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LMFBR FUEL CYCLE STUDIES PROGRESS REPORT FOR SEPTEMBER, NO. 7 

ABSTRACT 

This r e p o r t  con t inues  a s e r i e s  o u t l i n i n g  p rogres s  i n  
t h e  development of  methods f o r  t h e  r ep rocess ing  and f aby i -  
c a t i o n  of LMFBR f u e l s .  Development work i s  r e p o r t e d  on 
problems of i r r a d i a t e d  f u e l  t r a n s p o r t  t o  t h e  process ing  
f a c i l i t y ,  t h e  d i s s o l u t i o n  of t h e  f u e l  and the chemical 
recovery of t h e  Pu0,-UO, values, t h e  containment of vo la-  
t i l e  f i s s i o n  products ,  product  p u r i f i c a t i o n ,  p r e p a r a t i o n  
of f u e l  m a t e r i a l  by t h e  so l -ge l  process ,  conversion of 
f u e l  process ing  p l a n t  product  n i t r a t e  s o l u t i o n s  t o  s o l i d s  
s u i t a b l e  f o r  sh ipping  and f o r  f u e l  f a b r i c a t i o n ,  f u e l  f a b r i -  
c a t i o n  of s o l - g e l  materials, and f u e l  eva lua t ion  s tud ie s ,  
bo th  i n - p i l e  and o u t - o f - p i l e ,  
r e s u l t s  are p resen ted  f o r  t h e  informat ion  of t hose  immedi- 
a t e l y  concerned wi th  t h e  f i e l d ,  
experimental  work and d a t a  a r e  inc luded  i n  t o p i c a l  r e p o r t s  
and i n  t h e  Chemical Technology Div i s ion  and Metals and 
Ceramics Div i s ion  Annual Reports ,  

P e r t i n e n t  experimental  

De ta i l ed  d e s c r i p t i o n  of 

HI GI-ILIGHTS 

Div i s ion  I 

A simulated one - s ix th - sca l e  s t e e l  cask dropped f r o m  a he igh t  of 
30 f t  onto an unyie ld ing  s u r f a c e  e x h i b i t e d  only s u p e r f i c i a l  damage. 
S e a l  l e a k  r a t e  changed from below t h e  l e v e l  of d e t e c t i o n  (4 x IO-'' 
cc of helium pe r  second) t o  2 x IO-"  cc  of helium p e r  second a t  one 
atmosphere d i f f e r e n t i a l  p re s su re .  Other s imulated cask models ranging 
t o  1/37 s c a l e  exh ib i t ed  roughly p ropor t iona l  damage, A 30 f t  drop 
t e s t  w i t h  a one-e ighth-sca le  model cask demonstrated t h a t  even super- 
f i c i a l  damage t o  a cask can be prevented by provid ing  l o c a l  energy 
absorbers  (cushions)  made up of  r e l a t i v e l y  l a r g e  diameter  t ubes  f i l l e d  
wi th  s m a l l  d iameter  tubes ,  (Sec ts ,  1 , 3  and 1,4) 

Study was begun of t h e  s t a b i l i t y  of  secondary amines which are 
p o t e n t i a l l y  u s e f u l  plutonium e x t r a c t a n t s ,  
d i ( t r idecy1)amine  i s  r e l a t i v e l y  s t a b l e  i n  con tac t  w i t h  7 M HNO, b u t  
decomposes r a p i d l y  i f  n i t r o u s  a c i d  i s  p resen t  i n  t h e  n i t d c  a c i d  
s o l u t i o n ,  (Sec t ,  7 . 2 )  

It was shown t h a t  

In  a r e c e n t  TRU process ing  campaign i n  which t h e  i r r a d i a t e d  
t a r g e t s  were d i s so lved  i n  n i t r i c  ac id ,  about 98% of t h e  i o d i n e  was 
removed from t h e  d i s s o l v e r  s o l u t i o n  by a i r  sparg ing ,  Decontamination 
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f a c t o r s  f o r  removing iod ine  from t h e  off-gas  i n  a tes t  system c o n s i s t i n g  
of two l i q u i d  scrubbers  i n  s e r i e s  followed by a I lopcal i te  bed--charcoal 
bed system ranged from 1 x I O 6  t o  4 x 10" f o r  t h r e e  runs.  (Sect .  10.1) 

Elemental i od ine  absorp t ion  i n  mercuric n i t r a t e  s o l u t i o n  r e s u l t s  
i n  d i sp ropor t iona t ion  of t h e  iod ine  t o  t he  iod ide  and i o d a t e  forms.  
(Sect .  1 0 . 1 )  

Div is ion  I1 

Uranium-plutonium ca rb ides  and c a r b o n i t r i d e s  have been success- 
fu l ly  prepared us ing  methods developed i n  t h e  course of s o l - g e l  proc- 
e s s  development. 
X-ray ana lyses  of bo th  carb ides  and c a r b o n i t r i d e s  i n d i c a t e  a product  
f r e e  of oxides,  sesquicazbides  and d icarb ides .  Oxygen i m p u r i t i e s  
range from 2000 t o  6000 ppm. (Sec t .  1.3.1 ) 

Both microspheres and shards  have been prepared,  

Recent experiments on the  p repa ra t ion  of CUSP sol have shown t h a t  
a g l a s s  column packed wi th  1/4-in Ber l  s add le s  produces a s o l  of t h e  
same high q u a l i t y  as t h a t  prepared by t h e  mul t ip l e  s t age  s t i r r e d  
column previous ly  used. The packed column has t h e  advantage of having 
no moving p a r t s  and lending  i t s e l f  more r e a d i l y  t o  remote opera t ion .  
(Sect.  2 .1)  

Over 60 microsphere forming t e s t s  w i th  CUSP s o l  have d e l i n e a t e d  
s a t i s f a c t o r y  sphere forming cond i t ions  wi th  a v a r i e t y  of sphere farm- 
i n g  a l coho l  compositions. 
amount of ox ida t ion  caused e i t h e r  by d i s so lved  oxygen i n  t h e  a l coho l  
o r  by subsequent exposure of g e l l e d  microspheres t o  a i r  has  a very  
d e l e t e r i o u s  e f f e c t  on the  . f i red product.  (Sect .  2.3) 

A n  important  observa t ion  i s  t h a t  a small 

Div is ion  111 

Fuel  rods  c o n s i s t i n g  of two 3 - ine - long  f u e l e d  annu l i  c l a d  i n  
3/8-in. OD titani-am-modified type 304 s t a i n l e s s  s t e e l  w i t h  a 1/8-in. - 
diam c e n t r a l  thermocouple we l l  of W-25'$ R e  were f a b r i c a t e d  f o r  use i n  
the  instrumented capsule  s e r i e s  i n  the  Oak Ridge Research Reactor  (ORR). 
The f u e l  p i n s  contained s o l - g e l  microspheres and p e l l e t s  f o r  comparative 
s tudy of t h e i r  thermal  behavior .  (Sect .  1 . 2 . 2 )  

The thermoctynamic s t u d i e s  which a r e  concerned w i t h  t h e  d i s t r i b u t i o n  
of" oxygen i n  t h e  f i s s i o n  products  have i n d i c a t e d  that PUS+ i s  oxid ized  
t o  a s ta te  e f f e c t i v e l y  between +3 and +4 i n  the  s o l i d  s o l u t i o n  i n  which 
t h e  p r i n c i p a l  component is UO,. This  could have a s i g n i f i c a n t  e f f e c t  
on t h e  behavior  of f u e l s  s ince  such a phenomenon would provide an 
a d d i t i o n a l  s ink  f o r  oxygen which i s  r e l e a s e d  upon f i s s i o n i n g  of t h e  
f u e l .  (Sect.  2.1.3) 
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Hazards 
t h e  S e r i e s  I 
qa lue  of t h e  

ana lys i s ,  t e s t  s p e c i f i c a t i o n s ,  and opera t ing  manual f o r  
TREAT experiments which a r e  t o  compare t h e  t r a n s i e n t  
u n i r s a d i a t e  d s o l  - g e l  - der  ived  Sphere - Pac and p e l l e  ti z ed 

(U,pu)O, f u e l s  were submitted t o  t h e  TREAT staff and accepted wi th  
minor r e v i s i o n s ,  (Sec t .  2,2.4) 

Five f u e l  rods  conta in ing  Sphere-Pac f u e l s  being i r r a d i a t e d  i n  
t h e  EBR-I1 i n  Subassembly XOSO have been exposed t o  5906 h d  of 
opera t ion ,  The r o d  having t h e  h ighes t  burnup has  accumulated a 
c a l c u l a t e d  3.1% FIMA. (Sect .  2.2.5) 

A proposal  f o r  "Approval-in-Principle" f o r  t he  S e r i e s  11 unencap- 
s u l a t e d  EBR-I1 t e s t s ,  t h e  o b j e c t i v e  of which i s  t o  e s t a b l i s h  the  
performance c h a r a c t e r i s t i c s  and l i m i t a t i o n s  of  (U,Pu)O, f u e l s  f a b r i -  
ca t ed  by d i f f e r e n t  processes ,  was submitted t o  t h e  USAEC. (Sect .  2.2.1;) 
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I, AQUEOUS FUEL REPROCESSING 
(W. E, Unger, R. E, Rlanco, D. J, Crouse, A,  R. I rv ine ,  C. D. Watson) 

1 SHIPPING (TASK 1 ) 
(A,  R. i r v i n e ,  J.  D, Rol l in s ,  R. S, Lowrie, 

D, C .  Idatkin, J. H. Evans) 

The ob jec t ive  of Task 1 i s  t o  assure  t h a t  an economic and sa fe  
metnod of shipment o f  INFBR spent  f u e l  w i l l  be ava i l ab le  when needed 
f o r  t r a n s p o r t  of f u e l  from t h e  demonstration and e a r l y  commercial 
LMFBlZ's. The work invo lves  a n a l y t i c a l  s t u d i e s  of the v a r i o u s  f a c e t s  
of t h e  problem; design,  cons t ruc t ion ,  and t e s t  of components, and of  
assemblies;  and pre l iminary  des ign  of prototype casks,  

The bulk  of t h e  e f f o r t  on t h i s  t a s k  i s  d i r e c t e d  toward expanding 
the  s t o r e  of information on t h e  e f f e c t i v e n e s s  of sodium as a primary 
coolan t  and of cask des ign  f e a t u r e s  which can a s s i r e  containment of 
coolan t  (and f i s s i o n  p roduc t s )  w i th in  t h e  cask f u e l  c a v i t y ,  
coo lan t s  ( inc luding  gases,  l i q u i d s ,  and s o l i d s )  have been considered,  
b u t  they do no t  appear t o  be a s  a t t r a c t i v e  a s  l i q u i d  sodium. 

Other 

Work performed dut-ing t h i s  r e p o r t  pe r iod  was almost e n t i r e l y  i n  
the  a r e a s  of Tasks 1 ~ 1 through. 1.4, which d e a l  w i th  eva lua t ion  and 
t e s t  of hea t  d i s s i p a t i o n  methods a-ad of cask i n t e g r i t y ,  Indeed, the  
preponderance of e f f o r t  performed t o  da te  i n  t h i s  t a s k  a r e a  has  
r e l a t e d  t o  hea t  d i s s i p a t i o n  and cask i n t e g r i t y ,  Such information a s  
has  been and w i l l  be c o l l e c t e d  r e l a t i n g  t o  t hese  t x o  i tems  w i l l  be 
useful. r e g a r d l e s s  of what coolan t  i.s employed (provided it i s  a 
l i q u i d )  and r e g a r d l e s s  of s i ze .  
reasonable  shipping ba tch  have been prepared, t h e s e  e s t ima tes  have 
r equ i r ed  l i t t l e  e f f o r t  and i n  no way c o n t r o l  the  l i n e  of devel.opment 
e f f o r t .  

While rough e s t ima tes  of t he  l a r g e s t  

Reportable accomplishments inc lude  the  following: 

1 e 2 Heat, D i s s ipa t ion  T e s t s  (Task 1.2) 

A ,  Operation of t h e  reduced sca l e  cask mockup (wi th  mercury as 
t h e  h e a t  t r a n s f e r  medium) cont inued a s  a d d i t i o n a l  t e s t s  and 
temperature measurements were made t o  determine t h e  e x t e n t  
t h a t  the  b a f f l e s  i n t e r f e r e  wi th  t h e  thermal  convect ive flow 
wi th in  the  f u e l  cav i ty .  
analyzed 

Data from t h e s e  t e s t s  a r e  being 

B, The second s t a r t u p  of t h e  elec . t r ical . ly  heated mockup of an 
Atomics I n t e r n a t i o n a l  Reference Oxide Reactor f u e l  assembly 
has  been f u r t h e r  delayed due t o  a d d i t i o n a l  tube hea te r  f a i l -  
u r e s  as w e l l  as a s l ippage  i n  the  de l ive ry  schedule of the 
hea te r  manufacturer ~ 

scheduled f o r  t'ne middle of Oc-tober 1969, 
A r r i v a l  of replacement h e a t e r s  i s  now 
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C. Fab r i ca t ion  of components f o r  the  f u l l - s c a l e ,  ha l f - l eng th ,  
3 7 - suba s sembly , sodium- c o o l e  d, e l e c t r i c  a l l y  - he a t  e d cask 
mockup i s  near ing  completion. S t a r t u p  of opera t ion  which 
was previous ly  scheduled for  November 1969 has  been delayed. 

1.3 and 1 .4  Cask I n t e g r i t y  S tudies  and Tes t s  
(Tasks 1,3 and l e k >  

D,  Work on t h e  “ b i r d  cage” c ra sh  frame design for cask p ro tec -  
t i o n  has  been d iscont inued  due t o  budget r e s t r i c t i o n s  and 
t h e  necess i ty  f o r  a more economical approach, 
of t he  t e s t  specimen discussed i n  t h e  previous monthly r e p o r t  
(ORNL-TM-2710) has  been cance l led .  

F a b r i c a t i o n  

E. Construct ion drawings, f a b r i c a t i o n ,  and impact t e s t i n g  were 
completed f o r  a 1/8 sca l e  cask p l u s  t h r e e  energy absorbing 
systems f o r  one end of the  cask., The t h r e e  energy absorbers  
were of t h e  tube-in- tube design,  made of 9- in , - long  s e c t i o n s  
of pipe,  sched 40,’ and of t h r e e  d i f f e r e n t  s i z e s ;  v i z . ,  1-1/4- 
i n , ,  2 - in , ,  and 3 - in ,  , They contained 9, 22, and 52 type 304 
s t a i n l e s s  s t e e l  t ubes  (3/8 in .  OD and 0.065 in.  w a l l ) ,  
r e s p e c t i v e l y ,  I n  F ig ,  1 - 1  t hese  absorbers  a r e  shown detached 
from t h e  cask which was e s s e n t i a l l y  undamaged fol lowing a 
3 0 - f t  corner  drop onto each of t h e  absorbers ,  Attachment o f  
the  energy absorbers  t o  t h e  bottom o f  t h e  cask i s  i l l u s t r a t e d  
i n  F ig ,  1-2.  

F. Parametric s t u d i e s  and t e s t s  were continued on energy absorbers  
of t he  tube-in- tube design,  Test  specimens 3 i n ,  i n  l eng th  
wi th  t h e  outer  tube made of 2 ,  2-1/2, and 3 i n ,  sched 40 
pipe ,  r e s p e c t i v e l y ,  were deformed under t h e  impact of drop 
hammers ranging i n  weight from 313 l b  t o  482 l b  dropped from 
a he igh t  of 30 f t .  The p ipe  specimens contained 22, 33, and 
52  t ubes  (31% i n .  OD, 0.065 i n ,  w a l l ) ,  r e spec t ive ly .  A l l  
m a t e r i a l  was type 304 s t a i n l e s s  s t e e l .  These t e s t s  provided 
da ta  which can be used t o  determine the  s i z e  of a t u b e - f i l l e d  
pipe ( i , e . ,  the  number of t ubes )  necessary t o  absorb a given 
amount of impact energy. 

Addi t iona l  t e s t s  were performed wi th  2- in ,  p ipe  specimens j- 
i n .  long  and f i l l e d  wi th  22 t ubes  wherein the  wall t h i ckness  
of t he  3/8-in, t ubes  ranged from 0.032-in,  t o  0 ,125-in.  
Specimens were deformed under the  impact of a 310 l b  hammer 
which was dropped from a he ight  of 30 f t ,  R e s u l t s  of t hese  
t e s t s  a r e  i l l u s t r a t e d  i n  Fig. 1-3 which i n d i c a t e s  t h a t  t h e  
0.065-in. w a l l  t h i ckness  ( cen te r  specimen) u t i l i z e d  i n  a l l  
3,a i n ,  OD tubes  t e s t e d  t o  da t e  r e p r e s e n t s  a reasonable  
choice of t h i ckness  t o  diameter r a t i o .  The th inne r  wa l l  
tub ing  was 
energy absorp t ion  whereas the  t h i c k  walled tub ing  was so 
s t rong  t h a t  t h e  ? - in .  sched 40 pipe could no t  e x e r t  s u f f i c i e n t  

r e l a t i v e l y  weak and thus  co l lapsed  with m i n i m a l  
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PHOTO 97260 

Fig. 1-3 Tube-in-Tube Energy Specimens Following Impact with a 3i 0-lb 
Hammer Dropped from 30-Ft. 
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r e t a i n i n g  f o r c e  t o  hold them w i t h i n  i t s  perimeter upon 
imposi t ion of a heavy e x t e r n a l  f o r c e ,  Most of t he  impact 
energy was thus  t r a n s m i t t e d  t o  t h e  pipe w a l l  ( tube  envelope) 
which f a i l e d  under tens ion .  

G. Cask modeling t e s t s  were i n i t i a t e d  on impact specimens of 
1/9.38, 1/18,7,  and 1/37.5 sca l e s .  R e s u l t s  of the  f i r s t  
s e r i e s  of drop t e s t s  a r e  shown i n  Fig,  1-4. P e r t i n e n t  
phys ica l  dimensions a s s o c i a t e d  wi th  the  deformed sec t ions  
of t h e  above th ree  cask models a s  wel l  as a 1/6 sca l e  model 
( see  paragraph ( H )  below) a r e  l i s t e d  i n  Table 1-1.  
t o  t hese  measurements, force- t ime da ta  were recorded during 
impact by means of a l o a d  c e l l  and e l e c t r i c a l l y  connected 
oscil loscope-camera assembly, Figure 1-5 i s  a reproduct ion 
of a photograph (osc i l l o scope  image) produced from l o a d  c e l l  
t ransmiss ion  during impact of a 1/18.7 s ca l e  specimen, The 
s t r a i g h t  l i n e  connecting the  end p o i n t s  of t h e  S-shaped fo rce -  
time curve (Fig.  1-5) was used a s  an approximation'' t o  f a c i l i -  
t a t e  c o n s t r u c t i o n  of t he  force-deformation curve shown i n  
F ig ,  1-6, 
curves  of average load  per  u n i t  a r ea  versus  deformed area  
which a r e  e s s e n t i a l  i n  p r e d i c t i n g  t h e  response of a f u l l -  
s ca l e  cask during impact, 

I n  a d d i t i o n  

Data of t h e  l a t t e r  type w i l l  be used t o  cons t ruc t  

Table 1 - 1 .  P e r t i n e n t  Dimensions of Deformed 
Sections" of Cask Scale  Specimens 

Cask Vert i c  a 1  Sub tended Angle of 
Scale  Weight Deformation Angle of I n c l i n a t i o n  

(1b) ( inches )  Deformed Area ( " )  ("1  

1 :37.5 4.7 0.14 65 

1:18.7 37.9 0 .2  77 .5  
1 t9.34 300 0.415 76 
1 :6 1 I50 0.52 77 .5  

30 
20 

27 
15 

a 

b A l l  specimens were dropped a t  an i n c l i n e d  angle of 15". 

See Fig.  1-4 and Fig.  1-7.  

.\L 

"More r e f i n e d  c a l c u l a t i o n s  w i l l  e n t a i l  t he  use of a numerical 
i n t e g r a t i o n  technique such a s  Simpson's Rule or t he  t r apezo ida l  
r u l e .  
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1 

Fig. i - 4  Cask Scale Model Specimens Following 
Tests. 
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T =TIME -SECONDS 

Fig. 1-5 Force vs Time Data for Cask Scale ( 1  : 18.7) Specimen as 
Re corded with Load C e l l -Osc i l lo  scope Equipment. 
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A * DEFORMATION - INCHES 

Fig. 1-6 Force vs Deformation Data Obtained from Double I n t e -  
g r a t i o n  of t h e  Computational Curve i n  Fig. 1-5. 
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Fabr i ca t ion  was i n i t i a t e d  on a load  c e l l  capable of handl ing 
l o a d s  up t o  2 x I O 6  lb, This  c e l l  w i l l  be used t o  ob ta in  
force- t ime d a t a  on the  1/3,,?8 and (poss ib ly )  l a r g e r  s ca l e  
model casks  similar t o  those  obtained thus  far  on the  smaller  
models d i scussed  above. 

H. A 1/6 sca l e  model cask which incorpora ted  a Grayloc type s e a l  
(pos i t i oned  wi th in  t h e  cask a s  shown i n  Fig.  1.5 of ORNL-TM- 
25'52) was dropped from a he ight  of 30 f t  onto an e s s e n t i a l l y  
unyielding sur face .  A subsequent He l e a k  check i n d i c a t e d  t h a t  
n e g l i g i b l e  (2 .3  x lo-" cc/sec of He) leakage occurred as a 
r e s u l t  of t h e  &op t e s t ,  The He l eak  r a t e  p r i o r  t o  t h e  t e s t  
had been recorded a t  4.08 x 10-l' cc / sec ,  F igures  1-7 and 
1-8 i l l u s t r a t e  the  r e spec t ive  e x t e r n a l  ( s ee  Table 1 - 1 )  and 
i n t e r n a l  (no v i s u a l  damage) cond i t ions  of t he  cask fol lowing 
the  drop t e s t .  The photographed hollow s e c t i o n  of t he  cask 
was a t t ached  t o  a s o l i d  (hammer) s ec t ion  during the t e s t  i n  
order  t o  s imulate  the  t o t a l  weight ( 1  150 l b )  of a 1/6 sca l e  
model cask. 

Work dur ing  the  fo l lowing  r e p o r t  per iod  w i l l  cont inue along the  
same genera l  l i n e s .  Addit ional  t e s t  da t a  on impact deformation and 
p o s t - t e s t  s e a l  i n t e g r i t y  w i l l  be obtained from tube-in- tube type 
energy absorbers  and scale-model cask specimens, r e spec t ive ly .  
Limited hea t  d i s s i p a t i o n  work i s  a n t i c i p a t e d  based on the  scheduled 
a r r i v a l  of replacement e l e c t r i c a l  hea t e r s .  

2, RECEIVING AND STORAGE (TASK 2 )  
( A .  R. I r v i n e  and C. D ,  Watson) 

This  t a s k  i s  comerned wi th  t h e  means f o r  r ap id ,  e f f e c t i v e ,  
economical, and sa fe  opera t ion  of r e c e i v i n g  and s torage  f a c i l i t i e s  
for LMFBR f u e l s .  The cha rac t e r  of t he  work t o  be performed under 
t h i s  t a s k  w i l l  be determined l a r g e l y  by t h e  outcome of i n v e s t i g a t i o n s  
performed for t he  shipping and f o r  the  head-end process ing  tasks. 
Conversely, t hese  o ther  two t a s k s  w i l l  be r equ i r ed  t o  take  i n t o  con- 
s i d e r a t i o n  the  e f f e c t  of v a r i a b l e s  i n  t h e i r  a r ea  on the  task of re- 
ce iv ing  and s torage ,  This  work w i l l  t ake  cognizance of r e l a t e d  work 
on f u e l  handling and sodium removal t h a t  w i l l  be performed under 
Elements 3 and 5, r e s p e c t i v e l y ,  of t h e  LMFER program plan.  

I n i t i a l  conceptual  work was done on a receiving-sodium removal 
f a c i l i t y  f o r  e i t h e r  a system used exc lus ive ly  f o r  LMF'BR f u e l  reproc-  
e s s ing  o r  a system which i s  added t o  an e x i s t i n g  f a c i l i t y  t o  permit 
reprocess ing  of LMFBFt f u e l  i n  a system o r i g i n a l l y  designed for reproc-  
e s s ing  of LWR f u e l s ,  
involves  ( 1 )  r ece iv ing  the  f u e l  i n t o  an i n e r t  gas c e l l ;  ( 2 )  removal 
of e x t e r n a l  sodium v i a  r e a c t i o n  wi th  steam mixed with i n e r t  gas f o l -  
lowed by a water spray; ( 3 )  t e s t i n g  f o r  g r o s s  f u e l  l e a k s  by a n a l y s i s  

While the  concept i s  i n  i t s  e a r l i e s t  s tages ,  it 
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Fig ,  ;-8 I n t e r n a l  V i e w  of  1/6-Scale Model Cask Following SO-Ft 
Corner Drop ( Showing Sea l  Housing 1, 
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of water i n  which t h e  subassembly i s  immersed; and, (4) 
canning of grossly defect ive subassemblies i n  temporary, e a s i l y  closed 
and opened, containers ,  Those f u e l  subassemblies having no, or  small, 
defec ts  could be removed and s tored without canning, 

Two informal, undocumented r epor t s  dealing with storage of LMFBR 
f u e l s  i n  water have been reviewed. 
and the  other by Westinghouse i n  1969. 
ind ica te  t h a t  s t a i n l e s s  s t e e l  c lad  oxide f u e l  which has been cleaned 
of ex terna l  sodium probably can be s tored s a t i s f a c t o r i l y  i n  a water 
pool, even'though the  f u e l  rods  may have small defects  and contain 
sodium. 

One was issued by APDA i n  1960 
Both of these informal r epor t s  

The work on sodium deact ivat ion equipment construct ion i s  repor t -  
ed under Task 3.5. 
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3 .  HEAD-END PROCESSING QF LMFBR FUELS (TASK 3 )  
(c .  D .  Watson) 

The o b j e c t i v e  of t h i s  t a s k  i s  t o  develop economic head-end 
processing s t e p s >  i n  p r e p a r a t i o n  f o r  Purex recovery methods, f o r  
long - and s h o r t  -decayed fue  I s .  

I n  t h i s  r e p o r t  per iod:  HEX c a l c u l a t i o n s  of new b l a c k  body and 
gray body view f a c t o r s  us ing  some very  r e c e n t  d a t a  w e r e  begun; modi- 
f i c a t i o n s  t o  t h e  ORNL assembly o r  bundle shear  and t h e  mult i rod shear  
were completed; drawings of an experimental  s i n g l e  rod shear  were 
completed b u t  f a b r i c a t i o n  has  been delayed; pre l iminary  des ign  of an  
i n - c e l l  Euel assembly dismantl ing u n i t  f o r  mul t i tubular  f u e l  assemblies  
w a s  completed; t he  a b i l i t y  of a plasma-arc t o r c h  t o  c u t  o f f  ( m e l t )  
t h e  corner  of t he  shroud without  damaging t h e  contained f u e l  rods was 
s u c c e s s f u l l y  demonstrated; melt-decladding s t i l l  appears  promising 
al though the  d e s i r e d  high degree of s e p a r a t i o n  of molten cladding 
and co re  m a t e r i a l  has  no t  been a t t a i n e d .  

I n  genera l  a l l  experimental  work i s  being d e f e r r e d  pending 
completion of a Head-End Engineering Evaluat ion Study which i s  now 
under way. 

Reportable accomplishments inc lude  : 

3 .l. Decay Heat D i s s i p a t i o n  (Task 3.1) 
( R .  L. Cox) 

The w r i t i n g  o f  a n  ORNL r e p o r t  t o  document t h e  t h e o r e t i c a l  c a l c u -  
l a t i o n s  of t h e  temperature p r o f i l e  i n  LMFBR hexagonal Euel rod a r r a y s  
has  been temporar i ly  h a l t e d  f o r  t h e  purpose of c a l c u l a t i n g  new b lack  
body and gray body view f a c t o r s .  These view f a c t o r s  are necessary f o r  
t he  a c c u r a t e  c a l c u l a t i o n  of t he  temperature d i s t r i b u t i o n s  i n  i r r a d i a t e d  
f u e l  rod assemblies  under condi t ions  i n  which r a d i a t i o n  i s  a n  important 
mode of h e a t  d i s s i p a t i o n .  Previously,  re fe rence  1 has been used a s  a 
source f o r  t hese  v a l u e s .  Hewever, the  method of c a l c u l a t i o n  used i n  
the  r e f e r e n c e  i s  a n  approximate oneg making i t  d i f f i c u l t  t o  a s c e r t a i n  
the accuracy of t he  f i n a l  r e s u l t s .  Hence, i t  i s  proposed t o  employ 
more e x a c t  methods now a v a i l a b l e  i n  the  l i t e r a t u r e  t o  redetermine these 
view f a c t o r s  f o r  i n c l u s i o n  i n  the  ORNL r e p o r t .  Work on the  r e p o r t  w i l l  
be  continued next month us ing  t h e  new view f a c t o r s "  Also a s  p a r t  o f  a 
Head-End Engineering Evaluat ion Study, a n  a n a l y s i s  of h e a t  d i s s i p a t i o n  
problems w i l l  be s t a r t e d  and c a l c u l a t i o n s  ( l i n e a r  power, f i s s i o n  products,  
e t c . )  using computer code, O R I G I N ,  f o r  tfie AT. and GE advanced f u e l  
concepts  begun. 

Experimental confirma.tion of the theo re t i , ca l  c a l c u l a t i o n s  made by 
HEX cont inues t o  be delayed by l a c k  of replacement h e a t e r s  f o r  t h e  A I  
r e f e r e n c e  oxide r e a c t o r  subassembly t e s t  dev ice ,  P lease  see  ( B . )  o f  
subsec t ion  1.1, page 3 of t h e  August' r e p o r t .  
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3.2. Dismantling of Mul t i tubular  Assemblies (Task 3 . 2 )  
( R .  S .  Lowrie, G .  A .  West) 

I n  t h i s  r e p o r t  period, the prel iminary des ign  of an  in -ce l l  f u e l  
assembly d ismant l ing  u n i t  f o r  A I  r e f e rence  oxidc f u e l  was completed. 
The two p r i n c i p a l  problems involved i n  t h i s  des ign  were: 
of cropping the  end hardware from the  assembly, and ( 2 )  t he  removal 
of t he  f u e l  rods froin the  shroud.  A s  previously repor ted3  ab ras ive  
d i s c  sawing was s e l e c t e d  f o r  cropping because i.t appeared t o  be the 
b e s t  way of c u t t i n g  such d i s s i m i l a r  conf igu ra t ions  a s  t he  shroud, 
unfueled tubing,  s o l i d  s t e e l  rods,  ce ramic - f i l l ed  tubing,  nickel. 
r e f l e c t o r  rods,  sp r ings ,  e t c . ,  which a r e  a s soc ia t ed  w i t h  t h e  f u e l  
assembly. Or ig ina l ly ,  i t  was proposed t o  s l i t  t h e  shroud of 
t he  cropped f u e l  assembly, then push ou t  t he  loose  f u e l  rods i n t o  the  
s i n g u l a t o r .  Because the  length  of a d i smant l ing  u n i t  using t h i s  scheme 
was excess ive ly  long (over  )15 f t ) ,  i t  was decided t o  use a dua l  s l i t t i n g  
saw approach i n  which t h c  f i r s t  and t h i r d  corners  of t he  hexagonal 
shroud a r e  c u t  ( s e e  F i g .  3-1). The s e c t i o n  of the  shroud thus  c u t  
loose i s  l i f t e d  o f f ,  and the f u e l  rods dumped by r o t a t i n g  the  remaining 
t rough- l ike  shroud s e c t i o n  180 degrees .  
dismantl ing u n i t  func t ions  a s  fol lows:  

(1) a method 

The present  conceptual  

1. 

