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E. Assumes any l i a b i l i t i e s  w i t h  respect  t o  the use of, or for damages resu l t i ng  from the use of 
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contractor of the Commission, or employee of  such contractor, to  the extent  that  such employee 
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BOT- CELL STUDIES OF 'TXE FSSJUIDIZED- BED FLUORIDE VOTATILITY PROCESS 
FOR RECOTTEEING 'UKAN1UM ANTI PLUTONTUM FROM SPENT UO- FUELS 

J . C o Mailen aild G. I. Caihers 

Bench-scale experiments with UO t h a t  had been irra- 2 
d i a t e d  t o  a burniip of 34,000 Mwd/rwtric t o n  and cooled f o ~ ~  

two years  were performed, using R 0.94- in. - I D  f 1ul.d-ized.- 

bed reac tor . ,  The objecti-vea of t hese  experiments were to 

t e s t  NaF a t  4 0 0 ° C  f o r  use as a t r a p  f o r  v o l a t i l e  f i s s i o n  

product f l u o r i d e s ,  t o  t e s t  MgF f o r  use as a t r a p  f o r  nep- 

tuiiium and technetium fluorides, .to tes t  NaF a t  550°C f o r  

use as a t r a p  f o r  sorbing PIS/ and. s epa ra t ing  it from ru- 

Lhenium, to stud-y t h e  behavior of nepLhniim, and. t o  de t e r -  

mine t h e  f a t e  of ' ir i t5.um. 

2 

0 

- . ~ n  t hese  s t u d i e s  the UO 

0 --&I$ N2 a t  450"C, t o  Porm U 0 

w a s  first, oxtdized v i t h  20$ 
2 

thi.s w a s  then t r e a t e d  
2 3 8;  

with BYF - N  mixtures  (5 t o  IO$ BPF..) a t  3oocc L O  form 

UT and v o l a t i l i z e  the  uraniuii and most of  t h e  ruthenium, 

molybdenum, and tech-fletiim € luor ides  ; f i n a l l y ,  t reatment  

with f l u o r i n e  ai; 300 t o  500°C was used t o  f l u o r i n a t e  and 

v o l a t i l i z e  the plutonl im as PUF' I n  some r-ms, RrF w a s  

used f o r  a f i n a l  cloaniip of  ui:aili.1un a f t e r  t h e  BrF t r e a t -  

meni; . P1ii.toniun WRS separa ted  from the fluorine s'trea,m, 

by i r r e v e r s i b l e  sorption. on NaF, i n  a t r a p  a t  Lemperatures 

above 700°C. U r a n i u m  hexa€l.i;ioride was p u r i f i e d  by passage 

through a 400°C NRF bed and. by so rp t ion  on, and desorpt ion 

from, NaF. 

5 2  > 
6 

6' 3 

5 

A ruthenium decontamiriation f a c t o r  of  2000 was ob- 

calned by using a ) tOOQC iVaF bed ant3 a res idence  t i m e  o f  

15 see ;  cosorpt ion of  rdtheniim I n  the pliitonium t r a p  



2 

was minimized by operaiine; i t  a t  550 to 600"c. 

dyt:i3x~~ i n  ihe f u e l ,  about 95% was l i h e r e t ~ d  during t h e  

k e a t j p  of the f u e l  t o  450°C and diiripe t h e  oxidat ion;  t h e  

u_lit.r 5% w a s  l i b e r a t e d  -3iiring t h e  RyF 

Of t h e  

s t e p .  > 

Hot.- c e l l  tests of the  fluid.ized-bed flimr:'.de v o l a t i l i t y  process 

were m d e  ac Oak Ri~dge Nztional I abora to ry  i n  suppo~i of  Liie proposed. 

Fl~uir! ized-Bed V o l a t i l i t y  Pilot P l a n t  3 These s t u d i e s  ~.ie:ie d-esigned t o  

explore .the chemical behavior of va,ri.o?xs PissTon products,  us ing high- 

burnup TIEL, an6 t o  evaluate  methods f o r  decontaininatli-ig ilie uraiiii~ii~ 

and. pl.utonium products S p e c i f i c a l l y ,  we a t t enp ted  t o  do t h e  fol-lowing: 

1. t e s t  biaF a t  400°C l o r  i t s  efTect.iveness i n  removing v c l a t i l e  

f i s s i.on prod~uc t s , 
t e s t  MgF, a t  1 O C " C  for use as a neptunium and technetium t r a p ,  2. 

3. .Les.'i N a F  for u.se as a plu-toniixn t r a p ,  p a r t i c u l a r l y  regarding 
rr' 

cosorption of ruthenium, 

4. examine t h e  behavior of  Ileptuni-an, and 

5. determine the f a t e  of tritium. 

The r e s u l t s  of ilizse t e s t s  and examinations, along with s i g n i f i c a n t  

observztSons made i n  ihe course of t h e  work, are prPsent,ed i n  t h i s  

repo-t 

.- AcknoT.47 erl,gmen'Ls. ~ ._-.. - The auihors  wish t o  recognize ilie f i n e  work 

clcne by the Analy t i ca l  Chemistry Di_vi.sj_on i n  t h e  a n a l y s i s  o f  t h e  hot 

sampies, and tha t  o f  5. H. Goode for  h i s  a n a l y s i s  of' ';he tritiim end 

p l u t o r j i m  conceni  o f  t h e  f u e l .  We were nsr,isi,ed i n  t h e  inrit4a,l  cold 

i e c i i n g  o f  i h e  eqif.pr.ent. ~ J J  To E. C r a - b t r e e ;  t.he hot- cell^ work ~~12s 

rmed witlh the a s s i s t a n c e  02 L, A -  b:j-i*d. 



