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SUMMARY 

1. Process Demonstration and 2 3 3 U  D i s t r i b u t i o n  

The Oak Ridge Nat ional  Laboratory f a c i l i t y  f o r  s t o r i n g  and handling 

233U i s  being augmented by  n ine  we l l s  for s t o r i n g  s o l i d s  and f i v e  tanks 

f o r  s t o r i n g  s o l u t i o n s .  This change inc reases  t h e  s to rage  capac i ty  by 

80% f o r  s o l i d s  and 100% for s o l u t i o n s .  A n i t r a t e - to -ox ide  conversion 

l i n e  wi th  a capac i ty  of  22 kg "??LJ/week i s  being i n s t a l l e d .  

r ece ived  44 kg of 233U and shipped 7 kg. Experience w i t h  t h e  TRUST 

(Thorium Reactor Uranium Storage Tank) f a c i l i t y  showed t h a t  using boro- 

s i l i c a t e  g l a s s  Raschig r i n g s  i s  p r a c t i c a l  f o r  c r i t i c a l i t y  c o n t r o l  i n  

l a r g e  tanks of s o l u t i o n s  of  f i s s i l e  i so topes .  

The f a c i l i t y  

2. Thorium-Uranium Recycle F a c i l i t y  

The s a f e t y  a n a l y s i s  w a s  published and accepted,  and t h e  maintenance 

manual w a s  completed. 

cleaned t o  permit d i r e c t  i n s t a l l a t i o n  of equipment f o r  i s o l a t i n g  248Cm. 

Improvements were made or sought i n  t h e  i n - c e l l  f i r e  p r o t e c t i o n  system, 

emergency power, c e l l  o u t l e t  f i l t e r s ,  and waste systems. 

The c e l l  used f o r  LiF-233UFd p repa ra t ion  w a s  

3. Sol-Gel Process DeveloDment 

a m o n s t r a t i o n  of Engineering-Scale Production of  Th02-U02 Microspheres 

We prepared Th0;?-19% UO2 microspheres i n  a continuous, engineering- 

s c a l e  demonstration at 10 kg (Th+U)/day. 

e x t r a c t i o n  w a s  r o u t i n e  and reproducible ,  and 1 .6  - M Tho2-U03 sol con- 

t a k i n g  120 kg of Th02-U03 w a s  produced i n  99.5% y i e l d  based on t h e  

metal  n i t r a t e  feed. 

s o l  p repa ra t ion  t o  f u l l y  remote operat ion.  

sol f e d  t o  t h e  system) of product-grade 250- t o  450-pm-diam spheres 

( ca l c ined )  could be  obtained by  using mul t ip l e  two-f luid nozzles and 

g e l a t i o n  of t h e  sol drop le t s  i n  2-ethyl-1-hexanol (2EH). 

of  s u r f a c t a n t s  r equ i r ed  t o  s u s t a i n  operat ion of t h e  sphere-forming column 

S o l  p repa ra t ion  by amine 

No s i g n i f i c a n t  problems a r e  a n t i c i p a t e d  i n  adapt ing 

Up t o  95% y i e l d s  (based on 

Addition rates 
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demonstrated t h e  need f o r  a cleanup and r ecyc le  process f o r  t h e  2EH i n  

long-term ope ra t ions .  

Operation of  20-kg-batch, fixed-bed g e l  sphere d r y e r s ,  p rev ious ly  

used for dry ing  Tho2 g e l  spheres ,  w a s  unsuccessful  w i t h  T h 0 2 - U 0 3  because 

o f  uncon t ro l l ab le  temperature excursions.  With e x t e r n a l  h e a t i n g  and t h e  

instrumentat ion f o r  measuring bed temperatures w e  could not  c a r r y  out 

t h e  dryings i n  t h e  r equ i r ed  48-hr turnaround time. Af t e r  i n s t a l l a t i o n  

of an adequately designed d rye r ,  20-kg batches of t h e  Th02-U03 g e l  

spheres were d r i e d  s u c c e s s f u l l y  i n  t h e  s p e c i f i e d  t i m e .  N o  p r o b l e m  

were encountered f i r i n g  10-kg batches of d r i e d  g e l  spheres i n  a f ixed-  

bed c a l c i n e r .  The c a l c i n e r  concept t e s t e d  appears workable. 

The microspheres produced met s p e c i f i c a t i o n s  covering s i z e ,  

thorium-to-uranium r a t i o ,  roundness, oxygen-to-uranium r a t i o ,  gas 

r e l e a s e ,  d e n s i t y  and CarbGn content .  

CUSP Solvent Ex t rac t ion  Preparat ion of U02 S o l  

The CUSP (Concentrated Urania Sol Prepa ra t ion )  process w a s  used i n  

engineer ing-scale  equipment t o  prepare u r a n i a  sols containing more t h a n  

230 kg of U02. High-quality products were c o n s i s t e n t l y  obtained i n  

both l a b o r a t o r y  and engineering equipment. 

During t h e  engineer ing-scale  ope ra t ions ,  so lven t  r egene ra t ion  w a s  

complicated by  small q u a n t i t i e s  o f  c o l l o i d a l  uranium i n  t h e  solvent .  

These p a r t i c l e s  are not e f f e c t i v e l y  removed by s t anda rd  t r ea tmen t s  

with n i t r i c  a c i d ,  wa te r ,  and c a u s t i c .  Hawever, scrubbing w i t h  

1 M HN03-1.2 - M H C 2 H 3 0 2  removed about 96% of t h e  uranium. The so lven t  

i s  r egene ra t ed  by  scrubbing w i t h  a sodium carbonate s o l u t i o n  and t h e n  

w i t h  water .  

- 

An e f f e c t i v e  con tac to r  f o r  t h e  e x t r a c t i o n  of  n i t r a t e  t o  form 

u r a n i a  s o l  i s  a column w i t h  a spray header t o  d i spe r se  t h e  aqueous 

phase i n t o  t h e  e x t r a c t a n t ,  Alamine LA-2. This type of  con tac to r  i s  

being considered f o r  use w i t h  t h e  l a r g e  engineer ing-scale  equipment. 
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Gel Sphere Forming Development 

The f a c t o r s  important i n  forming microspheres were s t u d i e d  i n  

f a c t o r i a l  experiments. The v a r i a b l e s  were t h e  concentrat ion i n  t h e  2EH 

of water ,  a c i d ,  and t h e  s u r f a c t a n t s ,  Ethomeen S/15 and Span 80. 
of t h e  d a t a  showed t h a t  t h e  concentrat ion must be  p rope r ly  balanced for 

good sphere forming w i t h  ThOz-UO3 sols. When t h e  Ethomeen S/15, Span 80, 

and a c i d  concentrat ions w,ere p rope r ly  balanced, varying t h e  water  content 

from 0 .5  t o  1.7% had l i t t l e  e f f e c t .  

Analysis 

We a r e  studying t h e  methods used t o  r ecyc le  t h e  2EH t o  t h e  sphere- 

forming s t e p .  Our p r i n c i p a l  i n t e r e s t  i s  t o  prevent chemical degradation 

of t h e  a l coho l  during water  removal as w e l l  as t o  recover t o t a l l y  pu r i -  

f i e d  2EH. Laboratory s t u d i e s  showed t h a t  r e a c t i o n s  of n i t r i c  a c i d  w i t h  

2EH and s u r f a c t a n t s  during d i s t i l l a t i o n  could e s s e n t i a l l y  be  el iminated 

by  removal of  t h e  a c i d  be fo re  d i s t i l l a t i o n  by contact  w i t h  a l k a l i n e  

s o l u t i o n s  or ion exchange r e s i n s .  

Scrubbing wi th  an a l k a l i n e  s o l u t i o n  during continuous operat ion of  

t h e  sphere-forming column w a s  u n s a t i s f a c t o r y  because of emul s i f i ca t ion  

and entrainment.  

scrubber i n  t h e  so lven t  r ecyc le  c i r c u i t  avoided phase sepa ra t ions  and 

hence avoided emulsion and entrainment problems. The performance of 

t h e  ion exchange column i s  being evaluated. 

S u b s t i t u t i n g  a resin-bed column f o r  t h e  a l k a l i n e  

D i s t i l l a t i o n  appears f e a s i b l e  i f  t o t a l  p u r i f i c a t i o n  i s  required.  

Pure 2EH w a s  obtained by d i s t i l l a t i o n  of water-2EH a t  100, 150, and 

180" C.  

Optimum condi t ions f o r  forming a s o l  i n t o  g e l  microspheres change 

i n  a complex manner wi th  t h e  p r o p e r t i e s  of t h e  sol. Although under- 

s tanding is  incomplete, e s p e c i a l l y  f o r  u ran ia  sols, q u a l i t a t i v e  con- 

c lus ions  about t h e  e f f e c t s  of some of t h e  v a r i a b l e s  can be made. 

Su r fac t an t s  and a c i d  concentrat ions can be  balanced s o  t h a t  good sphere 

forming occurs.  

continuous operat ion.  

be r equ i r ed  i n  continuous operat ion.  

However, formic a c i d  bui ldup i n  t h e  2EH has prevented 

Removal of formic a c i d  f r o m t h e  r ecyc le  2EH w i l l  

We repor t ed  on t h e  design and operat ion of f luidized-bed columns 

f o r  g e l  sphere preparat ion.  

c o n t r o l  of a l c o h o l  composition, and capac i ty  l i m i t a t i o n s .  

Major t o p i c s  a r e  f l u i d i z a t i o n  requirements,  
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P repa ra t ion  of  g e l  spheres without  f l u i d i z a t i o n  i s  s impler  t h a n  

p repa ra t ion  i n  f lu id i zed -bed  columns ; however, t h e  s o l  d r o p l e t s  t h a t  

a r e  introduced i n t o  a nonf lu id i zed  column must be small enough t o  g e l  

be fo re  t h e y  s e t t l e  t o  t h e  bottom. The requirements f o r  t h e  nonf lu id i zed  

procedure were c a l c u l a t e d  by  combining mass-transfer and s e t t l i n g  cor- 

r e l a t i o n s  w i t h  a computer program. The c a l c u l a t i o n s  and experimental  

r e s u l t s  show t h a t  s o l  d r o p l e t s  i n i t i a l l y  smaller  t han  300 p m  a r e  easily 

g e l l e d ,  wh i l e  l a r g e r  d rop le t s  r e q u i r e  long f r e e - f a l l  distance:; (column 

h e i g h t s )  when 2EH i s  used as t h e  drying a l coho l  and d i s t o r t  when isoamyl. 

a l coho l  i s  used. 

Preparat ion of Test Material f o r  Recycle Test Elements 

During t h e  p a s t  yea r ,  microspheres of  T h O 2 ,  (Th/U atom 

r a t i o  4 . 2 ) ,  Th02-235U02 ( T h / U  atom r a t i o  2 ) ,  and 235U02 were produced 

f o r  use i n  e i g h t  Recycle Test Elements ( R T E ' s ) .  The RTE ' s  w i . 1 1  be  used 

i n  h o t - c e l l  s t u d i e s  of head-end reprocessing and of t h e  products of 

f u e l  f a b r i c a t i o n .  The Tho2 microspheres (1300 g )  were on hand. Batches 

of  

4 . 2  (1000 g )  and 2 (2700 g )  were prepared by so lven t  e x t r a c t i o n  i n  

engineer ing-scale  s o l - g e l  equipment t h a t  had been used p rev ious ly  t o  

prepare 32 kg of ( T h / U  r a t i o  3 ) .  The 235U02 microspheres 

(300 g )  were made from s o l  prepared by  t h e  ORNL p r e c i p i t a t i o n - p e p t i z a t i o n  

method. S ix  R T E ' s  have been f a b r i c a t e d  from t h e  above ma te r i a l .  The 

remaining two w i l l  be f a b r i c a t e d  l a t e  i n  f i s c a l  year  1970. 

%O2 microspheres wi th  thorium-to-uranium atom r a t i o s  o f  both 

4. Fueled-Graphite Fabr i ca t ion  Development 

Equipment w a s  developed f o r  t h e  remote t r a n s f e r ,  shape s e p a r a t i o n ,  

screening,  and blending of f u e l  p a r t i c l e s  and t h e  determinat ion of 

coat ing an i so t ropy ,  dens i ty ,  and s i z e  d i s t r i b u t i o n .  Remotely operable  

equipment i s  descr ibed for coat ing f u e l  p a r t i c l e s  with p y r o l y t i c  carbon 

and with s i l i c o n  carbide.  Coating and bonding of f u e l  f o r  Recycle Test 

Elements a r e  descr ibed.  Surface morphologies o f  carbon coat ings are 

shown and c o r r e l a t e d  w i t h  dens i ty .  

- 
4 

. .. 
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5. I r r a d i a t i o n  of  HTGR Fuels 

Capsule design and o the r  p repa ra t ions  were made f o r  a c c e l e r a t e d  

t e s t i n g  of coa ted -pa r t i c l e  f u e l s  i n  t h e  Engineering Test Reactor. 

Recycle Test Elements, p r o t o t y p i c a l  of f u l l - s c a l e  HTGR f u e l  elements, 

are being fue l ed  f o r  i r r a d i a t i o n  i n  t h e  Peach Bottom Reactor. Several  

types of  coated Tho2 and U02 p a r t i c l e s  i n  var ious combinations w i l l  be 

i r r a d i a t e d  t o  demonstrate performance of products produced by processes 

proposed f o r  use i n  TURF, and t o  provide f u e l  f o r  reprocessing s t u d i e s .  

Good i n t e g r i t y  t o  6 x 1021 neutrons/cm2 w a s  shown by bonded beds of  

coated p a r t i c l e s  prepared with a p i t c h  b inde r  loaded w i t h  40% graph i t e  

or a combination of 29% g raph i t e  and 29% carbon black.  

loose p a r t i c l e s  shrank during i r r a d i a t i o n  more than expected from 

coa t ing  dens i f  i c a t i o n .  

Blended beds of 

6. Fundamental Sol-Gel Studies  

The n i t r i c  a c i d  present  i n  g e l  spheres r eac t ed  w i t h  t h e  sorbed 

a l coho l  during drying i n  steam. The r a t e  a t  which t h e  drying tempera- 

t u r e  i s  increased must be both slow and uniform i n  f i x e d  beds s o  t h a t  

t h e  chemical r e a c t i o n  r a t e  can be c o n t r o l l e d  and heat  i s  not l i b e r a t e d  

a t  an excessive rate. A purge of steam through t h e  bed of spheres 

enhances t h e  desorpt ion and vapor i za t ion  of t h e  organic  r e a c t a n t s  and 

thus  reduces t h e  q u a n t i t y  of organic  ma te r i a l s  t h a t  are a v a i l a b l e  for 

r e a c t i o n  with n i t r i c  ac id .  Carbonaceous ma te r i a l s  and other  v o l a t i l e s  

remaining a f t e r  drying were removed during f i r i n g  be fo re  any appreciable  

shrinkage or d e n s i f i c a t i o n  of ThO2-UO3 g e l  spheres occurred; thus no 

problems a r e  encountered i n  a t t a i n i n g  t h e  d e n s i t y  and chemical composi- 

t i o n  s p e c i f i e d  f o r  ca l c ined  products.  

7. Thorium Ceramics Data Compilation 

Property d a t a  on thorium ceramic compounds a r e  being compiled. 

Col lect ions on oxides and n i t r i d e s  a r e  being i s sued ;  t h a t  on carbides  

has been d ra f t ed .  



I 

.. 



1. PROCESS DEMONSTRATION AND 233U DISTRIBUTION 

J. R. P a r r o t t  

Storage and D i s t r i b u t i o n  F a c i l i t y  

J. R. P a r r o t t  R.  G. Nicol J. P. Nichols W. A. Shannon 

Oak Ridge National Laboratory serves  as a n a t i o n a l  d i s t r i b u t i o n  

c e n t e r  f o r  233U. 

t o  168 kg of 233U i n  s o l i d  form and tanks (containing b o r o s i l i c a t e  g l a s s  

f o r  neutron poisoning) t h a t  can s t o r e  500 kg of 233U i n  u rany l  n i t r a t e  

s o l u t i o n s  at 233U concentrat ions up t o  250 g / l i t e r .  Also, a sh i e lded  

i n t e r i m  s to rage  v a u l t  (Building 3100) can ho ld  up t o  70 kg of 233U or 
239Pu i n  shipping containers .  

and f i v e  tanks for s o l u t i o n  s to rage  a r e  be ing  added t o  inc rease  our 

capac i ty  f o r  s o l i d  by 80s and f o r  s o l u t i o n  by 100%. 

a r e  needed f o r  s to rage  of  feed material f o r  t h e  Light Water Breeder 

Reactor support  program, and l a t e r  t h e  s o l i d  s t o r a g e  f a c i l i t y  w i l l  be  

r equ i r ed  f o r  200 kg of 233U from t h e  Elk River Reactor a f t e r  recovery 

and conversion t o  oxide a t  t h e  I t a l i a n  CNEN Plant .  

The f a c i l i t y  includes sh i e lded  w e l l s  f o r  s t o r i n g  up 

A t  p re sen t ,  n ine  w e l l s  f o r  s o l i d  s t o r a g e  

Both new f a c i l i t i e s  

The s to rage  f a c i l i t y  accepts  2 3 3 ~  as u rany l  n i t r a t e  s o l u t i o n  or as 

p rope r ly  packaged s o l i d s .  The s o l i d s  can be metal o r  compounds t h a t  can 

be  dissolved r e a d i l y  and safely i n  s t a i n l e s s  s t e e l  equipment. 

The p u r i f i c a t i o n  f a c i l i t i e s  i n  t h e  c e n t e r  include a s ingle-cycle  

so lven t  e x t r a c t i o n  system capable of pu r i fy ing  233U at  t h e  r a t e  of  

25 @/week. 

as n i t r a t e  s o l u t i o n .  

i t y  and f l e x i b i l i t y ,  and a complete n i t r a t e - to -ox ide  conversion l i n e  

with a capac i ty  of 22 kg of 233U p e r  week i s  being i n s t a l l e d  f o r  t h e  

Light Water Breeder Reactor support  program. 

A t  p re sen t ,  a l l  233U processed i n  t h e  f a c i l i t y  i s  shipped 

The system i s  being modified t o  inc rease  r e l i a b i l -  
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D i s t r i b u t i o n  Act ivi t ies  Summary 

J. R. P a r r o t t  R .  G. Nicol  W. A. Shannon 

During t h e  p a s t  y e a r ,  18 shipments containing 44 kg o f  '33U were 

r ece ived  b y  t h e  f a c i l i t y ,  and 23 shipments containing 7 kg of 233U were 

s e n t .  

from Nuclear Fuel  Services  a t  Erwin f o r  t h e  LWBR support  program. 

l a r g e s t  s i n g l e  disbursement w a s  1 kg of 233U [as U02(N03)21 t o  LQS 

Alamos. 

i s  shown i n  Fig.  1.1. 

(exclusive of  Consolidated Edison Fue l )  i n  t h e  f a c i l i t y .  

The l a r g e s t  s i n g l e  shipment r ece ived  w a s  13 kg of  233L (as U03) 
The 

The a c t i v i t y  of t h e  f a c i l i t y  f o r  each calendar  year from 1960 

Table 1.1 shows t,he p re sen t  inventory of 233U 

The TRUST (Thorium Beactor Uranium Storage Tank) f a c i l i t y  w a s  

placed i n  ope ra t ion  last  year. The r e c e i p t ,  a c c o u n t a b i l i t y ,  r a d i a t i o n  

exposure during unloading, and o the r  p e r t i n e n t  information have been 

r epor t ed .  

of f i s s i l e  s o l u t i o n ,  using s o l u b l e  neutron absorbers  f o r  c r i t i c a l i t y  

con t ro l ,  i s  f e l t  t o  be of s u f f i c i e n t  i n t e r e s t  t o  t h e  i n d u s t r y  t o  warrant  

a d e t a i l e d  r e p o r t  of our first  y e a r ' s  ope ra t ion ,  including a l l  a spec t s  

of nuclear  s a f e t y .  

However, experience gained i n  t h e  s t o r a g e  of a l a r g e  volume 

The inc rease  i n  t h e  number of ope ra t ing  power r e a c t o r s  w i l l  r e s u l t  

i n  t h e  reprocessing of spent  f u e l s  whose i s o t o p i c  compositions render  

them r e l a t i v e l y  undesirable  fo r  immediate r ecyc le  ; hence, i n t e r i m  

s to rage  of  l a r g e  volumes of aqueous n i t r a t e  f i s s i l e  s o l u t i o n s  must be  

provided. In  such i n s t a n c e s ,  t h e r e  i s  i n c e n t i v e  t o  use s o l u b l e  neutron 

absorbers  for c r i t i c a l i t y  con t ro l .  This technique provides f o r  inexpen- 

s i v e  s t o r a g e ,  and t h e  s o l u b l e  neutron absorbers  can be sepa ra t ed  from 

t h e  f i s s i l e  material i n  t h e  so lven t  e x t r a c t i o n  p u r i f i c a t i o n  process .  

The f a c i l i t y  c o n s i s t s  of  a charging glove box i n  t h e  area above 

t h e  c e l l ,  an unloading and sampling f a c i l i t y  l o c a t e d  i n  a processing 

c e l l ,  and a 5000-gal (19 ,000- l i t e r )  s to rage  t a n k  i n  an underground p i t  

adjacent  t o  t h e  b u i l d i n g  (Fig. 1 . 2 ) .  We p r e s e n t l y  have 11347 kg of 

'Chem. Technol. D i v .  Ann. Progr. Rept. my 31, 1969, ORNL-4422, 
pp. 199-202. 
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Fig. 1.1. Receipts  and Shipments of 233U - Building 3019 Dispensing 
F a c i l i t y .  
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Table 1.1. Inventory o f  733U - March 31, 1970 

Form 
I s o t o p i c  

P u r i t y  
( w t  %) 

2 3 2 ~  Content Quan t i ty  
( P P d  0%) 

Oxide 

N i t r a t e  91  

97 
97 

97 
98 
84 
91 

97 

97 

98 

Fluoride 91  

Metal 98 

TOTAL 

13 

5 

9 

42 

6 

6 

250 

< 5  
50 

6 

250 

42 

24. 8 
2. 2 
45. 8 
1~7.9 

31+. 3 

?. 6 

61.7 

13.4 

1 1 . 0  

35. 6 

1.9 

5. 1 

261.3 

uranium (76.5% 235U, 9. '7% 233U) s t o r e d  i n  t h e  f a c i l i t y .  

f i l l e d  before  use wi th  b o r o s i l i c a t e - g l a s s  Raschig r i n g s  t o  prevent  

c r i t i c a l i t y .  

The t a n k  w a s  

Neutron m u l t i p l i c a t i o n  f a c t o r s  c a l c u l a t e d  w i t h  t h e  ANISN program, 

a one-dimensional, multigroup neutron t r a n s p o r t  code using t h e  S 4  

approximation and 16-group c ross  sec t ions ,  a r e  shown i n  Table 1.2.  ?"ne 

r e s u l t s  a r e  f o r  systems of i n f i n i t e  dimensions containing s o l u t i o n s ,  

p r e c i p i t a t e s ,  and Raschig r i n g s .  The method and geometr ical  model 

s l i g h t l y  overest imate  t h e  r e s u l t s  of two ORNL exponen t i a l  experiments 

w i t h  s o l u t i o n s  of 7 3 5 U  and 733U i n  v e s s e l s  packed w i t h  b o r o s i l i c a t e -  

g l a s s  (Pyrex) Raschig r i n g s .  

Pyrex Raschig r i n g s  ( l i n e  3) w i t h  no cadmium or gadolinium i n  

s o l u t i o n  keep t h e  neutron m u l t i p l i c a t i o n  f a c t o r  from exceeding 0.63 f o r  

s o l u t i o n  uranium concentrat ions up t o  250 g / l i t e r .  



n 

ORNL-DWG 68-3942A 

Fig. 1.2. Cross Sect ion of TRUST Facility. 



Table 1.2.  Mult ipl icat ion Factors ,  Km, for Systems Containing Uranium Solut ion 
or  P rec ip i t a t e  and Borosi l icate-Glass  Raschig Rings 

Solut ion Compos it i on Volume Frac t ion ,  $ 

415 (93% 2 3 5 U )  < 1 0.0 

22" ?T (98$ 235u) < 1 0.0 

250b 6.5 0.0 

250 6.5 0.33 b 

20Ob 6.5 0.0 

0.0 6.: 0.33 

0.0 6.5 0.33 

0.0 6.5 0.33 

0.0 6.5 0.33 

0.0 6.5 0.33 

0.0 

0.0 

0.0 

0.0 

0.028 

0.028 

0.028 

0.028 

0.028 

0.028 

78 
62 

66 

100 

100 

50 

41 
33 

25 

16 

0.0 

0.0 

0.0 

0.0 

0.0 

16b 

25b 

33b 

41b 
b 50 

22 

38 
34 
0.0 

0.0 

34 
34 
34 
34 
34 

~~ ~~ 

1.04 1.0 

0.98 0. ?? 

0.63 

0.81 

1.00 

0.56 

0. '76 

0.91 

1.03 

1.14 

P r e c i p i t a t e  i s  UO2 ( N O 3 )  2' 6H20 at 2.807 g/crn3. a 

bUranium contains  '75% 235U, 12% *"U, and 13% 238LJ. 
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The c a l c u l a t e d  m u l t i p l i c a t i o n  f a c t o r  of a t  most 0 .81 ( l i n e  4 )  shows 

t h a t ,  w i t h  no gadolinium o r  g l a s s  Raschig r i n g s  p re sen t ,  0.33 - M Cd i s  
s u f f i c i e n t  t o  assure  safe condi t ions up t o  a uranium concentrat ion of  

250 g / l i t e r .  

The m u l t i p l i c a t i o n  f a c t o r  c a l c u l a t e d  on l i n e  5 shows t h a t  0.028 M - Gd 

without cadmium or r ings  would r e s u l t  i n  a marginal ly  s u b c r i t i c a l  system 

wi th  a maximum uranium concentrat ion of 200 g / l i t e r .  

Lines 6 through 10  show t h a t  i f  a l l  t h e  uranium were s e l e c t i v e l y  

p r e c i p i t a t e d  and t h e  volume f r a c t i o n  of p r e c i p i t a t e  does not exceed 404, 
an i n f i n i t e  system would remain s u b c r i t i c a l .  This s i t u a t i o n  i s  ove r ly  

p e s s i m i s t i c  because of t h e  following : 

1. 

2. 

3 .  

4 .  

our experience i n d i c a t e s  t h a t  a p r e c i p i t a t e  would depos i t  uniformly 

on a l l  t h e  su r faces  of t h e  r i n g s ;  

t h e  p r e c i p i t a t e  would probably c a r r y  down gadolinium and cadmium, 

rendering t h e  mixture s u b c r i t i c a l ;  

a p r e c i p i t a t e  would form slowly and be de t ec t ed  w e l l  be fo re  40% of 

t h e  column became occupied w i t h  it; 

a concentrated p r e c i p i t a t e  near  t h e  bottom of t h e  t a n k  would have 

enough neutron leakage t o  reduce t h e  m u l t i p l i c a t i o n  f a c t o r  by  10 

t o  15%. 

I n  s e v e r a l  l abo ra to ry  experiments we  determined t h e  s t a b i l i t y  of 

t h e  s o l u t i o n  containing uranium and t h e  neutron absorbers .  When the 

s o l u t i o n  w a s  slowly evaporated i n  a stream of a i r  at room temperature,  

a p r e c i p i t a t e  d i d  not begin t o  form u n t i l  t h e  s o l u t i o n  w a s  concentrated 

t o  about 370 g / l i t e r  U. 

Analysis of  t h e  " ice"  c r y s t a l s  and supernatant  l i q u i d  showed t h a t ,  

w i t h i n  experimental  e r r o r ,  t h e  "solut ion" does not change composition 

upon f r eez ing .  

The s o l u t i o n  began t o  f r e e z e  a t  about 1 3 ° C .  

A s  a r e s u l t  of t h e s e  c a l c u l a t i o n s ,  t h e  uranium concentrat ion w i l l  

be maintained a t  between 100 and 200 g / l i t e r ,  t h e  cadmium a t  l e a s t  at 

0.3 mole p e r  mole of uranium, and t h e  gadolinium at  l e a s t  0.025 mole pe r  

mole of uranium. 

