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The reclamation of the appreciable amounts of uraniuw which renaln
in tha Beta salvage tesldue after standard ulT»e» trwatiMnt hai boon tn
increasingly serious problem, duo to tho beoklogging of this material at
a considerable and growing rate.

Among ths promising solutions to tbs problow was a swell soals
experiment on hydrofluorinetion of the residue to rowove largo quantities
of interfering silicates, followed by a fluorinatioa treatment to row
uranium. It wes desired to investigate this method in a pilot plant to
determine the practicability of applying it on a soala large enough to
prooeee the daily produotlon of salvage residue inaddition to a rtseonsble
portion of the baoklog, roughly 760 pounde per day.

A euooessful conoluaion to the investigation would require the
dovolopaent of a process which would satisfy the following conditionsi

(a) It would be inexpensivs enough, including amortisation of

tho original oost, to make the ursdlias reoovery profitable.

(b) It would reoovor substantially all of thw uranium from the

residue—that ia, prove a final salvage step.

(o) It would bo adaptable to produotlon soalo conditions of safety,

eesse of operation* larga voluno output, and low aalntenanoe.

In the latter oatogorles a groat many smaller problems arose

under operating condition*.



Famous *«i

Laboratory fhaeo

Muoh laboratory work hat boar, dona on tha treatmant of heter-
ogeneous eolida by elemental fluorine for tha removal of uranlua ai tha
volatile hexafluoride. Indeed, tha method la tha batla of *>re atendard

laboratory analyala for uranium.

Duo to tha complex txture of tha general aalvage raaidua and Ita

conaaquont raalatanca to tha uaual ohemloal aaparation prooeaaea, Or. Prod

Sclth, la tha tumor of 1944, Inveitlgatad tha application of a fluorlnatlon

atap to the residue,”) It wat found that a good aaparation could bo affaotad

of uranirn free ooppar, nlokal, and lron, whloh formed nonvolatile fluorldaa.
Tt'j v >Utile uranium hexafluoride was oatlly oondantad in a tarlat of trap*

cooled by dry loa and trlohlorathylena and by liquid oxygen.

k largo amount of tllloa it protant in tha aalvage raaidua, iow-

over, and thla waa found not only to cauao eevore ©logging of tha trap*

, with sllloon tetrafluorido but alto to Intorfwrw with tha tubaaguant chemical
recovery of uranium fromtha trap waah, Uanoa, a pre-treatment with gaaocoua
hydrogen fluorlda waa addod, whloh reaoved tho bulk of tha Billot and partially

fluorinatad tho othar matariala praaont, thua contorting tha moro coatly

fluorlno in tho taocond flap. Sinoa only tha nonvolatile uranium totra-

fluoride la foraad in hydrofluorlnatlon, Itwaa not noooaaary to uae trapa

in conjunction with thla atop.

Saith got optimummoulta hydrofluorlnotlug at 500 to 600°C., and

Uuorimting at 450 to 500°C. [ reported at length on a laboratory-toale

ohamloal aeparation of ura*.ilE from the trap waeh.



Uur, k. Miloh investigated the hydro*laorinaUon of nriou*
atU li tad oxides which appear in the itlvago residua, further to d*llr*ata
the optimum condition* end the remits to be »p«oU." from the treatment/*”
Ha found that the element* 41, Te, TIl. *, and ho oould b* aubatantlally r«*
rove) fro* tha residue by HP at 650°C. Miioh also itatad”” that in fluorl-
natloo of the raaldua It «ki necessary to operate at 6SO*C. or higher to
break down a postulated aangenese-uranlum ooapound whichmisted fluori-
nation at t5C°C. In a aoriaa of runa on various residue* and pure com-
pound! of uraniua, ha got aldaly varying roooverlos, conoluding that dif-
ficultiaa in condensing tht uranlui hexafluorides in the trap system uaad

prohibited hii recovery of nora than 98J4.

Initial Pilot Plant Phaee

Tha firit pilot plant work on tha hydrofluorination-fluorlnation
of salvage rvniduo aaa raportad on by V. P. Calkina and 0. H. Clovatt in
July 194b/*' Thalr work, initially with 800 (ran batohaa and eventually
on a larger aoale using 10 to 12 pound* of charge, a i oarriad out in
largo, shallow tray* Intide nlokal and nonal reactors. Tha charga wm spread
in layari only I/O inoh doap, alnou it waa found that tho raaotlon penetrated
only to thia depth during tho fixed 9-hour HP run and 9-hour P2 run. Thia
limitation naturally severely restrioted tha amount of raaldua which could
b* prooeaaod by a single unit, eventually oaualng the abandonment of tray
fluorinatlon as a praotloal method for largo aoale recovery from the eal-
vago residua.

It waa found In thoas experiments that one treatment of tho ohargo,
at nine hours for oaoh utap, was not sufficient to affaot removal of tha

bulk of tho uranlu&i hence. In moat oaaea three or four fluorinatlon* of

oaoh batch wore undo.



In the development of e trap system for the prooeae, itwas
found that copper was the boat mtarial of construction of thoaa triad,
corroding least and. whan eventually dissolved in the trap wash, causing
laaat diffieulty in tha final separation, Threo trope cooled by a dry
ice - triohlorothylene cixturo and one cooled by liquid oxygen woru found
eufficiant to oondante all of the UPg. Thoaa copper traps ware, cylindara
about four inches in diameter, eat in dewar flaiki filled with tha coolant.

Calkins and Clewott dlsouaeed various methods of removing tha
remainder of tho uranium from the f*-uorinated reeidue, including water and
aeid leaches, fluorinatlon at 800°C., and ohlorination. They concluded
that the latter was tha most promtsios and that it night be preferable aa

a replacement of tha entire fluorinntion atep.

PRE3SHT HOUR

Tho following pages report tha investigation of HF-F2 treatnent
of gonoral salvage residue, pelletUed and charged to vertical reactors
In doop boda, in two pilot plant stagos.

First, a study la dasorlbed of tho method using equipment designed
to treat kilogram batches of rooidue. Twonty-two HF runi and 10 F2 runs
ware cade on this small scale, with raaulta falling far short of thone
predicted by preliminary work but encouraging to further work.

The sooond asotion of this paper describee a 23 run investigation
in virtually production ecalo aqulpsont, handling 50 pounds por batch, ind

tho disadvantages which finally resulted in abandonment of tha program.

waMHHatafINHMaiNWmnWMNnMMMMMaMMMMMMnnt**)
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Introduction

Donpito the measure of suocoss achieved In hydrofluorination-
f'uoriuatlon of selvage residue on e pilot plant aoele by Clowett end
Calkins, after completion of their work the program was droppe' in favor
of other methods. Chief of the disadvantages in the method was the rela-
tively small volume of oharge which could be processed with a roaeonablo
amount of equipment* because of ths unfortunate nooesslty of charging the
residue to the remotor in very thin layers.