2 . 1  Equipment Used 

Because space w a s  l i m i t e d  Lhe h o t - c e l l  t e s t s  were done with s m a l l  

equipment The fl-uidized-bed react,or, which was made o f  l-in.-OD 

n i c k e l  pipe,  had a 2-in.-OU d.isenga,girtg s e c t i o n .  Except f o r  t h e  cold 

t:rap and the NaF t r a p  f o r  plutonium so rp t ion ,  t h e  var ious t r a p s  con- 

s i s t e d  of  1.- o r  2-in.-OD n i c k e l  t ubes .  

The f1iii.dized-bed reac'ior i s  shown i n  F ig .  1.. The bed w a s  

supgo?-ted. i n  t h e  r e a c t o r  by a ball. check valve.  TIe .temperature of 

 ne f l u i d i z e d  s e c t i o n  w a s  moni.t,ored b y  an e x t e r n a l  thermocouple i n  a 

w e l l  tha.'i w a s  welded t o  t h e  s i d e  of  t,he r e a c t o r .  Heat w a s  suppl.ied t o  

t h e  fluid ized-bed p o r t i o n  ol" t h e  r e a c t o r  by a cl-amshell h e a t e r .  'l'he 

tetiipera'iure of  t h e  disengaging s ec Lion w a s  moni-tored by  an e x t e r n a l  

thermocouple. Ca l ib ra t ion  of Ynis  thermocouple a g a i n s t  an i n t e r n a l  

thermocoup7.e indicated.  t h a t  the temperatulve of  t h e  gas i n  t h e  disengaging 

s e c t i o n  was about 30°C h lghe r  t han  t h a t  of t h e  w a l l  ... 

s e c t i o n  w a s  heated by  means of a wrapping of ashes-Los-coated r e s i s t a n c e  

w i r e  (Cerro Corp. "Rockbestos ")  zrina1.7.y insulalied with Sauereisen.  

L, 

The disengaging 

rrii ~ ~ i e  f i l t e r  ai; t he  top  ol" 'the d-isengaging s e c t i o n  was p e r i o d i c a l l y  blown 

back by a pul.se of 5- .Lo 1.0-psig n i t rogen .  'The c o a x i a l  t ube  arrangement 

shown i n  F i g .  1 c r e a t e d  suff? .c ient  r e s t r i c t i o n  i n  t h e  flbw out of  .the 

bed t o  e m u r e  t h a t  more than h a l f  oi' t h e  blowback pulse  passed through 

t h e  f i l t e r .  This arrangement elimi-nated t h e  use of  valves,  which were 

known t o  r e q u i r e  f requent  rnaint,eiiance a 

Figure 2 shows the f l a n g e - f i l t , e r  assenhly t h a t  w a s  used on t h e  

f lu id i zed -bed  r e a c t o r  and on a l l  t r a p s  except t h e  co ld  t r a p  and t h e  

NaF t r a p  f o r  pliitonj.umv Tn t h i s  design, t h e  Teflon O-ring a d s  t o  

seal t h e  f l a n g e s   and^ t o  s e a l  i.n t,he f i l t e r .  'The presence of  t h e s e  

f i l t e r s  a t  t h e  t o p  of each t r a p  prevented s i g n i f i c a n i  t r a n s f e r  of dust  

between t r a p s .  The f t i ters  were repl.aced afeer each run .  

The t m p s  (except  -the cold t r a p  arid the plutonium t r a p )  were 

heabed wi-th r e s i s t a n c e  v'l.re wrappings and. were i n s u l a t e d  with Sauereisen.  



ORNl. DU'G, 69-85 

z 

I 
SEE FLANGE-FILTER ! 
ASSEMBLY DRAWING 1 '\ 

2 in.O.B.-+ 

IO in. 

1 
BALL 
314 is, 



5 
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6 LANG E S TIGHTENED 
BY THREE, 3/8-in., 
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;II- 
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0.625in. 

TEFLON O-RING 
2 9/16-in. I. D., 
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-2 in.-- 

). 

f 
0.625 in. 

e- -- 4 in. 

Fig .  =!. Stardai-d F lange-Fi l te r  Assembly. 



6 

%e cold Lrap, which was used to c o l l e - t  t h e  C!, product, consist,eci 
0 

~i. S-'n.-long, P-i.n.-OD nicke3- t u k e  f i t t e d  with R b?Tflc that, forced 

L -  .ne gas t o  c i r c u l a t e  Lo within 2 i n .  o€ the botiorn.  The t r a p  was cool-ed 

by iirvlnevsion i n  'dry i c e - t r j  c:%il-oroet'r,ylene 

In  t?ie f r i i ?S t  f o u r  hot-ce1.l t e s t s ,  t ,he plutcn.iun trap consis-Led of 

a s t r a i g h t  'LL~GZ havinz a thermocouple i,.iell t h a t  entei-ed t h e  s i d e  :ibo?;.t. 

dosin she tube; here, the two IJsF beds were supported on each 

side oi' t h e  themiocoiiple well-. The dissdvantsge of this tjrpe OF' t r z p  

w a s  the I n g e  -,emperature d i f f e r e n i i a l  (50 i o  l C 3 O C )  3cross t h e  sec t fon  

oC N a p '  on the gas i n l e t  s i a e .  'The Nay t r a p  used. t o  scrb pLutoniuni i n  

the mos'c m c e n t  ' iezts is shown in Fig. 3. The double-wsl-1. design 

result,ed in a. very sma1.1~ temperatlire g red ien t  i n  the inncr t.u'oe. Two 

r i .  j - g  portions of 12- 'io 20-mesh NaF, sepa~zted 'oy a p?.ijg of 3-mi l .  

n i c k e l  wire, were i -n se r t ed  i n t o  t h i s  inner Lube. The highest, ierLpera.- 