Analyses of samples of t h e  s o l u t i o n  withdrawn at i n t e r v a l s  during 

t h e  p a s t  13 months a r e  presented i n  Table 1.3.  The average uranium 



Table 1.3. Analyses o f  Solut ion i n  TRUST Tank During F i r s t  13 Months' Storage 

Soluble Poison Content 
Solut ion 
Volume 

( l i t e r s )  

Date Uranium HN03 Cadmium Gadolinium 

( k d  (E) (moles /mole (moles /mole Sampled 

( kg ) uranium) (Q) uranium) 

9-11-68 

2-20-69 

3-2%-69 

4-17-69 

7-29-69 

10-3-69 

10-10-69 

11- 11 - 6 9 
4-6-70 

1110 0 0.11 164.2 21.4 
6970 1040 2.72 164.2 0.33 16.2 0.023 

7100 1036 2.57 142.4 0.29 14.8 0.021 

7240 1039 2.66 144.8 0.29 15.1 0.022 

73 00 1053 2.59 142.4 0.28 14.6 0.021 

Added 11.2 kg Cd and 3.8 kg Gd t o  t ank  

7280 1055 2.46 143.4 0.28 15.3 0.021 

7030 1041 2.51 152.9 0.31 17.8 0.025 

7085 1020 2.65 145.3 0.30 16.6 0.024 

I 
# .  . 
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content  i s  1045 kg as compared t o  1047 kg determined from analyses  of 

t h e  i n d i v i d u a l  incoming shipments. 

content  a r e  probably due t o  inadequate mixing of t h e  so lu t ion  before  

sampling; however, a n a l y t i c a l  e r r o r  or depos i t ion  of  t h e  poisons i s  

poss ib l e .  I n i t i a l  e f f o r t s  t o  sparge t h e  s o l u t i o n  f o r  a long per iod  of 

t ime r e s u l t e d  i n  excessive r a d i a t i o n  exposures from t h e  off-gas  p ip ing  

and f i l t e r .  This system w a s  redesigned wi th  a de-entrainment s e p a r a t o r  

and small f i l t e r ,  so  b e t t e r  mixing w i l l  be  p o s s i b l e  f o r  f u t u r e  samples. 

Discrepancies i n  t h e  s o l u b l e  poison 

Fuel  Prepara t ion  f o r  t h e  High-Temperature L a t t i c e  Test Reactor 

J. R. P a r r o t t  F. J. Furman 

Last year  we r epor t ed2  t h a t  we were prepar ing  about 32 kg of 

pyrolyt ic-carbon-coated (Th,  233U)02 microspheres f o r  use i n  r e a c t o r  

physics t e s t s  as p a r t  of a n a t i o n a l  e f f o r t  i n  support  of high-temperature 

gas-cooled r e a c t o r s .  

requi red  spheres  had been formed, and coa t ing  opera t ions  had begun. 

program has now been s u c c e s s f u l l y  completed and r e p ~ r t e d , ~  and t h e  spheres  

have been shipped t o  P a c i f i c  Northwest Laboratory, where t h e  planned reac-  

t o r  physics experiments a r e  i n  progress .  

A t  t h e  t ime of  t h e  last r e p o r t ,  about 17 kg of t h e  

This 

'J. W. Snider ,  F. L. Daley, J. R. P a r r o t t ,  R. G. Shannon, 
F. J. Furman, Jr., and R. A. Bowman, S ta tus  and Progress Report f o r  
Thorium Fuel Cycle Development 1967-1968, ORNL-4429, pp. 3-10. 

'J. R. P a r r o t t ,  F. J. Furman, F. L. Daley, J. W .  Snider ,  and 
J. D. Sease, Prepara t ion  by t h e  Sol-Gel Process and Fyrocarbon Coating 
of 32 kg of 25% 233U02-75$ Tho2 Microspheres f o r  t h e  High Temperature 
L a t t i c e  Test Reactor,  ORNL-4594, i n  prepara t ion .  
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2. THORIUM-URANIUM FECYCLE FACILITY 

J.  M. Chandler 

The s a f e t y  a n a l y s i s  f o r  t h e  f a c i l i t y  w a s  published. '  Tkis r e p o r t  

desc r ibes  t h e  p l a n t  and w a s  submitted t o  t h e  AEC-ORO p r e o p e r a t i o n a l  

review committee f o r  use i n  t h e i r  cons ide ra t ion  of acceptance of  t h e  

TURF F a c i l i t y  f o r  use i n  performing a broad spectrum of  r e s e a r c h  

a c t i v i t i e s .  Acceptance b y  t h e  AEC w a s  received i n  January 1969. 

The TURF F a c i l i t y  Maintenance Manual w a s  completed. This manual 

g ives  procedures f o r  conducting t h e  f a c i l i t y  prevent ive maintenance 

program, procedures f o r  conducting process  equipment maintenance, and 

procedures f o r  t e s t i n g  s a f e t y  equipment such as h o i s t s ,  s l i n g s ,  a i r  

f i l t e r s ,  r a d i a t i o n  monitoring and alarm equipment, e t c .  This i s  

probably t h e  most complete and up-to-date manual of  i t s  kind and 

exemplif ies  l a b o r a t o r y  p r a c t i c e  of q u a l i t y  assurance s tandards.  

C e l l  G,  which w a s  used f o r  t h e  233 U F L + - ~ L ~ F  (MSFE) f u e l  p repa ra t ion ,  

became contaminated; it w a s  cleaned and decontaminated a f t e r  t h e  

product w a s  removed from t h e  c e l l .  

w a s  s t o r e d  i n  Hole N of t h e  Building 3019 s torage f a c i l i t y .  The c e l l  

w a s  cleaned t o  prepare f o r  i n s t a l l a t i o n  of  equipment f o r  i s o l a t i n g  

i s o t o p i c a l l y  pure 248Cm a f t e r  s epa ra t ing  it from t h e  2 5 2 C f  precursor .  

The c e l l  w a s  cleaned i n  t h r e e  phases and according to d e t a i l e d  w r i t t e n  

procedures.  Successful  completion o f  t h e  work without spread of 

contamination ou t s ide  t h e  h i g h l y  contaminated c e l l  i s  an example of 

t h e  e f f e c t i v e n e s s  of  w r i t t e n  ope ra t ion  procedures f o r  such work. 

233U 

A l l  excess LiF-27 mole $ 233UFL,  

C e l l  G w a s  smeared i n  January 1970 t o  measure t h e  t r a n s f e r a b l e  

r a d i o a c t i v i t y  p re sen t  on t h e  i n t e r n a l  su r f aces .  The smears ranged 

from 40 t o  500 dis/min and averaged about 300 dis/min, which i s  i n  

good agreement w i t h  e a r l i e r  smear r e s u l t s .  There were a few smears 

i n  t h e  1000-to-9999 dis/min range and on ly  two h ighe r  a t  12,600 and 

'J. W. Anderson, S. E .  Bol t ,  and J. M. Chandler, S a f e t y  Analysis 
f o r  t h e  Thorium-Uranium Recycle F a c i l i t y ,  OIWL-4278 (May 1969).  
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23,500 dis/min. The higher  smears were on t h e  edge of  a window t h a t  

had been r e loca ted  i n  t h e  c e l l ;  t h i s  ope ra t ion  undoubtedly dislodged 

some contamination t h a t  w a s  hidden i n  a r e a s  not reached when we cleaned 

t h e  c e l l .  

These low l e v e l s  of contamination i n  c e l l  G allowed d i r e c t  r a t h e r  t h a n  

remote i n s t a l l a t i o n  of  equipment f o r  248Cm production, saving a t  l e a s t  

$10,000. The c l e a n l i n e s s  a l s o  precludes t h e  contamination of  t h e  pure 

transuranium products t o  be prepared i n  t h e  c e l l .  

A t  one t i m e  t h e  c e l l  G su r f aces  smeared as much as l o 6  dis/min. 

A 2-mg source of  2 5 2 C f  w a s  used t o  examine t h e  c e l l  G neutron 

sh ie ld ing  a b i l i t y  because t h e  5 .5 - f t - th i ck  r e in fo rced  concrete  w a l l s  

were designed p r i m a r i l y  t o  s h i e l d  from gamma r a d i a t i o n .  N o  s i g n i f i c a n t  

i nc rease  i n  neutron or gamma r a d i a t i o n  l e v e l s  w a s  measured ou t s ide  t h e  

c e l l  when t h e  2 5 2 C f  source w a s  i n s i d e  t h e  c e l l .  

two a r e a s  ou t s ide  t h e  c e l l  t h a t  we may use as reference p o i n t s  when a 

l a r g e r  mass of 2 5 2 C f  i s  p re sen t .  

c e l l  G from TRU and then  shipping t h e  source o f f  s i t e ,  we used our 

w r i t t e n  o p e r a t i o n a l  procedures and found them adequate. 

shielded c a r r i e r  w a s  used i n  t h e s e  t e s t s .  We a l s o  recorded r a d i a t i o n  

l e v e l s  i n s i d e  t h e  c e l l  and recorded t h e  amount of r a d i a t i o n  detected 

a t  t h e  s t a i n l e s s  s t e e l  pan i n  t h e  roof hatch f o r  use as reference when 

it i s  necessary t o  remove t h e  s h i e l d  blocks from t h e  hatch.  

However, we d id  l o c a t e  

I n  d e l i v e r i n g  t h e  2 5 2 C f  source t o  

The "Cannon-Ball" 

The f i r s t  batch of 2 5 2 C f  w a s  processed, and t h e  i n i t i a l  248Cm 

product containing 320 pg w a s  i s o l a t e d  i n  March 1970. 

The e f f o r t s  t o  place t h e  i n - c e l l  C02 f i r e  p r o t e c t i o n  system i n  

cond i t ion  f o r  acceptance t e s t  b y  t h e  Factory Mutual Company continued. 

This i s  a r a t h e r  extensive job, r equ i r ing  modif icat ion t o  t h e  C 0 2  

p iping,  t o  some s t r u c t u r a l  p a r t s  i n  c e l l  A ,  and t o  t h e  v e n t i l a t i o n  c o n t r o l  

system of c e l l s  A and E. The f i r e  p r o t e c t i o n  system i s  unique i n  t h a t  

gaseous r a t h e r  t han  l i q u i d  C02 i s  suppl ied t o  t h e  c e l l  on f i r e .  This 

type system p laces  added burden on t h e  c e l l  v e n t i l a t i o n  flow and 

pressure c o n t r o l  equipment. 

The i n - c e l l  f i r e  p r o t e c t i o n  system w a s  t e s t e d  using a redesigned 

master carbon dioxide flow valve.  This valve has a Teflon-to-metal 

s e a t ,  which i s  an i n t e r f e r e n c e  f i t  of Teflon between two s t e e l  surfaces .  
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It provides  t h e  d e s i r e d  c h a r a c t e r i s t i c  of t i g h t  shutoff  of C 0 2  gas  

a f t e r  having served p e r i o d i c a l l y  as a quick-opening valve.  We learned 

from s e v e r a l  y e a r s '  e f f o r t  spent  i n  t e s t i n g  va lves  designed f o r  t h i s  

C02 s e r v i c e  t h a t  such s e r v i c e  i s  v e r y  demanding on an automatic valve 

and i s  d i f f i c u l t  t o  a t t a i n .  

Once we had a r e l i a b l e  master C 0 2  c o n t r o l  valve we tu rned  our  

a t t e n t i o n  and e f f o r t s  t o  t h e  t e s t i n g  and p e r f e c t i o n  of t h e  remainder 

of t h e  i n - c e l l  C02 f i r e  p r o t e c t i o n  system. The p i l o t  contro.1 valve 

system p ip ing  w a s  cleaned of d e b r i s ,  and f i l t e r s  were i n s t a l l e d  i n  t h e  

l i n e s  t o  p r o t e c t  c l o s e l y  f i t t i n g  p a r t s  of t h e  p i l o t  c o n t r o l  va lves  and 

t h e  s e l e c t o r  valves .  We a l s o  modified t h e  p i l o t  c o n t r o l  va lves  t o  

prevent " f l o a t i n g , "  which r e s u l t s  i n  f a i l u r e  t o  open t h e  s e l e c t o r  valves .  

This modif icat ion made r e l i a b l e  t h e  d e l i v e r y  of C 0 2  t o  t h e  c e l l s  when 

a f i r e  alarm sounds. We t h e n  changed t h e  c e l l  v e n t i l a t i o n  system t o  

accommodate t h e  r a p i d  flow of C02 gas i n t o  t h e  c e l l s  without over- 

p r e s s u r i z a t i o n  of t h e  c e l l s  and a s s o c i a t e d  a i r  handl ing system. These 

changes included t h e  i n s t a l l a t i o n  of an automatic valve i n  t h e  v e n t i -  

l a t i o n  duct  between c e l l s  A and E and changes i n  t h e  in s t rumen ta t ion  

of t h e  v e n t i l a t i o n  systems of  c e l l s  A ,  6, E,  and F and of t h e  atmospheric 

r e l i e f  valve i n  t h e  main off-gas  l i n e .  

The above a l t e r a t i o n s  t o  t h e  c e l l  C 0 2  f i r e  p r o t e c t i o n  system were 

made a f t e r  a n  unsuccessful  attempt i n  September 1969 t o  g e t  acceptance 

f o r  p r e f e r r e d  r i s k  p r o t e c t i o n  w i t h  a r e p r e s e n t a t i v e  of Fac to ry  Mutual 

Insurance Company p resen t  f o r  t h e  t e s t i n g .  Recent t e s t s  of t h e  c e l l  

f i r e  p r o t e c t i o n  system have been s u c c e s s f u l  and we p lan  t o  p re sen t  o u r  

d a t a  t o  Fac to ry  Mutual f o r  t h e i r  cons ide ra t ion  of acceptance.  

along wi th  on - s i t e  spot  checks of t h e  TURF C02 f i r e  p r o t e c t i o n  system, 

w i l l  be used as t h e  b a s i s  f o r  acceptance f o r  p r e f e r r e d  r i s k  p r o t e c t i o n  

by Factory Mutual. 

Our d a t a ,  

We maintained t h e  TURF equipment i n  o p e r a t i o n a l  r ead iness  i n  

support  of t h e  h e a v i l y  shielded c e l l  bank designed f o r  t h e  remote mainte- 

nance and ope ra t ion  of t h e  i n - c e l l  process  equipment. To do t h i s  

we a l t e r e d  o r  replaced some f a u l t y  e l e c t r i c a l  motors, r ev i sed  some 

v e n t i l a t i o n  c o n t r o l  instrumentat ion,  and added some equipment t o  b e t t e r  
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fit t h e  expected needs. A l l  changes were based on t h e  r e s u l t s  of 

t e s t s  made of t h e  e x i s t i n g  equipment p ieces ,  i n d i v i d u a l l y  o r  i n  func t iona l  

groups. For example, t h e  d i e s e l - e l e c t r i c  emergency power genera tor  f u e l  

system w a s  replaced.  

C e l l  B o u t l e t  f i l t e r s  were replaced t o  permit a t e s t  of a " M I C R E T A I N ' '  

f i l t e r  of t he  same q u a l i t y  a s ,  but  l e s s  c o s t l y  than ,  t h e  f i l t e r s  o r i g i n a l l y  

i n s t a l l e d .  One MICRETAIN f i l t e r  was i n s t a l l e d  i n  c e l l  B ad jacent  t o  

two Cambridge Company f i l t e r s  of t he  o r i g i n a l  type so performance could 

be compared under the  same serv ice  condi t ions .  

The f i l t e r s  t h a t  were removed from c e l l  E a f t e r  about 1 year se rv ice  

contained a t o t a l  of 14.8 lb of d i r t ,  about 5 l b  per  f i l t e r .  There w a s  

no evidence of a decrease i n  t h e  e f f ec t iveness  of t hese  f i l t e r s ,  but  

t h e r e  was a 10% increase i n  pressure drop across  the  d i r t y  f i l t e r s .  

One a rea  of t h e  TURF Building 7930, t h e  c e l l  G pump room, was 

a l t e r e d  t o  provide work space and off-gas  and waste handling equipment 

f o r  a glove box i n s t a l l a t i o n  t h e r e .  

The Pyrex g l a s s  Raschig r i n g  monitoring s t r i n g  i n  t h e  waste t ank  

C-6-T was removed f o r  annual inspec t ion .  We saw no d e t e r i o r a t i o n  of t h e  

g l a s s  r ings  from one y e a r ' s  exposure t o  var ious ac id  and bas i c  so lu t ions  

and no evidence of breakage. However, redesign of t h e  method f o r  

removal of t h e  monitoring s t r i n g s  i s  necessary i f  t h e y  a re  t o  be removed 

s a f e l y  a f t e r  becoming h igh ly  contaminated. This w a s  done and t h e  new 

withdrawal system was i n s t a l l e d .  We w i l l  demonstrate i t s  e f f ec t iveness  

when we next check s a f e t y  of t he  r i n g s .  

Approval was received t o  wire emergency power t o  the  300 f t3 /min  

(STP) a i r  compressor. 

supply each o the r  w i t h  compressed a i r  during an emergency. 

This change w i l l  enable t h e  TURF and TRU t o  



3 .  SOL-GEL PROCESS DEVELOPMENT 

W .  D. Bond P. A. Haas 

The s o l - g e l  process development s t u d i e s  have been concerned primar- 

i l y  wi th  t h e  p repa ra t ion  of  t h o r i a ,  u ran ia ,  and p l u t o n i a  (and t h e i r  

b i n a r y  mix tu res ) ,  al though many o t h e r  oxide sols have a l s o  been prepared 

i n  l a b o r a t o r y  s t u d i e s .  A primary c u r r e n t  o b j e c t i v e  i s  t o  develop pro- 

cedures and equipment u s e f u l  f o r  remotely operated f u e l  p repa ra t ion  i n  

t h e  Thorium-Uranium Recycle F a c i l i t y  (TURF). 

Last y e a r ,  we demonstrated on an engineer ing s c a l e  t h e  s o l - g e l  

process f o r  preparing ThOz-UO2 microspheres by  preparing 120 kg of 

spheres while  ope ra t ing  process equipment a t  10 &/day. Engineering 

development o f  t h e  CUSP U 0 2  s o l  process w a s  begun, and approximately 

230 kg of  U 0 2  sol w a s  prepared. Fu r the r  development work w a s  c a r r i e d  

out on g e l  sphere forming development and included t h e  following t o p i c s :  

s t u d i e s  of  v a r i a b l e s  by f a c t o r i a l  experiments, r ecyc le  of 2-ethyl- l -  

hexanol ( 2 E H ) ,  sphere p repa ra t ion  from CUSP U 0 2  sols, development of 

f lu id i zed -bed  columns, p repa ra t ion  of small (< 200-pm-diam) spheres i n  

nonf lu id i zed  columns, and p repa ra t ion  of  t e s t  ma te r i a l s  f o r  r e c y c l e  

t e s t  elements ( R T E ' S ) .  

Demonstration of t h e  Engineering-Scale 
Production of ThO7-UO7 Microspheres 

P. A. Haas B. C.  Finney 

The p resen t  emphasis i s  on demonstration of  t h e  procedures and 

equipment t o  be used i n  t h e  TURF. The r e fe rence  m a t e r i a l  i s  300- t o  

500-pm-diam ThO2-UO2 microspheres w i t h  a thorium-to-uranium atom r a t i o  

of 4.25, as r equ i r ed  f o r  one HTGR r ecyc le  f u e l  composition. The T h 0 2 - U 0 3  

s o l  w a s  prepared by  amine so lven t  e x t r a c t i o n  and w a s  converted i n t o  oxj-de 

microspheres i n  equipment having a design capac i ty  of 10 %/day. The 

process flowsheets were demonstrated during per iods of ope ra t ion  l e s s  

t han  8 h r .  Continuous operat ion f o r  more than  100 h r  w a s  undertaken 
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(1) t o  determine t h e  r e l i a b i l i t y  and behavior of both t h e  processes and 

equipment f o r  extended ope ra t ing  per iods,  (2) t o  adapt t h e  equipment t o  

remote ope ra t ion ,  and (3) t o  provide ThO;!-UO7 microspheres f o r  f a b r i c a -  

t i o n  and reprocessing s t u d i e s .  This demonstration is  r epor t ed  i n  

d e t a i l '  and i s  summarized below. 

Pre-Paration of  Th09-UO-, S o l b v  Amine Solvent Ex t rac t ion  

The engineering-scale amine solvent  e x t r a c t i o n  equipment descr ibed 

previously7 w a s  operated continuously for 10 days t o  produce s o l  con- 

t a i n i n g  about 120 kg of ThO2-19$ U03 and t o  demonstrate t h e  f e a s i b i l i t y  

and consis tency of operat ion of t h e  amine solvent  e x t r a c t i o n  process.  

The thorium-to-uranium atom r a t i o  of 4.25 i s  r e p r e s e n t a t i v e  of t h e  Gulf 

General Atomic (PSC) r e fe rence  recycle  f u e l ;  however, s l i g h t l y  dep le t ed  

uranium w a s  used i n  p l ace  of  t h e  233U. 

The Tho7-U03 sols were produced by e x t r a c t i o n  of t h e  n i t r a t e  from 

Th(NO3)4-U02(N03)2 c0.3 - M i n  (Th + U ) ,  1 .37  - M i n  NO3-] f eed  wi th  35% 

excess 0.75 - M Amberlite LA-2 (a secondary amine) i n  - n-parraf in .  

n i t r a t e  e x t r a c t i o n  s t ages  and two amine r egene ra t ion  s t ages  - a water 

scrub followed by a carbonate scrub - were used. The water  scrub w a s  

combined wi th  t h e  n i t r a t e  feed,  and t h e  carbonate scrub w a s  rou ted  t o  

waste.  We used t h e  countercurrent  flowsheet i n  which f r e s h  amine e n t e r s  

t h e  t h i r d  n i t r a t e  e x t r a c t i o n  s t a g e  and t h e  n i t r a t e  f eed  e n t e r s  t h e  f i r s t  

s t a g e ;  however, t h e  l i q u i d  f l o w  i n  t h e  s i x  conpartments of each e x t r a c t o r  

i s  cocurrent ,  w i t h  t h e  aqueous and organic  streams e n t e r i n g  a t  t h e  t o p  

and l eav ing  a t  t h e  bottom. The aqueous phase w a s  d iges t ed  a t  approxi- 

mately 100°C f o r  30 min between t h e  f irst  and second e x t r a c t o r s  t o  

promote c r y s t a l l i t e  formation and, concomitantly, t o  r e l e a s e  a d d i t i o n a l  

n i t r a t e  f o r  e x t r a c t i o n .  The d i l u t e  s o l  ( fo r ty - th ree  3 3 . 2 - l i t e r  b a t c h e s ) ,  

which w a s  about 0.315 - M i n  (Th + U) and had 0.12 mole NO3 

Three 

- 
per  gram-atom 

IC. C. H a w s ,  B. C.  Finney, and W. D. Bond, Engineering-Scale Demon- 
s t r a t i o n  o f  t h e  Sol-Gel Process:  Preparat ion of 100 kg of Th02-U02 
Microspheres a t  a Rate of 10 &/day, ORNL4544, i n  p re s s .  

2B. C. Finney and A. D. won,  S t a t u s  and Progress Report f o r  Thorium 
Fuel  Cycle Development 1967-1968, ORNL4429, pp. 22-30. 
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t o t a l  metal, w a s  concentrated i n  t h e  fo rced -c i r cu la t ion  v e r t i c a l - t u b e  

evaporator2 t o  1 .64  - M (Th + U )  and then  used t o  form 300- t o  500-pm- 

diam microspheres. 

Analyses of p e r i o d i c  samples showed ve ry  l i t t l e  f l u c t u a t i o n  i n  t h e  

flowing streams during t h e  run, and t h e  equipment operated ve ry  satis-  

f a c t o r i l y  w i t h  no i n t e r r u p t i o n s  during t h e  e n t i r e  run. The o v e r a l l  

m a t e r i a l  balances ( see  Table 3.1) f o r  (Th + U )  were 100.2 and 100.4% 

f o r  t h e  so lven t  e x t r a c t i o n  equipment and t h e  evaporator ,  r e s p e c t i v e l y .  

Overal l  heavy metal  l o s s e s  were 0.04% t o  t h e  carbonate waste s t ream and. 

1 t o  5 ppm t o  t h e  condensate during evaporation of  t h e  sol; %he s o l  

product e n t r a i n e d  approximately 0.02 v o l  % of t h e  organic .  

Table 3.1. Overa l l  Ma te r i a l  Balances f o r  Ten-Day Continuous Operation 
of Amine Solvent Ex t rac t  ion Equipment Producing Approximately 

120 kg O f  ThO2--19$ UO3 Sol 

S o l  Preparat ion by  Solvent Extraction" 

Enter ing system: 

Di lu t e  f eed  465.3 
Leaving system: 

5 l i t e r s  leaking out pump s e a l  1.90 
50 l i t e r s  remaining i n  feed t a n k  at conclusion 18.15 
of run 

S o l  product ,  f o r t y - t h r e e  3 3 . 2 - l i t e r  batches L+43.46 
4 .6  l i t e r s  i n  s o l  product drum at  conclusion 1.43 

2.15 l i t e r s  of  samples 0.70 

Carbonate scrub (waste) 0.20 

Overa l l  m a t e r i a l  balance 100.2% 

of run 

1.1% l i t e r s  of sample purges 0.32 

TOTAL 466.2 

Sol Concentration by Forced-Circulation Evaporation" 

Enter ing system: 

Di lu t e  sol f eed ,  f o r t y - t h r e e  3 3 . 2 - l i t e r  batches 443.46 

Leaving system: 

Concentrated s o l  product ,  f o r t y - t h r e e  approximately [+45.2 
6 . 4 - l i t e r  batches 

Overall material balance 100.4% 
~~ ~- 

a 
A l l  values  except m a t e r i a l  balances a r e  given i n  g-mole (7% + U ) .  
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Operation and Resul ts  i n  t h e  Microsphere Preparat ion P i l o t  Plant  

. 
An extended ope ra t ing  t e s t  of t h e  microsphere p repa ra t ion  p i l o t  

The prime o b j e c t i v e  w a s  t o  demon- p l a n t  w a s  s u c c e s s f u l l y  completed. 

s t r a t e  continuous operat ion of t h e  microsphere forming column. We 

expected t o  be  concerned p r i n c i p a l l y  wi th  problems r e l a t e d  t o  long-term 

s u r f a c t a n t  c o n t r o l  and bui ldup of s u r f a c t a n t  degradation products i n  

t h e  column c i r c u i t .  P a r t i c l e  s p h e r i c i t y ,  c l u s t e r  formation, and s t i c k i n g  

t o  w a l l s  of t h e  column were known t o  be a f f e c t e d  by  t h e s e  two f a c t o r s .  

Drying and ca l c in ing  operat ions were t o  be r e a l i s t i c a l l y  conducted i n  

conjunction wi th  t h e  column study;  however, being ba tch  operat ions t h e y  

could be conveniently s t u d i e d  s e p a r a t e l y ,  i f  necessary.  

For operat ion t o  be considered s a t i s f a c t o r y ,  microspheres r e s u l t i n g  

from t h e  column and subsequent operat ions had t o  meet s p e c i f i c a t i o n s  

e s t a b l i s h e d  before  t h e  f i r s t  campaign s t a r t e d .  These were : 

1. p a r t i c l e  s i z e ,  350 k 100 pm; 

2. thorium-to-uranium r a t i o ,  4.25; 
3. permissible  contaminant l e v e l s ,  10 ppm B equ iva len t ,  < 600 ppm Fe; 

4. rour,dness, 2 98% w i t h  r a t i o  of extreme diameters 5 1.10; 

5. oxygen-to-uranium r a t i o ,  < 2.03; 

6. 

17. 
8. 
No previous d a t a  on o t h e r  p a r t i c l e  p r o p e r t i e s  a r e  a v a i l a b l e ,  s o  no 

s p e c i f i c a t i o n  can be given a t  t h i s  t ime. 

gas r e l e a s e ,  0.3 cm3/g t o  1200°C; 

p a r t i c l e  dens i ty ,  > 95% of t h e o r e t i c a l ;  

carbon content ,  < 500 ppm. 

A ten-day run w a s  planned a t  a nominal 10  kg/day ra te ,  bu t  r ecu r r ing  

temperature excursions i n  t h e  d rye r s  forced t e rmina t ion  of t h e  t e s t .  

Thus, t h e  run w a s  broken i n t o  two per iods of  approximately f i v e  days 

each, r e f e r r e d  t o  h e r e i n  as t h e  f i r s t  and second campaigns. 

The F i r s t  Campaign. - The operat ion of t h e  column w a s  g r a t i f y i n g l y  

s u c c e s s f u l  during t h e  f irst  campaign. We processed 73 kg of  oxide i n t o  

beads during t h e  period. Su r fac t an t  w a s  added a t  t h e  s ta r t  of  t h e  oper- 

a t i o n  t o  0 . 1  vol  $ f o r  both Span 80 and Ethomeen S/15. 

minor ex ten t  w a s  observed early i n  t h e  run. 

C lus t e r ing  t o  a 

Span 80 w a s  added p e r i o d i c a l l y  
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over t h e  f irst  36 h r  of  ope ra t ion  t o  prevent c l u s t e r i n g .  A t o t a l  of 

0 .5  v o l  $ w a s  added up t o  t h i s  po in t .  C lus t e r ing  w a s  t hen  e f f e c t i v e l y  

e l imina ted  throughout t h e  r e s t  of  t h e  campaign by r e g u l a r  a d d i t i o n s  a t  

t h e  rate of 25 cm3/hr. 

