities.

No significant corrosion attack aaa observed on the type 347 stainless
steel teat apecioana daring tke Ffirat 4 hr at 250*C. There did net appear, by
visible exanination, to be any adhering deposits of araniaa oxide* on the
aetnl aarfacaa. Weight gains on these specie*** averaged 2*1 ng on a aarface
area of 19.2 en*. Saaplee exposed 1, 14, end 24 hr showed neck heavier weight
gains, 218,0 ng being tb* greatest. All apeeiaoaa were defilaed in bailing
20% HNO for 2S ain to reaeve araniaa oxide scale-rk Tha aaaplea exposed 1, 2,
and 4 hr exhibited a greater than "ea reaoved” weight increase even though
caall quantities of araniaa were found ia tb* analysis of tbe defilaing
aolationa. The corrosion effect of the defilaing traataeat on saexpeaed teat
epeciaMna was deterained previously to be negligible. The increase in weight
on tke exposed species** by tke dafilaing operation indicates that et tke sane
tiae dissolution of araniaa oxidaa was occurring a reaction-produced pick-ap
froa tbe HNO, was causing an increase in weight of the saaplee. The laat
three apeeiaoaa, exposed I, 14, and 24 hr, showed aigaq of corrosion attack.
The aetal thickness loss, for tka actual tiae ef exposure, was 0.043 ail for
8 kr and 0.099 ail for 24 hr. These values represent a aaifora type of cor-
rosion attack. No pitting corrosion attack was evident.

Tka aaoant of total araniaa reaoved ia tke HNOt-dafilaing aolationa
shoes fTairly good agreeaent with tka weight increase originally deterained on
the teat speciaens 'as reaoved" froa tka vraayl aalfate aolationa.

Under tka teat conditions aaad, tke following conclasieas were reached:

a. In untreated type 347 stateless steel ayataas at 250#C, total
araniaa redaction ia gradual bat steady dariag tb* first 4 hr
(15.3* reduction). Between 4 and 8 kr exposers total araaiaa
reduction froa tbe nranyl aalfate was nearly 100% coaplete.
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6. No definite correlation of araaian(lV) and solution pH ti total
artaiee coataat oaa obtained/although, ia general, ursnien(lV)
contents iacreaeed with decreaaiag total vraeiei coacentration
daring the firat 16 hr of teat

c. Type, 347 ataialaas stool, after chonieal daflining, showed e
alight weight increase daring tha first 4 hr; a definite weight

e decrease was foaad oa aanpies exposed 4 to 24 hr after defilning
The natal thickness leas did ant exceed 0.1 nil in those cases.

t

t. Stainless Stool Themat Tost Loops. A stainless steel thernal loop

9 s

describee previously* 1> was operated for 169 hr containing 0-17 If aranyl
aalfato at SSO'C. Several factors worn present in the design of this loop

which eeold caaae or eroate unfavorable conditions for the operation of aranyl

aalfato raas. Those were
S. Localised hot spots oa the octal well bane'sth> the hoatiag ala
nentp could caaae iaproper fornstioa or dotorioratioa of the
nitric acidpretroataent fils Whereas the aoraal tdnperatare

of operation ia 2S0*C, the presence of localised hoatiag nay
resalt ia tonperataroa of 300 to 400°C or higher Thia condition
was foaad pravaTaat 'in those thernal loops which had calrod
hooter olonoa'ts netallised directly to the staialesa stool
tabiag. Above 300*C a two phase region exists in the U0.$04 H,0
oysten, one phaso, tha aranian rich phase is known to bn quite

corrosive.

b. TW .tenperatare at the bass of the cold log of tho loop averaged
200*C dariag tha operation of tha loop at 2S0*C- Therefore
daring tha aitric acid protroatnaat this portion of the loop was
only at 200°C. Previous stsgaaat tost data had shown that a

aitric acid pretraatneat at 200°C was aot effective for sabso
guent operation ia aranyl aalfato at 2S0*C

. t
This porticalar loop waa ,asod previoasly for a ran of 633 hr with aranyl

aalfato at 2S0*C. Near the and of this raa the neaaared araaiun coataat was
36.0 g/litex instead of the initial 39 0 g/litar. Tha accuracy of tho aaalyt «
teal nethod rather than any actual reduction ia tha aranyl salfata solation
nay have accounted for thia difforonce An addition of If nl of 7% HNO} waa
node to tho aranyl salfata and the loop was operated for 42 hr nors. Total
aranian again chocked at 31-0 g /litar and tha raa was* stopped. No precipitated
uranian oxides wore foaad tn tho salfata sofatioa after draining fron the
loop, which was then rinsed several tines with distilled water and allowed to

stand open to air
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After standing 4 days apes ta air the loop ass filled with J050 ail af IX
ty weight af 70% nitric acid and pretrentsd at 2S0*C far 12 hr. A snail
anonnt of brows black precipitate, a FesOs, was found is the solution at the
and of the pretreataont. The solution pH changed fron an initial value of
0 95 to a final valna of 1.3. Successive rinses with distilled water were
water white in color and frae of any precipitated natarials,

The unit was then filled with 1050 ml of uraayl sulfate containing 29 5 g
of uraniun per liter. The tenperature of operation waa 250*C. The loop was
cooled daily to permit aanple withdrawal. This cooling and reheatiag cycle
involved a "down time" of 2 hr. In removing aenples, the sampling tube was
first flushed with the teat solution before an actual sanple was taken.

Table 5 shows the results of solution analyses during the 169-hr run.
The run was terminated at this tine to permit rebuilding of the electrical
control systen.

TAMM

Chenical Analyses of Uraayl Balfate gelation Contained
in a Nitric Acid—Pretreated Type 147
Stainlena Steel Syatea at lit'C

DISSOLMED IONS tag/liter)

ey Olgen T LENWM NI Ry NOEL  CVMUM
0 1. 51 19.5 MO<> ND m ND
19 1.49 H I 150 iaf»> 11 IS
M its MS it IS <1 IS
54 t.SS 147 70.4 <1 ND <
74 1 54 59 1 17.0 ND < 4.4
*a 140 14 5 ii.a 1.1 4 as
in 150 19.9 11 4 4 ( 15 1.4
14d‘ > 1. 59 14. a 14.0 IS < is
149 159 is a is.4 <l S 1.9

(s) Analysis net determined.
(1) Isaaffi'cieat saaple far analyaia.

(;) lit el af the original uraayl aalfata hatch eddad ta ayatae (after aaaaliag) to re-
plaaiali eelutiae removed by aeapliag.
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Tha final t»l«m of selurtioa, 1000 al , draiacd froa the loop oai cloor
aad yellow in color A vary aaall quantity 5 to 10 ag, of a FeaO, was
prosobt

The total araaiaa coataat raaaiaed fairly coaataat during the 169 hr ran
The fact that four of tko aaalysaa aara higher than the starting ealae nay he

e roaalt of the aaalyticol aathod accuracy

Solution pH aoaaaroMBts, taken after cooling the aaoplea to rooai tea
poratura, vara consistent It has bean observed in other teats that generally
any lowering of the pH value iadicataa a reduction of the uranyl sulfate aolu
tion, No such iadicatioaa aara present in this run Uroaiaa(lV) aaalyaoa
eare of conailataat aagaitude aacapt for one value of 70 4 ag/litor at the end
of 42 hr. Ualoaa detoraiaed eithia 4 hr after sampling uraaiue(lV) values
shoo only relative trends siaca the uraaiea(lV) ion 1ia easily oxidised upoa

eapeaara ta air.

After a consideration of the tost SMthod and tasting conditions this
16t-hr run oas considered a saccassful one The criteria for this conclusion
sore the consistency of pH and total urasiua aaasurooents the absence of
araeiae elides iIn the teat saaples, and the loa concent rations of dissolved
iron, nickel, and chroeiae found ia the solutions The aeouat of diasolvad
iron doteroined ia tko teat saoples is not a true aeasure of corrosion ovalua
tion since iron precipitates froe solution as an oxida.

A theraal loop teat oas run nsing on aatreated type 347 stainless atael
systen. The teat aolatioa was uraayl sulfate contaiaiag 1ft by oaight of 70ft
nitric acid. The 1loop oes Tirst ehsnically cleanedand o0aahad thoroughly i
distilled eater. The volume of teat aolatioa oaa 1200nl and the unit was
heated to 250°C Samples ware renoved daily The run continued for 1S4 hr
after which tine a shutdewn was necessitated by ksatar alaaeat failure The

reaalts of solution analyses appear to Table 6

Total uraaiua analyaes wore consistent in value until the end of the run
at which point a dacroasa froa 29 7 to 28 0 g/litar was observed The drop ia
pH froa 1.2 to 0.8 was due to the addition of new solution containing 7 O al
of 70ft nitric acid. The dissolved ions, especially nickel, wore coas"iderably
higher 1ia concentration than ancor.ntarod ia runs with nitric acid -protreatad
ayateas.
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TABLE -

Cheatcal Analyses of Uranyl Salfate Containing

11 Nitric Acl4 U M Untreated Type SAT
Stateless Steel gysten et **e C

DISSOLVED IONS (ag/liter)

SAVPLE SOLUTION TOTAL URANIUM  URANIUM! IV)
TIME (hr) PH (g/litsr) (ag/liter) IRON NICKEL OBiaMIUM
0 29 1 <1 <1 <1
* 19 T 340 <1 IS<*> IS
» 11 19.t 311 <1 213.0 IS
41 29.2 40.0 <1 IS 43 0
*1 29-4 21.A IS IS IS
4 11 29-3 14 2 4. 44 5 <1
ST 12 23 22 4 <1 233 0 <1
e’ « 11 14 T 45 3 14 S IS 43 3
154 (VI 21 0 210 <1 240 0 53

(¢) Analysis ut huraiud.
t*> Insufficient M pl* for «alysis.

(*) UM 140 al of original arasyl aslfate aad T O at of coocootrotod UNO, (after aaapliag) to ro
f\ eoo oolotioo ..tk3r« by aaalia«. *

This particular type of thoraal loop baa boon redesigned to eliminate
overheating effects Six of the nee loopa are nearing coapletion and will be

placed into operation during the forthcoaing quarter.

S. The Cerrestea of Tltaaiaa. The corrosion prograa on titaniua natal
in uranyl sulfate solutions at 250°C is being expanded rapidly. Testa are
being run at present in pretreated stainless steel boabs, but plans are is
progresa to fabricate tee al l-titaniua autoclaves having a capacity of 1$00 al

each .

Saaples of coaaercial-grade titaniua plate, 1/4 in, thick, have been

tested in 017 M uranyl sulfate at 2S0°C for periods of S to 8 weeks. Saaples



sere totally iaaeraed, partially immersed, and totally exposed to vapor The
specimens were abraded on Nos 80 and 120 grit paper and degreased prior to
teat. No other initial treatawnt was used. Tests were ran in stainless steel
test bombs which wars pretreated every 2 weeks ia 1% HNO} for 24 hr at 250°C
The test aanples and solutions were inspected weekly

The cumulative weight changes on these samples are included ia Table 7 as

a functipn of exposure time,

TABLE 7

Corrosion af Coaaerclal-grade Titanium
la g. 17 M Uraayl Sulfate at S8glC

CUMULATIVE VEIGKT CHANGE (eg/en*)

BEXPCERE
(*asks) TOTAL IMMERSION PARTIAL IMVMERSION VAPCR EXPOSURE
1 +0 048 00 . 0 004
1 +0 101 0 017 8 817
3 +0 080 0 014 0.014
4 0 070 0 02% 0 02S
S +0 048 0 017 0 006
6 *0 042
7 +0 054
8 -0 042

Although solution analyses have not been completed for these tests re
suits obtained thus far have aot shown any indications of solution reduction
and the initial and final solution pH Measured for each weekly run have under-
gone little change Final pH values average 2 2 to 2 3 as coapared to the

initial pH of 2.4.

The samples appeared in excellent condition throughout the tests All
exhibited a highly lustrous uniforu golden—yellow color No visible cor
roaion products or sdhereat u.-onium oxide scales were observed On the

specimen partially exposed to the liquid and vapor phases there were no signs

of water line corrosion attack
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Several other grade* of titaniun octal vara taatvd. These vara obtaiavd
froe Rev Cra Titaaiua lac., and coaaiated of:

a. Tubing. 3/8 in 0D by 10 ia. long, aade by voiding iato a tube
vith 1/2 ia O0.D , grinding the oatsida of the veld vith a belt
and draving to site.

6. Sheet 1/8 by 12 by 12 in containing Q.17B carbon and having a
tensile atrength of 94 000 psi and a yield strength of 84,000
psi .

c. Slab 1/4 by 1 by IK in., aiade of the parent Material that
can be produced to date by the Kroll proceaa. This naterial 1is
lov ia carbon, oxygen and nitrogen

Results of corrosion teats in 0 17 M uranyl sulfate at 2S0*C appear in

Table 8
TABLE ¢
Corrosioa of Tot lean Types af Tltaalun
ia B.n M Uranyl Sulfate at S»B“C
e
EXPOSURE WEIGHT CHANGE CONtOSION RATE

TYPE CONDITION (veoas) (ng ’end) (mls/yser)
Tubing Net annealed; degreased S -0.20 0.24
Tubing Annealed at 1200nF; da 4 0 10 0 1S

scaled 1ir aodiaa hydride
Sheet Annealed end degreased 4 4 004 0 01
Sheet Annealed peliebed ea No*. 2 - -0 14 0.17

10 and 120, degreased
Slab As received; degreased 4 -0 20 0 0S
Slab A* received: pelisbed onNos 2 004

0 and 120 degreased

*

All aanplas vara characterised by lustrous golden yellov interference
colors No indications of solution reduction vers observed These tests are
being continued

e e e« =& aeeea e*
P e e e “a  fee b
* a9 *e g " a e eee ee aa
<
t*xe % e a < ae e e
* a a ee ee a a

[0}
'
.
1]
.



4. TIM CtrrMIN «( Xireeoiuu. TV*t corrosion behavior of sirconiun tin
alloys in erenyl sulfate st 250°C has continued to bo excellent. Tboso alloys
contain n nominal 3 to SX tin addition. To date, the corrosion resistance of
this notorial bos boon superior to that of any Buronu of Minos sirconiun
tested.

One aanplo, containing 3% tin. ban boon exposed to 0.17 M urenyl sulfate
at 2S0*C for a period of 11 nooks. The nanple shooed a cumulative ooigkt gain
of 0.3 ng/cn*. A sample containing S3 tin baa shown an equivalent weight gain
after 8 weeks at 2S0°C in uranyl sal fate Both aanpios exhibited highly
lustrous, natal lie gray surfaces at tbo end of the testa. No foraatioa of
light gray corrosion products was observed as eacountered frequently on Bureau
of Mines tircoaiasi spoeiaeas

Additional oanplas of 5X tin alley produced by tkroo molting techniques
froa various sources are undergoing corrosion testa in urnayl sulfate Theae
data are presented in Table 9

TABLE g

Corrosion of Ilrceniaa Containing St Tin Addition
in g.17 | Uranyl Salfato at S8t°C

MELTING BEXPCSURE WEIGHT CHANGE CORROSICH RATE

BOUNCE METHOD Or IVELTING STOCK (seeks) (mg/cm¥) (nila/yean)
NIT Induction melted is graphite  BaNinee T 0 0* —
sponge
BaNiaes Resistance melted in graphite BuMiaea T Oil 0 Cs
opengo
Bellisee* Reststance molted in graphite BuMiaea ' T 0 11 *
spamgo
no laductiee melted ia graphite  BuMiaea | 0 02 001
sponge
bmi "V arc mel ted %rystal S 0 02 001

ar

*Contains M tin.
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Hi* ipaciMBi were dark brown in appearaaca at tka end el tka exposure
periods ke ere waited sample of crystal bar was more lastroms thsa tbs
other specimens

S. Ureajrl Nltrata Carraalaa Stadias. A group of four tests was ran at
150*C using ursnyl nitrate solation containing 31 1 g of uranium per liter.
These tests wars conducted in untreated, chemically clesnad stainless steel
homba. The test samples were prepared hy abrading on Nos. 80 and 120 grit
paper and dagreasing. Results for an eiposare period of 1 weok appear in
Table 10.

TABU IS

Carraalaa af Tarlaaa Batsrlals la Ureajrl Nltrata Salatlea at IBSnC

SOLUTION pH TOTAL URANIUM (g /liter)

WEIGHT CHANGE GOMUGION RAT*
MATERIAL INITIAL FINAL INITIAL FINAL (eg/ce™*) (nilasyear)
347 SS of It 31-1 33 3 -0 44 f. 20
309 Nb 38 9.9 1.1 Sl 1 32.9 021 SS4
TiSaeima 09 1.3 31.1 SIS +0-04
BuM iaea 09 1.1 311 . 30-T +0 OS

cireaaaua

Type 347 stainless steel suffered the most intense corrosion attack. The
sample was a lustrous brown purple color with no indication of other tthan a
uniform corrosion damage. Type 309 stainless steel exhibited aore superior'
corrosion resistance, while titanium and sircoaiam showed the beat corrosion
resistance.

No reduction in total uranium content was found in these tests by chemical
analyser The solutions did contain, however, small quantitiss of insoluble
brown colored precipitate which were probably iron oxides.

S. Urasyl fluoride Carraalaa Stadias. Previous tests have indicated
that the austenitic stainless steels, titanium, tantalum, inconel, and othsr



elleys couiitiai prinrily of chroaiua, nickel, aad iron, ukikitad satis*
factory corrosion rosistaaee ta orsayi fluoride at 100*C. Spociaoas of
several af these aotais aara exposed to srsayi fluoride (29.4 g af ureaiwa per
liter) at 1S0*C is aatraatad typo 347 stsialaas steal boobs far 7 days.
Although ckeaical asslysas af tko tost aodis sra incomplete, tko appearance of
s brovaisk-biack prscipitsta accoapaaiod by a decrease in aolutios pH indicated
fhe flaarido ass reduced. Tka corrosion data far tkass tests are given ia
Table 11.

TABLE 11

Cerrealea Behavior af Varlees Betala Kxpased
ta llraapl riaarlda at 1M*C la Uatraatad
Type B47 italnloao steal Baaha

WEIGHT CHANGE PENETRATION HATE f ~

MATERIAL (ng/daVday) (ails/year) SURFACE APPEARANCE
Titaaiva *B.BS Raddiah* breve interference celera
309 BB «t.U Green aad red interference celera
M4 SS «1.71 0.31 Black eraaiaa eside scale
111 SS -1TS 0 31 Black araaiun elide scale
tit SS S 11 0 69 Bleck araaiaa exide seels
Ineeael -6.36 1.16 Bright aetallic laatra
Durinst tt -4.30 < 133 Bright aetallic lustre
Carpenter SS 77T 140 Bright aetallic lustra
Bartkite *e16.1 391 Bright aeteliie lustre

Uraniua reduction kas aot boon observed ia tests ran at 150*C in prs-
treated boaks. Tka pratreataaat consisted of basting tko boobs at 2S0*C for
24 kr ia IS HNO, Untreated saaplea of 347 stsialaas steel and Illiua R
eskibitad corrosion rates af 1.10 and O 42 ails/yaar, respectively, after
approxiaataly 92S hr of exposure. The fluoride eolations were changed aad
ssaplad 7 tiaes during the course of these tests. The saall variations in
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total uruniun concentration ware vitKin the +2% accuracy of the analytical
nethod uaed for deterniaiag thin tlencnt. The nexinun tetravalent uraniua
concentration obtained was 66 ng/liter. No significant variations ia solution
pH fron the original rains of 3.2S were observed. Corrosion data for tbaao
tests are given in Tables 12 and 13.

TABLE It

Corrosion Behavior of Untreated 247 Stainless Stool (spaaed
to Uranyl Mnertdo at 1SSEC to Pretreated Booh

cumulative
mEIGHT CGHANGE PENETRATION BATE TOTAL LRANIUM URANIUMIV)
<M (ng/daVdey) (nils/year) {(/liter) (ag/liter)
14 15.1 2.TS 29.a 19
«« 9.1 1.77 29.2 64
159 IS 1.49 295 IT
241 T.4 1.54 29.2 21
4155 f.l 1.35 29.5 5t
515. S 7.4 1.26 29.0 13
924 5 41 lie
o mm
»»
Corrosion Behavior ef Illlna B Bspeaed te Uranjrl
Plaorlie at 1IM*C in Pretreated Beah

AUMLLATIVE

BEXPCELRE TIME mEIGHT GHANCE PENETRATION RATE TOTAL LRANIUM URANILMIV)
(hr) (m(/de*/dey) (nils/yeer) ((/liter) (af/liter)
24 6.14 1.0T 29.4 14.4
6t dps 0.44 29.4 52.4
159 5T4 0.65 294 64.4
245 3.59 0.59 29.5 42.0
415.5 2-96 452 29.2 64.0
545.5 265 0.44 29 1 17
924.5 2.41 0.42
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Other stadias to dotaraiaa tha salatioo stability at ISO, 200, sad 23%0*C
boas bass ran in both nntrastad sad pratreatad typa 347 staialaas staal boabs.
Cbaaical anslysas far tbasa tasts ara iacoaplata, sad it is not knovn ahather
araaiaa rsduetion occurred. However, ao roloainous pracipitatas have baas
absarvad is tbasa tasts, although tbs pH of tha solutions need ia tha ua-
traatad baaba, especially at tha higbast taaparatnre, usually shoaad a Barked
decrease.

1. Carrasloa at ftefleeter Materials. Carrosioa atudiaa at 200*C with
aild carbon staal (polished SAE£ 1030 csrbaa staal disks) exposed ta distilled
eater containing seal! concentrations of hydrogen peronide have resulted in
iaitial cerroaioa rates of 7 to 10 ails/yaar. Thasa rates dacraasad eitb ex-
posure tiaa to 2 to 3 ails/year after 18 eaaksf The addition of trisadiua
phosphate ta tha teat eater was found ta aaart a aarkad influence far in-
creasing tha carrosioa resistance of tha carbon steal. Tee coacentratiena af
the phosphate inhibitor vara used. 273 sad 550 ppa. The results of stagnant
carrosioa stadias ia distilled eater at 200V! containing tbaao coacontrations
ia the presence and absence ef approxiaataly 0.0005 M hydrogen peroxide ara
included ia Table 14.