L U T ~  c c c u r r e d  a t  t h e  bo'Li;orn oI" -the inne r  kubc. The decreases in tern- 

pern;ure over ?Le firsL and second sections were about 1 ° C  a,nci :<.bouti 

4"C, respccsively. T h u s ,  t ,bis trz-i; could  ioe operated wi tri an esseniially 

co'<~:;tait sorptii c~n temperature; it was hea'ied ~wi'ih r_ clamshel l  furnace.  

c 

!Jr?hc.?<te2 I/)+- in. -OD KeJ_-F lines served t o  connect the I lu id i zed -  

bed reactor, gas supp l i e s ,  and the  \Tainl'.ous t r z p s .  KG val~ves were used 

xis ide  the c e l l  except c n  the u r a n i - a  product cold t r a p .  " "  
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- 
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8 

/ - 8  HOLES, 1/32 in. 
DIAM, DRILLED CLOSE 
TO BOTTOM OF TUBE ,,/ 

Fig .  3. Plutonium Trap Used. in Most Recent Tes ts .  
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I-~R-SWAGE k8K 

TO TQ 
DISPOSAL SAMPLE 

CO N TA I N E R 

Flg. 4. Fluor ine  and B r F  Disposai Apparatus U s e d  in Hot-Cell 5 Ekperixnents. 
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piped through a~i~ient-temperati~.~e t i>.bi~ig i n t o  t h e  c e l l .  

pentnflinoride g:iE w a s  generated. by hent.i.ng a. cy l inde r  of l i q u i d  BrF 

&out 50°C and passing i t  through tu'o<.ng and d i f f e r e n t i a l  pressul-e 

transmitters hea ted  above t'ni.a teI~~p?raLu.~e. Before e n t e r i x  t h e  c e l l  

Lhe BrF gas was d i l u t e d  with nft,-oge:rl to e1imin::ite t h e  n e c e s s i t y  of 

h e a t i n g  t h e  l i n e s  i n s i d e  the c e l l .  R r o m b e  t r i f l .uor ide  w a s  produced 

at t h e  i n l e t  of the f luidized-bed reactor by mixirig appropi*ia.te amounts 

of bromine and SrF Bromine was generated by passing n i t rogen  through 

a. bromine bubbler rnaintaii-ied at O°C. 

Eromine 

to 
5 

5 

5 

Sampling the sol-td traps, except t h e  pliitoniim trap, was done by 

passing t h e  solids through a r"unne1. with an Inve r t ed  "Y" bottom u n t i l  

,a sarnp1.e of convenient s i ze  (a'oou.t 7 g except i n  t h e  case o f  t h e  

flu-idized-bed sample, which was 3.5 g) was obtained.  

each t r a p  were submit%ed f o r  aiia,lysi:;, and t'ne results were averaged. 

'The r"unae1.s m e d  f o r  this procedure were wished p r i o r  t o  t h e  sampling 

s t e p ;  and, i n  each run.s the "coI.des'L" t r a p s  were sampled. f irst  as a 

f u r t h e r  precaut ion agninst  cross- contarninat i o n .  Such sarnpl.ing was 

unnecessary for t h e  pl.intonliixn t r a p  sirice each s e c t i o n  of t h e  t r a p  

contained on1.y about 2.5 ,g. 

Two samples from 

'The f i l t e r  o f  t h e  :fluidized.-bed reaci;oT was leached a f t e r  eaxh 

r u n  with 100 ml ol" 2 TJ AYL(N0 ) 
was submitted f o r  analysis, 

hyclrolyzed with 200 to 250 ml of 1 

started.  a t  e i t h e r  30°C o r  -@"C, and. then tile temperature ~. ins  increased 

Lo 100'C for about 30 min. .  

i.n the  s o h i t i o n  was achteved when hyd.rolysis was begun at 30" C .  A 

sample o€ t h e  resu.l . t i .ng sol.ut-ion and. a sample OY a water r i n s e  of  t he  

;:old !:;rap w a s  sinbnitted. f o r  aziaLy:;-i~ 

so lu t ion ,  and a s m p l e  of t,he l eacha te  
3 3  - 
T&e LV6 product i.n t h e  cold t r a p  was 

A l ( N @  This hydrolysis was 
3 3' -- 

A more complete reccvery of' the  uranium 
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2 3 Experimental Mater7 a1.s 

Ail metal  ves se l s ,  except t h e  scrubber, were f a b r i c a t e d  of nickel; 

the scrubber was e m s  t r u c t e d  of Aluiidurii and s t a i n l e s s  s t e c l .  

The h e a t - t r a n s f e r  m e d i u m  i n  t h e  fluidized-bed re3ctu.r cons i s t ed  

of  50 g of’ 48- t o  100-mesh Alcoa T’-61 alumina. 

The f u e l  ch2rge, vhich cons i s t ed  of dbout 34 g of UO from the 

Yankee r e a c t o r ,  had been i r r a d i a t e d  t o  d burnup of  9bout 311,000 Mwd/ 

me$:ric t o n  and cooled for two yea r s .  Tqe estimated composition of 

t , h i s  f u e l ,  as ca l cu la t ed  by Meirrimail’s program, i s  given i n  Table 1. 

In general ,  ihese values were used i n  t h e  c a l c u l a t i o n s  presented i n  

this r e p o r t .  The i s o i o p i c  a n a l y s i s  of t h e  plutcniun i n  t h i s  f u e l ,  as 

deterrniuled by mass s p e c t x g r a p h i c  methods, i s  given i n  Table 2 .  

2 

1 

l’iie NaF used i n  the t r a p s  (except the pluconium t r a p )  consis ted 

oi’ 1/8- i n .  r i g h t  c i r c u l a r  cy l inde r s  obLained from tine H a r s h a w  Chemical 

Company. I n  t h e  p l u t w i i m  t r a p ,  brcken p e l l e t s  o r  fused NaF, 12 

mesh i n  each c%se,  were iised. 