0.15 v o l  $ a f t e r  6 h r  of operat ion.  

t i o n )  t h e  Span 80 a d d i t i o n s  t o t a l e d  1 . 5  v o l  % and t h e  Ethomeen S/15 

add i t ions  reached 0.25 v o l  %. 
t h e  column w a s  under sat i s f a c t o r y  c o n t r o l  throughout t h e  e n t i r e  ope ra t ing  

per iod.  C lus t e r ing  w a s  never s eve re  enough t o  be a concern. Visual  

examination showed t h a t  t h e  beads leaving t h e  column were of s a t i s f a c t o r y  

q u a l i t y  throughout t h e  campaign. 

The Ethomeen S/15 concentrat ion w a s  r a i s e d  t o  

A t  campaign's end (113 h r  of opera- 

N o  o t h e r  problems were encountered, and 

The d rye r s ,  which had been adequate f o r  t h o r i a  microsphere produc- 

t i o n  i n  previous work, were simply inoperable  wi th  t h e  20-kg batches of 

mixed oxide microspheres. Temperature excursions r epea ted ly  ru ined  t h e  

product. Lusses ranged from 100% i n  t h e  f i r s t  ba t ch  t o  50% i n  t h e  l as t  

batch.  Excursions had occurred i n  5-kg batches of mixed oxide beads 

prepared i n  t h e s e  dryers  i n  e a r l i e r  s cou t ing  runs;  however, bead break- 

age never exceeded 10%. The l a r g e r  ba t ch  s i z e  (20 kg) presented a 

problem of  d i f f e r e n t  magnitude. These l a r g e r  ba t ches  l i b e r a t e d  more 

heat,  and t h e  inc reased  amount of h e a t  w a s  more d i f f i c u l t  t o  t r a n s f e r  

t o  t h e  dryer w a l l  and remove because of t h e  i n s u l a t i n g  e f f e c t  of  t h e  

microspheres themselves.  Temperatures would jump from t h e  1GO-to-150" C 

range t o  300 t o  350°C i n  3 t o  4 min. Such a r a p i d  temperature r i s e  

simply pu lve r i zed  t h e  product.  

It w a s  obvious from a s tudy  of t h e  design of t h e  d rye r s  t h a t  tem- 

p e r a t u r e  i n d i c a t i o n  and c o n t r o l  were inadequate t o  cope w i t h  t h e  excur- 

s i o n  problem. Control  thermocouples were l o c a t e d  adjacent  t c  t h e  

e l e c t r i c a l  h e a t i n g  element, ou t s ide  t h e  dryer s h e l l .  These c o n t r o l  

thermocouple readings were use l e s s  because t h e y  r ep resen ted  t h e  tempera- 

t u r e  of t h e  o u t e r  dryer  s h e l l  s u r f a c e ,  which had t o  be h e l d  a t  150°C t o  

g e t  t h e  beads up t o  t h e  d e s i r e d  105 t o  120°C. Other thermocouples were 

welded t o  t h e  s h e l l  of t h e  d rye r  spaced halfway between h e a t i n g  elements. 

Reading at t h e s e  p o i n t s  lagged t o o  much t o  be of much he lp ,  although 

t h e y  gave i n d i c a t i o n  of excursions.  Obviously hea t  d i s t r i b u t i o n  w a s  
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poor. Hot s p o t s  were occurr ing d i r e c t l y  under t h e  h e a t e r s ,  and t h e s e  

loca t ions  were t he  i n i t i a t i n g  p o i n t s  of t h e  excursions.  Areas only a 

few inches away remained r e l a t i v e l y  cold. This condi t ion w a s  t h e  r e s u l t  

of  t h e  dryer  s h e l l  being t o o  t h i n  (1/16 i n . ) .  

Another severe problem occurred i n  handl ing t h e  dryer  product a f t e r  

an excursion. The excursion l e f t  t h e  beads wi th  an a c t i v e  su r face  and 

i n  a p a r t i a l l y  reduced s t a t e .  

t h e  h e a t  of t h i s  r e a c t i o n  caused them t o  glow r e d  while  t h e y  w e r e  being 

loaded i n t o  t h e  c a l c i n e r  c ruc ib l e s .  This r e a c t i o n  i s  not observed i n  

beads t h a t  have not undergone a temperature excursion. Enclosures 

blanketed w i t h  i n e r t  gas would have been r e q u i r e d  f o r  handl ing t h e  

reduced oxide spheres w i t h  safety. Such equipment could not be immedi- 

a te ly  provided. 

They oxidized when exposed t o  a i r ,  and 

We concluded t h a t  t h e  thermocouples on t h e  o ld  dryers  were improp- 

e r l y  l o c a t e d  and t o o  few and t h a t  temperature d i s t r i b u t i o n  had t o  be 

markedly improved be fo re  20-kg q u a n t i t i e s  of beads could be s u c c e s s f u l l y  

d r i e d  w i t h i n  t h e  r equ i r ed  time. A complete redesign of t h e  dryer  must 

t h e r e f o r e  be  undertaken. 

A 10-kg q u a n t i t y  of good microspheres w a s  screened f r o m t h e  last  

dryer  ba t ch  and f i r e d  i n  c ruc ib l e s  i n  a muffle furnace.  The f i r e d  

microspheres were then  evaluated with t h e  following r e s u l t s :  

1. 

2. 

3. 

95% of t h e  p a r t i c l e s  were s p h e r i c a l ;  

t h e  mean p a r t i c l e  s i z e  w a s  342 pm (D = 25); 

i n  a f r a n g i b i l i t y  t e s t  l e s s  t han  1% of t h e  p a r t i c l e s  were chipped or 
broken j 

4 .  t h e  oxygen-to-uranium r a t i o  ranged from 2.03 f o r  beads taken from 

t h e  t o p  l a y e r  of  t h e  c r u c i b l e s  t o  2.07 f o r  beads from t h e  bottom. 

These r e s u l t s  were not s a t i s f a c t o r y ,  i n d i c a t i n g  t h e  d i f f i c u l t y  of 

reducing t h e  uranium i n  deep beds of  microspheres. A b e t t e r  gas- 

s o l i d  contact ing arrangement during c a l c i n a t i o n  w a s  needed. Thus 

t h e  microspheres t h a t  survived t h e  drying were of good q u a l i t y ,  

bu t  t h e  temperature excursion problem overshadowed t h e  whole 

ope r a t i o n .  

Revisions t o  t h e  Equipment. - A n  assessment of  t h e  r e s u l t s  of t h e  

f i r s t  campaign l e d  t o  t h r e e  changes be fo re  t h e  s ta r t  of t h e  second 
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campaign. 

c h a r a c t e r i s t i c s  and instrumentat ion w a s  i n s t a l l e d .  (2 )  A c a l c i n e r  

based upon t h e  concept u l t i m a t e l y  planned f o r  t h e  Thorium-Uranium 

Recycle F a c i l i t y  w a s  provided. This c a l c i n e r  would provide much b e t t e r  

gas - so l id  con tac t  f o r  uranium reduct ion.  (3) Equipment pe rmi t t i ng  con- 

t i nuous  2EH cleanup by purging s u r f a c t a n t  degradat ion and o t h e r  waste 

products from t h e  column c i r c u i t  w a s  i n s t a l l e d .  

(1) A dryer  w i t h  considerably improved h e a t  t r a n s f e r  

Improved Dryer. - The f e a t u r e s  of t h e  new d rye r  design are descr ibed 

below. S i m i l a r i t i e s  t o  and d i f f e r e n c e s  from t h e  o l d  design a r e  noted. 

1. The new d rye r  (Fig.  3.1) w a s  b u i l t  of &in.  sched 80 p ipe ,  as 

compared w i t h  sched 10 p ipe  i n  t h e  e a r l i e r  model. The th i ckness  of t h e  

c o n i c a l  bottom w a s  increased from 1/16 t o  3/8 i n .  

t h i ckness  were made t o  improve heat d i s t r i b u t i o n  p e r i p h e r a l l y  and 

l o n g i t u d i n a l l y .  

These inc reases  i n  

2. Heat-conducting, i n t e r n a l  f i n s  were t h e  same i n  bo th  models. 

3. A 318-in. t u b e  w a s  cont inuously welded t o  t h e  o u t e r  s u r f a c e  of 

t h e  dryer s h e l l  i n  bo th  models. 

t o  t h i s  c o i l .  With t h i s  f e a t u r e  we a r e  a b l e  t o  quench an excursion 

w i t h i n  t h e  dryer .  

Coolants (a i r  and water) were connected 

4. Tubular e l e c t r i c a l  h e a t e r s  were wound i n  a h e l i c a l  p a t t e r n  

around t h e  ou t s ide  of t h e  coolant  tube.  Metal-to-metal con tac t  between 

t h e  h e a t e r s  and t h e  s h e l l  w a s  t h u s  avoided s i n c e  t h e  h e a t e r s  had only 

po in t  con tac t  w i t h  t h e  o u t e r  w a l l  of t h e  cool ing c o i l .  The r e s u l t i n g  

poor h e a t  t r a n s f e r  from h e a t e r  t o  s h e l l  prevented hot  s p o t s  and permit ted 

heat absorbed by t h e  s h e l l  t o  be  t r a n s m i t t e d  uniformly. 

models, f l a t  h e a t i n g  elements were t a c k  welded ou t s ide  t h e  s h e l l  at t h e  

base  of each hea t ing  f i n .  This l o c a l i z e d  hea t  source and direct  contact  

between h e a t e r s  and s h e l l  l e d  t o  t h e  hot  s p o t s  a t  t h e  base of t h e  f i n s  

r e spons ib l e  for poor d rye r  ope ra t ion  i n  t h e  f i r s t  campaign. 

In  t h e  o l d e r  

5. I n  t h e  new dryer, f o u r  a d d i t i o n a l  t u b u l a r  h e a t e r s  were instalzted 

i n  w e l l s  extending down from t h e  cover p l a t e  ( see  Fig.  3 . 1 ) .  These weI!ls 

a r e  l o c a t e d  i n  each of t h e  areas bounded by t h e  i n n e r  dryer wall and t h e  

hea t  conducting f i n s .  The w e l l s  extend t o  w i t h i n  0 .5  i n .  of t h e  bottom 

of t h e  dryer .  Heat can be supp l i ed  from them t o  t h e  v e r y  c e n t e r  of 

t h e s e  l a r g e  bed volumes, p rev ious ly  remote from any h e a t  source.  

. 
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O R N L  D W G  69-12117R 

- c  

MICROSPHERES 
OUT 

GASES AND CONDENSABLE MATERIALS 
OUT 

Fig. 3.1. I n t e r n a l  Arrangement of t h e  Improved Microsphere Dryer 
Used i n  t h e  Second Campaign. 

6. Thermocouples were welded d i r e c t l y  t o  t h e  dryer  s h e l l  and one 

of t h e  t u b u l a r  h e a t e r  w e l l s  t o  improve response. 

a l s o  obtained fromthermocouples loca t ed  a t  t h e  c e n t e r  of t h e  bed, on 

t h e  inne r  w a l l  of t h e  dryer ,  and i n  t h e  corner between one of t h e  hea t ing  

f i n s  and t h e  inne r  w a l l  of t h e  d rye r .  

Bed temperatures were 

We decided t o  b u i l d  only one new dryer  and t o  provide an o f f - l i n e  

s e t t l i n g  t a n k  t o  c o l l e c t  t h e  microspheres wh i l e  t h e  f i r s t  ba t ch  w a s  
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being d r i ed .  A t  t h e  completion of t h e  f i r s t  drying cyc le ,  t h e  beads i n  

t h e  s e t t l i n g  t a n k  could be  r a p i d l y  t r a n s f e r r e d  b y  vacuum i n t o  t h e  dryey 

and t h e  cyc le  repeated.  Uninterrupted ope ra t ion  could thus  be s imulated 

by cont inuing t o  c o l l e c t  beads i n  t h e  s e t t l i n g  tank.  This scheme w a s  

s u c c e s s f u l  and should be  considered f o r  remote ope ra t ion  t o  avoid a 

second, expensive dryer  i n s t a l l a t i o n .  

2EH Cleanup System. - A  constant  purge system w a s  arranged f o r  

pumping f r e s h  2EH i n t o  t h e  column c i r c u i t .  An overflow we i r  allowed 

excess 3EH t o  f l o w  out of t h e  system a t  a r a t e  equa l  t o  t h e  inpu t .  The 

2EH e n t e r i n g  t h e  system contained t h e  necessary s u r f a c t a n t s  i n  concen- 

t r a t i o n  equa l  t o  t h a t  a l r e a d y  p resen t  i n  t h e  column c i r c u i t .  The waste 

leaving t h e  system contained s u r f a c t a n t s  and accumulated w a s t e  products.  

A purge r a t e  of 10 l i t e r s / h r  w a s  s e l e c t e d  s i n c e  t h i s  r a t e  woiild permit 

i m p u r i t i e s  t o  accumulate t o  95% of t h e i r  equ i l ib r ium value i n  t h r e e  days. 

This w a s  an adequate and p r a c t i c a l  r a t e  s i n c e  we had a l r e a d y  demonstrated 

a f ive-day ope ra t ion  i n  t h e  f i r s t  campaign w i t h  no removal of s u r f a c t a n t s  

or degradation products .  Space and handl ing problems prevented continuous 

use of t h e  equipment, but  it w a s  operated enough t o  show conc lus ive ly  

t h a t  it would work. 

Sphere Calciner .  - A  c a l c i n e r  w a s  obtained by r e v i s i n g  a furnace 

already on hand. A h igh -pur i ty  alumina f lask w a s  bought and b u i l t  i n t o  

t h i s  furnace as shown i n  Fig. 3 . 2 .  This apparatus  i s  not  considered t o  

be t r u l y  p r o t o t y p i c a l  of what w i l l  be i n s t a l l e d  i n  TURF b u t  i s  u s e f u l  

i n  t e s t i n g  t h e  concept. 

The c a l c i n e r  o p e r a t i o n a l  concept and design assumptions were t h a t  

(1) d r i e d  microspheres would be loaded by g r a v i t y  from a s t o r a g e  vesse l  

i n t o  the  alumina flask permanently l o c a t e d  i n s i d e  a furnace;  ( 2 )  a i r  t o  

burn o f f  r e s i d u a l  organics  during hea t ing  t o  1150°C and A d $  H2 f o r  

reducing t h e  U 3 O p  t o  U 0 2  during holding a t  1150°C f o r  4 h r  would be 

introduced through a tube extending t o  t h e  bottom of  t h e  bed of  beads; 

and (3) a t  t h e  completion of r educ t ion  t h e  beads would be  cooled under 

argon and pneumatical ly  t r a n s f e r r e d  t o  a s to rage  con ta ine r .  I n t e r p a r -  

t i c l e  s i n t e r i n g ,  even i n  a bed of t h i s  depth,  w a s  not expected t o  be 

severe enough t o  impede t h e  vacuum transfer.  Complete r educ t ion  and 
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MICROSPHERE PORT 
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PNEUMATIC-LANCE REMOVAL 

$-in.-OD BY *-in.- ID 
ACCESS TUBES 

- MICROSPHERES 

- 6  in.DIAM.Xf-ln.WALL 
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' 12 SILICON 
HEATERS 

CARBIDE RESISTANCE 

Fig. 3 .2 .  Calciner  Tested i n  Extended Operation with Mixed Oxide 
Microspheres. 

carbon e l imina t ion  (per  s p e c i f i c a t i o n s )  would be obtained as a r e s u l t  

of gas e n t e r i n g  a t  t h e  bottom of t h e  bed of  beads and r i s i n g  i n  i n t i -  

m a t e  contact  w i t h  t h e  beads. 

Operations During t h e  Second Campaign. - This campaign w a s  without 

s i g n i f i c a n t  process problems. Operating c o n t r o l  of t h e  column and 

microsphere q u a l i t y  were good. 

Three i n t e r r u p t i o n s  t o  continuous column operat ion occurred during 

t h e  per iod.  None of t h e s e  w a s  r e l a t e d  t o  any f a u l t  i n  t h e  s o l - g e l  

process.  The f i r s t  w a s  a c o n t r o l  valve f a i l u r e ,  t h e  second w a s  a com- 

p l e t e  pawer f a i l u r e  i n  t h e  bu i ld ing ,  and t h e  t h i r d  w a s  a scheduled 

shutdown f o r  changing from t h e  s p e c i f i c a t i o n  s o l  being f e d  t o  a non- 

s p e c i f i c a t i o n  s o l  used t o  f i l l  i n  t h e  remainder of t h e  planned five-day 

operat ion.  
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The c o n t r o l  of  s u r f a c t a n t  and waste product concentrat ions by 

continuous purging of t h e  column c i r c u i t  w a s  completely success fu l .  

Routine manual a d d i t i o n s  of Span 80 (equivalent  t o  25 cm3/hr) a l s o  gave 

s a t i s f a c t o r y  c o n t r o l ,  as we switched from one method t o  t h e  o t h e r  during 

t h e  t e s t .  Column c o n t r o l  w a s  e x c e l l e n t ,  p a r t i c u l a r l y  during t h e  per iods 

of  purging. 

Dryer ope ra t ion  w a s  a l s o  s a t i s f a c t o r y  f o r  t h e  second campaign. Two 

ba tches  were processed. The f i r s t  batch went smoothly, bu t  a hea t ing  

element f a i l e d  a t  t h e  end of t h e  second ba tch ,  and we w e r e  unable t o  

g ive  t h e  ba t ch  a 4-hr f i n a l  h e a t i n g  a t  210°C as we had t h e  f i r s t  batch.  

The e f f e c t  of t h i s  upon product y i e l d  w i l l  be discussed la te r .  Calciner  

ope ra t ion  went e x a c t l y  as programmed, and t h e  microspheres were removed 

pneumatically w i t h  no evidence of bead-to-bead s i n t e r i n g .  Both d rye r  

and c a l c i n e r  worked w e l l  enough t o  consider  t h e i r  performance proof t h a t  

each now r e p r e s e n t s  a demonstrated concept. 

Chemical Evaluat ion of  t h e  Product. - Chemical analyses  a r e  given 

i n  Table 3 .2 .  Tabulated values  e a s i l y  meet t h e  proposed s p e c i f i c a t i o n s .  

Table 3.2. A n a l y t i c a l  Evaluat ion of  t h e  Microsphere Product 

Oxygen-to- Surface Mercury Density Gas Release 
t o  1200°C 

Ca lc ine r  Carbon Uranium Area at 15,000 p s i  
(cm3/g) ( P P d  (m2 /g) (g/cm3 ) 

Batch R a t  i o  
- ~~ 

1 2.004 0.017 10.17 40 0.026 

2 2.010 0.005 10.19 40 0.009 

3 2.011 0.122 10.11 30 0.030 

4 2.015 0.009 10.22 40 0.019 

The oxygen-to-uranium r a t i o  of t h e  product i s  much b e t t e r  t han  t h e  

s p e c i f i e d  maximum of 2.03. The carbon content i s  a l s o  an o rde r  of 

magnitude less t h a n  t h a t  s p e c i f i e d .  The new c a l c i n e r  gave e x c e l l e n t  

gas - so l id  con tac t ;  hence, t h e  good r e s u l t s .  

The c a l c u l a t e d  surFace a r e a  f o r  358-pm-diam microspheres i s  

0.00165 m2/g. The ve ry  high value f o r  c a l c i n e r  ba t ch  3 w a s  yechecked 
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. 

and confirmed. 

between t h i s  and t h e  o t h e r  products ,  s o  we o f f e r  no explanat ion f o r  t h i s  

high value.  By Vegard's l a w  t h e  t h e o r e t i c a l  d e n s i t y  of  t h e  microspheres 

i s  10.18 g/cm3; t h u s ,  t h e  product i s  e s s e n t i a l l y  of  t h e o r e t i c a l  densi ty .  

The gas r e l e a s e  values are no g r e a t e r  t han  one-tenth t h a t  s p e c i f i e d .  

No o the r  a n a l y t i c a l  or p h y s i c a l  t e s t s  show any d i f f e r e n c e  

The s p e c i f i c a t i o n  for contaminants i n  t h e  microspheres w a s  not  met, 

bu t  w e  are not concerned about t h i s  problem. The alumina gas e n t r y  tube 

and t h e  alumina thermocouple shea th  o r i g i n a l l y  provided w i t h  t h e  c a l c i n e r  

f lask were not adequate;  t hus  s t a i n l e s s  s t e e l  p a r t s  were s u b s t i t u t e d  t o  

avoid undue delay i n  t h e  work. 

of s t a i n l e s s  s t e e l .  Hence t h e i r  prevent ion by use of alumina p a r t s  would 

allow us t o  meet t h e  s p e c i f i c a t i o n .  

The contaminants were corrosion products 

The maximum e c c e n t r i c i t y  of t h e  microspheres w a s  determined by  

measuring t h e  l a r g e s t  diameter shown b y  a p a r t i c u l a r  microsphere and 

then  t h e  sma l l e s t  diameter of t h e  same microsphere. The diameter r a t i o s  

thus  obtained a r e  summarized i n  Table 3 . 3  f o r  200 microspheres. The 

microspheres a r e  very n e a r l y  s p h e r i c a l ,  w i th  t h e  maximum e c c e n t r i c i t y  

f o r  any p a r t i c l e  being about 9 um. 
r e f l e c t  t h e  h ighe r  q u a l i t y  product obtainable .  

S p e c i f i c a t i o n s  w i l l  be upgraded t o  

Table 3.3. Summary of  Microsphere S p h e r i c i t y  
or Roundness Ratio" 

Ra t io  of  Greatest Diameter 
t o  Smallest  

Average Maximum 

Calciner  
Batch 

1 1.0076 1.0236 

2 1.0070 1.0133 

3 1.0067 1.0251 

4 1.0067 1.0257 

a All batches contained some s p h e r i c a l  
p a r t i c l e s  ( r a t i o  1.0000). 

The phys ica l  p r o p e r t i e s  of  t h e  product-grade microspheres are shown 

i n  Table 3.L. O f  t h e  microspheres charged t o  t h e  c a l c i n e r ,  86% met a l l  
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s p e c i f i c a t i o n s  f o r  f u e l  element f a b r i c a t i o n .  The o v e r a l l  process y i e l d  

(from feed  t a n k  t o  f u e l  element) w a s  84%. 

r e f l e c t s  an equipment malfunction. 

This somewhat l o w  y i e l d  

Note t h e  sharp drop i n  product y i e l d  between t h e  two dryer  batches.  

Because of a h e a t i n g  element f a i l u r e  a t  t h e  end of t h e  second dryer  

ba t ch  we could not  give t h e  second dryer  ba t ch  t h e  same hea t ing  cycle  

as we d i d  t h e  f irst  batch.  In s t ead ,  we decided t o  t r y  t o  complete t h e  

cycle  i n  t h e  ca l c ine r .  Temperature c o n t r o l  of t h e  c a l c i n e r  i s  poor at 

t h e  lower (210°C) end of t h e  temperature range and t h e  product w a s  

damaged, as shown by r e s u l t s  on samples taken be fo re  and a f t e r  processing 

t h e  l as t  two batches through t h e  c a l c i n e r .  Resul ts  show t h a t  t h e  second 

d rye r  ba t ch  d i d  indeed y i e l d  approximately t h e  same percentage of 

s p h e r i c a l  product as d i d  t h e  f i r s t ;  hence, w i th  dryer  r e p a i r  and a proper 

hea t ing  cycle  we could a c t u a l l y  expect a s i g n i f i c a n t  improvement i n  

y i e l d .  

our expected margin of e r r o r .  

A s a t i s f a c t o r y  99.5% m a t e r i a l  balance w a s  obtained w e l l  w i t h i n  

We f e e l  t h a t  t h e  following conclusions a r e  j u s t i f i e d  by t h e  descr ibed 

t e s t .  

1. The microsphere forming column and i t s  accesso r i e s  a r e  now a t  a 

s t a t e  of development pe rmi t t i ng  continuous operat ion.  Addit ional  work, 

p a r t i c u l a r l y  i n  on-line instrumentat ion,  i s  needed t o  allow f i n a l  remote 

a p p l i c a t i o n  of t h e  equipment. 

2. The dryer method, as described, i s  operable a t  a s c a l e  of 

10 %/day. 

s t a t e  of  development as the  column. 

Some a d d i t i o n a l  work i s  needed t o  b r i n g  t h e  dryer  t o  t h e  same 

3. The c a l c i n e r  i s  proved, bu t  it probably needs more work than  t h e  

d rye r  t o  provide a b a s i s  f o r  f a b r i c a t i n g  equipment f o r  use i n  TURF. 

4.  The product prepared i n  t h e  above operat ions meets t h e  s p e c i f i -  

ca t ions  s e t  w i th  t h e  sole exception of  contaminants. 

5. Process y i e l d s  of  84% a r e  l o w  bu t  should improve markedly with 

minor e f f o r t .  Ma te r i a l  balance da t a  show no s i g n i f i c a n t  process  loss. 
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CUSP Solvent Ex t rac t ion  Preparat ion of UO;! S o l  

J. P. McBride B. C .  Finney W .  L. P a t t i s o n  
K. H. McCorkle J. R. Flanary 

A process c a l l e d  CUSP3 (Concentrated Urania Sol Prepa ra t ion )  f o r  

t h e  p repa ra t ion  of concentrated (2 1 M) u ran ia  sols d i r e c t l y  by so lven t  

e x t r a c t i o n  has  been developed i n  t h e  l a b o r a t o r y  and i s  being developed 

i n  engineer ing equipment a t  s c a l e s  o f  1 and 4 kg UO;! per  batch.  

process ,  n i t r a t e  i on  i s  e x t r a c t e d  cont inuously a t  a c o n t r o l l e d  rate from 

a U(1V) n i t r a t e - fo rma te  s o l u t i o n  w i t h  an organic  s o l u t i o n  of Amberlite 

LA-2 (a high-molecular-weight secondary amine). 

conductivity-temperature-time pa th  produces a h i g h l y  c r y s t a l l i n e ,  s t a b l e ,  

1 M u r a n i a  sol w i t h  a high U(1V) content .  

engineer ing-scale  equipment, and sols containing more t h a n  230 kg UOz 

have b e en p r  e p a r  e d . 
Basic t o  t h e  development of t h e  process w a s  t h e  discovery t h a t  

n i t r a t e  must be e x t r a c t e d  a t  t h e  c r y s t a l l i z a t i o n  temperature t o  promote 

c r y s t a l l i z a t i o n  of t h e  produced sol. Once c r y s t a l l i z a t i o n  has been 

i n i t i a t e d ,  it proceeds r a p i d l y ,  r e l e a s i n g  a d d i t i o n a l  e x t r a c t a b l e  n i t r i c  

a c i d .  

minimize U(1V) oxidat ion.  By e x t r a c t i n g  t h e  n i t r a t e  a t  a c o n t r o l l e d  

rate (monitored by  measuring t h e  conduc t iv i ty  of t h e  aqueous phase)  and 

c o n t r o l l i n g  the  temperature of  e x t r a c t i o n  as d i c t a t e d  b y  t h e  conduc t iv i ty  

readings,  we can reproducibly prepare concentrated,  s t a b l e ,  h i g h l y  crys-  

t a l l i n e  sols of high U(1V) content .  

- 

I n  t h e  

Following a prescribec.  

The process i s  being used ic. - 

The r a t e  of n i t r a t e  e x t r a c t i o n  i s  inc reased  a t  t h i s  p o i n t  t o  

Development o f  t h e  process w a s  g r e a t l y  a i d e d  b y  t h e  use  of x-ray 

d i f f r a c t i o n  techniques and t h e  e l e c t r o n  microscope. We could r e l a t e  

t h e  h e i g h t  o f  t h e  x-ray d i f f r a c t i o n  peak t o  t h e  concen t r a t ion  of  crys-  

t a l l i n e  s o l i d s  i n  product sols and t h u s  determine t h e  f r a c t i o n  of crys-  

t a l l i n e  material i n  t h e  s o l .  Electron micrographs showed t h a t ,  dur ing 

'J. P. McBride, K. H. McCorkle, W .  L. P a t t i s o n ,  and B. C.  Finney, 
"The CUSP Process f o r  Preparat ion of Concentrated,  C r y s t a l l i n e  Urania 
Sols by Solvent Ex t rac t ion , "  t o  be publ ished i n  Nuclear Applicat ions & 
Te chnolom. 

. -  

A 
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- .  
t h e  e x t r a c t i o n  process ,  r a t h e r  l a r g e ,  n o n c r y s t a l l i n e  agglomerates (250 

t o  350 A i n  diameter) a r e  formed f i r s t .  

t i n u e :  c r y s t a l l i z a t i o n  occurs w i t h i n  t h e  agglomerates, r e s u l t i n g  i n  

uniformly s i z e d  aggregates of uranium dioxide c r y s t a l s .  