2 .  

3.  

4. 

5. 

6. 

The f u e l  assembly i s  pul led  i n t o  the  iliachine and clamped i n  
p lace  on the  work t a b l e .  

Two ab ras ive  saws a r e  used t o  s imultaneously c u t  of f  t h e  
end hardware which i s  then  d iscarded  t o  waste.  This  leaves 
a bundle of loose rods contained i n  the  hexagonal shroud. 

The dua l  s l i t t i n g  saw with i t s  own motor and feed mechanism, 
cu t s  corners  1 and 3 the  f u l l  l ength  of t he  shroud. 

The loose s e c t i o n  of t he  shroud i s  l i f t e d  of f  and d iscarded  
t o  waste .  

The t rough- l ike  shroud s e c t i o n  i s  r o t a t e d  180 degrees,  
al-lowing the  loose f u e l  rods t o  f a l l  o u t .  

The remaining s e c t i o n  of the shroud i s  d iscarded  t o  waste.  

F e a s i b i l i t y  of both the  ab ras ive  saw cropping method and the  dua l  
s l i t t i n g  saw concept rcmains t o  be proven. Equipment components f o r  
t he  cropping t e s t  on the  end f i t t i n g s  have been f a b r i c a t e d  and w i l l  be 
i n s t a l l e d  on t h e  Ty-Sa-Man saw a s  soon a s  c r a f t  time i s  a v a i l a b l e ,  hope- 
f u l l y  i n  October.  Components f o r  the  s l i t t i n g  t e s t  have been f a b r i -  
ca t ed .  Performance of t hese  t es t s  now depends on the  a v a i l a b i l i t y  of 
a m i l l i n g  machine i n  the  ORNL shops. 

4 A s  repor ted  l a s t  month, a plasma-arc to rch  has  been suggested 
a s  a a l t e r n a t i v e  method f o r  c u t t i n g  of f  t he  corners  of the  hexagonal 
shroud. During the  month, a se r ies  of scoping-type t e s t s  w e r e  made 
t o  a s c e r t a i n  the  f e a s i b i l i t y  of t h i s  method. The t e s t  equipment used 
cons i s t ed  of a commercial Linde plasma-arc to rch  ( itsing argon as  the  
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cover g a s )  a t tached  t o  a t r a v e l i n g  c a r r i a g e  and a l igned  t o  c u t  o f f  t h e  
corner  of  a t e s t  piece,  see  F ig .  3-2. A wire-wrapped f u e l  rod w a s  
pos i t ioned  i n  the  corner  of t h e  t e s t  p i e c e  t o  a s c e r t a i n  i f  t he  arc was 
p r e c i s e  enough t o  c u t  t h e  corner  without  damaging t h e  fuel. rods .  
Carr iage s p e e d  was 25 in. /min. 
s u c c e s s f u l l y  c u t  o f f  (mel ted)  t he  corner  of t he  r e s t  assembly without  
damaging i n  any way the  f u e l  rods pos i t ioned  i n s i d e  the  co rne r .  very 
l i t t l e  of t h e  metal removed w a s  blown away by t h e  a r c ,  most of i t  melted 
and r a n  down t h e  s i d e  of the t e s t  piece,  see Fig.  3-3. The success  of 
these t e s t s  e s t a b l i s h e s  the  plasma-arc a s  a d e f i n i t e  contender f o r  
s l i t t i n g  t h e  shroud, a l though more p r e c i s e  t e s t i n g  i s  obviously needed. 
Further,  t h e  use of a plasma-arc to rch  f o r  cropping the  end s e c t i o n s  
should a l s o  be eva lua ted .  

I n  four t e s t s  made, t he  plasma-arc to rch  

3.3. Shearing (Task 3.3) 
( G .  A .  West, R .  S .  Lowrie, C .  H. Odom) 

Assembly o r  Bundle Shear.  - Modif icat ions t o  t h e  250-ton shea r  t o  
i n c r e a s e  i t s  s t r o k e  from 10-3/16 i n .  t o  t he  maximum p o s s i b l e  l e n g t h  
o f  12-1/2 i n .  were completed. 
e l e c t r i c a l  c o n t r o l  changes checked ou t  s a t i s f a c t o r i l y .  The i n c r e a s e  
i n  the  shear  s t r o k e  w a s  necessary t o  e v a l u a t e  the  new shear  b lades  
which a r e  designed t o  break up a shrouded f u e l  bundle i n t o  d i s c r e t e  
p i e c e s .  The proposed b lades  a r e  about 11.75 i n .  long compared t o  the  
5.75-in. l ength  of t he  o ld  b lades .  Elongated s t e p p e d  blade and 
"shark's" t o o t h  type blades5 are  proposed i n  order  t o  break the  
s t a i n l e s s  s t e e l  hexagonal f a s t  breeder  f u e l  shroud i n t o  pieces  s m a l l  
enough t o  pass  through t h e  process  l i n e s .  However, t he  purchase of 
t h e  shear  blade material. has been defer red  and the  e v a l u a t i o n  t e s t i n g  
w i l l  be delayed. Modif icat ions t o  the  gags and feed envelope t o  
accomodate f a s t  breeder  f u e l  bundles i s  cont inuing.  Delivery of t he  
material f o r  special .  gags i s  p r e s e n t l y  scheduled f o r  November. Fabr i -  
c a t i o n  o f  t h e s e  p a r t s  w i l l  a l s o  be delayed u n t i l  l a t e r  i n  the  f i s ca l .  
y e a r .  

The new hydraul ic  l i n e s  arld va lves  and 

The gag f o r c e s  requi red  t o  compress a can and t h e  f u e l  rod 
assembly contained t h e r e i n  i s  t o  be determined on prototype s e c t i o n s .  
A t e s t  f i x t u r e  was designed and f a b r i c a t i o n  i s  50% completed. 
completion of t he  t e s t  f i x t u r e s  w i l l  a l s o  b e  delal'ed s i m i l a r l y  t o  
the  gags.  

However, 

Multirod-Shear. - Our present  e f f o r t s  on the  development o f  a 
mult i rod shear  a r e  being concluded u n t i l  t he  end of t he  f i s c a l  yea r .  
The u n i t  has been i n s t a l l e d  f o r  demonstration purposes by providing 
l a r g e r  hydrua l ic  supply l i n e s  (1-1/2 i n .  I P S )  and two double-solenoid 
c o n t r o l  va lves .  I n  t r i a l  t e s t s  w i t h  prototype f u e l  rods,  t he  e l e c t r i -  
c a l  c o n t r o l s  operated very s a t i s f a c t o r i l y .  The u n i t  appears t o  be 
capable of making about 120 shear  strokes/min. 
w i l l  be necessary t o  def ine  the  exac t  l i m i t s  of  t he  shea r  capac i ty  
and r e l i a b i l i t y  o f  t he  des ign .  

Extensive t e s t i n g  
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Experimental S ing le  Rod Shear .  -Design concept r e v i s i o n s  and 
d e t a i l  ( f a b r i c a t i o n )  drawings f o r  an  experimental  s i n g l e  rod shear  
w a s  completed. However, the  f a b r i c a t i o n  and purchase of p a r t s  has 
been de fe r r ed  u n t i l  t he  end of t he  f i s c a l  yea r .  

During the  next  r e p o r t  per iod,  an a n a l y s i s  and updating of t he  
va r ious  shear ing  opera t ions  w i l l  be s t a r t e d  as p a r t  of an  Engineering 
Evaluat ion Study. 

3.4 I s o l a t i o n  of Shearing Operat ions (Task 3 .4)  
( R .  S .  Lowrie, C .  H. Odom, G o  A .  West) 

Vacation and i l l n e s s  of the  p r i n c i p a l  i n v e s t i g a t o r ,  C .  H. Odom, 
prevented a review and a n a l y s i s  of i n t e r s t a g e  s e a l i n g  and va lv ing  
devices  as ind ica t ed  i n  the August r e p o r t  (ORNL-TM-2710). 
review w i l l  be included a s  p a r t  of a n  Engineering Evaluat ion Study. 

Now the 

3.7. A l t e rna t ive  Head-End Processes  (Task 3 .7)  
(S .  D .  Cl inton,  A.  R.  I r v i n e )  

Melt-decladding i s  being considered as a backup process  f o r  the  
shear - leach  head-end. By hea t ing  the  f u e l  assemblies  above the  
melt ing po in t  of s t a i n l e s s  s t e e l  (1450°C) i t  may be poss ib l e  t o  
v o l a t i l i z e  iod ine ,  xenon, krypton, and t r i t i u m  and t o  sepa ra t e  the  
molten cladding from the u ran ia -p lu ton ia  core  material .  

A tes t  was made i n  an  induc t ion  furnace a t  1540°C wi th  O.27O-in.- 
d i a m  urania  p e l l e t s  enclosed i n  5- in .  l engths  of 304-L s t a i n l e s s  s t e e l  
tub ing .  Nine specimens were s tacked l o n g i t u d i n a l l y  i n  a t r i a n g u l a r  
a r r a y  and t ack  welded toge the r .  The a r r a y  w a s  then i n s e r t e d  i n  a 2 .5- in . -  
diam c y l i n d r i c a l  alumina c r u c i b l e  i n c l i n e d  a t  an  angle  of 10 degrees  wi th  
the  ho r i zon ta l .  A z i r con ia  d i s c  wi th  a 0.25 i n .  h igh  segment removed 
w a s  pos i t ioned  below the  specimens t o  skim urania  fragments from the  
su r face  of the flowing molten s t a i n l e s s  s t e e l .  As t he  cladding melted 
from the  a r r ay ,  about 76 w t  $ of the  s t a i n l e s s  s t e e l  ( t o t a l  of 245 g )  
separa ted  from t h e  p e l l e t s  and c o l l e c t e d  a t  the  lower end of t he  c r u c i -  
b l e .  There w a s  no apparent  i n d i c a t i o n  t h a t  uran ia  fragments had been 
c a r r i e d  by the molten s t e e l ,  however, t he  de te rmina t ion  of the a c t u a l  
uran ia  loss t o  the  s t e e l  w i l l  have t o  await  a chemical a n a l y s i s .  I n  a 
previous s i m i l a r  r un  a t  1550'6, about 94% of the  s t a i n l e s s  s t e e l  was 
separa ted  from the  p e l l e t s .  The reason f o r  the  increased  holdup of 
s t e e l  between and around the  l aye r s  of p e l l e t s  i n  t h i s  l a t e s t  run  has  
not  been e s t a b l i s h e d .  

During the  next  month, a melt  declad run  w i l l  be made wi th  one o r  
more s t a i n l e s s  s t e e l  p ins  conta in ing  crushed and s i zed  u ran ia  p a r t i c l e s  
t o  determine the  f e a s i b i l i t y  of s epa ra t ing  molten cladding from fragmented 
oxide f u e l s .  I n  the  i n i t i a l  t e s t ,  the  u ran ia  p a r t i c l e s  w i l l  be i n  the 
s i z e  range of 300 t o  600 microns.  
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4. VOLATILE FISSION PKODUCT REMOVAL (TASK 4 )  
( D .  J. Crouse, C. D. Watson 

The o b j e c t i v e  of Task 4 i s  t o  develop a head-end processing method 
f o r  removing iod ine ,  xenon, krypton, and t r i t i u m  from the f u e l  p r i o r  t o  
aqueous processing.  Ear ly  removal of these  gases  from the  f u e l  i.nto a 
r e l a t i v e l y  small  volume of gas would g r e a t l y  f a c i l i t a t e  of f -gas  t reatment .  
This i s  of p a r t i c u l a r  importance wi th  r e s p e c t  t o  iod ine  c o n t r o l  because 
of  the  very h igh  p l a n t  r e t e n t i o n  f a c t o r s  t h a t  w i l l  be requi red  f o r  1311 
when t r e a t i n g  short-cooled f u e l s .  

This month accumulation and i n t e r p r e t a t i o n  of the  da ta  from the  
r e c e n t  process ing  of fou r  short-cooled LMFBR f u e l  rod specimens was 
cont inued.  

4.1 V o l a t i l i z a t i o n  from Oxide Fuels  (Task 4 .1)  
(V.  C. A .  Vaughen, J. H. Goode, L. A .  Byrd, G. D. Ddvis, W. B. Howerton, 

0. L. Kirkland, R. C. Lovelace) 

Analysis of the  da t a  from the h o t  c e l l  experiments on the shear ing,  
ox ida t ion ,  and d i s s o l u t i o n  of  fou r  short-cooled (30 t o  60 days)  s t a i n l e s s  
s t e e l - c l a d  f u e l  rods,  con ta in ing  s o l - g e l  15% P U O , - - ~ ~ $  UO;, microspheres,  
was cont inued.  Most of the  ana lyses  have been completed, and permit some 
observa t ions  on the v o l a t i l i t y  of c e r t a i n  f i s s i o n  products .  

Tri t ium. - Because of a n a l y t i c a l  problems a s soc ia t ed  wi th  the  h igh  
r a d i a t i o n  l e v e l s  i n  the short-decay f u e l  s o l u t i o n s  and because of g r e a t e r  
i n t e r e s t  i n  1311 and o t h e r  f i s s i o n  products,  no s p e c i a l  e f f o r t  was made t o  
completely determine the  f a t e  of t r i t i u m  i n  these  experiments.  Analysis 
o f  t he  n i t r i c  ac id  leaches of the f u e l  rods i n d i c a t e d . t h a t  about 0.01% of 
the c a l c u l a t e d  y i e l d  of t r i t i u m  was i n  the s o l u t i o n .  This was expected 
s i n c e  voloxida t ion  removes the  t r i t i u m  from the  f u e l  oxide.  

I n  the nea r  f u t u r e  we w i l l  analyze the  noble gases c o l l e c t e d  dur ing  
shea r ing  of the f u e l  rods t o  determine i f  any f r e e  t r i t i u m  was i n  the gas 
plenum. 

Tellurium. - We found l i t t l e  o r  no segrega t ion  of 12'Te dur ing  the  
i r r a d i a t i o n ,  ox ida t ion ,  o r  d i s s o l u t i o n  of the  f u e l  rod i n  Run FR-44 
(3/4-in. -cu ts  , 750°C). Leaches of  the  plenum and end plugs,  burrier 
head and bod , and of the  f u e l  and c ladding  showed e s s e n t i a l l y  the  same 
amount of  12 'Te pe r  gram of f u e l  i n  each case .  

Noble Gases. - Hurnup c a l c u l a t i o n s  f o r  each f u e l  rod a r e  no t  complete, 
so  we do n o t  y e t  have exac t  f i s s i o n  gas r e l e a s e  va lues .  Q u a l i t a t i v e  ob- 
se rva t ions  ind ica t ed  a g r e a t e r  f r a c t i o n  of 85Kr than """Xe was r e l eased  
dur ing  the  shear ings ,  and tha t  ox ida t ion  a t  750°C r e l eased  about twice 
the percentage of X e - K r  a s  d id  ox ida t ion  a t  450°C. The t o t a l  q u a n t i t i e s  
oE 133Xe and 85Kr i n  each rod appear  t o  be propor t iona l  t o  the es t imated  
burnups. 
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13110dine. - Data on the v o l a t i l i z a t i o n  of 13’1 w i l l  be repor ted  
next  month s i n c e  i n t e r p r e t a t i o n  of the  da t a  i s  incomplete. 

5. DISSOLVING (TASK 5 )  
( D .  J. Crouse, C. D. Watson) 

The o b j e c t i v e  of Task 5 i s  t o  ensure t h a t  LMFRR f u e l s  can be d i s -  
solved i n  n i t r i c  ac id  wi th  h igh  metal  r ecove r i e s .  Since the  d i s s o l u t i o n  
c h a r a c t e r i s t i c s  of the  f u e l s  can vary widely depending on t h e i r  plutonium 
content ,  method of prepara t ion ,  and i r r a d i a t i o n  h i s t o r i e s ,  ex tens ive  
leaching  da ta  a r e  being obtained t o  de f ine  the  e f f e c t s  of the  many v a r i -  
ab l e s .  A thorough understanding of i od ine  chemistry i n  the  d i s s o l v e r  
system i s  needed a s  a guide f o r  providing e f f e c t i v e  iod ine  c o n t r o l .  The 
d i s s o l v e r  equipment mus t  be designed and operated wi th in  r a t h e r  narrow 
l i m i t a t i o n s  imposed by c r i t i c a l i t y  c o n t r o l  and of f -gas  cons ide ra t ions .  
It appears that: s a t i s f a c t o r y  s o l u t i o n  of these  problems can b e s t  be 
accomplished us ing  a continuous d i s s o l v e r  and t h i s  approach i s  being 
emphasized. Evolution of a success fu l  d i s s o l v e r  w i l l  r e q u i r e  development 
of equipment f o r  dependably moving the  sheared s t a i n l e s s  s t e e l  h u l l s  and 
o t h e r  s o l i d s  through the  system, and development of s e a l s  f o r  i s o l a t i n g  
the  system t o  prevent excess ive  in-leakage of d i l u e n t  gases.  

Analysis of the  leaching  da ta  from the r ecen t  ho t  c e l l  t e s t s  with 
shor t -cooled  f u e l  rod specimens i n d i c a t e s  t h a t  thermal d i f f u s i o n  of the  
Tho2 i n s u l a t o r  p e l l e t s  i n t o  the  f u e l  dur ing  i r r a d i a t i o n  was respons ib le  
f o r  the  poor plutonium recover ies  obtained i n  leaching  i n  some t e s t s .  

5.1 Di s so lu t ion  Data (Task 5.1) 
(V. C. A.  Vaughen, J. H. Goode, L. A.  Byrd, G .  D. Davis, W. B. Howerton, 

0. L. Kirkland, R. C. Lovelace) 

The leaching  da ta  on the  fou r  shor t -cooled  f u e l  rods descr ibed  i n  
Task 4.1 i s  s t i l l  being analyzed. 
p e l l e t s  i n t o  the (U, Pu)Oz f u e l  column (and v i ce  v e r s a )  occurred during 
i r r a d i a t i o n .  
ThOz-UO2 i s  known t o  cause d i sp ropor t iona t ion  of a s o l i d  s o l u t i o n  i n t o  a 
U308 phase and a s t a b l e  f l u o r i t e  l a t t i c e . ’  
i n t e r f e r e d  wi th  the  n i t r i c  a c i d  d i s s o l u t i o n  of the  p lu tonia  i n  our f u e l  
rods ;  HF c a t a l y s t  was necessary f o r  complete d i s s o l u t i o n  of the specimens 
t h a t  had been oxid ized .  

Thermal d i f f u s i o n  of the  Tho2 i n s u l a t o r  

Oxidation and s i n t e r i n g  a t  450 t o  750°C of Th02-Pu02 o r  

E i t h e r  o r  both mechanisms 

Although the  rods were sheared i n  a manner c a l c u l a t e d  t o  exclude the  
Tho2 i n s u l a t o r  p e l l e t s  from the  f u e l ,  we found an average of 394 of the  
t o t a l  t ho r i a  i n  the f u e l  column. A 0.5-in.  long segment from the  c e n t e r  
of the  3- in . - long  f u e l  column contained no Tho,, and d isso lved  completely 
i n  8 n i t r i c  ac id  (12-hr l each ) .  

Keference 

1. J. M. Leitnaker,  Metals and Ceramics Div is ion  of OWL, personal 
c ommunica t ion.  
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6. FEED PREPARATION (TASK 6)  
(D.  J. Crouse) 

The aqueous feed discharged from the  d i s s o l v e r  will con ta in  s o l i d s  
(undissolved f i s s i o n  products,  co r ros ion  products, e t c .  ) and w i l l  probably 
r e q u i r e  c l a r i f i c a t i o n  p r i o r  t o  so lven t  e x t r a c t i o n .  Prepara t ion  of the 
feed f o r  so lven t  e x t r a c t i o n  a l s o  w i l l  i nc lude  adjustment of the  plutonium 
valence and the  n i t r i c  ac id  concen t r a t ion  and a t rea tment  t o  remove iod ine .  
This t a s k  a l s o  covers feed p repa ra t ion  f o r  subsequent process cyc le s .  

This month a d d i t i o n a l  da t a  were obtained on sparg ing  of i od ine  from 
n i t r i c  ac id  i n  the temperature range of 50 t o  70°C. 

6.2 Iodine Control (Task 6.2) 
(G. I. Cathers,  C. J. Shipman) 

The removal of e s s e n t i a l l y  a l l  of the  iod ine  from the  n i t r i c  ac id  
d i s s o l v e r  s o l u t i o n  p r i o r  t o  so lven t  e x t r a c t i o n  i s  necessary  t o  prevent 
i od ine  contamination of the s o l v e n t  e x t r a c t i o n  system and t o  s impl i fy  
the iod ine  o f f -gas  t rea tment  problem. A study of the p a r t i a l  p ressure  
of i od ine  over n i t r i c  a c i d  s o l u t i o n s  is ,  t he re fo re ,  being conducted wi th  
the  o b j e c t i v e s  of determining the optimum cond i t ions  f o r  t he  sparg ing  of 
iod ine  from the d i s s o l v e r  s o l u t i o n  and examining those f a c t o r s  t h a t  h inder  
i od ine  v o l a t i l i z a t i o n .  

The t r a n s p i r a t i o n  technique i s  be ing  used t o  s t u d y  the  p a r t i a l  p res -  
s u r e  of f r e e  iod ine  (12) over I2-HNOs s o l u t i o n s .  
a sparg ing  process i n  which the  amount of iod ine  c a r r i e d  from the sparged 
l i q u i d  i s  r e l a t e d  t o  the  volume of sparge  gas employed. 

This i s  b a s i c a l l y  j u s t  

An I2 c a r r i e r  concen t r a t ion  ranging from 5 x to 5 x 10’” M, was 
usua l ly  employed i n  the  t e s t  s o l u t i o n s  a long  w i t h  s u f f i c i e n t  1311 a c t i v i t y  
t o  permit measurement of t he  concen t r a t ion  a s  sparg ing  proceeded. This 
s o l u t i o n  was usua l ly  prepared by premixing K I  wi th  1311 a c t i v i t y  i n  a 
0.01 ,M s u l f i t e  s o l u t i o n ,  then adding t h i s  t o  the  n i t r i c  ac id  s o l u t i o n .  
Our p re sen t  equipment c o n s i s t s  of a 3OO-ml  f l a s k  he ld  i n  an a i r  thermostat  
so  t h a t  the freeboard s u r f a c e  and the  25O-rnl volume of sparged l i q u i d  a r e  
a t  the  same temperature.  
The e x i t  gas tube was hea ted  above 100°C t o  prevent mois ture  condensation. 
I n  most of the  t e s t s  i n  which n i t r i t e  add i t ions  were made, the  NaNO2 
s o l u t i o n  was introduced through a s t a i n l e s s  s t e e l  c a p i l l a r y  tube from a 
p r e c i s i o n  motor-driven sy r inge .  The l a t t e r  was ac tua ted  by a cyc le  t imer 
i n  some t e s t s .  

I n  most t e s t s  t he  a i r  sparg ing  r a t e  was 43 ml/min. 

A t o t a l  of about t h i r t y  runs have been made wi th  4 @ n i t r i c  ac id  a t  
temperatures of 50, 60, and 70°C. Although the  f i r s t - o r d e r  r e l a t i o n s h i p ,  
dc/dt = - kc, was followed i n  many of the t e s t s ,  i t  was  n o t  poss ib l e  t o  
o b t a i n  r e p r o d u c i b i l i t y .  Deviations from the  f i r s t - o r d e r  r e l a t i o n s h i p  
were f r equen t  but unreproducible.  Runs made a t  d i f f e r e n t  i n i t i a l  iod ine  
concen t r a t ions  d id  n o t  give over lapping  semilogarithmic p l o t s .  The 
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a d d i t i o n  of NaMO2 so lu t ion ,  e i t h e r  a t  the  beginning of a run o r  per iodi -  
c a l l y  during a run, t o  genera te  some n i t r o u s  a c i d  d id  not e l imina te  the 
v a r i a b i l i t y  of the  da t a .  Nevertheless, the r e s u l t s  of these  tes t s  have 
e s t a b l i s h e d  the  v o l a t i l i t y  of iod ine  from 4 n i t r i c  ac id  t o  w i t h i n  an 
o rde r  of magnitude. I n  15 t e s t s  a t  50°C, the  f i r s t - o r d e r  cons t an t  k 
va r i ed  over t he  range of 0.00094 t o  0.0046; i n  2 t e s t s  a t  ~ o O C ,  t he  
range was 0.0045 t o  0.0061 and i n  10 t e s t s  a t  70°C, the  range was 0.0020 
t o  0.011. 

I n  an e f f o r t  t o  improve the  r e p r o d u c i b i l i t y  of the  da t a  i n  f u t u r e  
t e s t s ,  N203 gas w i l l  be fed continuously i n t o  the a i r  stream r a t h e r  than 
adding sodium n i t r i t e  p e r i o d i c a l l y  f o r  the  genera t ion  of n i t r o u s  ac id .  
Nitrogen gas w i l l  probably be used i n  place of a i r  i n  o rde r  t o  minimize 
the  p o s s i b i l i t y  of conver t ing  some of the N203  o r  HN02 t o  NO;, and N204 
and, hence, t o  HNO, and NO. 

7. SOLVENT EXTRACTION (TASK 7 )  
( D .  J. Crouse, C.  D. Watson) 

The o b j e c t i v e  of Task 7 i s  t o  e s t a b l i s h  t h a t  W B R  f u e l s  can be 
processed s u c c e s s f u l l y  by so lven t  e x t r a c t i o n  methods. I n i t i a l  emphasis 
i s  on development of so lven t  e x t r a c t i o n  flowsheets s u i t a b l e  f o r  i n t e r i m  
process ing  of U F B R  f u e l s  i n  e x i s t i n g  p l an t s .  Present  Purex flowsheets 
a r e  being modified where necessary t o  provide €or  the high plutonium 
content  of these  f u e l s .  The wide so lven t  e x t r a c t i o n  experience accumu- 
l a t e d  a t  production s i t e s  i s  being assessed  and f ac to red  i n t o  these  
s t u d i e s .  P a r t i c u l a r  emphasis i s  being given t o  experimental  eva lua t ion  
of iod ine  behavior i n  s o l v e n t  e x t r a c t i o n  and to  the e f f e c t  of so lven t  
damage on process performance, e s p e c i a l l y  when process ing  shor t -cooled  
f u e l s .  D i f f e ren t  so lven t  e x t r a c t i o n  con tac to r s  a r e  being evaluated wi th  
r e spec t  t o  their  r e l a t i v e  mer i t s  f o r  process ing  LMFBR f u e l s .  

This month the  e f f e c t  of temperature on the  d i s t r i b u t i o n  of plutonium 
and uranium i n  the  TBP e x t r a c t i o n  system was s tud ied  and s t u d i e s  were 
continued on TBP degrada t ion  i n  n i t r i c  ac id .  Also,  i n v e s t i g a t i o n  of t he  
s t a b i l i t y  of secondary amines i n  the  n i t r i c  ac id  system was s t a r t e d .  

7.1 Flowsheet Development (Task 7. l) 
(D .  E.  Horner, J .  R. C o l l i n s )  

We a r e  ob ta in ing  da ta  concerning the  e f f e c t  of temperature on the  
TBP e x t r a c t i o n  process a t  the h igh  plutonium concent ra t ions  t h a t  w i l l  be 
t y p i c a l  of LMFBR f u e l s  processing. I n  batch t e s t s  w i th  a simulated f i r s t -  
cyc le  feed conta in ing  '7 g of Pu and 58 g of U per l i t e r ,  the  plutonium 
e x t r a c t i o n  c o e f f i c i e n t  increased  from about 0.5 t o  1.2 and the uranium 
c o e f f i c i e n t  decreased from about 1.7 t o  1 . 0  when the  e x t r a c t i o n  tempera- 
t u r e  was increased from 23 t o  60°c (Fig. 7-1). I n  these  t e s t s  the  
aqueous n i t r i c  ac id  concen t r a t ion  was 3 E ,  the  TBP concen t r a t ion  was l5$, 
and the  phase r a t i o  was 111. Under these  cond i t ions ,  the  plutonium and 
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uranium e x t r a c t i o n  c o e f f i c i e n t s  were approximately equal  a t  55°C. 

Operating a t  an  e leva ted  temperature i n  the  f i r s t - c y c l e  e x t r a c t i o n  
s t e p  would r e s u l t  i n  more e f f i c i e n t  plutonium e x t r a c t i o n ,  r equ i r ing  
fewer s t ages  f o r  recovery.  The advantage of t h i s  must be balanced aga ins t  
the  p o t e n t i a l  disadvantages of poss ib l e  poorer decontamination from 
zirconium' and increased  so lven t  degrada t ion  a t  the  h ighe r  temperature.  

We a r e  d e t e r d n i n g  the e f f e c t  of  temperature on the  e x t r a c t i o n  and 
scrubbing of plutonium under second-cycle condi t ions  where uranium would 
no t  be p re sen t .  