Tho present experiment was oonceived after 0. S. Persons had
suoceso in gaseous chlorination of various uranium oxides in large volume
by polletlting tho chorge and carrying out the reaction at high tempera-
ture Jn a vertioal reactor.” Investigation showed that tho salvage
residue could be successfully polletited after being ball-millod and mixed

with 10 to 20% water to aot as a binder. It was decided to construot s

vertical roactor and auxiliary equipment to hydrafJuorinato and fluorinate

kilogram batches of pellotited reaiduo.

Discussion and Conclusions

K thorough inwestlgation of the optimum conditions of reaction
way not attempted in this series of runs in tho one kilogram roactor.
After it had Been demonetrated that the hydrofluorination-fluorinatlon of
polletited salvage residue In s vertioal roactor was praotioal, itwns
docidod to go to a unit of approximately production scale. Only enough
further runs woro made in the small roactor to determine tho best reaotor

and trap design, construction materials, and rough operating procedure for

planning of the larger unit.



work that fluoridation of the salvage raaiduo was a complicated and almost
rain process unless the bulk of the silioa present had boon removed by a
pre-hydrofluor illation. Selaotiwe trapping of SIPA and UFg was not praoticnl,
and separation of the UPg from a 1t100 mixture with SIF~ by chemical means
would offer as difficult a problem as did troafcnent of the original residue.

Therefore, whon it was shown in the kilogram reactor that tho pellotUed

material could bo suonossfully treated with HF, interoat wr.a greatly stimu-

lated in the whole process, ainco the fiuorination roaction had been judged

the more Illkoly cf the two to be effioient.

the Initial drying phase, apparently were quite porous. Since the material
had boon finely ground before pelletisation, It presented a very large sur-
face to the gaseous reagents, as tositlflod by tho rapid reaction both with
HF and Fg. Random charging of the pellets prevented formation of channels

for tho gasee initially, and although there was usually a large deoreaso

in the bulk of the charge and some sintering during tho reaction, the
pellets retained their identity well enough to continue good gas disper-

sion. Honee, as was shown by temperature variations, the primary roaotlon

tone did not include the whole oharge immediately, out appeared at first

at the bottom and moved slowly up the reactor.

The average silica content of twenty hydrofluorlnated residues

in this small unit was 1.92#, reduood from an avorage initial content of

about 53#. These were grouped as shown in table 1. Tho preponderance of

results bolow 0,&£f silica gave hope that reaotion conditions oould be found



which would «llow oocuplote Billot removal for every residue. Ko correlation

oould bo drtwn botwo«n Billet analysis and temperature, reaotion time, or

HF flow rate* for thoao result*.

Table 1
dllica Analyses of HF Koaiduea - Kg. Reactor

Kango of Analyaoe - % 3107 Humber of Runs

o
o
rOoOIR, O R

Avoraget 1.92£ Totalx 20 runs

In comparison to the fluorination procoaa, hydrofluorination

se0aod ausoeptlblo to large actio operation. The reaction required

little attention beyond an oocaaional raising of tho furnaoe tompernture

to maintain that of the reaotor at the desired level. Since the gaseous

product! roro valueless, no trap system was nooeaaary and the unwantod
fvcooe wero very aiaply ditpoaed of by diaaolutlon in tho water aaplrator.
Corroaion woa very limited in thoao HF runs, tho major problems arising

during tho use of fluorlno.

Since it id that aatlafactory allies removal oould be

attained, tho major problems to be solved in furthor work wero to dovolop

testa to determine the extent of reaction, and to determine optimum operating

conditions. Ho difficulty was anticipated in applying hydrofluorination

to a large scale vertical unit.

Fluorlllation.--Because of amorous equipment failures during

fluorination which procludod tho completion of many of the runa, analytlcal



reeulta for vveluaUat of the proooai were ecanty tr the flrat ioveet fatten.
Throe reeiduei only were aulUble for antlysis. the urantue caUr.t* being
reported at O.OlljC, 0 Olfc, and 0.06*. *»ight lot* date were not eweliable
olthor bectutt of contamination of tht residue by corroded twaotor parte,
but aeluting a figure of 50* weight lota tad tn original analytla of 0.?»i
uranium la tht charge, the reiotioa efficiencies baaed on tha analyses abotn
would be about 98% 98% and *8*.

On the other hand, In five other rune tha react‘on effloienolea V
bated on chcmloal analyaie of tha uranium found in the cold trap washes
wore 3.5*, 26.3*, 30.5*, 62.8*, and 70.3*. Thole reaulti eould not be
correlatod with reaction timo, temperature, or 12 rata, and euoh doubt
was cait on the accuracy of analyiii of the trap waehei by the failure of
tho laboratory to get reproducible roiulte. However, the aide variation
illuBtratod dearly that analyaie and oontrol of the reaotion variablea
were oiaential to the aucoeaaful application of fluorlnatlon of the reitdue
to a largo acalo reoorary program.

The investigation ol' equipment for the prooaaa provided much
more satisfactory reaulti. It wai apparent from atudy of the varioi.ii
grate failure! that in ao. far ui wai poaiible all roaotor parts which
were in oontact with fluorine at olevetod temperature! should be fabricated
of nickel, which had ehown little or no corroiion. Where lubititution of
aooe other natal was noceaaary, monel was to be preferred ovor atool or
copper. At room temperature or lower, however, copper proved to be rela-
tively inert to fluorine and a safe and convenient matorial for lirvea and
ti-pa. >

The reactor deaign provad aatiafactory and wai modified only

elightly in planning for the larger unit. To obtain wore officiant dlIf-



fusion of tho entering gao, a third botto® grate was proposed and it was
dooided for extra protaction fro® corrosion to onoaso tho reactor thermo-
couple well In a ahaath which would alio support tho grates for inaartion

and removal.

The double coil cold trap was used as a basis for design of the

first traps In tho larger unit. It was more easily fabricated than the

tube nost trap and appeared to hare a higher washing efficiency since the
spray nottle oould be plaood to avoid all "blind" spota. Tho cold finger

trep design wno uaod for tho new liquid oxygen trip. In both cases, s

standard jacket waa adopted rather than the outside copper coll welded to

the trap body.

Equipment

Reaotor Assembly.--Tho reaotor was flabrioatad fro® a piooe of
four-inoh standard monel pipe with a 1/4 inoh wall, 20 inohoa high, to
whioh was wsldod a 1/4 inoh monel flange on either end. This showed no
signs of failure throughout the experiment, in a series of twenty-four
HP runs and twelve Fz runs at temperatures from 500 to 750°C.

The reaotor head, of 1/4 inoh monel plats, supported a 1/4 inch
monal pipe thermocouple well and a I-1/4 inoh copper pipe exit arm. Both
the well and the exit pipe had to bo replaced beoause of corrosion several
times during tho series. K oopper thermocouple well proved to offer no
advantage ovor one of monel, both lasting fire or six runo.