A s  e x t r a c t i o n  and hea t ing  con- 

Laboratory Development 

I n  t h e  l a b o r a t o r y  development of t h e  CUSP process ,  1 t o  1.3 - M U ( 1 V )  

s o l u t i o n s  wi th  N03-/U and HCOO-/U mole r a t i o s  of 2 . 0  and 0 . 5 ,  r e s p e c t i v e l y ,  

were prepared by reducing s t i r r e d  u rany l  n i t r a t e - fo rma te  s o l u t i o n s  with 

hydrogen i n  t h e  presence of a P t O 2  c a t a 1 y s t . l  

continuously from t h e  U ( 1 V )  s o l u t i o n  w i t h  a 0.25 - M s o l u t i o n  of Amberlite 

LA-2 (n-lauryltrialkylmethylamine) - i n  diethylbenzene-25$ - n-pa ra f f in .  

The amine w a s  contacted wi th  t h e  U ( I V )  s o l u t i o n ,  continuously regenerated 

by contact ing wi th  a Na2C03-NaOH s o l u t i o n ,  and recycled through t h e  

uranium s o l u t i o n .  An i n i t i a l  n i t r a t e  e x t r a c t i o n  w a s  c a r r i e d  out at 35°C 

u n t i l  t h e  conduct ivi ty  of  t h e  U ( 1 V )  s o l u t i o n  i n d i c a t e d  a f r e e  a c i d  con- 

c e n t r a t i o n  j u s t  high enough t o  prevent g e l l i n g  (point  1, Fig.  3 .3) .  A t  

t h i s  po in t  t h e  s o l u t i o n  w a s  heated t o  58 t o  6 3 ° C  ( t h e  temperature range 

i n  which r a p i d  c r y s t a l l i z a t i o n  occurs)  , while  t h e  n i t r a t e  e x t r a c t i o n  was 

continued a t  a r a t e  t h a t  maintained t h e  s o l u t i o n  conduc t iv i ty  ( f r e e  

n i t r i c  a c i d  concentrat ion)  j u s t  above the  “ g e l  l i n e . “  

z a t i o n  temperature,  n i t r a t e  e x t r a c t i o n  w a s  continued or a c c e l e r a t e d  t o  

promote c r y s t a l l i z a t i o n  (point  2 ,  Fig.  3 . 3 ) .  C r y s t a l l i z a t i o n  of t h e  

U ( 1 V )  w a s  i nd ica t ed  by  a change from green t o  black,  by off-gassing of 

t h e  s o l u t i o n ,  and by a conduct ivi ty  excursion. N i t r a t e  e x t r a c t i o n  during 

c r y s t a l l i z a t i o n  w a s  r egu la t ed  t o  minimize t h e  conduct ivi ty  excurs ion and 

t o  prevent excessive oxidat ion.  When c r y s t a l l i z a t i o n  w a s  complete, 

n i t r a t e  e x t r a c t i o n  w a s  continued a t  about 62‘C u n t i l  a predetermined 

conduct ivi ty  w a s  reached (point  3, Fig. 3 . 3 ) ,  whereupon t h e  s o l u t i o n  w a s  

cooled t o  room temperature.  Here, t h e  conduct ivi ty  w a s  a d j u s t e d  by 

f u r t h e r  e x t r a c t i o n  of  n i t r a t e  t o  y i e l d  f i n a l  conduc t iv i t i e s  of about 

N i t r a t e  w a s  e x t r a c t e d  

A t  t h e  c r y s t a l l i -  

‘Adam c a t a l y s t  obtained from Englehard I n d u s t r i e s  Divis ion,  
Englehard Minerals and Chemicals Corp., Newark, N. J. 
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Fig. 3.3. CUSP Operating Curve. 

6000 umhos/cm f o r  1 . 3  M sols and 4000 prrihos/cm f o r  1 . 0  M sols. 

c o n d u c t i v i t i e s  (or corresponding f r e e  n i t r i c  a c i d  concentrat ions ) r e s u l t e d  

i n  a NO3 /U mole r a t i o  of 0 .11 ir 0.02 i n  t h e  sols. The optimum t i m e  f o r  

t h e  i n i t i a l  n i t r a t e  e x t r a c t i o n  w a s  1 . 5  h r ,  while  t h a t  for t h e  e x t r a c t i o n  

a t  t h e  c r y s t a l l i z a t i o n  temperature w a s  1 t o  1 . 5  h r .  

Such - - 

- 

The product sols, i n  gene ra l ,  contained 85 t o  90% U(1V) and a l a r g e  

f r a c t i o n  of c r y s t a l l i n e  s o l i d s  (75 t o  100%) w i t h  an average c r y s t a l l i t e  

s i z e  of 39 k 1 A. 
months, and could be concentrated r e a d i l y  t o  produce 2 . 5  t o  3 M sols. 

The sols were ve ry  s t a b l e ,  with s h e l f  l i v e s  of  s e v e r a l  

- 

. -  
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Engineering Development and Sol Production 

Ex i s t ing  equipment f o r  t h e  continuous production of d i l u t e  u ran ia  

and d i l u t e  ThO2-UO3 sols by a mul t i s t age  ex t r ac t ion -d iges t ion  process5 

w a s  adapted f o r  t h e  engineering-scale demonstration of t h e  CUSP process.  

The major changes i n  t h e  equipment were confined t o  one of t h e  t h r e e  

e x t r a c t i o n  s t ages  of t h e  o r i g i n a l  system. The aqueous surge t ank ,  a 

pump, conduct ivi ty  instrumentat ion,  and p ip ing  t o  r ecyc le  t h e  aqueous 

t o  t h e  e x t r a c t i o n  column were t h e  p r i n c i p a l  new items added ( see  

Fig.  3.4). 

p e r  1 5 - l i t e r  ba t ch  ( 4  kg U02) of 1 - M U 0 2  s o l .  

Operating t ime f o r  t h e  e x t r a c t i o n  equipment i s  about 5 h r  

ORNL-DWG 69- 58EOP 

COOLING WATER 

EXTRACTION 

REGENERATION 

RECIRCULATING 
AQUEOUS LOOP SEPARATOR * CONDUCTIVITY PRO 

AND THERMOCOUP 

SOL DRAIN 

Fig. 3.4. Diagram of Modified Ex t rac t ion  Stage of Engineering- 
Scale  Equipment for Concentrated Urania Sol Preparat ion (CUSP). 

The equipment and chemical f lawsheets f o r  t h e  engineering-scale 

demonstration of t h e  CUSP process and sol production runs are presented 

i n  Figs .  3 .5  through 3.7. The equipment c o n s i s t s  p r i m a r i l y  of t h e  

s l u r r y  r educ to r ,  an aqueous n i t r a t e  e x t r a c t i o n  and c i r c u l a t i o n  loop, 