TAILS 14
Carrasloa af AAX lilt Carbea Steal la Tatar containing

Trtaedlaa Phosphate at »00*C

VEIGST CHANGE (nf/en*)

nuaofilui TBISoSfIM
PHOSPHATE PHOSPHATE
mSSST ADOSD
Condition 1: i 44273 -e-e42
Distilled outer; i -4.022
ao kydrocoa peroxide i +4.014 «0.012
4 +4.014 4,110
4 +4-001 *4.020
. «0.122
10 -0.090
Condition f: t |
Distilled eater 1 +4.114 -0.009
initially containin *
+20tS W 1704 g 1 +4.044 0.099
3 +0.070 *#.020
4 +4.044 -0 041
4 +4.020 «0.090
. -4.071
10 +SIBRC
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Tli* iaitiil solution pH of tk« water eoaltiaiai 27S ppa of triaodiaa
phosphate <+« 11.1, as coapared to 11.4 for tha vatar containing SSO ppa. Tha
final eolation pH at tha and of weekly runs avaragad 9.7 aad 10.1, roapac-

tively, for thaaa aolutiona.

In tha abaaaca of hydrogen peroxide, 17S ppa of triaodiaa phoaphata
appaarad a battar corrosion inhibitor than the higher concentration. Vharaaa
a weight gain of 0.00S ag/ca* waa observed after 6 weeks in water coataiaiag
275 ppai. the aaaple exposed to 550» ppw showed a weight loaa of 0.098 ag/cal ia
10 weeks, corraaponding to a corrosion rata of 0.01* ai®/year. Both speciaeas
ware coaparable ia appearance, having laatroas golden and taa iatorfaroaca

pattaraa.

Vith 0.0005 M hydrogen peroxide prasaat in tha teat aadiaa, tha lower
concentration of triaodiaa phosphate again appeared to be tha aera affective
inhibitor. Tha aaaplaa showed decreasing weight gaias froa 0.114 to 0.020
ag/cal after 6 waaha of test. Saaplaa axposad to 550 ppa of phoaphata ware
slightly erratic in behavior, la general, weight leases occurred except far a
sadden increase ia weight daring the last exposare period, froa -0.07 ag/cal
to +0.29 ag/cal. The saaplaa showed laatroas interference tints sad ware free
cf aay type of balky corrosion products. No signs of localised corrosion

attack were observed.

Galvanic corrosion stadias were aade with type 347 stainless ato'el
coupled to the SAE 1030 carbon steel speciaeas. A earface ares ratio of 1 cw*
of stainless steel to 1.7 eal of carbon steel was used. Tests ware raa ia
distilled water at 200°<} coataiaiag 0.0005 or 0.005 M hydrogen peroxide.
The effect of hydrogen peroxide concentration on the corrosion of carbon steel
coupled to stainless steel is ahowa ia Table IS. Caaalative weight changes
and corrosion rates are included. Data oa the stainless steel are not re-
ported since in all cases speciaeas reaaiaed unattseked and showed slight
weight gaias ef 0.025 to 0.050 ag/col after 10 weeha of exposare.

The initial eolation pH oa these tests averaged 4.Si final eolation pH
at the end of oeehly exposures averaged 6.2. The carboa steel speeiaaaa were
aaodicaliy attacked ia ail easts. The aarked effect of iacreased corrosion
attack oa the carbon atoel is clearly evident by these data as the hydrogen
peroxide coaceatratioa iacreased froa 0.000S to 0.005 If. la every case,
the eras in contact with the stainless steel showed intense blackening,

corrosion product foraatiea, and localised corrosion attack.
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mu it

talfM U CtrroalN «( IN 1 Carte* Steal caailH ta Type S47
Stainless Steal 1* Bydrogaa Parasite halations at S4S*C

COMMON IN a.4405 m4,0, COMMON IN 4.441 a H,0,

mKSSSf (ng/oe*) (nilal/year) (ng/ee*) (uilel/yeer)
1 -1 t« 4.4 1 14 4.5
S «1.44 4.4 4 4S 4-9
| -1.to 4.4 *4.45 1.1
4 «1.19 11 «11.SI T.S
4 «1.44 I.T «11.44 5.0
S *4.44 41 «11.ff St
14 4,44 t.4 *1S.40 S.

The effect af triaodiua phosphate as aa inhibitor to raatrict galvanic
attack an earken ataai in distilled hater at 200*C was investigated. Teats
vara ran in the absence and pressure of 0 0005 I hydrogen peroxide. The con*
caatratian af trisodiaa phosphate ased for these tests vas 550 ppa, resulting
ia aa initial solution pH of 11.4. Corrosion data for the carbon steel
coupled to 147 stainless steel are iacladed in Table 14.

TABLE 14

Salvaala Carraslaa af ISM Carbaa steal Couplad to Type S47
eStalalaaa Steal -la St-stllled gator Containing
*IS ppa af TrlanSlaa Phosphate at SM*C

OONNQSION WITH NO 1,0, CORROSION IN 4.0005 M 1,0,

(seeks) (og/eo*) (nils/yaer) (eg/ee*) (nils/yaar)

1 *4.84 0.4

1 +4.14 +0 St

S «4.54 +0 85

4 0 ss *4.14

4 +4.81 *0514

4 *4.44 *4 11

14 *4.84 0 04 4.01

O



The initial eolation pH aaa 11.4; final selatioa pH averaged 10.2. la
the abaanca of hydragaa peroxide, the corraaioa behavior of the carbon ataal
aaa conaiataatly good; a ataady aaight change prevailed daring the coaraa af
tka teat. Tka aaaiplaa vara kigkly laatroaa on the enter arena whila tka
contact area aaa diacolorad bat fraa of carroaion prodact foraation and
localised attack. Tka addition of 0.0005 M hydrogen paroaide to tka iakikitad
teat eolation raaaltad in oaly a aiaar change on the corrosion o* tka carbon
ataal. Tka rata af aoigkt iacreaae, ag/cal, dacraaaad with tiaa antil aa
actaal aaight laaa aaa okaarvad after tka fiaal 2 weeks of oapaaara. Tkia
loos aaa extreaely aligkt, 0.04 ag/ea*. Tka condition of tka samples aaa vary
aiailar to tka coaditioa of epeeiacaa aapaaad to distilled aatar in tka akaaaca
of hydrogen peroxide. Tkara aara aa iadicatiaas of aecalaratad corraaioa
attdck daa to tka preaeaee af hydrogen peroxide.

This typo af test ia baiag repeated asiag lower eoacentrati oas of tri«
aodiaa phosphate.
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LMP STUBIKS

*bile the static tests ea corrosion .nd solution stability of araayl
salfato is 347 staialoss stool gave vary encouraging rssslti'l' provided tbs
stool voa soitsbly protroatod, sttaopts to daplicato tbass rasalts ia dyaaoic
testa ia siapls paap loops aora aaaaccassfsl, Although this suggested that
tbo flow itself aigbt be the aoerce ef the difficalty, tee ether possibilities
seeded investigation before this coaclaaioa eoald be accepted. Tbeso were:
(1) tbo offec”™ of the presoaco ef aeterials other tbea 347 staialess steel ia
the passp, e.g., 410 staialoss st™el, 316 staialoss steel, teatalaa, stellite,
iaeoasl, aad graphite;'sad (I) the effect of the presoaco of dissolved oxygea

ia the araayl salfato aeletioa.
. t

Kxpertaeatal Berk aad teaaltb

Analytical Verb. la tbo static tests aad first loop tubs, color chaagos,
exaaiaatioa of Betel test apeciaeaa, aad total urafaiun concentration aaalyaea
were aaod to deteraiae aolatioa breakdown aad/or corroaioa. la the loop tests
saaplea were withdraws through a valve at the beck of the paap, aad ia the
static tests saaplea were withdraws by coeliag tbo ceataiaer boobs to rooa
teaperatare aad opeaiag. la the loop testa discassed below saaplora wore
attached to the loops so that saaplea could be takea directly froa the systea
while ia operatiea since the puap is coastructod ia sack a way as to liait
aixiag botweea the paap araatBre ckaaber aad the rest of the aystea. This
slew rate of aixiag aeaat that the results ef aaalyses perferaed on paap
saapleo wore set representative of conditions ia tbo loop itself. Aa expanded
analytical prograa. was also iastitated to atteapt to build ap a picture of
the changes takiag place ia tkA araayl salfato aolatioa dariag operation under
various circaastaaces.*In addition to pH aeaaureaeat, the saaplea were analysed
for total araaiaa, uraniaa(lV), iron, ckroaiua, and nickel. When precipitates

were obtaiaed, spectrographic and X-ray aaalyses wore gade. At preseat the

(8) J. L. Baalish at si., “Static Oo»-ef-PiloJVots," this report, P 34. spa alas other sections sa
aut-o/'pila carreaiaa tests ia provisos gg quarterlies (listed sap



results of the analyses suggest the following-®

1. The sost sensitive indicution of change in solntion colapesitien
is given by the concnrront change in pH. It hns been observed
that ctrrosioa and/or precipitation ot the nraainn in solution
is accompanied by the release of hydrogen ion. Since the natural
pH of SO to 40 g of nraaiam per liter of nrnnyl sulfate" solntion
is approximately 25,. snail changes inhydrogen ion concentration
corresponding to slight corrosion sad/or nraainn precipitation
produce relatively large p*9 changes. These pH changes Lave
provided tbs best neaaa of detecting breakdowns in the loop
experiments which have been conpleted tkns far. Unfortunately,
this will not be the case at higher nraainn concentrations where
the natural pH of the solutions is appreciably lower sad, as a
consequence, a considerably larger change in hydrogen ion con*

* centration in necessaty to change the pH by an easily neasnrable
anount

2. Changes in total nraainn concentration have been the next best
aeasure of breakdown in loop operntioaa and present the best
information, as night be expected, on the extent of solution
breakdown and/or corrosion.

3. Nickel analyses have given sene trouble; howevgr, recent data
obtained with an laproved analytical nethod suggest that an
increase in the concentration of nickel in the nranyl snlfate
solution is a very good indication of serions corrosion.

4. An increase 1in uraaiun(lV) doneestration appears to acconpany
corrosion and nraainn precipitation. However, the data obtained
tkns far are sonewhat questionable because of the probable re-
oxidation during sanpliag. The hydrolytic precipitation which
follows the fornatioa of the nraainn(lV) under the existing
conditions also wakes it difficult to get sere than an indication
of trouble froa rising nraainn(lV) ceacentratioaa during long
operations.

5. Analyses for iron and chroniun in the uranyl sal fate solution
also give a sonewhat confused picture becaase of the hydrolytic
precipitation of these ions under loopexperimental conditions.
Again, an increase in their concentration in the nranyl snlfate
solntion indicates serious corrosion, bnt it gives no reliable
estimate of the extent of nock corrosion,

In subsequent worn farther attempts will be nsde to get a satisfactory
eaelytieal picture of solution changes during precipitation and/or corrosion.

Loop Teats. After conpletiea of a loop teat which was deliberately set
np to fail in order to get an analytical picture of what transpired in the
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vragyl sulfate solution during precipitation of tke uraniun and/or corrosion
of the steel, en attenpt wan nade to isolate the several doubtful materials in
t"e puap arnature ckanher froa the loop proper* Tka need for suck isolation
of the puap araature chaaber was eaphasised by qaarta-tube and static steal
boab testa which showed that the presence of graphite ia uranyl sulfate
eolation at 250*C caused substantial precipitation of urauiua in loss than
100 hr. The graphite bearings of the puap were therefore a probable caasa for
aoae of the failures encountered ia the dynaaic loop teats. These atteapts
were unsuccessful, however, because of nechaaical difficulties which could not
iaaediately be corrected. e

At this stage in the p”ogrnn a review of the available inforaation
suggeated that the stability of a uranyl aulfate solution —347 stainless steel
systen night be related to or dependent on the presence of oxygen in the
ayaten. This possibility was suggested by the following:'

1. The well-known high corrosion resistance of stainless steels to
oxidising media.

2. The fact that oxygen is the conaon deconposition product of the
pretreataent iger.cs HNO3 and CrO, which the statif steel boab
tests had shown would produce a satisfactory p'rotective coating
on 347 stainless steel.

3. The coating produced on the stainless steel ia contact with the
gas phase was as good as that obtained where the stainless steel
contacted the liquid phase.

4. In pile tests indicated that the oxidizing atmosphere produced
by the radiation decouposition of the water was beneficial,

5» Quartz-tube and static steel boab testa set up as a result of
the above observations failed uniforaly when oxygen was roaoved
by evacuation or by bubbling nitrogen through the solution,
practically no failures were observed under siuilar conditions
when the oxygen was not reaoved.

In order to test the effect of the presence of oxygen in solution on puap
loop operation an experiaent was atartqd in which oxygen pressures of 300 to
500 psi were naintained over the solution during operation. This teat was
operated 135 hr at 2S0*C without precipitation of the uraniun. A subsequent
test ran 287 hr without precipitation in spite of the fact that the oxygen
pressure over the solution was progressively reduced froa 500 to 25 psi in the
.course of the test and despite the presence of grephige bearing ia uke puap.
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Tlic total gas praaaara was aaiateiaed at approxiaatoly 500 psi with Ha. It ia
alao significant that thia raa waa carriad oat ia a loop whieh waa aot pro-
treated with HNOjJ or CrO, aolatioa. Aaalytical data aro*aot coaplate, bat the
available data iadicat* ao aarioaa eorroaioa. Unfortunately, the raaalta bare
bean coafaaod by th* discovery that the uranyl sal fat* aaad in all tb* loop
taata raa tbia gaartar probably contained 10 to 70 aolo % of (NH4)S804 or
Ha904 . Aaalyaoa of th* apaeific reagent aaad ia the varioaa taata have not
bean conplatad nor haa th* effect of tba praaaac* of tboao inparitioa on tb*
raaalta bean evaluated; thaa, detailed daacré&ptiona of tb* t*kts and tba
raaalta obtained ar* being dafarrod until th* next quarterly report.

Batara fork

la addition to checking on the raaalta obtained with the iapara araayl
aalfat* with now para aatt.rial, fdtare effort will bo coacontratad on evalua-
tion of tho oxygon concentration nocoaaary to stabilise araayl aulfate eola-
tions in atdinloaa steal. Tba approach will involve dotarainatioa of the
alaiaaa oxygon concontratioa nocoaaary “for stabilisation nnder various condi-
tions.

irVKCT tr VABIAM.Bg M CtBBMIM: BIBIBB |

Tho eorroaioa oxpariaaata daacribod ia this ropor.et wore parforaod ia
l1-na-1tD. quarts tabaa 4H i1a. long. Thba quarts.tab* aethod far studying
corrosion at high taaparataraa baa aany advantages. Tba solutions and spoei-
anas can bo easily observed aad tba progress of. eorroaioa fallowed. Many
axparinoats eaa ba run siaultanaoualy with a aiulaua of oquipaaat, aad only
aiapla uquipaaat 1ia required. A paaaiblo disadvantage night ba tba affects
of dissolved ailieu ia tba aolutioaa froa tba quarts tabaa.

la earryiag out tho experineata 1-in. places of nitrsta-pacsivoted
347 staialeea ataol ar untreated steal along with 3 al of tba solution to ba
iavostigatad ware scaled in tba tubas. The tubas ware basted either 1ia
aluainaa block furaaeoe provided with a slit so that th* tubes eould ba
observed, ar 1ia a box i1a a large area. The aluainaa blaeh furnaces aad the
box ia tb* area ware aouatad on roekers so that tba eolations aad spaeiaaas
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t«n oscillated dsri«| tke keatiag. Al tke corroaioa sipartM iU war* con-
dieud at 250X and vara of at laaat 100 kr duraties,

Tka araayi aalfata aolation iavestigated coataiaad 30 g of araaiaa par
liter vkiek corresponded to a 0.13 / araayi aalfata aalatiaa. Tka araayi
pkespheSa aalatiaa vaa prepared ky dissolving araayi pkoapkata ia 1.5 G
pkaspkoric acid ta give a concentration of 30 g of araaiaa par litar. The
aalatioaa vara fraaaa ia tka tabaa prior ta aaaliag to aiaiaiaa losaes daa ta
evaporation.

gaperibpatal gaaalta

oax&E
#:'t =9 ? g

Passivated va. Uapasstvated Stoat. Tka araayi aalfata aalatiaa alaaa
aad ia tka praaeace tka nitrate-passivated 347 ataialaaa ataal appeared
ta ka perfectly atakle. Vkaa tka aolatioa vaa keated with anpassivated
ataal, kevovar, tkara vaa. extensive redactioa aad pracipitatiaa of araaiaa
fraa tka aolatioa. Tka aYaaiaa(IV) cobteat of tka aolatioa iacraaaod to over
1 ag/al. Tka pH of tka aalatiaa dropped fraa 2.5 ta aboat 1.0. The ataal
apaciaoa akoved. evidences af gaaaral corroaioa, aad iroa(ll) vaa foaad ia tka
aolatioa to tka axtaat of over 1 ag/al. Aaalyaia showed that the black
praeipitata af UOa also”contained iroa aad ckroaiaa, vkila tka aickal atayed
ia selaOioa.

Bffoet af pi. Tke pH of tka aolatioa was varied froa 3.2 ta I.f. Tka
kifk raises vara oktaiaad by diaaolviag UOa ia U0|90< solatia”. Tka total
araaiaa eoaceatratioa vaa kept at 30 g/liter. Tka lev pH waive* vara attained
ky addiag HJ904 to tka UOaS04 aolatioa. Vkaa aalatioaa vitk pH ralaoa batvaaa
2.5 aad 1.5 vara kaatad vitk passivated ataal tkara vaa ao evidence of ckaaga.
Vkaa aalatioaa vitk pH valves batvaaa 2.6 aad 3.2 vara kaatad vitk passivated
steal a aaall aaovat of yellow precipitate feraed. Tke araaiaa caataat of
tka aolatioa dacraasad slightly aad tka pH dropped to aboat 2.0 The precipi-
tate was praswaably a hydrated araaiaas(VI) oxide.

Bffact of Uraalaa(lV) Caacaatratlea. Vkaa 10 og U(S04)a 4HaO par ailli-
litar af tka araayi aalfata selktiea was added aad tke aolatioa was kaatad
vitk paasivatad 347 staialess stool, failara of tke aolatioa iavsriakly
occurred. Sooe of tka araaiaa precipitated as UOa. Tke pH of the aolatioa
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dropped to 1.0 to 1.5 aid there wee sonatinas alight corrosion af the steel.
With higher coaceatratieaa of nreniaa(lV) pitting eoaetiaee occarred. Saaller
coaceatratioas of aranian(lY) had ao effect oa the aysten. Siace a large part
of the araaian(lY) aalfate wan oxidised to areayl sal fate hy the oxygea ia the
tabs, it was prohahly necessary to add an excess shore this aaoaat hefore
failare of the eolation occarred.

m(fact af Sraphite. When powdered graphite was added to tabes containing
araayl aalfate solatioa and a piece of passivated steel, there Me extensive
redaction of the aranian coateat of the solatioa. The pH of the soletiea
decreased to aboat 1.0, while the concentration of araaian(lV) increased. Soac
general corrosion of the steel occarred, and appreciable c”™iceatratioas af
iroa(ll) appeared ia the aelatioa. When no steal was pressat the only effect
of grephite was to iacrease the araaian(lY) concentration ia the araayl aalfate
solatioa. Apparently the reectioa of the araaiaa(Yl) with graphite to prodace
araniaa(TY) with sabsegaent oxidation of the araaiaa(lY) to araniaa(VT) pro*
ceeded aatil the oxygea aapply ia the tabe wae exhausted. Then farther pro-
dactioa of arsaian(lY) ia excess ef the 50y/ni concentration coaid take place.

effect af Carraniaa Prodact Salts. 1. F«S04, Vhen 1 ag FeS04 was added
to 2 nl araayl aalfate eolation and the oxygea renoved from the take and
solatioa prior to sealing, a black precipitate containing both iron and aranian
fonaed. The pH of the solatioa dropped to aboat 1.3. Vhen the oxygea was set
renoved, the iroa(ll) waa oxidised te iroa(lll) which aadarweat a hydrolytic
reectioa to give a reddish precipitate of FesOa’sH,0. la this case there was
ao precipitation of aranian.

la the presence of paasivated ateel 1 ng FeS04 per 2 nl araayl aalfate
solatioa ceased conplete precipitation ef the arsaiaa as W0#. These was ao
noticeahle correaioa of the ateel specinea. With P«|(904), the sane behavior
waa observed as ia the abeeace ef c.'gel; the irea(l1*1l) hydrolysed conpletely
bat there waa no precipitatioa of aranian and no corrosion ef the steel.

2 Cri(S04)9. Chronic aalfate (1 ng per 2 nl araayl aalfate solatioa)
waa hydrolysed conpletely to CraOt hotk ia the presence sad ia the absence of
passivated 34? ataialeaa steel. There waa no precipitatioa ef aranian and no
corrosion of the steel. The presence of 1% BIO, in the solatioa caaaed
oxidation af the chfoeian<lIll) te ekrenian(Yl).
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3. M304. There was bo observable ebaage tkai 1 ag NiS04 «aa heated
vith S el U0JSO4 solution either ia the presence or ia the ehseaee of passi~
rated steel.