Tho ohief oorrosion problem, however, proved to bo that of the
natal grates supporting the oharge. These wero two in number, the firat of

I/16 inch nonol placed one inch above the reaotor bottom for a preliminary



gas diffuser and tho second, made at various times of the metals liatod

below, three inchos above this. Tho top grate, which directly supportod

tho charge, was tho chief source of trouble, being iIn the reaction sane.
The following top grates were used in the order and with tho rosults noted,

a. Moel, One-sixteenth inch perforated plate stood up well
under HP but Buffered corrosion resulting in 174 to 1/2 inch diameter holes

during Fg rune. However, only alight corrosion was evident in monel grates

of 1/B.Inoh or 1/4 inoh thick,

b. Stainless Steel. (This was substituted by alstake for monel.)
On completion of the Fg run, this grate w&g found to bo entiroly consumed

exoept for a thin outeide ring next to the reactor wall.

c. Copper. Tihh HF this grate shoved no oorrosion, but immediately

upon introduction of fluorine in two runs, it ignited, molted, and dripped

down to ignite the aonol lover grate and gas inlet pipe. Although copper

ignited almost spontaneously hero, as noted abovo, copper thermocouple
wells In the center of the charge were serviceable for five runs or bore.
d. Steel. This grate disintegrated in fluorine in a manner

similar to that of stainless stool, although to a lesser degree.

o. [Hllokel. In one-eighth inoh grates, the only thloknesr tried,

this metal showed no noticeable oorrosion In oithor HF or F,,. It was

deemed aatiifaotory for further use with these gases.

The resotor was heated in a cylindrical, 115V, 1.7 CT, Hevi-duty

furmace, Model M-5014, which had a temperature range of 1010°C. An insu-

lating bonnet packed with magnesia was placed over the reaotor and furnace
top, allowing an uppor limit of about 800°C to be reached.

Both reactor and furnace temperatures were indioatod on a Wheel-

00 pyrometer uoing iron-conetantan thermocouples.



Trap System— The eecond major equipment problem lay in design
of oold traps suitable for small scale produotlon oporation. Efficient
traps had been fabricated during work on the tray resotors but theso re-

quired laborious band washing and wero poorly adapted to largo scale re-

coveries. Hence, after two fluorine runs using this type three other traps

were designed and tested which were water washed with built-in spray
notales. These were all efficiently insulatod by the Stoem and Cooling
Department.

a. Tube Best Trap. This trap consisted of a bundle of parallel,
vertical ooppor tubes through whioh ths reaction gases flowed, and around
whioh, in counter-ourrent flow, passed trichlorethylene precooled by dry
loo. This coolant was uaod also In subsequently designed traps. Following
the tubo nest trap was one of the original design, cooled in liquid oxygen.
Assuming that the latter condonaod all of the UFRg entering It, the tube nost
trapped 61# of tho product in a single run in which Ttwas used. Thia is
an unfavorable contrast to an average of about 90# found in the first trap
by Clewett and Calkins, but the intemal spray washing proved fairly satis-
Tactory.

b. Double Coil Trap. A four inch diamotor oopper oylinder con-
taining an inner ooil was surrounded by tightly coiled tubing welded to the
main body for officiant heat transference. The ooolant was pumped through
both ooils while the reaction gaaeca flowed through tho oylinder. In three
fluorine runs this trap gave efficiencies of 73#, 93#, and 75#, based again
on the total weight of UrFg oondonied in the entire trap ayston. The spray
noirlo appeared to wash down all the matorlal oolleoted in the trap.
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c. Cold FIngor Trap. This trap differed from that described
immediately above only in that a cold finger replaced the contra! ooll,
four fine being attaohed to.the fingor and extending nearly to the trap
wall. Data available for one run with this trap gavo an effioienoy of
76”, not significantly different from that of the double coll trap.

Refrigeration.—lInitially a email oentrlfioal pump was uaed to
circulate trichlorothylene ovor a bed of crushed dry ico and thence through
the cold trap coils. A great deal of gas was dissolved in the triohlorothyl-
oue passing ever the bed, however, and some of this was evolved in the pump
and In tho trap as heat was plokod up by the coolant, causing gas binding and
stopping circulation. To correct this tho circulatory system was modified
to exclude contact with dry ico, the ooolant being pumped through copper
coils immorsod in a statio bath of trichlorethyleno and dry ico. After
this change, the performance of the pump wes much improved.

Auxiliary Equipment.—Since it has been determined that nc uranium
oonpounds wore volatilised during hydrofluorination, the reaction gates were
drawn direotly from the reaotor tail pipe into a water aspirator where oxcess
HFwas dissolved, as well as volatilised SiF*. Atwo inch exit lino wac
used to preoludo plug-ups from condensed SiP” but this difficulty never-
theless occurred several times. The aspirator was made first from black
iron pipe and fittings, these later being changed to Ssron because of
oorrosion.

The oxcess gases from the fluorinstion. after passing through
the oloeod trap system, entered a fluorino scrubber. This consisted of
a 6 foot length of standsrd eight inch black pipe closed at the top, in

the center of which were placed eight spray nostlss with adjacent pairs

J



pointing alternately up and down. The gaaee were drawn into the scrubber

at tho top by a alight aspirating offoot and passed through the spraya and

out at tho bottom. It wea judged that the unit was highly efficient for this

application ainoo no odor of Ffluorine wea evor detected in its vicinity.
Although no satisfactory flow meter was available for either of
the reaotion gases, tho essential close control of the fluorino rate was

obtained by the use of a worm gear attachment with a 40»1 reduction ratio

on tho gaa control valve. A quarter inoh monel needle valve was used,

usually being opened only one-eighth to one-quarter of a tum with a fluorine

tank pressure of 20 to 50 psig.

The fluorine was obtained from tho K-25 area in 400 gallon

aluminum tanks, initially at about 30 pslg, but later at pressures to Iw

as 8 or 9 pslg because of ohanged safety regulations with regard to filling
of tho tanks. Standard 5/8 inoh copper tubing, uaod between the tank
and tho roaotor, showed little ocorroslon, but it wea ohanged occasionally
as a safety precaution.

The hydrogen fluoride was roocolved In liquid fora in standard
cylIndere containing 70 to 80 poundo of reagent. Since the liquid has a

low vapor pressure at room temperature (b.p., 1B°C.), while in uso tho
oylimlers were warmed by eleotrloally honted sheet copper jackets to assure

a good flow of gas.

During the Ffirst few HP runs a decided cooling effeot was noticed
from the expansion of the gas from the inlet line into the reactor. To
combat this and tho poeslbllity of condensation of the gae In tho copper
tubing a powerstat controlled eieotrlo hoater was placed around the reactor

inlet line and maintained at 200 to 500°C., eliminating the difficulty.
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It was also found naotaeary to uee an auxiliary eleotrio heater on
the roaotor exit arm to prevent the depooitioo of SiP" during hydrofluorinatlon,

and of UPg and othor ohloridea during fluorinatloa. With'this heator the arm
oould bo maintained at about 400°C.