which i s  shown i n  schematic form i n  Fig. 3.4, t h r e e  m i x e r - s e t t l e r  

~~~ 

5R.  G. Wymer, "Laboratory and Engineering Studies  of Sol-Gel Processes 
a t  Oak Ridge National Laboratory," pp. 43-45 i n  Sol-Gel Processes f o r  
Ceramic Nuclear Fuels (Proceedings of a Panel, Vienna, 6-10 May 1968), 
I n t e r n a t i o n a l  Atomic Energy Agency, Vienna, 1968; a l s o  OFUVLTM-2205 (May 
1968). 
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Fig.  3.6. Chemical Flowsheet f o r  Engineering Demonstration of  UO;! 
S o l  Preparat ion by t h e  CUSP Process. 
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I 

29 l i t e rs  
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ACID-WATER 
WASTE 

58 liters 
1.2 3 ,  l iter U 

ORNI. DWG. 70-2840-A 

- - - - $ 7 { - 0 , 2 5  I14 l i te-s  - M Arnberlite L4-2  

RE GE NE RAT I O N  I 
I 
I 
I 
I 

I 

17 hteis 
1.0 M N02C03 CARBONATE I 
I .OM N a O H  WASTE I - 

17 liters 
1.7 M N o N 0 3  I 

I .3 M - NoHCO3- 
N2 2C 03-No 0 H 

I Troce U SOLVENT 
STORAGE 

* HAC - ocetic ac id  

Fig. 3.7. Chemical Flowsheet f o r  Engineering Demonstration of 
Regeneration i n  t h e  CUSP Process.  

e x t r a c t i o n  con tac to r s  f o r  so lven t  cleanup and r egene ra t ion ,  and 

appropr i a t e  tankage and pumps. Figure 3 .6  shows t y p i c a l  concen t r a t ions ,  

t i m e s ,  temperatures ,  and c o n d u c t i v i t i e s  for t h e  p repa ra t ion  of  15  l i t e r s  

of  1 M UO2 s o l ,  and Fig.  3.7 i s  t h e  chemical f lowsheet f o r  t h e  organic  

so lven t  cleanup and regenerat ion.  
- 

Using t h e  r educ t ion  procedure and t h e  conductivity-temperature pa th  

and approximate t ime schedule developed i n  t h e  l abora to ry ,  f i v e  develop- 

mental runs were made t o  ensure t h a t  t h e  equipment and t h e  ope ra t ing  

procedures would permit reasonably r o u t i n e  operat ion.  When t h e  conduc- 

t i v i t y  probes were p rope r ly  l o c a t e d  (af ter  run 1) i n  t h e  e x t r a c t i o n  

system, c o n t r o l  of t h e  e x t r a c t i o n  s t e p  by  measurement of t h e  conduc t iv i ty  

w a s  s t r a i g h t f o r w a r d  and reproducible .  

Following t h e  developmental runs,  u ran ia  s o l  containing more t h a n  

200 kg w a s  prepared i n  t h e  engineer ing equipment i n  4-kg-U02 ba tches .  

We made 26 of t h e  50 runs t o  demonstrate sol production. The o t h e r s  

were made t o  supply s p e c i f i c  needs and t o  i n v e s t i g a t e  process v a r i a b l e s  

o r  equipment performance. The r e s u l t s  showed t h a t  t h e  CUSP process  w a s  

r e l a t i v e l y  easy t o  c o n t r o l  i n  t h e  engineer ing-scale  equipment and con- 

s i s t e n t l y  produced 1 - M sols wi th  s h e l f  l i v e s  of t h r e e  months or longer  

under argon. 
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Chemical d a t a  for some of t h e  sols made i n  demonstration production 

After  t h e  conduc t iv i ty  probes used i n  runs are summarized i n  Table 3.5. 

t h e  f i r s t  demonstration run were r e l o c a t e d ,  we produced f u l l y  c r y s t a l l i n e  

sols t h a t  could be r e a d i l y  concentrated t o  f l u i d  3 M sols (runs 2, 3 ,  

and 4 ) .  

s t e p  r e s u l t e d  i n  i n f e r i o r  products (see below). 

equipment w a s  not  a v a i l a b l e  t o  determine c r y s t a l l i n i t y .  

- 
In  runs 5 and 6, ammonia produced during t h e  f eed  p repa ra t ion  

Af te r  run 4 ,  x-ray 

The production runs were made during a per iod of  s e v e r a l  weeks i n  

which processing w a s  c a r r i e d  out two s h i f t s  p e r  day and f i v e  days p e r  

week. A run producing 4 kg of U02 sol w a s  made each 8-hr s h i f t .  The 

1 - M U ( 1 V )  f eed  s o l u t i o n  wi th  NO?-/U and HCOO-/U mole r a t i o s  of 2 and 

0 .5 ,  r e s p e c t i v e l y ,  w a s  prepared during t h e  preceding s h i f t  by r educ t ion  

wi th  hydrogen a t  atmospheric p re s su re  using a R02 c a t a l y s t .  Reduction 

times v a r i e d  from 2.0 t o  3 . 9  h r  with an average of 2 . 8  h r .  The i n i t i a l  

ope ra t ing  procedure f o r  t h e  production runs w a s  t o  l eave  t h e  depleted 

organic  so lven t  and 1 . 5  t o  2 l i t e r s  of s o l  i n  t h e  solvent  e x t r a c t i o n  

equipment between runs t o  maintain i n t e r f a c e s .  The t h i r d  and succeeding 

batches prepared wi th  t h i s  procedure (through run 18) showed d i s t i n c t  

co lo r  d i f f e r e n c e s ,  l a r g e r  and l e s s  uniform mice l l e s ,  and ve ry  poor per-  

formance i n  t h e  formation of g e l  microspheres. Completely d ra in ing  t h e  

so lven t  e x t r a c t i o n  system between batches and f l u s h i n g  t h e  equipment 

with two water washes el iminated t h e  d i f f e rences  between sols. 
Numerous analyses  were made during t h e  production runs. A summary 

of  t h e  r e s u l t s  of  t h e s e  analyses  i s  as follows. Uranium concentrat ion 

i n  t h e  sols c o n s i s t e n t l y  exceeded tha t  i n  t h e  f eed  s o l u t i o n s  by l e s s  

t han  1%. 

82 and 8 4 % ) ,  w i t h  an average of 87%. 

contained 85% U ( 1 V )  and had smaller  average mice l l e  s i z e s  (260 A) t han  

those  prepared from feeds t h a t  had aged overnight [88% U ( I V ) ,  average 

micel le  s i z e  330 A]. 
feed about a day be fo re  s o l  p repa ra t ion  inc reases  mice l l e  s i z e .  

The U(1V) content v a r i e d  from 85 t o  90% (with two except ions,  

Sols prepared from f r e s h  feeds 

This l i m i t e d  experience i n d i c a t e s  t h a t  aging t h e  

There w a s  no apparent c o r r e l a t i o n  between t h e  c o n d u c t i v i t i e s  and 

pH's of t h e  sols. The conduc t iv i t i e s  v a r i e d  from 4000 t o  6000 pmhos/cm; 

t h e  pH's v a r i e d  from 2 . 1  t o  2 .9 ,  w i t h  most of t h e  values  between 2.2 and 

2.6. The conduct ivi ty  inc reased  2 t o  3$/day f o r  t h e  f i r s t  t e n  days. For 
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Table 3.5. Prope r t i e s  of 1 M CUSP U02 Sols Prepared i n  
Engineering- S c a l e  Proces s Development 

~ 

U(IV> Mole Rat io  Conductivity Aging Time 
Run Content a t  25°C t o  Gelat ion 

( %  of U> NO?-/U HCOO-/U N H & + / u ~  (pmhos/cm> (months 1 

1 

2 
3 

4 
5 

6 

7 
8 
9 

10 

23 

24 
31 

38 

43 

44 
45 
46 

47 
48 
49 

52 

53 

54 

82 

86 

90 

86 

83 

93 

85 
87 
86 

88 
88 
88 
84 
88 
88 
$6 

86 

86 

84 
84 
86 

84 
83 

0.14 

0.09 

0.11 

0.14 

0.08 

0.08 

0.12 

0.11 

0.09 

0.10 

0.11 

0.11 

0.09 

0.10 

0.11 

0.08 
0.11 

0.10 

0.10 

0.11 

0.11 

0.13 

0.11 

0.10 

0.41 

0.47 

0.50 

0.47 

0.50 

0.45 

0.32 

0.35 

0.41 

0.49 

0.45 

0.46 

0.45 

0.46 

0.48 
0.50 

0. 52 

0.37 

0.43 

0.43 

0.44 

0.0017 

0.020 

0.029 

0.0017 

0.0019 

0.0015 

0.0017 

0.0008 

0.0012 

0.0012 

0.0012 

0.0012 

0.0008 
0.0009 

0.0017 

0.0008 

0.0017 

0.0016 

0.0012 

x io3 

6.60 

3.50 

2.25 

4.25 
3.75 

5. OOb 

3.02 

3.75 

3.10 

3.10 

3.99 

4.30 

4.10 

5.90 

3.56 

3.89 

3.31 

3.75 

4.24 
3.65 

3.94 

> 1  

> 9  

> 9  

> 9  

2 

> 9  

2 

4 
3 

> 5  

> 4  
> 8  

5 

6 

> 6  
> 6  

> 6  

6 

3 

3 

4 
4 

> 3  

a + 

bGelled during f i n a l  NO3 e x t r a c t i o n  because of high I F L e  content 

The NH4 /U mole r a t i o  w a s  determined for t h e  uranous n i t r a t e  feed.  

+ - 
of  f e e d  s o l u t i o n .  
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an a d d i t i o n a l  two months of aging,  t h e  inc rease  i n  conduc t iv i ty  w a s  

0.4 t o  0. €$/day. 

i n  Table 3.6. 

Ion ic  contents  determined i n  t h e  sols a r e  summarized 

Table 3.6. I o n i c  Contents i n  CUSP Sols 

Mole 
Rat io  Value Range Average 

NO?-/U a 0.0&0. 12 0.10 

HC OO-/U 0.42-0.50 0.417 

J m + / u  0.00044.0016 0.0011 
Na+/U 0.0006-0.0030 0.0013 

a N i t r a t e  analyses  a r e  accu ra t e  t o  
only i20$ at  t h e  95% confidence l e v e l .  

X-ray d i f f r a c t i o n  d a t a  were not a v a i l a b l e  t o  determine t h e  degree 

of  c r y s t a l l i n i t y  of most of t h e  sols, bu t  t h e  long s h e l f  l ives and r e l a -  

t i v e l y  small changes i n  conduct ivi ty  on aging i n d i c a t e  a h i g h l y  c r y s t a l -  

l i n e  s o l .  Electron micrographs, such as Fig. 3.8, showed uniform, 

s p h e r i c a l  micel les  w i th  average s i z e s  varying between 250 and 300 and 

composed of  many c r y s t a l l i t e s .  X-ray d i f f r a c t i o n  l i n e  broadening i n d i -  

ca t e s  an average c r y s t a l l i t e  s i z e  of  40 A. X-ray d i f f r ac tomet ry  showed 

t h i s  s o l  t o  be made of completely c r y s t a l l i n e  s o l i d s .  

Preparat ion of U(1V) Feed Solut ions 

The U ( 1 V )  f eed  s o l u t i o n s  a r e  prepared w i t h  t h e  ba t ch  slurry reductor  

shown i n  Fig. 3.9. The reductor  as shown and p rev ious ly  described'  w a s  

modified by adding t h r e e  impel lers  a t  10-in.  i n t e r v a l s  from t h e  bottom. 

Inadequate a g i t a t i o n  i n  a s i n g l e  run made wi th  only one impe l l e r  r e s u l t e d  

i n  l o c a l i z e d  overreduction and an excessive NHL, 
+ 

concentrat ion (0.03 - M )  

R.  G. Wymer, "Laboratory and Engineering Studies  of Sol-Gel Processes 6 

a t  Oak Ridge Nat ional  Litboratory," pp. 43-45 i n  Sol-Gel Processes f o r  
Ceramic Nuclear Fuels (Proceedings of a Panel,  Vienna, 6-10 May 1968), 
I n t e r n a t i o n a l  Atomic Energy Agency, Vienna, 1968; a l s o  ORNL-TM-2205 (May 
1968). 
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. -  

Fig. 3.8. Sol ids  from a CUSP UO2 Sol. The m a t e r i a l  i s  f u l l y  
c r y s t a l l i n e  wi th  primary c r y s t a l l i t e s  40 A i n  diarneter. 

i n  t h e  so lu t ion .  We have prepared 8-, 13-, and 1 5 - l i t e r  batches of f eed  

s o l u t i o n  i n  2 t o  4 h r  by simply bubbling hydrogen a t  atmospheric pressure  

through a 1 - M U022+, 2 - M XO3 , and 0.5 - M HCOOH s o l u t i o n  us ing  a f i n e l y  

divided Pt02 c a t a l y s t  (Adams c a t a l y s t ) .  The reduct ion  w a s  monitored by  

measuring t h e  redox p o t e n t i a l  of t h e  so lu t ion ,  using a platinum e lec t rode  

aga ins t  a re ference  glass e l ec t rode  system. The end po in t  i s  r e a d i l y  

de tec ted  as a sharp  break  i n  emf, which occurs between 96 and 100% U(1V) .  

The absence of t h e  U ( V 1 )  can be v e r i f i e d  by p r e c i p i t a t i n g  U ( 1 V )  from a 
sample of t h e  feed  s o l u t i o n  with oxa l i c  a c i d  and then  adding potassium 

ferrocyanide t o  t h e  supernate;  a br ick-red co lor  i n d i c a t e s  t h e  presence 

- 

of u(v1). 
Use of a slurry c a t a l y s t  and of ba tch  reduct ion  wi th  good a g i t a t i o n  

w a s  d i c t a t e d  by  t h e  n e c e s s i t y  of s topping t h e  reduct ion when t h e  uranium 

was completely reduced. Overreduction, caused by cont inuing t h e  hydrogen 
.. 

f l a w  a f t e r  uranium reduct ion  i s  complete, produces ammonia and makes t h e  

feed unsu i t ab le  f o r  good s o l  prepara t ion .  The f i n e l y  d iv ided  Adams 
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U ( I V )  SOLUTION 

Fig. 3.9. Batch S lu r ry  Uranium Reductor. 

c a t a l y s t  w a s  s e l e c t e d  because i n  an aqueous system t h e  reduced c a t a l y s t  

f l occu la t e s  i n  t h e  presence of hydrogen, permi t t ing  easy removal by 

f i l t r a t i o n .  

The genera l  p r a c t i c e  has been t o  use t h e  1 - M U ( 1 V )  n i t ra te - formate  

feed  so lu t ion  (N03-/U = 2; HCOOH/U = 0.5) t o  prepare a UOz s o l  t h e  day 

a f t e r  t h e  feed  w a s  prepared. 

made using feed  so lu t ions  t h a t  had been aged f o r  21, 46, 70, and 94 hr .  

Chemical t e s t s  on t h e  feed  ind ica t ed  no se l f -ox ida t ion  of t h e  feeds as 

Four CUSP UO;! sol prepara t ion  runs were 
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a r e s u l t  of aging under argon. I n  a l l  cases ,  a high-qual i ty ,  crystal l : -ne 

U02 s o l  w i t h  87 k 1% U(1V) w a s  prepared. 

Amine Solvent Cleanup and Regeneration 

When only a water-carbonate so lven t  cleanup and r egene ra t ion  system 

i s  used i n  preparing U02 sol by t h e  CUSP process ,  amine i s  l o s t  from t h e  

e x t r a c t a n t  during each run,  s o  t h e  so lven t  becomes d i sco lo red  (with U O 2 )  

during t h e  production runs.  The amine concentrat ion decreased from 0.21 

t o  0 .11  M during t h e  26 runs.  This w a s  r e f l e c t e d  i n  an i n c r e a s e  of t o t a l  

run t i m e  from an i n i t i a l  4 h r  t o  a f i n a l  6 .4  h r .  There i s  no evidence 

t h a t  t h e  use of t h e  d i sco lo red  e x t r a c t a n t  has a d e l e t e r i o u s  e f f e c t  on 

t h e  s o l  products ,  bu t  i n t e r f a c i a l  l e v e l s  a r e  obscured, and b l a c k  crud 

accumulates a t  t h e  organic-aqueous i n t e r f a c e  i n  t h e  regenerat , ion con- 

t a c t o r s .  Five runs t e s t e d  t h e  use of a NaNO2 scrub f o r  c leaning t h e  

e x t r a c t a n t .  

to-scrub f l a w  r a t i o  of 10 d i d  clean t h e  so lven t  by ox id iz ing  t h e  e n t r a i n e d  

U ( 1 V )  t o  U ( V 1 )  and e x t r a c t i n g  it i n t o  t h e  aqueous phase. 

HN03 were mixed j u s t  before  use.  However, loss  of amine w a s  i n t o l e r a b l e ,  

i nc reas ing  t o  14 t o  24% p e r  run, whether t h e  scrub con tac to r  operated a t  

35 t o  40°C o r  55 t o  60°C. 

t h e  so lven t  w a s  undes i r ab le  because of ope ra t ing  inconvenience occasioned 

by t h e  r a p i d  loss of  amine. 

- 

A scrub c o n s i s t i n g  of 0 .2  M NaN02-0.5 M HN03 a t  an e x t r a c t a n t -  - - 

The N a N 0 2  and 

W e  concluded t h a t  t h e  NaNO2-HNO3 cleanup of 

A r e v i s e d  scrub system i n  which an a c e t i c  ac id -n i t r i c  a c i d  scrub and 

a water scrub precede t h e  carbonate c a u s t i c  r egene ra t ion  appears t o  be 

s a t i s f a c t o r y .  The r e s u l t s  of f i v e  l abora to ry  experiments l e a d  t o  t h e  

following conclusions.  (1) The a c e t i c  a c i d  r e a c t s  r a p i d l y  wit;h t h e  

uranium. 

organic  phase. It can be premixed w i t h  t h e  d i l u t e  a c i d  sc rub  i f  t h e  

n i t r i c  a c i d  concentrat ion i s  a t  least  1 M. 

a c i d  concentrat ion w a s  t o o  l o w ,  t h e  f r a c t i o n  of t h e  uranium s t r i p p e d  w a s  

uniform a t  c lose  t o  96%. 

coe f f i c i en t  o f  around 7'0, which i s  a reasonable  value.  

( 2 )  The a c e t i c  a c i d  does not need t o  be added d i r e c t l y  t o  t h e  

(3) Except when t h e  n i t r i c  - 

This suggests  equi l ibr ium, w i t h  a s t r i p p i n g  

. -  
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N i t r a t e  Ext rac t ion  DeveloDment 

s .  

- .  

We a r e  developing improved equipment for prepar ing  U02 s o l  by t h e  

CUSP process .  This equipment ( see  Fig. 3 .10)  c o n s i s t s  o f  a n i t r a t e  

e x t r a c t i o n  contac tor ,  so lvent  r e s e r v o i r ,  aqueous phase surge t ank ,  hea t  

exchanger, c i r c u l a t i n g  pump, d i f f e r e n t i a l  p re s su re  c e l l ,  and conduct iv i ty  

c e l l .  

i n  Building 3019 t o  prepare mixed sols conta in ing  U02-20’$ Pu02. The 

equipment has an aqueous phase capac i ty  of 4 l i t e r s ,  which i s  equiva len t  

t o  1 kg of U02 f o r  a 1 - M uranium sol. 

S i m i l a r  equipment w i l l  be added t o  t h e  e x i s t i n g  Solex f a c i l i t y 7  

7J. W .  Snider ,  The Design o f  Engineering-Scale Solex Equipment, 
ORNL-4256 (Apr i l  1969).  

H 
C 

C 
H 

PROBE 

PUMP DRAIN 

Fig. 3.10. Spray Column Contactor f o r  U02 Sol Prepara t ion .  
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Three n i t r a t e  ex t r ac to r - con tac to r s  were t e s t e d :  a column packed 

wi th  ceramic b e r l  s add le s ,  a f r e e - f a l l  column us ing  a p e r f o r a t e d  p l a t e , ,  

and a sp ray  header t o  d i spe r se  t h e  aqueous i n  t h e  organic  so lven t .  The 

mode of  ope ra t ion  w a s  organic  continuous w i t h  cocurrent  downflow. With 

t h e  packed column and p e r f o r a t e d  p l a t e ,  vapor locking caused by  t h e  gas 

r e l e a s e  during c r y s t a l l i z a t i o n  l e d  t o  hydrau l i c  d i f f i c u l t i e s .  The sp ray  

column (Fig.  3.10) operated very s a t i s f a c t o r i l y  w i t h  no d i f f i c u l t i e s .  

The gas r e l e a s e d  during c r y s t a l l i z a t i o n  i s  vented o f f  through t h e  annu- 

l u s  between t h e  spray header and t h e  column w a l l .  

S o l  p r o p e r t i e s  f o r  four  sp ray  column runs (SCKB 9-12) are summariz>ed 

i n  Table 3.7. The sols as prepared were of very good q u a l i t y ,  containing 

85 t o  90% U ( 1 V )  and s t i l l  very f l u i d  a f t e r  more t h a n  3 .5  months. 

. .  

. -  

Table 3.7. P rope r t i e s  of CUSP UO2 Sols Prepared i n  
a F ree -Fa l l  Spray Column 

Conductivity Aging Time 
a t  25°C t o  Gelat ion 

(clmhos /em) (months ) 

Uranium U ( I V )  N03-/U Content Mole Rat io  
(%) 

(g /lit e r  ) R U l  

s c m - 9  239.8 86 0.12 427'5 > 3.75 
- 10 238.3 88 0.11 3329 > 3.75 
- 11 240.3 85 0.106 4184 > 3.5 
-12 239.3 90 0.07 2668 > 3.5 

Gel Sphere Forming Development 

P. A. Haas C.  C .  Haws 
W .  D. Bond A. B. Meservey 
K. J. Notz A. P. LuiF;a 

J. W. Snider 

When a s p e c i f i e d  sol f e e d  i s  used t o  form g e l  sphe res ,  t h e  composi- 

t i o n  of  t h e  organic  f l u i d i z i n g  medium i s  t h e  p r i n c i p a l  ope ra t ing  v a r i a b l e .  

The s u c c e s s f u l  continuous ope ra t ion  of  a sphere-forming column r e q u i r e s  

t h a t  t h e  a l coho l  composition be c o n t r o l l e d  wi th in  s a t i s f a c t o r y  ranges.  
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This i s  s t i l l  l a r g e l y  empi r i ca l  and r equ i r e s  demonstration operat ion i n  

t h r e e  s t ages  : * 
1. s a t i s f a c t o r y  i n i t i a l  condi t ions,  

2. c o n t r o l  of s u r f a c t a n t  dep le t ion ,  and 

3. c o n t r o l  of excessive accumulations of s u r f a c t a n t s ,  degradation 

products ,  or impur i t i e s .  

For t h e  CUSP process for preparing U02 sols ( see  previous s e c t i o n ) ,  

t e s t s  t o  develop and demonstrate t h e  s t ages  l i s t e d  above were continued. 

The r e s u l t s  t o  da t e  show more problems for sphere formation from CUSP 

s o l s  t han  for t h e  Tho2 or Th02-U03 sols. Q u a n t i t a t i v e  measurements a r e  

d i f f i c u l t ,  and t h e  i n t e r a c t i o n s  between v a r i a b l e s  are complex. This can 

be i l l u s t r a t e d  by gene ra l i zed  diagrams t o  show t h e  four  most common 

ope ra t ing  problems as funct ions of t h e  Span 80 vs Ethomeen S/15 concen- 

t r a t i o n  ‘Fig. 3.11(a) through ( d ) ] .  The curves shown give t h e  most 

commonly observed t r ends .  However, t h e  s o l  c h a r a c t e r i s t i c s ,  t h e  2EH pH, 

and o the r  v a r i a b l e s  r e s u l t  i n  l a r g e  changes i n  numerical values  or i n  

changes of t h e  curve shape. Therefore, numerical  values of  t h e  su r fac -  

t a n t  concentrat ions a r e  not given i n  Fig. 3.11. When t h e s e  diagrams a r e  

superimposed, t hey  may allow a l a r g e  region o f  good operat ion as f o r  

Fig.  3 .11 (e )  or a small region w i t h  many d i f f e r e n t  combinations of poor 

operat ion as f o r  Fig. 3 , 1 1 ( f ) .  

CUSP UOz sols has been on t h e  determination and c o n t r o l  of organic com- 

p o s i t i o n s  t o  maintain good operat ion.  

Most of t h e  sphere p repa ra t ion  s tudy  f o r  

1 .  

- -  

. 

Studv of Variables  bv F a c t o r i a l  Emeriments 

A f a c t o r i a l  experiment on t h r e e  v a r i a b l e s  i n  microsphere forming 

columns of 2EH has been described.’-’’ The s o l s  used contained 3 moles 

Tho2 p e r  mole UO? and were prepared by amine e x t r a c t i o n .  The v a r i a b l e s  

8P. A. Haas, Sol-Gel Preparat ion of  Spheres: Design and Operation 
of  F lu id i zed  Bed Columns. ORNL-4398 (September 1969).  

\ -  

’K. J. Xotz and A. B. Meservey, Microsphere Forming Conditions for 
ThO2-UO3 Sols : 

I%. D. Bond, A. B. Meservey, and K. J. Notz, S t a tus  and Progress 
Report for Thorium Fuel  Cycle Development 1967-1968, ORNL-4429, pp. 59-62. 

A F a c t o r i a l  Experiment, ORNL-TM-2516 (August 1969). 

’khem. Technol. Div. Ann. Progr. Rept. May 31, 1969, ORNL-4422, 
pp. 193-99. 
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Fig.  3.11. General E f f e c t s  of Su r fac t an t  Concentrations on Sphere 
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cence. ( e )  Dimple d i s t o r t i o n .  ( d )  Cracking. (e )  Cornbined e f f e c t s  f o r  
easy-to-form s o l ,  such as T h O 2 .  ( f )  Combined e f f e c t s  f o r  d i f f i c u l t - t o -  
form sol, such as UO2. 

. i  

- -  

. 

were t h e  concentrat ion i n  t h e  2EH of w a t e r ,  a c i d ,  and t h e  s u r f a c t a n t  

Ethomeen S/15. 

ment has been completed12 wi th  the  a d d i t i o n  o f  a f o u r t h  v a r i a b l e ,  t h e  

concentrat ion of  t h e  a d d i t i o n a l  s u r f a c t a n t  Span 80. This s u r f a c t a n t  i s  

always used along w i t h  Ethomeen t o  c o n t r o l  c l u s t e r i n g  and coalescence of 

d r o p l e t s  during f l u i d i z a t i o n  when Tho2-U03 spheres a r e  formed i n  con- 

t i n u o u s l y  operated columns. 

I n  con t inua t ion  of  t h i s  work, a second f a c t o r i a l  experi-  

I n  t h i s  second s tudy,  sols of s team-deni t ra ted t h o r i a  and o f  U02 

were used i n  a d d i t i o n  t o  Tho2-U03 sols. Since t h e  t h r e e  sol types  were 

12A. B. Meservey and K. J. Notz, Microsphere Forming Conditions:  
Fu r the r  F a c t o r i a l  Experiments on ThOz-UO?, Tho2 and U02 Sols, ORNL-TM-2957, 
i n  p repa ra t ion .  
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of d i f f e r e n t  co lo r s  (white,  b l ack ,  and r e d ) ,  a l l  t h r e e  were f r e q u e n t l y  

formed i n  t h e  same experimental  2EH column a t  t h e  same time and examined 

when d ry  i n  t h e  same microscope f i e l d .  This technique ensured i d e n t i c a l  

forming condi t ions and emphasized d i f f e rences  among sols when t h e  micro- 

spheres were examined s i d e  by s i d e .  

We used 2EH wi th  t h e  same Ethomeen and HN03 contents  i n  t h e  second 

s tudy  as i n  t h e  f i r s t  - Ethomeen S/15 at 0.05 and 0.5 vol $, and HN03 

at 0.001 and 0.01 M - and s l i g h t l y  higher  water l e v e l s :  

Three Span 80 l e v e l s  were s t u d i e d  i n  each of t h e  e igh t  2EH ba tches ,  a t  0 ,  

0.05, and 0 .5  vol  $, making 24 sepa ra t e  combination l e v e l s .  

between columns, such as were occasional ly  noted i n  t h e  f i r s t  s tudy,  were 

avoided by using only one forming column. 

0 .5  and 1 . 7  v o l  %. - 

Differences 

The r e s u l t s  of t h i s  s tudy w i l l  be summarized only b r i e f l y  s i n c e  a 

t o p i c a l  r e p o r t  has been p repa red . I2  

were complex, and i t s  a d d i t i o n  w a s  l a r g e l y  de t r imen ta l  t o  t h e  Tho2-U03 

sols i n  many of our  solvent  compositions. We t e s t e d  t h r e e  d i f f e r e n t  

Th02-U03 sols i n  t h e  f a c t o r i a l  experiment: s o l  A,  prepared by t h e  

s tandard cocurrent amine e x t r a c t i o n  f lawsheet ;  sol D, same as A except 

t h a t  c r y s t a l l i n i t y  w a s  increased by d iges t ion ;  and s o l  G ,  prepared by 

t h e  s t anda rd  countercurrent  amine e x t r a c t i o n  flowsheet.  Sol G w a s  con- 

s i d e r a b l y  l e s s  s e n s i t i v e  t o  solvent  composition than  were t h e  o the r s  

because of i t s  lower n i t r a t e - to -me ta l  r a t i o .  The countercurrent  flow- 

sheet  condi t ions have s i n c e  been s e l e c t e d  as our s t anda rd  f o r  s o l  

preparat ion.  

The e f f e c t s  o f  Span 80 add i t ions  

In  t h e  previous f a c t o r i a l  experiment,9 t h e  b e s t  y i e l d s  were obtained 

a t  0.05% Ethomeen, 0.001 M HN03, and 1 . 6 %  H 2 0 .  

t h i s  formula, wrinkled p i t s  appeared i n  t h e  spheres ,  and t h e  problem 

became more severe with inc reas ing  Span 80 concentrat ion (Fig.  3.12). 

Examination of a l l  of  our r e s u l t s  showed t h a t  use of Span 80 r equ i r e s  a 

proper balance among t h e  Span 80, Ethomeen S/15, H20, and HN03 concen- 

t r a t i o n s .  

When Span w a s  added t o  - 

For example, ve ry  good r e s u l t s  w i t h  Span 80 a d d i t i o n  were 

1 3 C .  C.  H a w s ,  B. C .  Finney, and W. D. Bond, Engineering-Scale Demon- 
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Fig. 3.12. E f fec t  of Span 80 on Wrinkle and P i t  Formation a t  Low 
Ethomeen S/15 Concentration. 

obtained a t  0.5% Ethomeen S/15, 1.7% H20, and 0.001 - M HN03 f o r  s o l  G 

(Fig. 3.13). 
0.001 - M HN03, water  concent ra t ion  had l i t t l e ,  i f  any, e f f e c t .  

When Span and Ethomeen were both present  a t .  0.5% wi th  

Studies  of 2EH Recycle Methods 

Previously we showed that pH, s u r f a c t a n t  concentrat ion,  and water  

content  of 2EH a r e  important v a r i a b l e s  i n  t h e  microsphere forming process.  

We a r e  p re sen t ly  examining methods f o r  improving t h e  c o n t r o l  of pH and 

s u r f a c t a n t  concentrat ion during continuous opera t ion  of sphere forming 

columns. 

O u r  present  system f o r  c o n t r o l l i n g  t h e  water  content  i s  adequate. 

A po r t ion  of  t h e  used so lvent  i s  hea ted  at  150 t o  1 6 0 ° C  t o  remove most 

of t h e  water ,  and t h i s  r e l a t i v e l y  dry 2EH i s  mixed wi th  t h e  remaining 
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Fig. 3.13. Effec t  of Span 80 on Wrinkle and P i t  Formation at High 
Ethomeen S /15 Concentration. 

wet so lvent .  

before  d i s t i l l a t i o n  is  d e s i r a b l e  (and probably necessary) .  N i t r i c  a c i d  

a c c e l e r a t e s  so lvent  and s u r f a c t a n t  degradation during d i s t i l l a t i o n ,  and 

formic a c i d  i n t e r f e r e s  w i t h  long-term column operat ion wi th  u ran ia  sols 
by promoting c lus t e r ing .  Therefore, t h e  use o f  c a u s t i c  scrub s o l u t i o n s  

and of ion exchange r e s i n s  f o r  removing t h e s e  ac ids  from 2EH i s  be ing  

inves t iga ted .  

which it i s  recovered by d i s t i l l a t i o n ,  t h e  used s u r f a c t a n t s  a r e  dis-  

carded, and t h e  2EH i s  recyc led  t o  t h e  forming column after s u r f a c t a n t s ,  

water, and n i t r i c  a c i d  are added. 

However, t h e  removal of n i t r i c  and formic ac ids  from 2EH 

W e  a r e  a l s o  studying a t o t a l  2EH p u r i f i c a t i o n  method i n  

Laboratory s t u d i e s  have shown t h a t  r e a c t i o n s  of n i t r i c  a c i d  wi th  

2EH and s u r f a c t a n t s  during d i s t i l l a t i o n  could e s s e n t i a l l y  be el iminated 



48 

by removal of t h e  a c i d  be fo re  d i s t i l l a t i o n  by  contact ing w i t h  a lka l ine  

s o l u t i o n s  o r  ion exchange r e s i n .  The a c i d  content of  t h e  a l c o h o l  could 

then  be maintained a t  t h e  d e s i r e d  level  by adding n i t r i c  a c i d  t o  t h e  

a l coho l  a f t e r  t h e  removal of water  by  d i s t i l l a t i o n .  We t e s t e d  c a u s t i c  

scrubbing as a means o f  c o n t r o l l i n g  t h e  pH and s u r f a c t a n t  concentrat ion 

of  t h e  engineering-development sphere-forming column during continuous 

operation. 

because of  emul s i f i ca t ion  and entrainment problems. Emulsif icat ion 

problems were lessened but  not e l iminated by scrubbing i n  a packed 

column wi th  t h e  organic phase continuous. A l i q u i d - l i q u i d  membrane 

sepa ra to r  (Selas Corporation) w a s  used i n  conjunction w i t h  t h e  packed 

column but  became plugged a f t e r  about 6 h r .  We a r e ,  t h e r e f o r e ,  now 

i n v e s t i g a t i n g  anion exchange r e s i n s  f o r  removing t h e  n i t r i c  and formic 

ac ids .  No phase sepa ra t ions  a r e  r equ i r ed  i n  t h e  ion exchange approach, 

and t h e  emulsion and entrainment problems a r e  avoided. 

Scrubbing wi th  a l k a l i n e  s o l u t i o n s  l 4  w a s  not s a t i s f a c t o r y  

Use of Anion Exchange Resins. - Laboratory s t u d i e s  showed tha t  a 

weak-base r e s i n  (Amberlite IRA-93) is  almost as e f f e c t i v e  as a s t rong-  

base r e s i n  (Arriberlite IRA-900) f o r  t h e  removal of both n i t r i c  and formic 

a c i d s .  The n i t r i c  a c i d  i s  removed i n  preference t o  t h e  weaker formic 

a c i d ,  s o  t h e  formic a c i d  breaks through f i r s t  as a column becomes loaded 

by a mixture of  both ac ids .  With t h e  macroret icular  (highly porous) 

weak-base r e s i n ,  even formic a c i d w a s  taken out f a i r ly  r a p i d l y ;  at a 

f l a w  r a t e  of 4 bed volumes pe r  hour,  removal w a s  q u a n t i t a t i v e  up t o  t h e  

bed capaci ty .  A t  16 bed volumes pe r  hour,  removal w a s  s t i l l  ve ry  e f f ec -  

t i v e .  Although a strong-base r e s i n  should be more e f f e c t i v e  than  t h e  

weak-base type f o r  removing weak ac ids  such as formic, regenerat ion is  

more d i f f i c u l t ,  p a r t i c u l a r l y  from t h e  n i t r a t e  form. Therefore, both 

chemical types were t e s t e d .  Only macroret icular  r e s i n s  were t e s t e d  

i n i t i a l l y .  

t o  i n t e r f e r e  with a c i d  removal. Losses of s u r f a c t a n t s  t o  t h e  r e s i n  have 

not been determined. 

The s u r f a c t a n t s  (Span 80 and Ethomeen S/15) do not  appear 

’“hem. Technol. Div. Ann. Progr. Rept. May 31, 1969, ORNL-4422, 
pp. 197-99. 
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W e  have i n s t a l l e d  a r e s i n  column i n  t h e  c i r c u i t  of our engineering- 

development sphere-forming equipment, are t e s t i n g  anion exchange r e s i n s  

f o r  t h e  removal of n i t r i c  and formic a c i d s ,  and a r e  determining t h e  

degree of  removal of  n i t r i c  and formic a c i d  t h a t  i s  r equ i r ed  f o r  satis-  

f a c t o r y  sphere forming. 

U s e  of D i s t i l l a t i o n .  - Recovery of  2EH from s u r f a c t a n t s  r equ i r e s  

fewer d i s t i l l a t i o n  s t ages  when water  i s  p resen t .  Also t h e  s u r f a c t a n t s  

decompose considerably l e s s  t han  i n  our previous study,14 where w a t e r  

was not p re sen t .  We have c a r r i e d  out l abora to ry  s t u d i e s  on t h e  recovery 

of 2EH by d i s t i l l a t i o n  of two phases a t  100°C and of a s i n g l e  phase a t  

150 and 180°C. We determined t h e  maximum i n i t i a l  r a t e s  of d i s t i l l a t i o n  

t h a t  could be a t t a i n e d  with our l abora to ry  equipment a t  s e v e r a l  tempera- 

t u r e s  f o r  2EH f r e e  of s u r f a c t a n t s .  Also, we determined t h e  volume of  

water r equ i r ed  p e r  volume of  2EH p u r i f i e d .  The r e s u l t s  are shown for 
t h e  two-phase d i s t i l l a t i o n  a t  99 t o  100°C i n  Table 3.8 and f o r  s ing le -  

phase d i s t i l l a t i o n  a t  150 and 180°C i n  Table 3.9.  

Table 3.8. Two-Phase D i s t i l l a t i o n  of Used 2EH and Water a t  100°C 

Conditions:  The 2EH feed  contained s u r f a c t a n t s  and 
had been used i n  microsphere-forming 
columns. An e l e c t r i c a l l y  heated (600 W 
max), 5 - l i t e r  s t i l l p o t  w a s  used. 

Rate of 
Dist i l la te  Co l l ec t ion  2EH i n  Dist i l la te  Rate of 2EH Recovery 

(vel %) ( d m i n )  (mumin) 

3.55 

3.55 

3.60 

3.40 

4.80 

8.30 

12.6 

28 

20 

20 

24 

21 

19  

16 

0.99 

0.71 

0.72 

0.82 

1.00 

1 .58  

2.02 
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Table 3.7. Single-phase D i s t i l l a t i o n  of Used 2EH and Water So lu t ions  

Conditions:  The 2EH feed  contained s u r f a c t a n t s  and 
had been used i n  microsphere-forming 
columns. An e l e c t r i c a l l y  heated,  
1 - l i t e r  s t i l l p o t  w a s  used. 

Rate of 2EH i n  Rate of Temp er a t  u r  e D i s t i l l a t e  Co l l ec t ion  Two-Phase D i s t i l l a t e  2EH Recovery 
( d / m i n )  (vel %) (mumin) ("C) 

155" 

180b 

150" 8.0 

8 .0  

11 .0  

12 .0  

1 2 . 5  

15 

15 

27.5 

45.0 

5.4 
5 . 8  

8.7 

9.2 

9 .5  

11.7 

15 .0  

27.5 

45.0 

a Used 2EH and about one-fourth volume o f  water  were metered i n t o  
t h e  d i s t i l l a t i o n  po t .  

2EH t h a t  had been s a t u r a t e d  wi th  water  a t  room temperature  
(2 .5% H 2 0 )  w a s  metered i n t o  t h e  d i s t i l l a t i o n  po t .  

The d i s t i l l a t i o n s  a t  100 and 150°C were c a r r i e d  out by metering t h e  

used 2EH and water  i n t o  a d i s t i l l i n g  p o t ,  c o l l e c t i n g  t h e  condensate, and 

then  s e p a r a t i n g  t h e  2EH and water  phases i n  t h e  condensate. The 180°C 

d i s t i l l a t i o n  w a s  c a r r i e d  out i n  t h e  same manner except t h a t  t h e  d i s t i l -  