Pari of the MgF used i n  t h e  technetium-neptunium trap was 

obtained f rom t h e  Paducah Gascous D1 Cfusi on Plant ; t h e  remainder 

pr-epared a t  ORNL by f l u o r i n a t i o n  o f  M@O 

2 

4’ 

to 20 

was 

3. RESULTS ANI3 DISCUSSION 

3.1 Oxidation of Fuel 

Refrlre t h e  s t a r i  of  die oxidat ion,  t h e  f u e l  vas f i r s i  heated t o  

2 
1+5O”C i n  f lu id iL ing  nitrogen. 

i n  n i t rogen  l a s t e d  f o r  2 h r  a t  450°C and w s u l t e d  i n  pulverizaLion of 

t h e  f u e l  ( s ee  Fig. 5 ) -  

95% of 

i n i n p d  by j i s s o l v i n g  a 6-5 batch OP € 1 ~ ~ 1  in ni t - r ic  a c i d  and analyLing 

t h e  s o l L t i o n  a:id off-gas  f o r  t r i t i u m ;  i hc  airiounc 0: t r i t i u m  remaining 

after rrxidstior,  was determine6 s i m i l a r l y .  No s;gnificapt amounts of  

o l h e r  rna’-erla Is, except t h e  rare g a z e s  (which wcrc no t  d e b e r m i n p d ) ,  

The oxidat ion irea;menz with 20 vol  % 0 

DrYng t h e  heatup per iod and the oxidai ion,  about, 

t r i t i u m  w a s  evolved** T”ne in15ial t r i t i i i r n  cont,ent w a s  d e t e r -  

2 

n the fiuidizcd bed r c x t o r .  
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25 .o 
106.5 

- I+ 6.29 x 10 
1Q3. :rj 

26.14 
65.2 
1.7 .7 
114 9 3 

73.3 

- 0  
12 

10 
4 -7:' x 10 
2.25 x 19 
5.01 I( 1.0 10 

'y 0 

1.0 
12 

11 

1-2 

1.3 
lI 

8 0 44 x 1.0 
3.43 x 10 

7.65 x 10 
1.03 x 10 

I..].:; x 10 

a. 
F u e l  had. beer1 i m a d - i a t e d  t n  R burnup of 

31+,000 Mwd./metl.ic t o n  and. cooled for two years. 

'0 
From unpinbl.ished data of J, H. Goode, 

ORNL a 
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a 
‘ia’ale 2 .  l so iop ic  4nalysis of  Plutonium i n  Yankee UO Fuel 2 

l so iope  A t .  ‘$ 

2 38 2.36 

239 57 . ‘15 
240 20.60 

241 13  -78 
2h2 5 -52  

;?)+J+ < 0.001 

a 

LO. 1 d L  x 10 

d i s  ( a )  / (min) (mz PU) = 
e 

(caJ.culated) . 

3.2 V o l a t i l i z a t i o n  of 

The uraniwn v o l a t i l i z a t i o n  s t e p  

s t e p ,  which w a s  c a r r i e d  out a t  300°C, 

ol” exposure t o  5 vo l  ‘$ BrF for’ 1 hr ,  

f o r  0.5 h r ;  i n  each case,  the BrF- o r  

Af t e r  t h e  gas containing the v o l a t i l e  

brorni ne, and ‘uroinine f l u o r i d e s  leaves 

5 

> 

5 
U r a n i u m  with BrF 

i s  showu i n  F ig .  6 .  I n  t h i s  

t h e  t reatment  t y p i c a l l y  cons i s t ed  

10% ArF f o r  2 h r ,  and 5% SrF 

BrP’ w a s  d i l u t e d  w i t h  n i t rogen .  

fj s s i o n  product f l uo r ides ,  UF6, 

t h e  fluidized-bed r e a c t o r ,  it 

3 5 

3 

enters thi. bottom of the CRP (complexable r e a c t i o n  products)  t m p ,  

where it i s  mixed with excess fl.uorine -to convert  t h e  bromine t o  BrP 

‘This prevents loss  of  uranium i n  the CRP t r a p  v i a  formation of non- 

vo1.at.ile TJF complexes. I n  our  experiments, an average of about 0.02% 

of the uraniixn w a s  Found i-n t h e  CRP t r a p .  Most o r  the v o l a t i l e  f i s s i o n  

product f l u o r i d e s  a r e  removed i n  t h i s  t r a p .  The gas then passes through 

ihe uranium so rp t ion  t r a p s  where uranium, technetium, and some molybdenm 

a r e  sorbed,  Finall-y, t.he gas i-s ma red^ t o  the scrubber, where the  

Ciuorine and bromine f l u o r i d e s  a r e  contac Led with KOH-IC1 solution - 

5‘ 

5 

‘Lreatment w i t h  BrF  for a b r i e f  p e r i o d  a t  t h e  end of  t h e  uranium 
3 

v o l a t i l i z a t i o n  sL-p has been found t o  be d e s i r a b l e  f o r  t h e  cleanLp of 
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Fig. 6. U r a n i u m  Volat i1iza.Lion Flowsheet.  



uranium. I n  Fig. 7 t h e  amount of uranium found i n  t h e  f'luoririntion 

s t e p  (subseqinent to B~rlr' -BrF 

men% t i m e .  

about 3% (- 960 ?rig) of the iir:.inium charge was 1e:P-t i n  the f luidized-bed 

r e a c t o r .  However, vhen a 0.5-hr ti-eakrnen-t; - w i t h  5% BrF i n  N was used, 

about 80% of t h i s  r e s i d u a l  xraniixfl WRG removed. 

l i e s  i n  i t s  ability t o  P luor ins- te  maniixn at a lower temperaZ.11re~ than 

treaimerlt)  i s  plotted. vs t h e  BrF, t rea t -  

t reatment  was used a f t e r  t h e  BrF, v o l a t i l i z a t i o n ,  
5 3  3 