Procedure

The charge material, originally oontaining 1000 reoyole and later 1300
reoyole uranium, was Beta salvage residue which had been ball-milled to a
fine powder and homogenized* With the addition of 10 to Z0%water, this-me
formed by a power pelletiser into loatngoe about s/6 Inoh in diameter and
I/4 Inoh high* In all, 26.7 kilograms of theae pellet* were hydrofluorinated,
fluorinated, or both in thU aeries of runs*

Hydrofluorinitial.—The reactor wae charged with 500 to 2000 grams
of pellets and lined up with the H-tail pipe* Sinoe esoape of reaotion
gases would not entail loee of uranium, a small air gap oould be left to
alien* examination of the gases for exoeas UF. The aspirator had a large
enough volume so that air would ocntinuslly be drawn in at the air gap un-
less the tall pipe were blocked, and no fiF oould escapee During testing it
the exit gases, the escaped H-was drawn into a large hood ivnediately above
the apparatus.

During the initial heating up period the reactor was swept with
nitrogen to aid in tha removal of water vapor from the oharge* The evolu-
tion of iteam was usually overlapped and followed by that of copious NJj
fumoa, whioh in turn were followed by SOj. Wbm the temperature had rasohed
about 300C. H- was admitted to the reaotor at a rate auffloient to give an
excess over the reaction requirement, as shown by the exit gooes forming

white fumes on contest with the moiet air of the room.
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During thole runs, when no tost had boon dovisod for qualitative

evaluation for tho roaotion progress, its duration was rather arbitrarily

determined by the temperature reoord. Initially tho furmaco was raised as

quiokly as possible to about CO0°C., the roactor temporsture following
rapidly or slightly proceeding that of tho furnace. After taro to five
hours, whioh period showed a certain but by no naans absolute correlation
with the amount of ohargo, the reactor temperature started to fall off and
tho furnace was again raised to compensate for £he drop. Then tho reaction

eeonperaturo was usually held oonstant for an additional half hour and the

hydrofluorlnation terminated.

On oomplotion of the run, tho reaotor was purgsd with nitrogen

until HP was absent from tho exit gases. It was cooled and opened, the

charge weighed, and a sample taken for sllioa analyaia.
A series of 22 HF runs was made in this manner, the roaotion being

oarried out at an approximately constant high temperature for an individu-

ally variable run time. Very little mechanical difficulty was oooasloned

with hydrofluorlnatlon, sinoe a trap system was unnecessary and this gas

had little oorroeive notion on tho materials of construction used.

FluorInatlon.—-The previously hydrofluorinatod pellets were usually
eintored to somo degreo and after weighing had to be broken up into lumps
before being rooharged for fluorlnatlon, to avoid exoeselve channeling of
tho gas through large interstlooa in the material. However, in the four

final rune of the eeriea the HF roaldue was not sampled and weighed, making
It unnoooaiery to diaturb the form of tho reaidue iIn the reaotor.

About a half hour before the fluorlnatlon was to be started, dry
loo wae oharged to the trap cooling system and the trilchlorothyleno pump

started. Care had to be taken in both steps, since ooplous foaming occurred

7m
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IT the dry lce troro not added cautiously, or if warm triehlorethylene were
circulated rapidly through the oold bath in which much COg was dissolved.
After a preliminary drying and purging period, during whloh the
temperature of the reeotor wae raiaed to 200°C., the P2 T"lwe waa very
cautiously cracked to admit a trace of gas. It waa evident that the reaotion
waa initially violent and highly oxothennio, the temperature rising rapidly
to 600 or 700°C. By oareful control of the fluorine the reaotor oouid be
held in this range for one and one-half to two hours, after which tho tem-
perature atortod to drop and it waa noooaaary gradually to raise the fur-
nace temporature to maintain that of the reaotor. The completo fluorine
run usually took about five hours, except iIn those cases where ignition of
the grate and lower reactive parts cut short the reaction. This ooourred
in two cases out of twelvel the resultant search for a satisfactory grate
material kept tho numbor of fluorine runs down to about half the number of

HP rune, iInwhich the trouble did not arise.

On oomplotion of the Ffluorino run, the system was purged for at
least on hour before itwas dismantled and the scrubber turned off. Tho

reaotor was oooled and opened, and the residue weighed and sampled. During

this time all of tho traps were kept cold so that no UFg would volatillie

and bo lost before water oouid be added. In tho case of the trichlorethy-

lono traps, between three and four liters of water was sprayed through a

fixed notale as a wash. The liquid oxygen ocold finger traps were washed,

after attachment to the washing vessel, with a volume of one to two lltors

of wator. All trap washings wore weighed and sampled and eventually sent

back to Salvage.

»



FIFTJ POUND REACTOR

Although tho preliminary work on hydrofluorlnation-fluarinction of
pelletised salvage residue in s email vertical reactor had not been comprehensive
enough to do more than show promise far the program, the pressing nature of the
problem made immediate transition to larger equipment necessary.

It was decided to construct apparatus which could take a charge of
fifty pounds of pelletised residue, with the prospect of doubling the unit

capacity later should the second stage prove satisfactory.

Discussion and Conoluslons

This experiment, although a pilot plant because it was primarily
concerned with discovery and solution of problems Inherent to the process of
fluorinatlon of pelletised general salvage residue, can be considered
essentially a production operation. It is probable that if the process were
put Into production the sits of the units would not be changed but that In-
creased capacity would be obtained by multiplicity of fifty pound units| even
If the individual else were doubled, few operating conditions would change
except reagent flow. Henot, it can be safely sold that production operation
could be expected to have substantially the degree of success that was obtained
in the pilot plant*

Adetailed presentation of data from the twenty-three runs would be
of little value. Unfortunately, a concrete, quantitative evaluation of the
procoss was not obtained for several reasons, but a general Indication of Its
limitations and successes oan be presented*

Due probably to the very complex nature of the original residue and

the reaction products, the temple analyses ware usually widely variable and



undependablo. Analyses of duplicate samples sent to different laboratories
commonly shoved variation by faetore of 2 or 3 and In same instances, by
factors as high as 20 to 25. Duplicate trap flash samples sent to the sane
laboratory rarely agreed within 50£, although no variations as high as those
mentioned above were obtained. Since charge, final residue, and trap wash
all appeared difficult of analysis, it is not surprising that individual
material balances were poor ard that little correlation of results with
operating variables could be found.

It would af course be unfair and untrue to ascribe all errors in
data and difficulty in their correlation to sample analysis. Sampling of the
original charge could be don? only by selection of a few pellets, which might
oi might not have been representative, The trap wash solutions occasionally
contained same colid material, making accurate sampling difficult. There is
also some reaeon to think that trap washing may not have been 100£ efficient,
especially in the first few rune when the procedure had not became standardised.
Finally, as stated above, a large number of different batches were used iu the
runs and since each had an Individual composition, each could be expected to
react differently to the treatment,

todrofluorination. —Although no correlation could be found between
silica removal in the hjdrofluarinatlon step end temperature or reaction tine
(no data being available on gas rate), examination of the H- residue analyses
for silica chows that the method was In general very successful. Analysis
of residues from ten of the first twelve runs averaged 08L)& SIO2, half of
them being less than 0,1£ and the highest value being 2,91- Subsequent to
Run 12, samples of this residue were not taken since the previous three rune

had been reported as less than 002J& SiO™ and it was decided that operatic



teohnique had beon developed to the point of assuring dependably complete

silica removal.