Computer Simulat ion of the TBP Ex t rac t ion  System (W.  Davis, J r . )  

Groenier2 r e c e n t l y  summarized some of t he  p e r t i n e n t  f a c t o r s  concern- 
i n g  computer s imula t ion  of t he  TBP e x t r a c t i o n  system. Two O F  the  most 
u se fu l  goa ls  of such s imula t ion  a r e  the  opt imiza t ion  of the  e x t r a c t i o n  
process wi th  a computer and a s su r ing  t h a t  concent ra t ions  of f i s s i o n a b l e  
m a t e r i a l s  i n  the e x t r a c t o r  w i l l  be wi th in  l imits def ined by c r i t i c a l i t y  
cons ide ra t ions .  Groenier demonstrated that: empir ida l  *ana lys i s  
of da t a  of J. G. Moore3 can y i e l d  c o r r e l a t i o n  c o e f f i c i e n t s  t h a t  lead t o  
reasonably good agreement between ca l cu la t ed  and experimental  (batch 
coun te rcu r ren t )  uranium and plutonium d i s t r i b u t i o n  da ta  f o r  a p a r t i c u l a r  
se t  of condi t ions .  Unfortunately,  t he re  a r e  o t h e r  experimental  d i s t r i -  
bu t ion  d a t a ,  obtained under somewhat d i f f e r e n t  condi t ions ,  t h a t  cannot be 
represented  by these  same c o r r e l a t i o n  c o e f f i c i e n t s .  While i t  i s  poss ib l e  
t o  r a t i o n a l i z e  some of the  disagreements i n  terms of a n a l y t i c a l  d i f f i c u l -  
t ies and the presence of some Pu(VI), i n s t e a d  of only Pu(IV), y e t  we m u s t  
recognize t h a t  c o r r e l a t i o n  equat ions used t o  da te ,  f o r  example, i n  the  
r e p o r t  of Baumgartel, e t  a1 . ,4  were chosen €or  t h e i r  s i m p l i c i t y  and be- 
cause the re  do not  y e t  ex is t  t h e  a d d i t i o n a l  da t a  t h a t  a r e  needed t o  
p e r m i t  formulat ion of more complicated,  and more accura te ,  equat ions.  
These a d d i t i o n a l  d a t a  inc lude  d e n s i t i e s  of aqueous and organic  phases 
and the water  con ten t  of the organic  phase. They a l s o  inc lude  a c t i v i t y  
c o e f f i c i e n t s  of the  var ious  spec ie s  i n  the  5-component aqueous s y s t e m  
K~O-HNO,-UOZ (NO, )zm PU (NO, ),-PuO, (NO, )2 .  

The p r o b a b i l i t y  t h a t  anyone w i l l  measure the  a c t i v i t y  c o e f f i c i e n t s  
i n  the  5 - c omponen t a queous s y s. t e m 
i n  the near  f u t u r e  appears  t o  be very small .  For t h i s  reason w e  have 
chosen t o  e x t r a p o l a t e  our previous s t u d i e s  of the  aqueous sys  t e m  
H,?O-HN03-UO;!(N03)2 by assuming that: the a c t i v i t y  of n i t r i . c  ac id  can be 
descr ibed  by the equat ion  

H20-  HNO, - UO2 (NO, ) z  - Pu ( NO3 ) 4- PuO, ( NO3 ) 

a2(LE2, E . 3 9  E47 nls> 
= [m? (Jh '- P2E.3) -!- m4(% 3- a2z.l) -!- m,s(B1 + B2ES)l 

x (1 3- p3m + P4W2) (1) 

az(m2, 0, 0, 0) -1 
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The term a i  (Q, m, 24, ~ 5 )  r ep resen t s  the  a c t i v i t y  of species  i a s  a 
func t ion  of the  fou r  concent ra t ions  u, n13, 34, n-15, any o r  a l l  o f  which 
may equal  zero,  The s u b s c r i p t s  1, 2, 3 ,  4, and 5, on o r  a only,  r e f e r ,  
r e s p e c t i v e l y ,  t o  H 2 0 ,  HNO,, U 0 , ( N 0 ~ ) 2 a 6 H z 0 ,  Pu(hTO,),, and Pu02(N03),; mi 
i s  the concen t r a t ion  of component i i n  moles per  kilogram of water ;  
a = 55.509 moles H$/kg H$ a t  25°C; PA, P,, P,, and P4 a r e  cons t an t s  
w i t h  values  a s  prev ious ly  repor ted ;5  a ~ ,  c+, and PI,  & a r e  parameters 
t o  desc r ibe  the assumed eEfec t s  of Pu(NO3)4 and PuOz(NO3)2, r e spec t ive ly ,  
on the a c t i v i t y  of HNO,. 
t h e  c r o s s - d i f f e r e n t i a l  equat ions ,”  we can de r ive  the  4 equat ions  to  desc r ibe  
the a c t i v i t i e s  of UO~(NO3)~-6H~0, Pu(NO,),, Pu02(NO~)~, and HzO, 

From Eq. (1) and the Gibbs-Duhem equat ion  and 

With accu ra t e  e x t r a c t i o n  da ta ,  d e n s i t i e s ,  water  con ten t  O F  the  organic  
phase p lus  the assumption t h a t  the extended Debye-Huckel equat ion  would 
apply t o  s o l u t i o n s  of  Pu(NO,)* i n  water  and Pu02(N03), i n  water  i f  
h y d r o l y s i s  d id  no t  occur ,  then there i s  a high p r o b a b i l i t y  t h a t  we can 
determine a l l  unknown parameters and, thereby, provide a more accu ra t e  
b a s i s  f o r  the  computer s imula t ion  of the  s o l v e n t  e x t r a c t i o n  process .  

7.2 Solvent  S t a b i l i t y  (Task 7.2) 
(v .  C. A .  Vaughen, J. H. Goode, L o  A .  Byrd, G. D. Davis, W. B. Howerton, 

0. L. Kirkland, R. C. Lovelace) 

Solvent  e x t r a c t i o n  feed der ived  from leaching  the short-decay 
f u e l  rods (Sec t .  5.1) was used i n  ba tch  c ros s -cu r ren t  c y c l i c  exper i -  
ments t o  s tudy  the r a d i a t i o n  s t a b i l i t y  of 15% TBP i n  2-dodecane. In 
two 4-cycle  runs the c o n t a c t  time of the  organic  s o l v e n t  w i th  the  
aqueous feed (- 2.8 p - w a t t s / l i t e r )  i n  the  e x t r a c t i o n  s t e p  was va r i ed  
s o  a s  t o  provide a so lven t  dose of 0.2 whr l i t e r - “  cycle-’ i n  the f i r s t  
run and 0.6 whr l i ter-’  cyc le-1  i n  the  second run. 
t e s t s  a r e  incomplete and w i l l  be repor ted  l a t e r .  

Data from these  

Decomposition of TBP and P r e c i p i t a t i o n  of Butyl Phospha tes i n  Aaueous 
N i t r i c  Acid Solu t ions  (W. Davis, Jr,, A ,  H, Kibbey) 

In  a one- o r  two-phase system composed of  water ,  n i t r i c  ac id ,  and 
t r i b u t y l  phosphate, the  l a t t e r  decomposes i n t o  d ibu ty l - ,  monobutyl-, and 
or tho-phosphoric  ac ids  The e x t e n t  of t h i s  decomposition i s  a frinc t i on  
of concent ra t ions ,  temperature,  and timc. I f  zirconium n i t r a t e  i s  added 
t o  such a system, the  zirconium w i l l  form complexes wi th  the  phosphates.  
Depending upon the  q u a n t i t i e s  of these  complexes, they w i l l  e i t h e r  be 
d isso lved  i n  the  TBP phase, i.f t h i s  i s  present  i n  l a r g e  amount, o r  w i l l  
p r e c i p i t a t e  a s  a whit.e s o l i d ,  i f  very l i t t l e  TBP i s  present .  Such pre- 
c i p i t a t i o n  apparent ly  does occur i n  e x i s t i n g  Purex solvemt e x t r a c t i o n  
p l a n t s .  WP have been pr imar i ly  i n t e r e s t e d  i n  determining the r a t e  of 
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decomposition of TBP i n  the  presence and absence of r a d i a t i o n  i n  the  
absence of zirconium, on the  one hand, and of p r e c i p i t a t i o n  of zirconium 
bu ty l  phosphates i n  the  aqueous phase, on the  o the r ,  s i n c e  the re  i s  s o  
l i t t l e  information i n  the l i t e r a t u r e  concerning these  a spec t s  of f u e l  
processing. To keep the  aqueous phase s a t u r a t e d  wi th  TBP, we have main- 
t a ined  enough TBP t o  form a second phase, t y p i c a l l y  1 m l  TBP/300 m l  
aqueous s o l u t i o n .  

There a r e  no experimental  da ta  on the  s o l u b i l i t y  of TBP i n  aqueous 
n i t r i c  ac id  s o l u t i o n s  a t  condi t ions  corresponding to our s t u d i e s ,  but we 
ex t r apo la t ed  da ta  of IIiggins, Baldwin, and Soldano" t o  c a l c u l a t e  328, 429, 
and 562 mg TBP per l i t e r  of 1, 3, and 5 HNO,, r e spec t ive ly ,  a t  50°C. 
Thus, only about 10 t o  20% of the  TBP i n  our experiments was i n  the  
aqueous phase i f  the  ex t r apo la t ed  s o l u b i l i t i e s  were c o r r e c t .  Using only 
v i s u a l  examination we found t h a t  t he  s o l u b i l i t y  of TBP i n  3 and 5 HNO, 
conta in ing  1 g Z r / l i t e r  was less than 300 but more than 150 m g l l i t e r  a t  
50°C. These values a r e  s i g n i f i c a n t l y  below the  ex t r apo la t ed  va lues  f o r  
HNO, s o l u t i o n s  mentioned above. 

Previous7 decomposition experiments wi th  0.25 t o  10 g Z r / l i t e r  i n  1, 
3 ,  and 5 
period before p r e c i p i t a t i o n  was seen. We have now completed p r e c i p i t a t i o n  
experiments wi th  3 and 5 ,M HNO, s o l u t i o n s  con ta in ing  somewhat l e s s  than 
t o  s l i g h t l y  more than enough TBP t o  s a t u r a t e  the  aqueous phase. In  genera l ,  
we observed the  same type of induct ion  period p r i o r  t o  i n i t i a t i o n  of pre- 
c i p i t a t i o n  of zirconium b u t y l  phosphates from aqueous s o l u t i o n s  n o t  
s a t u r a t e d  wi th  TBP a s  we had wi th  s o l u t i o n s  i n  c o n t a c t  wi th  a smal l  amount 
of second - pha s e  TBP. 

HNO, a t  50°C showed a long (approximately 4 days) induct ion  

We a r e  using da ta  on the  q u a n t i t i e s  of d i b u t y l  phosphoric a c i d  (HDBP) 
and monobutyl phosphoric a c i d  (HzMBP), formed dur ing  decomposition of TBP 
d isso lved  i n  the  aqueous phase and i n  the  absence of zirconium, t o  evalu- 
a t e  the  q u a n t i t i e s  k l S o  and kz of the decomposition equat ions  (1) and (2 ) .  

k l  
TBP + HNO, +HDBP + C4H90N02 (or  C4H90H) 

k2 
HDBP -t HNO, -tH2MBP + C4H90N@ (or  C4H90H) 

Here, So i s  the s o l u b i l i t y  of TBP i n  the aqueous phase, which, a s  we 
noted above, has  no t  been measured f o r  our experimental  cond i t ions .  In 
most of our e a r l i e r  experiments8,' t he  number of samples was too  small  
and ana lyses  f o r  HzMBP too unce r t a in  f o r  us  t o  c a l c u l a t e  k2 ( o r  k3, the  
r a t e  cons tan t  f o r  decomposition of H2MBP t o  H3P04). Thus, we have r e -  
peated 3 experiments a t  1, 3, and 5 HNO, and 5 0 ° C  dur ing  which we took 
5 t o  7 samples. Rate cons t an t s  klSo c a l c u l a t e d  from these ,  and e a r l i e r  
experiments (Table 7-1) a r e  i n  f a i r l y  good agreement. I n  add i t ion ,  the  
u n c e r t a i n t i e s  of c a l c u l a t e d  values of k;? a r e  smal l  enough t o  warrant our 
l i s t i n g  these .  However, the  l a r g e  u n c e r t a i n t i e s  (about equal  t o  k2 i t s e l f )  
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preclude our making any a t tempt  t o  exp la in  why k2 dec reases  ( in s t ead  of 
i n c r e a s e s )  a s  the  n i t r i c  ac id  concent ra t ion  inc reases  e 

Table 7-1. Rate Constants i n  the  Successive S teps  O f  T’BP Decomposition 

Condit ions:  Org;. Vol. =: 0.003 t o  < 0.05 
Aq.  Vol. 

Temperature = 50°C 

lo4 x klSo lo4  x k2 
HNO, and and 
Conc NQ, O f  k lo4  o(k1,SO) k lo4 x cr(k2) 
(M 1 Poin ts  mmoles I . i t e r -”  hr-”  (h r” )  

la 4 

1 6 

3a 4 

5a 4 

3 7 

5 5 

3.4 + 0.6 

3.5 + 1.8 

8.6 i 0.6 

6.14 t 2.2 

9.9 .f- 1.0 

8.9 + 4.8 

3.6 + 3.0 
_-  

a Data previously repor ted .  

Chromatographic S tudies  of Solvent  Depradation Products (J. G. Moore) 

S tud ie s  were s t a r t e d  t o  determine the s t a b i l i t y  of secondary amines 
i n  n i t r i c  ac id  s y s t e m s  s i n c e  these  compounds a r e  p o t e n t i a l l y  an  a t t r a c t i v e  
a l t e r n a t i v e  t o  ion-exchange f o r  the  f i n a l  p u r i f i c a t i o n  O S  plutoni.um i n  the 
LMFBK f u e l  processing cyc1.e. 
i n  diethyl-benzene a s  the so lvent ,  plutonium can be ex t r ac t ed  e f f e c t i v e l y  
from 5 HNO, and then recovered by s t r i p p i n g  the  organic  phase wi th  

For example, with 0.3 M d i ( t r idecy1)amine  

0.15 HNO,. 

In the i n i t i a l  degrada t ion  t e s t s ,  amine s o l u t i o n s  were subjec ted  t o  
r a t h e r  extreme condi r ions  t o  o b t a i n  samples of degraded mater ia l  f o r  
chromatographic s t u d i e s  French workers have repor ted  rap id  degradat ion 
of t r i l au ry lamine  i n  the presence of n i t r i t e  but avoided t h i s  d i f f i c u l t y  
by adding sulfamate ion  t o  the  system. To s tudy the e f f e c t  of n i t r i t e ,  
we contacted a diethylbenzene s o l u t i o n  conta in ing  0.3 @ di ( t r idecy1)amine  
f o r  4 h r  a t  23’and 40°C wi th  an equal  volume of 7 
0.05 NaNOZ i n i t i a l l y  present .  Af te r  con tac t ,  the organic  phases were 
separa ted ,  scrubbed f o r  5 min wi th  an equal  volume of 0.15 HNO, and then 

IINO with and without  
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converted t o  f r e e  amine by con tac t ing  with 0.3 jj NaZCO,. There was no 
change i n  the  amine concent ra t ion  i n  the 7 HN03 t e s t s  t h a t  d i d  no t  
have n i t r i t e  p re sen t ;  however, when n i t r i t e  was present ,  the amine con- 
c e n t r a r i o n  decreased 15 and 30% i n  the 23 and 4 0 ° C  t e s t s ,  r e spec t ive ly .  

Severa l  s t a t i o n a r y  phases have been reported a s  usef t i l  f o r  s e p a r a t i n  

Columns w i l l  be prepared wi th  each of these m a t e r i a l s  using 
amines and t h e i r  degradat ion products : SE-30,1° Apiezon L , l l  Apiezon N, 15 
and E 3 O l I 1 .  
Corning GLC 110 Textured Surface Beads a s  the sol-id support .  This support  
i s  100 t o  120 mesh and has  been s i l a n i z e d  wi th  DMCS. Aliquots  of  the 
organic  and aqueous phases used i n  the aforementioned t e s t s  w i l l  be 
chromatographed us ing  each of these  columns under var ious  temperature 
condi t ions .  
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8. PLUTONIUM FUKXFICATPON (TASK 8)  
(D.  J. Crouse) 

This t a s k  covers  the process  s t e p s  i n  pu r i fy ing  plutonium, s t a r t i n g  
wi th  the  plutonium product  s o l u t i o n  from the f i r s t  Purex cyc le  and con- 
t i nu ing  through p repa ra t ion  of a product s o l u t i o n  of  adequate p u r i t y  and 
concent ra t ion  f o r  d e l i v e r y  t o  the f u e l  r e f a b r i c a t i o n  opera t ion .  

Plutonium chernis t r y  i s  reasonably well-known al though the  h igh  
plutonium content  of LMFBR f u e l s  makes some process r e v i s i o n s  d e s i r a b l e .  
The l a r g e  amounts of plutonium t o  be handled provide s t r o n g  incen t ive  
f o r  improving the  e f f i c i e n c y  of the  plutonium p u r i f i c a t i o n  processes  
s i n c e  the  c o s t  of these  ope ra t ions  w i l l  r ep resen t  a much l a r g e r  f r a c t i o n  
of the  t o t a l  reprocess ing  c o s t s  than  previously.  I n  p a r t i c u l a r  t h e r e  
appears t o  be a need f o r  a h ighe r  capac i ty  process than ion  exchange f o r  
f i n a l  decontamination of t he  plutonium. 

This month a d d i t i o n a l  t es t s  were run t o  d e f i n e  the  l i m i t s  t o  which 
the TBP so lven t  can be loaded wi th  plutonium wi thout  formation of  a 
t h i r d  l i q u i d  phase. Data from the  t e s t s  a r e  n o t  s u f f i c i e n t l y  complete 
to  al low r e p o r t i n g  a t  t h i s  t i m e .  

9. WASTE TREATMENT AND STORAGE (TASK 9) 

Progress  on t h i s  t a s k  i s  repor ted  s e p a r a t e l y .  

io .  OFF-GAS TREATMENT (TASK i o )  
(D. J. Crouse, C.  I). Watson 

Retent ion of  i od ine  i s  the  major problem i n  t r e a t i n g  the  of f -gas  

Retent ion of most: of the xenon and 
from process ing  of  short-cooled TNFBR f u e l s  s i n c e  p l an t  r e t e n t i o n  f a c t o r s  
of  lo7 and lo8 would be requi red .  
krypton, and even tua l ly  t r i t i um,  a l s o  may be requi red  f o r  f u t u r e  l a r g e  
process ing  p l a n t s .  Logic diagrams i l l u s t r a t i n g  a l t e r n a t i v e  processing 
methods, based on p resen t  knowledge, f o r  removing the  gases  from of f -gas  
s t reams were presented previously."  
eva lua ted  and a d d i t i o n a l  chemical and engineer ing  da ta  developed where 
necessary.  

A l l  promising methods w i l l  be 

S tudies  a r e  a c t i v e  i n  the  a reas  of (1) scrubbing iod ine  spec ie s  
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from gas streams wi th  mercuric n i t r a t e - - n i t r i c  a c i d  and a l k a l i n e  s o l u t i o n s ,  
(2 )  decomposition of organic  so lven t  vapors and organic  iod ides  by c a t a l y t i c  
ox ida t ion ,  acd (3) t e s t i n g  of s o l i d  iod ine  adsorbents .  

This month (1) an iod ine  removal system was t e s t e d  i n  the TRU f a c i l i t y  
a t  ORNL, (2)  a d d i t i o n a l  t e s t s  wi th  s i l v e r  z e o l i t e  showed t h a t  the  presence 
of  dodecane i n  the  gas stream decreased the  CH31 t rapping  e f f i c i e n c y  wi th  
t h i s  e f f e c t  being g r e a t e s t  a t  350°C, ( 3 )  r e a c t i o n  r a t e  cons t an t s  were 
determined f o r  r e a c t i o n  of methyl-, e thy l - ,  2-propyl-,  and 2 -bu ty l iod ides  
wi th  mercuric n i t r a t e  so lu t ions ,  and (4) the  r e a c t i o n  of e lementa l  iod ine  
wi th  a c i d i c  mercuric n i t r a t e  s o l u t i o n s  was shown t o  involve d ispropor t iona-  
t i o n  o f  the  iod ine  i n t o  the  iod ide  and ioda te  forms. 

10.1 Iodine (Task 10.1) 

Resul t s  of Iodine Evolution and Iodine Trappin9 Experiments a t  t he  
TRU F a c i l i t v  (0. 0. Yarbro, G .  I. Cathers,  TRU personnel )  

The transuranium process ing  p l an t  a t  ORNL processes plutonium and 
curium t a r g e t s  a f t e r  decay t i m e s  of only 5 t o  10 days f o r  the  recovery 
of s h o r t - l i v e d  transcurium elements. Such t a r g e t  process ing  campaigns 
(two o r  t h ree  a yea r )  provide an e x c e l l e n t  oppor tuni ty  f o r  demonstrating 
iod ine  handling techniques,  app l i cab le  t o  W B R  processing, on a s i g n i -  
f i c a n t  s c a l e  and under a c t u a l  p l an t  cond i t ions .  In the process ing  
campaigns, completed i n  September, th ree  s e p a r a t e  experiments were 
conducted t o  demonstrate (1) removal of iod ine  from the d i s s o l v e r  
s o l u t i o n ,  and ( 2 )  t rapping  of i od ine  from the  of f -gas .  Iod ine  was 
dr iven  from the n i t r i c  ac id  d i s s o l v e r  s o l u t i o n ,  by a i r  sparg ing  a t  
e l eva ted  temperatures.  The amount of i od ine  removed ranged from 97 
t o  98.5% i n  the  th ree  runs. 
o f f -gas  stream cons i s t ed  of two l i q u i d  scrubbers  i n  series,  followed 
by a Hopcal i te  bed--charcoal bed system. This removal system demonstrated 
iod ine  decontamination f a c t o r s  ranging from 1 x lo5 t o  4 x lo6 f o r  t he  
three  runs.  

Iodine removal equipment on the  d i s s o l v e r  

The arrangement of the  d i s s o l v e r  and d i s s o l v e r  off-gas iod ine  removal 
system i s  shown i n  Fig.  1 0 , ~ l .  The aluminum i n  the t a r g e t s  was f i r s t  d i s -  
solved i n  caustic-sodium n i t r a t e  s o l u t i o n  and the de j acke t ing  s o l u t i o n  was 
disposed of by pumping i t  from the d i s s o l v e r .  
oxides were d isso lved  by d i g e s t i n g  i n  2 .5  l i t e r  of 10 n i t r i c  ac id  f o r  
2 h r  a t  110°C. 
gas purge t o  the  vapor space dur ing  t h i s  p a r t  of t he  run. Following the 
2-hr d i s s o l u t i o n  period, the  d i s s o l v e r  s o l u t i o n  was cooled t o  80 t o  90°C 
and d i l u t e d  t o  5 l i t e r s .  
sparg ing  a t  2 t o  3 l i t e r l m i n  and purging the  vapor space wi th  a i r  a t  about 
8 l i t e r l m i n .  
s i x  hours of d i g e s t i n g  a t  80 t o  go", a batch a d d i t i o n  of 0.05 moles of 
potassium iodide  was made t o  the d i s s o l v e r  s o l u t i o n .  Iodine removal 
du r ing  the two hour d i g e s t  a t  110°C averaged about 85% corresponding t o  
a removal h a l f - l i f e  of about 314 h r .  Iodine removal h a l f - l i v e s  f o r  the  

The remaining a c t i n i d e  

The d i s s o l v e r  was sparged a t  200 cc/min wi th  no a d d i t i o n a l  

This s o l u t i o n  was  d iges t ed  f o r  8 t o  10 h r  while 

Af t e r  Sodium n i t r i t e  was added a t  a r a t e  of 0.02 moleslhr.  
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second p a r t  of t he  d i g e s t  period were 3.5 h r  f o r  t he  f i r s t  run and about 
2.5 h r  f o r  t he  second and t h i r d  runs.  The batch a d d i t i o n  of potassium 
iodide  had no measurable e f f e c t  on the iod ine  evolu t ion  r a t e  i n  any of 
t he  th ree  runs.  
t h r e e  runs.  There was s t r o n g  evidence of i od ine  accumulation i n  the  
gas space of t he  d i s s o l v e r  during the  f i n a l  run a s  t h e  iod ine  was evolved 
from the  d i s s o l v e r  s o l u t i o n  a t  a normal r a t e  throughout t h e  run, but 
showed up i n  the  off-gas  t reatment  equipment e i g h t  hours a f t e r  the s t a r t  
of t he  run. The removal h a l f - l i v e s  f o r  iod ine  evolu t ion  from the  d i s -  
s o l v e r  were much longer than would be predicted from labora tory  tests 
under i d e a l  condi t ions,  and r e f l u x  of i od ine  i n  the  top  of the  d i s s o l v e r  
i s  t he  probable cause I 

Tota l  iod ine  removal ranged from 97 t o  98.5% f o r  the  

The equipment i n  the  d i s s o l v e r  off-gas  removal s y s t e m  (Fig.  10-1) 
included a condensate ca tch  pot,  two l i q u i d  scrubbers ,  a heated Hopcal i te  
bed, a coo le r ,  and a charcoa l  bed. It was intended t h a t  the  bulk of t he  
vapors from the  d i s s o l v e r  would be condensed and collected i n  the  conden- 
s a t e  ca tch  pot. A l e a k  developed a t  the bottom of t h i s  pot a t  t he  s t a r t  
of t he  second run making i t  necessary t o  run the  condensate pot d r y  and 
rbu te  the vapors from the  d i s s o l v e r  d i r e c t l y  i n t o  the  f i r s t  scrubber  
during the  second and t h i r d  runs.  This l e a k  grew progress ive ly  worse 
dur ing  the t h i r d  run, u n t i l  excessive a i r  inleakage made i t  necessary 
t o  leave o f f  the  a i r  purge t o  the  d i s s o l v e r  gas space.  

The two scrubbers  were i d e n t i c a l  i n  c o n s t r u c t i o n  and cons is ted  of a 
1-5/8-in. -diam by 44-in.  - long packed s e c t i o n  f i l l e d  wi th  l/lt-in. I n t a l o x  
Saddles.  An i n i t i a l  charge of 3 l i t e rs  of s o l u t i o n  was added t o  the  
scrubber  a t  t h e  s t a r t  of each run and s o l u t i o n  was r e c i r c u l a t e d  through 
the  column a t  the  r a t e  of 200 cc/min throughout t he  run. 
f lowra tes  through the  scrubber  averaged 100 and 2000 l b  h r - I  f t -2 ,  
r e s p e c t i v e l y .  The f i r s t  scrubber  was operated with 0.1 mercuric 
n i t r a t e - - 0 . 1  M n i t r i c  a c i d  i n  the  f i r s t  two runs and wi th  1 sodium 
hydroxide--0.05 sodium th iosu lpha te  i n  the  t h i r d  run. The second 
scrubber  was operated wi th  c a u s t i c - t h i o s u l p h a t e  i n  a l l  t h ree  runs.  
Decontamination f a c t o r s  f o r  t he  scrubber  a r e  tabula ted  i n  Table 10.1. 
The iod ine  decontamination f a c t o r  of 20 t o  30 f o r  a s i n g l e  mercuric 
n i t r a t e  scrubber  i s  i n  l i n e  with expected values  from labora tory  s t u d i e s .  
I n  t h i s  campaign a s i n g l e  c a u s t i c  scrubber  outperformed a s i n g l e  mercury 
scrubber  by a s i g n i f i c a n t  margin. 
mercuric n i t r a t e . )  This may present  a biased p i c t u r e ,  however, a s  a 
se r ies  of mercuric n i t r a t e  scrubbers  w i l l  p rogress ive ly  i n c r e a s e  t h e  
o v e r a l l  DF 's ,  whi le  a s  shown i n  run No. 3 ,  a d d i t i o n a l  c a u s t i c  scrubbers  
add l i t t l e  t o  the  o v e r a l l  decontamination f a c t o r .  

Gas and l i q u i d  

(DF of 160 for c a u s t i c  versus  25 f o r  

Gases from the  second scrubber  were passed through a c a t a l - y t i c  burner 
(Hopcal i te)  operated a t  about 330°C t o  ox id ize  any 0rgani.c compounds i n  
the  gas and then were cooled t o  about 8 0 ° C  and passed through a 2 - i n , -  
depth of KI- t reated charcoa l  f o r  iod ine  removal. The gas res idence  t i m e  
i n  both the  Hopcal i te  bed and t h e  charcoa l  bed was about 10 sec. Decon- 
tamination f a c t o r s  across  the  charcoa l  bed were about 2 x lo4 f o r  t he  f i r s t  
two runs,  bu t  dropped t o  270 f o r  t he  f i n a l  run. I n  t h i s  run moisture  was 
observed i n  t h e  gas samp'lers before  and a f t e r  t he  charcoa l  bed, and the  high 
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humidity poss ib ly  accounts f o r  the loss i n  DF. Overa l l  i od ine  decon- 
tamination f a c t o r s  f o r  the  iod ine  removal system were about 3.5 x lo6 
f o r  the  f i r s t  two runs, dropping t o  1 x lo5  f o r  the  l a s t  run due t o  the 
r e l a t i v e l y  low DF ac ross  the  charcoa l  bed. 

Table 10-1 Iodine Decontamination of 
Off-Gas i n  TRU Test F a c i l i t y  

(Charcoal bed temp. was '(0°C i n  a l l  t e s t s )  

Nopca li t e  Iodine Decontamination Fac to r  
Run Gas Flow Bed Temp. F i r s t  Second Hopcalite- 
N O .  ( f t 3  min-") ("a Scrubber Scrubber Charcoal Overa l l  

1 9.1 340-370 18a 9b 2 10" 3 x lo6 

2 3.1 340-3 70 29" 14b L io4 4 x 10" 

3 8.2 300-350 160b 2b 270 1 io5 

a 

bl NaOH--0.05 Na2S203 s o l u t i o n .  

0.1 ,M Hg(N03),--0.1 & HNO, s o l u t i o n .  

Trappip9 of Radioactive Iodine  bv S i l v e r  Z e o l i t e  
Ackley,-Zell Combs) 

(R. E ,  Adams, Re D. 

The p r i m a r y  o b j e c t i v e  of our s t u d i e s  i s  t o  develop informat ion  t o  
a i d  i n  the  design of an extremely e f f i c i e n t  i od ine  removal system f o r  
LMF'BR f u e l  reprocess ing  p l a n t s .  Most of the a t t e n t i o n  thus f a r  has been 
given t o  methods of t r app ing  methyl i od ide  s i n c e  t r app ing  of i od ine  i n  
t h i s  form appears t o  r ep resen t  one of t he  more d i f f i c u l t  a spec t s  of t he  
iod ine  r e t e n t i o n  problem, Recently, t he  a p p l i c a b i l i t y  of AgM03-treated 
Linde Molecular S ieves ,  Type LTX, ( r e f e r r e d  t o  a s  s i l v e r  z e o l i t e  o r  
Ag-13X) has been under i n ~ e s t i g a t i o n , ~ , "  and t h i s  agent e f f i c i e n t l y  
trapped CH31 from flowing a i r  when the  ope ra t ing  temperature was i n  
the  range of 100 t o  400°C. The Ag-13X adsoaber i s  a development a t  
Idaho Nuclear Corporation r epor t ed  by Maeck, Pence, and Ke l l e r .4  

D a t a  were obtained a t  350 and b 5 0 ° C  f o r  t he  t r app ing  of @Hc31 on 
Ag-13X when the  a i r  stream contained 2-dodecane vapor, I n  these  tests 
the  Ag-ljX, i n  the form of two 1- in .  beds i n  s e r i e s ,  was exposed to a i r  
con ta in ing  dodecane vapor f o r  an 18-hr period p r i o r  t o  CH31 i n j e c t i o n  
and, a l s o ,  dur ing  the 2-hr period i n  which CH39 was i n j e c t e d ,  The 
es t imated  amount of dodecane introduced i n t o  the  gas stream was about 
20$ of  the  Ag-13X weight.  
( i n  2 h r )  about 0.5 mg CH3T per g of Ag-13X. 