Addliiea ef Na,M 4 aad Ma,Vt4. Haldo04 aad flaaV04 were tried as corroaioa
inhibitors at high teuperstare. la hath cases 1 ag of the salt was added te
2 al of erapyl sulfate solatioa. la each case a saall aaouat of yellowish
precipitate was forced which eeateiaed araaiaa aad either aelybdeaaa er taag>
etea. The solatioa te vhich NalMo0O4 bad been added aaa stable ia the preseaee
ef paaairated steel aad graphite, while there was exteasire redectiea aad pro-
eipitatiea of araaiaa as UOa aad U,0a frea the solatioa to which Na,w04 had
beea added. Neither salt was effeetire ia prereat.iag solatioa breahdowa when
10 ag U(304)j-4HjO was added to 2 al of araayl aalfate solatioa ia the preseaee
ef passirated steel.

Bffoet of txyges. A aeries of experiaeats ia the preseaee of bath paaai-
rated aad aatreated steel was perforaed to deteraiae the iaportaace of oxygea
is the corrosioa process. The results are saaaarised ia Table 17.

TABLE 17

Bffeftt of Oxygea aa the Oraayl Belfete—Steel Byatea

MATEOIAL 7BBATMBIT mBOLT
Ontreetad steal Air Precipitatisa efaraaiae
Belatioa aerated prior te Preaipitetisa ef anaian
aeeliag

Of MibUd threap aelatiaa Rad ffakes ef Pa” sU”bat

prior te aeeliag ae praeipitatiaa af araaiaa
Passivated steel Air He precipitation
0| babbled threap aelatiaa lie preeipitatias

prior, te sealing

Air reamed.free aelatiaa Precipitatisa af arasias

These results seea clearly to iadieate the iaportaace of oxygea ia stahilisiag
the araayl aulfate-pappirated steel systea.
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A M itin of Nitric Acli. When IS WO, was present ia UO,SO, solatioa ia
contact witli graphite and a piece f passivated staai there was ao failure ef
the solatioa ia 100 hr. la the abseace of fVI0a araaiua precipitated froa the
solatioa ia a fee hears.

Bffect ef Nalegea leae. The preeeace of 100 ppa CI" ia arsayl aalfate
solatioa ia contact with passivated steel did aot have aay effect ia aahaaciag
corroaioa or caaaiag precipitation of arsaiaa. la the preaenee of 1800 ppa

Cl" there was soae corrosioa of the passivated steel specisMa. The solatioa,
however, appeared to reaaia stable.

In another experiment a araayl aalfate solatioa containing 2S ppa CI*
was plsced ia a long tabs (10-in.) with a piece of paasivated steel. The tabe
was hasted at oaa ead oaly so that the eolation reflaxed constantly. There
was ao change in 2 weehs.

Vraayl Phosphate gysteaa. Preliminary experiaenta with the solatioa ef
uranyl phosphate ia |.S M phosphoric acid gave vary proaiaiag reaalta. There
was no failare of the solatioa ia the presence of treated steel, aatreated
steel, or treated steel and graphite. There was no noticeable corrosion of
the steel, althoagh the specimens were covered with a green crystalline
deposit.

Ceaclaaftea

Table 18 si marises soae of the important resalts obtained ia the arsayl
sal fate system.

Precipitation of araaiaa froa araayl salfate solution in the presence of
passivated steel was observed ia the ahseace of air or oxygen, ia the presence
of graphite, aad ia the presence ef high uraniaa(lY) concentrations, la all
of these cases the aranina Was redaeed aa well as precipitated. At higher pH
(2.6 to 3>2) there was precipitation bat aot redsetioa of araaiaa. Corrosioa
of the steel specimens was often observed when the araaiaa was reduced aad
precipitated. The presence of aa oxidising agent (vit. 0, or 1% HHO,) seeaa
to be necessary ia preserving the stability of the systea.
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IftMt if nruii PieUr*

FACTOR

Qrtplitt
U(SO4)a-41a0 (It mg/ml)
0(904)t «4Et0 (10 mg/ml)

Ckroao olaa

n&o4
faCl, or fct(S04)a

GripliU ¢ RN

Grtpliu ¢ R«jo04

U(S04)s*Es® (10 mg/ml) *~ NaaMot>4
U(*>4)t ¢ mjfo4 (1« mg/ml)

TABLE It

itiltltty <( tit Bpitn

RESULT

no ansL present

licrtittl tka uuiM (IV) cuU it
No ckoBfo

No ckongo . ] .
aroaig :Lturju.-u»v.Talss~U,o
ekoa air ooo r«MT=*i from oolotioao

Coatiota kydrolyoio to Cr.O.f *o precipitation
0> uroai'aa

No ckamto i
Cooplato kjdrolytit to Fo™ i'B jO;, a# procipi-
Slifkt procipitotioa of aroaiaa; ao fartkor

ekaaft
Slight procipitatioa of aroaiaa; aa fartkor

Slidit procipitotioa of aroaiaa; aa fartkor
ekoago

Sliakt procipitotioa of aroaiaa; aa fartkor
eaoata

B  PASSIVATED STEEL PRESENT

100 ppa CI*
1000 ppa CI*
Grapkito

Grapkito ¢ IN HNQ
U<S04) j -4M10 (10 mg/ml)

NiS04
PaSO

Grapkito ¢ NosNo04

Grapkito ¢ NoaVo4

U(S04)1-as0 (It mg/ml) t NaaMo04
U(sO4)a‘a,0 (10 at/al) ¢ No,104
pE I.It

t

pH 2.00

PE 2-20

pE .M

pB 1.72

pfl 1.44

No ckoafo
Saoll oaaaat of carrooiaa; oolatiaa ataklo

Redactioa of aroaiaa coatoat of oolatiaa;
Oocraoaa ia pH

No ekoapo
Procipi.«tioa of aroaiaa; oligkt carraaioa of

No ckoapo
Coaplota procipitotioa of aroaiaa aa BjOj

Coaflota kyOrolyoAa U h.0.; ao pracipitatiaa
oi aroaiaa

Sliakt grocipitotioa of aroaiaa; ao fartkor
caoaf

latoaoiro procipitotioa of aroaiaa

Caaploto rodactioa; procipitotioa of aroaiaa
Collate rodactipa; procipitotioa of aroaiaa
Procipitotioa of aroaiaa ao yolloo UQa «*flaOp

Boat ao pe U |

No oppmtoi®klo ckaap*
No oppioeioklo cktip
No opprooiakla tkaap
No opprocioklo ckoapt
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Several scries of ampoule toots were run as out-ofpile experiments Iin
order to determine the effects of nasMroas variables on tbe corrosion resist*
sacs of 347 stainless steal in uranyl sulfate systems.

The experimental procedure was as follows: Type 347 Ataimleas steel reds
approximately IX in. in length nnd 1/16 in. in dinmeter were inserted Ip 6-mm-
1.D. quarts (vitreosil) ampenles. Enough uranyl sulfnte, of concentration
30 g of uranium per liter, ,was added to completely cover tbe steel specimens,
leaving a vapor specs upprexiaately equal to that occupied by tbe liquid. Tbe
solutions were frosen in r. dry-ice bath sad the ampoules then sealed. Tbe
tubes were boused™ in bellow brass cyliaders and recked in a stainless steel
box in a large high-temperature oven at 250°C for various lengths of time.
The solations nnd specimens were observed daily. Although origiaally planned
to run 100 br, numerous tests were extended further when it appeared that this
additional tine would give more conclusive results. At the end of each run,
the solutions were analysed forpM sad uranium coacentratiea (sometimes ires and
aichei). and the teat specimens of stainless steel were oxabined under a
microscope. The variables axanined included (1) tbe type of passivation
treatment, (2) the presence of nitrate, (3) chloride and iodide in varying
amounts, (4) the presence or absence of oxygen, and (S) the length of tine
of the experiments.

Tbe data and results are listed in Table 19. Two main criteria have been
largely used to determine tbe success of a test run. Tbe First is the appear™
aace of the test specimen under tbe microscope and tbe second is the eonditiea
of the uranyl salfate solution at the end of the test, 1i.a.,.uraaiaa con
ceatration, pH, precipitatas, ate.

Numerous observations sad several conclusions from these experiments are
summarised in tbe following paragraphs.

1. Chloride ion is definitely detrimental to 347 stainless steel in
concentrations of £ 500 ppm under tbe essentially static conditions of these
experiments. Tbe uranyl sulfate solutions ars reduced to UM0, and 00J( and
the test specimens show considerable flaking and some pitting. Coacaatratimus
of 10 to 200 ppm of chloride do not reduce uranyl sulfate solutions in 120 br,
but the test specimens show the formation of a fairly heavy layer of coarse-
grained oxide.
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P>

( variables aai a44litres sa csrrssisa sf *47 mtalaless Nisei

W2, or
NtIKATWr ADDITIVE
» Nitrate d*_
14 - MM ffs
u Nitrata r.
109 - >444 ppa
u Nitrate Air
1 Ntea Air
4 Nitrate D.»—d
1 Naaa Ds»m4
S Ornate Air
4 CfcraM
1 Nitrate 1 ate Q]
t ! 1 ate Q,
1 Nitrate 19 ate O*
14 ate O,
1 Air '
1 Nitrate 1* wo,
1 H - » m*4

*14a Ol ralaaa lisaad la tkia calaaa arc Omm M —ird at tte

itartiif wlitiH

b| Vraajrl M | fats salatlsas

la all aaaaa aaa |

*e Sf
PR REY
A

0w

1.9

1.9

14

1-4

1.9
11

14

1.1

- t.1

-1
1.4

1.4

9

14

- 11
*14

9.
1.44

1.44
144

11

Deficits attack ia all aaaaa at2 444
ppa; aaaraa-araiaad aaida fila

Attack af 1 apaciaaaa, aaa at 1444
aad alter at 1444 ppa; eaanta-

'Salatiaaa aai apaaaaaaa OK

M attack nt apart— .

fAII aalctiaaa tadacad ca”™l.uly; all

Sirlati attected

Salatiaaa' OK; apaai— a aaaallaat

1) caacaatratiaa ia aalatioa radtead
aaterially; apmiaaaa kagia ta atev
attack

Salatiaaa aa4 mparlaw (X

kali rad pracipitata: apariaaa
aeqgeirad tkia aaida fila

Salatiaaa aad **ciaaaa K

fltell rad pracipitate; ipi |—i
aegairad tkia amido fila

Salatiaa aad apaciaaaa OK

144 ppa Ni praaaat ia all aalatiaaa;

aad of mS «s*riaat TV /Mof tW



2. lodide ion ia aitranaly unstable in uranyl anlfnte eelotions which

have not boon degassed of atmospheric oxygon, so that in thin aorioa of teats
«0 arc essentially dealing with fraa iodine. Duplicata anoplaa containing
2000 sad 1000 ppa of iodide gave opposite results; ia each c Inti
wan radnead to U,0, while tha atkar remained ntnbla. However, the tent
specimens, even in the ntnbla solutions, showed none nigan of attach sack ee
flaking off of the oxide layer. Con ions 1 500 ppa of iodide did net
reduce the nolntioaa or materially affect the teat apaeiaeaa ia 140 hr axcapt
for tha formation of the coarse-grained layer of oxidy niailnr to that noted
above ia tha enaa of chlorides.

3. Tha absence of oxygen wan found to bo very detrimental, renalting ia
redaction of tha nolntioaa nad nerionn attack of the steel apaciaMaa. Oxygen
waa cliainated Iron thane gapoales by degassing on n vnenna line (~10*4 an).
Thin technique appears to offer considerable proeiae an e« eeana of tasting
the durability of any pasaivntioa file, and, aiaultaneoiinly, the alnpnad tine
necessary foe brenkdoea of both the solution and steal spoeiaea gives -«
direct indicqtioa of the relative tonghaaas of these files or oxide layers.
For axanple, all six separata nitrate-pretreated specieeaa (free different
pretraiteeat batches) ears attacked; and tha araayl sulfate solutions completely
redaced in lees thaa 40 hr at 250°C; four of these failed ceeplately in less
than 24 hr. In contrast to these, two ckroeate-pretreeted apecieoea were ran
for at least 120 hr nad two Mrs for ISO and 170 hr before aetorial redaction
of the nrsaine in solution was evident; farthereore, none of the steel test
specieeaa showed the deep attach sad pitting which were noted with nitrate-
pretreated apeciaeas.

4. Several runs warn made in which excess oxygen was present in the
syatee. One staosphero of oxygen was obtained in aone seaplea hy hnbhliag
oxygen throngh the solutions, while in ethers hydrogen peroxide was added in
such aaouats that its decoapositioa would give a pressure of about 10 ate of
oxygen aeasnred at roga teaperstnre above the eolation. Passivated (nitrate)
end unpaasivated apeciaeas were need. The feraer showed no change nor were
the relations affected after 100 hi, bat the latter appeared to have acquired
a thin file of oxide, biaultsaeonsly depositing a snail rdd iron oxide precip
itate free solution. These latter oxygen-pretreeted apeciaeas were then
placed in fresh solutions efnrenyl sulfate (air present) and run aa additional
80 hr without say evidence ef breakdown. Vhether this oxygen pretreataeat
will provide a durable passivation fila is now being tested by the deceasing
technique.
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S. S«f«ril m | wre Bade on both passivated (nitrate) aad unpassivated
tptciMaa ia which 1% aitric acid iai added to the uraayl aalfate aolationa.
Swell reddish precipitates of iron oxide ware noted after 24 hr, and the color
.of the aalatioaaa had cheated froa yellow to adecided (reaaiah yellow, nasty***
iadicatad that at laaat 500 ppn of nickel had been leached oat of the atool
apeciaaaa into .eolation. The apeciaena theualvea had a good appearance; they
ware'gray ia color,, haviaga thia cryatalliaa layer above a laatroaa background

4. Saall yellow praci‘pitataa, wkick appeared to he of the rhoubohedral
typo aad coataiaed on tko average about SI of the areaiaa present, ware foaad
ia alnost every aapoale (except whore the uraaiae waa radaced) heated at 250*C
for at least 90 kr. Several of these precipitates, wkick wore aaalyxed
spectrographically, were foead to coataia large oarowuts of araaiaa aad uediun
aeounta ef silicoa. X-ray—diffraction pa}terns at firat appeared to indicate
that the cryatalliaa notarial wan sinilar to that obtained by Marshall/4*
which he peatalatad as an orthosilicato couponed (UOj),Si043H?0. However,
closer exaaination revealed that there were enough discrepancies between the
patterns to iadieate that they are net the sane cryatalliaa phaae. Sisco
these pracipitataa coataia silicon pad are very difficult to diasol.ve ia
aitric acid, it is believed that they consist largely of uraaiun silicates

foraed fron loag contact of the araayl aalfate aolationa with vitreosbl at
2S0*C.

KLCCTMCUBICAL CdBKMItN ITIBT

Corrosion stadias of an electrockeaieal nature have been, continued dating
the past quarter. These stadias have been directed teward obtaining a general
picture of the corrosion aechaaisa aad the aubseqgnaat uraaiun raaoval fron
solution by pracipitatioa of either UO, xHa0, UaOg, or UQ,.

Baperineatal

The utility of the cell passivated stainless steelfU0aS04|passivated
staialoes steal at 100*C ia the presence of chloride ioaa hao previously beea

(4) V. L. Marshall sad J QU1, “Pa Cmyia< Uranyl Orthseilieete Trlb drsto Chbsttirjr
Qmarfrlj P-»fr*n gsperf ler Pe ied fading dylw br 30, 1050, CWIL-fTi, p SS (lbr. 1, le$!/.



demonstrated. ** '  Thi» eyetea was also found to indicate the oaaet of

rapid corroaiaa at SSO™C ia the presence of chloride ioaa.

At 100*C ia the absence of chloride ioa it baa been impossible to observh
say evidoace of corrosion area after S days exposure tioe. Neither oicroscopic
exaaiaatioa of tbs sarfac* nor potential oeasareoenta indicated active cor-
rosion. Vboa a araayl aalfate solution was bested to 250*C in * passivated
steel boob for 1 week tbs entire aranian content oaa precipitated sad corrosion
prodacts aero found both ia solution and ia tbe precipitate. Daring the ran
tbe potential of tbe vails of tho voasal versaa a central passivated steel
wire van recorded sad tbero ass no evidence of % potential change. Tbe
potential of tho cell, passivated atainless steel|U0JSO4 |[passi»ated stainless
steel, renaiaed attero throughout the experineat even though conplete uranium
precipitation occurred during tbe run. It appears that the system, passivated
stainless steml|U0JS04[passivated stainless steel is of little or no value in

tbe absence of tbe chloride ion.

Tbe first stage of uraaiua precipitation probably consisted of tbe
reduction of uraaian(VI) to uraaiam(lV). Tbe uraaium(lV) vas subsequently
precipitated by hydrolysis and the nraaiun oxida adhered tc all available
surfaces. Both electrodes became coated oith tbe precipitate sad hence acre

equivalent.

la tho above rua tbe uraaian precipitated as a abiay, black, adherent
coating on the malls of tbe vassal as well as tbe central electrode. An

X-ray analysis of the precipitate showed it to be 100% UOj.

If tbe above ’(ssunptioa is correct, it vould be impossible to use any
metallics indicator electrode because when it bocane coated with UO. it vould
be equivalent to tbe passive surfaco also covered with the same oxide. Ila tbe
near future a platinum-indicator electrode sill be used to see if tbe same

result is obtained.

The effect of removing oxygen from tbe uraayl sulfate solution in vhich
a passivated stainlass steel specimen vas immersed has boon investigated. A
passivated piece ef steel was mounted ia tbe bottom of a conventional electrol-
ysis cell ;md IS nl of UOt904 (30 g of uraaian per liter) solution vas placed

above it. A stream of oxygon-free aitrogaa vas bubbled through tbe solution

<S> "Potestiamstric Csrreeisa g t v i i e s | i w I * r (uirisnl Quarterly Pregrete gepert fpr
Pvried fading F*Vrn»rj U, Jiff. p *1I (May Ilg. 1MU
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and the poteatial of the steel t». the S<C>E> wan recorded. Before paesisf
nitrogen through the cell, the potential of the steel was *0.52 r re. S C 1.

During the first 4 hr of penning nitrogen throngh the nolntioa the
potential changed in e negative direction by about $0 nr. During the neat
hoar the potential changed by 3SO nr a# that tbo potential of the steel vaa*
about <0.10 r to. S.C.E. Further babbling of ait'“'gen bed nc rfditioaal

effect on the potential of the ateel. When eaygea ««e inbatit**., f< nitrogen
in the gaa atreaa, the potential changed in nbo-t I a* *o its or.final mine,
1»e«, <0.52 r w»p S.C.lI. The cycle could be reflated by the alternate pnaaing

of nitrogen and oaygen through the solution.

It thua appeara that eaygea eaa at least partially responsible for the
noble behavior of the passivated ateel. Since the tine required to observe
the change in potential >« so loc-g, it aeened likely that the oaygen held on
the surface of the steel one released only slowly.

It hie been shown conclusively that the presence of 100 to 300 ppn of
silica in a nraayl sulfate solution inprovee the corrosion resistance of
passivated stainless ateel to chloride ion attach. Vhen passivated steel
apecinens were inneraed in a nratayl sulfate solution at 100'C containing 0 OS
w potansiun chloride the passivity was destroyed in 10 to 40 nm. If the
arnnyl sullate solution contained 100 to 300 ppn silica the passivity was
destroyed only after 20 to 24 hr. To date no extensive study of this syaten
has been nade, but a nore detailed study is planned for the future -

elncursion

At least a part of the reaults of the corrosion studies reported to date
can be explained fairly wall by an electrpcheoical nechaaisn ainiiar to that
proposed by Uhlig.'*" The anodic rea>tioa constats of 'he ox.datio* of iron,
nickel, and chroniua. At the cathodic arena there are three possible reactions'

XO, 14 2HV ————————————— » Hao _ 20

vw< H H. Uhlif, Corrtiion imdkoat, p 1JS-14V 5*ley, dee York, 944
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ir *~ H - It (s)

UO /* e » OO0, (or U,0,) - 2t (3)

Equations (1) ud (2) coasan hydrogen ioaa, leaving a decreased acidity
i.a the aoar vicinity of the catkodic aarfaca. Hoaca, ifi oxygon ia proaoat and
if either oxygon or hydrogen ioaa aro oora aaaily rodacod tkoa araayi ioaa,
corroaioa of tka alloy caa procoad oitkoat rodaotioa of araaiaa. However, if
tka radactioa of oitkar oxygen or kydrogoa ioaa at aa approeiaklo rata
constitutes tka catkodic roactioa tkora would ba aa iacroaaod pH aoar tka
catkodic aarfaca aad tka hydrolytic praeipitatioa of araayi ioa appoaro
poaaiklo.

Tha roasuaptioa of kydrogoa ioaa at tka cathodo ia aoarly offaot* by tko
liboratioa of kydrogoa ioaa prodaeod froa tka <ydrolytic praeipitatioa of tko
aaodic corroaioa products, At 2S0*C botk iroa(lll) aad ckroaiua(lfl) aro
coaplatoly procipitatod aa oxides, likoratiag kydrogoa ioaa ia aa aaouat aoarly
equal to tkat coaaaaad at tko catkodic areia, Experiments have iadicatod tkat
tka procipitatoa of iroa ‘aad ckroaiaa oxidoa aro froqgaaatly colloidal ia
Batura aad could aaaily bo overlooked duriag aa aaalyaia of tka solution,
Hoaca, aa aaalyaia of tko aolutioa doaa aot aocoaaarily indicate tko occarroaco
of active corroaioa,

Tkaro aro several raaaoaa tkat corroaioa nay aot ba apparoat at lower
tcaparatwrea?

1. Hydrolytic praeipitatioa of uraaiua(lV), iroa(lll), aad ckroai-
uovlll) doaa aot f.ake place ia araayi aulfato aolatioaa, at laaat
to coaiplotioa, uatil tooporaturoa ia axcoaa of 100T arc reached.