3 2 
When no BrF 

3 2 
The u t i l i t y  of BrF 

3 

thereby allowing clearup of the disengaging system, f i l t e r ,  arid 

BrF5 l i n e s .  Bromine LrifI.uorT.de also leaves less uranium on t h e  alimina 3 

The very high point at 3 hr exposlire Is probably d.1i.e t o  an experimental  

error o r  some ana1.ytical e r r o r  a 

Since .rutheni.um f l u o r i d e  was Lhe rmJ or ,  high- s c t i v i t y ,  v o l a t i l e  

f i s s i o n .  product f l u o r i d e  present  in our experiments, it w a s  s tud ied  more 

ex tens ive ly  than  t h e  o the r  f i ss? lon  product fluorides. 

semilogarithmic plot showing the amount of ruthenium that was v o l a t i l i z e d  

dur ing  the f l u o r i n e  t reatment  vs t h e  equivalent  nwnber of l i t e r s  of 

ErF 

(Bere,  one ~~01.ume of BrF 

BrF . )  
i s  a f i r s t - o r d e r  react5ion with respect; Lo t h e  amount of ruthenium 

rema inbg  i n  t h e  f l u i d i z e d  bed. This is  seen t o  be approximately t r u e .  

The importance of t hese  da.ta lies -in the  information t hey  provide con- 

cerning t h e  handl ing of a plutonium stream containing ruthenium. 

woul-d be ad-vanlageou.s for the  ruthenium t o  be  v o l a t i l i z e d  with the 

u.ranium. In our experiments, abo1j;t 90% ol' t h e  ruthenium w a s  v o l a t i l i z e d  

wi%h 6.7 l i t e r s  of BIT=;  t h t s  requi red  33 min of  t reatment  with 10 vol % 
BrP i n  n i t rogen .  For every additional 33-rn5.n per iod of ETF t reatment ,  

the rutlienium DF was incrt.ased by a, factor  of 10. 

Figure 8 is  a 

passer1 throiugh t h e  Fed. during the uranium v o l a t i l i z a t i o n  s t e p  
5 

i s  consideyed- t o  b e  equal t o  0-6 volmie of 
3 

This pl.ot shoii.:l.d. be l i n e s r  iI" t he  v o l a t i l i z a t i o n  of ruthenium 5 

It 

> 
5 5 

Ku-thenim- 106 was the  m 1 ~  s i g n i f i c a n t  gama emitter found i n  t h e  

CRP t r a p  when .the trap WBS counted. w-ith a lead.-shielded Geiger tube .  

F igme 9 sho~r~s a p l o t  of 'the fra,ct:i.ori of' t h e  gamma a c t i v i t y  vs t h e  equiv- 

a lent  f luor ine  volume. I n  this plot. one volume of' BrF i s  assumed t o  

be equal t o  2.5 volimes of' E'2j an.d one volume of BrF 

eyuiva.lent t o  1.5 v01i:mes of F When an a7.1-fl.mr:ine flowsheet w a s  

5 
i s  considered 

3 

2 
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t e s t e d )  th .e  r iathenim a c t l - v i t y  reacted j.ts maxim-urn very r a p i d l y  (see 

~ i g  a 9) Wit'n BTF an i a i t i a l  i*~tpi.d i nc rease  was fo~.l.oweci .by it slow 

l i n e a r  i nc rease  A likeI.y explomatio-n :['or +&e slow l i n e a r  increase 

is  'chi. t r a n s p l r a t i o n  o r  a conpound having 3, rela. t ; ively l0.w rrola'cil-ity. 

Assuining that  this cornpnund is R I S ~ . ~  -;:he resl,il.ts in . r l ica , te  that; the 
2 

temperature of t r a n s p i r a t i o n  i s  K i 2 l > i A t  5 5 ° C  using the r epor t ed  vapor 

p re s su re  of' Rid+' and knowing t h e  weight of rulhenivm being picked. up 

by the  t r a p .  This temperaL?;re corresponds t o  that of the l h e  between 

t h e  f luidized-bed reactor and-  the  C t rap,  and- i n d i c a t e s  that t h e  RILE' 

i s  deposi ted t h e r e  a These I-ndi.catinn:; veye confirmed by s e r i o u s  radia- 

t i o n  damage t o  t h i s  line and by raG.i.ochernica1 a n a l y s i s ,  w3ich showed 

Lhat, a t  t h e  end of the voLaiil izatj .on s t ep ,  about 20% of t h e  t o . t a l  

rixthenium could. be found. on the  i n s i d e  of the  l i n e .  Visual  obse rva t ion  

showed tliitt t h e  l i n e  used d!iring the a l l - f l u o r i n e  t e s t  was only s l i gh t ly -  

discolored, indicz-king thx t  on ly  a s r ia l .1  q u a n t i t y  oil' ruthenium '~rlas 

depos i t ed  i n  i t .  Therefore, it seems l i k e l y  t h a t  treatment with BrF 

prod-uces a g r e a t e r  quan t l t ; y  of l o w - v o l a t i l i t  y ruthenium co1npound.s than 

L .Luorin.e treaixient does e 

5' 

4 

5 

5 

5 

.-. 7 

F i s s i o n  product DF's f o r  t h e  CRP trap a r e  l i s t e d  i n  Tab1.e 3. I n  

t h e  firs-i; "hot" run  (run 3) the DF's (except f o r  cesium) were each 

about 2000 e These vzlues a r e  q u i t e  high, consider ing t;liat t h e  residence 

t i m e  f o r  t h e  gas i n  con-Lact with the li-OO"C flaF WBS only about 2-5 s e e ,  

'Table 3. F i s s i o n  Protliict Decontamination 
l- 93,ctors Tor t,be C R  Trap 