The C H 3 I  concen t r a t ion  was 3 ppm, providing 



"he tes t  r e s u l t s ,  along with da t a  repor ted  previously3 f o r  t e s t s  a t  
100 and 2OO0C, a r e  shown i n  Table 10-2. The decontamination e f f i c i e n c i e s  
f o r  e i t h e r  a 1-' o r  2- in .  depth were h ighes t  a t  100°C and reached a minimum 
a t  about 350°C. We i n t e r p r e t  t he  da t a  a s  f o 1 . I . o ~ ~ :  physical  adsorp t ion  
of dodecane (which decreases  with increas ing  temperature) i s  unimportant;  
dodecane decomposition i n  the  bed i s  n e g l i g i b l e  a t  100°C but  i s  appreciab1.e 
a t  200°C and a t  h igher  temperatures r e s u l t i n g  i n  depos i t ion  of a t a r - l i k e  
m a t e r i a l  on the  Ag-13X t h a t  poisons i t ;  a t  450"C, the  poisoning s t i l l  
O C C U K S  bu t  the  h igher  temperature promotes oxida t ion  of t he  t a r  and 
m i t i g a t e s  t he  poisoning e f f e c t .  I n  any event ,  t h e  Ag-l.3X may be less 
s u s c e p t i b l e  t o  poisoning than i s  charcoa l  which i s  o f t e n  used f o r  t rapping 
radioiodine.  Passing the  gas s t ream through a c a t a l y t i c  ox ida t ion  u n i t  
t o  des t roy  organic  vapors p r i o r  t o  t rapping  the  iod ine  on a Ag-13X bed 
should be an e f f e c t i v e  iod ine  r e t e n t i o n  s y s t e m .  The high c o s t  of s i l v e r  
i s  a p o t e n t i a l  disadvantage.  Although i t  i s  assumed t h a t  t he  s i l v e r  
z e o l i t e  would be used f o r  removal of t he  l a s t  t r a c e s  of iod ine  from the  
gas r a t h e r  than f o r  removal o f  t he  bulk iodine,  i t s  u l t i m a t e  iodi.ne 
capac i ty  will be important i n  e v a l u a t i n g  i t s  a p p l i c a t i o n .  Consequently, 
w e  a r e  present ly  making capac i ty  measurements. 

a Table 10-2 E f f e c t  of Exposure t o  2-Dodecane Vapor on Eff ic iency  
of Ag-l3X f o r  Decontaminating Flowing A i r  Containing Methyl Iodide 

Temperature Face Veloci ty  Decontamination Eff ic iency  (q') 
( " C )  ( f pun 1 For 1- in .  Depth For  2 - in .  Depth 

100 50 99.56 99.99+ 

200 63 95.45 99.86 

3 50 84 92.04 99.28 

450 97 911- 77 99.93 

a Bed was pre-exposed t o  flowing a i r  conta in ing  dodecane f o r  18 h r  p r i o r  
t o  C H z I  i n j e c t i o n ;  temperature during pre-exposure was the  same a s  
dur ing  CH31 i n j e c t i o n .  



Measurement of the Reaction Rates of Organic Iodides  with Mercuric 
N i t r a t e  Solu t ions  (E<, E ,  Adams, IC. Lo Bennett, Ruth Slaisher) 

The study of the  r e a c t i o n  r a t e  of CHaI. with mercuric n i t r a t e - - n i t r i c  
ac id  s o l u t i o n s  was continued and extended t o  h ighe r  molecular weight 
organic  iod ides .  These o t h e r  organic  iodfdes a r e  important s i n c e  they 
have been de tec ted  by gas chromatography ir, f u e l  processing off-gas  a t  
s e v e r a l  i n s t a l l a t i o n s .  We determfned the  r e l a t i v e  r e a c t i v i t y  of methyl, 
e t h y l ,  2-propyl ,  and 2 -bu ty l  iod ides  with 0.001 Hg(M03),--0.005 & HNO, 
s o l u t i o n .  Measurements a t  h ighe r  mercury concent ra t ions  were not poss ib l e  
wi th  the presently-used techniques because of the g r e a t e r  r e a c t i v i t y  of 
the h igher  i od ides ,  The pseudo- f i r s t  o rde r  r a t e  cons tan ts  obtained a t  
t h i s  concent ra t ion  a r e  l i s t e d  i n  Table 10-3. 

The r a t e  sequence: methyl < eLhyl > 2-propyl  = 2-buty l  may appear 
t o  be e r r a t i c ,  but  t h i s  o rde r  is  c o n s i s t e n t  wi th  the  resu l t s  repor ted  
from o the r  s t u d i e s  of the r e a c t i o n  of a l k y l  h a l i d e s  a s s i s t e d  by e l e c t r o -  
p h i l i c  agents  such as s i l v e r  and mercuric n i t r a t e s . " -8  Table 10,4 l i s t s  
the r e l a t i v e  r a t e s  obtained i n  s e v e r a l  of these  s t u d i e s  and shows t h i s  
very d i s t i n c t  t rend.  The r e l a t i v e  r a t e s  l i s t e d  have been normalized to  
the r a t e  of the e t h y l  h a l i d e  i n  each study and apply only t o  t h a t  s e t  of 
cond i t ions .  It i s  c l e a r  t h a t  e t h y l  i s  the most r e a c t i v e  of the primary 
low molecular  weight h a l i d e s .  This i s  bel ieved  by Benfey' t o  be due t o  
hyperconjugat ion e f f e c t s .  According t o  hyperconjugat ion theory,  the more 
hydrogen atoms on the  beta-carbon, the  g r e a t e r  i s  the r e a c t i v i t y .  Methyl 
(with none) i s  slow, e t h y l  (with the maximum, 3) i s  very f a s t ,  and 2-propyl  
and n-buty l  (with two) a r e  in te rmedia te  i n  r e a c t i v i t y .  
branching occurs a t  the  carbon p a s t  the alpha-carbon, a s  wi th  i so -bu ty l  
and neopentyl groups, s t e r i c  e f f e c t s  cause a g r e a t l y  diminished r a t e .  

However, where 

I f  branching occurs on the alpha-carbon, the t o t a l  number of hydrogens 
on the ad jacent  beta-carbons can be l a rge  ( t h e  secondary i sopropyl  group 
has s i x )  and f a s t  r a t e s  may be expected. Extremely rap id  r a t e s  have been 
observed f o r  secondary and t e r t i a r y  h a l i d e s  (see Table 10-4).  Apparently, 
then, the  r e a c t i o n  r a t e  of most organic  iod ides ,  with the except ion of 
branched cha in  primary iod ides  such a s  i s o b u t y l  and neopentyl ,  should 
be more rap id  than methyl iod ide .  This conclusion app l i e s  t o  r e a c t i o n  i n  
s o l u t i o n  and the e f f e c t s  of extremely low s o l u b i l i t y  of the h ighe r  iod ides  
must be considered i n  the o v e r a l l  removal process ,  

Table 10-3 Reaction Rate a t  30°C of Organic 

0.003 r/r HNO, Solu t ions  
Iodides  wi th  0.001 Hg(NO,),-- 

Pseudo F i r s t  Order 
Alkyl Iodide Rate Constant (rnin-lr  

M e  thy 1 - 
Ethyl-  - n - Prop y 1 - 
- re-But y l- 

0.13 
0.82 
0.51 
0.52 



Table 10-4 Rela t ive  Reaction Rates of Alkyl Hal ides  i n  Presence 
of E l e c t r o p h i l i c  Reagents : S i l v e r  and Mercuric N i t r a t e s  

~- 

~ Rela t ive  Reaction Rate-(kR/kC ) 

Our Work Dos trovskv and Hughes Benfev Burke and Donnan Hammond. e t  a l .  
RI-Hg ( N O 3  12 RBr-AgNOL, RBr -Hg ( NO3 )2 RI- Ag NO3 R I -  AgNO3 
3.005 a HNO, 70% Ethyl  Alcohol 705 Dioxane Ethyl  Alcohol A c e t o n i t r i l e  

Secondary 

( CH3 ) 2 CH- 

0.16 
1 

0.62 

o. 63 

0.81 

1 

0.55 

0.0s 

0.01 

1 

0.50 

145 

0.43 
1 

0.45 

0.06 

0.14 

1 

a Ter t i a ry  bu ty l  r a t e  was too f a s t  t o  measure even a t  O O C .  
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m e n t  a 1  Iodine Adsorvtion i n  Mercuric N i t r a t e  Solu t ions  
J. M. Schmitt ,  F. G o  Seeley)  

( D .  J. Crouse 

Recent s t u d i e s  of the r e a c t i o n  of e lemental  iod ine  wi th  mercuric 
n i t r a t e - - n i t r i c  ac id  s o l u t i o n s  i n d i c a t e  t h a t  the  iod ine  d i sp ropor t iona te s  
i n t o  iod ide  and ioda te  according t o  the fol lowing r e a c t i o n :  

We a r e  a b l e  t o  d i s t i n g u i s h  between the mercury-complexed iod ine  and 
i o d a t e  by an e x t r a c t i o n  method. The ioda te  i s  not  ex t r ac t ed  wi th  
diamylamylphosphona t e  (DAAP) whereas the mercury-complexed iod ine  i s  
almost completely e x t r a c t e d  from 0 .1  t o  0.2 HNO, i n  t h ree  con tac t s  
wi th  1 E DAAP--dodecane a t  a phase r a t i o  of 1/1. 
was reac ted  wi th  a mercuric  n i t r a t e  s o l u t i o n  and iod ine  was then ex t r ac t ed  
from t h i s  s o l u t i o n  wi th  DAAP, about one-sixth of the  iod ine  was i n e x t r a c t -  
ab le ,  confirming t h a t  the r e a c t i o n  shown i n  equat ion (1) occurs .  

When elemental  iod ine  

The mercuric i oda te  i s  r e l a t i v e l y  in so lub le  and separa ted  a s  a f i n e  
white  p r e c i p i t a t e  i n  some tes ts .  Chemical a n a l y s i s  of the p r e c i p i t a t e  
confirmed t h a t  i t  was mercuric  i oda te .  This l o w  s o l u b i l i t y  imposes a 
l i m i t  t o  which the mercuric n i t r a t e  s o l u t i o n  can be loaded wi th  iod ine  
wi thout  p r e c i p i t c t e  formation t h a t  i s  much lower than the l i m i t  d i c t a t e d  
by the s o l u b i l i t y  OS mercuric i od ide ,  For example, on t i t r a t i o n  of 0.05 

of mercuric  iod ide  begins a t  an iodine/mercury mole r a t i o  of about l/3. 
When the iod ine  i s  added a s  e lemental  iodine,  however, p r e c i p i t a t i o n  of 
mercuric i o d a t e  begins a t  an iodine/mercury r a t i o  of about 1/70, 
corresponding t o  a mercuric i oda te  s o l u b i l i t y  i n  the  s o l u t i o n  of s l i g h t l y  
h igher  than 0.0001 E. 

Hg(N03)2--0.1 M, H N 0 3  s o l u t i o n  wi th  sodium iodide  so lu t ion ,  p r e c i p i t a t i o n  

We considered t h a t  iod ine  present  i n  the scrub  s o l u t i o n  a s  i oda te  
might be more s u b j e c t  t o  r e l e a s e  than iod ine  present  a s  a mercuric 
iod ide  complex s i n c e  the former normally can be reduced i n  n i t r i c  ac id  
t o  v o l a t i l e  e lemental  i od ine  with,  f o r  example, n i t r i t e  ion .  However, 
i n  prel iminary t e s t s  we have not  been a b l e  t o  reduce any of the ioda te  
i n  the  scrub  s o l u t i o n  by adding sodium n i t r i t e ,  sodium s u l f i t e ,  o r  
potassium iodide  t o  the so lu t ion ,  i n d i c a t i n g  t h a t  mercuric ion  forms 
s t rong  complexes wi th  i o d a t e  ion  a s  we l l  a s  with iod ide  ion.  Some t e s t s  
were run i n  which the scrub  s o l u t i o n  was sparged wi th  a i r  whi le  i n t e r -  
m i t t e n t l y  adding sodium n i t r i t e ;  no r e l e a s e  of i od ine  from the s o l u t i o n  
was de t ec t ed .  Although n i t r i t e  does no t  reduce the ioda te  once formed, 
having n i t r i t e  present  i n  the mercuric n i t r a t e  s o l u t i o n  during r e a c t i o n  
wi th  12 prevents  i oda te  from forming. Study of t h i s  system i s  cont inuing.  
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11. RADUTPON ANiI SHIELDING ("3K 11) 
(J, P, Nichols) 

This t a s k  c o n s i s t s  of  a n a l y t i c a l  s t u d i e s  with the ob jec t ive  of' 
d e v e l o p d g  fn f  ormat ion  on the r a d t a t i  on p r o p e r t i e s  and shielding 
requirements of LM2'E.R fbels o u t s i d e  the r e a c t o r .  The work involves  
compilat ion and c o m e l a t i o n  of bas i c  nucl e a r  data i.nclu&g decay 
schemes, nue lear  c ros s  s e c t i o n s ,  radiation sou~"ces, and energy spec t r a ,  
and thema% power (Task 11.1 ) j development of computer programs f o r  
c a l c u l a t i n g  t r a n s i e n t  concent ra t iuns  of r ad ionuc l ides  i n  LMFBR f u e l  
(Task l l t , 2 $ ;  caLculateon of dose a t t e n u a t i o n  kerma f o r  shield mtesials 
o f  i n t e r e k t  (Task 11 e3); and a p p l i c a t i o n  of t h e s e  d a t a  t o  LMFBR &e l  
cyc le  processes  (Task 11 -4) 

11.2 Concentrat ions of NucZides i n  LMFEiR Fuel. 
(Me J. Bell) 

The i s o t o p i c  composition, a c t i v i t y  and h e a t  gene ra t ion  r a t e  o f  
t h e  spent f u e l  discharged fr'om t h e  FFTF has been computed wi th  t h e  
ORIGEN c0d.e. The c a l c u l a t i o n s  were f o r  an average s p e c i f i c  power o f  
100 pllw/l!I" and 45,000 Mwd/MT bumup and assumed t h a t  t he  fresh fue l  
contained 78.5% n a t u r a l  U and 21 -5% Pu, 
t o  de f ine  the  a c t i v i t y  and h e a t  genera t ion  rate to be expected in 
shipping and process ing  s p e n t  f a s t  reactor f u e l s .  

This information will be used 

1 1.4 Neutron and Capture Gamm E m  e Rates from LMFBR Fuels 
(E, Do Arnold, H. Po Soard) 

Calcu la t ions  %re cont inuing wtth the  A m N  program i n  the S,,P;, 
approximation t o  eva lua te  t h e  e f f e c t  of s h i e l d i n g  materials on t h e  
neutron and capture  g a m  dose rates from LMF"BR spent  f u e l  shipping 
casks. New 27-neutron group, 2 0 - g a m  group S P, cross s e c t i o n s  have 
been genera ted  f o r  B, Pb, a3f iU ,  23sIT, 230Pu, z'81?uJ sllpu, and 242Pu 
t o  complement t h e  c ross  s e c t i o n s  t h a t  are  a l r e a d y  on hand for most of 
the materials of  potantrial. i n t e r e s t ,  
f o r  l i t h i u m ,  

Cross sec t ions  a r e  being generated 

Figures I 1  -7 and 11 -2 s m m r t z e s  the c a l c u l a t e d  neu t ron  and cap- 
t u r e  gama  dose Fa tes  f o r  fou r  s h i e l d  confi .gurations - i r o n  only:, 
i r o n  plus water, iron plus water conta in ing  1 w t  % boron, a rd  iron 
plus polyethylene,  
f o r  the three hydrogeneom m a t e r i a l s  (water,  boronated w a t e r ,  and. 
polyethylene)  and t h e s e  i s  l i t t l e  d i f f e r e n c e  i n  t h e  cap tu re  gamma dose 
r a t e s  when the  hydrog@neous material is w a t e r  o r  polye thylene ,  As 
compared t o  w a t e r ,  t h e  e f fec t  of t h e  7 %  boronated water is  t o  reduce 
the cap tu re  gama dose rate by a fac tor  of  approx5mateJ.y 3 ,  I n  o the r  
c a l c u l a t i o n s  i t  was found t h a t  t h e  e f f e c t  of water containing 3 w t  $ 
boron was t o  reduce the cap tu re  gamma dose r a t e  by an a d ~ l i t ~ i o n a l  1%. 

The neutron dose r a t e s  are e s s e n t i a l l y  the  same 
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Ig Figures  1 1  -1 and 15 -2 region 3 c o n s i s t s  of  55 cm of i r o n ,  
Region 4 is the hydrogeneous m a t e r i a l  except  f o r  t h e  a l l  i r o n  ca l cu -  
l a t i o n  where reg ion  3 and r e g i o n  4 were i n p u t  a s  a s i n g l e  region. 

1 2 CRITICALITY (TASK 1 2 )  
(J ,  P. Nichols) 

The o b j e c t i v e  of t h i s  t a s k  i s  t o  develop eva lua ted  c r i t i c a l i t y  
d a t a  f o r  a p p l i c a t i o n  t o  t h e  aqueous process ing  o f  LMFBR f u e l s .  The 
work involves  compilation of bas ic  d a t a  and Tiasion with other c r i t i c a l  
experiment groups (Task 1 2  . I  ); c a l c u l a t i o n  o f  Dasic parameters (Task 
1 2 . 2 ) ;  the performance of s e l e c t  c r i t i c a l  experiments a t h  systems 
contai.ning f i x e d  and so lub le  neutron absorbers  (Task 1 2 . 3 ) ;  and t h e  
app l i ca t ion  o f  t h e  c r i t i c a l  da t a  to t h e  des ign  of process  equipment 
(Task 1 2 . 4 ) .  

1 2 2 Calcu la t ion  of Basic Parameters 
(D. W. Magnuson) 

Addi t iona l  survey c r i t i c a l i t y  c a l c u l a t i o n s  were made f o r  the 
c r i t i c a l  s i z e s  of LMFBR Discharge1- PuO, -water mixtures  i n  sphe r i ca l ,  
c y l i n d r i c a l ,  and s l a b  geometry. 
and Fig. 1 2 - 1  , and they augment c a l c u l a t i o n s  prev ious ly  repor ted .  
The resonance absorp t ion  of neutrons a t  1 .O eV by 
peaks i n  the  c r i t i c a l  s izes  a t  a moderation r a t i o  of approximately 30. 
The ANISN t r a n s p o r t  code i n  t h e  S, approximation was used with ISansen- 
Roach 16-group cross  s e c t i o n s  e 

These r e s u l t s  a r e  given i n  Table 12-1 

r e s u l t s  i n  

We have begun a s e r i e s  of c a l c u l a t i o n s  t o  de f ine  t h e  c r i t i c a l i t y  
parameters of  arrays o f  LWBR f u e l  elements i n  sodium-f i l led ,  s t e e l  
shipping casks e 

1 .  LMF'RR Discharge Tlutonium i s  62, 31, 5, and 2 w t  % zs9Pus 240Pu, 

2 ,  I), W. Magnuson, V r i t i c a l i t y .  Calcu la t ions  f o r  Light  Watm Reactor 

241Fu, and 24 2Pu, r e spec t ive ly .  

and Liquid Metal Fas t  Breeder Reactor Y-DR-9, Union Carbid.e 
Corporation Nuclear Divis ion,  Y-I 2 P l a n t  (1 969)  
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13. ENCi1NEE;;RING STUDIES (TASK 13) 
(A. R ,  I r v i n e ,  So Mann) 

The purpose of t h i s  t a s k  i s  t o  examine t h e  o v e r a l l  problem of 
LMFBR. spent  f u e l  recovery p l a n t  des ign  and t o  r e l a t e  t h e  i n d i v i d u a l  
problems involved i n  f u e l  recovery t o  t h e  o v e r a l l  problem and t o  t h e  
o the r  i n d i v i d u a l  problems. The p l a n t  design surveys which a r e  t o  be 
made inc lude  adap ta t ion  of e x i s t i n g  LWR rep rocess ing  f a c i l i t i e s  for 
recovery of f u e l  from FFTF and i n i t i a l  demonstration r e a c t o r s ,  poss i -  
b l e  adap ta t ion  of l a t e r  LWR rep rocess ing  f a c i l i t i e s  t o  accept  INFBR 
spent  f u e l  from commercial r e a c t o r s  dur ing  t h e  f i r s t  decade ( o r  more) 
of t h e i r  ex i s t ence ,  and, f i n a l l y ,  p repa ra t ion  of a conceptual  des ign  
f o r  a f a c i l i t y  t h a t  will be needed when a l a r g e  number of breeder  
r e a c t o r s  a r e  i n  use,  Ind iv idua l  problems t o  be eva lua ted  range from 
s p e c i a l  problems i n  s a f e t y  and containment (which a r e  p e c u l i a r  t o  
r ep rocess ing  of LMFRR spent  f u e l )  t o  equipment des ign  and ope ra t iona l  
procedures  t o  prevent  format ion  of plutonium polymer, 

It i s  known that, i o n i c  plutonium can polymerize, become c o l l o i d a l ,  
and p r e c i p i t a t e  from s o l u t i o n ,  These a c t i o n s  could cause l o s s e s  of 
plutonium from so lven t  e x t r a c t i o n  equipment and poss ib ly  c r i t i c a l i t y .  
This  problem may be more severe when process ing  'LMFBR f u e l s  than  
when process ing  JJMR f u e l s  because o f  t h e  inc reased  plutonium content  
of LMFBR f u e l .  A study of the  l i t e r a t u r e  i s  be ing  made t o  eva lua te  
t h e  magnitude of t h e  problem and t o  determine what a c t i o n  i n  ind ica t ed .  

We a r e  organiz ing  f o r  a s tudy of e x i s t i n g  commercial f a c i l i t i e s  
t o  determine t h e i r  s u i t a b i l i t y  f o r  p rocess ing  of early LMFBR f u e l s .  
Personnel who a r e  s p e c i a l i s t s  i n  chemical development and i n  equip- 
ment development will be used a long  wi th  design engineers  t o  a c t i v e l y  
prosecute  t h i s  e f f o r t ,  Work t o  t h i s  p o i n t  has  cons i s t ed  of familiar- 
i z a t i o n  wi th  t h e  Nuclear Fuel  Se rv ices  p l a n t ,  formula t ion  o f  a few 
i n i t i a l  concepts ,  and i n i t i a l  work toward p repa ra t ion  of chemical 
f low s h e e t s  



11. FUEL MATERIAL PREPARATION 
R. G .  Wymer, R .  E.  Brooks’oank, R .  E .  Leuze, 

J .  P .  Mc3ride, W. D .  Bond, P.  A.  Haas 

1. CONVERSION STUDIES 
( 3 .  E.  Brooksbank) 

I n  t h e  LMFBR f u e l  cyc le ,  it would be h igh ly  advantageous t o  convert  
t h e  product s o l u t i o n s  from t h e  f u e l  reprocess ing  p l a n t s  t o  s o l i d  f u e l  
materials t h a t  are s u i t a b l e  bo th  f o r  shipping and f o r  d i r e c t  use i n  re- 
f a b r i c a t i o n  of f u e l  elements.  E a r l i e r  f u e l  cyc le  s t u d i e s  have not  neces- 
s a r i l y  optimized t h e  conversion t o  meet bo th  of t h e s e  requirements .  I n  
order  t o  meet bo th  requirements ,  t h e  s o l i d s  must be i n  t h e  d e s i r e d  chemi- 
c a l  form wi th  the necessary p u r i t y .  I n  t h i s  s tudy ,  w e  hope t o  determine 
t h e  b e s t  method f o r  accomplishing the des i r ed  conversion. Although t h e  
major emphasis w i l l  be p laced  on conversions t o  oxides ,  t h e  conversion t o  
advanced f u e l  forms (such as ca rb ides ,  n i t r i d e s  , and c a r b o n i t r i d e s )  w i l l  
be included i n  our s t u d i e s .  

We are s tudying processes  t h a t  a r e  c u r r e n t l y  i n  use or under develop- 
ment; an economic eva lua t ion  i s  being made p r i o r  t o  undertaking ex tens ive  
l abora to ry  and engineer ing process  s t u d i e s .  The conversion processes  being 
eva lua ted  inc lude  a v a r i e t y  of approaches,  such as f luidized-bed conversion,  
flame d e n i t r a t i o n ,  so l -ge l ,  and numerous p r e c i p i t a t i o n  processes .  

1.1 S i n t e r a b l e  Powder P repa ra t ion  
( W .  D .  Bond, P .  A .  Haas, R. E .  Brooksbank) 

Laboratory and engineer ing s t u d i e s  of t h e  conversion of aqueous solu- 
t i o n s  of uranium and plutonium t o  powders w i l l  be  i n i t i a t e d  af ter  our 
process  eva lua t ion  s t u d i e s  (Sec t .  1.2) have ind ica t ed  which of t h e  poss ib l e  
methods are t h e  more promising. 

1 . 2  Process  Evaluation 

Current ly  plutonium i s  shipped from chemical process ing  p l a n t s  as a 
n i t r a t e  so lu t ion .  While t h i s  i s  s a t i s f a c t o r y  at p r e s e n t ,  s a f e t y  consid- 
e r a t i o n s  w i l l  probably d i c t a t e  t h a t  t h e  increased  q u a n t i t i e s  of plutonium 
t h a t  w i l l  r e s u l t  from LMFBR f u e l  process ing  be  shipped i n  a s o l i d  form. 
The ob jec t ives  of t h i s  program are t o  de f ine  t h e  most reasonable  form f o r  
shipment t o  f a b r i c a t i o n  p l a n t s  and t o  develop o r  adapt processes  f o r  t h i s  
purpose. Processes  c u r r e n t l y  used o r  being developed w i l l  be s t u d i e d ,  snd 
an economic eva lua t ion  w i l l  be made t o  e s t a b l i s h  t h e  most promising ap- 
proach. This  work w i l l ,  i n  t u r n ,  provide guidance f o r  f u r t h e r  experimental  
work. As a need f o r  f u r t h e r  developmental work i s  recognized,  i t  w i l l  be  
r epor t ed  

The e x i s t i n g  methods under s tudy inc lude  those  t h a t  are most l i k e l y  
t o  be used i n  product ion of f i r s t  genera t ion  fas t  r e a c t o r  f u e l  elements.  
They are: (1) dry powder blending of oxide powders f o r  p e l l e t i z i n g ,  
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( 2 )  c o p r e c i p i t a t i o n  of plutonium and uranium t o  provide a mixed oxide f o r  
p e l l e t i z i n g ,  and ( 3 )  i ~ s e  of  t h e  so l -ge l  method t 3  form e i t h e r  s epa ra t e  o r  
blended UO2 and P u . 0 ~  microspheres o r  p e l l e t i z i n g  s tock ,  
d i r e c t l y  i i se fu l  conversions,  but i f  it appears d e s i r a b l e  t o  convert  t o  an 
in te rmedia te  s o l e l y  f o r  sh ipping  purposes ,  t h i s  can also be considered,  

These alae t h e  most 

1,2.1 Chemical Conversion (F, E ,  Harr ington,  3 ,  D, Sease,  R, Bo P r a t t )  

We a r e  cont inuing t h e  s tudy or" the c o s t s  involved i n  four  a l t e r n a t i v e  
rou te s  t o  t h e  f u e l  p repa ra t ion  and f u e l  element f a b r i c s t l o n  f o r  a s p e c i f i c  
LMFER, as descr ibed  e a r l i e r , '  The p l a n t s  be ing  s t u d i e d  would produce oxide 
f u e l  elements (conta in ing  500 kg of hezsy metal core  material pe r  day) frQm 
deple ted  UFg and Pu(N03 3 L, s o l u t i o n ,  The four  a l t e r n a t i v e s  rou te s  are: 
(1) mechanical blending t o  prodixce p e l l e t s ,  (2) c o p r e c i p i t a t i o n  t o  produce 
p e l l e t s ,  (31 sol-gel t o  produce p e l l e t s ,  and (4) sol-gel us ing  t h e  Sphere- 
Pac technique f o r  rod  f a b r i c a t i o n ,  

I n  Conversion-fabricat ion p l a n t s ,  "Safeguard" measures are somewhat 
comparable t o  t h r e e  l i n e s  of  defense:  (1) c o n t m l l e d  g a t e s  f o r  t h e  en t rance  
and e x i t  of f i s s i l e  materials,  (2) measurement of t h e  flow of m a t e r i a l  a t  
s e v e r a l  s t r a t e g i c  p o i n t s  w i t h i n  the p l a n t ,  and (3)  p e r i o d i c  p l a n t  inven- 
t o r i e s .  Although t h e s e  safeguard measures do not c o n s t i t u t e  a major f r ac -  
t i o n  of t h e  p l a n t  costs, t hey  do r ep resen t  a s i g n i f i c a n t  element both i n  
p l a n t  investment an? i n  ope ra t ing  c o s t s .  

The c o s t s  involved i n  safegual-d measures w i l l  vary somewhat wi th  t he  
type  of process ing  u t i l i z e d .  
equipment w i l l  i nc rease  as we progress  from Polu t ion  handl ing equipment 
through s o l i d s  handl ing equipment t o  f i l t e r s ,  Comparable p l a n t  s t r a t e g i c  
p o i n t  f l o w  and inventory  checks -an be performed w i t h  fewer check p o i n t s  
i n  t h e  so l -ge l  Sphere-Pac p l a n t  t hen  i n  t h e  t h r e e  p e l l e t  p l a n t s  s t u d i e d ,  
The degree of d i f f i c u . l t y  i n v d v e d  i n  c leanout  and t h e  number of samples 
r equ i r ed  have a s m a l l  ( bu t  r e a l )  e f f e c t  on p l a n t  c a p i t a l  and opera t ing  
c o s t s .  From t h e s e  s t a n d p o i n t s ,  t h e  so l -ge l  Sphere-Pac would be t h e  
cheapest , t h e  so l -ge l  p e l l e t  p l a n t  would be in t e rmed ia t e ,  and t h e  remain- 
i n g  two p e l l e t  p l a n t s  would be t h e  most costly. 

