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2,O Introdaction 

Early in proJect history, a dry fluorination n&hod(ls6) WRS considered 

for separating uranium frcan fission products, plutanirnn, and other trans- 

uranic eleaents. This method canslsted of converting wrmimtt t o  the hem- 

flnoride and effecting the separationby disti l lat ion; however, it was 

mceasary t o  place the major effort on other processes which would require 

leas deveIopmnt two 
of' ffttsrination aethods sfnce they offer the following advantages &r the 

present wet proeessea: muer equipnt w i t h  few 8 ~ .  no mving par ts  

is requbed; (2) the waste volume is  -zed since fluorine is the only 

=jar a h e m i d  used; (3) fission produds are obtained in a conewxtrated 

fozm nra(ki9g easi@ recoverable; (4) the uranium i a  recovered as m,5 
whi& requires a small storage volume ana which i e  the feed xaterial f a  the 

isotopic separation $lasts; (2) it m y  be possible t o  process short -led 

mteria9, thus rei3ucing the u ~ a a f l ~ l l  inventory requirenents. There are two 

outstanding llmitatxtons t o  thiB type procerss: 

nating agents and (2) the danger involved in  

apaterias. 

It nat seem desirable t o  &e a thorough evaluation 

(I) 

( I )  the high cost of fluori- 

voIatiLe radioactive 

Before a dry fluorination process for deccmt-ta uranium and p h -  

toniammy be seriously considered, the actual separations obtainable must 

be a w m t & e d e  Flnorimtion, copper adsorption, A1undu.m adsorption, f il- 

%ration, and resub3,imation -re inveglt++ted as methods of separating 't;uTBsIugl 

fm p l u % o n i ~  and fission productse These serve as prelWtnary studies 
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4 e 1 Fluorination Equipment and Procedure 

PXuorine was trarrsfemea 1B”psm cylinders through a bed of sodium 

f3,uoride Lo remove HF aud then through a monel, Hoke needle valve and a 

glass rotmeter  -into the fluorinator (Figure 1). The fluorinator was a 

cup made from BE 2 inch pfese of 1-1/2 inch nickel tubing (Figure 2). The 

cup was placed i n  a stand fabricated from a stainless s tee l  flange and 

e%aid.ess steel pipe. 

a fIuox5ne in le t  am3 a UI?G outlet. 

less s tee l  f3.angeas using an aluminum wire gaeketo 

was used t o  bring the reactor and uranium metal up to  tenperature. 

The fhoriloator top was a disc of nickel sheet with 
, 

This as8enibl.y was sealed between stain- 

A conical e lectr ic  heater 

The aXimintmr Jacket was removed mehanical3.y fpom a 40 - 250 gram 

pieee of slug irradiated in the CBNL pile. The oxide film was removed i n  

n i t r i c  acid asld then the uranium was tharou&Ly dn”ied and placed in the 

fbuorinator. 

t o  300-350”C and 20 ml/min of fluorine was fed t o  the reactor. 

rfse in  tearperatme gave evidence that the reaction had started. 

Af%er evacua-ting the equipment, the teqperature was raised 

A sharp 

The ex- 

ternal heat was then remwed, and the fluorhe flawpate was increased t o  

about 250 d/nain. 

t-o 300Oc. when fxuorimtisn was near* complete, a r i s e  in  temperature of 

l5O-2OOOC i n  a few seconds indicated that only a small amount of unreacted 

The teaperatwe rose t o  about 4OOoC and gradually dropped 

metal remained, After the reaction subsided, external heat was applied t o  

raise the temperature t o  5W°C for  30 minutes before stopping the fluorine 

flowo This procedure removed the Past tracee of‘znetal and lower fluorides. 
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FPuoagination Equipment and Procedure (continued) 

The UFO produced was passed through adsorbers and/or filters t o  effect 

decontamination and f ina l ly  condensed in  traps cooled i n  dry ice and tri- 

chlorethylene (Figure 1). 

t o  a soda lime trap and vented t o  the hood exhaust. 

Gases passing through the cold trap were sent 

After fluorination was complete, the equipment was evacuated and swept 

f’ree of f luo rhe  by means of nitrogen, The fluorinator was dissolved i n  

n i t r ic  acid, and an aliquot of th i s  solution was Bed for analyses. 