_. De c ont  :mi nat io 11 Fa c: t o r  s 
io 6 

Rum No Gross y Gross f3 Ru CS 
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i n  l a t e r  runs, d e s p i t e  t h e  sampling precaut ions rneniioned e a r l i e r ,  tile 

OF'S decreased s i s n i f i c a n t l y .  The most l i k e l y  explanat ion for t h e  

lower values is: cross-contamination s i n c e  311 o€ t h e  highcr  DF's 

d e c r e s s d  t o  about t h e  s m e  l e v e l .  We b e l i e v e  t h a t  t h e  DF's from t h e  

first h o t  run ( N o .  3) a r e  " t r u e "  values ( i . e . ,  t hey  are the values t h a t  

could be expec'ied j n t h e  absence o f  cross-contamlnation) . 
One undesirable  r e s u l t  of the BrF -tyeatment was t h e  small amount 

5 
of p l ~ 2 ~ o n i u m  found i n  ihe CKP t r a p  i n  each run.  

percentage of t h e  Lot.al plutonium found on t h i s  trap with the  percent-age 

of t h e  total w S ~  found there. .It w a s  f e l t ,  tkat t h e s e  quanti-Lies should 

be about. equal  s i n c e  n e i t h e r  plutonium nor wSr i s  expected t o  be 

v o l a t i l i z e d  by BrF Surprisj.ngl.y, t h e  1.0~s of  pl-utoniwn ri s about t e n  

times t h a t  of 90Sr; one p o s s i b l e  explanat ion Yor t h i s  i s  t h a t  t h e  Pi$ 

p a r t i c l e s  a r e  consid.erably smaller  than the SrF p a r t i c l e s  and are, 

consequently, preferential1.y blown thmugh t h e  f i l t . e r .  The presence 

of plutonium 3.n t h e  CRP t r a p  was confirmed by d i f f e r e n t i a l  pulse-height 

ansj-ys i s  

Table 4 compa.res t h e  

5* 
4 

2 

Tsble I+.  Pluioniurn Entrainment, as Compared with 
WSr Entrairiment, by BrF -N Stream 

5 2  

%Sr Transferred Pu Trans f e r r e d  X/wsr 

(% of t o t a l  8s r )  (% of t o t a l  pili R a t i o  
Fun Mo. t o  CRP lira t o  CRP 'Trap Percentage 

2..L x lo-? 0 .I+ 17 

5 1 . 6  x IO-' 0 .14  9 

A 

3 

4 1.4 x 0.1 7 

6 3.0 x 0.25 8 



u x - m i u x  s o r p t i o n  trap (T2) .i;c a 4 0 0 ~ ~  X:~F pc)~-is:iing t r a p  ( ~ k ) ?  a i00"c: 

MgFr t r a p  (Tis), and a co ld  t r a p  cool.ed t o  -60°C. 

shown i n  F ig .  1.0. Fl.uorine WEL:; passed thro-ugh i;he t r a p s  at She ra te  

o f  about ].GO ml/min, 

Lhe sorp t ion-desorp t ion  axe  r w t  a?railabI_e because of t h e  small cpa.ntiti.es 

of f i s s i o n  prod.ixcts present; and. because of' the cross- contami.nation pmb- 

Iem inentioneii p rev ious ly ,  However, o v e r a l l  fission pr.od.uct DF's for '&e 

uranium pr0du.c-t; were ob-taiaed, and are listed I n  Table 5. It appears 

t h a t  DF's of about LO are e a s i l y  obtained f'or many coni,miinants w i t h .  

t h i s  process a ?olybdeniJm was p a r b i a l l y  removed by v i r tue  of  its tendency 

no-t t o  cosovb wri.th u-raniim d t r i n g  the BrF v o l a t i l i z a t i o n  s t e p .  The 

plutonium DF s are  encouraging 8 ince they  indica-tre that the ura,n-iim 

prod.uct could be t r e a t e d  as plutonium- free m a t e r i a l  cl-uri.ng slubseqm?n'c 

handl ing.  

'I"ni.s arraagement I:; 
2 

Re1ia'ol.e va.?_ues for the Yisslon product DF's for 

6 

5 

The technetium D F ' s  for t r a p  5 awe given i n  Table 6. Four-mesli 

RgF from the Pad.uca'n Gaseous D i f f u s i o n  1)lani"c; was used i n  the traps 

f o r  rims 3 and 4. 
been prepared a t  ORNL by Cli . iorina,t ir ig I& ' 'SO4 
gave much b e t t e r  results, probab1.y because of t h e i y  g r e a t e r  external.  

s i r f ace  areao Contact t*irne 'was about 15 s e c .  

2 
I n  PUU 5s w e  used 12- t o  ;IO-mesh m a t e r i a l  tlmi; h a d  

The s r n a l l e r  partfcles 

The overal l  uranium mater ia l  balances ( s e e  Table 7)  were n o t  

s a t i s f a c t o r y  5.11 all cases, Data, in the  t & i e  sqggest t1;at; t h e  

difficulty may be caiiaed by s t a r t b g  the hydroI:ysis ,at, 8. low t,enzperatu-re ~ 

T'e explanat ion f o r  t h e  u:niPorrnly low maaterial balances, except, in t h e  

case of rim 5 i.s not. knowrl. 
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Table 6. Decontamination Factors for 'i'ech.netiuxn, 
Using a 100°C MgF Trap (Trap 5) 2 

- 

Tc Mesh Size of 
Run No. DF %F* 

3 1.09 - 4  
4 1.31 3.2 to 20 

5 2.15 12 to 20 

Table 7. Uranium Material Ralamces 

C0l.d Initial 
R i m  TJ Trap 'Total for Hydrolysis 
No. Cha,rged Amount U found No. Cold Trap Temp. 