The amount- of e f f o r t  r equ i r ed  t o  c lean  out 

S t u d i e s  of annual requirements Ear gpro~rx?ss csa t ro l ,  criticality csntrcol , 
and q u a l i t y  assurance i n d i c a t e  s l i g h t  savings f o r  t h e  p l a n t s  i n  t h e  same 
o rde r :  Sphere-Pac t h e  least  expensive,  followed by so l -ge l  p e l l e t s  and 
then  by t h e  o t h e r  two p e l l e t  p l a n t s ,  

1.2.2 Shipping and Storage  (R. W. Horton) 

The shipping and s to rage  problems a s s o c i a t e d  wi th  t h e  INFER f u e l  
cyc le  are l a r g e l y  those  of  p lu toni im handl ing.  There is a good background 
of experience i n  this area f o r  a "once-through" plutonium c y c l e ,  but t h e  

'LMFBR Fuel  Cycle S tud ie s  Progress  Report No e 5 , ORNL-TM-2671 (August 
1969L  p .  38. 
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i s o t o p i c  compositions t o  be handled i n  the WFBR f u e l  cyc le  are s u f f i -  
c i e n t l y  d i f f e r e n t  t o  yequire  a r e v i s i o n  of p a s t  p r a c t i c e .  I n  a d d i t i o n ,  
t h e  end use of t h e  plutonium may c a l l  f o r  d i f f e r e n t  chemical t rea tments  
a t  e i t h e r  t h e  reprocess ing  or f a b r i c a t i n g  pl.ant t o  provide t h e  p u r i t y  
and p h y s i c a l  form needed. 

The i s o t o p i c  compositions under cons idera t ions  a r e  shown i n  Tables 
2-1 and 2-32, The f i rs t  of  t h e s e  shows c a l c u l a t e d  values  ( q u a n t i t i e s ,  

r a d i o a c t i v i t y  , and thermal  power) f o r  plutonium recyc led  i n  l i g h t  water 
r e a c t o r s  ( thermal  f l u x  power r e a c t o r s ) ;  t h e  second ta’01.e compares t h i s  
same m a t e r i a l  w i th  t h a t  r e s u l t i n g  from plutonium recyc led  i n  LMFBR cores ,  
and from mixed WIFBR core and b lanket  plutonium. Table 2-2 a l s o  shows 
t h e  neutron source s t r e n g t h  of t h e s e  compositions,  a f a c t o r  t o  be con- 
s ide red  i n  p r o t e c t i o n  of shipments. 

The t o t a l s  shown i n  Table 2-1 can be expressed as a s p e c i f i c  thermal  
energy of 2.39 x l.0-3 c a l  sec-l  gsI1 and a s p e c i f i c  a c t i v i t y  of 1 3 . 3  c u r i e s  
g-l at  one year  a f t e r  dischar.ge. An extens ive  s tudy of plutonium shipping 
conta iners  as been r epor t ed  by The Dow Chemical Company, Hocky F l a t s  
Division.l-‘ These s t u d i e s  were based on a s p e c i f i c  thermal  energy of 
1 . 0 5  x 
d i f f e rence  between t h e s e  two sets  of va lues  i s  s u f f i c i e n i  t o  r e q u i r e  re -  
v i s i o n  of t h e  sh ipping  s t u d i e s .  

c a l  see’’ g-l and a s p e c i f i c  a c t i v i t y  of 4.7 c u r i e s  g- ’ ,  The 

The Rocky F l a t s  Div is ion  also r e p o r t s  on the  conversion of plutonium 

The conversion c r i -  
n i t r a t e  t o  plutonium oxide s u i t a b l e  f o r  shipment5 and on t h e  measurement 
methods s u i t a b l e  f o r  n i t r a t e  and oxide shipments .6,7 
t e r i a  were (1) sa€e sh ipping ,  ( 2 )  accura t e  plutonium measurement, and 
( 3 )  s o l u b i l i t y  of t h e  s o l i d  shipped. 
oxa la t e ,  n i t r a t e  , hydroxide,  and peroxide a r e  r epor t ed .  5 ,7 

Prope r t i e s  of oxides prepared from 

’J, D. Moseley, Study of Plutonium Oxide Heat Generation i n  a Wood 
Moderated Container ,  RFP-418, Rocky F l a t s  D iv i s ion ,  The now Chemical Co., 
Dec. 28, 1964. 

2F. d. Adcock, e t  a l ,  Plutonium N i t r a t e  Shipping Packages, RFP-437, 
Rocky F l a t s  Div is ion ,  The Dow Chemical Co., Oct. 16 ,  1964. 

3F, E. Adcock, e t  a l ,  Plutonium Oxide Shipping Packages, RFP-501, 
Rocky F l a t s  Div is ion ,  The Dow Chemical Co., A p r i l  28, 1965. 

‘Fa E.  Adcock, W. F. Wackler, RFD Container - Model 1518 f o r  F i s s i l e  
Class LI and Class I11 Shipments, RFP-1042, Hocky F l a t s  Div is ion ,  The DOW 
Chemical C o o ,  A p r i l  8 ,  1968. 

’J. D .  Moseley, R .  0 .  Wing, P r o p e r t i e s  of Plutonium D-ioxide, RFP-503 
Rocky F l a t s  Div is ion ,  The Dow Chemical Co., Aug. 24, 1965. 

6- 
t i o n s ,  RFP-436, Xocky Flats Div. ,  The Dow Chemical Co. , Octl. 1, 1964. 

RFl?-$O2, Rocky F l a t s  Uiv , ,  The Dow Chemical Co., Aug. 10 ,  1965, 

J . T. Byrne, e t  al, Measurements of Plutonium N i t r a t e  Shipping Solu- 

‘J. T .  Byrne, e t  a l ,  Measurements Involved i n  Shipping Plutonium Oxjde, 



It i s  probable  t h a t  plutonium shipped t o  a f a b r i c a t o r  producing WIFBR 
core f u e l  should be i n  t h e  form of a s i n t e r a b l e  oxide of t h e  proper  par- 
t i c l e  s i z e  and chemical p u r i t y  f o r  d i r e c t  use  rather than  i n  a form t h a t  
n e c e s s i t a t e s  d . i sso lu t ion ,  Hence, t h e  chemical p u r i f i c a t i o n  may have t o  be 
done i n  t h e  f u e l  reprocess ing  p l a n t ,  poss ib ly  as a p r e c i p i t a t i o n  t h a t  can 
se rve  bo th  t o  p u r i f y  and concent ra te  t h e  p r o d u c t , l  

The s i g n i f i c a n t  d i f f e r e n c e  between t h e  plutonium previous ly  s tud ied  
Two-thirds of and. t h e  r ecyc le  plutonium i s  t h e  l a r g e  quan t i ty  of 238Pu. 

t h e  thermal  energy of LMFBR plutoniwn comes from t h i s  source ,  r e s u l t i n g  
i n  2 .3  t imes t h e  amount of thermal  energy considered i n  t h e  previous s tudy .  
The t o t a l  neutron f l u x  i s  a l s o  nea r ly  doubled, and probably w i l l  r e q u i r e  
more s h i e l d i n g  f o r  oxide shipments.  

These c h a r a c t e r i s t i c s ,  as w e l l  as the q u a n t i t i e s  involved (2700 kg 
of Pu f o r  one A I  Reference Core f o r  t h e  LMFBR) w i l l  have a cons iderable  
e f f e c t  on f u e l  cyc le  economics Plutonium shipments probably should be 
made as Class I11 shipments,  Since t h e  d i l u t i o n  wi th  uranium t h a t  occurs 
i n  f a b r i c a t i n g  t h e  f u e l  elements would ease t h e  r a d i a t i o n  and c r i t i c a l i t y  
problems g r e a t l y ,  some thought should be  g iven  t o  performing t h i s  s t e p  a t  
t h e  reprocess ing  plank i n  order  t o  s impl i fy  sh ipping .  

1 .3  Advanced Fuel  S tud ie s  
( W .  D. Bond) 

Inc reas ing  demands on r e a c t o r  f u e l s  make t h e  development of new o r  
improved fuels  important .  Among t h e  more promising advanced f u e l  m a t e r i a l s  
f o r  t h e  LMFBR are t h e  rnonocarbides, c a r b o n i t r i d e s ,  and n i t r i d e s  of plu- 
tonium and uranium. Sol-gel processes  f o r  t h e  p repa ra t ion  of t h e s e  
materials are being developed on t h e  l abora to ry  s c a l e .  S t a b l e ,  codis- 
persed  oxide-carbon sols a r e  prepared by e f f e c t i n g  d i spe r s ion  of carbon 
b l ack  i n  UO,, PuO2, o r  PuO2-UO2 sols by u l t r a s o n i c  a g i t a t i o n ,  and t h e  
oxide-carbon sols are then  formed i n t o  g e l  microspheres o r  sha rds .  Af t e r  
drying t h e  g e l s  t o  remove v o l a t i l e  m a t e r i a l s ,  t h e  g e l s  are converted 
e i t h e r  t o  t h e  monocarbide o r  t o  n i t r i d e s  or c a r b o n i t r i d e s ,  depending on 
t h e  atmospheres used i n  carbothermic reduct ion .  Monocarbides are formed 
when carbothermic r educ t ion  i s  e f f e c t e d  under i n e r t  gas o r  vacuum atmo- 
spheres ,  whereas n i t r i d e  o r  c a r b o n i t r i d e  conversion i s  e f f e c t e d  under a 
n i t rogen  atmosphere. 

Most of  our  work has been concerned wi th  p repa ra t ion  of carb ides .  We 
had previous ly  demonstrated t h e  p repa ra t ion  of  dense ThC2 and (Th,U)C2 
microspheres by so l -ge l  processes .  I n  more r e c e n t  work, labora tory-sca le  
p repa ra t ion  of dense UC microspheres w a s  demonstrated.  Plutonium carb ide  
microspheres have been prepared bu t  t h e  product c h a r a c t e r i z a t i o n  has not  
been completed. Work i s  now i n  progress  on t h e  p repa ra t ion  of uranium- 
plutonium carb ide  spheres  and on uraniun-plutonium c a r b o n i t r i d e .  K ine t i c  
s t u d i e s  a r e  being c a r r i e d  out  on the  carbothermic s y n t h e s i s  s t e p  t o  b e t t e r  
understand t h e  rate c o n t r o l l i n g  mechanism. 

I E. L. Chr i s tensen ,  W ,  J .  Maraman, Plutonium Processing a t  The Los 
Alamos S c i e n t i f i c  Laboratory,  LA-3542, Los Alamos S c i e n t i f i c  Laboratory 
of  t h e  U. of Cal., Los Alamos,NoM,, A p r i l  1969. 



m y  1 i a o l e  2-‘ i .  I so top ic  Composition of E’lutonium Product from a Light Vater Reactor 

Thermal Power 
(wattslmetric t o n  0% f u e l  

Concentrations 
( g / m e t r i c  t o n  of f u e l  

Rad ioac t iv i t y 
(curies/metric ton of f u e l  

Time a f t e r  Discharge Time a f te r  Discharge Time a f t e r  Discharge 
charged t o  r e a c t o r )  charged to reactor) Ckalrged to KC2aCtOlr) 

~ - 
from Reactor (days)  from Reactor (days) froin Reactor (days)  

Nuclide 0 30 300 0 30 300 0 30 300 

236Pu 0.10 0.10 0.08 5 . 3 2 ~ 1 0 ~  5 . 2 1 ~ 1 0 ~  4.35~10~ 1.85 1.81 1.52  
238Pu 1 . 2 0 ~ 1 0 ~  1.20x104 1.19~10~ 2.03~10~ 2.02~10~ 2 . 0 h i 0 5  6.71~10~ 6.71~10~ 6.67~10~ 
2 3 9pu 5 9 2 x d  5 .92x105 5 . 9 2 ~ 1 0 ~  3 .  63x104 3.63~10~ 3.63~10~ 1. i3xlO3 1. 13x103 1.13~10~ 

U l  
240Pa 2 . 3 7 ~ 1 0 ~  2.37~10~ 2 . 3 7 ~ 1 1 0 ~  5 . 2 2 ~ 1 0 ~  5 . 2 2 ~ 1 0 ~  5.22~10~ 1.63~10~ 1.63~10~ 1.63~10~ m 

‘‘l?, 1.19~10~ 1.18~10~ 1.14x105 1.36~10~ 1.35~10~ 1.30~10~ 5.64~10’ 5.61~10‘ 5.40~10~ 
242p, 4.00~10~ 4.00~10~ 4 . 0 ~ ~ 1 0 ~  1.55~10~ 1.56~10~ 1.56~10~ h.60 4.50 4.40 

241ArIl 0.0 5 . 2 0 ~ 1 0 ~  5 . 1 0 ~ 1 0 ~  0.0 1.68x1c3 1 . 6 5 ~ 1 0 4  0.0 5 . 6 2 ~ 1 0 ~  5.51~102 

1 Aqueous Processing of  LMFBR Fuels - Technical  Assessment and Experimental P r o g r m  D e f i n i t i o n ,  OmL-4436 
(in prepa ra t ion )  . 



1 
Table 2-2. Isotopic Content and Neutron Sources in Pu02 Recycle Fuels 

Isotope 
236Pu 238PU * 39Pu 24  9Pu 241Pu 242Pu Total 

INFBR Corea 
Isotope content, g/kg (U+Pu) 

Neutrons/sec/kg (U+Pu) 
w t  % in Pu 

From SF 
From a-n 

Total 
b WFBR Core 

Isotope content, g/kg (U+Pu) 

Neutrons/sec/kg (U+Pu) 
wt k in Pu 

From SF 
From a-n 

Total 

WFBR CoreC 

Isotope content, g/kg (U+Pu) 

Neutrons/ s ec/ kg (U+Pu) 
wt % in Pu 

From SF 
From a-n 

Total 

LWR Pu Recycle CoreC 
Isotope content, g/kg (U+Pu) 

Neutrons/sec/kg (U*Pu) 
wt % in Pu 

Froin SF 
From a-n 

Total 

761.6 - 

769.8 - 

781.3 - 

956.4 - 

%fixed Pu from LMFBR core-blenket recycle. 

1.4~10-~ 
0.6~10-~ 

2x10’6 
0.9x10-6 

23x 10’ 
11x10‘6 

4.6~10’~ 
11x10-6 

1.7 
0.72 

4,500 
42,000 

2.1 
0.9 

5,500 
52,000 

2.6 
1.2 

6,900 
65,000 

0.52 
1.2 

1,400 
13,000 

163.4 
68.57 

- 
11,000 

138.1 
60.0 

- 

129.5 
59.2 

- 
8,700 

2s.. a 
59.2 

- 
1,700 

50.8 
21.30 

48,000 
12,000 

61.9 
26.9 

59,000 
15,000 

51.8 
23.7 

49,000 
13,000 

10.3 
23.7 

9 , 800 
2,500 

C Pu from LWR recycle. 

13.9 
5.83 

- 
3,500d 

17.4 
7.5 

- 
4, 400d 

26 .O 
11.9 

- 
6 , 600d 

5.2 
11.9 

- 
3 ,  300d 

8.5 
3.58 

14,000 66,000 

135,000 
59 * 000 33 - 

10.7 
4.6 

i8,ooo 132,000 
42 ai,ooo 

163,000 

8.76 
4.0 

15,000 71,000 
34 93,000 

164,000 

1.7 
4 .O 

2,900 14,000 
6.6 19,000 

35,000 

b ~ u  from UIFBR core recycle. 
’Asueous Processing of LMFBK Fuels - Technicel Assessment and Emerimental Prorrram Definition, OWL-4436 

d F ~ m  241Am assuming 1 yr of post-separation decay. 

( i n  preparation). 



1.3.1 Sol.-Gel Process S tud ie s  

Sol-gel process  development s t u d i e s  inc lude  t h e  p repa ra t ion  of oxide- 
carbon sols t h a t  a r e  s u i t a b l e  f o r  forming g e l  shards  o r  microspheres ,  and 
t h e  conversion of t h e s e  g e l s  t o  ca rb ides ,  n i t r i d e s ,  or ca rbon i t r ides  by 
carbothermic syn thes i s .  This month our work w a s  concerned wi th  t h e  prepa- 
r a t i o n  of uranium-plutonium carb ides  and c a r b o n i t r i d e s ,  t h e  p repa ra t ion  of 
uranium ca rbon i t r ide  microspheres ,  t h e  p repa ra t ion  of armnonium diurana te-  
carbon p r e c i p i t a t i o n s  f o r  conversion s t u d i e s ,  and s t u d i e s  of porous oxides 
by scanning e l e c t r o n  microscopy. 

P repa ra t ion  of Uranium-Plutonium Carbides and Carboni t r ides  (R. G. 
Haire ,  L.  G .  F a r r a r ) .  - A s  a r e s u l t  of t h e  i n t e r e s t  i n  ca rb ides ,  n i t r i d e s  
and ca rbon i t r ides  f o r  LMFHR fuel-s ,  t h e  p repa ra t ion  of t h e s e  compounds by 
a so l -ge l  process  i s  p re sen t ly  being inves t iga t ed  on a l abora to ry  bas i s .  
The gene ra l  procedure f o r  prepar ing  t h e  m a t e r i a l s  uses  t h e  same t h r e e  s t e p s  
as previous ly  r epor t ed  f o r  o the r  meta l  oxide sol. systems (Tho2  , U02 e t c .  ) : 
(1) a s t a b l e  M02-C (meta l  oxide-carbon) sol i s  prepared by u l t r a s o n i c a l l y  
blending ca.rbon b lack  i n  t h e  M02 s o l ;  ( 2 )  t h e  r e s u l t i n g  M02-C s o l  i s  used 
t o  make g e l  microspheres ,  sha rds ,  or  powder; and (3)  t h e  g e l  material  i s  
converted t o  t h e  des i r ed  product  a t  an e l eva ted  temperature .  I n  t h e  t h i r d  
s t e p ,  v o l a t i l e  materials remaining i n  t h e  g e l  a r e  removed p r i o r  t o  t h e  
carbothermic reduct ion .  The p repa ra t ion  of ca rb ides ,  n i t r i d e s  or carbo- 
n i t r i d e s  d i f f e r s  only i.n t h e  atmosphere used f o r  t h e  reduct ion  s t e p .  

Work t o  da t e  on t h e  uranium-plutonium system (20 mole % plutonium) 
has shown t h a t  t h e  system behaves s i r r i i lar ly  t o  UO2-C mixture.  
C sols show exce l l en t  f l u i d i t y  and s t a b i l i t y ,  a l though they  show t h e  same 
s e n s i t i v i t y  -to air  oxida t ion  as t h e  UO2-C sols. Both p r e c i p i t a t e d  and CUSP 
type  of u r a n i a  sols have been used t o  mix wi th  low-ni t ra te ,  l a r g e  c r y s t a l -  
l i t e  (801)  p l u t o n i a  s o l s .  
ranged from 1 . 0  t o  1 . 4  E;  carbon b lack  (Spheron-9) has been d ispersed  i n  
t h e  mixed sol t o  g ive  C/M mole r a t i o s  of 2 .2  t o  g r e a t e r  than  4.0. 
microspheres were prepared from t h e  sols by t h e  s tandard  ORNL technique ,  
using 2-ethyl-1-hexanol (0.5% 320, %low3 M i n  KNO3 and s u r f a c t a n t s ) .  The 
s u r f a c t a n t  was Span 80 o r  a Span 8 O - ~ l u r o z i c  mixture  t o  g ive  1 t o  1.5% 
s u r f a c t a n t .  Shards and powders were obta ined  by evaporat ion under argon. 
I n  add i t ion  t o  removing t h e  v o l a t i l e  materials,  a low-temperature c a l c i -  
na t ion  i n  argon-hydrogen was used t o  c o n t r o l  t h e  O/M r a t i o  i n  order  t o  
preserve  t h e  proper  C/M r a t i o  f o r  t h e  r educ t ion  s t e p .  

The (U,Pu)O2- 

Metal concent ra t ion  of t h e  mixed sols have 

G e l  

Resul t s  t o  da t e  have ind ica t ed  t h a t  f o r  t h e  p repa ra t ion  of dense 
carb ide  microspheres , t h e  carbothermic r e a c t i o n  can be done a t  approxi- 
mately 1600Oc and d e n s i f i c a t i o n  assured by a subsequent hea t ing  pe r iod  a t  
1800Oc. A s  expected,  t h e  mixed system has shown no i n d i c a t i o n  of l o c a l  
segrega t ion  of plutonium and behaves as a s o l i d  s o l u t i o n .  Although t h e  
r e s u l t s  have i n d i c a t e d  t h a t  t h e r e  w a s  a s m a l l  decrease i n  t h e  plutonium 
content  i n  some of t h e  products ,  w e  b e l i e v e  t h a t  t h i s  hea t ing  sequence 
w i l l  minimize t h e  p r e f e r e n t i a l  l o s s  of plutonium. Temperatures h igher  
t han  1 8 5 O O C  have r e s u l t e d  i n  d i s t o r t i o n  and s t i c k i n g  toge the r  of micro- 
spheres " O f  t h e  (U,Pu) carb ides  and ca rbon i t r ides  prepared ,  x-ray analyses  
of s e v e r a l  samples i n d i c a t e  a pure product  (M02, M2C3 and MC2 l i n e s  a b s e n t ) .  
Chemical ana lyses  have given C/M mole r a t i o s  of 0 .9  t o  1 . 1 0  f o r  monocar- 
b ides  and ' r a t i o s  of 0.97 t o  1 . 2  f o r  c a r b o n i t r i d e s .  Oxygen contents  7 
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were h igh ,  ranging from 2000 t o  6000 ppm; t h e s e  va lues  may r e f l e c t  handl ing 
problems, which should be reduced or e l imina ted  i n  f u t u r e  ope ra t ions ,  Pre- 
l iminary  metallography r e s u l t s  i n d l c a t e  that  dense products  comparable t o  
those  obta ined  f o r  uranium can be prepared.  Future  work w i l l  be d i r e c t e d  
toward improving both sample handl ing and process  v a r i a b l e s .  

P repa ra t ion  of  U ( C , M )  Microspheres (K. J. Notz). -The p repa ra t ion  of 
dense U ( C , N )  microspheres by a process  analogous t o  t h a t  used f o r  UC i s  
being s tud ied .  The p resen t  procedures d i f f e r  from t h a t  used f o r  UC i n  two 
ways: an e f f e c t i v e  C / U  mole r a t i o  of 2,2 t o  2,8, r a t h e r  than  3.0,  i s  used 
i n  t h e  s t a r t i n g  material, and t h e  carbothermic r educ t ion  i s  conducted under 
a n i t rogen  atmosphere i n s t e a d  of an i n e r t  atmosphere, The r e a c t i o n  i s  
being conducted at 1500 t o  1 7 O O 0 C  under flowing n i t rogen ,  
of  about 1 hr are be ing  used,  and appear t o  be adequate f o r  e s s e n t i a l l y  
complete r e a c t i o n ,  as judged by the  r e s i d u a l  oxygen con ten t s .  

React ion t imes 

Pre l iminary  work wi th  shards  having an i n i t i a l  C / U  mole r a t i o  of about 
2.5  gave c a r b o n i t r i d e s  of compositions near  UC,SN,~. 
t i o n s  were determined by chemical a n a l y s i s  and a l s o  c a l c u l a t e d  from t h e  
x-ray l a t t i c e  parameters ;  t h e  two methods agreed wi th in  8% o r  b e t t e r ,  
oxygen contents  OT t h e s e  samples va r i ed  between 900 and 1900 ppm, 
t o t a l  anion ( C  f H + 0)- to-cat ion r a t i o s  were between 0.90 and 0 ,99 .  
X-ray d i f f r a c t i o n  de tec t ed  only U(C,N) phases ,  bu t  f o r  two samples t h e r e  
appeared t o  be two U(C,N) phases of" d i f f e r e n t  l a t t i c e  parameters  p re sen t  
i n  t h e  products .  Mercury p e n e t r a t i o n  d a t a  obta ined  on one sample showed 
19% p o r o s i t y  w i t h  pores  about l p i n  diameter ;  t h e  f i n a l  (pene t r a t ed )  
dens i ty  of t h i s  sample w a s  13.2 g / c c ,  or  95% of t h e  c a l c u l a t e d  t h e o r e t i c a l  
dens i ty  f o r  UC. 5N.  5 .  

The product composi- 

The 
The 

Work done earl iar  with microspheres was l i m i t e d  t o  materials hav- 
ing  an i n i t i a l  6/U mole r a t i o  of n e a r l y  3; t h e  products  have t h e r e f o r e  had 
a low n i t rogen  con ten t ,  of t h e  order  5 t o  10 anion %, and some UC2 has been 
p resen t  i n  a l l  b u t  one sample. The r e s i d u a l  oxygens have been between 130 
and 390 ppm., These products  have a l l  been r e l a t i v e l y  dense and non-porous; 
mercury p e n e t r a t i o n  d a t a  show only 1 t o  4% measura'ule p o r o s i t y ,  and f i n a l  
d e n s i t i e s  of 1 2 . 1  to 12.9 g / cc ,  o r  89 t o  95% of t h e o r e t i c a l  ( f o r  U C ) .  

P repa ra t ion  of A1)U-Carbon Mixtures (K. J .  Notz, T .  B, Lindemer) ~ - 
Sol-gel der ived  mixtures  of carbon b l ack  and UOz can be made t o  r e a c t  very 
r a p i d l y  (to g ive  c a r b i d e s )  under appropr i a t e  condi t ions  because of t h e  very 
s m a l l  p a r t i c l e  s i z e  of  bo th  t h e  oxide and t h e  carbon and because of t h e  
in t ima te  contac t  between t h e  r e a c t a n t s ,  A comparable degree of r ineness  
and p a r t i c l e  a s s o c i a t i o n  might a l s o  be a t t a i n e d  by a p r e c i p i t a t i o n  process  
i n  which ammonium aWaEate(ADU) , uranium peroxide ,  o r  uranium oxa la t e  i s  
p r e c i p i t a t e d  i n  t h e  presence of c o l l o i d a l l y  d ispersed  carbon,  Alternativ-e- 
ly, a c o l l o i d a l  carbon d i spe r s ion  could perhaps simply be added t o  a s u i t -  
ab l e  uranium-bearing s o l i d .  I n i t i a l  experiments wi th  ADU and Spheron-9 
carbon b l ack  suggest  t h a t  such an approach may be s u c c e s s f u l ,  s i n c e  the  
f i l t r a t e s  from s e v e r a l  such mixtures  have been completely,  o r  n e w l y  
completely,  f r e e  of carbon, i n d i c a t i n g  tha t  the  carbon and t h e  ADU have 
become s t r o n g l y  enough bonded t o  each o t h e r  t o  r e t a i n  a l l  of t h e  carbon 
i n  t h e  f i l t e r  cake.  Samples have been prepared by a normal p r e c i p i t a t i o n  
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process ,  reverse  s t r i k e  p r e c i p i t a t i o n  (addibion of  uranyl  n i t r a t e  t o  
ammonia), and a d d i t i o n  of carbon t o  previousl-y p r e c i p i t a t e d  ADU. 
k i n e t i c  r e a c t i v i t y  and physica,l p r o p e r t i e s  of t h e s e  samples i s  being 
evaluated.  

The 

Scanning ii:lect,ron Microscopy (S.E.M. of Sol-Gel Derived Porous 
--- Oxide ( K .  J. Notz) .  - A  s t r u c t u r a l  model of oxide-carbon g e l s  consis tent ,  
with observable  p r o p e r t i e s  has been previous ly  proposed (ORNL-TM-1780). 
The r e s u l t s  of S.R.M. of two porous Tho2 samples prepared by dens i f i ca t ion -  
burning of such g e l s  provides  Piirther cor robora t ion  of  the ea r l i e r  data,  
and i n t e r p r e t a t i o n .  
i n  agreement wj th  an x-ray c r y s t a l l i t e  s i z e  06 850 A.  ?'he s i z e  of  pores 
as seen by S.E.M. va r i ed  between 250 and 400 A; t h e  cargon b l ack ,  which 
w a s  burned out  t o  c r e a t e  t h e s e  h o l e s ,  cons i s t ed  of 300-A p a r t i c l e s ,  and 
t h e  BET su r face  a r e a  of  t h i s  m a t e r i a l  g ives  a c a l c u l a t e d  pore s i z e  o f  
230 8. 

Grains observed by S.E,M. ranggd from 500 t o  2000 A, 

1.3.2 
Notz, R .  1,. Bea t ty )  

K ine t i c  S tud ie s  I __- of  Carbothermic Synthes is  ( T .  B. Lindemer, K .  J. 

Carbothermic syn thes i s  of ca rb ides ,  ca rbon i t r ides  , and n i t r i d e s  from 
oxide-carbon g e l s  i s  an important process  s t e p  i n  t h e  p repa ra t ion  of t h e s e  
ma te r i a l s  by the sol-gel process .  An understanding of  the r a t e -con t ro l l i ng  
niechanisms and k i n e t i c  equat ions of t h e s e  carbothermic syntheses  would be 
very use fu l  f o r  t h e  determinat ion of t h e  b e s t  condi t ions  f o r  e f f e c t i n g  
t h e s e  syntheses .  

We a r e  cont inuing t h e  study of vacuum conversion of oxide-carbon 
m a t e r i a l s ,  such as those produced by t h e  sol.-gel process .  

A paper e n t i t l e d  "The Role of Carbon i.n Reactions i n  t h e  U-C-0-N 
System," by T. B. Lindemer, J. M. Le i tnaker ,  and K .  E .  Spear ,  was 
presented  a t  an i n t e r n a t i o n a l  conference on heterogeneous k i n e t i c s  at 
e l eva ted  temperatures .  This  conference was he ld  a t  t h e  Uni.versity of  
Pennsylvania i n  Ph i l ade lph ia  on September 8-10. 
ava i l ab le  soon as an ORNL-TM r e p o r t .  

The paper w i l l  be 



61 

2 - SOLGEL PROCESSES FOR PE.Ei'ARC1TION OF LIVIF'BR RECYCLE FUEL 
(R. E .  Leuze) 

Sol -ge l  processes  a r e  i d e a l l y  s u i t e d  t o  t h e  prepara t ion  of W B R  
recyc le  f u e l  s i n c e  they  can be r e a d i l y  adapted t o  continuous and remote 
opera t ion  €or processing inaterials behind sh ie ld ing .  The processes 
under development prepare sols by c o n t r o l l e d  so lven t  e x t r a c t i o n  of 
n i t r a t e  from plutonium arid uranium n i t r a t e  so lu t ions ,  t he  products from 
f u e l  reprocess ing  p l a n t s .  The sols a r e  then converted t o  t'ne d e s i r e d  
ceramic forms, u s u a l l y  h igh  d e n s i t y  oxide microspheres,  r equ i r ed  € o r  
subsequent f a b r i c a t i o n  i n t o  r ecyc le  f u e l  elements.  This  s e c t i o n  r e  - 
por t s  progress  f o r  a l l  of t h e  process  development and demonstration, 
equipment design, and ins t rwnent  development be ing  c a r r i e d  out  to o b t a i n  
s u f f i c i e n t  in format ian  for des ign  of a f u l l  s c a l e  f a c i l i t y .  Also i n -  
cluded i s  t h e  prepara t ion  of s o l - g e l  materials r equ i r ed  f o r  t e s t i n g  
and f o r  use i n  o t h e r  parts of t he  LMFBR f u e l  recyc le  program. 