Silica had proved the chief problea in the previous salvaging of
uranium from these residues by leaching. A reduction of their silica content
from an average of about 30» to less than 1$ and possibly less than 0.13%,
therefore, would materially aid In subsequent uranium recovery by other
methods as well as by fluarlnatlon.

It has already been stated that a pre-hydrofluarimtlon was found
essential in laboratory development of the fluarlnatlon process. This was
clearly proved In two runs of this serieswhen silica, left evidently by
an incomplete HF reaction, completely plugged up the exit Use at the final
trap during fluarlnatlon. By the tine the plug-up was discovered the entire
system was under considerable fluorine pressure and a two-hour shut down was
neoeesary to vent the system and free the tail pipe. Subsequently, a trap
pressure gage and emergency vent line were installed but the plug-upe were
not repeated.

It is thought that hydrofluarinatlon would be a valuable preliminary
step in many of the salvage methods now under consideration, after the de-
velopment of a suitable HP flow meter and ease refinement of the tests of
reaction progress. The prooess greatly simplifies the nature of the residue,
and hence the problea of recovering Its uranium, by removing the bulk of the
sllloa and a few other minor constituents. In addition it requires very
little equipment or attention from the operators. With the use of pelletised

material in a vertical reactor the operation oan be done In bulk consistent

vith production requirements.



Before this process could be put Into production, howorer, further
work would have to bo done on the problena mentioned above and others. Flret,
it 1a not yet clear which reaction variables control the reaction tire, and
optimum operating conditions have not been satisfactorily determined™* Second,
the problem of corrosion by HF use not completely iInvestigated® It seems
probable that materials of construction, reactor design, and modifications of
reaction conditions could be found which would permit operation at 700 to 800° C.
rathor than the 575° C. maximum observed in most of the present work. *his
higher temperature should allow a much shorter tine cycle and perhaps gito more
uniform results*

Fluorlnalion— a. Reaction Data. The attempt to correlate results
of the various fluarlnation runs with variables of reaction mas not baaed on
chemical analysis but on an alpha count "‘efficiency’'= This factor mas a ratio
of the (gran) (counts par minute) of the residue to that of the charge, and
although it was not entirely accurate because no absorption correction could
be applied to the count analyses, it was considered a better measure of the
reaction than a material balance based on chemical analysis*

Correlations were in every case negative, probably because of the
multiplicity of variablee involved* ftiaeroue plots, which will not be re-
produced herein, were made of the count efficiency versus the following variables
and combinations of them* percent weight lossj run time) average fluorine ratal
average reactor temperature | and total volume of fluorine. Consldared an a
whole, the twenty-three rune showed "‘shotgun” distribution when the variables
were plotted) whan runs using charge from one originalSalvage residue batch
ware grouped, In Bose instances vagus trends could be recognised, but these

ware not clear enough to warrant definite concluelons*

7
""Recent experiments have indicated that a large Increase in gas flcr "rill

**t_ri*1ly shorten the hydrofluorlnatlon tlxe fren thet found neoceseery In
those rune* Such an iIncrease iIn gas rate mas prohibited in the experiments
reported on here by Umitatigna of foe equipment.

m
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Table 2, below, presents average, high, end low values of the data
used in eon* of theee atfmpted correlations, and those for Run 231 which was

of special Interest.
Tahla 2

Representative Fluorlnation Data - large Reactor

Av.
Chg. Reactor 7?2 Av. *2 We. Low Count V In Trap* Run Mat"l
wtT  Temp. Run Tome Plow Rate of Charge "Efficiency” % of 0 In Bal."chem
lbs. °C. Hm- FVAr. To$ 22 * %" Chg. (chan) %
Av. 44.0 475 26.6 5.0 128.5 48.7 78.2 48.9 70.7
‘lgligh 3.5 575 31.7 5.8 172.1 61.6 99.6 144 _8* 150.0*
loo 21.0 382 8.3* 3.5 36.3 -10.7* 23.1 b * 22,5
“Run
23 25.0 422 24.0 5.4 129.6 10.0 99.6 62.2 69.3
«Isolated datum - few or no others comparable
-_— - a
It will be noted that relative to the average, Run 23 wae given
ahaoat double the narael fluorlnation per pound of charge. This wae reflected,
ae expected, In a such wore complete reaction than usual even though the
average temperature was well below normal. Since the flow rate was In moot
oases limited by the temperature rise an Increase entailed, greater fluorlnation
dictated a longer run time. However, ae reference to the coat breakdown,
page 42, will show the Fluorlnation mas exceedingly expensive to operate, and.
* a lortyr period would be economically unfeasible,

It is also of Interest that Run 23 shooed a much smaller weight loss
than the average, supporting the contention that fluorlnation was usually In-
complete end that during the “‘ertre'" period much of the material which had

resisted Initial reaction was raised toe higher valence state and gained

additional fluoride lons,

WMK
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In spite of tho fact that individual notarial balances based on
chemical analyses were erratic and In general quite low, an orer-all balance
taken at the conpletion of the series showed good accountability. In table 3>
below, Lab. | refers to the laboratory to which all charge, residue, and trap

wash saapleo were sent in the course of the experiment! Lab. Il was sent

occasional check samples and in general showed much better reproducibility of

results, \

oX.

Table 3

Over-all Material Balances - large Reactor

lab. 11 lab. 1 Lab. |
Final Anal. Final Anal. Individ. Anal

Uin Charge, gm,

1008.13
Uin F2 Residue, pa. 318.63
Debit to Trap Wash, gm 689.50
Uin Pinal Batched Trap Wash, gm. 489.8 532.0 3JM
U extracted from Trap Mash to date,go. 139.9 139.9 139.9

(lab. 1)

Credit to Trap Wash, gm 629.7 671.9 478.5
Material Balance, » (based on 689.3 gw.in) %1% 97.5 69.5

A more accurate accounting of the uranium In the trap wash will
bs made after all of the batch hae been subjected to carbltol extraction,
since analysis of the extraction solution la consldsrebly easier then that
of the complex trap wash solution* The uncertainty in the analyses of the

eo0lid saapleo, however, will probably prevent a close approach to a perfect

uranium balanos*



Consideration of tho data In table 4, bolow, will show that tha
cold trap system used In tha experiment was Inadequate and would require
modiFication before being applied to a production operation. It wae hoped
end expeoted that 90% or mart at the UF& would be condoneed in the firat
trap and that all but a trace of the reaalnder would be condensed iIn the
second, but results fell far short of this.

The change after Run 17 frosi two large trichlcrothylene traps and
three enaller liquid nitrogen traps to four of the fonaer and one of tha
latter severely taxed the eepaelty of the cooling eyetea* Since thla change
was not eoooapaniod by installation of a larger trlohlorethylene puap to
compensate for the increased voluae of the system, i1t waa Inevitable that
the individual trap efficiencies should decline. In calculating the trap
efflcienolee It la neoeeaarily assumed that tha final liquid nitrogen trap
condensed all entering UF$. Although e first glanoe at tho data of Runs 18
to 23 sake* this assumption doubtful, its probable validity la apparent if
one considers that tha average temperature of this trap was 33° to 40° C.

lonver than those of the proceeding trichlorethylmo traps.