l a t e  was r e d i s t i l l e d  a t  180°C. A l l  of t h e  2EH recovered w a s  f r e e  o f  

s u r f a c t a n t  (< 0.005 vol %).  

varying t h e  a p p l i e d  vo l t age  t o  t h e  e l e c t r i c a l  h e a t e r s .  The r a t e s  

a t t a i n e d  a t  100°C cannot be d i r e c t l y  compared t o  those  obtained a t  150 

and 180°C. 

used i n  t h e  100°C d i s t i l l a t i o n ,  whereas a 1 - l i t e r  round-bottom f l a s k  

hea ted  by a 380-W h e a t e r  was used a t  t h e  o t h e r  temperatures.  

The r a t e  of d i s t i l l a t i o n  w a s  v a r i e d  by 

A 5 - l i t e r  round-bottom f l a s k  hea ted  by a 600-W h e a t e r  w a s  
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Simple p r o r a t i n g  of  t h e  volume-power r a t i o  of t h e  5 - l i t e r  f l a s k  t o  

t h e  1 - l i t e r  f l a s k  i n d i c a t e s  t h a t  r a t e s  of  2EH recovery i n  t h e  100°C 

d i s t i l l a t i o n  would have been about 0.55 t imes as g r e a t  had t h e  experi-  

ment been performed i n  t h e  same equipment. 

Sphere Preparat ion Development for CUSP U 0 2  Sols 

We es t ab l i shed15  0.4 v o l  % Span 80 and 0.05 v o l  % Ethomeen S/15 

t oge the r  as s a t i s f a c t o r y  concentrat ions f o r  t h e  f i r s t  hour f o r  micro- 

sphere p repa ra t ion  from CUSP UO2 s o l .  ?"ne development and demonstration 

of longer per iods of ope ra t ion  were s t a r t e d  using t h e  U02 sols from t h e  

development runs i n  CUSP engineering equipment. 

Operation wi th  v i r g i n  2EH was f i r s t  s a t i s f a c t o r y  but  became unsat-  

i s f a c t o r y  a f t e r  s h o r t  per iods with excessive c l u s t e r i n g  and s t i c k i n g .  

This happened when t h e  volume of s o l  f e d  equaled about 3% of  t h e  system 

a l coho l  volume. The problem d i d  not appear t o  be  due t o  loss  of sur- 

f a c t a n t s ,  as s u r f a c t a n t  add i t ions  r e s u l t e d  i n  only small, temporary 

improvements, and s e v e r a l  add i t ions  caused p a r t i c l e  d i s t o r t i o n s  t y p i c a l  

of those from excessive s u r f a c t a n t  concentrat ions.  Several  d i f f e r e n t  

experimental  r e s u l t s  i n d i c a t e  t h a t  t h e  s t i c k i n g  and c l u s t e r i n g  a r e  due 

t o  accumulations o f  formate ( e x t r a c t e d  from t h e  UO2 s o l )  i n  t h e  2EH. 

Scrubbing t h e  2EH with aqueous s o l u t i o n s  of NaOH, N a 2 C 0 3 ,  or NHkOH a l l e -  

v i a t e d  t h e  s t i c k i n g  and c l u s t e r i n g ,  while  a d d i t i o n  of e x t r a  formate 

caused c l u s t e r i n g .  l5 Analyses of  t h e  2EH showed bui ldup of formate 

equivalent  t o  about 30% of t h e  formate i n  1 - M CUSP sol or 15% of t h e  

formate i n  2 M CUSP s o l .  The d i f f e r e n c e  may be  due t o  the s h o r t e r  ge l a -  

t i o n  t ime f o r  t h e  m r e  concentrated s o l .  The i n i t i a l  pe r iod  of good 

sphere formation w a s  extended by e i t h e r  c a u s t i c  scrubbing of t h e  2EH o r  

add i t ions  of HN03  t o  maintain low pH values i n  t h e  2EH. Without use of 

c a u s t i c  scrub or a d d i t i o n  of HNO?, t h e  pH o f  t h e  2EH rises r a p i d l y  during 

operat ion of t h e  s t i l l  t h a t  removes water during or a f t e r  formation of 

s o l  i n t o  spheres .  Although t h e  CUSP sols have pH's of 2 . 1  t o  2 . 9 ,  feeding 

- 

l5P. A. Haas, S. D. Cl inton,  and C.  C.  H a w s ,  S t a tus  and Progress 
Report f o r  Thorium Fuel  Cycle Development 1967-1968, OWL-4429, 
pp. 45-53. 
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them i n t o  2EH of pH 3 while  t h e  s t i l l  i s  i n  ope ra t ion  r a p i d l y  inc reases  

t h e  pH of  t h e  2EH t o  over 5. Additions of  HNO3 t o  maintain t h e  pH at 

about 2 prevents  t h e  s t i c k i n g  and c l u s t e r i n g ,  p o s s i b l y  by ox ida t ion  of 

t h e  formic a c i d  i n  t h e  s t i l l  at 150°C. 

The t r ea tmen t s  l i s t e d  f o r  extending t h e  operat ion without  c l u s t e r i n g  

or s t i c k i n g  a l l  have r e s u l t e d  i n  o the r  d i f f i c u l t i e s .  For c a u s t i c  scrub- 

b ing  of t h e  2EH, t h e  s o l u t i o n  i s  e n t r a i n e d  i n  t h e  2EH. The s u r f a c t a n t s  

i n  t h e  2EH r e s u l t  i n  entrainment of ve ry  small drops o f  aqueous scrub 

s o l u t i o n s ,  even f o r  r e l a t i v e l y  g e n t l e  mixing i n  a sp ray  column. Water 

scrubs t e n d  t o  emulsify wi th  t h e  2EH s o l u t i o n  and a r e  not  very e f f e c t i v e  

for removing t h e  en t r a ined  s o l u t i o n  drops. The NaOH s o l u t i o n  drops were 

dehydrated i n  t h e  s t i l l  a t  150°C and were c a r r i e d  i n t o  t h e  sphere- 

forming column as g e l a t i n o u s ,  c o l l o i d a l  p a r t i c l e s  i n  t h e  2EH. The 

e n t r a i n e d  Na2C03 s o l u t i o n  drops r e s u l t e d  i n  repeated plugging of t h e  

f i r s t  heat exchanger i n  t h e  s t i l l .  Most of t h e  NHLOH i s  s t r i p p e d  out  

i n  the  s t i l l ,  b u t  enough d i s so lved  NH4OH i s  c a r r i e d  out i n t o  t h e  sphere- 

forming column t o  v i s i b l y  a f f e c t  t h e  g e l  spheres .  The a d d i t i o n  of HN03 

t o  keep a l l  t h e  2EH a t  pH 2 r e s u l t s  i n  very r a p i d  degradat ion of s u r f a c -  

t a n t s  i n  t h e  s t i l l .  

A membrane-type l i q u i d - l i q u i d  s e p a r a t o r ,  purchased from t h e  Se la s  

Corporation, w a s  t e s t e d  f o r  p reven t ing  entrainment of c a u s t i c  s o l u t i o n  

i n  2EH. The Se la s  s e p a r a t o r  appeared t o  prevent  t h e  entrainment ,  bu t  

t h e  coalescing membrane plugged af ter  6 hr of use.  The aqueous i n t e r -  

f a c e  w a s  maintained above t h i s  membrane f o r  a second t e s t  ( t h e  i n t e r f a c e  

w a s  near  t h e  bottom f o r  t h e  f irst  t e s t ) .  

d i d  no t  s t o p ,  t h e  inc rease  i n  p re s su re  drop ‘ i n d i c a t i n g  plugging)  during 

ope ra t ion .  Even a f t e r  t h e  entrainment w a s  reduced by  use o f  a packed 

scrub column wi th  t h e  organic  phase continuous,  t h e  Selas  s e p a r a t o r  

plugged. W e  do not  p l a n  any f u r t h e r  t e s t s  of t h e  s e p a r a t o r  f o r  t h i s  

a p p l i c a t i o n .  

This change slowed down, bu t  

The con tac to r  i n i t i a l l y  used f o r  scrubbing t h e  2EH w i t h  0.5 - M NaOH 

cons i s t ed  of two aqueous-continuous sp ray  columns. This w a s  changed t o  

one 4 - f t  l eng th  packed wi th  1/2-in.  ceramic b e r l  s add le s  wi th  t h e  

organic  phase continuous. This packed column scrubber  g e n e r a l l y  gave 
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much l e s s  entrainment of c a u s t i c  s o l u t i o n  than  t h e  sp ray  columns and 

operated acceptably f o r  t h e  s h o r t  per iods ( l e s s  t han  6 h r )  t e s t e d .  

Caust ic  d r o p l e t s  out o f  t h e  scrubber were e n t r a i n e d  much l e s s  t han  f o r  

t h e  scrub contactors  t h a t  had been p rev ious ly  t e s t e d ,  but  some e n t r a i n -  

ment w a s  s t i l l  v i s i b l e .  The long-term a c c e p t a b i l i t y  of t h i s  entrainment 

and t h e  e f f ec t iveness  of t h e  scrubbing would have t o  be  demonstrated by 

long per iods of ope ra t ion  be fo re  we could accept t h e  packed column 

scrubber as a proven method. The scrubbing e f f i c i e n c y  w a s  measured by 

feeding 6 g/hr  of HCOOH and 0.12 mole/hr of HpJO3 d issolved i n  2EH. 

provided known inpu t s  o f  a c i d s  r a t h e r  t han  t h e  v a r i a b l e  amounts e x t r a c t e d  

from sol drops. 

a t  t h e  s t a r t  and a f t e r  6 h r  of  scrub a t  t h e  end without HCOOH feed. If 

t h i s  40 mg/l i ter  i s  sub t r ac t ed  from a l l  analyses  ( t h i s  assumes it i s  an 

unex t r ac t ab le ,  constant  m a t e r i a l  t h a t  shows up i n  t h e  formate a n a l y s e s ) ,  

t h e  bui ldup of  HCOO- during HCOOH a d d i t i o n  and t h e  decreasing concentra- 

t i o n  during no a d d i t i o n  both agree w i t h  70% removal during flowing through 

t h e  scrubber and s t i l l .  Analyses of  t h e  two NaOH scrub s o l u t i o n s  only 

show about 50% o f  t h e  HCOOH t h a t  had been added t o  t h e  system. 

scrubbing e f f i c i e n c y  would allow about 0.002 - M HCOO- i n  t h e  2EH a t  s t eady  

s t a t e  based on ( s t i l l  or sc rubbe r ) - to - so l  volume flow r a t i o s  of about 150. 

This appears j u s t  b a r e l y  adequate. 

This 

Analyses of  t h e  2EH samples showed about 40 mg/ l i t e r  HCOO- 

The 70% 

DeveloDment of  Fluidized-Bed Columns 

A r e p o r t  w a s  publ ished t o  summarize information f o r  designing and 

I n  t h i s  operat ing f luidized-bed columns f o r  g e l  sphere p repa ra t ion .  If' 

r e p o r t ,  

' I . .  . emphasis i s  on v a r i a b l e s  o t h e r  t han  t h e  s o l  
c h a r a c t e r i s t i c s .  Among t h e  problems considered a r e  : 
premature discharge of incompletely g e l l e d  p a r t i c l e s  
from t h e  sphere-forming column, formation of nonspherical  
g e l  p a r t i c l e s  , and capac i ty  l i m i t a t i o n s  of t h e  equipment. 
The co r rec t  configurat ion f o r  t h e  column and t h e  use of a 
t a n g e n t i a l  f l u i d  i n l e t  t o  c r e a t e  a s w i r l i n g  motion of t h e  

I6P. A. Haas, Sol-Gel Preparat ion of Spheres : Design and Operation 
of  F lu id i zed  Bed Columns, OF3L-4398 (Septeniber 1969). 
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l i q u i d  a r e  important f a c t o r s  i n  ensuring good f l u i d i z a t i o n .  
Success fu l  continuous ope ra t ion  r equ i r e s  c o n t r o l  of  t h e  
composition of t h e  f l u i d i z i n g  mixture by t h e  a d d i t i o n  of 
s u r f a c t a n t s  and t h e  ope ra t ion  of a s t i l l  t o  remove water. 
Capac i t i e s  under normal cond i t ions ,  i n  terms of  grams of 
oxide spheres pe r  hour,  a r e  es t imated t o  be from 100 g/hr  
f o r  d i l u t e  sols, us ing  a 1-in.-ID (minimum) column, t o  
9000 g/hr  f o r  concentrated sols, us ing  a ?-in.-ID (minimum) 
c o l u m .  The d i spe r s ion  of sol i n t o  uniform drops i s  a l s o  
important t o  continuous and e f f i c i e n t  ope ra t ion ;  fou r  u s e f u l  
d i spe r s ion  techniques a r e  described. The composition and 
s i z e  of t h e  product spheres must be s p e c i f i e d  be fo re  equip- 
ment and procedures can be optimized." 

The s e t t l i n g  v e l o c i t y  and mola r i ty  of a sol drop as func t ions  of  

t ime determine some f luidized-bed column requirements.  These v a r i a b l e s  

are c a l c u l a t e d  by  use of  a computer program (see below). S t a r t i n g  w i t h  

a 1 - M s o l ,  t h e  s e t t l i n g  v e l o c i t y  of t h e  drop has a minimum at  about 

1. 5 - M and varies l i t t l e  from 1 t o  4 - M (Fig. 3 . 1 4 ) .  

a t  g e l a t i o n  (about 14 - M) i s  only about 40% g r e a t e r  t han  t h e  minimum. 

Thus t h e  continuous removal of g e l l e d  spheres  i s  p o s s i b l e  only i f  t h e  

f l u i d i z a t i o n  i s  c a r e f u l l y  c o n t r o l l e d  and uniform and i f  t h e r e  a r e  ve ry  

few ove r s i ze  drops t h a t  would drop out ungelled.  About 80% of  t h e  water  

e x t r a c t e d  and 70% of t h e  t ime r equ i r ed  f o r  g e l a t i o n  a r e  f o r  t h e  1 t o  4 M 

range w i t h  a n e a r l y  constant  s e t t l i n g  v e l o c i t y  (Fig. 3.14). The s o l  drop 

has a much sma l l e r  volume and only spends 30% of the  g e l a t i o n  t i m e  i n  t h e  

4 t o  14  - M range, where t h e  s e t t l i n g  v e l o c i t y  i s  inc reas ing .  

f luidized-bed column should b e  designed t o  provide a l a r g e  bed volume 

f o r  holdup of  t he  1 t o  4 - M s o l  drops compared t o  t h e  volume f o r  4 t o  

14 - M. 

on t o p  of  a t ape red  s e c t i o n  i n  t h e  design r e p o r t . I 6  

The s e t t l i n g  v e l o c i t y  

- 

Thus a 

This i s  t h e  reason f o r  t h e  recommendation of a c y l i n d r i c a l  s e c t i o n  

P repa ra t ion  o f  Spheres Smaller t han  200 p m  i n  Diameter i n  Nonfluidized 
Columns 

This s e c t i o n  desc r ibes  t h e  development of processes and equipment 

for preparing g e l  spheres without f l u i d i z a t i o n .  The requirements w i t h  

r e s p e c t  t o  c o n t r o l  of t h e  2EH and s o l  flow r a t e s ,  t h e  s u r f a c t a n t  concen- 

t r a t i o n s ,  and t h e  uniformity of s o l  drops a r e  much less r e s t r i c t i v e  i n  

t h e  absence of  f l u i d i z a t i o n ;  however, t h e  maximum sphere diameter t h a t  

can be produced i s  t y p i c a l l y  200 Km or l e s s  f o r  simple,  nonfluidized 
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Typical Var i a t ion  of Sol Drop Variables wi th  Time, From 
Mass Transfer Calculat ions.  

systems. Mater ia ls  prepared i n  our equipment were used for development 

s t u d i e s  a t  ORNL and elsewhere. These ma te r i a l s  included about 50 kg of 

Tho2 spheres ,  10  kg of U 0 2  spheres ,  10  kg of UO2-C spheres ,  and smaller 

amounts of spheres of  o the r  compositions. 

d e n s i f i e d  t o  g r e a t e r  t han  9 .9  g/cm3 on f i r i n g  t o  1150°C. 

Both t h e  Tho2 and U02 spheres 

A new system used f o r  t h e  nonfluidized p repa ra t ion  of g e l  spheres 

i s  shown i n  Fig.  3.15. 

4-in.-ID g l a s s  column. 

s o l  drops and t h e  organic  l i q u i d  flow cocur ren t ly  down t h e  10 - f t  l eng th  

The d i s p e r s e r  forms sol drops i n  t h e  t o p  of a 

Water i s  e x t r a c t e d  t o  form g e l  spheres as t h e  
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Fig.  3.15. Cocurrent Column System f o r  Preparat ion of  G e l  Spheres 
Without F l u  i d i z at  ion. 

of column. The organic  l i q u i d  i s  u s u a l l y  2EH or isoamyl a l c o h o l  ( iAA) .  

The s o l  drops or g e l  spheres s e t t l e  through t h e  a l c o h o l  and have a 
s h o r t e r  average r e s idence  t i m e  t han  t h e  alcohol .  Water i s  removed from 

t h e  a l c o h o l  i n  a s ing le - s t age  d i s t i l l a t i o n ,  and t h e  dry a l c o h o l  i s  

r e tu rned  t o  t h e  column. 

s l a b  s e t t l e r  and c o l l e c t e d  i n  a combination product r e c e i v e r  and g e l  

sphere dryer .  

spheres are d r i e d  i n  batches.  

The g e l  spheres are sepa ra t ed  i n  an i n c l i n e d  

!this r e c e i v e r  i s  valved o f f  from t h e  system, and t h e  g e l  
q 

The sol drops introduced i n t o  a nonfluidized column must be small 

This i s  t h e  p r i n c i p a l  

The column he igh t s  

enough t o  g e l  be fo re  t h e y  s e t t l e  t o  t h e  bottom. 

l i m i t a t i o n  on nonfluidized p repa ra t ion  of spheres.  
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r equ i r ed  depend on t h e  mass t r a n s f e r  and s e t t l i n g  v e l o c i t y .  

t r a n s f e r  as a funct ion of s o l  drop and organic  l i q u i d  v a r i a b l e s  w a s  

i n v e s t i g a t e d  and c o r r e l a t e d  by Clinton. l7 The s e t t l i n g  behavior of  

drops or spheres i s  e a s i l y  c a l c u l a t e d  w i t h  Stokes '  s e t t l i n g  v e l o c i t y  

equation f o r  laminar condi t ions and a drag c o e f f i c i e n t  f o r  l a r g e r  

Reynolds numbers. The s o l  drop s i z e  and d e n s i t y  bo th  vary w i t h  t ime. 

Thus t h e  mass t r a n s f e r  and s e t t l i n g  v e l o c i t y  bo th  vary wi th  t i m e ,  and 

a n a l y t i c a l  s o l u t i o n s  a r e  not poss ib l e .  However, t h e  mass t r a n s f e r  and 

s e t t l i n g  v e l o c i t y  c o r r e l a t i o n s  are e a s i l y  combined using a computer 

program" t o  give t i m e  and f r e e - f a l l  d i s t ance  as a func t ion  of sol drop 

v a r i a b l e s  and organic  v a r i a b l e s .  The computer program can be used t o  

c a l c u l a t e  t h e  drop diameter,  drop concentrat ion,  and f r e e - f a l l  d i s t ance  

as funct ions of  t ime (Fig. 3 .14) .  

The mass 

?"ne f r e e - f a l l  d i s t ance  r equ i r ed  t o  reach about 14 - M (about 17 f t  

f o r  Fig. 3.14) i s  t h e  column he igh t  r equ i r ed  f o r  g e l a t i o n  without f l u -  

i d i z a t i o n .  These h e i g h t s  are p l o t t e d  aga ins t  t h e  i n i t i a l  sol drop diam- 

e t e r  i n  Fig.  3.16 for s p e c i f i e d  i n i t i a l  drop diameter and organic  

v a r i a b l e s .  The g e l a t i o n  t imes and f i r e d  diameters a r e  a l s o  shown. The 

g e l a t i o n  t ime decreases as t h e  sol mola r i ty  inc reases  s i n c e  both t h e  

r a t e  of mass transfer increases  and t h e  amount of water  t o  be  removed 

decreases.  

Below 3.5 - M i n i t i a l  concentrat ion,  t h e  column he igh t  r equ i r ed  is  l e s s  

because of t h e  lower s e t t l i n g  v e l o c i t y .  

t i o n ,  l e s s  column he igh t  i s  r equ i r ed  because t h e  s h o r t e r  g e l a t i o n  t i m e  

has more e f f e c t  t han  t h e  higher  s e t t l i n g  v e l o c i t y .  Our i n i t i a l  sol con- 

cen t r a t ions  a r e  u s u a l l y  between 1 and 3 - M. 

drop diameter t h e  column he igh t  r equ i r ed  f o r  nonf lu id i zed  g e l a t i o n  i s  

r e l a t i v e l y  independent of t h e  i n i t i a l  sol molari ty .  

But t h e  column height  r equ i r ed  has a maximum a t  about 3 .5  - M. 

Above 3 .5  M - i n i t i a l  concentra- 

Thus, f o r  a s p e c i f i e d  i n i t i a l  

The f r e e - f a l l  d i s t ances  or column he igh t s  of  Fig. 3.17 a r e  f o r  2 - M 

i n i t i a l  s o l ,  but  i n i t i a l  s o l  m o l a r i t i e s  from 1 . 2  t o  7 - M would g ive  he igh t s  

I7S. D. Cl inton,  Mass Transfer of  Water from Single  Thoria Sol Drop- 
l e t s  F lu id i zed  i n  2-Ethyl-1-Hexanol, ORNL-TM-2163 (June 1968) ; M. s. Thesis, 
Un ive r s i ty  of Tennessee, Knoxville (1968). 

18D. A. Schneider and N. I. Sa la s ,  "Gelation of Small Diameter Thoria 
S o l  Microspheres i n  Non-Flawing Alcohols," MIT P r a c t i c e  School study. 



58 

ORNL DWC- 70-1540 R 1  s 
- 

W 
LL 

I- 

- 

0 I I I I I 
0 1 2 3 4 5 6 7 8 

INITIAL SOL CONCENTRATION, M 

Fig.  3.16. Calculated Gelat ion Resul ts  Related t o  I n i t i a l  Sol  
Molar i ty  . 

ORNL DWG 70-1546 

1 2 3 4  6 8 10 20 
FREE FALL (COLUMN HEIGHT) ( f t )  

I I I I I I I I 
20 40 60 80 400 200 400 600 800 1000 

FREE FALL (COLUMN HEIGHT) (cm) 

Fig.  3.17. I n i t i a l  S o l  Drop Diameter P l o t t e d  Against Column Height 
Required fo r  Gelation. 



59 

w i t h i n  i10$ of t h e s e  values .  

previously reported'' experimental  values f o r  2EH. 

t i o n s  were checked experimental ly  i n  5- and 11-ft columns. l8 

condi t ions correspond t o  experimental  condi t ions f o r  isoamyl a lcohol .  

The curve I condi t ions correspond t o  

The curve I1 condi- 

The curve I V  

These r e s u l t s  a long wi th  o t h e r  experimental  t e s t s  show t h a t  300-pm- 

diam sol drops a r e  e a s i l y  g e l l e d  i n  nonfluidized columns, while  500- or 

600-pm-diam drops are d i f f i c u l t .  For 2EH, t h e  d i f f i c u l t y  i s  t h a t  l a r g e  

column he igh t s  a r e  r equ i r ed ,  i nc reas ing  from 4 t o  6 f t  f o r  300 p m t o  

20 t o  30 f t  f o r  600 pm. For iAA, t h e  d i f f i c u l t y  i s  t h a t  s o l  drops t h a t  

a r e  i n i t i a l l y  l a r g e r  t han  300 pm a r e  almost c e r t a i n  t o  d i s t o r t  or c rack  

as a r e s u l t  of t h e  low i n t e r f a c i a l  t e n s i o n  and t h e  high rate of mass 

t r a n s f e r .  The corresponding f i r e d  product s i z e s ,  assuming t h e o r e t i c a l l y  

dense spheres ,  are given i n  Table 3.10. 

Table 3.10. So l  Diameters from Free -Fa l l  Columns 

F i r e d  Diameter, pm, from 
Various I n i t i a l  S o l  Mola r i t i e s  

2 M  

I n i t i a l  
Diameter 

3 M  - - 1 M  (pm)  - 

300 

500 

600 

90 110 12 5 

145 185 210 

175 220 250 

Preparat ion of Test Material f o r  Recycle Test Elements 

J. R. P a r r o t t  F. L. &ley 
C.  C .  Haws P. A. Haas 
W. T. McDuffee R. J. Shannon 

F. G.  K i t t s  

Experimental f u e l  elements c a l l e d  Recycle Test Elements (RTE's) have 

been f a b r i c a t e d  f o r  i r r a d i a t i o n  i n  t h e  f i r s t  Peach Bottom Reactor. The 

'~'P. A. Haas, S. D. Cl inton,  and C .  C .  Haws,  S t a t u s  and Progress 
Report f o r  Thorium Fuel  Cycle Development 1967-1968, ORNL-4429, 
pp. 45-53. 
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R T E ' s  a r e  an important p a r t  of t h e  Nat ional  HTGR Recycle Program. They 

w i l l  provide pro to type  1100 W ( e l e c t r i c a 1 )  HTGR f u e l  i n  s u f f i c i e n t  

q u a n t i t i e s  f o r  use i n  ho t  c e l l  s t u d i e s  of head-end reprocess ing  opera- 

t i o n s  and of pro to type  equipment t o  be used i n  t h e  Thorium-Uranium 

Recycle F a c i l i t y  (TURF). 

The Chemical Technology Divis ion w a s  t o  prepare oxide ke rne l s  for 

use i n  f a b r i c a t i n g  t h e  R T E ' s  and d e l i v e r  t o  t h e  Metals and Ceramics 

Divis ion f o r  coa t ing  wi th  p y r o l y t i c  carbon. The requirements a r e  given 

i n  Table 3.11. The p repa ra t ion  of some of t h e s e  kerne ls  i s  descr ibed  

below. The Tho2 microspheres were s e l e c t e d  from t h e  product from t h e  

thorium engineer ing s c a l e  development run r epor t ed  previous ly .  

Table 3.11. Microspheres Needed f o r  Recycle Test Elements 

Mate r i a l  Quan t i ty  S ize  
(g 1 (d Density 

Tho 2 1300 400 ? 100 > 9.50 g/cm3 

~ h 0 ~ - ~ ~ ~ u 0 ~  (m/u = 4 . 2 )  1000 350 -i- 100 > 95% of t h e o r e t i c a l  

~ h 0 ~ - ~ ~ ~ u 0 ~  (m/u = 2 .0 )  2700 350 100 > 95% of t h e o r e t i c a l  

2 3  5u02 300 100 -t 30 > 10.20 g/cm3 

The Th02-235U02 m a t e r i a l  w a s  prepared i n  t h e  engineer ing-sca le  s o l -  

g e l  f a c i l i t y  t h a t  had been opera ted  p rev ious ly  t o  prepare  32 kg of 

Th024.25% 233U02 for t e s t s  i n  t h e  High Temperature L a t t i c e  Test Reactor. 21-23 

'OP. A. Haas and C.  C.  Haws,  S t a tus  and Progress Report for Thorium 
Fuel  Cycle Development 1967-1968, ORNL4429, pp. 6 2 4 9 .  

21Chem. Technol. Div. Ann. Progr. Rept. May 31, 1969, ORNL-4422, 

22J. W. Snider ,  F. L. Daley, J. R. P a r r o t t ,  R. J. Shannon, 

pp. 183-86. 

F. J. Furman, Jr., and R. A. Bowman, S ta tus  and Progress Report f o r  Thorium 
Fuel  Cycle Development 1967-1968, ORNL4429, pp. 3-10. 

"Demonstration of 233U02-Th02 Microsphere Production by  t h e  Sol-Gel 
Process ,"  p re sen ted  at t h e  1969 Annual Meeting of t h e  American Nuclear 
Socie ty ,  S e a t t l e ,  Wash., June 15-19, 1969. 

23J. R. P a r r o t t ,  F. L. Daley, F. J. Furman, and J. W. Sn ider ,  
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Eight l-kg-metal batches of Th02-235U02 ( T h / U  = 4 . 2 )  were processed 

through t h e  solvent  e x t r a c t i o n  equipment 24 f o r  t h e  p repa ra t ion  of hydro- 

sol having a n i t r a t e - to -me ta l  r a t i o  of 0.1.  The f i r s t  run w a s  necessary 

t o  o b t a i n  equi l ibr ium, and t h e  s o l  w a s  of poor q u a l i t y .  Excessive 

amounts of n i t r a t e  ion were ex t r ac t ed .  To prevent ove rden i t r a t ion  of 

t h e  s o l ,  t h e  e x t r a c t a n t  (Arriberlite LA-2 i n  an - n-pa ra f f in  d i l u e n t )  f l o w  

ra te  had t o  be reduced 15% from t h e  e s t a b l i s h e d  flowsheet r a t e  used f o r  

t h e  HTLTR Program. 

Microspheres w e r e  formed i n  t h e  c e l l  4 f a c i l i t y .  The drying agent 

w a s  2EH containing 0.1% Ethomeen S/15 and 0 . 1  - M HNO?. 

nozzle w a s  replaced with a pe r fo ra t ed  p l a t e  (bucket-type) , " which per- 

mi t t ed  t h e  use of  an a i r - l i f t  feed device r a t h e r  t han  t h e  syr inge pump. 

However, it became obvious t h a t  t h e  microspheres were not  being d r i e d  

s u f f i c i e n t l y  i n  t h e  column, and a new column w i t h  a smaller  t h r o a t  w a s  

i n s t a l l e d .  The increased solvent  v e l o c i t y  co r rec t ed  t h e  d i f f i c u l t y ,  and 

operat ion w a s  e x c e l l e n t  during t h e  remainder of %he program. A t o t a l  of 

6.98 kg of ThO2-UO2 microspheres w a s  t r a n s f e r r e d  t o  t h e  Metals and 

Ceramics Division f o r  coat ing.  

The two-f luid 

The material containing thorium and 235U i n  t h e  r a t i o  T h / U  = 2 . 0  

r equ i r ed  t h e  p repa ra t ion  by so lven t  e x t r a c t i o n  of n i t r a t e  from four  

batches (1 kg of Th + U each) of thorium-uranyl n i t r a t e  so lu t ion .  It 

w a s  d e n i t r a t e d  i n  t h e  same sol-forming equipment used f o r  t h e  m a t e r i a l  

r i c h e r  i n  thorium. However, spheres from sol of t h i s  low a thorium-to- 

uranium r a t i o  had not been prepared on a l a r g e  s c a l e ,  and i n i t i a l  e f f o r t s  

to form t h i s  material into microspheres were unsuccessful.  Various com- 

b ina t ions  of s u r f a c t a n t s  and sol "aging" s t e p s  f a i l e d  t o  reduce t h e  

cracking during drying i n  the sphere-forming column. 

t h e  forming of microspheres d i r e c t l y  from t h e  r e d  sol - w a s  abandoned i n  

favor o f  an i n d i r e c t  method i n  which carbon w a s  added t o  t h e  oxide sol 

The d i r e c t  method - 

2 4 J .  W. Snider ,  The Design of Engineering-Scale Solex Equipment, 
OWL-4256 (Apr i l  1969).  

25P. A. Haas, C.  C .  Haws,  Jr., F. G. K i t t s ,  and A. D. Ryon, 
Engineering Development of Sol-Gel Processes a t  t h e  Oak Ridge Nat ional  
Laboratory, ORNL-TM-1978, pp. 3 7 4 0  (January 1968).  
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befo re  sphere forming. This method w a s  adopted t o  e l imina te  cracking 

s i n c e  p a s t  experience had shown t h a t  cracking tendencies  were g r e a t l y  

minimized when carbon w a s  p re sen t .  The carbon can then  b e  burned out 

be fo re  f i n a l  d e n s i f i c a t i o n .  2 6  

Prel iminary l a b o r a t o r y  t e s t s  i n d i c a t e d  t h a t  a t  l eas t  3 g-atoms C/mole 

oxide w a s  necessary t o  ob ta in  good spheres ,  and a r a t i o  of L, w a s  d e s i r a b l e .  

The carbon w a s  added by u l t r a s o n i c  a g i t a t i o n  of t h e  oxide sol containing 

t h e  weighed a m u n t  of carbon black.  Microspheres were formed f r o m t h e  

carbon sols by maintaining t h e  fol lowing concentrat ions i n  t h e  2EH: 

0 .3  t o  0.4% Ethomeen S/15, 
0.004 M - HNO3, 

0 .2  t o  0.4% Pluronic  L-92, and 

0 .5  t o  1% H2O.  

The carbon can cause a number of  exothermic r e a c t i o n s  during drying 

and c a l c i n i n g ;  t h e r e f o r e ,  t h e  microspheres were allowed t o  d ry  i n  a i r  

overnight.  

of 8 h r .  This w a s  followed b y  an 8-hr h e a t i n g  pe r iod  a t  a decreased 

argon flow, an 8-hr cool ing per iod,  and c a l c i n a t i o n  t o  1000°C at 300"C/hr 

i n  a i r .  A f t e r  t h i s  t reatment  t h e  carbon content w a s  0.003 w t  %. The 

su r faces  of t h e s e  microspheres a r e  rough, and t h e  microspheres a r e  no t  

t r u e  sphe res ,  b u t  a r e  sphe ro ida l .  

c a l c i n a t i o n ,  and r e q u i r e  s i n t e r i n g  a t  1450°C t o  a t t a i n  a d e n s i t y  g r e a t e r  

t han  95% of t h e o r e t i c a l .  

Approximately 4.6 kg of t h i s  material w a s  t r a n s f e r r e d  t o  t h e  Metals and 

Ceramics Division f o r  coat ing and subsequent use i n  preparing t h e  RTE's., 

They were then  heated slowly i n  argon t o  300°C over a pe r iod  

They r e t a i n  t h e i r  gene ra l  shape during 

These s i n t e r e d  spheres a r e  shown i n  Fig.  3.18(a). 

Although t h e  above technique provided m a t e r i a l  accep tab le  f o r  use 

i n  preparing t h e  RTE's, f requent  plugging of t h e  sol d i s p e r s e r  and o t h e r  

handl ing problems l e d  t o  a d e s i r e  t o  produce microspheres d i r e c t l y  from 

t h e  r e d  s o l .  

(as metal), w e r e  made i n  t h e  development l abora to ry .  

(71%) w a s  a t t a i n e d  by forming d i r e c t l y  from t h e  r e d  sol i f  t h e  Ethomeen 

S/15 content w a s  maintained a t  0.2 v o l  $I, t h e  water content a t  1 . 5  v o l  $, 

Nine experimental  runs, varying i n  s i z e  from 1 0  t o  100 g 

A s a t i s f a c t o r y  y i e l d  

- .  

'"K. J. Notz, Preparat ion of  Porous Thoria by Incorporat ion of Carbon 
i n  Sols , ORNL-TM-1780 (December 1968).  
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.. 
c Fig. 3.18. Microspheres of  ( T h , U ) 0 2  wi th  Th/U =, 2.0 Prepared f o r  

Recycle Test Elements. 17x. (a) F i r s t  batch.  (b)  Mater ia l  formed ' d i r e c t l y  
from red  s o l  i n  modified f a c i l i t y .  

and t h e  pH of t h e  a l coho l  between 3.5 and 4.. 5. The f a c i l i t y  w a s  modified 

t o  incorpora te  t h e  necessary con t ro l s  t o  meet t h e  above requirements,  and 

5.7 kg of ma te r i a l  made i n  t h i s  manner w a s  t r a n s f e r r e d  t o  t h e  Metals and 

Ceramics Division. A r ep resen ta t ive  sample of t h i s  ma te r i a l ,  a f t e r  

rounding and screening,  i s  shown i n  Fig. 3.18(b). 

The 235U02 mate r i a l  w a s  prepared by forming t h e  s o l  us ing  t h e  pre-  

v ious ly  descr ibed27 precipitation-peptization technique.  

r e l a t i n g  t o  t h e  fou r  lots of sols a r e  given i n  Table 3.12. 

The da ta  

Operation of t h e  microsphere column during sphere forming was  good; 

however, i n t e r p a r t i c l e  s i n t e r i n g  was  severe during t h e  1150°C c a l c i n a t i o n  

of t h e  f irst  two ba tches ,  r e s u l t i n g  i n  a l o w  (46%) y i e l d .  The f i n a l  two 

. 27J. P. McBride, Laboratory Studies  of Sol-Gel Processes a t  t h e  Oak 
Ridge Nat ional  Laboratory, ORNETM-1980, pp. 25-29 (September 1967). 
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Table 3.12.  Enriched Urania Sols f o r  RTE Program 

Mole Rat io  u ( m  Uranium Uranium 

(g 1 ( g / l i t e r  ) ( %) N03-/U HCOO-/U 
Lot Content Concentration 

93-21 277.5 245.5 90 0.14 0.24 

92-26 286.0 280.4 92 0.15 0.42 

91-30 295.8 197.4 88 0.14 0.24 

93-_,1 29,. 3 190.6 79 0.15 0.27 

batches were f i r s t  f i r e d  t o  80OoC, cooled, s t i r r e d  thoroughly,  and then  

r e f i r e d  t o  1100°C. 

t r a n s f e r r e d  635 g t o  t h e  Metals and Ceramics Division f o r  coat ing.  

The y i e l d  on t h e  f i n a l  two batches w a s  81%. We 
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4.  FUEUD-GRAPHITE FABRICATION DEVELO?VIENT 

F. J. Furman J. D.  Sease 

. -  O u r  ob jec t ive  i s  t o  perform t h e  development necessary t o  design 

and operate  t h e  remote r e f a b r i c a t i o n  l i n e  t o  be i n s t a l l e d  i n  TURF t o  

demonstrate t h e  r ecyc le  of HTGR f u e l .  This per iod our  major e f f o r t s  

were i n  t e s t i n g  t h e  prototype remote coa t ing  furnace and developing 

bonded beds. S i g n i f i c a n t  q u a n t i t i e s  of coated p a r t i c l e s  and bonded 

beds were prepared f o r  t h e  Recycle Test Elements ( R T E ' s )  f o r  i r r a d i a t i o n  
t e s t i n g  i n  t h e  Peach Eottom Reactor. Other development a r e a s  a r e  

p a r t i c l e  handling, p a r t i c l e  i n spec t ion ,  and f u e l  p a r t i c l e  bonding. A 

g e n e r a l  review of our fue l ed  g raph i t e  development has been presented.  

P a r t i c l e  Handling 

F. J. Furman 

The f a b r i c a t i o n  of HTGR recycle  f u e l s  r e q u i r e s  t h e  t r a n s f e r  and 

c l a s s i f i c a t i o n  of kilogram amounts of 150- t o  850-pm-diam 233U-bearing 

p a r t i c l e s .  Most commercial ma te r i a l s  handling equipment i s  not s u i t a b l e  

s ince e i t h e r  it i s  designed t o  handle t o n  q u a n t i t i e s  or it i s  l a b o r a t o r y  

equipment and t h u s  not r e a d i l y  adaptable  t o  remote or automatic operat ion.  

We have developed equipment t o  perform t h e s e  t a s k s .  3 

The t r a n s f e r  equipment includes g r a v i t y  and pneumatic t r a n s f e r  l i n e s ,  

t r a n s f e r  l i n e  valves  and connections,  s torage hoppers, and feed devices .  

IF. J. Furman, J. D. Sease, and A .  L. Lo t t s ,  "Economics and Technology 
of High-TemDerature Gas-Cooled Reactor F u e l  Refabricat ion,  pp. 281-308 - - 
i n  Proceedings of t h e  Symposium on Sol-Gel Processes and Reactor Fuel 
Cycle s , G a t  l i nburg  , Tenne s see,  May 4-7, 1970, CONF -700502. 

2J. H. Coobs, A .  R. Olsen, J .  L. Sco t t ,  D. M. Hewette 11, and 
E .  L. Long, Jr.,  " I r r a d i a t i o n  Performance of ( U ,  Th)O;z  Coated Fuels 
f o r  HTGR's ,"  pp. 567-84 i n  Proceedings of t h e  Symposium on Sol-Gel 
Processes and Reactor Fue l  Cycles, Gatlinburg, Tennessee, May 4-7, 
1970, CONF-700502. 

3F. J. Furman, J. T. Meador, and J. D. Sease, Microsphere Handling 
Techniques, ORNL-TM-2782 (March 1970). 
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Previously w e  t r a n s f e r r e d  t h e  p a r t i c l e s  b y  f eed ing  them cont inuously 