2.1 Urania S o l  Process  and Equipment Development 
(J .  11. McBride) 

Although t h e  LMFBR r ecyc le  f u e l  under cons ide ra t ion  i s  mixed 
urania  -plutonia ,  s tudy  of uran ia  sol prepara t ion  i s  important because 
u ran ia  i s  used as a f e r t i l e  material i n  a n  LMFBR and i s  t h e  major com- 
ponent i n  t h e  mixed oxide.  Urania sols a r e  a l s o  u s e f u l  f o r  s tudying  
o the r  phases of t h e  program such a s  sphere forming and t r a y  dry ing .  

The CUSP process (Concentrated Urania S o l  P repa ra t ion )  developed a t  
ORNL has been s e l e c t e d  as t h e  method-for prgparz t ion  of uran ia  s o l s  
s ince  it is  most amenable t o  sca l e -u  and c o n s i s t e n t l y  produces good 
sols with  d e s i r a b l e  c h a r a c t e r i s t i c s  *'J This  s e c t i o n  of t h e  r e p o r t  
covers a l l  a s p e c t s  of CIJSP sol prepara t ion  inc luding  uranous n i t r a t e  
f e e d  prepara t ion ,  l a b o r a t o r y -  and engineer ing-scale  process  develop - 
ment, s o l  prepara t ion ,  and equipment des ign  and ins t rumenta t ion .  

Charac t e r i za t ion  of CUSP Sols ( W .  L.  Pa t t i son ,  J. P. McBrlde) 

SOLS prepared i n  engineer ing  equipment by t h e  CUSP process  have 
shown good r e p r o d u c i b i l i t y  i n  t h e i r  phys i ca l  and chemical p r o p e r t i e s .  3 

- 
J. P. McBride, K .  H. McCorkle, We L. P a t t i s o n ,  and B. C .  Finney, 
"Prepara t ion  of Concentrated,  Crys t a . l l i ne  Urania Sols by Solvent  Ex - 
t r a c t i o n , "  presented  a t  t h e  15 th  Annual Meeting of t h e  American Nuclear 
Society,  S e a t t l e ,  Washington, June 15 -19, 1-969; summary publ ished i n  
Trans .  Am. Nucl. Soc. 12, 206 (1969). 

1 

- 
*J. P. McBr-?.de, E;. H. McCorkle, and W. L.  P a t t i s o n ,  LMFBR F u e l  Cycle 

S tud ie s  Progress  Report, No. 5, August (l969), o r w l ~ - ~ ~ - 2 6 7 1 ,  p .  52. 
3B. C .  Finney and W .  L. P a t t i s o n ,  LMF'BR F u e l  Cycle S tud ie s  Progress  
Report, N o .  6, September (l969),  ( i n  press). 
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Outgas 
Temp. 

However, some d i f f e rences  among sols have been ind ica t ed  by sphere-forming 
experiments ( S e c t .  2.3) and by compa t ib i l i t y  experiments wi th  p lu ton ia  
sols. I n  add i t ion ,  while s h e l f  - l i ves  of s e v e r a l  months a t  1 M a r e  c h a r -  
a c t e r i s t i c  of most CUSP sols, t h e r e  are d i f f e rences  i n  s h e l f - l i f e ,  and 
one s o l  iinaccountab1.y g e l l e d  i n  2 months under an  argon atmosphere. I n  
a n  e f f o r t  t o  €ind d i f f e rences  among sols, CUSP s0l.s were d r i e d  a t  room 
temperathre under argon, and t h e  BET su r face  areas of t h e  g e l s  were d e -  
termined as a func t ion  of out-gassing temperati ire.  These da ta ,  as w e l l  
as t h e  weight l o s s e s  of t2ie g e l s  on out-gassing, and the  s h e l f - l i v e s  of 
thezsols aye l i s t e d  i n  Table 2-1. A wide range of su r face  a reas ,  44 t o  

Aging t i m e  
2 W t .  f o r  a I M s o l  Sur face  Area m /g 

Table 2-1. Surface Areas of CUSP U@ Gels as a Funct ion 
of Out G a s s i n g  Temperature 

%S -31 
ES -5 
ES -21 

ES -45 
ES -10 

ES -3 
PCS -1 

ES -46 
ES -11 

ES -9 
ES -16 
ES - I  
ES -12 

ES -8 

128 

122 

I 2  1 

12 I 

119 
111 

110 

106 
101 

92 

77 
61 
49 
4 )+ 

12 1 

11-7 
122 

114 
11 5 
11.2 

l.1 1 

107 
95 
94 
67 
60 
49 
46 

85 
70 
82 
80 
76 
74 
74 
71 
66 
60 
62 
70 
70 
63 

79 11.9 

-- 6.8  
80 9.3 
79 1-0.5 
-- 11.5 

7.9 
61-1. 7.8 
64 7.b 

- -  7.6 
-- 6.8 
-- 8 .7 
-- 16.8 
-- 7.1 
- I  5.4 

^ -  

>3.0 

>3.5 
>I.. 5 
3.0 

>6 

1.9b 

>2 

>1.5 

>4 
4.0 

>3.5 
>4.5 

3.5 
2.0 

a 

bGelled because of h igh  NH!," content,. 

Based upon or iginal .  weight of g e l  d r i e d  under argon a t  room temperature.  



2 128 m /g, were observed for g e l s  out-gassed a t  85-13G°C. For g e l s  
rsed a t  300°C, however, t he  su r face  a r c a s  were a l l  between 60 and 

s h e l f - l i f e  and t h e  t r e n d  i n  sur€ace a r e a s  a t  t h e  lower out-gpssisrg t e m -  
pe ra tu re s .  Tne ES-3 s o l ,  which gave a h igh  surPace area g e l  when o u t -  
gassed a t  85-130°c, has appa ren t ly  bcen more compatible wi th  p l u t o r i a  
sols than ES-7 which y i e l d e d  a low su r face  a r e a  g e l .  DifTerences i n  
sphere -forming behavior  were found between ZS -31, ES -21, and PCS -1 ( s e e  
S e c t .  2.3) which dried. t o  g e l s  having su r face  a r e a s  of 1.28, l22, and 
1-15 m2/g, r e s p e c t i v e 1  
g iv ing  a g e l  of' 107 m-/g su r face  a rea ,  d i d  no t  form well .  S o l  ES-8, 

a t  100°C), had a s h e l f  l i f e  of on ly  2 months. 
ES-7, which gave a g e l  wi th  a s u r f a c e  area of only 61 m2/g vhen o u t -  
gassed a t  85OC, i s  s t i l l  very  f l u i d  a f t e r  4.5 months ag ing .  

85 Out m -Baa / g  with  a n  average value of (2. N o  c o r r e l a t i o n  was observed between 

with  ES -31 be ing  t h e  b e s t  performer. S o l  ES -46, 4) 
which dried t o  t h e  lowes t  su r f ace  area g e l  (46 m 2 /g €or g e l  out-gassed 

Gn the  o t h e r  hand, s o l  

The wide range of su r face  a r e a s  obscrvcd a t  t h e  lower out-gassing 
ternperatures may r e s u l t  from v a r i a t i o n s  i n  t h e  ox ida t ioa  s k a t e  of t h e  
su r face  of t h e  s o l  p a r t i c l e s  i n  t h e  d i f f e r e n t  sols. There i s  some reason 
t o  be l i eve  t h a t  ox ida t ion  of t h e  su r face  o f  t h e  s o l  p a r t i c l e s  r e s u l t s  
i n  a lower s w f a c e  area f o r  the g e l .  Sur face  oxida t ion  can occur  as a 
r e s u l t  of a i r -exposure  or simple ag ing  and may Explain some of the v a r i a -  
t i o n s  observed i n  s o l  'oehavior. E f f o r t s  t o  measure and determine t h e  
s i g n i f i c a n c e  of t h e  su r face  oxida t ion  s t a t e s  are cont inuing.  

E x t r a c t i o n  of Formic Acid from CUSP U02 Sols ( W .  L. P a t t i s o n )  

Scout ing tes t s  made a number of years  ago were p a r t i a l l y  success fu l  
i n  removing f r e e  f 0-mic a c i d  from p r e c i p i t a t i o n  -type uran ia  S O L E .  
performed a similar t e s t  wi th  a CUSP U02 s o l  under more carefully con- 
t r o l l e d  condi t ions .  

We 

Anhydrous methanol was added t o  t h e  uraflia s o l  a t  a r a t i o  of 10 moles 
of' methanol. for each mole of formate ion.  DE u m n i a  s o l  was hea ted  and 
s t i r r e d  a t  51  t o  55OC f o r  30 min i n  an  open beaker  on a ho t  p l a t e  i n  a 
glove box having a n  argon. atmosphere wi th  about  400 pprn 02. (The forma- 
t i o n  of methyl formate, which has B b o i l i n g  po in t  of 3~.8oc, was h d i -  
ca ted  i n  previous experirnerta by a d i s t i n c t i v e ,  f r u i t l i k e  odor . )  At 
t he  end of t h e  Ynirty-minute hea t ing  period, t h e  s o l  was cooled; 2.5 
volumes of anhydrous n-hexanol were added t o  each volume of so l ,  and 
t h e  mixture  was s t i r r e d  a t  a temperature OS 4OoC f o r  f i f t e e n  minutes.  
The aqueous phase was a d j u s t e d  t o  approximately it? o r i g i n a l  volume by 
a d d i t i o n  of d i s t i l l e d  w a t e r ,  and t h e  phases were sepa ra t ed ,  

Analysis  of t h e  f i n a l  sol showed t h a t  a t  l e a s t  15% o f  t h e  formic a c i d  
i n  t h e  o r i g i n a l  s o l  had been removed. 
used f o r  formic a c i d  cannot d i s t i n g u i s h  between fosmie acid,  fomaldei.iyde, 
and methanol i n  t h e  presence of c o l l o i d a l  U02, it, i s  q u i t e  poss ib le  t h a t  
the apparent  final HCOOH/uraniurn mole r a t i o  of 0.34 may a c t u a l l y  be lower 
and t h a t  3 l a r g e r  percentage of  the formic a c i d  was removed. 

Since the a n a l y t i c a l  t e c l m i q w s  
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Some of t'ne c h a r a c t e r i s t i c s  of t h i s  method f o r  removing fo-mic  a c i d  
from CUSP s o l s  are as fo l lows:  

(1) The f l u i d i t y  of t h e  s o l  i s  n o t  changed subs tan t ia l - ly  a t  any 
poin t  i n  t h e  process .  

(2) There i s  e s s e n t i a l l y  no change i n  the  NO -/U r a t i o  i n  t h e  s o l .  

( 3 )  No coagulat ion o r  p r e c i p i t a t i o n  of co l l -o ida l  maberial occurs .  
( I + )  The mice l le  s t r u c t u r e  i s  d i s r u p t e d  by t h e  t reatment ,  and 

t h e  s o l  p a r t i c l e s  a r e  d i spe r sed  i n t o  Lhe i n d i v i d u a l  40 A 
c r y s t a l l i t e s .  

It i s  n o t  necessary t o  change t h e  concent ra t ion  of CUSP s o l s  
f rorn t h e i r  as -prepared concentrat ion,  a l though some inc rease  
i n  uranium concent ra t ion  does occur dur ing  t h e  process due 
t o  t h e  hea t ing  for 30 min a t  55O and t h e  e x t r a c t i o n  of water  
by tine anhydrous n-hexanol. - 

3 

( 5 )  

Equipment Development (F.  G. K i t t s ,  F .  L. Daley, J. R.  P a r r o t t )  

Development of equlpment f o r  forming urania  sols by t'ne CUSP process 
i s  i n  progress  i n  t he  P i l o t  P l an t .  
f eed  s o l u t i o n  and equipment f o r  CUSP and plutonj-a sol forming and mixin& 
w i l l  be added t o  t'ne e x i s t i n g  Solex f a c i l i t y  and used t o  prepare 804'0 
U O 2 2 O $  PuOg i n  l k& ba tches .  

A reductor  f o r  prepar ing  t h e  U ( N )  

Our development work has been r e s t r i c t e d  mainly t o  t e s t i n g  mixing 
devices which might be used as the CUSP con tac to r .  A l i n .  ID g l a s s  
column packed wi th  l-/b i n .  B e r l  saddles  was opera ted  s a t i s f a c t o r i l y  wi th  
eo-cur ren t  f low e i t h e r  upward or downward; f low r a t e s  of bo th  phases may 
be v a r i e d  independently.  

Before f u r t h e r  runs were made, t he  equipment was modified t o  make 
it more representa.bive of t h a t  be ing  designed f o r  i n s t a l l a t i o n  i n  t h e  Q: 
enclosures .  The 1. i n .  I D  packed column con tac to r  was shortened from 
3 L/2 f t  t o  3 f t ,  and t h e  4 i n .  I D  r e s e r v o i r  for phase sepayat ion was 
reduced from 46 i n .  Lo 36 i n .  The hea t ing  c o i l  was removed Prom t h e  
bottom s e c t i o n  of t h i s  ves se l ,  and an e x t e r n a l  h e a t  exchanger of t h e  
same capac i ty  w a s  added. The r e c i r c u l a t i n g  pump for the aqueous phase 
was made tine low po in t  i n  t h e  system, and t h e  piping was arranged so  t h e  
system could be dra ined  completely a t  t h e  pump i n l e t .  A d i f f e r e n t i a l  
pressure c e l l  wi th  i n t e g r a l  o r i f i c e  was s u b s t i t u t e d  for t h e  rotameter  as 
t h e  flow i n d i c a t o r  of t he  aqueous phase. 

Seven a d d i t i o n a l  runs were made wi th  eo -current  f lows upward (aqueous 
phase cont inuous)  through a 3 f t  packed l eng th  a t  a n  aqueous phase r a t e  
of 750 cc/min and e x t r a c t a n t  (0.2 M - Amberlite LA-2 i n  75% DEB45$  n -  
p a r a f f i n )  rates of 200-300 cc/min. The f e e d  and product s o l  coriiposi- 
t i o n s  f o r  t h e s e  runs a r e  l i s t e d  i n  Table 2-2. Operat ional  va r i ab le s ,  
such a s  temperature, ind ica t ed  conduct iv i ty ,  and flow r a t e s ,  a r e  q u i t e  
reproducible  from run t o  run al.tnough the  so l s  have somewhat v a r i a b l e  
f l u i d i t i e s ,  NO3' and U4t concent ra i ions ,  and conduc t iv i t i e s .  



Feed 

Table 2-2. Analyses of Feeds and the  ResinLting CUSP 
So l s  Prepared i n  a Packed-Bed Contactor  

Run Number 
PC -5 PC-7 PC -8 PC -9 PC-10 PC-11" 

Product  S o l  

(E> 1.02 1.05 1.05 0.97 I .04 1.01.t 

(41 77 .3  75.1 81.0 90.1 90.3 
(E1 1.98 2.11 2 .11  2.10 2.06 2.06 

(E) 0.32 0.41 0.41 0.42 0.38 0.38 

1.08  1.32 1.32 1.18 1.13 1.13 

(E> 0.001 0.002 0.002 <O.OOl <0.001 <0.001 

(days)  1 1 3 6 1 3 

U 

u4+ ($1 
NO3 - (E) 
HCOO - (E) 
NB4' (E> 
Densi ty  ( g / c c )  

PH 
S p .  Conduc. 

@ 25°C (vmho) 

0.93 

0.146 

0.29 

0.005 

1.2345 

2.18 

73.3 

5 490 

1.00 0.90 

85.4 80.5 

0.083 0.202 

0.43 0.40 

0.004 <0.001 

1. 2523 1.2041 

3.38 1-97 

2977 8875 

0.93 1.07 

82.8 82.2 

0.143 0.120 

0.30 0.37 
0.004 c0.002 

1.2353 1.271 

2.79 2.22 

3708 4237 3190 

a Analyses for PC-11 no t  y e t  complete. 

All of these  sols had a semi-sol id  emulsion l a y e r  of vary ing  th ickness  
f l o a t i n g  on them. E f f o r t s  w i l l  be made t o  minimize eniu1sion formation i n  
fu-ture runs.  Ca re fu l  measurements of t h e  uranium hold-up were made a f t e r  
runs PC-8 and PC-LO i n  o rde r  t o  determine t h e  amount of uranium recycle 
which w i l l  occur  dur ing  repea ted  ope ra t ions  i n  this  equipment. Approxi- 
mately 6.9$ of the uranium remained i n  t h e  equipment a f t e r  dra in ing ,  and 
14.496 of the uranium was e n t r a i n e d  i n  t h e  s o l v e n t  and i n  t'ne s o l v e n t  
system. 
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2.2 Urania -Plutonia S o l  Process  and Equi.pment Development 
( 8 .  E .  Leuze) 

Ynis s e c t i o n  of L'ne r e p o r t  covers a l l  a s p e c t s  of mixed urania-p lu tonia  
s o l  p rcpara t ion  inc luding  prepara t ion  of h i g h - n i t r a t e  p lu tonia  sol, s p c c i a l  
t rea tment  of CUSP s o l  p r i o r  t o  mixing wi-t'n plukonia, techniques f o r  mix- 
i n g  p lu tonia  and urania  s o l s ,  and t rea tments  requi red  t o  produce s a t i s -  
f a c t o r y  mixed sol ready f o r  subsequent processing i n t o  t h e  d e s i r e d  ceranii c 
form. Progress  on equipment development and cngineer ing-scale  demonstra- 
t i o n  i s  a l s o  repor ted  here .  

All e f f o r t s  a t  t h e  present  time a r e  d i r e c t e d  a t  s e t t i n g  process 
condi t ions and preparing equipment i n  o rde r  t o  demonstrate engineer ing-  
s c a l e  prepara t ion  o€ mixed UOg-PuO2 and t o  produce s e v e r a l  kilograms of 
i r r a d i a t i o n  t e s t  m a t e r i a l  dur ing  the f i rs t  h a l f  of FY-19'10. I n  t h e  process 
s e l e c t e d  f o r  t h i s  demonstration, CUSP urania  sol i s  p r e t r e a t e d  t o  remove 
excess formate and i s  t'nen mixed wi th  a h i g h - n i t r a t e  plutoriia s o l  p r e -  
pared by an  a l coho l  e x t r a c t i o n  process (APEX). The mixed sol i s  con- 
t a c t e d  wit'n a secondary amine t o  e x t r a c t  excess  n i t ra te  and i s  subsequently 
formed i n t o  microspheres o r  shards  which can be dried and ca l c ined  t o  
dense oxide product .  This  procedure wss s e l e c t e d  because ClJSP and APEX 
sols have exh ib i t ed  improved compa t ib i l i t y  a f t e r  mixing. It i s  be l ieved  
t h a t  t h e  h igh ly  c r y s t a l l i n e  c h a r a c t e r i s t i c s  of t hese  s o l s  a r e  a t  least 
p a r t i a l l y  respons ib le  f o r  t h e  improved behavior .  

Prepara t ion  of Plutonium Polymers by Alcohol Ex t rac t ion  (I,. E .  Morse) 

S tud ie s  of plutonium polymer prepara t ion  by a lcohol  e x t r a c t i o n  were 
cont inued.  
aqueous s o l u t i o n  of Pu(N03)h. As t he  n i t r i c  a c i d  i s  removed, a sequence 
of r eac t ions  occurs  which r e s u l t s  i n  the  formation of pluLonlum po l -pe r .  
Pl.utonium polymers produced i n  t h i s  manner a r e  intended f o r  use i n  t h e  
prepara t ion  of mixed urania  -plutonia  sols which can be f u r t h e r  processed 
i n t o  f u e l  forms f o r  a n  LMFBR. The e x t r a c t i o n  s t u d i e s  a r e  be ing  made i n  
an apparatus  enclosed i n  a glove box f o r  a lpha  containment. This  appnra-  
t u s ,  descr ibed  i n  t he  previous INFBR F u e l  Cycle repor t ,  c o n s i s t s  of two 
s t i r r e d  con tac to r s  which a r e  connected by s o l u t i o n  t r a n s f e r  l i n e s .  I n  
t h e  f i r s t  contac tor ,  €NO 

'che HNO3 i s  s t r i p p e d  from the  a l coho l  i n t o  water .  
t inuous ly  recycl-ed to  t h e  f j r s t  contac tor .  Ex t r ac t ion  i s  continued until 
t h e  r a t e  o f  H N O j  removal becomes so  slow as t o  make f u r t h e r  opera t ion  
imprac t i ca l .  The progress  of the  e x t r a c t i o n  i s  monitored by a conduct iv-  
i t y  probe i n  t h e  plutonium n i t r a t e  s o l u t i o n .  

I n  t h i s  process, HNO3 i s  extrac-ted i n t o  n-hexanol from an  

i s  e x t r a c t e d  from the aqueous Pu(N03)4 sol-ution 
wi th  n-hexanol which i s  z hen t r anspor t ed  t o  t h e  second con tac to r  where 

The a l coho l  i s  con- 

Based on the  experience of t h e  f i r s t  run r epor t ed  l a s t  month, it 
appeared t h a t  extending t h e  ind iv idua l  ext-ract ion cyc le  beyond 2.5 hours 
was unrewarding i n  terms of EN03 e x t r a c t i o n .  
experiment it was decided t'nat t h r e e  e x t r a c t i o n  cyc les ,  each of 2.0- 
2.5 hours dura t ion ,  would be employed. That  is, a f t e l .  t he  f i r s t  ex- 
t r a c t i o n  cyc le  was completed t h e  water  used t o  s t r i p  HNO3 from t h e  

Consequently, i n  t h e  second 
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n-hexanol was rep laced  wi th  f r e s h  water, and a second e x t r a c t i o n  cyc le  
was c a r r i e d  out .  F i n a l l y ,  a t h i r d  e x t r a c t i o n  cyc le  was made a f t e r  aga in  
r ep lac ing  t h e  s t r i p p i n g  water .  No d i f f i c u l t i e s  were encountered i n  t h e  
opera t ion  of t h e  appara tus .  Samples were taken a t  t h e  conclusion of each 
e x t r a c t i o n  cyc le  f o r  s pe ctrophotoine t r i c  de t e  rniinat ion  of the plutolziwn 
valence s t a t e s ,  b u t  t h e  r e s u l t s  are no t  y e t  a v a i l a b l e .  Plutonium con- 
c e n t r a t i o n s  were determined by gross a lpha  counting, and n i t r a t e  con- 
c e n t r a t i o n s  were d e t e m i n e d  by t i t r a t i o n  wi th  0 .1  N NaOH t o  t h e  
phenolphthalein end po in t .  

- 

The plutonium polymer produced i n  t h e  f i r s t  experiment (APEX -1) had- 
t h e  fo l lowing  c h a r a c t e r i s t i c s :  

Total. Pu = 

Plutonium as polymer = 99.% 
0.077 M - 

Plutonium as i o n i c  PU(VI) = 0.5% - 
NO3 = 

- mole -rat io  = 
NO3 - 

Pu 

s p e c i f i c  conduc t iv i ty  = 13.9 x LO -3 mhos/cm 

The r e s u l t s  of t h e  second experiment (APEX-10) are summarized in Table 2-3 .  
Analyses of t h e  sol products Erom the two runs a r e  e s s e n t i a l l y  the  same 
except  f o r  t h e  somewhat g r e a t e r  plutonium concent ra t ion  i n  t h e  APEX-10 
product, which r e s u l t e d  from the  h ighe r  plutonium concent ra t ioo  i n  t h e  
f eed  s o l u t i o n .  

It was found t h a t  the th ree -cyc le  process  can be used t o  prepare 
e s s e n t i a l l y  t h e  same product i n  less t ime than  t h e  two-cycle process .  
Although t h e  three-cyc le  process  r equ i r ed  a Larger "ctal volume of watex- 
f o r  s t r i p p i n g  HnrO3 from t h e  alcohol ,  t h e  water €rom t h e  t h i r d  cyc le  was 
s o  d i l u t e  i n  HNOs (0.018 M) t h a t  it could be used f o r  t h e  f i r s t  cyc le  i n  
a subsequent p repa ra t ion  zf plutonium sol. 
e x t r a c t i o n  cyc le  was t o  reduce t h e  HNO3 concent ra t ion  i n  t h e  n-hexanol 
t o  a s u f f i c i e n t l y  low l e v e l  so  t h a t  t h e  n-hexanol could be used i n  a sub-  
sequent  plutonium sol prepara t ion  without  f u r t h e r  t r ea tmen t .  

Another r e s u l t  of a t h i r d  

A s  observed i n  t h e  f i r s t  experiment (APEX-L), i nc reases  i n  s p e c i f i c  
conduc t iv i ty  were noted when the aqueous f eed  was allowed t o  s'cancl b e t w e n  
e x t r a c t i o n  cyc le s .  Pre l iminary  spectrophotometr ic  examination oP a l l  sam - 
plcs, exccpt  the polymer product, showed t h a t  t h e  d i s t r i b u t i o n  of plutoniwn 
i n t o  t h e  va r ious  valence s t a t e s  a l s o  changed wi th  t ime.  

Mixed P lu ton ia  -Urania S o l  Compat ib i l i ty  S tud ie s  (0 .  K.  !Pal lent)  

Microsphere cracking has been a r e c u r r i n g  problem dur ing  most of 
bhe development work wit'n mixed CUSP APEX (UO2 -PuO;!) sols. This cracking 
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has been taken as one c r i t e r i o n  of  i ncompa t lb i l i t y  of t h e  mixed sols. 
Recent tes ts  involv ing  t h e  p repa ra t i an  of a f e w  grams of microspheres 
have shown. t h 3 t  i n  some cases  t h e  c racking  problems can be e l imina ted  
by making minor modi f ica t ions  i n  t h e  microsphere €arming and dry ing  pro-  
cedures .  It was found t h a t  sparg ing  t h e  sphere-forming a l coho l  wi th  
argon and that l i m i t i n g  the  c o n t a c t  time bttween t h e  microspheres and 
t h e  dry ing  a l c o h o l  were both  e f f e c t i v e  i n  decreas ing  or e l i rn ina t ing  
sphere -cracking. 

The sol f o r  t h e s e  tes ts  was made by mixing an  APEX sol which was 
1.02 M Pu and 0.61 M NO - with  a por t ion  of CUSP-ES-44 s o l  which had been 

Microspheres >bo0 p d i a  were formgd i n  2- 
M, e thy  No?-9 -1-hexanol con'taining 0.7 v/o Plu ron ic  92> 0.2 v/o Span 80, O . 5 -  
1.5 v/o water,  and was a d j u s t e d  t o  pH 2.5 wi th  HNO3. 

conta-died wi th  e i g h 5  vo ? lunes of n-hexanol and which was 0.9'7 M U, 0.115 
and -0.42 M HCOO-. 

I n  each of e i g h t  t e s t s  made wi th  t h e  use of a n  argon sparge,  t h e  
microspheres produced were c rack- f ree .  I n  each of four c o n t r o l  t es t s  
made wi thout  t h e  sparge,  t h e  microspheres produced were s e v e r e l y  cracked. 
I n  t h e s e  t e s t s  the mierospheres were removed from the forming column, 
d r i e d  i n  a i r  or argon, and ca l c ined  a t  l150°C is Ar-H2 .  Microspheres 
which were c rack- f ree  a f t e r  dry ing  were c rack - f r ee  a f t e r  c a l c i n a t i o n .  
Microspheres which were cracked a f t e r  dry ing  were more s e v e r e l y  cracked 
a f t e r  c a l c i n a t i o n .  Ind ica t ions  are t h a t  t h e  forming and dry ing  s t e p s  
a r e  more crucial .  than  the c a l c i n a t i o n  s t e p  i n  prevent ing cracking.  

The importance of minimizing t h e  con tac t  time between microspheres 
and dry ing  so lven t  was i n d i c a t e d  by a s e r i e s  of c o n t r o l  t e s t s  where 
c racking  was induced i n t o  e leven  ba tches  of newly-formed, c rack- f ree  
microspheres by soaking the  microspheres i n  var ious  a l coho l s  f o r  16 hours.  
The o r d e r  of decreas ing  cmck ing  s e v e r i t y  induced by dry a lcoho l s  m.s 
n-butanol  > n-hexanol > 2-ethyl-1-hexanol .  The presence of water  o r  
s u r f a c t a n t s  i n  the a l coho l s  increased  t h e  s e v e r i t y  of t h e  cracking by a n  
o r d e r  of magnitude. P lans  a r e  t o  incorpora te  t h e  above descr ibed  modi f i -  
c a t i o n s  i n  l a r g e r  ba tch-s ize  t es t s  i n  t h e  immediate f u t u r e .  

2 .s Sphere P repa ra t ion  
(P .  A .  Haas) 

Information concerning t h e  conversion of u ran ia  and urania  -p lu ton ia  
s o l s  i n t o  microspheres of t h e  d e s i r e d  s i z e  and wi th  Ync d e s i r e d  p rope r t i e s  
is  r epor t ed  here .  This inc ludes  s t u d i e s  on sphere -forming, chemistry of 
t h e  sphere-forming column, r ecyc le  of t h e  d ry ing  a lcohol ,  d ry ing  and 
f i r i n g  of g e l  spheres,  and c l a s s i f i c a t i o n  of the  fired p a r t i c l e s .  The 
l a t e s t  information on adap t ing  t h e s e  process s t e p s  and equipment t o  re-  
mote ope ra t ion  i s  also included.  

Sphere Forming Column Chemistry (W. D. Bond, A .  B. Meservey) 

Over 60 microsphere-_Forming t e s t s  were made wi th  CUSP sols i n  a 
small colmin wi th  2 -e thyl  -1. -hexanol ( 2 B H ) .  Comparisons were made between 
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f o u r  sols (ES-91, ES-31, SS-46, and PCS-1) which were formed i n t o  
microspheres i-n 2EH conbaining 1 .0  v/o water  wi th  s u r f a c t a n t  (Ethomeen 
S / l 5  and Span 80)  concent ra t ions  and pTJ of t he  2EH (1 .9  t o  8.9) as v a r i -  
ab l e s  . 

1. 

2. 

3. 

4. 