(d (d ( k )  (4) ("a 
- - -~ 

1 29.6 26.6 90 1 90 30 
3 27.2 20.4 75 2 -80 

4 29.7 21.7 73 2 95 -7 -80 
5 28.0 39.2 140 2 30 
6 26.7 24.9 i- 2 93.2 + 7.5 None No desorpti on 

7 26.9 21.r[ i- 0.6 80.7 L 2.0 None No desorption 
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of the alumina, occurred I n  runs 3 and 4, r e spec t ive ly ,  condi t ions f o r  

t h i s  step were modified. I n  t h e  I.ater t e s t s ,  f l u o r i n a t i o n  wr_s begun 

a t  about 2OO0C,  with t h e  f l u o r i n e  concentrat ion ( i n  n i t rogen)  prograinmed 

from 10 t o  50 vol. '$. 
about a 30-min per iod;  50 v o l  $ F2 w a s  used. 

tra-Lion was increased t o  loo$ over a subsequent 30-min pe r iod .  

tine temperature w a s  raised. t o  500°C over a 1-hr period and maintained. 

st 500°C f o r  2 hr. 

which 3.5 h r  w a s  at a temperature of 300°C or g r e a t e r .  

was followed, no sin-teri i ig of  the alumina vas observed. 

' h e  t,ernperature was then increased t o  300°C over 

Next, t h e  f l -uorine coacen- 

F ina l ly ,  

The t o t a l  f l inorinat ion program req-aired 5 h r ,  of 

When this program 

PluGonium i s  r e a d i l y  removed from t h e  fluorl 'ne stream by a very 

s m a l l  NaF t r a p .  Tn our experiments, a 2.5-g NaF t r a p  a t  550°C sorbed 

about 99.9$0 of t h e  plutonium t h a t  reached i t .  Tne r e s idence  t i m e  f o r  

t h e  gas w a s  only about 0.02 s e e .  

The major f i s s i o n  product t h a t  cosorbed wlth the plutontlm was 

ruthenium; a f t e r  ruthenium, cesi.um w a s  most h p o r t a n t  . The o v e r a l l  

rutheniim and cesium DF's a r e  shown i n  Table 8. The cesium DF i s  

r e l a t i v e l y  high (about 10 ), and cesium could be e a s i l y  sepa ra t ed  from 

t h e  p l . u ton im diuring i t s  removal from t h e  NaF (poss ib ly  by d l s s o l u t i o n  

of the Na,F I n  anhydrous H F ) .  

ti-oublesome. A s  w a s  mentioned e a r l i e r  i n  connection with t h e  i n t e r -  

halogen flowsheet, the amount of  ruthenium khat i.s cosorbed wlth t h e  

4 

Thus rruthenim i s  l i k e l y  t o  be  t he  most 

Table 8. Overall Ruthenium and Cesium Decontamination 
Fac to r s  f o r  Pl-utonium Pi-od.uct 

Run Temp. o f  Ru Ra t to  of  IF C S  
N o .  ?u Trap lC6RLl DF t o  DF i n  134, J 37,, DF 

( "c)  (dpm/rng PU) Run 3 (dpm/mg pu) 
. _- 

3 32 5 2.67 x 10 76 6.7 x 10 ' 273 
L 32 5 1.21 x 10 17 0.22& - .c ?.-( x io ' > 6.8 x i o  

4 
3 

10 5 1.8 x 10 6 6 - 550 3.85 10 5250 69" 

a HatEos expecLed froin t h e  amount of  ruthenium found and t h e  dir"rer- 
cncz Sn t inap iciqei-atfire: 0 -306 (run 4) and 11'3 (rm 6) (By Re?. 5) 
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plutonium can be e a s i l y  red-uced by ex tens ive  t reatment  of t h e  fl .uidized 

'oed w i t h  BrF . Another met'nod for red.iicing t h e  amount of cosorbed 

ruthenium would be to opera te  t h e  plutonium so rp t ion  bed a t  a temperature 

t h a t  i s  unfavorable f o r  rutheniwn so rp t ion ;  ro r  example, it i s  known 

t h a t  ruthenium so rp t ion  on Na.F decreases  s ign i i^ ica ,n t ly  a t  temperatures 

above 500"C,5 However, i.n an experiment in %Th.i.ch the NaF was heated 

Lo about 6l5"C, severe  s i n t e r i c g  w a s  observed; t h i s  w a s  probably t h e  

i.esult of t h e  formation of the  NaF-FWT eutect i -c .  Thus, 550°C seems 

t o  be about -the h i y a e s t  usable tempera.t i ire.  A t  550"C, the ruthen-iwn 

DF (6.0) achieved i n  t h e  plutonium t r a p  vas fou r  t imes that obtained 

a t  325°C ( 1 . 5 ) .  Thus, f o r  plutoniwn decontamination t h e  bes t  recom- 

rnendatiol? i s  t o  f l u o r i n a t e  f o r  a f a i r l y  long per iod of time with 

BrF 

5 

4 

and. t o  opera te  t h e  plutonium trap a t  about 550°C. 

Pl.utonium m a t e r i a l  balances we're not uniformly good ( see  Table 9). 
5 

I n  run 1, which was a "cold" rim, t h e  exact  plutoniwri corikent (262 mg) 

was known. 

quanti'ty of plutonium. However, mater i .a l  balances f o r  runs 3 and l f .  a r e  

A 93% material balance is considered acceptab le  f o r  t h i s  

poor.  No materi3I balance i s  avai l : tble  f o r  rim 5 because t h e  plutonium 

t r a p  mas lost. Material balances f o r  runs 6 arid '7 a r e  q u i t e  s a t i s f a c t o r y ,  

Table 9. Plutonium Material Balance" 

F-u Fou:ad i n  
Run Fluidized.-:Bed Reactor T0ta.l. Pu Foinnrl 
NO. h. Charged. mg $I of Pu mg k o l  Pu 

hd Charged Charged 

l 262 6*6 2 .5  244 1 1 9 3.2 
3 355 70 . 4 1.8.9 2 82 79-11 
4 388 22.9 5.6 30 2 77.8 
6 3'4-9 10 14- 28 * 1.1 396.7 113.7 
7 352 '2 ,(I8 f 40 56.3 2 11 333. 3 524.5 t 3.1 

8 
Based. on analyses of pl.u.toniwn In fiiel (il rng of Pu per. 

of f u e l )  by J. Goode, except i n  run M'o. 1. where pl.u:toniiim iijns 

weighed out, . 