4 2 Fluorinat ion Results 

m e  reasul%s obtained fo r  the f luorbat ion of uranium metal irradi- 

ated 335 days and cooled 30 months me presented i n  Table 1. 

of the p%utoniun remained i n  the reactor, while only 0.0006 - 0.08$ of the 

From 4 t o  2@ 

uranium remined behind. Gross p, Gross 7, Ru. f3, TREg, Csg, and Srg decon- 

tamination factors were a l l  within the range of 2 - 13. 

The higher uranium losses in experiments 1 and 14 were a result  of in- 

complete fluorination due t o  too short a heating period i n  a fluorine atmos- 

phere after the reaction had subsided. The high values f o r  the fission pro- 

duet decontamination factors and plutonium hold up in  Experiments 1, 2, and 

3 resulted from increased ~ e a c $ ~ r  size and the uneven tenrperatures i n  the 

reactors. 

slightly volatile fluorides, the main reason for the low and inconsistant 

Since the only fission products present form non-volatile or only 

decontmination factors was solid entrainment in the gaseous EFG- 
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Fhor ina t  ion Res.u%.t;s (continued) 

experhiexts T j  14> 16, and the reaction was started by first 

B i l l i n g  %he equipraerd with nitrogen instead of evacuating it. 

the plutonium remezixnPrg in  the reaet0r was 30-46 instead of 4 - 2@. 

reason fo r  %hie difference dts not mderstood; however, a test (Ea. 18) was 

A s  a result ,  

The 

manEm ecuabare~ed per 'nom. 

l a tbg  the fluorine fXowmte0 

This rate was eontroued quite easily by rem- 
There m e  l i t t l e  or no reaction noted between 

uranium metal and f l u o r h e  a% Le,mperet%uPes below 3OOoC, and additfowl heat 

was needed at the end of the reaction eo fluorinate %he last traces of 

uranium metal and %n$emedia%e fluorides Lo uF6. 
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Adsorption of Fission Products arrd Plutonium (continued) 

sf considerable y%lueo 

less stable than UF& since the plutonium plated out on copper connecting 

Sines i n  the experimental apparatua(5). 

were tes ted and copper was found to he partially effective and Alundum com- 

pletely satisfactory fo r  removing plutoaim from uE6. 

the A1wdu.m removed enough of the Gross @ activity fromthe m6 t o  be of 

value Per a Gecont;tmtion procedure. 

Px-evious wrk showed that plutonium hexafluoride i s  

Adsorption on copper and Alundum 

Eeither the copper nor 

Graphite and activated calcium sulfate were f o u d  t o  react with UF6 a t  

100"~ and so were not tested m h e r .  

moPemhr compound whkh decs~~~oses :  to give fPdorine when heated. Since UF6 

earnot be remmea frcm t h i s  compound by subXim.%ion, sodium fluoride was not 

considered as a adsorbing medim to remove the p1ut;onium. 

Sodium fluoride ana U F ~  form an inter- 

5 a 1 Adsorption on Copper 

Three types of copper traps were used t o  adsorb plutonium: (1) 

a "U" tube 9 inches high made a coi l  of 1/4 inch tubing 3 feet  long, (2) 

from 1-1/8 inch diameter tubing and packed w i t h  copper turnings, (3 )  cylin- 

ders 2 inches i n  diameter am3 from 3 t o  15 inches long (Figure 3 ) .  The 

stream of gaseous uranlwn hexafluoride from the reactor was passed through 

these vessels which were heated t o  70-80'~ i n  a water bath. A f t e r  the ex- 

periments were completed, %he traps were washed w t t h  dilute n i t r i c  acid t o  

removed the plutonium, uraniumJ a d  fisreion products. 

e m m  
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Adsor-ption on Copper (continued) 

The three fee% of copper tubing removed 27$ of the plutonium while the 

trap packed with copper turnings removed 7 6  of the pktoniutn. 

In the experiments using the 2 inch diameter copper traps, the a,xnount 

of pl.tl.tonium held up was proportiaual t o  the length of the traps (Table 2), 

This Bncrease of adsorption may be due t o  the increase of surface mea, 

increase of eon%aet time, os kl0t3rx. The plutonium hold up fo r  the 3-1/4 igch 

trap was 23.7b9 for  the 7-l./2 inch tr8p was 57k9 for the 9 inch t rap was 98.7$, 

mi! for  the 3.5 inch %rap W ~ S  92.2$, 

not elrp%ained. 

diff l ieul t  to remove by mea3 of adzrsrp-tion on copper, 

%%a high value f o r  the 9 inch t rap i s  

The results fndfeate that the last trace of plutonium may be 

The fissioa product decontamination f&clor over these traps was negli- 

gtble (about le3,)* 

copper adsorption was preceded by eondearsatiQn and resublimation as i n  

Experiment 3.2. 