5- 

General r e s u l t s  were as fo l lows  : 

Clus te r ing  could be con t ro l l ed  e i t h e r  by high  Span Levels 
( such  as 0.4%) i n  2EH a t  pH 2 t o  9, o r  by EYnomeen (0.1- 
0.5%) i L i  2EH which had been a c i d i f i e d  t o  a pH of 2 t o  3. 
Ammonium ion, introduced dur ing  pH ad jus  tment, promoted 
c l u s t e r i n g  . 
P i t t i n g  and wrinkl ing were severe when 2EI-i conta in ing  Span 
was a c i d i f i e d ,  t he  d i s t o r t i o n  beintl; worse at higher  Span 
concent ra t ions  and lower pH ' s .  Span d i d  not, cause p i k t i n g  
a t  pH's  o€ 8 t o  9. Microspheres from a l l  f o u r  sols were 
p i t - f r e e  wlieli formed i n  2EH a t  pH 7.5 conta in ing  0.1% 
Etliorneen b u t  no Spar?; however, c l u s t e r i n g  was p r o h i b i t i v e .  
A l l  sols formed. p i t t e d  spheres,  bu t  o n l y  s l i g h t  c l u s t e r i n g  
occurred when t h e  sols were formed i n  t h e  same drying a l coho l  
bu t  at. pH 2. 
ter i .ng,  b u t  heavy p i t t i n g  occurred f o r  all s o l s  except  ES-31. 

A t  pR 2 w i t h  0.5% Xthomeen, t h e r e  was no clus- 

Unexplained d i f f e rences  between dup l i ca t e  runs wi th  t h e  same 
sols made it ev iden t  t h a t  no t  a l l  the  experimental  v a r i a b l e s  
xere  under con t ro l .  

Various rnixtures of s u r f a c t a n t s  a t  vari-ed pEi gave puzzl ing 
r e s u l t s ,  the  g r e a t  ma jo r i ty  of microspheres being c lus te red ,  
wrinkled, p i t t e d ,  o r  broken. However, a f e w  t e s t  condi-  
t i o n s  were found t o  g ive  good. g e l  microspheres i n  t h e  
600 + 100 p si.ze range. These a r e  as fo1.low.s: - 

S o l  - 

ES-21: 

Conditions f o r  Good Sphere Forming 

O.)-$ Span-0.1% Ethorneen a t  pK -5 
and -8.5 (rough s u r f a c e s ) .  

0-2% Span-O.l% Ethomeen a t  pli -6.8 
(sI . i .ght ly  rough s u r f a c e s ) .  A l so  
0. '-1% Span -0 1% Etizonieen a t  p~ -8.7, 
and 0.5% EtInomeen a t  pB 2.  

PCS-1: O.l!% Span-O.l% E-Lhomeen a t  pH ~~8.5. 
ES -46 : None of t he  condi t ions  t r i e d  so  fa r  

have given s a t i s f a c t o r y  r e s u l t s .  

ES-31: 

The oxidat ion-cracking of g e l  beads i n  a i r  (wi th  Ethomeen a t  a 
low pH) repor ted  previous ly  has been confirmed. 

The unexplained d i f f r r e a c e s  between dup l i ca t e  runs, dup l i ca t e  samples 
of t h e  same so l ,  and between sol batches may be due c h i e f l y  t o  small, 
b u t  impc)rtant d i f f e rences  i n  the  s t a t e s  of ox ida t ion  of  t he  s o l s .  Tn t h e  



l abo ra to ry  t e s t s ,  a i r  exc lus ion  may n o t  have been as r igorous  as i s  
necessary  even though t h e  forming colurfln was b lanketed  under argon.  No 
measurements of t h e  oxygen content  of t h e  2EH have been made. S l i g h t  
d i f f e r e n c e s  i n  ox ida t ion  s t a t e  between s o l s  i s  common. I f  t h e i r  i m -  
por tance i s  v e r i f i e d  by experiments, we may have t o  s t anda rd ize  s o l  
ox ida t ion  s t a t e s  very  c a r e f u l l y  i n  o rde r  t o  use uniforra condi t ions  i n  a 
sphere forming colwnri. 

Microsphere P repa ra t ion  Development (P.  A. Haas) 

Tes t s  of condi t ions  t o  prepare U02 g e l  spheres  from CUSP sol- Were 
cont inued.  A l i q u i d - l i q u i d  s e p a r a t o r  made by t h e  Se la s  Corporation was 
used on t h e  2EH leav ing  t h e  c a u s t i c  sc rub  system and appears  t o  prevent  
entrainment  of sc rub-so lu t ion  d r o p l e t s  i n t o  t h e  s t i l l .  This  performance 
and t'ne d u r a b i l i t y  of t h e  s e p a r a t i o n  membranes w i l l  have t o  be demonstrated 
for l onge r  per iods of opera t ion .  

F i r i n g ,  s iev ing ,  and ana lyses  of t he  U02 g e l  spheres  from t e s t s  
w i th  CUSP s o l s  dur ing  June and July a r e  now complete. Addi t iona l  gen- 
e r a l i z a t i o n s  from these  r e s u l t s  are as fo l lows:  

1. 

2. 

3 .  

4. 

5.  

6 .  

Products  wi th  h igh  d e n s i t i e s  and low su r face  areas a r e  
g e n e r a l l y  obta ined  even f o r  dry ing  and f i r i n g  condi t ions  
which a r e  l e s s  r e f i n e d  than  t h e  optimum condi t ions  de f ined  
i n  l zbora to ry  t e s t s .  Nearly a l l  t h e  microspheres formed 
i n  2EH which was scrubbed with c a u s t i c  had d e n s i t i e s  > l O . 3  
g/cm3 and su r face  a r e a s  cO.01 sq m/g. 

Sphere-forming opera t ions  which gave >98$ y i e l d  of good 
g e l  spheres  have n e a r l y  a l l  been e i t h e r  from the  f i r s t  f e w  
hours of opera t ion  wi th  v i r g i n  2EH o r  wi th  s o l s  concen- 
t r a t e d  t o  2-3 M - U02. 

When lower y i e l d s  of good product were obtained, l o s s e s  
of 5 t o  20 p e r  c e n t  r e s u l t e d  from r a i s i n - t y p e  d i s t o r t i o n  
and/or coalescence t o  g ive  doublets ,  t r i p l e t s ,  o r  l a r g e r  
c l u s t e r s .  Losses due t o  c racking  have been much less 
s i g n i f i c a n t .  (Note: Samples removed and d r i e d  i n  a i r  
f o r  immediate examination showed much more cracking.) a 

The amount of coalescence and/or c l u s t e r i n g  increased  wi th  
inc reas ing  accumulated-operating -time f o r  a ba tch  of 2EH, 
h ighe r  pH's  of t h e  2EH, lower Span concent ra t ions ,  or 
entrainment  of NaOH o r  NH40H i n t o  t h e  sphere forraing column. 

The amount of r a i s i n - t y p e  d i s t o r t i o n  increased  a t  h ighe r  
Span concent ra t ions  or lower pH's of t h e  2EH. 

The smooth dimple-type d i s t o r t i o n  (a hollow s h e l l  as the 
extreme as compared t o  t h e  wrinkled su r face  f o r  an extreme 
r a i s i n  d i s t o r t i o n )  was no t  no t i ced  for any condi t ions  
t e s t e d .  
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2.4 Prepara t ion  of Sol-Gel  Tes t  Mater ia l s  
( W .  T. McDuffee) 

Prcpara t ion  of s o l - g e l  ma te r i a l s  f o r  use i n  o t h e r  p a r t s  of the 
W B R  f u e l  cyc le  program i s  repor ted  he re .  This includes ma te r i a l s  for 
i r r a d i a t i o n  capsules  and f o r  development of f u e l  f a b r i c a t i o n  techniques 
such as sphere-par o r  p e l l e t  forming. 

PuOp Sol. Prepara t ion  

Four l o t s  of Pu02 so l ,  each conta in ing  about  1.50 g of plutonium, 
were prepared during t h e  l as t  month. These w i l l  be mixed wit,h uran ia  
sols t o  prepare Puo.2Uo.802 f o r  i r r a d i a t i o n  t e s t s .  

P repa ra t ion  of Microspheres from Mixed UOp -PuOp Sols 

Pre t rea tment  of a CUSP sol by con tac t ing  i t  wi th  n-hexanol t o  
remove formic a c i d  was descr ibed  l a s t  month. Por t ions  of t h i s  p r e -  
t r e a t e d  sol were blended with p lu tonia  sols (prepared by the s tandard  
prec ip i ta t ion-pept iza t ion-baking  process)  and formed i n t o  g e l  microspheres 
which were then d r i e d  and f i r e d  t o  high d e n s i t y  oxide spheres .  A t o t a l  
of 750 g of 400-600 u - d i a m  microspheres and 210 g of small microspheres 
(<25 -p -diam) were prepared. 
l a r g e r  spheres,  wi th  only  about  ha l f  of t'ne m a t e r i a l  being round and 
f r e e  of c racks .  The <25+-diam microspheres were e a s i e r  to prepare,  
and t h e  y i e l d  of good material was >go$. These products were t r a n s -  
f e r r e d  t o  personnel  i n  t h e  Metals and Ceramics Div is ion  f o r  use i n  
i r r a d i a t i o n  t e s t s .  

Considerable cracking occurred i n  t'ne 

Microsphere forming condi t ions  were va r i ed  throughout t h e  p r e p a r a  - 
t i o n  of t h i s  ma-ier ia l  i n  an a t tempt  t o  improve tlne y i e l d  and t h e  q u a l i t y  
of t'ne f i n a l  product .  During t'ne f i r s t  p a r t  of t h e  sphei-e-forming, t h e  
dry ing  a l c o h o l  was he ld  a t  a pH of 3.0-3.5. A s m a l l  amount of c l u s t e r -  
i ng  (-54 of the  column inventory)  occurred, and some of t he  p a r t i a l l y  
g e l l e d  spheres cracked. 
them cracked; and a f t e r  f i r i n g ,  about  60% of t h e  spheres  were cracked. 
A f t e r  t he  3 .n i t ia l  opera t ion  a t  a pH of 3.0-3.5,  t h e  pH of t h e  so lven t  
was allowed t o  r i s e  -to 4.0-4.5 f o r  t h e  remainder of t h e  run.  
product recovered under tlnese ope ra t ing  condi t ions  was of considerably 
h igher  q u a l i t y ;  only about  l.5$ of the g e l  spheres  and about  25% of  t'ne 
f i r e d  oxide spheres  were cracked. Product recovered toward t h e  l a t t e r  
p a r t  of the  run made a t  these  same condi t ions  was of much poorer q u a l i t y .  
Although only -15% of t h e  g e l  spheres  were cracked, 70% of the spheres 
cracked dur ing  f i r i n g .  

Upon dry ing  the  g e l  spheres,  about  50$ of 

The f i r s t  

2 .5  Plutonium Storage F a c i l i - t y  
( J .  R. P a r r o t t ,  R .  G.  Nicol, W. A .  Shannon) 

A f a c i l i t y  f o r  s a f e l y  s t o r i n g  and handl ing pl-utoniwn i s  being 
b u i l t  i n  BuiLding 3017 t o  meet t he  need.s f o r  developmental work 
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involv ing  t h e  s o l - g e l  f lowsheet  f o r  fas t  r e a c t o r  fuels. This  I"acil . i ty i s  
l oca t ed  i n  t h e  basement (room 501) ad jacen t  t o  the Metals and Cernrnics 
Div is ion  alpha Laboratory. It w i l l  have a capac i ty  of 100 kg of plu- 
tonium i n  a s o l i d  ( f l u o r i d e )  o r  a l i q u i d  ( n i t r a t e )  form. 

Prepa ra t ion  of t h i s  f a c i l i t y  i s  still under way. The glove box 
off  -gas system has been put i n t o  s e r v i c e .  
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111. FUEL FABRICATION ANI> EVALUATION 

(A. L. Lo t t s ,  C .  M. Cox, J. D.  Sease, and 
T. N. Washburn) 

The primary emphasis of h e 1  f a b r i c a t i o n  and eva lua t ion  s t u d i e s  
r e l a t e d  t o  the  f u e l  cyc le  f o r  t he  1.iqui.d-metal f a s t  b reeder  r e a c t o r  i s  
on oxide f u e l s .  The ob jec t ive  of our program i s  t o  obta in  an economi- 
c a l l y  optimized (U,Pu)O2 f u e l  cycle  f o r  a l iqu id-meta l  f a s t  breeder  
r e a c t o r  by extending t h e  performance c a p a b i l i t y  and advancing t h e  fab- 
r i c a t i o n  technology of oxide f u e l s .  These f u e l s  have the  most advanced 
technology and g r e a t e s t  p o t e n t i a l  f o r  r e l i a b l e  opera t ion  i n  f i rs t -  
genera t ion  LMFBR's. They have been t e s t e d  i n  fas t - f lux environments 
but  a s  y e t  have not  been exposed under a.ctual p ro to typ ic  condi t ions .  
Current ly ,  the  burnup and hea t  r a t e  a r e  l i m i t e d  t o  about 50,000 Mwd/ 
me t r i c  ton  and 16 kw/ft, r e spec t ive ly ,  based on i r r a d i a t i o n  experiments 
wi th  f u e l s  t h a t  a r e  not  n e c e s s a r i l y  optimized f o r  thermal,  chemical, 
and mechanical performance. 

The c a p a b i l i t y  of oxide f u e l s  can poss ib ly  be improved by 
a d j u s t i n g  s t r u c t u r e s  o r  void d i s t r i b u t i o n  i n  t h e  fLzels. We emphasize 
i r r a d i a t i n g  fuels der ived  from the  s o l - g e l  process  wi th  thoroughly 
cha rac t e r i zed  s t r u c t u r e s  and void d i s t r i b u t i o n s  d i f f e r e n t  from those of 
t he  oxide f u e l s  i r r a d i a t e d  he re to fo re .  These include f u e l s  f a b r i c a t e d  
by Sphere-Pac, v i b r a t o r y  compaction, ex t rus ion ,  and p e l l e t i z a t i o n .  We 
compare t h e  performance of  these  wi th  the  performance of re ference  f u e l s  
such as p e l l e t s  der ived  from mechanically blended powders and coprec ip i -  
t a t e d  m a t e r i a l .  The development o f  computer programs t o  a s s i s t  i n  t h e  
a n a l y s i s  of t e s t  r e s u l t s  and the  development of a mathematical  model t o  
p r e d i c t  t h e  performance o f  a f u e l  rod a r e  i n t e g r a t e d  wi'ih the t e s t  
program. 

1. FABRICATION DEVELOFJYiENT 

(J. D .  Sease)  

The purpose of our f a b r i c a t i o n  development work i s  t o  provide 
s u i t a b l e  f a b r i c a t i o n  processes  f o r  so l -ge l -der ived  m a t e r i a l s  and t o  
f a b r i c a t e  i r r a d i a t i o n  t e s t  specimens and capsules  f o r  a v a r i e t y  of 
i r r ad ia . t i on  t e s t s .  

1.1 Process  Development 

(R. A .  Bradley, W .  L. Moore) 

This work i s  c u r r e n t l y  concerned wi th  t h e  engineer ing-scale  
development of t h e  Sphere-Pac process  and the  development o f  so l -ge l  
p e l l e t i z a t i o n  techniques f o r  t he  f a b r i c a t i o n  of i r r a d i a t i o n  t e s t  
specimens. 
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1.1.1 SphereYPac 

Sphere-Pac is a technique f o r  loading a f u e l  rod wi th  graded 
microspheres.  Our o b j e c t i v e  i s  t o  i n v e s t i g a t e  t h e  parameters  t h a t  w i l l  
al low t h e  u t , i l i z a t i o a  o f  t h e  Sphere-Pac process  i n  t h e  design of a 
product ion f a c i l i  t y .  

During t h e  p a s t  month we completed a cursory  i n v e s t i g a t i o n  of 
v a r i a t i o n  of  t h e  t i m e  t o  i n f i l t r a t e  f ine*microspheres  i n t o  a coarse 
bed of  microspheres.  The r e s u l t s  showed t h a t  t h e  i n f i l t r a t i o n  time of 
a coarse  bed, d e t e m i n e d  about every o the r  day f o r  a month, averaged 
9.3 min wi th  a s tandard  d e v i a t i o n  of 2 .0  min. The same 0.21-5-in.- 
OD X 16-in.-long coarse bed had i n  previous experiments been i n f i l t r a t e d  
i n  6.5 min wi th  a range o f  -to,5 min. 
an experiment t o  determine t h e  cause of t h e  v a r i a t i o n  i n  loading time. 

Therefore ,  t h i s  month w e  set urp 

The t e s t  cons i s t ed  of d a i l y  loading  of a 0.245 in. X 16- ino  bed of 
t h o r i a  microspheres,  which had a normal s i z e  d i s t r i b u t i o n  of 5117 t o  600 p e  
The Syntron v i b r a t i o n a l  amplitude was run a t  a h igh  l e v e l  of 100 and a 
 lo^ l e v e l  of 70 s e t t i n g .  
a t  i t s  top  t o  t h e  Syntron v i b r a t o r  which w a s  i n c l i n e d  45" t o  t h e  t e s t  
p in .  After  loading  o f  t he  coarse  bed, t h e  distance from t h e  tube t o p  
t o  the  top of t h e  bed was measured as a check of  c o n s i s t e n t  bed dens i ty .  
Fine t h o r i a  microspheres wi th  a normal s i z e  d i s t r i b u t i o n  of 5 t o  45 p 
were t h e n  i n f i l t r a t e d  i n t o  the  coarse  bed through a funnel  w i th  a 
screen  so ldered  on t h e  bottom. 
and 297-p openings. I n f i l t r a t i o n  of t h e  f i n e s  was accomplished a t  
Syntron s e t t i n g s  of  70 and 100. A l l  f i n e  microspheres were loaded 
without  t h e  a id  of a fo l lower  rod. However, toward t h e  completion of 
an i n f i l t r a t i o n  run, when t h e  f i n e  microspheres remained i n  only  t h e  
s t e m  of t he  funnel ,  a fo l lower  rod was used t o  d e t e c t  when a l l  of the 
f i n e  microspheres were out  of t h e  funnel .  The i n f i l t r a t i o n  was con- 
s i d e r e d  complete when t h e  fo l lower  rod contacted t h e  screen .  Both the  
f i n e  and coarse  microsphere f r a c t i o n s  were s t o r e d  i n  open con ta ine r s .  
A sample of t h e  f i n e s  which loaded s lowly was s e n t  f o r  moisture  and CO2 
determina t ions-  

The s t a i n l e s s  s t e e l  p i n  was v e r t i c a l l y  clamped 

Runs were made wi th  screens  of 149-p 

The average coarse bed d e n s i t y  f o r  loadings  a t  Syntron s e t t i n g s  of 
70 was 58.9% T.D. and a t  Syntron s e t t i n g s  of 100 was 59.6%. 
of t h e  va r ious  i n f i l t r a t i o n  t imes a t  t h e  Syntron s e t t i n g  o f  70 and 100 
wi th  149 and 29'7-p, sc'reefi funnels  a r e  shown i n  Table 1. T h e i n f i l t r a t i o n  
t i m e s  a t  Syntron s e t t i n g s  of bo th  100 and 70 took less time wi th  237-l~. 
screens  than wi th  t h e  14.9-p screen .  
opening i s  more conducive t o  causing br idging,  t h e r e f o r e  r e s t r i c t i n g  t h e  
i n f i l t r a t i o n  of t he  f ines .  With e i t h e r  t h e  149-p screen  o r  t h e  297-1-1 
screen,  i n f i l t r a t i o n  t imes were s h o r t e r  and less  v a r i e d  when t h e  fines 
were i n f i l t r a t e d  a t  a Syntron s e t t i n g  of 70. The reason t h a t  i n f i l -  
t r a t i o n  t imes a r e  longer  a t  Syntron s e t t i n g s  of  100 i s  t'nat w i t h  th-e 
h ighe r  amplitude of v i b r a t i o n ,  cons iderable  upward energy i s  put  i n t o  
the  coarse  bed. Resu l t s  o f  moisture  and CO2 a n a l y s i s  w i l l  be repor ted  
next  month. 

The r e s u l t s  

Apparently t h e  smal le r  sc reen  



Table 1. Fine F rac t ion  I n f i l t r a t i o n  Times wl th  Syntron S e t t i n g s  
of 70 and 120 with  149- and 297-u Screen Funnels 

I n f i l t r a t i o n s  wi th  
149-u Screen 

Syntron S e t t i n g  I n f  i It rat ion Time 

Coarse Fine Average Range 
(mir,/sec ) ( s e e )  

I n f i l t r a t i o n s  wi th  
297-u Screen 

Syntron S e t t i n g  I n f i l t r a t i o n  Time 

Coarse Fine Aver age Range 
(rain / s e c ) ( s e d  

70 70 3/53 5 79 70 2/15 16 

100 100 5 /25 125 100 100 4/26 100 

100 70 2/35 13 
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1.1.2 P e l l e t i z a t i o n  of Sol-Gel Urania-Plutonia  

The f a b r i c a t i o n  of  t h e  (U,pU)02 p e l l e t s  f o r  t h e  ORR SG-3 capsule  
We ad jus t ed  t h e  O/M of t hese  t o  was descr ibed  i n  l as t  month's r e p o r t .  

1.99 by h e a t  t r e a t i n g  i n  A r 4 $  H2 a t  1300°C w i t h  a Ta f o i l  g e t t e r .  

We prepared a 1300-g ba tch  of (PUO~~O,UO,~O)O, powder f o r  use i n  
making p e l l e t s  f o r  t h e  ETR 43-120 through 43-123 s e r i e s  o f  i r r a d i a t i o n  
capsules .  We a r e  p r e s e n t l y  c a l c i n i n g  t h i s  powder. A t e s t  s i n t e r  nm 
i nd ica t ed  t h a t  the  powder would be s u i t a b l e  f o r  making both t h e  84% 
dense p e l l e t s  requi red  f o r  ETR and t h e  87.6% dense p e l l e t s  f o r  GR-1 
(on t h e  GCFR program). 

The p r e p a r a t i o n  o f  approximately 3 kg of ('PUO. 2 0 ~ ~ 0 .  8O)02 (93% 
enr iched  U) i s  under way. 
must be prepared i n  10 batches .  
about f o u r  weeks. 

Due to c r i t i c a l i t y  l i m i t a t i o n s ,  the  m a t e r i a l  
The blending and dry ing  w i l l  r equ i r e  

1 . 2  Capsule Fabr i ca t ion  

(E.. J. "Manthos, W. L. Moore 
M. K. Pres.ton, R. B. P r a t t j  

Two instrumented TRWT capsules  (TREAT I and 11) a r e  awai t ing  
The f u e l  p o r t i o n  of the  ORR capsule shipment to t h e  TEQAT Reactor.  

S G 3  was f a b r i c a t e d .  
S e r i e s  I1 f u e l  rods continued. 

Planning f o r  t h e  f a b r i c a t i o n  of t h e  EBR-11, 

1 . 2 . 1  TREAT Capsule F a b r i c a t i o n  

The two TREAT capsules  completed l as t  month were temporar i ly  
s t o r e d  i n  t h e  Nuclear Mate r i a l s  Storage Area. The instrument  plugs 
and cab le s  f o r  each capsule  were thoroughly checked out.  Resis tance 
measurements were made f o r  each wire  and recorded f o r  checkout purposes 
a t  t h e  TREAT Reactor s i t e .  

Compilation of a l l  d a t a  shee t s ,  c e r t i f i c a t i o n  paper  f o r  m a t e r i a l s ,  
i n spec t ion  r e p o r t s ,  and x-ray radiographs i s  e s s e n t i a l l y  complete. 
Checking of a l l  t h e  d a t a  i s  no t  complete. 
sequence and capsule  hardware f o r  f u t u r e  re ference  and f o r  i nc lus ion  
i n  the  assembly r e p o r t  i s  complete. 

Photography of t h e  assembly 

Arrangements f o r  sh ipping  t h e  TREXT capsules  a r e  n e a r l y  complete. 
The sh ipping  con ta ine r  i s  ready, and t h e  sh ipping  c o n t a i n e r ' s  p r o t e c t i v e  
package is  due a t  ORNL October 1. 
f i s s i l e  m a t e r i a l  and a l k a l i  me ta l  i n  the same con ta ine r  was rece ived .  

The DOT approval  f o r  shipment of 
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1 . 2 . 2  .ORR Capsules 

The f u e l  element po r t ions  o f  ORR instrumented capsule SG-3 were 
f a b r i c a t e d  and a r e  ready for i n s e r t i o n  i n t o  t,he i r r a d i a t i o n  capsule .  
The f u e l  elements f o r  the  ORR capsu1.e c o n s i s t  of two 3- in . - long fue led  
annu l i  c lad  i n  3/8-in.-OD Ti-modified- type 304 s t a i n l e s s  s t e e l  with a 
1/8-in.-diarn c e n t r a l  thermocouple we l l  of W-25% Re, “he f u e l  used i n  
f u e l  p i n  SG-3A was TREAT microspheres from fuel .  lot ,  103, which contained 
a nominal (Uo,g,Pu0,2)02 with  an O/M of 1.98’7. The f u e l  was loaded by 
t h e  Sphere-Pac process  t o  a smear d e n s i t y  of 82.1% o f  t h e o r e t i c a l .  Fuel  
p i n  SG-3B contained (Uo- g,nlO, 2 ) O z  p e l l e t s  with an average d e n s i t y  of 
83.5. Whet: t he  0.0025-in. diametra.1 gap is  taken i n t o  account,  t h i s  i s  
equiva len t  t o  a smear dens i ty  of 82.2.  
1.992. The elements were f a b r i c a t e d  with no d i f f i c u l t y .  

The O/M of these  p e l l e t s  was 

1.. 2.3 .  EBR-I19 S e r i e s  I1 Unencapsulated Fuel Rads 

We a r e  c u r r e n t l y  analyzing requirements f o r  f a b r i c a t i n g  19 urnencap- 
s u l a t e d  f u e l  rods which w i l l  be i r r a d i a t e d  i n  a shared 37-rod subassembly 
i n  the  EBR-I1 Reactor.  

2. FUEL EVALUATION 

( C .  M. Cox, T. N.  Washburn, 
J. M. Lei-tnaker) 

The f u e l  eva lua t ion  work involves  both out -of - reac tor  and in-  
r eac to r  t e s t s  t o  cha rac t e r i ze  the  f u e l s  of i n t e r e s t  and t o  determine 
performance l i m i t s  of the  f u e l s .  

2 a 1 Charac ter iza t ion  of Fuels 

The development of s o l - g e l  f u e l  f a b r i c a t i o n  requ-ires cha rac t e r i za -  
t i o n  of the m a t e r i a l  t o  c o n t r o l  t he  process  and t o  determine which 
p r o p e r t i e s  a r e  important t o  i r r a d i a t i o n  behavior.  Charac te r iza t ion  
r equ i r e s  determining both the  chemical composition and the  p h y s i c a l  
p r o p e r t i e s  Thermodynamic s t u d i e s  con t r ibu te  t o  the development o f  
t he  process  f o r  t i e  f u e l  and a i d  i n  p r e d i c t i n g  f u e l  performance f o r  
both i r r a d i a t i o n  t e s t i n g  and model s t u d i e s .  

2.1.1 - Analy t i ca l  Chemistrx (w. H. Yechin) 

A s p e c i f i c a t i o n  was prepared f o r  t he  UOz blanket  p e l l e t s  t o  be 
used i n  the  ERR 11, S e r i e s  11 f r r a d i a t i o n  t e s t s .  The ana lyses  and 
l i m i t s  covered by t h i s  s p e c i f i c a t i o n  a r e  l i s t e d  i n  Table 2 .  Spec i f i -  
ca t ions  f o r  t he  Tho2 i n s u l a t o r  p e l l e t s  and the  (U,Pu)02 f u e l  p e l l e t s  
a r e  i n  p repa ra t iou ,  
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The f i n i s h e d  b l anke t  p e l l e t s  s h a l l  conform t o  the fol lowing 
ana lyses  : 

Table 2. Summary of S p e c i f i c a t i o n  
f o r  UO2 Blanket P e l l e t s  

Analysis  L i m i t  

T o t a l  uranium 
Carbon 
Nitrogen 
Chloride 
F luor ide  
I r o n  
Sum of  calcium, s i l i c o n ,  

Oxygen- to-uranium rat i o  
Moisture 
Gas r e l e a s e  

and aluminum 

n o t  less than 88.0 w t  % 
100 ppm maximum 
100 ppm maximum 

20 ppm maximum 
20 pprn maximum 

100 ppm maximum 

300 ppm maximum 
n o t  g r e a t e r  than 2.002 

30 ppm m a x i m u m  
The volume of gas a t  STP r e l eased  

t o  vacuum when whole p e l l e t s  
a r e  heated t o  1200°C s h a l l  no t  
exceed 0.05 cm3/g o f  U02. 

2.1.2 A l k a l i  Metals - Uranium-Oxygen I n v e s t i g a t i o n s  (J. M. Lei tnaker ,  
K. E. Spear)  

I n t e r a c t i o n  of a l k a l i  meta ls  wi th  U02 i s  of i n t e r e s t  f o r  two reasons. 
F i r s t ,  t h e  coolan t  proposed f o r  l i q u i d  me ta l  fas t  breeder  r e a c t o r s  i s  
sodium. P i n  ho le s  i n  t h e  clad may a l l o w  sodium t o  diffhse i n t o  t h e  f u e l  
p in ,  d r iven  by t h e  r e a c t i o n  of sodium wi th  t h e  fuel .  
i s  a prominent f i s s i o n  product ,  t h e  ex ten t  t o  which t h e  cesium r e a c t s  
w i th  t h e  f u e l ,  c lad ,  and o the r  f i s s i o n  products  i s  important i n  i n t e r -  
p r e t i n g  t h e  r e s u l t s  of i n - r e a c t o r  t e s t s .  
Na-U-0 system, but work on t h e  Cs-U-0;  Na-U,Pu-0; and Cs-U,Rp12-0 systems 
i s  contemplated.  