Table A

Comparative Average Cold Trap Efflcienolee - large Reactor

Trap No,
Rune 1*17 Runs 18-q

i |
I 1l n I I W nir r
1 of Total Condensed by
Entire System 64.9 25.7 6*0 1.8 1.1 39.8 27.4 164 9.4 6.3
Trap Efflciency-t Condensed
of WPt Entering Trap 64.9 73.4 67.5 62.0 (100) 39.8 44.5 46.1 53.1 (100)

«=
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Should the need arise, it would not bo difficult to design a
satisfactory cold trap system of one large trlohloretbylsne trap, followed
for safety*e sake by one or sore liquid nitrogen traps. Using a cooling
surface slightly greater than the combined areas In the present trap system,
about 25 sq. ft., and a standard refrigeration unit capable of -75° C#f orj
trap should be able to condense all but a trace of the entering UTA. A
design similar to that of the trichlorethylane trap described herein is reocm-
monded, since the inside scree is easily sashed with properly plaoed water
cpraying noailes.

b. riao Cycle. Considering the process as s whole the time cycle
for beet operation would probably be prohibitively long. In table 5 an
estimate of the wnrloue periods is given for hydrcfluorination and fluori-
nation of 50 pounde of salvage residue in the present squirmsnt with an

operating force of two well trained men.

table 5

Breakdown of HF-Pj Tias Cycle

Charging and preliminary heating of reactor 3 hours
Hjdrofluorination time (estlsmted eventual av.) 20 -
Cooling and purging reactor 3 =
Cooling traps and asaeabling for ?2 run
fluorination time (eetleated optimum) 40 o
Cooling and purging of reactor) 4 1
Trap washing and thawing tins )

Total Cycle 70 hours

Tbs above accounting does not include maintenance time, although

in almost every experimental run equipment repair end improvement waa a large

>

wet*



factor* Such operations as trap pressure tasting and sample preparation are
not Included since they could be completed by the tiromen during the reaction
periods*. It 10 doubtful that use of additional personnel would shorten the
cycle by more then an hour; on the other hand, except during the reaction
periods two sen ore definitely required to perform the neoessary operations*
It should be boms in mind that safety requirements call for at least two
persons In a room at all times where the use of fluorine iIs Involved*

c* Disadvantages of Fluorinetlon_— ffhereas it appears that hydro-
Fluorlnation of the general salvage residue was efficient in Its primary
purpose of removal of eilloa and it could be recommended that it be applied
to further reclamation efforts, the disadvantages in the fluorlnatlon step
were deemed to outweigh the advantages™

Among the former the following points can be Hated i

1* Cost. Initial cost of the equipment and the installation that
la required for safety and the cost of operation were high in comparison to
those of other proposed processes* Suoh Items as a refrigeration unit,
traunite-lined rooms, and proper odd traps were not standard equipment and
required large initial outlay* Superior operating personnel, expensive
reagents, and extensive equipment replacement kept running expense high*

2* Reaction Efficiency, Results from any standardised procedure ware
quite irregular due to the heterogeneous nature of the charge material end
the difficulty In analysis* The time cycle for removal of any substantial!
portion of the uranium present was very long when the else of the charge,
fifty pounds, was considered® A leaching process, for instance, could handle
750 pounds of residue (the safe limit of uranlun) in lass than the fluorl-

natlon time for 50 pounds, although probably with lass satisfactory results*



3. Safety, Not only Ml fluorine highly dangerous to operating
personnel If alloved to escape caielaesly, but Its corrosive nature provides
danger of sudden leaks free apparently sound equipment* Its extremely reactive
nature increasee tho hasard of fire, slnhoe most organic materials spontaneously
Ignite iIn contact with s stream of the gas, and almost all Inorg&nlos will burmn
in it as the temperature rises,

A study was mode iIn conjunction with this work of the effect of fluorine
leaking from a line under 30 pel on many materials of construction and of safety
clothing. The results of the investigation, supporting the above statements,
have been reported elsewhere.

In this experiment, although email fluorine leaks were not Infrequent,
no reel difficulty was occasioned from the use of the gas since proper safety
precautions were taken, and the operating personnel were capable of coping with
the emergencies aa they arose. In plant operation, much closer supervision
than is usual would be necessary to avoid serious trouble.

d. Advantages of fluorlnatlon,— It was demonstrated that the primary
purpose of the experiment, substantially complete removal of uranium from
salvage residue by fluorlnatlon, was attainable. With a sufficiently long
reedion period it should be possible to recover SB to 99* of the uranium from
any salvage bateh.

The uranium volatilised by the reaction sse put in an easily reoowr*
able form. First, the epray system In the traps made washing convenient and
efficient. Second, the trap wash was amenable to a standard carbltol extraction,
equipment fc? which is currently operating In the plant. The solution from this
extraction did not offar the ssma analytical difficulty aa did the trap wash,

and so provided h convenient point for accurate material aooountlng.



©. Future ITark.—-Should i1t be desired to investigate fluarlnation
of selvage residue further, a carefully planned program of variable control
should be node, with special emphasis on reaction tioo. Successful application
of any conclusions drain fipam this study would require the development of t
test for the extent of fluarlnation at any tins during the run. The noet
promising fields of investigation on this problem are exit gas analysis ad
comparison of gas rates into the reactor and out of the trape.

Further work on ocrroalon resistant materials of construction
would be profitable with regard to inareaeiig safety and reducing replaoeMnt
of the equipment.

It le suggested that batohss of charge sufficiently large for at
leant ten runs be homogenised so that the results obtained fron the variable
studies nay be strictly comparable. Since the residues do vary In proportions
of moat constituents, however, more than one such homogenized batch ahould
be studied.

Finally, in order that the investigation light produce any reliable

results, analytical methods for both solids end solutions should be improved,

Equipment

Pesctor Assembly.— In view of the excellent corrosion resistance
which nlcksl gratae had shown In the one kUlograa reactor, It woe decided to
construct all possible parts of this natal in the larger unit. The reactor
design was changed little, Its dimensions being 9-1/2 inches in diameter, by
30 indies in height, with a 1/4 inchmil. In spite of the previous good
results, honever, failure of the nickel reactor was the major soarce of diffi-
culty In the large seals operation. Failure usually ooourred in the form of

olroumferentlal cracks about the middle of the reactor, with occasional
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radiating longitudinal cracks. It appeared to be a coablnatlon of dhemical
oorroelcn and thermal shodk, the former being due primarily to nulfates In

the darge* A more detailed discussion of this problem may be found in the
Appendix, page 44*

Initially the reactor heed had one certral veil iIn which three
thermocouples were inserted at various levels* This sell was protected from
direct contact with the darge and flaring gases by a Qheath which also served
to sygport the grates for insertion and removal. Probebly because of the
extra protection, the sell stood up satisfactorily in the twenty-three runs,
In contrast to regular failures In the small reactor.