duping the first eor&nsa-tlon or t o  an inadequate sweep out of the equipment 

af"&er rearublb t  ion, 

The wsnim hold up was small. (60.3%) except when t h e  

Th is  high less 0f 8$ m y  either be due t o  reduction of mE; 

5 2 Adsorption on ALmdm 

Chips from Alundm emcibles were placed in  a nickel tube 1 inch 

i n  diameter and 9 inches long (Figure 4). 

a tube furnace, and the gaseous UF6 stream fromthe fluorinator was passed 

through the Alundum. 

The bed was heated t o  100% i n  

For analykieal purposes the plutonium, wanium, and 

fission products were removed from the A l m d m  by elution with 30$ n i t r i c  acid. ___ 
, 
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Adsorption on Alundum (continued) 

The Alundum beii removed 92-9s  of the plutonium (Table 3) .  The plu- 

tonium passing through was thought t o  be non-volatile since it could be 

easily removed by f i l t r a t ion  (Experiment 22, Table 4) or by resublimation 

of the uF6 (Experiments 20 t o  2& Table 5 ) .  

AlunrZum was 1-38> and the fission product decontamination factors wereonly 

The uranium loss on the 

about 1.4. 

6 ., 0 FiS%ration of Uranium Hexafluoride 

During early experiments a considerable quantity of f ission products 

w m  carried over f r m t h e  f luorhator  t o  the cold trap. 

that solid particles were entrained i n  the gas since a l l  the fission pro- 

duets present formed non-volatile or only slightly volatile fluarides. 

This suggested 

Barrier backing tubes were used as  a laboratory tool i n  determining whether 

OF not %he activity and plutonium carry-csver was due t o  entrainment. 

6.1 Fi l t ra t ion Equipment and Procedure 

A nickel, bsmier backing filter tube 1/2 in6h in  diameter and 3 

inches long was f i t t e d  w i t h  nlokel ferrules. O n e  end of the tube was closed 

ana the other end was flanged. This assembly was sealed into a nickel tube 

( l " D  x 8w) by the use of heavy flanges and a double gasket arrawement 

(Figure 5 ) .  A thermoeoupXs well extended through the e& plate flange t o  

the center of' the barrier backing tube. Tlhe inlet  and outlet for the f i l -  

t e r  consisted of 1/4 inch brass tube f i t t ings  si lver soldered into the ends 

of the case. 
mEm! 
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FiXtration Equipnent and Procedure (conthned) 

Wraxtarm hexafluoride wets passea thr- the barrier backigg a% 70 - 225’C. 

stant9aU.y affeated by teqperatxre was that for mthenitnn. 

deeontaminet.&iola factor was 200-500, and a t  225% it was only 15. 

the decon-tam-%ion factors for Csg, Srg, and Wf3 were slightly greater 

A t  7OoC, the RUB 

In general, 

thm 103. 

When f i l t r a t ion  was preee&ea by resubllmat,ion, the filtration shared 

LittSe taprovemat €n decont&mtion since the activity was too low for 

acma%@ analysis (Em. 19). 
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F $ l t r a t f ~ ~ ~  Results and Discussion (conthued) 

When -&e f'il%eE" was used after aa Alundmn adsorber (Eqeriment Z ) ,  <l 

Pu a etfmfmg I3 pasrsed %&om the f%I.%er md4000L$0f the wanium stayed on 

the f f l te r .  

order at3 f o r  fiXtration of wan2wp hexafluoride coning directLy from the 

f lUOrf&?LtOrO 

The ffsai0.n pr02tuet demn%amhat€on factors were of the same 

Slntx no way i s  known t o  removed plutonium, uranium, and fission pro- 

d u c t ~  from %he barrier backing except by washing, it i s  recommenaed that f i l -  

$ration of th%a %me be wed only as a slaboratory tool and not be consiaerea 

$or large scale opem-kfon. 

f$cuI% %Q dqy it thoroughly emough t o  pass T3F6 and Fg through it again, 

After .%ra&i.ng barrier backing, it is very d€f- 

7 a 1 SubS%tma%ion ~qa~ipnen% m a  P~oceduPe 

Uradm hex&luorfde was condensed i n  copper traps of va;PiQUS sizes, 

the trap most used being a syL%nder 3 inches i n  Bi-ter ard 12 inches high. 