2. la a cloaad oyateo wkoro tka radactioa of oxygoa ia tka con-
trol liag factor tka rata of corroaioa doukloa for oack 30”C riaa
ia teoperature,**' reaaltiag ia acorroai<*» rate alaoat 200 tiaaa
faster at 2S0*C tkaa at 2S*C.

3. Oxidation-reduction potoatiala, overvoltagoa, aad*coadactivity
of tko solatiaa possibly kocoaa wore favorakle for aa iacroaaod
corroaioa rata at iacroaaod taaparaturaa.

COMFIOEKTIM
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Tk« data obtained to data iadicato that corroaioa oacoaatorod ia the HRE
vork ia aa electrolytic typo. Nearly all tka data caa bo explained ea tka
baoia of tbo abate reaaoaiag with various aadi ficatioaa. It appaara that tbo
so-called paaaito ataal ia aot eaaplataly paasive at 2S0*C ia araayl aalfate

aadarfaaa coatiaaoaa corroaioa. Tka rata of corroaioa ia aadaabtodiy
dapaadaat aa aaaaraaa pbyaical prepartiaa of tka ataal aad ita oxide coating.
Siaea aaeb Bolt of ataal ia aot co.plately idaatical aad aiaca aack aatkad of
verging tka ataal ia different, tka degree of reproducibility of corroaioa
rataa tea beexpected ta ba lav. Tka data obtaiaad boar oat tka loot atataacat.

Patera work will ba directed at getting aclearer pictare af tka corroaioa
Bockaaiaa and deteraiaiagwhat effec>,if cay. ailica ia tbo araayl aviation kaa
aa corroaioa rataa.
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Daring the pant ganrtar the afforta of tba Radiation Stability Gronp have

S. STABILITY AND CORROSION UNDER RADIATION

m  IWTH
H. . McDaffi.

we fige g

been diracted toward tko following ganaral linoa of investigation!

1*

Tka
tba work

1.

Long-tarn radiation atability taata at tka aaniana flan of tka
graphite.pile.

Short-tarn exploratory taata at tka mob kigkar flaxaa of tko
LITR.

Oat of pile atadiaa of corrosion and aolatiaa atakility aaing
tka boab-fitting-taking aaaaabliaa daaigaad for ia-pila taatiag.

Pralioiaary radiation atability atadiaa of tka coaponoata of
tka heevy-wetar rafloctor ayatoa of tka HJL.

Prelininery radiation atakility atadiaa of aranyl aitrata solo-
tioan.

eoaclaaioaa of principal internal to tko HRE wkicb bare ariaaa
of tka group daring tka qaarter ara an follows:

1>e praaaaca of oxygon ia aacaaaary for tka aaiataaaaca of tka
passivity of typo 347 staialaaa steal aarfacop ia contact witk
araayl salfata aolatiaaa at 2&0*C, aad any possibly ha aaffiaiaat
for tha ackievoaeat aad aaiataaaaca of passivity; IThis finding
is sapportad by tka work of otkar gronpa who appraackad tka
prablan *fron different points of view, and it is not intended
that an? enodit nkoudd ka taken from ikon. Tka conelo.ion,
nevertkalasaldis presented kora becaaao tka work of the Radiation
Stability Group oatakiiabaa it witk certainty.)

»
Sarfsces pretreated witk chronic acid appear oatstaadiagly batter
than those protroated with nitric acid when tasted for ability
to naiataia passivity ia coatsct witk degassed salatiana. of
araayl salfata.

A groap of five ataialgss steal bonba coataiaiag earickad nranyl
salfata salatiana kas keen exposed to tka fall flax of tka X-10
pile for 7 weeks with prassaras substantially ia excess of stean
prassara, indicating that the ursaiaa renaias ia aialable forn.

A praliniaary expariaent in the LITR kas bean carried oat awe*
cess fully.
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Aa part of the continuation of long-tern irradiation studies, five boobs
eore placed in kolo 60 aboat 7 weeks ago. Tkese boobs, developed through tko
out-of-pile tooting prngran doscriked later in this roport, eora free froo
chloride and aoa-staialess stool eooponents. At tko tine the bonb assenblies
eore prepared the importance of oxygon for out-of-pile oaiateasace of passivity
had aot boon oatsblisked, and tko conditions earc not optinal in the light of
present knowledge. Three of tka bonks showed ao redaction of urabiwn whoa
heated in the absence of radiation; ono showed a slight anoaat of redaction,
and the other showed conplote redaction. All the boabn, after insertion, wore
sabjected to low*tonperatare activation treatnent in the presence of neatron
radiation, and throaghoat the 7*woek period they have all shown prossaros
substantially in exceas of stean pressure. This inplios that there is uranium
in solatien after this length of exposure.

An autoaiatic control device has boon perfected and attached to a "slave"-
kwh neter indicating pile power; the device lowers the temperstars ef the bonba
hy SO*C every tine the pile is shut down and restores the tenperature 30 nin
after the pile cones up again. This praveats the exhaustion of oxygon by
recoa”iaatioa during apile shutdown, and the tenperature to which the surfaces
are exposed in the absence of radiation is reduced. In this way it is hoped
that only tko corrosion occurring in the presence of radiation will be neasurod.

It seens probable that none weight chaagea will bo noted when the cor-
roaion sanploa ia these bonba are eventually exaniaod. This aasunptioa is
based on the fact that all the aasonblies received out-of-pile heating to tost
their ability to coataia uraayl sulfate. We sow know that ia the abaeace of
large posit|jvo oxygon pressures tho snail* anouat of oxygon present in the air
would be rapidly conauncd, followed by corrosion and reduction of the uraaiun
if the heating were continued. It appears significant that the two bonbs
which had shown partial or couplets reduction of uraaiun has been pretreatod
with nitric acid, whareas the other three had bees pretreated with chronic
acid. As will bo shown in a later section of this roport, it appears that
ckronata pretroatnent offers nuch better protection against uraayl sulfate
solution in tko absence of oxygon than doss nitrate pretreataMat. Thua those
bonbs, and thair corrosion samples, should show less corrosion than the bonbs
treated with aitrate.
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A* the out-of-pile tasting program contifcaes with its evaluation of
oxygon and other agents for the achievement and maintenance of passivity, it
should bs possible to obtain a nee and batter oat of bombs to roplaco these
now in hole 60.

tBBABIATIBN « TUVIBB AT I I W t PLOXB8 UfIMfl TB LITE

Under present aethoriaetion the LITR can achieve a flax of aroaad 10iS at
a 10QO-hs poser level. This is a factor of 10 to SO over the flaxes abteinable
ia the X-10 graphite pile aad gives a radiation level ceaparable with that
expected for the HRE. Moreover, the ratio of gaamaa aad fast neutrons to
sloe neutrons is aboat 10 tiaos that ecbiaved in the graphite pile. This
higher retie is also expected for tho HRE. It is therefore believed thyt
experiaeats in the LITR represent, aa sell as can/be obtained abort of the HRE
itself, the operating radiation levels expected froa the HRE at half poser.

Daring the peat gaerter the design and fnbricatiea of apparetas sea
coapleted and a preliminary experiment sea carried oat. - One parpose of the
experiment sas to check the effectiveness ef the coatrel aqgaipaeat aad the
Pescadores for leading aad aaloadiag at high radiation lovala. On the shale,
the agaipaeat perforaMd exceedingly sail. It sas feaad that aaxiliary heatiag
sae not necessary at poser levels abeva 320 hs, eaoagh heat baing ebteined
froa fisaioa aad gamma heatihg to bold satisfactory toaporatare levels.
Insertion end sithdrasal of the slaainaa tabe containing the bomb aad faraece
sere accomplished oitboat difficalty er axcaasive radiation of personnel.

The second parpoae *of the experiment sas te become oriocatod sith respect
to the pressares achieved at any given combination ef temperataro end flex,
particularly at flaxes above those obtainable in the X-10 graphite pile.
Since the experiaent has jast Boon completed, it ia not possible to present
a coaplete analysis of the data. Hosever, several paints era clear and should
be discassed. First of all it seeas probable that the areayl sal fate solation
moriginally pat iato the boab sas decomposed to iaselable oxides of araaian
daring the period of temperature end pressaro checliag which preceded insertion
iato the LITR. Thaa the experiaent .sas started sith a "dead"™ bomb, aad as
pressure build-up sas observed at na initial teaperetare of 2S0°C aad poser
levels of 6, 60, and 80 hs. This sitaatioa sas net completely anexpected in
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fia* of the out ofpile wutadias which war* being carried oat coacorraatly.
Two tbinga which ceatribated to aacertaiaty ia iaterpretiag raaalta wara
(1) tba abaaaca of a largo positive oxygaa praaaara ever tha eolation dariag
the boating and praaaara toata. aad (2) tha lach of aay aaalyaea of tha sola-
tioa after theea taata. Tha reaeon for the firat condition waa an aawilliagneas
to add tha poaaibla coaplicatiag factor of oxygaa- preapari ta tha recoabi-
nation which waa aabaogaeatly to eccar; tha lach.of analyses waa a calaculated
riah, haaad an tha greater riah involved ia breahiag aad attaaptiag t« roanha
the praaaara aaala after the initial praaaara toata.

* °
Having bean aatiafiod that tha aalatioa waa initially bad, pie toaparatara*
woo lowered while aaiataiaiag tha aaatroa flax level ia order to porait tha
baild>ap of a peroxide eeaeeatratiea aafficiaat ta oxidise tha redaced araa]jaa*
booh to tha araayl atate. This aanaavar waa aaccosafal ia bringing a aajor

portion, if not all, af the araaiaa bach iate solatioa.
9. Li8 - r

With an apparently satisfactory solatioa a variety of toaparatara praaaara
coahiaatioaa wara explored at a power level of 320 fow (1/3 fall flax)a Aa
iataroatiag aat af solf-consistent data was obtained, revealing ao offsets of
aaexpectod aagnitade attributable to tha higher alow-aaatran flax or to tha
gaaaa aad faet-aeatroa flaxes. la anticipation of higher prasaaroa at h#igher
flaxes, it was decided to radaca tha prassaro to a law valaa by asiag a high
toaparatara (2fS°C) aad a very low flax,»hoping ia this way to Maintain a
protoativo concentration of oxidising radieals ‘while receabiaiag neat af tha
hydrogen aad oxygaa. Awpparently this aeaeajrer waa aaawccess fal; whoa the flax
level waa raised‘to 2/3 aad than ta fall flax (ill aad 1000 ho) the praaaara
response waa each lower than anticipated. Whoa tha power level woo radaaod
to 320 kv tha raapoasa indicate'.) that amat of tha araaiaa had beea loot froa
eolation. Althoagh sabsogaent efforts to reactivate tha aolntion wara an-
snccesafai, reconbinatioa data at higher flaxen wara obtained which will ha

aaafal ia fatara.worh.
a.v £ Sm

It is plonned ta coatiaac these praliaiaary axpariaaats ia tha aaar
fatara, aad, asiag ehroaata protreatment sapplenaatad by an aaxiliary oxygen
praoaara in tha absence of radiation, there aeons to be no raaaoa for aatici-
pntiag troabla with the solatioa. The data already obtained aa rocoaibiaatioB
rates will allow as to explore tha affects af higher flax ia an orderly Banner
no as to obtaia dependable data ia tha shortest possible tine.
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A* the third phase of operations la the LITH, *it is planned that a study
ha node of loap-tora affacta on aalatioas aad stainless ataal aarfacaa. Far
those experiments it ia plaaaad to asa the heriaeatdl thiahla holaa. Calce-
latieaa ara bow aadar way, which, coaplad with tha information obtained ia the

preliminary axpariaaats, will land to designs for boaba, faraaeas, shielding,
ate. that will parnit satisfactory axpariaaats ia tha horiaoatal holaa.
*n ar-piu stmiks ar btai sim rirriM-vraiM

As reported in tha provioas quarterly/*i saapicioa had haaa fecasaed aa
two factora which wars thoagbt capable of canning solution instability aad
cofrosion, even in tha ahsaaca of néﬁz;t;os” 1irradiation. Tha first factor waa
tha praaaaae of chloride ion, aad tha second was the asa of a hoah fitting
containing.a silver-solderad joint 2 ia. above tha liquid phase aad at a lower
temperature than the body of tha liquid. It will be recalled that ewery
assembly containing sach a fitting showad redaction of tha araaiaa solatioa to

blech oxidaa and evidence of corrosion in etha foraatioa of fSrroas ions.

Analysps of hot water riasas pat throagh tha boab indicate the extant
of removal df chloride ions. Tha hot rinses also served to lower tha chloride
ion concaatratiaa to aiaiaal values prior to tha iatrodaetioa of araayl
sulfate solatioa.

Vith raapact to tha fittings, deaigap have haaa modified so that tha
theraecoaple wall has been aliaiaatad aad the capillary tubing is sealed to
tha fitting by aaaas of a saall ataialass steal ferrule or swage ring. Thus
there ara aa heated joints and ao aoaeataialass steal portions af tha fitting.
Preliaiaary designs of a saall hoah having two apaaiags ia its head, ana for
a thermocouple aad one for the capillary tahiag (hath baiag held.in place by
anas* of.saall stainless steal ferrules), have haaa tasted and boabs af this
type ara now aadar canstraction.

Table 20 gives sane af tha early raaalts obtained with the nap atyla
fittings.

Thane results are ia strihiag contrast to the results obtained earlier
with tha old-style fittings aad appear to coafira tha saapicioa previously
noted. However, thorn worn tare cases of complete reduction aad one case of
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* no PHBTHHALIMENT ncaULT or M T IN POB AT UMHT 14 hr AT »Si TO 100*C

m Hitruss M ; as loss ef areolae

SHA Nitrate Qtsd

MS Nitrate Chad

M Nitrate Gn4 sb first toot, ties partial leas af sraeiae ta SI T ae/al
sa saaaad hsatiag

Itt Nitrots W araniaa aantaet loss tkaS 1 ag”ul

111 Hitrots Qtsd, stout leak left sll arsaiaa is actable fore

ua Nitreta Quad steae leak loft all arsaiaa is salable fern

m Nitrate Qssd ‘steae lash left sll arsaiaa is salable fare

4MB Chrauats Qtsd

IMS Ortasta Qaad

MS Orasnts Good seall eater leas by ateas leak eater replaced

MID Nitrz:te Qaad aa first teat collate lass af areatoo of stated test

\Y%

partial reduction ekielt vara aot iunediatoly explained. These suggested that
iom farther factor east ha operating te ceafaaa the aituation. Dariag tha
paat quarter reaalta free our anponds experinnats sad frea teat*leap sad
electrochemical work by other greapa laagaa ta indicate that tha praseaca ef
esygea was aaeeaaary far tha aaiateaaaee ef passivity. This prerides aa
explanation far the failaras aaaeeiated with the old-style fittings; tha
silver-soldered joint presented a clean, reduced, silver-capper eutectic sur-
face vhich could he alaost ideal far raactioa eith eiygea at taaparataraa ef
areaad 200*C. When the liaited supply af eiygea in the systea had heea depleted
the passivity could no longer he aaiatnined and satire redaction ef the uraayl
anlfata cith corrosion of the aetal coaid begin. This cenld alee help explain
the ia-pila asperieaca using old-style fittings; chan radiation cas present te
prorida an oiidising ataoaphero nr chon large partial pressures af oxygen cars
prasaat the heahs could roeaia paasire, hut daring long- shutdowns at high
taaparataraa tha oxygon night hare heeono depleted, .aliening corrosion te take
place. The high concentrations of chloride ion praaaat in seas ia-pila tests
could tend te accentuate tha affect of losing oxygen pressure.
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Based the concept of tlia proacooeo of oxygen aa a necessary (parhapa
aofficioat) conditioa, it oaa decided to aot up a aarioa of oaporiaeata ia
which tha ataialaaa atool bpebs ware not protroatod ia tha ordinary nitric
acid or chronic acid aolntion bat in which oxygon waa aaod aa tho only pro-
tro-taoat agent.

Tha roaalta to date, liatad ia Table 21, indicate eloarly that oxygon
alone ia capable of achieving and Maintaining a paaaivo condition in a stain-
loaa atoal boob tubing aolntion aaaonbly. Whoa critical coaditiona for. pas*
aivity hava boon dofinod with such anaonblioa, ia-pils radiation teats will bo
initiated naiag tboao conditions. Inforaatioa received fron tho pnap loop
toots indicates that satisfactory ont-of-pilo conditions can bo naintainod ia
larger dyaaaic aystons.

TABU tlI
Oxygen aa a Passivating Agon!

AOOKD OXTODI PBBBBUBI

RUN during tbat pnmtAiwrr RESULTS
NO coom ais S4 hr 100 hr 300 hr
m too too pel; wet teed
337 400 400 pei; wet Owed
339 | 440 440 pel dry teed teed
340 sSw News ted (7)
(leeh-lew *whn»)

141 400 Hose Owed
343 440 *  Neee teed
343 News SOl pal; wet Bed
344 401 pelt wet Bed
A4S 400 pel dry Bed
344 Neee Bod
347 Neee Bod
341 Me. Bed
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At « ualill of tba Hoaog«*«oai Reactor Projact Steering Coaaittes,
April Ii, the raflactar ifitn «aa diicvaifd tittM ITtly, and the Radiation
Stability Groap aaa reqgaeated to atady the aaaociatad caapoaents (0,0. 347
ataialaaa ataal, 1030 carbon ataal, and triaodiea phaaphata) with particslar
rafaraaea ta the rata af gas foraation aadar radiation. Tkia atady ia ao*
aadar way, aaiag H(O iaataad of D,0 both ia gaartx aapoalaa aad ia baaba of
1030 carboa ataal. la additiaa to triaodiaa phaaphata, othar agents for
achieving a pH above 10 (coaaiderad to ba tba affective aaticorroaioa agent)

ara beiag etadied, iacladiag O 005 It NeOH aad a aatarated aolatiaa af MgO.

m iiaiNIKT 1HU IU TIIN BTMHRS OP TBB IIRANYL NITIATE SYIYKI

Stadias af tba araayl aitrata ayataa wara iaitiatad aarly ia tba qgaarter.
Parifiad araayl aitrata aalatioaa wara prepared aad aaalyied. Analytical
aetkeda aad aqaipaaat for dataraiaiag tba coapoaitioa af tba gaaocaaa radiation
prodacta wara perfected, aad gaarta aapaala experiaente wara aadar way wbaa
tba pragraa waa iatarraptad ta carry oat tba investigation af tba beoVy-water
reflector ayataa rapartad above. Tba work oa araayl uitrate aad otbar araaian

coapoaada will ba raaaaad aa soon aa tbha heavy-water y>rk ia ceaplatad.

PROJECTOR IW MR YK M il gOAKTCR

Additioaal praliaiaary axpariaanta will ba carried oat at the higher

flaxes abtaiaabla ia tba LT1B, aaiag tba vertical hala ia”a tba active lattice.

Apparatoa far losg-tera expertaints in tba beriaeatal thiable belaa will be
ceaplatad aad axpariaaats will ba started. Aa axplaratiaa of araaiaa peroxide
forpatiea aa a fwactioa af taaparatare aad flax will ba carried oat ia tbha

LITR aaiag tba vertical axpariaeatal bole.

Leag-tera axpariaaats will be ceatiaaed ia horizontal kola 60 of tba
X-10 pile* If tba present sat af boabs ia raaavad far any raaaaa a saw sat
will ba inserted.
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Exploration of the radiation docoapoaition of the heavy-water.reflector
ayatea of the HRE will bo carried oat by ooana of experiments ia bole 12 of
tbo X~10 pile.

Preliminary exploration of tko radiation docoopoaitioa of araayl nitrate
solotioaa will bo continued, aad stadias oa aranyl flaorido sad possibly

araayl pbospbato solatioas mill be initiated, asiag bole 12 of tbo X-10 pile.

Oat of-pilo stadias of boab-fittiaf-tabiag assoablios oill ba contiaaod
as a basis for interpretation of tko ia-pilo radiatiaa resalta. Solatioas
of higher coacaatratioa oill bo chocked, following which radiotioa qtadies

will ba initiated ia bole 12.

Oat-ef-pilo stadias of tbo rates of recombination of hydrogen and oxygon
ia oar boab *fi ttiag- tabiag assoablios at high preasares aay bo initiated ia
order to provide bettor iatarpretatioa of the significance of data obtained ia
the prasanco of radiation, particalarly ia the prossaro "heap" frequently

observed ia radiation axpariaeata.

If possible, w«-k oa tko interaction of oxygon with stainless stool
sarfacos, asiag 0>a os a tracer aad by aeaaaroaeat of tbo rates of coasoaption
of ordinary oxygen, will bo initiated for its significance ia connection with

passivity.