In order to get a more conplete ldea of temperature variation in
the reacting jasa, a modified head vme used in the last 14 rune. Five ad-
ditional wells of ooa-feurth Inch standard monel pipe were added, placed at
various levels end various distances from the center of the reactor. Sur-
prisingly, there was no failure of any of these In spite of the construction
meterial and its direct cotact with the charge*

The grates ware of oos-fourth inch and one—eighth inch nickel
plate ad shoved little evidence of corrosion at the end of the series.

A cylindrical, 10-1/2 inch opening Hevi-duty fumaoce (110V, 10 OF,
1010° 0. working temperature) wes obtained from Building 9210 and installed
on dhamel 1ron trades eat iIn the concrete floor* The reactor was lifted
Into end out of the fumace with ths aid of a one-fourth ton firight dhain
hoist suspended from an overhead beam.

Trap System— The cold trap system mas permanently installed before
the aeries vmns begun erd changed onlly anoe during operations. Initially

tvo trichlorethylene and three liquid oxygen traps mare suspended on's



frum rk of 1-1/2 Inch pipe* The former trape were of the type shown In
figure 7-A, Appendix, Jacketed and with a central cooling coll. Two of tbs
liquid ocygen traps had trichlarethylene Jackets with 2-1/2 inch cylindrical
cold fingers for the oxygen, while the third had a 4 inch spherical cold
finger. After Rim 17, the syaten was modified by the substitution of two
aore trichlorcthylene traps of the sans design for two of the liquid oxygen
traps. The spherical cold finger trap was retained alnoe it consistently
aalntalnsd e lower temperature than the other two end required less constant
filling. It was daaided, in Baking the changes, that no over-all reduction
of trap efficiency could be oooaslcned and that a considerable earing in
direct cost and labor would result trm elimination of two liquid oxygen traps.

It was calculated that aodlflcation of the trap assembly increased
the Toluae of the trlohlorethylene jacket and coll systen fren 3.45 gallons
to 5.18 gallons, and increased the total codling surface froo 18.% sq. ft.
to 25.7 sq, ft.

Shortly after the beginning of the series liquid nitrogen (b.p.,
-196° C.) was substituted for liquid oxygen (b.p., -183° C.) In the trape,
when it had been determined that there was no danger of condensing fluorine
(b.p., -187° C.) under the existing conditions.

Average gas temperatures in the trape over the whole eerlee of
runs were -17° C. for the first trap, -40° C. for the second, and -53° C. for
the last. Occasionally the first trap warmed up as high as f 20° C. and when
circulation of the coolant was lapeded by air binding, and at tints too such
liquid nitrogen lowered tbs last trap to -110 or 120° C. These temperatures
were rare, however, and had snail effect on the averages given.

Thbs trlohlorethylene was oooled In a copper coil turned in a

bath of crushed dry lot and trlohlorethylene, and It was circulated by naans
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of a 5 gpn centrifugal pimp. Several types of puap packing were tried, tbs
least troublescoe proving to be a graphite lapregnated rope packing) even with
that, however, progressively bad leakage nsoeeeitated its replacement every
two or three weeks* The trap efficiencies were seriously Impaired from tine
to tine by air leakage into the system, causing air binding of the traps end
stopping circulation in oas or sore of then. This was somewhat awellorated
by placing baffles in the elroulating trichlorethylens reservoir to break up
tns vortex in the discharge pipe, and by occasionally diverting the entire
output of the puap to the air-bound trap for a short time. The trouble was
never satisfactorily elininated* howevgr.'

Rater, air, and steam lines were installed over the trap systea-,
with rubber bore connections to the washing spray nosalese Rater was found
satisfactory for washing, except that a three or four hour delay was required
after the operation to allow the resulting Ice to aelt end the solution to be
withdrawn. Occasionally, too, the initial drop of water entering the notsle
frost on oontaot and prevented washing altogether until it had beon thawed.

It wns postulated that atess, in giving up Ita heat of vaporisation,
would wars the traps enough to obviate the long thawing out period, in addition
to producing a acre concentrated wash solution and perhaps cleaning oertaln
Inside surftoes which the water spray night not reach. Consequently stoaa?
lines were installed and the nethod tried on several runs, but with no suooess.
In every case the stess, or perhaps entrained water, frost on contact with the
spray nestle and prevented acocss of steam to the trap, further washing was
dons with water, which did not freest at the nossles if the Initial spurt had
sufficient velocity, the iteea being useful only as an eld In thawing out the

maln body of the traps later. After the traps were drained and rinsed, tlwy



were dried by prolonged bloving with air to prevent the formation later of
an insulating loe layer.
The trap wash, after sampling and weighing, van batched in a 250

gallon rubber-lined tank, from which 25 gallon portions were withdrawn for

extraction.

Auxiliary Equipment

Tewperature histories were kept during all rune of the gas in all
of the trape and of tha bath and return trlohlorethylene atre&a. In the
first twenty-one runs the copper-oonstantan thermocouples were read by Betas
of a Leeds A Rorthrup potentiometer. Sine© this nsthod was too laborious and
lengthy to be eonalatent with production operations, a Wheelco pyrometer, cnli-
brated to read from 0° to -120° C., was installed, the correct reeding being
obtained after subtraction of rooa tewperature from that indicated. This
apparatus proved quite satisfactory during tbs two runs in which it was used.

An aspirator of larger else but the same design as that used with
the one kilogram apparatus Wass used during the hydrofluorlastion. In this
oase, black Iron pips and fittings ware used vitnaut carrotion failure. The
sane fluorine scrubber was used ae before, but with tha addition of an aspirator
to withdraw the reaction gases more rapidly.

Both the nitrogen and fluorine rates were eeesured by s thermal type
flow meter, elsewhere described , to the nearest tenth of a cubic foot per
hour* The reactor and furnaoe temperatures were Indloeted by a Wheelco pyrometer,
a Grown recorder being used to oontrol the furnaoe teanerature. Same difficulty
wee experisnoed with faulty connection! of the thermocouples under the first

temporary arrangement, but this was eliminated later with redesign of the reactor
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bead and insulating bonnet to alio*. In effect, a permanent thermocouple

installation.

Procedure

Tha charge material used in all runs in the fifty pound apparatus
was 1300 recycle salvage residue, formed into pellets about one inch in
diameter and one-half inch high. Tbeoe were received in batchns cf fro® 25
to 250 pounds; composition of the various batches differing oonewhnt in all
constituents. This variation dictated sons non-uniformity in run procedure
and probably accounted to a large extent for the inconsistencies in recovery
data. Atotal of 1012 pounds of salvage residue was treated in the large
unit, an average of forty-four pounds per run.

The procedure outlined bolow is somewhat generalisedf some of the
steps and conditions described not having been standard far all runs through-
out the series. Anattempt is mads to present a procedure which would obtain
for the process as later applied to plant operation.