To carry opnt a retwblTimtion, the trap eontaidng uranium hexafluoride was 

placed h a water bath ana heated to 90We !?he uranium hexafluoride was 

volat2lized and passed tkough a copper connecting line t o  a similar trap 

placed in a bath of dry ice-trich90rse%hyleneo A reasonable length of time 

wag allowed for the sublimation %o t phce, s8me there was no convenient 

method of determining when it was eompabete, 

cb 

No n$%rsgen or fluorine sweeps 

?!!!EEs 
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w e r e  =de t o  remove the last traces of 'EJFS. 

7,2 Resublbmtion Results and Discussion 

The results for batch resublimation varied considerably for two 

(1) reasons: 

the previous treatanent of the uranium hexafluoride varied widely. 

the resublimation was crude and often incomplete, and (2) 

%e fissboa products present form non-volatile fluorides wfiich 

must have been carried into the ccld trap by entrainment, 

should serve primarily t o  remove the uranium hexafluoride gas &om these 

solids.  

ment varied and gave a w i 6 e  range wf decontamination factors. 

decmtaslimtioas factors were 12-330 (Table 5). 

by f i l t ra t ion,  the &mcpullt of activity present was so small that  the gross 

p decontamination factors could not be determined. 

The resublimEttion 

S b c s  the di8ti lZaticms were m d e ,  the amount of solid entrain- 

Gross $ 

For rersublinzation preceded 

Plutonium decontamination fetetoss over the resublimation step were 

probably dependent upon both the entrainment phenomenon and the adsorption 

of the volatile plutonferm on the copper walls. 

~ O O $  of the pXutonim. 

Resublb t ion  removed 80- 

Uranium losses varied widely due t o  incomplete sublimation and sweep 

out of the equipment. 

8 e 0 Overall Results 

Fluorination, copper adsorption, fimdum adsorption, f i l t ra t ion,  and 

resublimition pxed92ses were conbined in  mriow ways t o  study the separation 
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Overall Results (continued) 

om-980 

of pbaton5.m a d  fission products from uranium me%al irradiated 335 days 

%a the OBEL pile a d  coded 30 months. %e overall procedure and results 

fer various experiments are given 2n TabLe 6. 

hexafluoride products are given 3.n Table 7. 

Purities of the uranium 

The most eflective removal of f ission products was made in the ex- 

periments Involviflg a f i l t ra t ion  s%ep. The ovelpall gross @ decontamina-tion 

factors mrled f r o m  3 x 10 3 t o  greater than 10 4 and the products contained 

1 - 50 @ ets/m/mg U. Experiments containing a resruiblination but no f i l -  

tration were leas effective in  removing fisajdon products. 

tamination factors were 230 t o  1.4 x lo3 with a corresponding higher activi- 

t y  Ln the produet. Tlze one experiment (Noo 1) which used onXy fluorination 

Gross p decon- 

and copper aasorption gave a @;k”o~s p decontanimtion factor of only 12. 

The most effective and 0d.y satlafactory removal of plutonium was 

made in experiments using AI?mdm adsorption. 

20, 21, 22) the pbutcmtum decotanina-tion factors were 6 x 103 to 6 x bo4 

am3 the uranium product contained< 0.5 plutonium ct/m/mg U. 

In these experhents (Nos. 

In a l l  the 

other experimertts,pPutoniwg decontanaimtisn varied widely; hawever, large 

copper adsorbing surfaces tendeld. t o  increase the decontamination factors. 

Uranium losses f o r  a l l  the experiments were quite high, These losses 

were explained under the various sections in this report dealing with the 

individual operations. 

of I - 3$ on the Ahxidm adssrber; however$ by improved operating techniques 

1% m y  not be possible to reduce the uranium loss 

the other losees can be reduced t o  <O,I$. - 
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goo PieeQmmendatiomt 

Tlre results of %he eqerbents presented 19 t h i s  report serve primarily 

as a @de t o  AzPthek investigations. 

%e solved and the following keconrmendations deal only with those which 

should be studied i n  the inrmedfate f'eature. 

There are many problems remining to 

9.1 Preparation of Uranium Hexafluoride 

A %hero@ investigation of various methods of converting wanim 

metal =to m6 is needed, From this sLuay should come the optimum procedure 

from the view psfn% of safety, ease of' operation, and economics, 

g 0 3  Dis%iabb.tion Studies 

A propam LQ detemne the relative v o h t i l i t i e a  of wrious fission 

produet fluoriiiee is now 2.n prsgrersos. 

la t ion methods, and LeetEng on a laboratory scale should be carried aut. 