It is hope* that it oill aloe ba possible to start investigating the
interaction of stvialoss stool components with araayl salfoto solatioas aador
o variety of conditions, asiag irradiated stainless stool as a source of
radioactive coapoaoats. This tecbaiqao skoald provide a very sensitive

sossaroseat of tbho ability of protective aaosaros to prevent tko escape of

the stainleoa stool SMtallic coapoaoats, i.e., to prevent corrosion.
77
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4 RECOMBINATION OP HYDROGEN AND OXYGEN

H. M McLeod

tit*MI<rjr Seal* StmJi«« Pil»1 flee* To*I*
D t. fmkm 1 Ka Mmw
A A P.Iko T. S Meckey
A 0. R®» D MIIiH
M J. Fortanharry

LAMBATMYV -SCALE STUBIBB

During tk« pint quarter work van concentrated on stadioa of the foaai
bility of rocoabiaiag an onaontially 100* atoichioaetric antire of hydrogen
and oxygon by naan of aaaaive aotal catalyata and on awthode of reaoviag
iodino froa the gaa streaa  Work oaa alao atarted on doeolopaont of n nethod
for the catalytic racoabinntion of tbo relatively aaall quantity of gaa foraod
in tbo IDE reflector ayatoa

Efficiency of Ceaveratea  Although it kaa already boon deaeaatrated that
tbo efficiency of coavoraioa in the hydrogen oxygen reaction naing a plattaaa
eatalyat aay exceed 99* it in of iatereat to kao* preciaely obat fraction of

1* of tbe gaa aay bo expected to paaa tbrongb tbo eatalyat Since tbia
reaideal gaa aay require farther treataieat ita quantity abould bo known aa
accurately aa poaaible Heac4, oxporiaeata were conducted in okicb tbhe

quantity of eatalyat oaa varied froa about 400 to 1500 g, tbo teaperatere in
tbe eatalyat bod oaa varied froa 200 to 700MC tbe coapoaitioa of tbo gaa oaa
varied froa aboat S up te 15* and tbo coabinod gaa atone floe rate varied
froa about 25 to 110 litera/ain la tbaae tfata tbe gaa oaa proboatod to tbe
deairod teaporaturo prior te entering tbo eatalyat ebaabor and only one paaa
oaa aade through tbo eatalyat The data are given in Table 22 aad ahoe that
tbe coavoraioa offtcioacy averaged 99 79* oitb the aexiaua at 99 99 aad tbo
aiaiaua at 99 1. Although there oaa a aide variation ia tbha coaditioaa
eaployed ia tbo taata, tbe coavoraioa efficienciea were fairly uaiforo
Therefore, there doea not appear to be aay correlation botooen teaperatarc
apace velocity aad gaa coapoaitioa The poeaibility of reducing the ua
recoabiaed portion of ibo atreaa loaviag the eatalyat by coadeaaiag aeat of
tbe ateaa aad tboa penning tbe aoncondeaaed portion through a aecoad aaall
eatalyat bod oill bo inveatigated
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imcIM ci mt CimnlH «m thi Catalytic tacaafctaatiaa at |] aad «j

1 0.3% Platinua-na-Altiaina
Maxiiui
Eiarr or T CATALYST fLO* RATES (1>tar/aia) ELECTROLYTIC
CATALYST ELECTROLYTIC GAS SPACE VELOCITY EXIT GAS —
(*) (*C) CC) STEAM GAS (»> (1111) (celai.) —_
M | 171 MO SS 1.5 57 1700 4.5 99.71
m SM 510 SO 15 S.9 5500 S5 99.54
SM 1M 191 1M 1.1 1.5 10500 14 99.91
ISM SM 415 iM 9.0 i.5 ST™M *5.0 99.1
14M 1M 450 ITS 15 7.9 S00 009 99.99
1400 ISO 4M IT.5 5.0 14.0 oM 15.0 99.5
14M ISO ISO O 15 t-9 15M 004 99.94
1510 iM M * SS 55 11.0 070 IS 99.95
1510 101 4SS S0 4.5 « 5 140 1.0 M.97

1510 155 oss S0 9.0 151 1450 t.s 99.90



iMMEkiMtiH if IiM alltlli Part liiatralilla Sue. Studies were begun
mi Mitkaita fbr rttMKiaiai hydrogen and oxygen Mixtures containing little or
no diluent atean in the presence of a catalyat loan active than the platinun
on aluains typd, Tbo principal advantage in carrying out full-seal# re*
conbiaation of suck aixtaroo in that it would eliaisate the aeoeaaity of adding
dileapt atoaa In tkoae studios tbe gaa uixture van paasod through platinun,
silver, and copper tubing at various temperatures and floe rates The iaportant
conditions and the raaulta of thg)se tests are aunaarisod boles

PImt man Tubing. In these tests the platiaua tubing (K in disaster 10
ft long) vas iaaoraed is an oil both ebich could be heated as high as 170*C,
Employing gas floe rates varying froa about 0 2S to 9 S liters/min and temper
eturns of 12S, 1SO, and 170 C tba efficiency of conversion of a hydrogen*
oxygon gaa mixture saturated with moisture at rooa toaperaturn, was found to
be edependent ea both temperature and space velocity With temperatures fixed,
the conversion officieac y decreased with increased velocity; with velocity
fixed, tbe efficiency increased eitb increased tea”eratere. The resnlts indi-
cated that s surface area of about 1 ag ft vould bo required for each liter
per minute of gaa at 170*C to obtain a conversion efficiency of 90S Aqua
regia sas thea passed through tho tube followed by distilled water, in an

attoapt io increase the surface activity. In subsequent tests tbhe temperature
inside the tube gaickly rose to tbe point vbore n flashback occurred In
view of these results no further ceasidoratioa will be gives to tbe use pf a

naasive platiaua surface as tbe catalyst.

Silver Tubing.; Tests similar to thoaa carried out with the platinun tube
were ceaducted using an IS in. length of % in diasMter copper tube lined with
silver foil. The efficiency of ceavorsioa was very lew a? any of the tempera-
tures available ebon using an oil bath Silver tpbiag baa bean ordered and
will be tested at higher temperatures in a fused salt bath ;

Copper Tubing. Tests were carried out using a 20 ft length of 3/i is
diaastor copper tubing iaaoraed in a fused aalt bath (aodiua nitrite - petaaaina
nitrate aixtura) At 3S0*C and with a gaa flew rate of 0 5 liter/ain flaaw
recombination was proaeted which occasionally flashed back to the generator;
at tsmperatures below 3S0*C recombination did Set occur to any appreciable
extent.
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Conclusion* and Future Work. la *i«« of the unfavorable raaulta it m
decided that no farther work would bo carried oat uaiag naaeive aatal aarfacoa
as tko catalyst with the exception of a few toots using the silver tubing when
available Also, it was decided to condact exploratory testa using catalysts
ether than platiaaa, inforaation on such catalysts is now being sought fros
naaufacturera.

lanovel sf lodine frsn das gtreoa. An evaluation of stsialeas steal aa a
nediua for trapping iodine fron aa electrolytic gas nixtura is sow in pragraaa
The first teat exteadad over a period of 4t0 hr. Type 316 stainless ataal
turnings wero packed in a glass tuba, and a nixtura ef electrolytic gas and
iodise vapor vaa passed through tbo tuba at rooa tenperature The gases were
then nixed with preheated atean and paaaed through a heated bad of platiaun-oa-
aluniaa catalyst. Flaw rates were:

Stean 11 litera/nia
Electrolytic gas 0.72 litera/nia
lodiae 19 ng/hr

Space velocity 16,000 hr*1
Weight af catalyat SO g

The catalyat tenperature ranged free 330 to 420*C, and the conversion
fall fron 90 6% at the atart to $3 4% after 460 hr. The noiat iodiaa attacked
the stainless steal to fern reddish-browa droplets of liquid which ware water
soluble. A aactioa of stsialeas ataal weighing 7.2 g was coupletsly dissolved
is this naaaer during the 20 day period,

A ascend sad sinilar experineat is now ia progress. Hie present test Is
baiag run at a higher iodine flow rata, and the teaperetwfo of the catalyst is
naiataiaad st 230 to 250*0 After 700 hr ef operation, a considersbla portion
of stsialeas steal adjacent‘to the gaa ialat tuba was diasolved, sad about 50 ¢
of dark colored aolutioa was withdrawn fron the trap. The catalyst conversion
efficiaacy fall off during the first 2 weeks free 97.7 to 91.2ft, sad during
the next 2 week period it renained fairly constant at abowt 93.5ft.

Patara Work. Enphasis is now being placed on the developneat of a
satisfactory nethod for recombining bydregaa and oxygen foroed ia the reflector
side of the HRE. The initial tests will be csrriad oat under conditions of
tsnperature, pressure, and composition sinulatiag tbaao expactad during
operation of the HRE, sad the efficiency of conversion obtained by enpleying a
platinum oa alumina chtalyst located in the gas space of the reflector will be
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la-Pil* Vast. The boab fro* the firet ia pile catalyst taat was examined,
aad it «as found tbat tbe araaiaa had precipitated froa aelatioa The aqueous
pertiaa contained approximatel> 12 ppa chloride which aay have caused the
precipitation The affect of chloride ia the baaba ia discesaed aadar Sec
1,9 ® Th*r enperiaent then eaa inconclusive, but further studios are to
be aado using the platiaaa on alaaiaa (rather thaa aa charcoal) catalyst nhich

appeared to be satiafactary ia other tests

Piurr plant tkbts

Daring the past quarter the coabustion range of the burner orifice eaa
established teats which were started ia the previous quarter for the purpose
af deteraiaiaf the quantity of steaa naeasaary to dilute the off gas to anaura
guenching of flashbacks vara coaploted and aost of the planned pilot plant

ruas ears carried out although the data on these runs are not yet correlated.

meraer Orifice laage. Ta dateraiae the coabustion range of the burner
orifice ia terns of gaa flan rates testa ears first carVied hut with the
burner chaaber top plate located in the open to permit visual observation of
the parforaanca of both the burner and aparh plug. The gas flaw rata (no
steaa added) eaa varied aloely froa about 17 to about 0 S cfa which was the
leeeat flow at which conduction was suataiaed It was noted that aa the gas
flee decreased the diataaco between the face of the burner erifiae and the
point in the gas atreaa at which coabuatiea started also decreased With a
gas flew rata of about 2.5 cfa the burner orifice overheated causing a flash
bach indicating the need for increasing tha velocity of the gaa ever the lojr
floe range by adding a fixed flow of ataaa The quantity of stoaa necessary
to prevent overheating of the orifice was dataraiaed by holding tha gaa flow
rate constant at 2.5 cfa and varying tha flow of ataga, at | cfa of ataaa the
orifice na longer overheated and at |.S cfa the orifice did not become haatad
*ith gaa flow rataa aa low aa 0 S cfa Coaaoqueatly aa orifice was installed
to provide a constant flow of | S cfa of ataaa which was introduced into the
gas atreaa at a point near the ournar orifice Subsequently toati ware con
ducted with the burner orifice and cover plate ia place Tha results of those
testa showed that the aiaiauu flow rata of gas that would auctaia coabustion
eaa O.S cfa froa 0 S down to 0 3 cfa intermittent burning occurred aad below

0.3 cfa igaitioa occurred only whan the burner chaaber bacaae sufficiently
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filled with gee to ignite. It ie interesting to note that with e fee (lee rate
of 0 3 efe the coapoaitioe of the aixture entering the burner orifiee one only
about 173 gee, a coapoaition which, according to the previously reported date
on explosion liaita. is noncoabnetihla. Since an ignition traaaforaer with a
secondary potential of 10,000 v operates the spark plug, it is poeaible that in
passing through the cool orifice a part of the ateaa condenses into aaall
droplets which are ionised end collected on the neighboring aetal in a aanaor
aiailer to the operation ef high-voltage electrostatic precipitators.

taaatitjr ef Siena Neceeeary ie tllaie the Off-Has ie Kaeare Oaeacbing ef
Plaabbaok. During the previous quarter work waa started on deteraiaing the
range of gas coapositioas which would provide a aoncoabustible aixture bouweea
the duap teaks and tke priaary condenser in the WE recoabiner aystea. These
tests were carried out using equipneat siailar to that which will be weed in
tke HRE and under conditions siaulating those expected during operation of the
WE The equipneat, testing procedures, and preliaiaary data were reported in
tke preceding WE quarterly report v

The ainiaua quantity ef stoaa necessary te quench flashbacks at each of
several difforeat gas flowa waa deteraiaod la thane teats, the threshold
value of stoaa flow waa obtained appronieately for each flow ef gee, after
which the ateaa flow was varied above and below tke threshold value to nore
closely eetnbliah the flew below which flaehbacks would penetrate beyond tke
priaary condenser. Tk* gas flowa enployed were 0.7, 0 9, 12, 9, end 10 cfa,
in conducting the testa about 12 flashbacks were initiated by aeans of tke
auxiliary spark plug at sack gas flow rate, Tke dote obtained in theae testa
are given in Table 23.

The rnsults showed that with a gas flow of 10 cfa and introducing tke
stoan at a paint 0 ft upatreaa froa the condenser tke aaxinua concentration ef
gas for which flashbacks could be repoatedly quenched wae about 30%; with 9
cfn gaa flow the aaxinua concentration was 24%., When the ateaa waa introduced
at a point 10 ft upatreaa froa tke condenser, using 10 cfa gaa flow, the
naxiaua concentration was about 32%. A fixed flow ef 32 cfn of ateaa suc-
cessfully quenched flashbacks at all gas flows below 9 cfa.

Theae results indicate that the relatieaship of tke gas flew rate and the
aaount of ateaa aeceasary to gneach flashbacka ie net linear and that the

tl) H I IteLooP J».t «t si., “Pilot Seals Tests sf tbs Flans lleeaabiaer,” feasgesseoe Ssecter
fapenaest (biftirlf Progress neport /er Period fading February ft. ifSi. OWL V90, p 99, eep
t 1M (Hay U 1551)
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effect’” of the length of noncombastible tone between the deep tanks and the
primary condehser in tke recombiner system"i's significant over the range
employed. Since the leagth of piping from the dump tank to the condenser will
be about 14 ft in the WE. it has been recoawended that the coapositioa ef the
gas in this section be aaiataiaed at not greater then 30% and that a constant
steam flow of |.S cfn be maintained for gas flows below S cfn.

Testing ef the Bmrner System. A number of pilot plant runs were made,
both with low gas flow rates apd with and withont the follow up catalytic
reconbiner. The data obtained daring these rasa are now being correlated, and
the renalts will be reported in the nest quarterly report.
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S. ANALYTICAL CHEMICAL CONTROL OF JM HOMOGENEOUS
REACTOR SOLUTION

V. H- Davenport aid R. R. Powell

Daring the paat quarter a full-scale laboratory model of tba electro-
magnetic donei tone ter vaa aaaeablad aid aiploritary rail niig vatar warn aade
ii order to obaerva tba reapomue, sensitivity, and raprodacibi lity af tba
intraaait.

4

Tha Priieo DaAr]sitreI intraaeata, w.hich alao aoaaira density are being
fabricated by tba Praciaioa Tharaoaeter aid laatraaaat Coapaay and tha delivery
data ia aatiaatad ta be Jaly 1, 1951. Tha dyaaaic taating of tbia apparatua
will reqaire a teat loop.

A baa i waa recently completed which ia deaigaad. ta teat tba variola Q
caila ia tba praaaaca of varying coiceitratioaa af araayl awtfata far meckaai-
cal atraagtbh of gaabotiag. perforaaace at HRE temperatures, and aqailibriaa
ataaa praaaaraa.

la-pi le *aiperiaea”™a are continuing oa tba gam - aid neutron-absorbing
glnaai racaivad lIron A. Silvaraaa.**> A new appiaach ia aakiig a glaaa with
a combination of chaaical alability aid i*adiatioa atibility ia being taken by
Paabartby Instrument Coapaay of Seqttle, Washington." It ia attempting to
radaca radiation daaaga ia a glaaa by aaiag materiel* which transmit tba
neatroa radiation relatively wall aad offer law atappiag power ta gamma
radiatiaa. Sack a glops would net bo a shielding material bat might ba vary
useful for observation porpoaaa ia tba high-preaaure HRE ayetem. Thba first
attempt at a glaaa of this typo baa been racaivad aad will bo corrosion
teatad.

BLICTMACNKTIC NMITHtTII

A type 347 stainless stool beab (Fig, 13) waa used for tba exploratory
distillad-water runs. Bomb aad float ware first cleaned electrelytically,
than pratroatad with IS nitric acid for 4 hr. Tba tail of the float fitted
into a cylindrical axtoasion at the base of the bomb. The vortical aovaaaat

U) V = Drreapvrt sad * H P-woll, 'jtavirUcsl Chemical Cower*1/ Avertor gmfrim
Fag  Arpert fm Pc-U4 im4 ag Ftkrmmry U. i*4i. f US vibir IS. 19S1)
ga’; az’; g a(; a*a aa o 0% ao a
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of til* float Halted to X i>+ by tba atop at tb* tap of tka float. Thbia
atop alaa contained a tbaraaaall. Detaction of float aevaaeat via achieved
using a aicrofaraar end vaa observed by tb* ebaaf* in pattara prodacad *a a
cathode-ray oacillograpb. Chenfas in float poaitioa vara iadoced aaiaf aa
elactraaagnat'l> placad iaaadiataly baloo aad in tba parpaadicalar axis of tb*
float. Taaparatara waa aaaaarad aaiag aa iron-con*tnntan tbaraocoapla gpd
racordad continnoaaly aa a 1 at Browa racordar. Tb* cail carrant ia tb*
magaat oaa furaiabad by a coaataat carraat aoarc* aad aaaaarad ia taraa* of
voltage drop across a 0.2-oh i standard rasistar. Tba carraat of tb* olactra*
aagaat waa iacradsad aatil tb* aagnatie fiald strength was ~efficient to pall
down tb* float. Tba taaparatara and carraat at this point war* noted over a
taaparatara raag* 25 to 206*C. Tb* praaaar* rang* corresponded to tba equi-
libria* pressor** far tbasa taaparatara*. - Far tba praliaiaary raaa, bailed
distilled water waa aaad. Tba boab was aaalad, using a staialess steal 0 ring,

aad runs war* aad* without opening tb* boab.

Froa tba data obtained, coil carraat ia tba aagaat was plotted va. the
density of tba water at tba taaparatara* aaaaarad (Fig. 14). At taro carraat
oa tb* carve, tb* earresponding density should b* that at which tb* float
jaat sinks aad baaca a aeasura of float density. Froa tka plot, this density
waa datarainad to ba 0.851 i 0.0015 g/cc (20S*C). This ia bigbsr thun tka
float density which would ba raqairad'to aeasura uraayl aalfate solntioaa
(SO ag/al) at 250*C. Accordingly, a change of density of tba float will be
required if aaasnraaaata of the aoup solutions sre to b* node 250CC.

Tb* density of tba float at 20S*C, aa indicated by the data, was lower by
0.007 g/cc than tba density calculated aaiag th* value detaraiaed at 25*C
(0.8732 g/ce) and the coefficient of tbairaal expansion for 347 staialass
etool (11.2 | 10"*/*F over the rang* 0 to 1825°F). It is believed that part
or all of tbia difference aay be attribatad to tb* taaparatara gradient between
tka caatar of tb* boab, wbar* tb* taaparatara is aaaaarad, aad tba aaiasnlatad
eads. Tka aagaituda of tbia taaparatara gradient was indicated by raising
tba tbaraocoapla wbaa tba taaparatara of tb* boab was at »2050C. At a point
1 ia. abava tba caatar the taaparatara bad dropped to 203*C aad at a point

2 ia. above tb* center tb* taaparatara was 201*C. If a siailar gradient ia

(f) I. 1. Oi*—~pert sd * | Powell, "Analytical Quotes1 Control sf tbs Hoooasaeona IWactor Solution,”
fonogsnssss fsaslor listrio nt Qmmrttrly Arogross lipsM [/*- Period lading JVovssksrig flIf
p. 160 (Jan. 30, 1>51>.
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i .«d toult . b a0 (( tk m
a«.itr .< «k. ..I.tiM ,ui k. ki(k.. tk.. tk. d...itT .. tk. p.i.t .f
............................................ ‘w -1..U1, .,..1 ,. tk.
**e ««Ilm Uud n..t d.a.itr .t tO5*C ud tk. d...itr bum ui
tk* carve.

n * e*epece iM tf tk* poiata fros U3 etam for lim ru i«
t#.001 |/cc, tkaa tk* spread kotosss carves for aaccesaire'raaa

Tki* spread U «so« approciakla. 0.004 */ce st lowor-doasity Urol, k.t tkor*
0ss appear to k* a dofiait* tread vitk tiao toward eitker kigkor-carroat or

lowor-doasity aeaseraaoat or a cki.atiea of kotk. Tk* roa.oa for tko lock
of roprodaeikility kotwooa raaa ia aow koiag larestigated. Tk* posaikility
tkat tko doaaity of tko ..tor ck.agod witk tko additioa of correal*, prod.ct.
f<o*M aalikely aiaeo tko doaaity, as dotoraiaod ky a pycaaaakgr, after tk*
M 0 0«02 «/«c witk tko doaaity of tko w.tir prior to tk*
raaa. The doaaity *f tk* float was datoraiaad’ befor* .aad after tke raaa
asiag a Westpkal kalaac*. Tklia doaaity also was feoad to kavo kooa oasoatially
aackaagod.

Tk* degre* of saccoss or failaro attrikataklo to tk* glasas (two typoa),
ehich have beea pat aa powd*rod-coaprossodefirod Lara Gaado Mcaraaic tkiaklos
okiak a.c.ao coppor coil., kaa r— ia.d aa.a.wrod to data poadi.g tk. rscsipt
f a aaitaklo typo 147 otaial... .t.al koak ad ...k .t. to ft tko gla.o.
aador gaskotiag coaditioaa of 2S to 250#C aad equilibria. sataratod atoa.
pressure..

Sack a koak, Fig. IS, Kki icoatly ko< »d together with gold O
riags.

Staialoaa .tool O riags wore oliaiaated da. to k.rd.oaa, aad copper O
riags woro oliaiaated dao to prokakl* araayl saifat* attack oa tko coppor.
Tka gold riag. wore proporod ia . Uv. Grad. AMid aad Mr* roaowod ky kra.k-
iag tk* caraaic. Tkoy war* saksogaeally prosaod ia a stool die, aad tkaa woro
aaaoalod at iOI*C for Il aia, Twoaty-foar carat gold was weed.
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Aaarieaa lutrm nt Cupiay kilk priuvrt electrical coaacetioac cad
praaaara aaala arc being aaad to eaaaact tba Q coil oith a radio frequency
aoarco. A Booataa Q actor io to bo aaed for the forthcoming toato oo a
radiofrogmoaey aoarco aad aa the aoeaariag device.

Aaaaaiaf that a aatiafactory aoal caa he aade by coatact of tbo gold 0
riag oa tho glaca, data oa tbha offoct of coaeoatratioa, toaperatore, aad
praaaara oill ho aocarod at oqailibriaa atoao proaaaroa oa aoap aolatioaa.