i n t o  1/4- t o  3/8-in.  metal or p l a s t i c  l i n e s  through which a s t e a d y  

stream of a i r  i s  moving. This type of t r a n s f e r  l i n e  w a s  s u c c e s s f u l  on 

t e s t s  of up t o  50 f t  of l i n e  and e l e v a t i o n  changes of 15 f t .  However, 

during r o u t i n e  l a b o r a t o r y  use t h i s  type of  t r a n s f e r  system would 

o c c a s i o n a l l y  be blocked a t  bends wi th  r a d i i  of l ess  t h a n  2 t o  3 i n .  

during t r a n s f e r  of  p a r t i c l e s  w i th  low-density and hence compressible 

o u t e r  coa t ings .  We modified t h e  system t o  use a technique developed 

a t  t h e  B r i t i s h  Min i s t ry  of Technology' s Warren Spring Laboratory, 

Stevenage, Her t fo rdsh i r e ,  England. A i r ,  i n  a d d i t i o n  t o  t h a t  a l r e a d y  

flowing through t h e  l i n e  ca r ry ing  p a r t i c l e s ,  i s  pulsed i n t o  t h e  l i n e  

downstream from t h e  material i n l e t .  This a c t i o n  breaks t h e  m a t e r i a l  

stream i n t o  plugs.  These plugs can t h e n  pass  through sharp bends be fo re  

enough m a t e r i a l  can b u i l d  up t o  cause blockage. 

C l a s s i f i c a t i o n  of microspheres inc ludes  bo th  t h e  s e p a r a t i o n  of  non- 

s p h e r i c a l  p a r t i c l e s  and over- and undersized p a r t i c l e s .  To sepa ra t e  

nonspherical  p a r t i c l e s ,  a shape sepa ra to r  i s  used. This i s  a f l a t  p l a t e  

t h a t  i s  v i b r a t e d  i n  one d i r e c t i o n  and s l i g h t l y t i l t e d  i n  a d i r e c t i o n  

approximately 90" t o  t h e  v i b r a t i o n  d i r e c t i o n .  The p a r t i c l e s  a r e  f e d  

onto t h e  p l a t e  a t  one po in t .  The s p h e r i c a l  p a r t i c l e s  move i n  t h e  

d i r e c t i o n  of  t h e  s lope and t h e  nonspherical  p a r t i c l e s  move wi th  t h e  

v i b r a t i o n .  

f u e l ,  a shape sepa ra to r  w i th  one f eede r  can process  about 0.5 kg/hr. 

With 350-pm-diam (Th,U)Oz p a r t i c l e s ,  t h e  r e fe rence  r ecyc le  

We p l a n  t o  modify an 1%-in.-diam SWECO g y r a t o r y  s e p a r a t o r 4  f o r  

screening i n  t h e  ho t  c e l l s .  

a r e  assembled p i ece  by  piece i n  p l ace .  

t h a t  a l l  p a r t s  can be preassembled i n t o  modules. The p a r t s  t h a t  make 

up a module and t h e  assembled module aye shown i n  Fig. 4.1. A module 

can be a v a i l a b l e  f o r  each screen s i z e  and qu ick ly  i n s t a l l e d .  To 

f a c i l i t a t e  t h e  i n s t a l l a t i o n  we s u b s t i t u t e d  togg le  clamps f o r  t h e  clamp 

r i n g s  t h a t  h e l d  t h e  screens t o g e t h e r .  The togg le  clamps can be seen i n  

t h e  f u l l y  assembled sepa ra to r  i n  Fig.  4.2. 

n'ormally t h e  va r ious  p a r t s  of  t h i s  s epa ra to r  

We have modified t h e  design so 

'Southwestern Engineering Co., Los Angeles. 
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a -  

- 

Fig.  4.1. Gyratory Separator  Module Modified for Remot 
(a )  Assembled module. ( b )  Component p a r t s .  
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Photo 97837 

Fig.  4.2. F u l l y  Assembled Gyratory Separator .  

. 
c 
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With a s e r i e s  of t e s t s  we determined t h e  most advantageous s e t t i n g  

The adjustments include t o p  motor f o r  t h e  adjustment on t h e  sepa ra to r .  

weights,  bottom motor weights,  and lead angle between t h e  t o p  and bottom 

motor weights.  We could s p l i t  s o l - g e l  microspheres with an average 

diameter approximately 350 pm i n t o  two s i z e  ranges with over 85% screening 

e f f i c i e n c y 5  a t  feed r a t e s  between 250 and 750 g/min. 

The development of p a r t i c l e  handling equipment i s  e s s e n t i a l l y  com- 

p l e t e ;  we now p lan  t o  begin design and f a b r i c a t i o n  of  equipment t o  be 

i n s t a l l e d  a t  TURF. 

P a r t i c l e  Coating 

F. J. Furman 

Of c e n t r a l  importance t o  t h e  cu r ren t  HTGR f u e l  design i s  t h e  

containment of t h e  f i s s i o n  products i n  t h e  f u e l  bodies.  To con ta in  them 

t h e  f u e l  p a r t i c l e s  a r e  encapsulated i n  p y r o l y t i c  carbon or s i l i c o n  carbide 

s h e l l s  o r  coat ings.  The reference design f o r  t h e  r ecyc le  p a r t i c l e s  

c a l l s  f o r  350-pm-diam (Th-20$ 233U)02 microspheres t o  be coated wi th  

two l a y e r s .  

provide void volume f o r  f i s s i o n  products and t o  p r o t e c t  t h e  o u t e r  layer 

from f i s s i o n  r e c o i l  damage. The ou te r  layer i s  120 pm of moderately 

high-density,  i s o t r o p i c  p y r o l y t i c  carbon and w i l l  con ta in  most of  t h e  

f i s s i o n  products.  

The inne r  l a y e r  i s  80 pm of low-density p y r o l y t i c  carbon t o  

Although t h e  a p p l i c a t i o n  of  t h i s  type of coa t ing  i s  w e l l  understood, 

on ly  l imi t ed  experience e x i s t s '  i n  applying t h e  coa t ing  t o  p a r t i c l e s  

containing 233U. The recycle  f u e l  t o  be used i n  l a r g e  HTGR's must be 

f a b r i c a t e d  i n  hot  c e l l s  because of i t s  high gamma a c t i v i t y .  Since no 

production-scale coa t ing  equipment has been operated i n  hot  c e l l s  we 

5F. J. Furman, J. D. Sease, and R. A. Bowman, Thorium Fuel  Cycle 

6J. R. P a r r o t t ,  F. J. Furman, F. L. %ley, J. W. Snider ,  and 

Development Progress Report September 1969 No. 2 ,  OWL-TM-27G5, pp. 9-11. 

J. D. Sease, Preparat ion by t h e  Sol-Gel Process and Fyrocarbon Coating 
of  32 kg of 25% ""U02-'75$ Tho2 Microspheres f o r  t h e  High Temperature 
L a t t i c e  Test Reactor, ORNL-4594, i n  preparat ion.  
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cons t ruc t ed  a prototype of t h e  remotely operable coa t ing  fu rnaces  planned 

f o r  TURF. This furnace and i t s  ope ra t ion  t o  coa t  fuel  f o r  Recycle Test 

Elements ( R ' I E ' s ) ,  which w i l l  be i r r a d i a t e d  i n  t h e  Peach Bottom Power 

Reactor, a r e  descr ibed below. 

Prototype Remote Coater 

We completed t h e  cons t ruc t ion  and i n i t i a l  t e s t i n g  of t h e  prototype 

remote coa t ing  furnace.  The design of t h i s  coa t ing  system has been 

d e ~ c r i b e d . ~  

gas  i n t o  t h e  apex of  a 5-in.-diam inve r t ed  cone. Temperatures over 

1600°C can  be obtained.  The t o t a l  h e a t  c a p a c i t y  of t h e  furnace i s  low 
t o  permit accu ra t e  temperature c o n t r o l  during r ap id  change i n  cond i t ions  

i n  t h e  coa t ing  region and al low r a p i d  cool-down t o  f a c i l i t a t e  r o u t i n e  

maintenance. Both p y r o l y t i c  carbon and s i l i c o n  carbide coa t ings  can be 

app l i ed  i n  t h i s  furnace.  The furnace i s  shown i n  Fig.  4.3,  and a c r o s s  

s e c t i o n  exp la in ing  t h e  va r ious  p a r t s  i s  shown i n  Fig.  4.4. The c o n t r o l  

pane l  i s  shown i n  Fig. 4.5. The e n t i r e  system i s  diagrammed i n  Fig.  4.6. 

The p a r t i c l e s  t o  be coated a r e  l e v i t a t e d  b y  i n j e c t i o n  of 

The s i l i c o n  carbide coa t ing  system, which w a s  not included i n  t h e  

o r i g i n a l  prototype furnace design, c o n s i s t s  of two major components: 

t h e  s i l a n e  i n j e c t i o n  system and t h e  off-gas  scrubbing system. S i l i c o n  

ca rb ide  coa t ings  are appl ied by  t h e  thermal  decomposition of  methyl- 

t r i c h l o r o s i l a n e  i n  hydrogen. The s i l a n e ,  normally a l i q u i d  a t  room 

temperature,  must be vaporized before  it can be f ed  i n t o  t h e  furnace.  

We chose t o  f l a s h  evaporate a metered stream of t h e  s i l a n e  d i r e c t l y  

i n t o  flowing hydrogen. This approach has s e v e r a l  advantages. The flow 

rate of t h e  s i l a n e ,  important f o r  t h e  c o n t r o l  of  coa t ing  p r o p e r t i e s ,  

i s  ea s i ly  ad jus t ed ,  and t h e  equipment i s  r e l a t i v e l y  inexpensive compared 
t o  t h e  a l t e r n a t i v e ,  a n  evaporator-reflux condenser system. 8 

7R. B. P r a t t  and S. E.  Bol t ,  S t a t u s  and Progress  Report f o r  Thorium 
F u e l  Cycle Development Dec. 31, 1966, ORNL-4275, pp. 61-78. 

8R. L. Bea t ty  and C .  F. Sanders, GCR Program Semiann. Progr. 
Rept. Mar. 31, 1968, ORNL-4266, pp. 3-5. 

- I. 
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n I ‘105 

Fig. 4 .3 .  Prototype Remote F lu id ized  Bed Coating Furnace. 

.- 
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The r eac t ion  of t h e  s i l a n e  i n  hydrogen produces hydrogen ch lo r ide ,  

which must be removed from the  off-gas .  We w i l l  do t h i s  with an 

e jec tor -ventur i  scrubber using a mild c a u s t i c  so lu t ion .  The off-gas 

from t h e  scrubber w i l l  be separated from r e s i d u a l  l i q u i d  by  passage 

through a cen t r i fuga l - ac t ion  p u r i f i e r .  

abso lu te  f i l t e r s  and a pumping system i n t o  the  atmosphere. Prel iminary 

t e s t s  show t h a t  t h e  gas- l iqu id  separa t ion  i s  s u f f i c i e n t  t o  prevent 

plugging of  t h e  f i l t e r s .  

The gas i s  then  passed through 

Coating Recycle Test Element P a r t i c l e s  

We a re  coat ing so l -ge l  oxide p a r t i c l e s  f o r  use i n  Recycle Test 

Elements ( R T E ' s )  t h a t  w i l l  be i r r a d i a t e d  i n  t h e  Peach Bottom Reactor. 

These elements, of t h e  reference recyc le  design, are intended t o  eva lua te  

t h e  behavior of f u e l  prepared by TURF processes  and prototype equipment 

and t o  provide i r r a d i a t e d  f u e l  f o r  reprocessing s tud ie s .  

d e t a i l s  of t h e  i r r a d i a t i o n  experiments a r e  presented i n  Chapter 5. 

Further  

The p a r t i c l e s  being coated and t h e i r  purpose are l i s t e d  i n  Table 4.1. 

Although t h e  (Th-20$ U)02 i s  t h e  reference p a r t i c l e ,  f u l l  burnup with t h i s  

composition w i l l  not be achieved. Hence, t h e  (Th-33$ U)02 p a r t i c l e s ,  

which w i l l  s imulate f u l l  HTGR burnup a f t e r  t h e  three-year  i r r a d i a t i o n  

i n  Peach Bottom, a re  being produced. Both kinds of mixed oxide p a r t i c l e s  

Table 4.1. P a r t i c l e s  Being Prepared for Recycle Test Elements 

Use Diameter of 
Kernel ( pm) Kernel 

(Th-20$ u)o;! 
(Th-33$ U ) O 2  350 ? 100 F u l l  burnup p a r t i c l e  

uo 2 100 k 30 Al te rna te  recycle  p a r t i c l e  

Tho 2 400 ? 100 A l t e  rna t e  f e r t i l e  p a r t  i c  l e  

350 i- 100 Ref e re  nee recyc le  p a r t  i c  l e  
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w i l l  be coated i n  t h e  prototype remote coa t ing  furnace descr ibed above. 

The Tho2 p a r t i c l e s  w i l l  a l s o  be coated i n  t h e  prototype c o a t e r ,  while 

t h e  U02 p a r t i c l e s  w i l l  be coated i n  a 1.5-in. l a b o r a t o r y  coa te r .  The 

coa t ings  being app l i ed  a r e  d e t a i l e d  i n  Table 4.2. 

Table 4.2. Recycle Test Element P a r t i c l e  Coating S p e c i f i c a t i o n s  

~ ~ ~ 
~ ~~ 

a b 
Kernel Inner  Layer Outer Layer 

Thickness ( pxn) Thickness ( pm) 

(Th,u) 0 2  80 k 20 120 ? 20 

uo 2 50 2 10 70 k 10 

Tho 2 50 1 10 70 i: 10 

a 

bDensity 1.85 i 0.05 g/cm3; an i so t ropy  should not  

Densi ty  1 .2  ? 0.2  g/cm3. 

exceed 1.09. 

The i n n e r  l a y e r  w i l l  be app l i ed  b y  t h e  decomposition a t  1100°C of  

The o u t e r  layer w i l l  be app l i ed  b y  t h e  acetylene d i l u t e d  wi th  helium. 

decomposition of propylene a t  about 1400°C. Argon w i l l  be used t o  

f l u i d i z e  t h e  bed of  p a r t i c l e s  be fo re  t h e  hydrocarbon gas  i s  i n j e c t e d .  

_ -  

P a r t i c  l e  Inspec t ion  

F. J. Furman W. H. Pechin R. A. Bowman 9 

Proper process  c o n t r o l  and q u a l i t y  assurance f o r  t h e  product r e q u i r e  

i n s p e c t i o n  of t h e  ba re  and coated f u e l  p a r t i c l e s  a t  s e v e r a l  p o i n t s  

during t h e  process .  

poss ib l e  on r a p i d  automatic equipment such as t h e  p a r t i c l e  s i z e  ana lyze r  

descr ibed below. The q u a l i t y  of  t h e  f u e l ,  however, depends t o  a l a r g e  

e x t e n t  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  va r ious  p y r o l y t i c  carbon 

coa t ings .  

dens i ty ,  and th i ckness .  

The process  c o n t r o l  w i l l  be based as much as 

The coa t ing  c h a r a c t e r i s t i c s  of i n t e r e s t  a r e  anisotropy,  

- .  

'Present address:  1410 SW 8 t h  S t r e e t ,  Pompano Beach, F l o r i d a  33061. 



Ani sotropy 

The degree of prefer red  o r i e n t a t i o n  of t h e  c r y s t a l  s t r u c t u r e  of t h e  

carbon i n  the  high-densi ty  ou te r  coat ing has a g r e a t  e f f e c t  on t h e  

s t r eng th  of t h i s  coat ing and thus  on the  u s e f u l  l i f e  of t he  f u e l  p a r t i c l e .  

Curren t ly  t h e  only quan t i t a t ive  measurement of t h e  coa t ing  an iso t ropy  

i s  a lengthy  and d i f f i c u l t  x-ray d i f f r a c t i o n  a n a l y s i s ;  we normally judge 

t h e  an iso t ropy  of t h e  coat ing from i t s  r e a c t i o n  t o  plane polar ized  

l i g h t  i n  t h e  metallographic sample. Past  experience with coa t ing  runs 

f o r  which t h e  x-ray d i f f r a c t i o n  ana lys i s  was c a r r i e d  out i n d i c a t e s  

t h a t  t h e  absence of a "Maltese Cross11 formation when t h e  coa t ings  a r e  

viewed under plane polar ized  l i g h t  i s  ind ica t ive  of a Bacon Anisotropy 

Fac tor  l e s s  than  1.1. 

Coating Density 

We r o u t i n e l y  determine t h e  d e n s i t i e s  of t h e  b u f f e r  coat ing and 

the  ke rne l  by a c a l c u l a t i o n  from t h e  p a r t i c l e  dens i ty  a s  determined by  

mercury displacement and t h e  carbon weight by combustion. The high-  

dens i ty  coat ing can be determined s i m i l a r l y  if t h e  b u f f e r  coa t ing  i s  not 

i n f i l t r a t e d  during t h e  app l i ca t ion  of t h e  high-densi ty  coat ing.  

An a l t e r n a t e  method f o r  determining t h e  high d e n s i t y  i s  t o  remove 

some of t h e  coa t ing  from t h e  p a r t i c l e  and place it i n  a d e n s i t y  grad ien t  

column. 

i n  t h e  column and t h a t  ca lcu la ted  from mercury displacement. The h igher  

values  from t h e  grad ien t  d e n s i t y  column a r e  a t t r i b u t e d  t o  the f a c t  

t h a t  t h e  f l u i d s  i n  t h e  column wet t he  carbon and penet ra te  any open 

poros i ty .  

1.90 t o  1.92 g/cm'. 

Figure 4.7 i l l u s t r a t e s  t h e  d i f f e rence  between d e n s i t y  determined 

Apparently t h e  d i f fe rence  i s  neg l ig ib l e  above approximately 

We have been cha rac t e r i z ing  the  py ro ly t i c  carbon with t h e  scanning 

e l e c t r o n  microscope. Figllre 4 .8  i l l u s t r a t e s  t h e  surface morphology 

of t h e  th ree  d i f f e r e n t  types  of coat ing.  

drawn so far are t h a t  t h e  denser carbon has a coarser  s t r u c t u r e ,  and a 

r a t h e r  s t r i k i n g  t r a n s i t i o n  t o  a w e l l  defined c r y s t a l l i t e  s t r u c t u r e  occurs 

between 1.85 and 1.95 g/cm3. 

The only conclusions t o  be 
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. Fig. 4.8. Surface S t ruc tu re  of Pyro ly t i c  Carbon Coatings. 10,000~. 
( a )  Deposited from ace ty lene ,  1 . 2  g/cm3. 
1.85 g/cm3. 

(b)  Deposited from propylene, 
(c)  Deposited from propylene, 1 .95  g/cm3. 
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Size Analysis and Counting (F.  J. Furman, R. A.  Bowman”) 

To c o n t r o l  t h e  p a r t i c l e  coa t ing  process i n  an HTGR f u e l  f a b r i c a t i o n  

f a c i l i t y  such as t h e  Thorium-Uranium Recycle F a c i l i t y  (TURF), t h e  s i z e  

of t h e  p a r t i c l e s  must be qu ick ly  and a c c u r a t e l y  determined both before  

and a f te r  coat ing.  

fill t h i s  need. The instrument funct ions b y  measuring t h e  amount of  

l i g h t  blocked by t h e  passage of s i n g l e  p a r t i c l e s  between a l i g h t  source 

and a photodetector .  The cu r ren t  pu l se s  of t h e  photodetector  a r e  counted 

by a pulse  he igh t  analyzer .  With proper c a l i b r a t i o n  of  t h e  th re sho ld  

vo l t ages  of t h e  pulse  height  analyzer ,  t h e  s i z e  d i s t r i b u t i o n  of p a r t i c l e s  

i n  r e l a t i v e l y  l a r g e  samples of p a r t i c l e s  can be determined. Fu r the r  

d e t a i l s  of t h e  instrument have been reported.  

A HIAC p a r t i c l e  s i z e  analyzer’’ w a s  obtained t o  fu l -  

12 

We expect t o  measure with an accuracy of  1 % t h e  mean s i z e  of  

batches of p a r t i c l e s  w i th  diameters i n  t h e  range of 250 t o  850 pm and 

with p a r t i c l e - t o - p a r t i c l e  s tandard dev ia t ions  o f  20 pm or g r e a t e r .  

Commercially a v a i l a b l e  p a r t i c l e  s i z e  analyzers  t y p i c a l l y  measure t h e  

mean diameter t o  w i t h i n  2 t o  5% of t h e  t r u e  value.  

a r e  experimenting with w i l l  g ive 1% accuracy when c a r e f u l l y  and 

f r e q u e n t l y  c a l i b r a t e d .  Since frequent  c a l i b r a t i o n s  are i m p r a c t i c a l  on 

a production l i n e ,  we have attempted t o  minimize t h e  d r i f t  of t h e  

c a l i b r a t i o n  and base vol tages .  We replaced t h e  power supply t o  t h e  

th re sho lds  i n  t h e  pulse  height  analyzer  with a Hewlett-Packard 6205B 

regu la t ed  power supply, connected t o  t h e  th re sho lds  through a choke c o i l  

t o  prevent s i g n a l  pu l se s  from a f f e c t i n g  t h e  supply vol tage.  We changed 

t h e  source lamp power supply t o  a r egu la t ed  power supply c o n t r o l l e d  by a 

photo diode observing t h e  lamp i n t e n s i t y .  The photo diode i s  mounted 

i n s i d e  t h e  c h a s s i s  i n  a region of s t a b l e  temperature and r ece ives  t h e  

s i g n a l  from t h e  lamp b y  f i b e r  o p t i c s .  

This instrument we 

”Present address:  1410 SW 8 t h  S t r e e t ,  Pompano Beach, F l o r i d a  33061. 

”High Accuracy Products Corporation, 141  Spring S t r e e t ,  Claremont , 
Calif .  91712. 

1 2 W .  H. Pechin, S. E .  Bolt ,  and F. J. Furman, S t a t u s  and Progress 
Report for Thorium Fuel  Cycle Development 1967-1968, ORNL-4429, pp. 7943. 
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I n i t i a l  t e s t s  i n d i c a t e  s i g n i f i c a n t  improvement i n  s t a b i l i t y ,  p a r t i c  - 
u l a r l y  wi th  r e spec t  t o  t h e  minute-to-minute f l u c t u a t i o n s  t h a t  have been 

observed i n  t h e  p a s t .  Further  t e s t s  w i l l  determine i f  t h e  feedback 

loop from t h e  lamp has s u f f i c i e n t  ga in  t o  prevent long-term f l u c t u a t i o n s  

and determine t h e  abso lu te  accuracy of  t h e  instrument over t h e  range of 

p a r t i c l e  s i z e s  we wish t o  measure. 

Blending and Bonding F u e l  P a r t i c l e s  

J M Robbins F. J. Furman 

The fabrica 'cion of fuel. p a r t i c l e s  i n t o  f u e l  s t i c k s  has received 

considerable  a t t e n t i o n  during t h i s  r e p o r t  period. Most of t h e  work on 

t h e s e  problems i s  developmental and i s  descr ibed i n  Chapter 5 under 

"Development of Bonded and Blended Beds of Coated P a r t i c l e s  f o r  HTGR 

Fue l  Elements." 

t e s t s  of simulated f u e l  s t i c k s ,  a l s o  descr ibed i n  t h a t  chapter .  A 

l a r g e  q u a n t i t y  of f u e l  i s  being prepared f o r  i r r a d i a t i o n  i n  t h e  Peach 

Bottom Power Reactor. The main purpose of t h e s e  Recycle Test Element 

( R T E )  experiments i s  t o  provide kilogram q u a n t i t i e s  of i r r a d i a t e d  

m a t e r i a l  f o r  experiments i n  head-end reprocessing of HTGR f u e l s .  

An int imate  p a r t  of t h e  program has been i r r a d i a t i o n  

Blending f i s s i l e  and f e r t i l e  p a r t i c l e s  i n  t h e  f u e l  s t i c k  process 

r e q u i r e s  accurate  c o n t r o l  of p a r t i c l e  feed r a t e .  We descr ibe below a 

prototype f i l l e r - b l e n d e r  t h a t  w a s  designed and i s  being f a b r i c a t e d  t o  

achieve t h i s  ob jec t ive .  

Fuel  S t i cks  f o r  Recycle Test Elements ( J  M Robbins) 

Oak Ridge Nat ional  Laboratory w a s  asked t o  supply a p o r t i o n  of t h e  

RTE's t o  be operated i n  t h e  Peach Bottom Reactor s t a r t i n g  i n  J u l y  1970. 

O u r  po r t ions  a r e  being f a b r i c a t e d  b y  bonding beds of mixed coated 

p a r t i c l e s  with 30 t o  40 wt % Poco grade AXM graph i t e  f l o u r  i n  1 5 V  

p i t c h .  

charges. 

A l l  uranium-bearing p a r t i c l e s  are 93% enriched i n  235U. 

P a r t i c l e  beds a r e  blended by  coincident  feeding of weighed 

The requirement of R T E ' s  from O m L  i s  shown i n  Table 4.3. 
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Table 4.3.  Fue l  S t i c k  Fabr i ca t ion  Requirements 
f o r  Recycle Test Elements 

Number of 2.14-in. -long S t i c k s  
Is t Group 2nd Group T o t a l  

Type P a r t i c l e  s 

(Th-20$ U)02 72 96 168 

(Th-33$ u)02 + Tho2 72 96 168 

(Th-33$ U)02 + T h C 2  168 144 3 1 2  

2 16 U02 + Tho2 - 96 - 120 - 
TOTAL 432 432 864 

Blending Equipment Development (F.  J. Furman) 

To make acceptab le  f u e l  s t i c k s ,  t h e  recyc le  p a r t i c l e s  must be 

a c c u r a t e l y  blended with f e r t i l e  (ThC2) p a r t i c l e s .  

d i f f e r  i n  s i z e  and dens i ty ,  t h i s  s t e p  i s  extremely d i f f i c u l t .  To 

f a c i l i t a t e  t h i s  opera t ion ,  we have designed and a re  now f a b r i c a t i n g  a 

loader-blender ,  a device f o r  concurren t ly  blending t w o  or more types  of 

p a r t i c l e s  while loading a f u e l  s t i c k  mold. 

hoppers with o r i f i c e s  ad jus ted  by  s tepping motors,  which permit t h e  

p a r t i c l e  flow r a t e  t o  be a c c u r a t e l y  s e t  remotely. 

loader-blender  for f a b r i c a t i n g  t h e  f u e l  s t i c k s  requi red  b y  head-end 

reprocess ing  s t u d i e s  and i r r a d i a t i o n  t e s t s .  

Since t h e  p a r t i c l e s  

The p a r t i c l e s  pour out  of 

We will use t h e  

' _. 
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5 .  IRRADIATION OF HTGR FUELS 

J. H. Coobs J. L. Sco t t  T .  N.  Washburn 

. -  

Coated p a r t i c l e  f u e l s  f o r  use i n  high-temperature gas-cooled reac-  

t o r s  have been i r r a d i a t i o n  t e s t e d  f o r  a number of years .  A s  p a r t  of a 

cooperat ive e f f o r t  with t h e  Advanced Gas-Cooled Reactor Program a t  ORNL, 

we have been t e s t i n g  t h e  performance of coated sol-gel-der ived UO;! and 

(Th,U)02 microspheres. During t h e  p a s t  year  we began t e s t s  i n  support  

o f  t h e  HTGR Fuel  Recycle Program i n  cooperat ion with Gulf General  Atomic. 

I n  most t e s t s  t h e  sol-gel-der ived f u e l  performance i s  compared d i r e c t l y  

with t h a t  of s i m i l a r  coated p a r t i c l e s  having s i n t e r e d  oxide o r  melted. 

carb ide  f u e l  kerne ls .  A l l  t e s t s  are compared with performance p red ic t ed  

by our mathematical model of coated p a r t i c l e  behavior. '  

HTGR Fuel  Recycle I r r a d i a t i o n  Program 

T .  N.  Washburn R.  B.  F i t t s  A .  R .  Olsen 

The i r r a d i a t i o n  t e s t s  on t h e  HTGR recyc le  program have two main 

objec t ives :  

and ( 2 )  t o  provide i r r a d i a t i o n  proof t e s t s  of t h e  products of coated 

p a r t i c l e  process  development f o r  t h e  Thorium-Uranium Recycle F a c i l i t y .  

The t e s t  condi t ions of i n t e r e s t  inc lude  fue l  temperatures between 600 

and 1300°C, burnup t o  20% FIMA i n  t h e  (Th,U)02 p a r t i c l e s ,  and fast  

f luence  exposures up t o  8 x loz1 neutrons/cm2. 

(1) t o  provide i r r a d i a t e d  f u e l  f o r  head-end process  s tud ie s ,  

The t o t a l  program includes capsule  i r r a d i a t i o n  t e s t s  i n  a thermal  

t e s t  r eac to r ,  p i l o t - s c a l e  i r r a d i a t i o n s  i n  t h e  Peach Bottom Reactor, and 

a s e r i e s  of t e s t s ,  eventua l ly  including remotely f a b r i c a t e d  r ecyc le  t e s t  

elements, i n  t h e  For t  S t .  Vrain Reactor.  The f i r s t  two s tages  of t h i s  

program are c u r r e n t l y  being implemented. 

ra te  capsule  i r r a d i a t i o n s  and ( 2 )  e i g h t  t e s t  f u e l  elements t o  be irra- 

d i a t e d  i n  t h e  Peach Bottom Reactor.  

They are (1) acce le ra t ed  burnup- 

'J. W. Prados and T .  G .  Godfrey, STRETCH, A Conrputer Program f o r  
P red ic t ing  Coated-Part ic le  I r r a d i a t i o n  Behavior: Modification IV, 
December 1967, ORNL-TM-2127 ( A p r i l  1968). 
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Capsule Tes ts  ( A .  R .  Olsen, R .  B. F i t t s )  

The accelerated-burnup capsule  t e s t s  a r e  designed t o  t e s t  t h e  per-  

formance of coated p a r t i c l e s  processed i n  Thorium-Uranium Recycle F a c i l i t y  

pro to type  equipment and provide small samples f o r  chemical reprocess ing  

s t u d i e s  i n  advance of t h e  Peach Bottom Recycle Test  Elements. To achieve 

t h e s e  ob jec t ives ,  a capsule  was designed f o r  i r r a d i a t i o n  i n  t h e  Advanced 

Test  Reactor (ATR) s t a r t i n g  January 1970. However, t h e  t e s t  p o s i t i o n s  

were not  a v a i l a b l e ,  s o  a l t e r n a t e  t e s t i n g  loca t ions  were examined. The 

use of an Oak Ridge Research Reactor p a r t i a l  f u e l  element2 was examined 

and found t o  have i n s u f f i c i e n t  experimental  space without  s i g n i f i c a n t  

modi f ica t ion .  

We are proceeding wi th  t h e  f i n a l  des ign  of a capsule  t o  be i r r a -  

d i a t ed  i n  an X-basket p o s i t i o n  i n  t h e  Engineering Test Reactor.  The 

conceptual  des ign  i s  shown i n  Fig.  5 .1 .  The b a s i c  design i s  similar t o  

previous X-basket capsules3  i n  t h a t  each capsule  w i l l  con ta in  two graph- 

i t e  s l eeves .  The s l eeves  are machined t o  vary t h e  th i ckness  of t h e  

helium gap between t h e  s l eeve  and t h e  s t a i n l e s s  s t e e l  containment tube  

t o  provide t h e  des i r ed  f u e l  opera t ing  temperatures of 750, 950, 1050, 
and 1300°C. 

Deta i led  physics  c a l c u l a t i o n s  f o r  a 0.5- in . -diam fuel  bed loaded 

wi th  equal  numbers of (Th-20$ U)02 and Tho2 coated p a r t i c l e s  were com- 

p l e t e d .  These c a l c u l a t i o n s  toge the r  with t h e  c u r r e n t l y  r epor t ed  peak 

thermal  flux of 5.67  x l o i 4  neutrons 

ETR y i e l d  a c a l c u l a t e d  peak l i n e a r  hea t  r a t e  of  32 kW/ft. 

genera t ion  r a t e  i s  t o o  high s i n c e  t h e  su r face - to -cen te r  temperature  d i f -  

f e r e n t i a l ,  even f o r  a bonded bed, would be g r e a t e r  t han  900°C. Reducing 

t h e  uranium content  of t h e  f u e l  bed by adding more coated Tho2 p a r t i c l e s  

w i l l  lower t h e  h e a t  genera t ion  r a t e ,  bu t  it w i l l  a l s o  e l imina te  t h e  

p o s s i b i l i t y  of doing d u p l i c a t e  reprocess ing  t e s t s .  

sec- I  for a J8 p o s i t i o n  i n  t h e  

This hea t  

2H. A .  0' Brien, Jr . ,  Fast  and Thermal Neutron Flux Measurements i n  
t h e  ORR and LITR, ORNL-TM-1163 (January  1966) .  

3A. R.  Olsen, J. H.  Coobs, J. W .  Prados, and E.  L. Long, Jr., 
S t a t u s  and Progress  Report f o r  Thorium Fuel  Cycle Development 1967-1968, 
ORNL-4429, pp . 95-108. 

- .  



85 

ORNL-DWG 70-4728R 

/-TYPICAL FUEL TEST BED, 2%in. LONG 

CARBON FELT INSULATION ,/ /LOOSE PARTICLE TEST BEDS 

! 
HELIUM GAP GRAPHITE PLUGS 

TEST FUEL 

GRAPHITE SLEEVE- 

HELIUM GAP 

-ESS STEEL CAPSULE 

0.988 in. 

i . 0 6 8 i n .  'I 

SECTION A - A  

ZIRCONIUM-HAFNIUM 

FILTER SHROUD 
/THERMAL NEUTRON 

Fig. 5.1. Schematic of Proposed HTGR Recycle I r r a d i a t i o n  Capsule. 

Therefore, w e  are c u r r e n t l y  inves t iga t ing  t h e  p o s s i b i l i t y  of  

adding a thermal  neutron f i l t e r  t o  t h e  ou t s ide  of t h e  capsule .  This 

w i l l  lower t h e  thermal  f l u x  i n  t h e  f u e l  without s e r i o u s l y  d i s tu rb ing  t h e  

fast  f l u x  l e v e l  of approximately 3.4 x ioi4 neutrons 

(> 0.18 M e V ) .  

(BAPL) on t h e i r  experience w i t h  zirconium-hafnium f i l t e r s . '  

ye t  done t h e  physics  ca l cu la t ions  for t h i s  design modif icat ion,  but  t h e  

BAPL da ta  suggest t h a t  reduct ions i n  f i s s i o n  r a t e s  up t o  h a l f  a r e  

sec - l  

We have contacted t h e  B e t t i s  Atomic Power Laboratory 

We have not 

_ -  '€I. M. Lieberman, "A System f o r  Calcu la t ion  of F i s s ion  Power i n  
I r r a d i a t i o n  Tests ,"  pp. 473-490 i n  Nat ional  Symposium on Developments 
i n  I r r a d i a t i o n  Test ing Technology, .~ 
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p o s s i b l e .  This w i l l  permit u t i l i z a t i o n  of t h e  ETR capsules  and s t i l l  

a l low us t o  ob ta in  fast  f luence  (> 0.18 MeV) exposures on t h e  coated par -  

t i c l e s  between 6 and 8 X 10" neutrons/cm2 i n  one year .  We p l a n  t o  s tar t  

i r r a d i a t i o n  of t h e  f i r s t  two capsules  i n  June or J u l y  1970. The loadings 

a s  c u r r e n t l y  planned a r e  given i n  Table 5 .1 .  These f u e l s  a r e  from t h e  

same product ion batches a s  t hose  used i n  t h e  Recycle Test Elements. 

Table 5 . 1 .  Fuel  Loadings f o r  HTGR I r r a d i a t i o n  Test  Capsules 

Capsule H - 1  Capsule H-2 

( "4  Mixb ( " C )  Mixb 
p o s i t  ion" Temperature P a r t i c l e  Temperature P a r t i c  l e  

1 
2 
3 
4 
5 

LP 
LPZ 

6 
7 
8 
9 
10 

105 0 
1050 
1050 
105 0 
105 0 
105 0 
1300 
1300 
1300 
1300 
1300 
13 00 

950 
95 0 
950 
95 0 
950 
950 
750 
75 0 
750 
750 
750 
75 0 'd 

4 
a 

bThese a r e  combinations s e l e c t e d  from those  used i n  t h e  

A s  shown i n  Fig.  5 .1 .  

R T E ' s  and a r e  descr ibed l a t e r  i n  Table 5.3.  

examination and performance a n a l y s i s .  

C Containers of loose  p a r t i c l e s  f o r  ex tens ive  metal lographic  

dBlended beds ( a l l  o the r s  a r e  bonded beds ) .  

Recycle Test  Elements ( R .  B. F i t t s )  

Eight t e s t  f u e l  elements, known as Recycle Test Elements ( R T E ' s ) ,  

w i l l  be operated i n  t h e  Peach Bottom Reactor s t a r t i n g  i n  June 1970. 

These f u e l  elements w i l l  conta in  samples of f u e l s  proposed for use i n  

1100 MW ( e l e c t r i c a l )  HTGR's .  

1. provide i r r a d i a t e d  f u e l  i n  gram q u a n t i t i e s  f o r  head-end reprocess ing  

The t e s t  w i l l  se rve  t h r e e  purposes:  

development , 
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2 .  provide i r r a d i a t e d  f u e l  blocks t o  t e s t  engineer ing-scale  r ecyc le  

process  equipment, 

provide i r r a d i a t i o n  proof t e s t s  of r ecyc le  f u e l  p a r t i c l e s  prepared 

wi th  TURF processes  and pro to type  equipment. 

3. 

I n  cooperat ion wi th  Gulf General  Atomic, a f i n a l  p l a n  has been prepared 

f o r  t h e  loading and u t i l i z a t i o n  of  t h e  RTE ' s .  

and explained below. 

This p l a n  i s  summarized 

Figure 5 .2  i s  a c ross - sec t ion  diagram of an  RTE body; s i x  15-in.-long 

bodies a r e  s tacked v e r t i c a l l y  t o  form one element. The RTE's a r e  t o  be 

discharged i n  p a i r s .  

bodies each f i l l e d  wi th  a s i n g l e  p a r t i c l e  mixture,  while  t h e  o the r  w i l l  

con ta in  bodies each f i l l e d  wi th  four  d i f f e r e n t  p a r t i c l e  mixtures .  The 

mult iple-mixture  bodies w i l l  be quar te red  t o  sepa ra t e  t h e s e  mixtures 

a f t e r  i r r a d i a t i o n .  The s ingle-mixture  bodies w i l l  be used p r i m a r i l y  f o r  

t h e  l a r g e r  s c a l e  reprocessing s t u d i e s ,  while  t h e  mult iple-mixture  e l e -  

ments w i l l  provide m a t e r i a l  f o r  hot  c e l l  reprocess ing  s t u d i e s  and f u e l  

performance c h a r a c t e r i z a t i o n .  

O f  t h e s e  p a i r s ,  one element w i l l  conta in  f u e l  

ORIENTATION AND QUARTER 
IDENTIFICATION MARKERS 

CENTRAL HOLE 

3 4 8 5 " O D  SLE 

/ IQUART- ~ ' TOP VIEW OF ELEMENT 

:EVE 

DASHED LINES INDICATE CUTS TO BE MADE AFTER IRRADIATION 

Fig. 5 .2 .  Recycle Test Element. 
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Fuel  Mixtures.  - The f u e l  p a r t i c l e s  of i n t e r e s t  t o  t h e  HTGR Recycle 

Program a r e  l i s t e d  i n  Table 5 . 2  along wi th  t h e  p o s s i b l e  uses  of each. 

O f  t h e  var ious p a r t i c l e  combinations t h a t  can be formed wi th  t h e s e  par -  

t i c l e s ,  t h e  most promising a r e  l i s t e d  i n  Table 5.3 along wi th  t h e  HTGR 

use f o r  each. 

Table 5 . 2 .  P a r t i c l e s  of I n t e r e s t  t o  t h e  HTGR Recycle Program 