I A l l -  Fluorine Flows hee t  

An a l . t e rna t , iv r  t o  t.he interhalogen flowsheet i s  t h e  a1~I-f I.uorine 

flowsheei i n  which both the uranium and plutoniiip are vo la t* i l i zed ,  as 

LTT a-nd. PiiFT9 by us ing  fluorine. Tc one p o s s i b l e  ve r s ion  of this fl-ow- 

shee t  t h e  pluLoi1iuiil i s  removed From t h e  f l u o r i n e  st,ream by a s m a l l  high.- 

t,emperature WaF t r a p  loca ted  illmediately behind t h e  f luidized-bed 

renct,or,  The remaining gas passes through t h e  t r a p s  f o r  t h e  uranium 

v o l a t i l i z a t i o n  s tep,  as d.iscussed previously.  

0 0- 

Tn t h e  h o t - c e l l  Lesl, of t h i s  flowsheet, the plutoniwn t r a p  w a s  

operaLcd a t  dbout 620”c. 

this t r a p  plugged, appa ren t ly  due ‘-0 $he forniation of a molten NaF-F?jF4 

e u t e c t i c  s a l t .  

v o l a t i l i z e d ;  about two-tiiirds of t h e  lo6Ru and almost 211 t h e  uranium 

had been v o l a t i l i z e d  when t h e  rim w a s  terminaied.  Based on t h i s  p a r t i a l  

run, w e  can make t h p  following s ta tements  : 

Unfortunately,  b e f o r r  the run was completed, 

A t  ihis po in t  on ly  2bout 35% of t h e  plutonjvrrl had been 

(1) A more e f f e c t i v e  decontarnlina-tion of plutonium f rom ruthenium 

wa.s achieved than was expec-Led.. 

An o v e r a l l  ru’i’ncni1um DF of 2149 w a s  obkained; about 200 oi 

this vtzlfie i s  a t t r i b u t , a b l ~ e  t o  nonsorpiion o f  ruthenium i n  

t h e  pluhniurn trap. 

Routine ope ra i ion  of t h e  t r a p  a t  620°C would probably b e  

d i f f i c u l t  because of t h e  plugging and s i n t e r i n g  t h a t  would 

be encounteyed. 

(2) 

(3)  

A previous run  using t h e  jnterhalogcn €lowsheet with a plutonium t r a p  

a t  about 550°C gave a 106Ru DF of only zbout 4 .0 ;  whether the highpr 

DF i n  thc ail-fluorlne case i s  t h e  r e s u l t  of  t h e  presence of a l a r g e r  

amount of  r u t h y n i u m  (abokt 60 me as c o n 1 p a ~ d  with about 0.6  mg) or t o  

tile h i g ’ o e ~  temperaiure i s  not  known a 
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3.5 Recovery of  Plutonium from NaF Trap 

AfLer t h e  PUFG is  c o l l e c t e d  on NaF, t h e  plutonium must be recovered 

from the complex t h a t  i s  formed. One poss ib l e  method cons l s t s  of aqueous 

d i s s o l u t i o n  followed by ion  exchange trpa'cment. Another method involves 

d i s s o l u t i o n  of the NaF with anhydrous HF, leaving PuF4 3s an inso luble  

res idue ;  t h i s  t rea tment  a l s o  g ives  a s i g n i f i c a n t  a d d i t i o n a l  ruthenium 
6 

DF. The second method was t e s t e d  with t h e  plutoniwn t r a p  from run 6. 

A s  a pretreatment  t h e  NaF was f i rs t  fused i n  a platiniurn c ruc ib l e  a t  

about 1050°C. A ruthenium DF of' about 2 was obtained as a r e s u l t  of 

ruthenium p1at i .q  on t h e  c ruc ib l e .  [Use of  a more-react ive c r u c i b l e  

( e - g . ,  n icke l )  would probably have given a higher  DF.] When t h e  NQ 
was d isso lved  i n  anhydrous HF, an a d d i t i o n a l  ruthenium DF of 2.6 vas 

obtained.  

IC a CONCLUSIONS 

Based on t h e  hot-cel l .  work, t h e  f lu id ized-bed  v o l a t i l i t y  process  

appears t o  be chemically f e a s i b l e .  Care must be exerc ised  at t h e  

s ta r t  of t h e  f l u o r i n a t i o n  s t e p  t o  prevent s i n t e r i n g  of t h e  alumina 

bed. Larger equipment would probably present  an even g r e a t e r  problem 

i n  t h i s  r e spec t  s i n c e  t h e  hea t  t r a n s f e r  would be l e s s  e f f e c t i v e .  

Ruthenium contamination of t h e  uranium product should be l o w  s ince  

ruthenium DF's of about 10 were found i n  t h e  h o t - c e l l  experiments. 

Ruthenium contamination of  t h e  p l u t o n i m  product can be reduced by 

removing most of t h e  ruthenium with t h e  uranium during t h e  BrF 

t rea tment .  R more eTfect ive separa t ion  of plutonium and ruthenium 

i s  achieved by opera t ing  t h e  plutonium t r a p  a t  about 550 t o  580°C 

( i n s t e a d  of at 325°C) 

6 

5 
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