Siaco aa opoa-oad boating joebot oill ho aaed, toaporataro gradioata caa
ho ospoctod ia tho aoap, hat tbo gaobotiag aad over-all roopoaao of Q aador
tbo hoab coaditioao aboald ho ebtaiaod. Later, aapploaeatary gaa praaaara
coaid ho added by a alight alteration of tbo boab bond to adait or diocharge
proaaarisiag gaaa.

BAB1ATIM-BMMTAMT «LABUS8

The aaatroa-ahaorbiag glaaaea received froa A Silverman4l* are atill in
tbo pile. Upon discharge mach glnaa oill bo taatod for ebaagoo ia tbo optical
apoetraa of tbo poliabed apociacaa baiag tooted.

Poabortby laotroaoat Company, Seattle, ia tryiag to devalop for oar
parpoaoa a aaitable loo Z glooa aado of aatariola oitbh loo aoatroa croaa-
aoctioaa to alloo paaoago of tho gaaaa radiation aad aoatroaa tbhroagb tbo
glaaa, rotbor than tryiag to ahaorh tbo gaaaa radiation aad aoatroaa. If aach
a glaoa caa be aado chemically otablo for HRE parpoaoa, thea radiation toatiag
of aacb a glaoa atiliaiag B1ll oill ho iaatitated ia tho X-10 pile. Thia
approach to tba glaoa problea io oppeaite tbo approach aaiag aoatroa abaorboro.
Tha firat glaoa apociaoa aaiag eoaaea horoa baa boon received froa Peaberthy
laatraaont Coapaay for co.*roaioa or choaical atady. Thia glaaa oill ho
taatod by J. L. Eagliah ia araayl aalfato at 2S0*C aad aador 1000 pai praaaara
for ita choaical atability.
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C a Zerby

Experiaentel reaulta indicate that vortex instability occurring fron
aixad flow ia the letdown heat exchanger and valve aay be aliaiaated by the
uae of a aurge tank, reatriction, and aa up-flow ia the exchanger aad valve.
Vortex atability aay be farther iaproved by iacroaaiag the rate of flow of the
feed (pulaafeeder). Additional equipment aaat be iaatalled before atability
can bo atudied ia a true aock-ap of the HRE. Proaaure-drop data for the
ayatea coapoaenta under varioua taaperatare conditiona are given. The flaae
recoabiaar ayatea baa been iaatalled on the aock-ap aad ia ready for teating.

Methoda for reducing bearing loada and for iacreaaiag the load-carrying
capacity of beariaga are deacribed. One act of graphitar beariaga baa operated
aatiafactorily for 1040 hr under very aevere coaditiona. A atellite beariag-
journal coabination haa been taatad aad a act of beariaga baa been iaatalled
in a puap. Although operatioa tine baa been abort, aad bearing deaign baa
been liaited by availability of castings, promising reaulta have been obtained,
aad the puap ia atill ruaaiag aatiafactorily after 300 hr of oporation ia
water.

Mixing retea have been aeaaured under iaotberoal conditioaa ia varioua
regioaa of the core. Introduction of hot and cold water did not reault in
obaervablo ebangaa. Several different bafflea wore teated, aad one coaaiatiag
of aiople roda located oa radii produced good reaulta. Further afforta will
be aada to appraiae the affect of deaaity diffarencaa ia the core ia aa
atteaipt to prove that baffles are unneceaaary.
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Vortex Stability. Aa reported io a previous quarterly progreaa report,*1*
the gas-removal syateaa for the core developed an oscillation which cauaed
the vortex void in the cu»e to change volune at a regular frequency. Siace
thia condition ia undaairabla in the reactor, a development program was under-
taken to eliminate it.

lhe oaciliation van obaerved in all conpoaenta of the letdown ayatem aad
had a frequency of IS to 30 cycloa/mia. The magnitude of the fluctuation *aa
50 to 100 cc ia the preaauriter level. Thia repreaoata the pulaation in the
entire circulating and letdown ayatema. Obaervatioaa through wiadowa ia the
core ahowod an oatiaated volume change in the vortex void of 22 cc at gaa
flown coaparable to naxinua reactor coaditiona. Thia ia .05% of core volume.

All evideaee to date indicatea that the letdown valwo in conjunction with
the compressible volune ia the prtsiiriitr ia the source of the cscilistio*.
Teata deacribed in ORNL-990 ahowod that the oaciliation occurred when gaa
waa admitted between the core aad the letdown heat axchaager with or without
circulation in the core. Thia would indicate that the vortex oaciliation is a
result of, rather than the cause of, the oaciliation.

Status ef Stability Tasting. The nock-ap (see Fig. 16) ia presently
being reconstructed, incorprrating the features developed in the experineatal
program aad additional equipment which will permit 250°C operatioa. Theaa
features are shown ia Fig. 17, aad the expetinental results which suggested
then follow. Various conbinatioas of these features resulted in stability up
to 110%yof the design gas flow (at 1000 kw power level, asauning SO av per
aolecule of H,0 decomposed) at 230*C. and 218% of gas flow at 1S0*C. Lack of
heating capacity prevented operatioa at higher teaperatures in both cases.

f. Letdown Streaa in the Annuls* of tko Letdown Hoot Exchanger. Thia
arraageaent was the result of considerable testing, a discussion of which ia
given in OFNL-990. Before successful means of controlling oscillation worn
discovered, taste in the letdown heat exchanger on tubas of various lengths
and diaaotero showed the annular passage to be far more stable than a tube of

(1) J. S. Culver, R. H Vilsea, .*d~C- D. Zerby, '*VC Cora-Oas Renewal System/ tfoeog—roes Are*tor
thertaeut Quarterly Progress Report for Ported todimg February tt. lilt. ORNL WO, p. 22 (Hay IS.
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equivalent croan-nectioa. The teat eschaager eea a 20 ft length of 1/4-ia.
pipe iaside 1/2-ia. pipe. The proponed design for the raecter ie SO ft loag
end is aoe beiag installed ia the aock-ap for testing.

2. Upward Approach to the Letdown Kales. Iqg a paper hp 0. P. Berglia(c>
it eas pointed out thpt a too-phase floe ip vertical pipes produces babhles.
slugging, and aaaalar TfTlee if the flee i1a upward, Only slagging and anaalar
floe are observed in a downward floe. The severity of the slugging should be

leas 1a the loraor case.

These effects eere observed ia a high-pressure gauge glass i1a the letdown
atreaa. Siace slagging oaa thought to iaitiate the osoillatioa at the letdeea
valve, the piping eas arranged to provide a vertical approach te the .valve.
This change aade a great iaproveaeat ia the aaoothadsa of operation.

3. 1/i-in. Orifieo Upatraoa of the Letdeea Boat fschoager. Edriy teats
ia which a hand valve vaa iaaerted ia the letdeea lias above tbe heat ei-
chaager shooed a beneficial effect oa operation with the valve open. Throt-
tling with the valve produced a high-frequency oscillation ia the vortes. Re-
aovel of the valve developed a slight instability at certain gas flee rates
which had not previously appeared. On the basis of these observations a
coastrictioa 1 ia. long aad 1/8 in. disaster was svbatitated for the valve.
It is believed that this orifice tends te daap out osdliatiea between the
letdowa valve aad the compressible voluee i1a tbe presseriser. The ceabiaatioa
of steps (1), (@, and (3) allowed steady operation up to 200*C.

4. -Surge Tank Upatraoa of Letdown Kolve. Siace all evideace indicated
that the letdowa valve was the source of the oscillation, oae solution to ths
problea would be to daap oat fluctuations that night iaitiate oscillation at
this point. To accoapliah this a surge taah aad throttling valve were in-
stalled, as shown ia Fig. 17. Varying the setting of the 1/8-in. throttling
valve established aa optiaua position which was later calibrated aad foaad to
be equivalent to aa orifice .034S i1a. ia disaster. This arrangement allowed
operation nithoat oscillation ap to 230"C aad a gas flew of 1100 cfh. Ths
eapected asaiaua ia the reactor is 1000 cfh at 1000 he. Liaitatieas oa the

heating systee prevented operation at higher temperature.

@ a P. Barflis, -Plow ef Gv* Liquid thsuw*,” Om. tog. M. 104 (Hy 19/9).
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5% Ineramaad flow in Liquid Letdown Stream. Prtliaiaary testing os the
neck -up was performed by a snail triplex puap, replacing the palas feeder peep,
ebicb originally delivered only 0.67 gpn. However, repeckiag the puap in-
creased tbe flow to 1 gpn and prodaccd a narked inproveneat in stability.

Farther tests were node oa letdown liquid streaas greater tkaa 1 gpn. By
changing palleys the paap was nsde to deliver 1-0 gpn. Becsase of Imitations
in the beating aysten tkia coaid be operated only ap to 1S0°C sad showed ao
tendency to oscillate at a gas flow exceediag 2000 cfh. A farther test was
nade by diverting the letdown stresa through the inner tabe ef the beet ex-
changer and renoving the serge tsak. Previously, sack a aysten woald oscillate
at 50*C when the gas flow exceeded 100 efh; with tbe increased flow tbe sane
system did not oscillate at 1S0°C and a gas flow of 2180 cfh.

Modifications planned for the pulsafeeder are expected te increase
delivery fron 0.6 to 1.6 gpn with piping identical to the reactor.

The inproveneat in operating stability with tbe serge tank aad 1.1 gpng
letdown atrean is shown in Fig 18 The poiné shown for the inproved systen
represent the nsxinun conditions which conld be obtained oa the apparatas
rather tkaa a nsxinan stable condition. It shonld be noted that a stable
system does not becone unstable as the teaperatare or gas flow is reduced.

Plana far Patara Stability Testing. The completed nock-ap will have a
new soap beater and a 40 kw eteaa boiler which will allow coatinaoas operation
at 250*C aad perhaps at higher tenperatures. The letdown aysten will be
tested asiag the valve and heat exchanger which were built for aae in the
reactor. Stability checks will be run under all conditions expecthd in the
reactor, aad low-teaperacure —low pressure runs will be nade to sssuro stabil-
ity dariag the proposed prelininsry low power tests of the reactor. In

addition, a progrsa to develop and test an external gas separator as an
alternative procedure will be initiated.

When tbe stean pressuriter designed for tbe reactor is available it will
be installed and tested with the level controller in operation all preliniaary
testing being done with water and kalian

After all coaponeats have operated satisfactorily, the systen will be
converted to soup operation This will involve replacing the present sphere,
which has windows and rebuilding the 100A pump te the latest specifications.
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Liiitlii CtMItlou To Considered tkea rUeatai Loe-Presaere Import*
s0at. In regard to stability, lower operating pressures decrease the tendency
to oscillate by permitting a greater opening in the letdown reive However
as the pressure drop across the valve decreases, the range of control is
reduced until the valve can no longer hold tVe presnuriser level constant A
mininun pressure drop of 2S0 pai across this valve was found to be adequate oa
the test apparatus

The two phase flow in the letdown strean produces a large pressure drop
across the letdown heat exchanger at high gas flow rates Data for the re
actor exchanger cannot be obtained until the actual heat exchanger is tested
however, the experinental equipnent gives values in the order of 250 psi
These two factors are additive hence s minimum operating pressure of 500 psi
will be Required if gas flow rates in the order of the reactor naxiuun are to
be experienced,

Pressure-Prop leaseraueuts To add to the general knowledge «a the
hydraulics of the circulating ivit«», pressure drop oeasareaenta and puup
performance in o typical reactor circuit were neasured The results are
presented in Fig 19

Pninnfoeder Testa. A puleafeeder pump was installed in the nock up with
all piping designed to duplicate the sue length and nunber of benaa found
in the reactor. After carefully elininating all air fron the syaten the puap
would reliably deliver only 0 6 gpm

Calculation of available piston displncenent corrected forconpreseibility
of oil and water in the pipes showed the maximum possible delivety to be 0 785
gpa, On this basis it is planned to substitute a larger cylinder'ia the oil
pump which will give s calculated delivery of 1 6 gpm

Plano lecoabiaer far HR loch-llp. The flame rocoabiae * and associated
control instruments have been installed in tie HRE mock up sad are ready for
testing. When sufficient teats have been completed to prove the operation of
‘the nock-up recombiner as s separate unit and the hydrodynauics of the gee
letdown system has been satisfactorily reaolvad the two ayateaa will be
joined end operated as e unit The apparatus is available for injecting
measured flow* of hydrogen and oxygen directly into the reactor core at the
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fall operating prosaare of 1000 pel for tbe altiesto toot when sofa oporatioa
bos boon aosarod.

Aa air-noaitoring ayatoo akiek will datoct kydrogaa ia the kaildiaf
atarnsphere ia being iaatallad to prevent tka poaaikility of foraiag explosive
coaditiaaa ia tka baildiag ia eaaa of a look ia tka kydrogaa ayatoa.

KBCIBCVLATIOH PW MAIIMS

Soap ia tka HRE will ba raeirealatad by aaaaa of a 100-gpai Westiaghease
eaaaad rotor paap, vitk kaariaga which oporata totally aabaorgad. A aaall
atraaa of elaaa aator (1 gpk) aill ba paapad iato tka% kaariag chaabar dariag
aoraal oparatioa, bat tka baariaga aaat ba capable of oparatiag far abort
porioda ia caataet vitk raaotor aolatioaa. Vaar prodacta froa tka baariaga
will fiad tkair aay iato tka aoup ayatoa

Although tka ataadard paap oaa aappliod oitk graphitar No. 14 baariaga
aad nickel-bonded TiC joaraala, tka TiC joaraala hare been replaced by atellite
bocaaaa tka WO, aood for passivation attacked the aickal. Static correaion
toata aad extensive paap oparatioa iadirato tkat tkia ia aa accoptabla ckaaga.
Fartkar inproveaeats aay ba poaaiblo by altoriag tka deaiga of tka bearing,
reducing tka bearing load, and/or roplaciag tka grapkitar by stellate or aoaa
otker aatarinl.

Baeaaaa tka front bearing coaaiatoatly showed aigns of greater load tkaa
tko back oaa, a teat oaa aada to datoraiaa tka nagaitada aad direction of this
radial load, tka raaalta of vkich akoeed it to ba 7S to 100 Ib directed toward
tko discharge opening. Tkia bearing coataiaa two grooves oriented ia a
keriaoatal plana tkroagk tka al.aft, tkaa placing one groove ia tko Kkigk-
proaaara region and aarioaaly lowering ita load carrying capacity. .la tka
fataro, tka front bearing will have only oaa groowe, located in tka low-
praaaara region. The factor of safety ia the bearing design nay also ba in-
creased by reducing tko load.

Two aatkoda are poaaiblo for redacing tka radial load coaiponaat on tka
froat bearing:
1 ko aao of a double scroll in tka iapeller housing.

2. Tka installation of a second pump diackarga, located approxi*
aataly 1SO* froa the present diackarga, wkick will probably
reduce tka load to aboat 10% of tka present MOO Ib
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Method (1) n i discarded bocaaso alteration of the present puwps to in-
corporate this fpatura eoald be difficalt, aad extensive testing would be
necessary. Although uethod (2) is andesirablo boesase two Hatched discharge
pipes aro required for satisfactory results, one of the puap housings is being

aodifiod to test this scheae.

Thrust bearing stadias have been usds and testa using a nodal boariag are
under way to spprsisa possible iaproveaents. It is apparent that this
bearing cannot be expected to carry heavy loads. The puup has four pads
voided in the iapeller housing, asking it posaibla to redacs or aliaiaate
thrust loads by adjusting the position of the iapoller on tbs abaft, tbs
sdjustaeata being node after each puup slteratioa. Unless it becoaes aacossary
to reaove the pads, the presoat thrust bearings appear satisfactory; howovar,
local erosion narks indicate that pad reaoval nay ba desirable. Alternate
aeans of handling thrust loads are under invastigatioa, and it is believed
that the installation of a Kingsbury-type thrust bearing is the aost sinple
solution to this problea. It will be possible to deteraine if this change is
necessary when the soup rocirculation test loops have been operated for longer

periods.

One of the 100A puap loops has now operated 1040 hr with soup in the
loop and bearing chsaber. The graphite puap bearings vara inspected after
600 hr of operation with only negligible wear being observed; on the front
bearing the wear was approxiaately 0.0005 in., and on the roar it was 0.0002
in Son# scratches wore noted on the frbnt (graphitar) bearing, resulting
froa abrasives in the liquid, and tba stellite journal showed slight aigns of

cheaical attack.

The test is considered aore severe than will be encountered in the re-
actor because: (1) the soup was precipitated frequently, providing abrasives
which daaaged the bearing, (2) aany starts and stops ware necessary in tasting
soup stability and changing operating conditions; and (3) the soup was contin-
uously in the bearing chsaber, no outer injection being used. Graphite

bearings are therefore considered to ba vary proaising.

There has been soae evidence that graphitar No. 14, the original bearing
asterial, nay cause soup precipitation, and in view of this 2S alloys are
undergoing corrosion tests in a preliainary study to find other suitable

journal-bearing coubinationa.
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Bt«ri>| teats oa atailita 98M2 kata baaa aada and oae journal bearing
coabinatioa asing thia allay aaa operated coatiauaaaly in eater under simulated
lead far 2SO0 hr, completing 550 etart-etop cyclaa under ererlead conditions
before failure occurred.

Oae 100A peep baa bean fitted with atellite 98M2 bearinga and jouraala
and ia preaeatly being tented, a 300 hr operation ia eater haring been logged
te date. Aa examination after 18 br ahoeed throat eear. raaultiag from loada
farced on the bearinga while aaking adjuataenta to eliminate the threat lead,
bet the redial eectioa waa aatiafaetory. The beariaga were again inatalled in
the poap eithout repairing tbhe damaged threat facea. Watt aater readinga
indicate that operatiea ia aatiafaetory.

Theae stellite baaringa hare too lubricant groorea becauae aeitable
caatinga eere not on hand when the bearinga were machined, hoeerer, nee
caatinga hare bean received and a aingle, or poaaibby no groore, will noe be
need. Thbia change will greatly incraaaa the load-carrying capacity of the
bearing. The preaent beariaga eere aligned by line lapping while mounted in
the puap. Aa a poaaibla iaproreaent in maintaining preciae alignaent a aelf
aligning bearing aount ia being considered

A 17-7 PH atainlaaa ateel bearing eaa tented againat a atellite 98M2
journal and operated continuouwly for 72 hr ia eater under load, hoeerer,
thia combination failed quickly under etart-atop operation

NIXING IN T8K 888 COBB

A atudy haa been in progreaa to evaluate the nixing characteriatica of
the HRE core and to attenpt to improve the nixing, in partially atagaant
ragiona. Thia work hue been carried on in a tranaparent, full acale,plastic
aphare. Date are obtained by introducing and atudying variation* in teaper
ature and dye concentration with time Obaervationa are made at varioua
pointa in the veaael by neana of aovabla probea.

Aa deacribed in the prerioua quarterly report:*;il hoa been found that
liquid rotetea in a atable orbit in the body of the aphere and aixea eith
atreaaa bypaaaing along the walla of the veaael In the northern hemisphere,

()) 1 Spiawak and J 0 Brarifu r "™ im i ia tka IK Cora, " Homottmtout Jra-tar fspt .a»af Oumrtir-
ly degree* JUpo-» /e* ftHad fad-ng fth at-y U. Iff!l, OWL WO p JI (Ma? li 1*51)
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which includes the inlet end outlet connections, this bypass pass directly
fraa the islet te the outlet. Is the soothers hesisphere the stress finds s
vertical path ep through the central axis of the sphere sad eat.

Aa a result of this aechaaiao, there is a region, located in a cylinder
with an inside radios of about 6 co and aa outside radius of 11 co, in which
nixing takes place rather poorly, coopered to average nixing ia the reactor.
(The sphere radius is 22.9 ca.) The flow pattern is described nore fully in
OFNL 990.

Quantitatively, nixing ia this region requires approxinetely six tines as
long as the average for the entire vessel, with no density grsdieats ia the
liguid. The southern henisphera is slightly worse ia this respect then is the
northern henisphera. There appeerp to be no significant change in these
figures with e 2.5-fold change in viscosity obtainable between 10 sad SO*C.
Also, if the flow rate is halved, nixibg is twice as slow throughout.

It was hoped that introducing cold water into a sphere filled with hot
water would inprove the nixing of the stagnant rsgion by virtue of the cen-
trifugal effects on density variations. The density differences obtainabls
within the linits of the epperstus (0.9%) produced no observable difference in
the rate of nixing. Hie density variation in the reactor operating at 1000 kw
will probably anount to about S% Further study of ths effect of density
differences in this raags will be nade at roon tenperature with nethanol
solutions.

Unleas this density affect is appreciable, to avoid local overheating ia
stagnant areas it aiay be aecesssry to use aiechanicel obstructions which dis-
tribute the flow properly. These baffles would have to strike the proper
belance between (1) effect on aixing, (2) effect on gas renoval, (3) affect on
reactivity, and (4) structural strength and resistance to fatigae.

Various types of baffles have bee* tried in the sphere with partial
success. In no case was the anount of natal inserted unfeasible frea the
nuclear standpoint. These include:

1. Cylindrical Roda. Cylindrical reds were nounted slang radii in the
horisontal equatorial plane of the sphere. The rods were either 1/8 or 3/16
in. ia dianeter. The optinun length was 7 in., bringing the rods out fron



tli« tpktra nil, through the stagnant layer, aadjaat iato theapdraft going
to tha outlet. The rotational flowia aoraal to those rods, prodaeiag a
tarbaloat praaaara losa behind thaa. This lowpressurearea draws liquid
through the atagaaat region and into the central updraft For roughly 2 in
oa both sidaa of the plane of the rods tha aaxiaua rasidenca tine.was found
to ba about 1SX above the average residence tine for the spheare.* Tha re*
aaiader of tha atagaaat region ia affected to a leaser degree aad ita resi-
dence tins is about twice the average which still is a groat iaprovetpont over
the condition with no baffles The effoctivanoss of tha rode ba a given
vortical location appears relatively insensitive to the nnabor of rods or to
their diaawtsr. One. two, aad throe rods wore tried with siailar effectiveness.