Determination of the optimum d i s t i l -  
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9.4 Phase I3iapFLa.n 

Sdubili%ies of the fission produet fluorides in uranium hem- 

fluoride should be obtained. 

BY w i l l  alas be needed if these materials are t o  be used i n  the fluoride 

process, 

Phase diagrams involving BrF , C U 3 ,  and 3 

9.5 Fi l t r a t  ion 

At present, f i l t ra t ion  seem to be valuable only as a laboratory 

tool, 

f icul t ies  of washing the f i l t e r  free of plutonium and fission products and 

then drying 80 it can he reused, A t  th is  time no further work need be 

aone on t h i s  procedure. 

Filtration i n  barge scale operations is not desirable due t o  dif- 

9.6 Equipment Development 

Special equipmend; and. samplers are needed t o  study a U  of the 

previously ment doned problems Development and testing of t h i s  equipment 

can best be cmrfed out alom wi%h the ibveetlgations for whleh the equip- 

ment is xweded, 
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Table I 

Removal of Plutonium and Fission Products from Uranium by Fluorination 

ORNL- 980 

lxper iment 
Number 

la 
2b 
3b 
4c 
5d 
6 
?e 
8 
9 

10 
11 
12 
13 
14e 
15 
16° 

19 
lT f B  

Conditions : 
(1) Reactor: 1-1/2" OD nickel tube 2 inches deep 
(2) 
(3) Reaction temperature: 250-6000~ 
(4) Reaction pressure: most experiments staPted under vacuum and gradually 

( 5 )  Fluorine flowrate: started at  20 ml/mfn and increased t o  >200 ml/min. 

Uranium metal i r rad ia ted  335 days i n  the ORNL p i l e  and cooled 30 monthso 

increased t o  one atmosphere 

Uranium Feed 
(grams) 

35.0 
44.1 
64.1 
16.0 
36.1 
27.0 
57.5 

50.8 
48.0 
41.0 
72.2 
75.5 
75.8 
76,o 

245.0 
5090 
37.8 
73.3 

45.8 

Hold up i x  
Uranium 

1 - 6 9  
0.300 
0.080 

c0.002 
(0.002 
~0~ 060 

0.050 
0.005 

<o .005 
0.080 

(0.006 
<0.004 

0*012 1.81 
0.020 
0.0006 
0.070 
0.034 

<O. 004 

Fluorinator 
P Put onium 

27 
46 
41 
12 
19 
17 
33 
8 

8. 
5.4 
7 

14 
40 
19 
31 
31 
10 

5.1 

4.0 

Pu a 

1.5 
2.0 
2.4 
1.5 
2.2 
1.2 
1.4 
3.. 2 
1.2 
1.4 
L 4  
1.1 
1.6 
1.9 
1,4 
1.5 
1.9 
Po2 
l o  1 

Gross y 

10 
16 
15 

7 
5 
3 
5 
7 
4 
3 
3 
4 
3 

5 

10 
27 
20 
7 
4 
6 
5 
5 
3 
7 
7 
5 
3 
4 
4 
4 
4 
3 
7 

2tion 

7 
23 
15 

4 
6 
4 

10 
3-3 
4 
6 
7 
10 
6 

14 

tetors 
@s B 

11, 
2 1  
33 

5 
3 
3 
5 
6 
3 
3 
3 
3 
3 

4 

6 
29 
18 

4 
4 

4 
5 
4 

2 

$ 
3 
3 

5 

F i q  
PO 
27 
25 

5 
6 
3 
7 
7 
6 
3 
5 
4 
4 

14 

(continued) 
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Table 5 

Renoval 09 PXutonium asd Fission Produds fYom UFF; by Bat& S't;iblfmation 

Conditioner (1) copper and etainless steel coxa traps sf various sizes were used. 
(2) The trap aontaining UR6 was placed in a water bath at 90% 
(3) Preview treatment as noted. 
(4) Uranium was irradiated335 days in the awldJt pile and coofed 30 months 

Fluorination 
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aREL-980 

DWg*# 10640 

Fluo r i r e  I n l e t  

Stainl-ss S t e e l  

I 

F l u o r i n a t o r  Top 
1/32" shee t  Q i c k e l  

Aluminum !&ire 

I 

F l u o r i n n t o r  

2" long n i c k e l  
1 l p f  d i a .  x 

-- 

S+-p:inlezs S t e e l  
F 1 e i p  5" OD x 
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