Hy&ofluorlinatloa.—About fifty pounds of these pellets were charged
to the reactor, filling it to a level about two Inches below the side exit
arm. The head was bolted on with a copper-asbestos gasket, the reactor hoisted
into the furnace, the insulating bonnet put in place, and the whole raised to
the proper level to coincide with the H-tail line. Anair gap of about one-
fourth inch was left between the reactor ana and the tail pipe to permit test-
ing of the exit gases. The furnace, various Instnunents, and the arm heater
were turned on and nitrogen was admitted to the reactor at aboit ten cubic
feet per hour to sweep out evolved gases.

As In the case of the one kilogram equipnent the remoter was

allowed to attain a temperature of about 300° C. before the H- was turned
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Ctrro>tun 1 Hdkai Knotari

n<« prUary atulpaaat problam in Uw Ure«-«oili atudy mi
fra*ua»t » v -+ of tha nlokol roaotora, apparantly In both aU”tt or
th« operation. Aftar on* to «i» runa tha wall of tha raaotor would
aahiblt om - nor* largo olrovanfarantial oraoka, icna loalinf, and doep
intargratatlar oorroalon.

following li a aohadult of roaotor falluraa and tha data avail-
abl# fop tholr oorralatlon. 61no® fallura ooourrad only it~ a lono about
tha mlddla of tha raaotor body, tha *oa*" raaotora gonorally oonaiatad of

a oaa body eyllndar to whioh had baan wtldad tha old flangaa, aide ana, and

bottom,
Tabla A-3
uohadult of Kaaotor Falluraa
Avaraga Aatraga
Haaotor lumbar Ihaabor Highoat Tamp. Hlghaat Temp,
lumbar WK Kuna P> Kuna HP - °0. Fo. cC-
. t u 746 666
< 4* 1 696 660
a I 2* 690 666
4 xX* 670
5 t 5* 630 640
0 4 4* 635 640
7 4 5 626 600
8 4 665
t 5 620

¢ Typa run during whioh fallura ooourrad



It was thought at on* time that th* failures aight haws bt«n du*
a*inly to tharaal ahook. aided to eome extent by oorroalon of th* pstou*
reagents. Adumay vis mada up of th* same niokel used for tha proo**»
r**otor*« thoraforo tod subjected to heat testa* Tha dumy raaotor »»e
heated to a dull cherry rad (about 600°C.) six times and eoolad rapidly
in a stream of air, but pressure taata at 50 pal after eaoh ooollng ahoeed
oo leaks. The dusaay wee then eubjocted to twolte taata of tha aaae type
in which 1t wr.a ooolad abruptly with a water spray. In tl la oaae only one
pin hola leak oould be deteoted after tha laat run. Sinoe there wes no
erldanoe of degeneration of the metal itruoture, It «da neoeaeerily oon-
oluded that thermal ahook alone was not reaponalble for the falluree.

Analytes of tha original oharge aatarial to tha reeotor ahoeed
*0a0 aulfate oontonta ranging up to 30£. Thla Information, an outline of
tha other raaotlon oondltlona and a cample of badly oorroded nickel were
eont to the laboratorioa of the International Nickel Company, eouroe of
the sheet nickel used. It waa the opinion of thla authority that the aetal
had been in no way Imporfaot originally and that failure had bean due only
to inlorgranuler sulfide attaok and embrlttlament, rather than to HP or
15+ *hia oorroalon oould be due to sulfates, it wea etated, if the tan*
paraturo exoaaded 700°k., or 360°C. It would, of couraa, be adtanoed by
higher temperaturoa and by rapid temperature changes, induolt# to oraoking
of the metal.

It will be noticed In table A3 that aa the meximum operating
toaperaturo waa reduced after auooeaoiye reactor falluree, these failures
became less frequent. In the laat four rune the residue waa hydrofluorl-

nated and fluorinated in separate roaotors but not enough runs were made



properly to indioete the oorroalon reaietanom of the nlokel under those
OMttUOBI*

In t furthor study of corroeion of various metal* under con-
ditions obtaining in thoeo reactions, fire reoko of 1/6 inch sheet metal
samples were placed on top of the oherge in one run. The Betels studied
wcro copper, nlokel, silver, monel, 310 stainless steel, end Haetolloy C.
Kaok 2, eubjeoted to the original ignition only, and Heck 3, inserted only
during hydrofluorinatlon, showed little or no attaok on eny staple. In
kaok 1, left in the reeotor throughout the entire run, the silver was en-
tirely ooaauaed, Ueetelloy C end 316 stainless steel were converted to the
fluorides in It>ers of sotle, end monel, oopper, end nlokel, in thet order,
showed t doaeon-ling degree of aoaling around t core of aound motel. Reck 4
subjects! to HP end Pg only, wea in elmoat the aeme condition ea Reok I,
exoept thet oopper aommed to atand up better then nlokel, Reok 6 wee two
aeaplua of niokol aubjooted only to f2 end showed elmoat no scaling or
pitting. It wea impossible to obteln weight loae date on eny of these
seaplea booeuae of contamination by edjeoent samples end by the charge.

It will bo noted that the teat resulta preaonted above ero not
coneintent within themselves nor with other tost date, especially with
regard to ulokol. However, it is thought thet the substantial oorroalon
shown by the lattrr in Raoka 1 and 4 wee due to contamination by the ed-
jeoent netelHo eilver which rendered the niokol more vulnerable to fluori
nation. There le little doubt thet it la the preferable metal of those

touted for construction of high temperature fluorinstlon equipment.
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Salvage Ko»iduo Analyele

Shown In table A-4, below, It a fairly oonplete analyaia” for
O batch of I00O-reoyole ealvage ratiduo. thia la not prasanted nacee-
earlly aa a typical ooapoaltlon of tfceae raalduea, but merely to Illuatrata
thalr complexity. Tha average uranium oontant of tha 1300-racyale raalduaa

prootatad in tha largo reactor, for inatanoe, wot 0.25%, whlla allicon

averaged 2ti.?£.

Tabla 1*4

Analyaia of a Salvage Roaiduo

Dried Reaidue Ignited Xaaldua

Analyaia Sought 1

Uranium, 0 0.S1 0.33
Silioon, Sl £2.6 26.4
Aluminum, Al 6.71 6.14
Iron, Pe 6.65 8.05
Magneaium, My 0.13
Omloltn, Ca 3.28 4.15
Sodium, Ha None
Titanium, T1 0.66 0.62
Chromium, Cr 2.41 2.58
Nickel, Hi 0.56
Copper, Cu 2.36 2.61
Manganoeo, Mh 0.012
Tin, Sn 2.99 2.14
Load, Pb 0.055
Silver, Ag 1.5

Chloride, CI 0.68

Sulfate, SO. 3.38

Kltr.ta, KOj 1.96

Fluoride, P 0.13

Hydrogen, H 0.45

Carbon, C 6.3

Water, HO0 2.4

Oxygen, 0 (By dlfforenoe) 35.74
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Figure 7-A

Cold Trap Detail
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