Tha turbulence induced by the rods had tha affect of increasing tha
precession ef the vortea. The degree to which this occurs, however, is not
serious. Vertical rods have boon found to have a greater effect on the vortex.

Resonance vibrations were present in a particular rod over a flew*range
of about 30X Only ainor oscillations were present at all other flow rate*.
The flow rata at which resonance exists is deteraiaed by the length aad aoaent
of inertia of the rod and by the velocity of fluid slipping past it. Eight-
inch stainless stool tubing in reaonaaca failed very soon. Failure occurred
usually where there were scratches or threads. Over tan aillion cycles were
obtained on aild steel 3/16 in rod without any failures. Unless>stress cor-
rosion is a serious problea there should be no failures after this according
to literature fatigue data If rods are used in the reactor, they will he
noarosensting within the expected flow range.

J.  Strssalinv Bmffltt. Airfoila about 1 ia wide and 3/16 ia high at
the aaxiaua vara aountad in position siailar to the rods. Those provided only
skin friction to pull liquid in toward the center, with a ainiaua of tur
buleaca. The vibration problea waa alleviated and the vortex was stabilised.
However, the reduction in residence tiae ef the stagnant region win only 20X
Apparently it is aeeeaeery to increase turbulence* to bring obout the desired
aixiag.

J. Vitrtifl Fins. Six vertical fins, 5 in high and IX in wide, were
aeunted in pairs on three symaetricai cylindrical rods in an effort to pro-
duce slag flow through the sphere. The fine ware curved slightly to fellow
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the flow lines, and the rotational flow intersected the fin* at a snail angle.
A definite alng flow component was observed at the elevation of the fins, bnt
stagnation peraiated at other elevatioaa. This was the only slag flow ever
obtained in the plastic nodal. The vortea was gnite nnatabla.

4. Horizontal Fint. Surfaces intersectiag the flow lines at about a 4S*
angle were placed lengthwise on three equatorial rods. This seeeed to throw
the flow up into the northers hemisphere end down into the southern hemisphere,
destroying the tendency of the liquid to rotate, which is essential for gas
removal.

5. Boll. An inverted bell-shaped device nouated near the bottom of the
sphere was designed to divert part of the updraft into the stagnant region.
The neaimnm residence tine was lowered somewhat, and the stagnant region was
shifted more toward the oatside of the sphere. The flow pattern through the
sphere was considerably nodifiad. However, the bell was not properly aligned,
and the vortex was quite unstable. It appears to be impractical to consider
this device for the HRE on the basis of alignment problems alone.

If baffles are to be used in the reactor, horisontal rods appear to be
the best type. Additional testing and analysis will be required before the
desirability of using baffles can be definitely determined.

107-106

no

1+ ilTL



foaed

L =

(1 L

109-110

TE es e = s 2
® eoeo eoeo(ooe



7. PHASE STABILITY OF ALTERNATE SYSTEMS

V. L. Marshall

Pressure 5tadiee Phase 5 tedtee
« 0. Oar. Jr. J. S. Gall
I. V. Vr»*t
PBIMUBI ITU*IKS Mr PUKL 11ITSI8

The purpose of this investigation ia to provide fundamental thernal-
praaswro data for tko corroot fool oodioo (U01SO# -HJO) and for tho UOjF, -H#0
nd UO, (NO,),-HjO ayatooa. Tko work kaa boon divided into too porta, namely,
loo- toaporatoro investigation op to ISO to 17S*C and investigation from tkoao
tanporaturoa op to tko critical region.

Apparatus for tko loo-toaporatoro aoaaoronsata kaa boon doaigaod and
cooatroctod. A prociaioa tkornoatot okick can naiataio tko toaporatoro oitkia
10 002*'C for long periods at toaporatoroa of SO to 16S*C kaa kooa node. Tko
oatiro apparatus kaa boon doaigaod oitk tko goalofkigk prociaioa aad accuracy
ia aiad.

Actual laboratory oork oa tko higk-praaaoro region kaa not yot bogoa.
However, much tkoogkt kaa boon given to tko probloa of getting highly accorata
results, aad oxporiaaatal oork is to be atartad ia tko near fotora.

TB UKANVL NITftATB—U H I SYSTCN AMVI Igg*C

Tko oxporiaaatal iavoati gatioa of tko oraayl nitrete—water ayatea above
180JC ia givaa ia proviooa reports.*1e** Briefly, hydrolytic docoapoaitioa
of oraayl aitiate—eatar aolotioaa oecora above 114*C ia a cloaod ayataa af
I'l liquid-to-vapor voloao ratio. Tko prociao toaporatoro of precipitation
of a yellow solid is dopoadoat oa coacaatratioa. Tko procipitatioa toaporatoro
is aboat 260“C ia vary low coacoatratioaa aad iacroaaos to a me*imum of aboot
345°C for a 55 wt % aolotioa. The toaporatoro tkoa decreases to 1842C at tke
theoretical coapositioa of oraayl aitrata dikydrato.

uy V L Heraltall, J t Gill, aad C. I _Sec07. *The L_Jraaell Nitrete—Veter System Above 1*0 C."
Cktmiitry gteisiea Qm>*rfrly Prmg-ee. isperl far Period fading Isrd J|, |fj], (*VIL>19S3. p. S3
(to be isaved).

(1) V L Heretell eed J. S. Gill, *Aqweees Uraayl Nitrate emd Uraeyl Nitrate—Nitric Acid—Veter
Sciaticas Above 100jCa%fbeegee«oe* feaeter fm iritm I Progress Pspec» f*r Pe-ied fad-lag
Petreery tf, IPS*. O ft 990, p 110 (Her 1*. 19S1)



The teaperatwre at which a red bron vapor phase appaara ia about 2I1S*C
ia the dilute region tad decreases to approxiaately 184C ia the saturated
solatioa.

Thia vapor phase coloration phenoaeaon is reversible with toaperature

however, tbe yellow solid appearing at tba upper teaperaturs ia of question*
able reversibility.

m MUIH TBIXIM—PMSTIMIC M I11-U ftt ITCTU

A fuadaaeatal investigation ia under way on uraaiwa triexrde solubility
** pbaapboric said solution* up 10 tba critical teaperatures of tba aysteas
la this iavestigetion exploratory solubility deteraiaatioas bavo been aade
ia tba range 100 to 300 C using 1. 2 sad J | orthopuosphoric acid. As a
raaalt of this work concentration of effort is to be on aolubilitiaa ia 2 If
acid. After phase eqailibriua conditions are established for this aystea.
solubilities will be deteraiaed ia other acid coaceatratioas. Therefore, with
these data the ceaceatratiea of acid aeceaaary to dissolve a gives aaouat of
araaiua triexide at a fixed toaperature night be deteraiaed

Carraat taperleontel Staton. A synthetic aetkod described previously*>
has beau used. Experiaeatai data obtained by this aethod are given ia Table 24
and are shewn ia Fig. 20 Exploratory data froa Lea Alaaoa <> sad else-
where are included

work at OMK>, ia 2 Macid selatioaa sulky, gelatinous type pro*
cipitatea appeared upon reach.ng th«igivea teaperatures. These precipitates
sensed to change character to ftfra long cryetoi Use needles. Vhea the teapere*
tare was lowered $0 to 75 C for 10-hr periods, the e-yetala did net appear ta
redissolve. Until thia point of precise solubility ia established the sola*
hility carves ip Fig. 20 aaat be considered as only tentative

f; Mr}](reSeI J S Gill, isd C H_ Se.ey. *TW Urasyl Flnerlde—9aver Svatoa * Cktmimir*

r*vrN. Am tb F# '*dfadlng JL. IMAm 3 . T jNL*.
I * lee Alenes faisetiftc Lsheratec-y. privets ussut 5%
D Salability »f U myl 4eeee.ua fal/ete, Y-J|l A> 1 1, 1949)

Oeai”s! T*rie *lag* Dtvisiea, Oka Ridge "ettaael Lsheretery. e®ubliahed date
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Th* initial altaraata speculations arc aa follows:

1. Carrs Bia Fig. 20 ia a ostaatabla carro, and ths aystea has
sabsequsatly converted to a atabls phase possessing a loo aola-
bility cbangs with tsopsratsrs.

2. Carso Bia Fig. 20 is o atabla carve, bat tho rstara approach to
egailibriaa is alow.

2. Thbs data reported along Carso B ara tbo ronalts of aaporboating
pbsnonsna, and tbo trao solability points oro at lowor teapera-
taroo.

Aftor a coasidsratioa of tbho oboso factors, it bos boon docidsd to cbongo to
an analytical nothod for tbo otady of this aysion. Work in this diroction is
ia progress.

BFFBCT OF FKBBIC HIM M CBITICAL BtLUTIM TBBPEBATUBBS
OF TM UBAKVL SULMT1—OATOI OTgtBg

A siaaal stady baa boon wado of tbs offset of forric oxide on tho critical
solatioa tenpsrataro on tbo araayl anlfate*->water ayston. Prosioaa stadias
of tbo araayl salfatO'—aalfaric acPd—water ayston abowod an olosatioa of tho
critical solatioa toaporataro proportional to tbo aaouat of excsss salfuric
acid.<T>

la tbo prosoat iasostigatioa it was thought tbat forric oxide night altar
tbs two ligaid-pbaso pbonoasaoa to socb on oxtoa . as to ebaago coaditioaa for
a hoaogoaooas rsactor solatioa at 200 to 300°C.

Bxperlaeatal. Uraayl owlfato tribydrato proparod by tho Y-12 Cboaical
Dspartaoat was osod. This notarial was cbockod for parity and excess acidity
by analysis and by pR dotaraiaatioaa. Forric oxide powder, c.p., was obtaiaod
froa Babor aad Adaasoa.

Approxiaately 1.3 al sack of agaooas araayl aalfato solotioas of 4.0,
9.7, 19.4, aad 30.0 wt 9swas soalod in silica taboo of 11 ca length and 4 an
I.D, containing approxiaatoly 100 ag FetOa. In addition, a blank was proparod
asing distilled wator. Those tokos wars roebod ia a spocial rocker-heater

() » B Usd wJ C B Bessy, ‘Farther Sted> of tbs IWe-Ugaid Phase fegieo of tbs Breton UQK> ¢
O tiiil'jt 1tiiiM Qasrtsrly Prsgrtti Jlspsrf */sr P«-isd Xadisg 5#yl«ek«- if, [ff),
OWL-*70. p. ti (Bar. 1. MI)
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device, the teaperetere wee raised er lowered, aad observation were aide

through « slit. Details of the sutbod have been gives previously/**

I* ail reus, including the bleak, the ferric oxide particles appeared to
iacrease in site aad aettle faster ia the tubes as the teoqperatare was raised.
At the critical solution teeperature the aolid ferric oxide cellected ia the
heavier liquid phase, thus stopping all raadoe notion of the particles. The
teaperatare appeared te he lowered 3 or 4*C under that of a ferric oxide—free
araayl sulfate eolation, hut this effect is not eertaia. No such pheaoaeaoa

was observed ia the bleak.

When the teaperatare was lowered, the return to complete aiscibility
could bo delayed as auch as 10 er 15"C if the solution was coaled as fast as
1 or | SC per aiaate. The delay ia proportional, to the ceoligg rate, indicating

a possible physical effect ef the particles. =m .

Analysis ef the superaataat after a runs bowed ao change ia the uraaiaa

concentration A negligible aaoaat of iron was’'preseat ia selatiea
!
la effect, ferric exida powder aught pessibly lower the critical solatioa

teaperaturo of araayl sulfate solatioas several degrees, at least up- te 30
wt % aelt. No visual effects were noted belew tbpse teaperatures. Higher
accuracy could net be obtained bocaaso ef observational difficulties ia the

presence ef ferric oxide.
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| SOLUBILITY OF NSSION PBODUCT SULFATES

8 Zeael

The deteruinetion of ike high temperature aolubilitiea of tki aori
insoluble fission product sulfstos is continuing using radioactive tracara,
staialoaa stool boobs and filter disks Tbho filter disks onsblo sopsrstion
of solution sad procipitato st a given taaporature before cooling down,

In order to avoid corrosion problooo in detorniaing tbo aolubilitios in
tke presence of sranyl sulfate solutions, tbo boobs wore provided with plstinuo
liners and tbo stainless steel filter disks wore replaced by olundun disks

Solubility studios were node of SrS04, BsSO#, and YjISO”), in U0fSO4
(30 g of uraniun per liter). After tkis work was conplotod tke U0fS04 was
found to be iepure, and tbe studies will therefore be repeated Studies wore
also node of LsJ(SO#)J snd Ag| S04 in water Because of tke short balf-life of
tke Isntksnun activity available and tke difficulties involved in its puri-
fication, tke cooplota Ls>(SO#)# curve kas not yet been prepared. Tke values
obtained for AgfS04 are given in tbe range 14S to 330*C and wore ckecked by
potontioootric titrations. An nttenpt was node to run at leant part of tke
Ag,S04 solubility curve (Fig. 21) by tka quarts tube aetkod os a further cheek,
but the coopound proved to be pkotosousitivo and tke results wore coasidorod
unreliable

TABLE SB

elability of Ag2SB4 la BB
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9. SLURRY STUDIES

* * * army»iss Ou.it SImrritt IWriH OQOuidt SImrritt
" jtas.
tt > L Feeler

UURIMI U IK SLUBBIBB

During the past quarter further investigations ware aade iate the prepa-
ration of araniaa oxide slurries suitable for uso ia the homogeneous reactor
project.

The slarriea will coataia 40 g of uraaiua per liter sad oust he stable
with raapwet to sediaentatioa upoa shutdown of the alurry-circulating systea.
The reactor will oparata at 2S0eC aad 1000 psi pressure.

Pro liaiaary experiawats oa the irradiatioa of natural uraaiaa oxide
slurries stabilised with bentonite were coaplwtsd. It appears that aaaples
of the alarries irradiated for 1 week while being heated at 2S0°C were coapa-
rable ia stability towards sediaeatation with control aaaples of the slurries
which were only heated et 250*C.

Electron nicrographs of heated uraaiua trioxide—water slurries have beea
obtained with and without beatonite which indicate that one function ef the
bentonite is to hinder the growth of larger particles.

Investigations were also bogus iato aethods of preparation of uraaiaa
peroxide which is used aa the source of anhydrous araaiua triexide. There are
no date currently available on the raletion between the aethod of preparation
and the slurry stability.

Prellaiaary Kipertaunts aa Irraditation ef Nataral Vraaiaa Triexide—Voter
mlarriea. The experiaeatal details a”“p**eaulta ef this irradiatioa test are
presented fa Table 26.

The agreeaent between the irrediated aad upicradiated heated slurries is
good. Further, the fact that the results varied with the individual oxides
indicates that the aaall disaster of the tubes do”s not affect the sedimenta-
tion process greatly, although circulation of the slurry was Ignited during
the heating period as evideaced by sons cluapiag ia the slurry.
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TABU SB

PralU lairr BinrIM ata n Irredlatlea af Hatanl Uraaiaa
TriailSa—Tatar Blarrlaa at g»S*C

Slurry compoaitiom:
Uraaiaa (natural), 40 g as anhydrous UQ,

Bentonite, 1000 al of a saspoasioa of IS g of dialysed boatoaito
solids; average particls also bales 25 mt

(footing conditions: 2S0*C for 1 seek
Irradiation kola 12 af OWL raactor (aaatroa flax ' 5 1 1011)
Settling tiax; J waoks at rooa toaparataro
Exporiaoata carriad oat ia 4'nn-1.D. aaalad gaarta tabes ia daplicato
VOLUVE RATIO OT SETTLED SOLIDS TO
TOTAL

SATED ONLY S
(csstrelj IRRADIATED SUfMO

M aside

vieesly repacted reeslte

kmimg 9 1 g Is free WO,

It is iataroatiag that a slarry of tbs Il oxida which bad beoa heated for
8 days ia a stainless stool boab that had been agitatod by rockiag abowed a
settled-solids-ro laae/total-tolaaw ratio of 0.88 aftar a long sediaeatatioa
tiao. This is ia good agreement with tbs gaarta-tabs raaalta fires abore.

It appoara then that tbe offocta of radiatioa oa tbs atability of tboao
natural araaiaa oxida alarriaa ara sot nore adverse tbaa thermal affects.

Function of Baataalta ia Slarry Stabilisation. Aa attempt has been mads
to elucidate tbe aataro of tbo function of boatoaito ia slurry stabilisation.



For this purpose particle*sise determinations vara ud«

by oloctroa mieroaeopy

oa aahaated aad boated UO, alarriaa aad boated DO, olarriaa containing boa*

toaito.

The asides aad olarriaa oaed vara tboao deacribed

ia Table 26.

roaolta are given

Farticle*lias

ia Table 27.

leteraiaatleaa

TAILS IT

ia Oreaiaa Triexide—later Harries af

Ceasesitiea lheaa

Heating conditions:

Particle*aise aeasareaeats Bade

ia Table St

SO br at 2S0*C ia aealed quarts tabes

ia electron microscope?

The

mAID UO DI KRTCRITE

11H  Till UO, IN 1,0 HEATED U0, IN H,0 DION
PARTICLE SIZE (»> PARTICLE SIZE (*) PARTICLE SIZE Cjt)
MATERIAL average in AVERAGE RAWS AVERAS RAM
1 aside U «+ 01 -14 0.1 e 01 ¢ s OS «01 - 14
M amid* b.t M1l -05 .. f ¢ 01 . - ..1 0.M - 1.5
K Midi b.t -« 0S-1 I f 001« If e.1 00 - 1
Although ia all cases there ia aa iacreaae ia the average sise on heating,

the praaeace of heatoaite considerably aarrevs tbe raage of particle sites,
especially with respect to formation of the larger particles.

One possible explanation for this aay be that tbe beateaite toads to coat
the oxide particles aad provost then from cealaaciag. This is ia heaping with
tbe previously noted behavior that saallor aaeuata of heatoaite consisting of
very fiae particles are as efficiaat as larger asonata of heatoaite coataiaiag
larger particles since ia the feraer case a gives oeight of beateaite will
yield aore particles.

A fairly general pbeaeasaon
is for tbs larger
as sccara

matbeda af Preparation of Uraayl peroxide.
ia tbe aging of precipitates st elevated teaperatares
to groe at the expense of smaller ossa, for exaaple,

aoted

particles ia
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the agiag +( BaS04. It ipptara that if it is possible ts obtsis a vary aaifera
particla sits, tbs growth process asy bo ratardai. Thboa, is tha case of
araaiaai triexide—water slurries, if, oaco tba optiaoa particla site baa baoa
chosen, tbha particle-aise distribution spread caald ba aado vary Borrow abost
that aias, it aigbt ba poasiblo to aiaiaisa tha affoct of particla growth as a
coatribatiag factor toward alarry instability.

la all thsss experiaeats aaybdroas UO4 is praparad by dacoaposiag UO04 *2HtO,
tbarafara aa investigation was begaa oa tha affoct of variations ia tba aotbods
of proparatioa of U0O4*2HjO. There are as yot ao qualitative evaluations of
tboao aotbods available ia ”eras of pprticle-'sise dtstribatioa or alarry,
stability,

It baa baoa raportad tbat( dspaadiag oa tba ardor of ad!dition of UOjdVQj))
solatioa and H.O* to each otbar, peroxides of differaat physical* dkaracteris-
tics havo baoa obtained. A aortas of asperiaoata was carried oat ia which tha
order of addition of the two raagoata as wall aa tha acidity was varied Tha
reagents used worst UOj(NOa)a solatioa, 210 g/liter; and 3% H,0j (1.4 liuri).

When UOCa(NQO| )a solatioa was added dropwiso with agitation to the bydrogea
peraxide solatioa heated to 60*C, the araayl peroxide settled very rapidly on
standing whether the precipitatiea wee carried oat ia 0.1 H free nitric acid
or at'pH 2.5. However, wllen the order of addition was reversed, the precipi-
tate settled ve‘ry slowly, especially at pl.—| 2.5. After 1 week of standing, the
araayl peroxide precipitate occupied about 40% of the total veluae,

Tha peroxides prepared by adding UOa(NOa)a solatioa to HjOj were aero
doeply yellow-colored after five washings with water. The oxides prepared
free those precipitates were brick red sad wore also nore intensely colored.

One possible application of tkeso results nay be tbe possibility of asking
tbs alarry self-stabilising under reactor conditions. Measureaeats of aridi-
ties of slurries yield valaes between pfi 3 sad pH 4; thus if it were possible
previous to reactor shutdown to operate the reactor under suck conditions tkat
largo anouats of H.O, wore generated, tbe possibility is that sufficient
uraayl peroxide would be feraed under conditions which yield a vary slowly
sottliag notarial.. The situation, however,ais coaplieated by paaping probloas
associated with araayl peroxide slurries which ia turn lead to difficulties m
aaiatainiag sufficient circulation to keep the reactor below 100'C, wbick is
aecessary to prevent excessive peroxide deceapositioa.
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Another viriitioa is the preparation of araayl peroxidaa aaa Bade by
carrying eat tba precipitation ia tbe preaeace ef aaaaaiaa citrata. It ia
known that tbe aaaeaiaa citrate foraa coaplepas with UO,**, tad it waa feaad
that aa tbe citrate ceaceatratioa aaa increased tbe period between tbe nixing
ef tbe UOMNOj), and I,0t aad tbe fornatioa ef a precipitate coaid be varied
fren a few ainatea to several boars. At bigber concentration of annoainn
citrata, tbe yield ef araayl peroxide waa decreased, and tba prodact was
coataninated by a aacoad aelid pbana of a deep golden-yellow color. Tbe
reagents finally decided apoa were tbe following: selntiea 1, 100 al, con*

taiaiag $ g ef UOa(%Oa)f aad S g ef anaeaian ciirate; aglatiea 2, 100 ni,
containing f nl ef 30% hydrogen perexida.