Second, s i n c e  cesium 

Our immediate e f f o r t s  a r e  on t h e  

We have p rev ious ly  d iscussed '  our a t tempted s tudy of  t h e  r e a c t i o n  

and the  f a c t  t h a t  t h e  Na2U04 was n o t  as s t a b l e  a s  p red ic t ed .  That is ,  

J. M. Leitnaker ,  K. E.  Spear, ,,"Fuel-Cladding Compat ib i l i ty  S tudies  
f o r  Gas-Cooled F a s t  Breeder Reactors ,  Fue l  Cycle Technology Monthly 

enor t  - f o r  Month EnAna Awus t  1969, 'pp. -&&.). 
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we observed t h a t  Na2UO4 d i d  n o t  form from U 0 2  and Na$03 under con- 
d i t i o n s  p red ic t ed  by d a t a  given i n  t h e  l i t e r a t u r e .  We a l s o  noted t h a t  
by hea t ing  Na2CO3-UO2 i L I  a 100:l CO2/CO mixture produced s new phase,  

During t h e  p re sen t  r epor t ing  pe r iod  we have run severa.1 addi t iona.1 
experiments t o  de t e rn ine  the  condi t ions  of s t a b i l i t y  and t h e  composition 
of t h i s  new compound. 
C02/C0 mixture a t  900°C a l s o  produced t h e  new phase while 8 1:l CO2/CO 
mixture  seemed t o  reverse  the  r e a c t i o n .  (There i s  some ques t ion  about 
t h i s  l a s t  po in t ;  a 1:l mixture may be very  c lose  t o  t h e  equi l ibr ium 
composition gas mixture Addi t iona l  experiments should Let us  e s t a b l i s h  
t'ne s t a b i l i t y  of t h e  new phase,  t h e  composi.tion of which i s  s t i l l  unknown 
We have done a number o f  experiments t o  t r y  .to prepare  we1.l c r y s t a l l i z e d  
samples and t o  e s t a b l i s h  t h e  composition. We attempted t o  measure weight 
l o s s e s  of powdered samples and deduce the  composition from t h i s  in for -  
ma-tion p l u s  x - r ay  examination. However, the-  hygroscopic na tu re  o f  N a 2 C 0 3  
p l u s  a l a c k  o f  atmosphere c o n t r o l  when handl ing powdered samples caused 
t h i s  approach t o  be unsuccessfu l .  However, samples of 2:l (mole r a t i o )  
U02-Na2C03,  which had been heated a t  approxima.tely 1000°C i n  a 9:l CO2/CO 
r a t t o ,  revealed by metal1ograyhi.c examinat im two phases : N a 2 C 0 3  and tine 
new phase.  Thus, t h e  new phase has a t  l e a s t  one U p e r  Na and i s  probably 
r i c h e r  i n  U than  t h i s .  E i t h e r  po la r i zed  l i g h t  o r  s e n s i t i v e  t i n t ' i s  
capahle  of revea l ing  the d iphas i c  cha rac t e r  of t h e  mixture .  

Heating t h e  Na2C03-U02 mixture under a 10:l 

By us ing  a l a r g e  excess  of  N a 2 C 0 3 ,  we hoped t o  produce a s i n g l e  
c r y s t a l  of t he  compound from Lhe NaZC03 melt,, However, our  e a r l y  exper- 
iments d i d  not  produce good r e s u l t s ,  a l though some c r y s t a l  growt'n was 
revealed.  We attempted t o  remove the Na2C03 by melt ing,  but  t he  m a t e r i a l  
was t o o  v iscous .  F ina l ly ,  hea t ing  t o  above 1600°C i n  vacuim i n  t h e  
induct ion  furnace removed most of the Na2C03 by v o l a t i l i z a t i o n ,  bu t  also 
caused vapor i za t ion  o f  Na 2 0 2  l eav ing  UOz. 

Severa l  samples o f  t h e  N a ~ C 0 3  + U 0 2  were mixed toge ther ,  pe l l e t i zed ,  
and hea ted  i n  an oxid iz ing  atmosphere. Conditions and r e s u l t s  a r e  
t abu la t ed  i n  Table 3. 

l a  t h e  f i rs t  f o u r  samples o€ Table 3, metallography appeared t o  
r e v e a l  s e v e r a l  phases;  the  x-ray p a t t e r n s  were q u i t e  simila-r .  However, 
t he  high temperature may be causing a phase change from o the r  phases and 
on cool ing,  imperfect c r y s t a l l i z a t i o n  r e s u l t s .  Samples 42-1 appears 
s ingle-phase by x ray,  The x-ray l i n e s  a r e  s h a m  and c l e a r .  According 
t o  the  nominal composition, a p rev ious ly  unknown cornpound has been pre-  
pared.  However, we do not  s ee  e x t r a  Na2C03 i n  our x rays  because of a 
d i f f e rence  i n  m a s s  absorp t ion  c o e f f i c i e n t .  Since ~ 3 - 2  is  two-phase, 
however, i t  appears  t h a t  indeed we may have seen a new m a t e r i a l .  (The 
known sodium urana tes  a r e  : NaZUO4, Na2U207, Na2U3010, Na2U4013, 
Na2U6019> and Na$J7022. Sample 42-1 has four  mole of Na  t o  one of U . )  
C lear ly ,  f u r t h e r  e f f o r t  will be necessary t o  i d e n t i f y  t h e  phases.  

A p a r t i c i i l a r l y  i<? te re s t ing  f a c e t  o f  t h e  metallogralihy i s t h a t  
when the  samplzs s ta rd  a f t e r  being polisl ied,  they  r e a c t  wi th  the  
atmosphere, r e s u l t i n g  i n  t h e  gr.ow.ti.1 of white-or c l e a r - c r y s t a l s  on 



Table 3. Resul t s  o f  Heating Na2C03-U02 P e l l e t i z e d  Mixtures i n  A i r a  

b Mixture (moles) 
uo2 Na2C03 Nunbe r Color  X ray Metallography 

34- 1 2 0.85 Dark brown 

35- 2 2 0.95 Light  brown 

35-3 2 1.05 Dark orange 

35-4 2 1 .15  Dark orange 

42- 1 1 2 Bright  orange 
42-2 1.4 2 Bright  orange 
42-3 1.6 2 Bright  orange 
42-4 1.8 2 Bright  orange. 

Di f fuse ,  phases 
no t  c l e a r  

Diffuse,  phases 
no t  c l e a r  

Diffuse,  phases 
not  c l e a r  

Diffbse,  phases 
not  c l e a r  

Sharp, 1 phase 
Sharp, 2 phases 
Sharp, 2 phases  
Sharp, 2 phases 

Diphas i c  under po la r i zed  l i g h t .  
Bright yellow phase i s  minor. Dark 
phase i s  a n i s o t r o p i c .  

Under po la r i zed  l i g h t ,  sample i s  
n e a r l y  a l l  orange-see L i t t l e  
second phase-very f a i n t  t r a c e  of 
t h e  dark  phase of 35-1. 2 

See another  a n i s o t r o p i c  phase-not  
same as  t h e  35-1, p l u s  the  m a t e r i a l  
of 35-2. 

Simi la r  t o  35-3 except  more of t h e  
a n i s o t r o p i c  phase seen i n  35-3. 

Could see l i t t l e  d i f f e r e n c e  i n  
these samples by metallography ex- 
eept  d e n s i t y  inc reases  f rom 1 
through 4. 
second phase (Na2C03?). 

There may be E l i g h t  

a Samples 35-1 35-2, 35-3, and 35-4 were heated over a weekend i n  oxygen a t  850°C and then over- 
n ight  i n  a i r  a t  llo@’C. 
samples were p e l l e t i z e d  between hea t ings .  

Samples 4 2 - 1  through 42-4 were heated twice overnight  a t  850°C i n  a i r .  A l l  

b”nere i s  some xncertciinty about t h e  q u a n t i t y  of  moisture  i n  the I‘Ja2C03. 
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top  of the  sample. 
per iod  of a c o q l e  of weeks) i f  t he  sample has been ground i n  water  
i n s t ead  of o i l .  T'nis growth i s  q u i t e  s i m i l a r  i n  appearance t o  a growth 
seen by h o t - c e l l  personnel  i n  i r r a d i a t e d  samples and suggests  a s i m i l a r  
mechanism, This phenomenon needs f u r t h e r  s tudy.  

The growth i s  p a r t i c u l a r l y  impressive (over  a 

2.1.3 Chemical E f f e c t s  of Nuclear Burnup on ( U , F u ) O P  Fuels 
(J. M. Lei tnaker ,  K. E. Spear) 

Previous ly  reported c a l c u l a t i o n s  have shown t h a t  t he  manner i n  
which r a r e  e a r t h s  take up oxygen ( e i t h e r  a s  R.EzO3 o r  REOz) i n  t h e i r  
d i s s o l u t i o n  i n  (U,Pu)02 f u e l s  can be important i n  determining the  e f f e c t  
of burnup on oxygen p o t e n t i a l  of t he  f u e l .  Furthermore, the  e f f e c t  of 
this d i s s o l u t i o n  i s  important on the  swel l ing of  t h e  f u e l .  Our exper- 
iments a r e  designed t o  ga in  an understanding of t hese  kinds of behavior 
i n  (U,Pu)02 f u e l s .  
was oxidized t o  a s t a t e ,  e f f e c t i v e l y ,  between +3 and + 4  i n  the s o l i d  
so I.ut i on . 

Our work l a s t  month seemed t o  i n d i c a t e  t h a t  ELI? 

One of t he  problems repor-Led l a s t  month was t h a t  ob ta in ing  equi- 
l ib r ium between phys ica l ly  mixed oxides i s  d i f f i c u l t .  We continued. 
work i n  t h i s  regard on Eu203-U02 mixtures and began s imi l a r  s t u d i e s  
with Ce02-UO2 mixtures .  Our i n i t i a l  approach was hea t ing  i n  vacuum i n  
a W c ruc ib l e  t o  h igher  temperatures,  which a r e  a t t a i n a b l e  i n  our  
induct ion furnace,  This procedure works and equilibriuni-as de tec ted  by 
x-ray d i f f rac t ion- i s  a t t a i n e d .  However, weight l o s s e s  o f  s e v e r a l  
mil l igrams a r e  observed from t h e  sample i n  the  one t o  two hours requi red .  
Since a gl-eat  d e a l  o f  e f f o r t  would be requi red  t o  determine what i s  
being l o s t ,  we a r e  seeking d i f f e r e n t  approaches. 

One technique .which seems promising i s  t o  co -p rec ip i t a t e  t he  
Cet4 and v 6  m a t e r i a l s  from ac id  so lu t ions  i n  NHLOH. By gen t l e  hea t ing  
i n  H 2 9  the  unwanted. ma te r i a l ,  NI-I40H, NH4N03, and H20, could be vaporized, 
leaving only submicron-scale mixture of Ce02-U02 (with some e x t r a  water 
and oxygen, perhaps) .  Fu r the r  hea t ing  a t  1200°C i n  10:l CO/CO2 mixture 
does jt-ndeed produce a c l e a r ,  s h a q  x-ray pa . t te rn .  

Fur ther  e f f o r t s  w i l l  be d i r e c t e d  toward q u a n t i t a t i v e  p r e c i p i t a t i o n  
of knowri q u a n t i t i e s  of v 6  a,ad Ce*8 (and o the r  r a r e  e a r t h  ions ) ,  
reduct ion t o  something near  t h e  f 4  s t a t e  f o r  t he  U, and R i r the r  e q u i l i -  
b r a t i o n  i n  CO/CO2 mi-xtures. T l i s  procedure w i l l ,  hopeful ly ,  r e s u l t  i n  
mixtiires from which the  l a t t i c e  parameters can be determined precise1.y. 

Lei tnaker ,  9. - c i t e  
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2.2 I r r a d i a t i o n  of Fuels 

(C.  M. Cox, T. N. Washburn, 
E. L. Long, Jr., H. C. McCurdy) 

The f i n a l  eva lua t ion  of (U,Pu)02 f u e l s  will be based ~ p o n  t h e i r  

Sphere-Pac, 
i r r a d i a t i o n  performance. The i r r a d i a t i o n  t e s t i n g  program i s  concen- 
t r a t i n g  on comparative t e s t s  of t h r e e  f a b r i c a t i o n  forms: 
p e l l e t s ,  and ex t rus ions .  The program inc ludes  thermal-f lux i r r a d i a -  
t i o n s  t h a t  permi t  use o f  instrumented capsules  and achievement of high 
burnup l e v e l s  i n  r e l a t i v e l y  s h o r t  t imes.  These t e s t s  w i l l  provide 
supplemental  information e s s e n t i a l  t o  t h e  a n a l y s i s  o f  t h e  f a s t - f l u x  
i r r a d i a t i o n  t e s t s ,  i n  which the  radial  f i s s i o n - r a t e  d i s t r i b u t i o n  and 
cladding damage a r e  more ty-pical of a n t i c i p a t e d  DWBR opera t ing  con- 
d i t i o n s .  The t e s t  program a l s o  inc ludes  power t r a n s i e n t  t e s t s  t o  
i n v e s t i g a t e  f i e 1  performance under abnormal opera t ing  cond i t ions .  The 
development of“ mathematical  models t o  p r e d i c t  h e 1  behavior  and of 
computer programs f o r  ana lyz ing  f u e l  performance a r e  i n t e g r a l  p a r t s  of 
t h e  i r r a d i a t i o n  t e s t  program. 

2.2.1 Uninstrwnented ETR Tes ts  (A.  R. Olsen, D. R. Cuneo) 

The s t a t u s  of the  t e s t s  i n  t h i s  s e r i e s  i s  given i n  Table 4.  
There have been no s i g n i f i c a n t  changes i n  t h e  s t a t u s  of the  f i r s t  s i x  
capsules .  

The l a s t  fou r  capsules ,  43-116 through 43-119 a s  repor ted  pre-  
v ious ly3  a r e  be ing  i r r a d i a t e d  t o  provide f u e l  conta in ing  s h o r t  h a l f - l i f e  
f i s s i o n  products  f o r  process ing  s t u d i e s .  No d e t a i l e d  p o s t i r r a d i a t i o n  
examination of these  rods i s  planned. The f i rs t  of t hese  capsules  
contained Sphere-Pac (U-15% P U ) O ,  f u e l  i r r a d i a t e d  t o  over 1% FIMA 
burnup. 
Flux Test Reactor  (FTR) f u e l  f o r  t hese  s t u d i e s .  
made t o  FTR reference  s p e c i f i c a t i o n s  has  been ordered and w i l l  be 
i r r a d i a t e d  in s t ead  of t h e  o r i g i n a l l y  planned sol-gel Sphere-Pa@ f u e l  
i n  experiments 43-117, 43-118, and 43-119. We have on hand type 316 
s t a i n l e s s  s t e e l  tub ing  of 0.230-in. OD X 0.015-in. w a l l  t h i ckness  
f a b r i c a t e d  t o  PTR s p e c i f i c a t i o n s  f o r  t hese  t e s t  rods. 

A t  t h e  r eques t  of t h e  AEC, we now p lan  t o  concent ra te  on F a s t  
Consequently, fuel 

2.2,2 Instrumented ETR Tes ts  ( C .  F. Sanders)  

Four instrumented ETR capsules  a r e  be ing  cons t ruc ted  t o  determine 
the  e f f e c t s  of high c ladding  temperatures ,  high f i s s i o n  gas r e t e n t i o n ,  
and long f u e l  columns on f u e l  element performance. We completed 
design of t h e  capsules,  and engineer ing  drawings were issued.  The 

A .  R. Olsen, C .  M. Cox, and R. B. F i t t s ,  “Uninstrumented 
Thermal Flux I r r a d i a t i o n  Tests ,  ” Fuels  and Materials Development 
Program Quart. Progr.  Rept. March 31, 1969, ORNL-4420, pp. 25-29. 



Table L. Noninstrunented Thennal FLU Tests 3f 
( U , h ) 3 2  Fueis 

Peak Cladding 
Heat Rkte Inner Surface 

Peak Linear Number Peak 
Sta tus  of Bnnup Experiment Fuel 

Temperature September 1969 Rods ($ FiMA)a (WICIl) Number Form Composition 

("C) 

&ami ned 

Examined 

Sphere-Wc (235u0. 807hO. 20j02. 00 2 1. gb m o b  1030 43-99 

43-100 Sphere -Pac ( 2 3 5 u 0 . 8 0 J ~ 0 . 2 0 ) 0 2 .  00 2 1.4b 1470b 900 

43-103 

k3-112 

43-113 

43-115 

Sphere -Pa c UO2 . 0 2  (2% 35u) 
P e l l e t  u02.00(20$ 23%) 

5 

0.7 

5 c  

690 

5 00 

50cF 

600' 

530 

36C 

38OC 

46OC 

Being examined 

Being examined 
W e 

In-reactor  
1 7 . 5 %  F I m  

Being examined 

43-116 Sphere -?E c ~ 2 3 8 u 0 . 8 5 , ~ ~ 0 .  15)Ol. 97 4 1. 5c 6OOc 460' S i n g  examined 

43-117 
43-118 
43-119 

4 1.9 600' 460' In  preparation 

aFiMA i s  f i s s i o n s  per i n i t i a l  ac t in ide  metal atom. 

'Rods f a i l e d  i n  reaczor from overpowering. 

'Tnese are t a r g e t  des<= vaiues. 

h i s  is an approximate leve l .  Test w i l l  be i r rad ia ted  fo r  two FPR cycles t o  produce h e 1  for reprocessing s tudies .  



des ign  parameter  data a r e  l i s t e d  i n  Table 5. 
was s t a r t e d ,  t h e  capsule  tub ing  was inspected, and t h e  f u e l  c ladding i s  
being inspec ted .  All of t h e  capsule  m a t e r i a l  i s  on hand except the  
5/8-in.-OD tubing  f o r  t h e  s l eeves ,  and it i s  expected s h o r t l y ,  
was submit ted t o  the  Idaho Nuclear Corporat ion f o r  the  checkout and 
i n s t a l l a t i o n  of t h e  ins t rumenta t ion  needed f o r  t h i s  s e r i e s  of t e s t s .  

Fab r i ca t ion  of the  hardware 

A reques t  

2.2 .3  ORR Instrumented Tests (R. B. F i t t s ,  D. R. Cuneo, V. A. DeCarlo) 

The ORR instrumented t e s t s  a r e  designed to s tudy  t h e  thermal  
performance of experimental  f u e l  rods.  The f i r s t  s e r i e s  of t e s t s  i s  
designed f o r  s tudying  so l -ge l -der ived  (U,Pu)O;, f u e l s .  

Capsule SG-2 i s  undergoing p o s t i r r a d i a t i o n  examination. The 
e x t e r n a l  v i s u a l  i n spec t ion  of t h e  capsule  and f u e l  rods, t h e  dimensional 
c h a r a c t e r i z a t i o n  of t h e  f u e l  rods, and t h e  c o l l e c t i o n  of  the  gases  con- 
t a i n e d  i n  the  rods aye completed. A l l  of these  observa t ions  were normal 
except  t h a t  one gas  sample was lost due t o  an improper c u t  made on t h e  
f u e l  rod du r ing  disassembly. Since t h e  f u e l  rods were i d e n t i c a l ,  t h i s  
i s  no t  be l ieved  t o  be an important loss.  We have found no s i g n i f i c a n t  
e x t e r n a l  changes i n  the f u e l  rods.  They a r e  p r e s e n t l y  being sec t ioned  
f o r  metal lography.  

Fabr i ca t ion  o f  ea s u l e  SG-3 i s  e s s e n t i a l l y  complete. This t e s t  
w i l l  con ta in  ( u o - ~ , P u ~ . ~  .P 01.48 f u e l  a t  81% smear d e n s i t y .  The upper 
rod con ta ins  Sphere-Pac f u e l  and t h e  lower rod  conta ins  p e l l e t  f u e l ,  
The f u e l  c e n t e r l i n e  thermocouple i n  each rod will permit  a d i r e c t  com- 
p a r i s o n  of the  performance of t h e s e  two f u e l  forms. The i r r a d i a t i o n  
t e s t  is scheduled t o  commence i n  October. 

2.2 .4  TREAT Rea.ctor Tests (C.  M. Cox, R.  E. Adms, E. J. Manthos) 

The S e r i e s  I TREAT experiments w i l l  compare the  t r a n s i e n t  behavior  
of w l i r r a d i a t e d  so l -ge l -der ived  Sphere-Pac and p e l l e t i z e d  (Uo. ~ , P u o ,  *)02 
f u e l s .  The hazards  a n a l y s i s ,  t e s t  s p e c i f i c a t i o n s ,  and ope ra t ing  manual' 
have been submit ted t o  the  TREAT s t a f f  and accepted wi th  minor r ev i s ions .  
Approval has been obta ined  t o  s h i p  the  f irst  two capsules  t o  TREAT on 
October 1, 1969. 

A procedure f o r  t h e  disassembly and examination of the f i rs t  two 
TRFAT capsules  i n  the  hot  c e l l s  i s  being w r i t t e n .  

2.2.5 Fast-Flux I r r a d i a t i o n  Tes ts  (A. R. Olsen) 

The S e r i e s  I encapsulated t e s t s  descr ibed  p rev ious ly4>  a r e  
cont inuing  t h e i r  i r r a d i a t i o n  i n  Subassembly XO50. The e q o s u r e  a s  of 

' A. R. Olsen, Emer imen ta l  Descr ip t ion  and Hazards Evaluat ion for 
t h e  S e r i e s  I ORNZ Oxide Fuels  I r rad ia , t ion  i n  XBR-11, ORNL-TM-2635.in p r e s s  

A. R. Olsen C.  M. Cox, and J. D. Jenkins,  "Fast-Flux I r r a d i a t i o n  
Tests ,"  Fue ls  and Mate r i a l s  Development Program Quart. Progr.  Rep%, f o r  
€''8> ORNL-4420, pp. 33-34,. 



Table 5. Design Pararneters f a r  ETR Ins t rmen te f i  Capsules 

Capsule I d e n t i f i c a t i o n  
43-120 

and 
43-121 

43- 122 
and 

43- 123 
~ 

Composite f u e l  composition 
Fuel length,  i n .  
Cladding dimension, i n .  
Fuel-to-clad bond 
Peak l i n e a r  hea t  r a t e ,  kw/ft 
Max 

MaX 

M a  
Max 

cladding outer  sur face  
tenp, " C  
clsldding inner  sur face  
temp, "C 

i b e l  sur face  temp, "C 
i";ie1 center  temp, "C 
Capsule Cimens ions,  i n .  
Sleeve dimensions, i n .  
Cladding capsule bond 

Fuel pins p e r  capsule 
I c s u l a t o r  compos it ion 
Mo. of Sphere-Pac p ins  

p e r  capsule 

Ro. of p e l l e t  p ins  p e r  capsule 
Composition o f  coarse  

m-i c ro sphe r e s  
Composition o f  f-kne 

mieraspheres 
Max. Surnv.9 

(0.2 Pu-0.8 ! J ) O , . g g  

20 
0.250 X 0.016 wall 
He 
19 

600 

660 

820 
2340 
1.003 OD X 0.065 wsll 
0.625 OD X 0.035 w a l l  
NaK-44 
1 
uo2 

0 

uo2.00 
43-120 - 5% FIMA 
43-121 - IC$ FIPliA 

(0.2 Pd-9.8 U)o1.,8 
3 
0.250 X 0.016 wall 
5Ie 
15.5 

5 00 

55 0 

590 
1983 
1.00C OD X 3.065 wali 
0.625 OD X 0.035 w a l l  
NaK-44 
4 
Tho 2 

2 

2 

(0.2 m-0.8 .u )o , .gg  

(0.2 n-G.8  U ) O l . g g  
43-122 - 5 s  FIX4 
43-123 - 10% FIMA 



August 30 ( the  end of EBR-11, Run 37) was 5906 Mwd of opera t ion .  
c u r r e n t  c a l c u l a t e d  peak burnup f o r  t h e  h ighes t  hea t  r a t e  rod i n  t h i s  
s e r i e s  i s  3.1% FIMA o r  approximately 63% of t h e  c u r r e n t l y  scheduled 
burnup. Because o f  t h e  c u r r e n t  EBR-11 experimental  opera t ion  a t  power 
l e v e l s  above 5 0  Mw, Subassembly X050, as w e l l  a s  o t h e r  experimental  fuel 
subassemblies, was removed a t  t h e  s ta r t  of R u n  38. Continued exposure 
i s  proposed toward t h e  end o f  Run 38. 
accumulated dur ing  t h i s  run i n  unknown, t h e  d ischarge  schedule f o r  t h e  
subassembly is  i n  doubt. 
i n  January 1970; however, exposure dur ing  Run 40 i s  a p o s s i b i l i t y .  

The 

Since t h e  t e s t  exposure t o  be 

The e a r l i e s t  d i scharge  w i l l  be a f t e r  Run 39 

The p roposa l  fo r  "Approval-in- principle'^ f o r  t h e  S e r i e s  I1 
unencapsulated t e s t s  was submitted t o  t h e  AEC. This proposa l  involves 
a 37-pin subassembly t o  be shared wi th  t h e  Babcock and Wilcox Company. 
The p i n  a l l o c a t i o n s  have been subdivided s o  t h a t  18 p o s i t i o n s  w i l l  be 
used by B b W and 19 p o s i t i o n s  by ORNL. The two  experimental  programs 
have been coordinated. to provide complementary f u e l  performance d a t a ,  
Each s i t e  w i l l  be r e spons ib l e  f o r  the  f a b r i c a t i o n ,  inspec t ion ,  shipping, 
and p o s t i r r a d i a t i o n  examination of i t s  own p i n s ;  bu t  a s i n g l e  s a f e t y  
a n a l y s i s  w i l l  be prepared f o r  t h e  subassembly. 

Tables 6 and '7 d e f i n e  the  f u e l  v a r i e t i e s  and burnup l e v e l s  
proposed f o r  i r r a d i a t i o n  by each of t h e  s i t e s .  
w i l l  concent ra te  on p e l l e t i z e d  and Sphere-Pac so l -ge l -der ived  fuel. 

The ORNL t e s t  p i n s  

Although we have not  proceeded w i t h  s p e c i f i c  des igns  f o r  t h e  f u e l  
p ins ,  pending p re l imina ry  approval, we c u r r e n t l y  propose t o  use a f u e l  
p i n  wi th  a 0.250-in. OD X 0.016-in. w a l l  type 316 s t a i n l e s s  s t e e l  
cladding. The c ladding  m a t e r i a l  has been obtained from P a c i f i c  Northwest 
Labora to r i e s .  The f u e l  column l eng th  w i l l  be 13.5 i n . ,  and the  balance 
of the p i n  i n t e r i o r  w i l l .  con ta in  f e a t u r e s  similar t o  t h e  ORNL S e r i e s  I 
t e s t  rods.  The B & W p i n  des ign  w i l l  be similar, but may d i f f e r  i n  
d e t a i l .  
Since we a r e  i n t e r e s t e d  i n  performing these  t e s t s  wi th  peak cladding 
temperatures  i n  t h e  550 t o  650°C temperature  range, we have contac ted  
t h e  EBR-I1  p r o j e c t  on the  p o s s i b i l i t i e s  of r e v i s i n g  t h e  Mark J subassembly 
t o  accommodate 37 p i n s  wi th  a 0.250-in.-OD cladding. 

The p i n  end f i t t i n g s  w i l l  be designed t o  f i t  a Mark J subassembly 

2.2.6 I r r a d i a t i o a  Tes t  Ca lcu la t ions  (A. R. Olsen, R.  B. F i t t s ,  C. M. Cox) 

A s e r i e s  of c a l c u l a t i o n s  was made us ing  computer codes developed 
over t h e  p a s t  two years  t o  desc r ibe  va r ious  f e a t u r e s  of f u e l  i r r a d i a t i o n s -  
The r e s u l t s  of t hese  c a l c u l a t i o n s  were incorpora ted  i n t o  a paper  presented  
r e c e n t l y .  ' 

' A. R. Olsen, R. B. F i t t s ,  and C. M. Cox, "Analysis o f  t h e  
V a l i d i t y  of Fas t  Reactor Fuel  Tes t s  i n  E x i s t i n g  Test Reactors ,"  Paper 
p re sen ted  a t  the  Nat iona l  Symposium on Developments i n  I r r a d i a t i o n  Tes t ing  
Technology, NASA, Lewis Research Center, Sandusky, Ohio, Sept ,  9-11, 1969. 
To be publ i shed  in t h e  proceedings;  a l s o  ORIiSH;-~-2716. 
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Table 6. Proposed B 85 TIJ Program 

18 Allot ted Pos i t ions  i n  the 
3 7- p i n  Subas s eriib l y  

a Mat e r i a  1 Bundle Burnup, Mwd/T X 

Vi-Pac 
VI-Pac 
Sphere-Pac 

Sphere-Pac 
Sphere-Pac 

P e l l e t s  

P e l l e t s  
Vi-Pac 
Sphere-Pac 

P e l l e t  
Vi-Pac 
Vi-Pac 
Vi-Pac 

Sp he r e  - Pa c 
Sphere-Pac 

Sphere -Pac 
P e l l e t  

P e l l e t  

0 25 50 75 100 

-I 1 - Pin 1 - 
--I 

1- Pin 3 -1 
4 I - Pin  4 - 
4 
4 I Pin 43 I y_ Pin 6 - 
4 {- Pin 7 - 

I Pin 38 

I - Pin 39 

I I Pin 40 

I Pin 41 
} Pin 5 I I Pin 42 

I Pin 4L 

I Pin 2 - 

4 
------i 
4 

Pin 4 5  

Pin 46 

Pin 47 

I 
I 
I 

Pin 8 
Pin 9 

Pin 10 

I 
I 
I 

Pin 11 I I 
I Pin 12 

Pin 13 4 I 
I 
I Pin 14 I 

Pin 15 I 
Pin  16 I 

I 
I 
I Pin 17 1 
I Pin 18 I 

a AI.1  types of f u e l  w i l l  be i r r ad ia t ed  w i t h  a smear densi ty  o f  
82 2 1% of t heo re t i ca l .  
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Table 7. Proposed ORNL Ser ies  I1 EBR-I1 I r r ad ia t ion  Tests 

19 Al lo t ted  Pos i t ions  i n  the  
37-pin Subassembly 

Smear 

(% T.D.)  

a Material Density 

SP 

SP 

SP 

SP 

SP 
SF 

SPL 
SPL 

SPL 
SFL 

SP 
SP 

PEL 

PEL 

PEL 

PEL 

FELL 
PEEL 

FELL 

80 

80 

85 

85 

85 
85 

80 

80 

85 
85 

85 
85 
85 
85 

90 

90 

80 

80 

85 

Bundle Burnup, Mwd/T X lo'3 
0 25 50 75 100 

I-- Pin l9 I Fin i 
+Pin 2o 1 I---- Pin 21 I Pin 49 1 

1 
1 

t--- Pin 22 I-'---- Pin 23 

I----- Pin 24 1 
E------ Pin 25 1 Pin 51 1 

-I 
1 

I---- Pin 26 

1 
I------ Pin 29 I Pin 53 - 1 

I--- Pin 31 I 
I--- Pin 32 

I 
I 
I 
f 
I 

I Fin 50 

Pin  52 1 Pin  27 

Pin 2% 
I----- + 

I Pin 54 
I F in  30 

P in  55 

Pin  56 I 

I 

P i n  33 

Pin 34 

Pin  35 

Pin 36 

Pin  37 I Pin  58 

Pin 57 

SP = Sol-gel Sphere-Pac with O/M of 1.98 
SPL = Sol-gel Sphere-Pac with O/M of  1.94 
PEL = Sol-gel P e l l e t s  w i t h  O/M of 1.98 
FELL = Sol-gel P e l l e t s  with O/M o f  1.94 

a 
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