It was fonnd that with selatieaa ef these coapositieas tbe tine interval
between addition and precipitation was snffieiaat ts perait tboroagb nixing of
tbe reagents. The precipitate, when it did fern, appeared aniferaly threagheat
tba velaae of aolntiea. Other experineatal variations were Bade in which tbe
precipitations were carried oat in aero dilnte 4aaal velanes*.

Tbe precipitates fornad ia tbe presence ef aaaeaiaa citrate differed frea
other araayl peroxidaa in that they shewed strong adhesion between precipitate
particles. On aafficient vigorous agitation they appeared to fora aaifern
dispersioas ia water which then settled rapidly.

The physical aatara ef thane araayl parexidea baa net baan farther
investigated altheagb there are atreag iadicatieea that they nay consist ef
extreaely snail particlas.

Two types ef therisa oxide alnrriea have been investigated for ase in 23
breeder blankets. Each coatained 1000 g ef tberiaa per liter aa tbe oxide.
A preliniaary evalaation ef beat and radiation stability baa bean Bade far
each variety with resalts that were generally preaising.

Finely Piwided Tbsrinn Oxide with He Additives. Table 28 shews tbe
settling rates ef ThOa as calculated by Stokes' Inw for tbe settling ef
spherical particlas. Using a vales ef 9 for tbe density sf ThOf, a 0.1- to
0.5-m fraction ef calcined TbOJ eras separated by repeated sedinaatatiea aad
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TABU a*

Sattliag Talaeity »f UrINi Illata af TM, la 1,1 at a»*C

PARTICLE SIZE TIB RHBIMDIDm 1 » T
iMi i# m Wijo
e 1 1UI h»
1e M* ui
it-0 Sit at*
H I 18.TS tac
SPI 1 M N C

laeiatitiaa. A alurry of tkia aatarial raqaircd 24 kr for coapleta aattliag
eat ohovad alight thimotrcpie prapartiaa (Tabla 29). Aa aoaaarad at tka
alooaat apaad (lovaat rata of akaar) of a aodal LVF Brookfiald viacoaiaatar
tka riacoaity aaa 1800 to 1400 caatipoiaoa. At ,tk* kigkaat rata of akaar
(00 rpa) oa ike iaatraaaot tka riacoaity ragiatarad 140 to ISO caatipoiaaa.

TABU SB

Ylaaaolty of Piaaly Blvildod TM, glarrloa at 80*C

Modal LVF Brookfiald v iscaaiaatar, No. Tapiadla
P

SPINDLE SPEED YISGOtITY
(fa) (oaatipai***)

Sack *iaaly dividad particlaa aro ratbar aarface activa, toadiag to fora
looaaly boaad agg!aralaratola. Hoaarar, aft§r ataadiag far parioda aa loag aa 1
aoatk tka aatarial waa aaaily radiaparaad.
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Froa the tuid peiit of physical propsrtioi such slsrriss have good
engineering faataraa, i»e., the viscosity is lew, corrosios is e« (lifihle,
settling rates are ecceptahle, sad the data of Hiskey sad Eidtaoff' have shoes
that the particle site is ia the reage of aiaimp orosioa effects.

Siace the available gaaatity of fiaely divided TbOf (0.1'to O.S m) >e
rather avail, large-scale heatiag experiaeata have aot bees coapleted. Hoe-
over, oxperiaeats are haiag carried oat ia saall gaarts tubes to dateraise if
particlo-sise greeth caa ha detected. No chaage ia the average particle eiae
has beea observed ia slarrios coataiaiag haatoaita ehoa heated fej periods op
to ISO hr at 250*C. la addition, ao evidence of cekiag eas observed aa aaaplas
irradiated ia gaarts«tabea ia the pile at aeutroa flexed af Sx 10*1 ca'* eee*l
for periods of 1 week at 100°C.

A saall pragma ia aadereay to iavastigata cortaia of thp naturally
occorriag silicates'aa afctipackiag ageats. Sack loe-crass-sectioa aaterials
eoald he edded to the slarrios, aot as disperaiag ageats hat sorely to prevent
packiag ia the oveat that the slarrios had te stead for ceaaiderable lengths
of tiaa without sgitatioa. Cortaia varieties of the qrysetile (ah bastes)

variety look proaisiag.

Thoriaa glarries Itablllaoi with Additives. Using 0.7$% to 1.0 at %
fractioaated boatonits, stable thoriaa slarrios have been prepared aloag the
lisas saggested hy the vork of Morse. These slarrios have bees irradiated is
the pile for periods ap to 1 week oithoat evideaco of radiatioa decoopoaitioa.
The experiseats were carried otft ia gaarts tabes at*the operating tesperatare
of hole 12 (aboat 100°C).

Varioas tests of the boat stability of the slarrios have bees coadacted
at 2S09C ia gaarts tabes for periods ap te ) weeks with ao appreciable chsages
ia properties. However, siailar tests is a staialass steel aatocleve wader
stroag agitatios have always resalted* is. the deposition of beatoaite os the
walla of the coataiser sad coaseqaeatly. failare of the slarry. The reason for
this behavior is not cloar since this balk of the beatoaite is apparently
aaaltered ckeaically sad say be readily reslarriad with the thoriaa .to give a
stable saspeasioa at rose teeporaiare.

The newest of beatoaite reqaired for stable slarrios varies directly with
the particle sise. Vith 0.7S to M wt % beatoaite af particle sised less
than 25 ap. stable slarrios coataiaiag 1000 g of thoriaa per liter as the
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oxide are okuiiad. With mmtirilly occarriag beatooite aaarly three tines ee

mech beatoaite is repaired siace tke particle liiei are aoaa aaarly 10 to IS M.

Decreaaiag the site of tky tkariaa oxide particles alee decreaaea tke
aaeaat ef beatoaite repaired. However, ae appreciable advantage was obaarved
using particle siaea aaaller tbhea 1 m- The deleterieaa effact of iroa oa
beatoaite-stabiliaod araaiaa slarrieo wee alee verified. However, atteapts to
reseve the irsa ceapletely were aasacceaafal. Electredialyais aad ioa-exchaage
reaeve ieaic iroa er irea that ia readily replaceable with H*, bat tbia
represeats oaly a aaall perceatage af tbe total aaecat. It was obaarved dariag
tke cearae of fractieaatiag oet tbe 2S-api particle-aixe beatoaite ia a super-
ceatrifage tkat seat of tba iroa was eliaiaatad with tke heavy fractioa
of beatoaite. It ~ps also observed tkat tba iroa coaid be ceapletely hydro-
lyaed after 40 hr ia aa aatoclave at 250"C to give aferric hydroxide <colloid..
However, tbe iroa was so iatiaately aixed with the beatoaite that ao separation

ceald be aceoapliehad without cbeaically alteriag tba beatoaite.

It aow aoeaa apparaat that tbe preparatiea of stable alarries containing
1000 g ef tkeriaa per liter will of necessity prodace aixtarea of high vis-
cosity (Table SO). Using a Brookfteld nodal LVF viacoaiaoter, a typical range
of viscosities with varyiag rates ef shear ia frea 10.000 to 2,000 caatipoises.
At lower viscosities tka alarries settle rapidly, aad at higher valaea stiff
gala rasalts. Tke expeaditare of power ia paapiag sack viscoas alarries nay
be prohibitive. This aspect ef the preblea should be evalaated at an aarly

date before aacb additioaal work with beatoaite additives is doaa.
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TABLE SB
Vlacscltjr af Typical Stable Tbcriwa SalAc Blarriaa si SB*C

1165 ( of TbO} per liter, 0.5 to 1.0 n particle aita; 0.75 to 1.0 »
boatoaito, aboat 25 particle aita, medel LVF Brookfield iacoa

VI19008ITY (ceatipeieea) .
mKTOKITt ADDITIVES b mi* AT

pB I to *

SB aafractioaatad

S SSufrietimtW , lea h caa

(abeat t I1S) (B Praiaar Co)

9 OS (*aa aa above)

1 1S + laaa thaa 1$-a> particle



It CONTINUOUS FUEL PROCESSING

F R Bruce
1 R Higgle* J O Bieoek*
D C PergMeo f. E Too)m

The priaery objective of this study is to selectively reaove high cross
section fission products snd plutoniua froa sn squeoui solution plutoniua
producer end, by so doing, ainiaise processing which is required before rem
enrichaent of the ureuiua It is slso of soae concern to reaove all the
fission products froa an enriched core reactor, such as the WE without
changing the cheaical fora of the fuel since re enrichaent is not necessary
Precipitation surface adsorotioa, ion exchange adsorption, and electrolysis
have ell been applied A coabiuatioa ef procedures which do not change the
cheaical fora of the fuel is wuavd to tahe advantage of particular properties
of different fission products.

For an 11 (ton (92 g of wuraniua per liter) plutoniua producer the
following processing scheae is proposed One fifth or 40 000 liters of the
reactor fuel is cooled 1 day sad passed through about 500 liters of Dowex 50
fur reaeval of plutoniua rare earths ,and stroatiaa At less frequent
intervals the fuel is also passed through about the saae volune of fuller’s
serth for the reaovaljof sircoaiua sad cesiua and through Dowex A 1 anion
resin for the reaoval of aoiybdenun, iodine, telluriea. and rutheaiua The
rutheaiua the hold up ur”aiua and the bulb of the fission products are
stripped froa the adsorbera with nitric acid and run through Purex The
plutoaiaa is purified aid the uraniua is decoataaiaa-ted for handling in the
re-enrichaent plant

For the processing of enriched fuel the saae systea of adsorbers can be
used with about 5% of the fuel processed per day being held up on the ad -
sorbers. Since re enrichaent is not required, this fuel hold up is objection-
able. Another process aust be used for decontaaiaatidn before reconverting
the fuel to the original cheaical fora A process has been developed using a
coabiaatioa of cation exchange and electrolysis which returns all the fuel to

the reactor as U0JS04 Bariua and sirconiua are reaoved by filtration Rare

earths aad stroatiaa are adsorbed on a cation exchange resin Molybdeaua

iodine, tellurian aad rutheaiua are electroplated The only appreciable
128



uraniiia hold up is on the cation rosin and this is displaced selectively with
Cu** 1ion Tho anall excess of Ce** iIn the effluent U0OJS04 is ronoved by
olactrolysia with only a vary slight pH redaction. A total uraaiun loss of
0.001% hss been deeonstrated.

IfT the problan of converting UNH containing excess HNOa to nostral
UOjSO, is sinple and can be carried out by renots control, another ion-exchange
process is attractive. In this a*thod all the uraaiun processed per day ia
adsorbed on a cation reain. Unadsorbed fission products go on to waste. The
aranian is stripped saloctivaly fron tho catioa rosin and conplotely adsorbed
again on anion resin with breakthrough of unadsorbed fission products again.
The uraaiun ia again stripped, selectively but is ia the nitrate forn ia an
excess of HNO, .

Table 31 roughly conparas three systana for treating WE fuel. Tho runs
wore node at TFfull chenical scale aaauniag 5% of the reactor loading to be
processed par day. One-day-cooled tracer and dead fission products equivalent
to one day’a production wore added. Tha fission products which procipitated
naturally wore bariun. lirconiun (10 days production), tellurian, and portions
of nolybdenun, iodine, and rwtheaina. Tho flow was probably too high for the
fuller’s earth used, which, on separata runs, caught practically all the
cesiun. Sons stroatinn loaaas were higher than necsoSsery because the rosin
voluue. SO nl, was at a niainun. The efficiency of electrolysis and anion
exchange for nolybdoaun, 1iodine, tellurian, and rutheainn wore rennrkably

sinilnr.

In conclnaion, it nay bo said, neglecting precipitation, that fuller’s
earth or the i1norganic ion exchangers ars tho only good nethods of roaroviag
mirconiun and cesiun fron S04 fuel. Cation exchange 1is nost specific for
plutoniun and the rare earths bet adequately covers bariun and stroatinn.
Electrolysis ia nost satisfactory and probably can bo nore highly developed
for nolybdenun, rutheniun, 1iodine, and talluriun.
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CMparlna of Throo Processes for Beesstoolast Isc

TABLE SI

Breakthroegh adsorption on feller's aarlk Dmi SO and Own Al

Cooleta adsorption ef feel an Ddmx SO sad Doees A 1

Precipitation fallowed by adsorption on Dsaox SO ntk Cs*+ displacement

IBB M}H 4 Pool

fallowed by electrelysie

RESULTS OR DAILY BASIS

A

Percent ef feel in fore other than neetrs! U0.90. (in arcane

*0,1
Percent ef aranion hold up an adsisrbers
Tetsl reive of adsorbers per day

Percent ef fission predects left in feel

Rare earths
Barian
Attention
Genies

t Zireanins
Celonbian
Retkonien
Mrlyhdwnan
led.
Telinrlua

0 oils

ISO al

«

™%

62%
21%
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11. ENGINEERING RESEARCH ON ALTERNATE REACTOR SYSTEMS

Slerry Mtmei»r

A S Kit* f. C Zmels
R a Gall r J. D. Roajty
«. Q Hal H ».

C A tof

SLUSHY BBACTM STUBICS

A longer tu p experimental program van initiated this quarter to deter-
mina and to overcoue the prohioaia aaaociated vith the aubatitution of ¢ DO,
elorry for the eolation of nranyl avifata in the HRE. It ia anticipated that
difficulties any ariaa fron at leant four aoarcaa: (1) lack of atahility of
the slurry resulting in lack of uaiforaity; (2) caking open ahntdovn; (S) an*
cesaive growth or coausinution of the slurry particles; and (4) abrasion of the
eyaten components. Pralininary results have bean obtained on the first two
problems, and construction has started on aquipnent for pralininary study of
the latter two problems.

Stability and Uniforalty ef Circulated glarrjr. la order to datarniae to
vkst extent the slurry bacoaas inhomogeneous while circulated in a closed
syatea, a glass and stainless steel apparatus was bailt which puaped a 25
g/liter UO, slurry through a snail apkara and through a liquid cyclone nop*
arator. The finer fraction fron the separator wan passed through a pump,
while the coarser fraction was returned to the finer atreaa at the threat ml a
venturi on the high-pressure aide of the puap.

In early teats using barytes iaatead of UO,, samples taken fron regions
at five different radial positions in the sphere indicated that the solids
content varied between 35% solids at 15 gpa sad 50% solids at | gpa. Barytes
(density 4.2) were nsed for convenience ia early testa. The results ef thane
testa are believed to give a quantitative indication of tha raaalts to he
expected in a slurry of UO, (density 7.3-).

hith UO, slurry the flow patterns ia tha sphere and in the separator were
found to be similar to the pattern in the solution system.*1) However, it wen

(1) 3. S. Culver and h Vilsas, *Hsdel 1l (Plastic Sphere Test System.” hsmsgrscesi Scecter fsmerimemf
Superf /er the Quarter fedtag fehrsery ft, s. SB, asp. p. 71 (Apr. 21, 19901.
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found necessary to remove the slurry froo both ouda of tho tortet in ordor to
evoid accumulation of solids at one sod.

No punping or sottling difficulty was encountered in other parts of ths
systso. During thu tests, UOa changed in color fron e bright ysllov to -«
dirty ysllsu-groon. Samples have boon subnittsd for analysis to dstsrnise ths
csssu of this change.

The UOa charged into the system originally passed 200 mesh and ess re-
tained os 32S nosh screes. Daring operation, sn increasing proportion of
solids passed over eith the overflow fron ths separator, indicating < reduc-
tion is ths particle siss. A ssapling procedure has been instituted to deter-
mine ths estsnt of particle sits redaction.

The operating tsapersters of this equipaent has b en increased to 7% to
BO*C and protracted operation has begun to deteraise the slurry sad particle
stability at this slightly higher temperature.

Caking. Initial tests bore oat reports by previous investigators that
fine calcined UO, is stagnant ester mill harden into « solid cake. On the
theory that this hardening is due to recrystallisstion eith ester, senples of
the calcined poedor ears dispersed in distilled ester and bested at 2S0*€ for
24 hr. Crystals on large as 300 to 400 p ears formed which, after filtering,
mashing, and screening, showed so caking tendency. The UOa in the current
eysten has been hydrated in that fashion.

Abrsnloo. Design of equipment to determine the sbroeive properties of
UOj crystals has started. This equipment is sinilsr to a standard Brinsoll
*breams user tester. Initial tests will be sinple, comparative hardness
tests, but flow impingement tests any be necessary later.

Separator Tests. Should shrasiea and caking prove sorions in the puap or
heat exchanger it may he necessary to use ¢ separator to remove the selids
from the system before entering the pump sad hast exchanger. A Dorr-Close
liquid cyclone separator has been ordered for testing in this connection.

Crystal Crewtfe end Ceaalautlen. It has already been demonstrated that
crystals of hydrated UOJ will grow in < relatively stagnant eater environment.
4

132

as see e ire e
L M ee o
a a a e .o ax* a e e



while reduction in crystal site was observed is the initial circslatisf
systea A syates bss boss designed to ttndy tboso tendencies is a circulated
slarry in which tba teaperature is cycled between 110 and 1S0*C- Qualitative
iaforantion on the equilibriua between crystal growth nad crystal refinement
can be obtained froa such a systea, and wbea this is coapared with lower tea*

perature tests, it is possible that quantitative indications of tbs two
process rates can be obtained.

Pall-geals Cirealntiag Systea. Design of a full-scale 150°C HRE starry-
systea aock-np baa started, but asay of the design decisions anat await the
outcoae of tbs foregoing tests. Machining of the IS-in. stainless ateel sphere
is under way, and a nuaber of other coapoaeats have boon collected.

SOILINS RKACTO01 ITVSIKS

A saall prograa was initiated tbia quarter to detsrniae the feasibility
of a boiling typo of hoaogensous reactor. The purpose of this prograa is to
yield data which will perait the calculation of the aaxinua rats at which beat
can be removed froa the reactor by boiling and to sccunulato information on
the foraation sad collapse of bubbles for use in evaluating the control
problems of such a reactor.

Thaaratleal Analysis. Approxiaate calculations far the vaper phase
velocity sad fluid circulation rate in a cylindrical geoaetry have been
completed. Approximate densities, void space, power level, pressure, sad
cylinder diaensioas were assumed and the velocities or circulation rates were
evaluated from a first low energy bslenee for a flow process. These velocities
varied widely end were dependent largely on the aagnitude of the loaa coeffi-
cient used in the calculations.

A heat balance type of calculation of resident voids for an aasoaed

power ie of 1000 megawatts in a SO-ft diaaeter right cylinder indicates
that th* N*atnge veida in the bulk fluid aay bacons excessive (over 20ft)
at vapor circulation velocities in the natural-convection range. If the

natural circulation vapor velocity ia the core is of the order of 10 ft/sec,
preliaiaary computations indicate the resident voids to be about Sft of the
total cylindrical fluid volume. Such high vapor velocities can be assured by
relying on forced circulation.



KttirlaiaUIl Itailaa. A design k«i been completed end tbe appiratu ia
ander construction far a "T" experinent. Tbe object of this study is to
observe tbe behavior of a dilute salt aolution with unifc.ro electrical re-
sistance beating. No atteapt baa been aade is this experinent to sioulate tbe
boat generation dne to tbe flux distribution ia a reactor. lastraoeatation
for teaperatufe, pressure, and poaer dissipation are iaelndsd in tbe design of

tbe apparatus.

In an effort to prodeee higher beat-generation rates near tbe center of
tbe liquid, aa experioeat baa been operated ia which tee isolated circuits
weia connected at right eagles to each other across a cylindrical container of
dilate acid. By bolding tbe current in one circuit 90* behind earreat in tbe
other circuit, soae iacreaae ia power generation near the center nan expected.
Electrolysia and boiling at tbe electrodes haapered effective operation. It
ia believed that better electrode cooling and addition of a depolarising agent

will reduce these difficulties.

Aaotber syetee which has been deaigaed uses a vertical iaaaletiag baffle
to coaceatrate tbe current at tbe center of a ephere. This systen, indicated
ia Pig. 22. consists of a hollow copper sphere divided iato too hemispheres by
aa insulating separator. Tbe eysten is filled with a conducting solution,
e.g., 1% hydrochloric acid; a voltags is inpressed between the two benispberes,
with the separator serving to give e power distribution which sinulates to
sons extent the distribution to be expected in a boiling reactor. Tbhe systen
is provided with view ports so as to enable visual, as well as photographic,
observation of pheaooena occurring in the center of the sphere. It eill also
be possible to deterniae circulation patterns and rates by naans of pitot-tube

traverses.

A few efforts to use light for transnitting beat to the center of the
tube have been uasuccesaful to date because of high absorption and high re-

flectivity of tbe eater surface. Efforts along this line ere continuing.

<4
Ultrasonic energy baa been used in another inveetigation for obtainiag
inters*! heat souree in a 2 * 4 in. cylinder. Linitetions on available

equipnent prohibit innedi ate investigation on a suitable scale.

la a preliaiaary effort to obtain sons iaforaation on tbe circulation

patterns and the rates of flow in s boiling homogeneous reactor, a sinulated
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ayataa » *i»| *ir babble* baa baaa designed and coaatractad. Tbie coasiata of
a cylindrical glass tank, 1 ft in dianatar aad 1 ft deep, filled oitb voter*
Tha babble* ar* supplied tbroagb fritted-glaaa diaks and are released in a
cylindrical region ia tb* canter cf tb* water batb. Thia arrsngesaat is
indicated in Fig. 23. Several possible nodificatioas of this ayataa ar* being
considered with tb* view toward <creating a ayataa whbicb nor* closely sinnlatcs
tba boiling reactor. Praliainary visaal observations of the ayataa indicate

flew patterns of toroidal sbap*. Flow rat* naasaroaants in tba central aad

oatar regions ar* being nad*.
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