~~~ ~ ~~ 

a P a r t i c l e  Coating Pos s i b l e  U s  es 

(Th-20% U)O2 BISO Reference r ecyc le  f i s s i l e  p a r t i c l e  

(Th-33% U ) O 2  B I S  0 Stand-in t o  provide f a s t e r  burnup 

Al t e rna te  r ecyc le  f i s s i l e  p a r t i c l e  
A l t e r n a t e  makeup f i s s i l e  p a r t i c l e  U02 ( b u f f e r  BISO 

A l t e r n a t e  r ecyc le  f e r t i l e  p a r t i c l e  
A l t e rna te  makeup f e r t i l e  p a r t i c l e  Tho2 BIS 0 

uc 2 TRISO Reference makeup f i s s i l e  p a r t i c l e  

uc 2 BIS 0 Al t e rna te  makeup f i s s i l e  p a r t i c l e  

Reference r ecyc le  f e r t i l e  p a r t i c l e  
Reference makeup f e r t i l e  p a r t i c l e  ThC2 BIS 0 

d i l u t e d )  

a The d e t a i l s  o f  t h e  B I S O  (two-layer p y r o l y t i c  carbon) and TRISO 
( t h r e e - l a y e r  p y r o l y t i c  carbon p lus  a S i c  l a y e r )  coa t ings  a r e  given i n  
GGA Spec i f i ca t ions  RF-1-1, 1002-4040-2, and 1002-4040-3. 

Fuel Element Loading. - Each element i s  composed of s i x  15- in . -  

long blocks,  and each block conta ins  e igh t  0 .5- in . -diam holes  t o  be 

loaded with f u e l .  These holes  a r e  i d e n t i f i e d  i n  Fig.  5 . 2 .  The r e fe rence  

design c a l l s  f o r  t h e  coated p a r t i c l e  f u e l  t o  be bonded i n t o  f u e l  s t i c k s , 5  

and most of  t h e  f u e l  i s  t e s t e d  i n  t h i s  form. Some loose beds of p a r t i -  

c l e s  a r e  included f o r  comparison. Table 5.4  shows t h e  p a r t i c l e  loading 

f o r  each RTE, i d e n t i f y i n g  t h e  s t i c k  and loose  (or blended) beds.  

f u e l  i n  t h e  r equ i r ed  forms, loose  coated p a r t i c l e s  or s t i c k s  (bonded 

beds) ,  i s  being f a b r i c a t e d .  

t h e  t e s t  element blocks by Gulf General  Atomic. 

The 

The f i n i s h e d  f u e l  w i l l  be assembled i n t o  

5Chapter 4 r e p o r t s  bonded s t i c k  development. 
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Table 5 .3 .  P a r t i c l e  Combinations of I n t e r e s t  

. .  

~ ~~ ~~ ~~ 

Combinat ion  F i s s i l e  F e r t i l e  HTGR Applicat ion 

a (Th-20$ U)O2  Tho2 a Reference r ecyc le  

b uo2 2 Advanced recyc le  or advanced 
makeup 

C (Th-33% U) 02 Tho2 Al t e rna te  recyc le  with 

d (Th-33% U)O2 73-c 2 Reference r ecyc le  with 

Q uc 2 ThC 2 A l t e rna te  makeup 

d uc2 ThC 2 Reference makeup 

acce le ra t ed  burnup 

acce le ra t ed  burnup 

b 

4 uo2 
Al t e rna te  makeup 
Al t e rna te  r ecyc le  Tho2 

h uc 2 Tho2 Al t e rna te  makeup 

Fort  S t .  Vrain f u e l  b ThC2 b i uc 2 
~~ ~ ~~ 

a The RTE's  containing (Th-20% U)O2 w i l l  a c t u a l l y  conta in  no Tho2 
p a r t i c l e s  so a s  t o  maximize t h e  uranium content  of t h e  p a r t i c l e  bed. 

bTRISO coat ing;  a l l  o the r s  a r e  BISO. 

These t e s t  elements a r e  t o  be discharged i n  groups of two. The 

f a c t  t h a t  we can qua r t e r  t h e  elements after i r r a d i a t i o n  permits  us t o  

de f ine  e igh t  p a i r s  of ho les  a t  each a x i a l  l o c a t i o n  i n  each p a i r  of e l e -  

ments. Thus, we can t e s t  t h e  most l i k e l y  p a r t i c l e  combinations under 

a l l  t h e  a v a i l a b l e  condi t ions  of temperature,  time, and burnup. Posi-  

t i o n s  a r e  a l s o  a v a i l a b l e  for t h e  t e s t s  of  loose  p a r t i c l e  beds and of  

15- in .  blocks conta in ing  only one combination of p a r t i c l e s .  

The o v e r a l l  loading p a t t e r n  of t h e  p a i r s  of elements i s  i l l u s t r a t e d  

by t h e  f i r s t  discharge p a i r  i n  Table 5 . 4 .  

(1, 3, 5, 7) conta in  blocks t h a t  w i l l  be quar te red ,  and t h e  even-numbered 

elements ( 2 ,  4, 6, 8)  conta in  blocks with only one p a r t i c l e  mixture each. 

Thus, t h e  odd-numbered elements w i l l  provide t e s t s  of fou r  d i f f e r e n t  

mixtures of p a r t i c l e s  a t  each a x i a l  p o s i t i o n  and f u r n i s h  q u a r t e r  blocks 

f o r  reprocessing s t u d i e s .  

s i n g l e - f u e l  blocks for l a r g e r  s c a l e  reprocessing s t u d i e s  and he lp  i n  
eva lua t ing  t h e  performance of p ro to typ ic  s i n g l e - f u e l  blocks.  These 

The odd-numbered elements 

The even-numbered elements w i l l  provide 



Table 5.4. RTE Loading Combinations" 

P o s i t  ion  of Center- Line Discharge of Various R T E ' s  

i n  Element ( OF) 
Fuel  Body Temperature F i r s t  Second F i n a l  

1 2 3 4 5 6 7  8 

6 (Top of 2050-1950 b d e i  6 b d e i  eb b d e i  9 acdg 6 
r e a c t o r  ) 

5 225 0-205 0 bdeh ab  bdeh d bdeh 6 acdg i 
4 (Max 22 5 0-2300 acdg e acdg G achg d bdeh d 

3 (Max 2050-2250 acdg d b  acdg a acdg d b d k i  e 

2 165 0-205 0 acdg d acdg lib acdg 6 b d k i  i 
1 (Bottom 105 0-165 0 acdg e acdg e acdg e b d k i  db 

f l u x )  

f l u x )  

b 

b 

of r e a c t o r )  

a Loadings a r e  ind ica t ed  by l e t t e r s ,  a s  def ined i n  Table 5 . 3 .  Four 
l e t t e r s  i n d i c a t e  t h e  d i f f e r e n t  loadings i n  elements t o  be qua r t e red  a f t e r  
i r r a d i a t i o n .  All beds 

bBlended beds.  

even-numbered elements 

r i a l  i s  needed than  i s  

are bonded except where noted o the&ise .  

.- 
w i l l  a l s o  f u r n i s h  backup samples i f  more 

a v a i l a b l e  i n  t h e  q u a r t e r  blocks t o  s tudy  

mate- 

t h e  

p a r t i c l e s  or reprocess ing  techniques.  

The f irst  t h r e e  odd-numbered blocks a r e  loaded wi th  emphasis on 

p a r t i c l e  combinations a,  c, d ,  and g ( s e e  Table 5.3). These combinations 

conta in  a l l  of t h e  p a r t i c l e s  of i n t e r e s t  except t h e  a l t e r n a t e  makeup f i s -  

s i l e  p a r t i c l e  (BISO-coated UC2), a r e  used as t h e  key combinations, and 

a r e  p laced  i n  t h e  lower f o u r  p o s i t i o n s  i n  t h e  odd-numbered elements.  

These p o s i t i o n s ,  a s  can be seen i n  Table 5.4, cover a l l  of t h e  a v a i l a b l e  

temperatures ,  and they  a l s o  cover t h e  f u l l  range of a v a i l a b l e  f a s t  and 

thermal  f l u x  and burnup. 

The s i n g l e - f u e l  blocks emphasize t h e  makeup f u e l s .  The r ecyc le  of 

t h e s e  f u e l s  r equ i r e s  s epa ra t ion  of t h e  p a r t i c l e s  containing makeup 235U 
from those  containing bred 233U and t h e r e f o r e  r equ i r e s  more ex tens ive  

development of t h e  head-end r ecyc l ing  process  procedures .  
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This arrangement of t h e  e igh t  RTE's  w i l l  meet a l l  t h r e e  of t h e  

t e s t  ob jec t ives  q u i t e  we l l .  The head-end crushing and sepa ra t ion  devel- 

opment s tud ie s  can be adequately conducted on qua r t e r  blocks,  and t h e  

d i s s o l u t i o n  s tud ie s  r e q u i r e  only 1/20 of t h e  m a t e r i a l  i n  a qua r t e r  block.  

Larger q u a n t i t i e s  of f u e l  w i l l  be a v a i l a b l e  from t h e  even-numbered e l e -  

ments, as needed f a r  engineer ing-scale  work. The prime candidate  f u e l s  

w i l l  be t e s t e d  under a l l  a v a i l a b l e  condi t ions s o  t h a t ,  i n  t h e  event of 

unexpected p a r t i c l e  f a i l u r e ,  t h e  f a i l u r e  regime and cause may be ana- 

lyzed.  I n  add i t ion ,  most of t h e  candidate  p a r t i c l e  mixtures w i l l  be 

t e s t e d  t o  f u l l  t e s t  burnup and fas t  f luence  ( 4  x lo2' neutrons/cm2) i n  

R T E ' s  5 and 7.  This arrangement allows e a r l y  c h a r a c t e r i z a t i o n  of f u e l  

and development s t u d i e s  using only t h e  odd-numbered elements, pe rmi t t i ng  

s to rage  of t h e  even-numbered elements u n t i l  l a r g e r  q u a n t i t i e s  of f u e l  

a r e  requi red .  

Resul ts  of Tes ts  of HTGR Fuels 

J. H. Coobs J. L.  Scot t  

Development of Bonded and Blended Beds of Coated P a r t i c l e s  f o r  HTGR Fuel  
Elements (J .  H. Coobs, D. M. Hewette 11, J M Robbins) 

The r e s u l t s  of i r r a d i a t i o n  experiments show t h a t  t h e  s t a b i l i t y  of  

p a r t i c l e  bonding i n  HTGR f u e l s  needs t o  be improved.' 

t h i s  program i s  t o  develop a f u e l  body t h a t  w i l l  wi thstand i r r a d i a t i o n  

t o  t h e  exposure requi red  f o r  Fort  S t .  Vrain and l a r g e r  HTGR's; t h a t  i s ,  

20% burnup a t  600 t o  1250°C and fas t -neut ron  (>  0.18 MeV) f luences  up 

t o  8 X lo2' neutrons/cm2. 

a r e  t h e  c a r e f u l  s e l e c t i o n  of bonding ma te r i a l s  and t h e  add i t ion  of l a r g e  

amounts of g r a p h i t i c  or other  f i l l e r  m a t e r i a l  t o  t h e  mat r ix  or voids 

among t h e  p a r t i c l e s .  

The ob jec t ive  of 

Two p o s s i b l e  ways of improving t h e  s t a b i l i t y  

I n  keeping wi th  t h e s e  ob jec t ives ,  we developed techniques for fab- 

r i c a t i n g  bonded beds of coated p a r t i c l e s  with thermoplast ic  binders  t h a t  

J. H. Coobs, J. M. Robbins, J. A .  Conlin, C .  L. Segaser, R .  L .  Harmer, 6 

R .  L. Senn, D.  M. Hewette 11, and S. C .  Weaver, GCR Semiann. Progr .  Rept. 
Sept .  30, 1968, ORNL-4353, pp. 2%-54. 
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y i e l d  g r a p h i t i z a b l e  coke. 

t h e  f i l l e r  should y i e l d  a d e s i r a b l e  mat r ix .  Poco grade AXM g r a p h i t e  

f l o u r  w a s  chosen as t h e  f i l l e r  because r ecen t  i r r a d i a t i o n  t e s t s 8  show 

t h e  r e l a t i v e  s t a b i l i t y  of t h i s  ma te r i a l .  Also, we found t h a t  a d d i t i o n a l  

f i l l e r  m a t e r i a l  could be added as Thermax’ because of i t s  s i z e  d i s t r i b u -  

t i o n  and w e t t a b i l i t y .  

These b inders  along wi th  Poco g raph i t e7  a s  

The p repa ra t ion  and loading o f  bonded-bed specimens for KFIR t a r g e t  

experiment HT-4 were completed. The specimens con ta in  pyrolyt ic-carbon-  

coated carbon microspheres and were i n j e c t i o n  bonded with furf’uryl a lco-  

h o l  o r  15V p i t c h .  

Poco g r a p h i t e  o r  a mixture of  29 w t  $J Poco g raph i t e  and 29 w t  % Thermax 

carbon black.  

d i a t i o n  hea t  t reatment  a r e  l i s t e d  i n  Table 5.5. 

a t i n g  condi t ions  of t h e  specimens and magazines a r e  given i n  Table 5.6. 

F i l l e r  ma te r i a l s  i n  t h e  b inders  c o n s i s t  of 40 w t  $J 

The specimens used i n  t h e  experiment and t h e i r  p r e i r r a -  

The loca t ions  and oper- 

Af t e r  i r r a d i a t i o n  and disassembly, a l l  bonded beds were i n t a c t  and 

could be handled i n - c e l l .  

i l l u s t r a t e d  i n  F ig .  5 .3  by t h e  group of specimens t h a t  were i r r a d i a t e d  

a t  800°C t o  a f luence  a s  g r e a t  as 6 X neutrons/cm2. The average 

dimensional changes t h a t  occurred a t  t h e  low and high i r r a d i a t i o n  tem- 

pe ra tu res  were -1.4 and -2.6%, r e spec t ive ly .  

temperature t h e  shr inkage increased  wi th  increas ing  f luence;  a t  t h e  high 

i r r a d i a t i o n  temperature  t h e  shr inkage seemed t o  decrease wi th  inc reas ing  

f luence .  The shr inkage d i d  not seem t o  be inf luenced a t  e i t h e r  tempera- 

t u r e  by t h e  composition of t h e  binder  phase or  t h e  p r e i r r a d i a t i o n  hea t  

t rea tment .  

The t y p i c a l  p o s t i r r a d i a t i o n  appearance i s  

A t  t h e  low i r r a d i a t i o n  

Blended Beds o f  Loose Coated P a r t i c l e s  (J. H. Coobs, J M Robbins, 
J. L. S c o t t )  

The poor r e s u l t s  from e a r l y  i r r a d i a t i o n  t e s t s  of bonded beds t o  

f u l l  design HTGR f a s t  neutron ( >  0.18 MeV) f luences  (about  8 X lo2’ 
neutrons/cm2) l e d  t o  renewed i n t e r e s t  i n  t h e  use of l oose  beds of 

7An i s o t r o p i c  g raph i t e  f l o u r  from Poco Graphite,  Inc .  

‘C. R.  Kennedy, Metals and Ceramics Div. Ann. Progr.  Rept. June 30, 
1969, ORNL-4470, pp. 193-195. 

.. . 

9A s p h e r i c a l  carbon b lack  from R. T .  Vanderbi l t  Co. 
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Table 5.5. Bonded P a r t i c l e  Specimens f o r  HT-4 Experiment 

Heat a 

Binder F i l l e r  Temperature 
Treatment Magazine Materials Specimen 

( O C )  

JF78-1 
-2 
-4 
-5 
-8 
-9 
- 10 
- 11 
-21 
-22 
- 23 
- 24 
- 14 
- 16 
- 19 
-20 
- 25 
- 27 
- 28 
-29 

b Varcum 8253, 
Varcum 8251 
Varcm 825 
Varcum 825 
Varcum 825 
Varcum 825 
Varcum 82511, 
Varcum 8251 

d 1 5 V  Pitchd 
1 5 V  Pitch, 
1 5 V  Pitch; 
15V Pitchd 
l 5 V  Pitchd 
1 5 V  Pitchd 
1 5 V  Pitchd 
15V Pitch 

d E V  Pitchd 
15V Pitchd 
15V Pitchd 
15V Pi tch 

AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 

AXM + Thermax' 
AXM + Thermax' 
AXM + Thermax' 
AXM + Therrnaxz 
AXM + Thermax 
AXM + Thermax: 
AXM + Thermax 
AXM + Thermax' 

40 wt $ Poco AXM 
40 w t  $ Poco AXM 
40 w t  $ Poco AXM 
40 w t  $ Poco AXM 

2 100 
2 100 
2 100 
2 100 
15 00 
1500 
1500 
1500 
15 00 
1500 
15 00 
15 00 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 
2 100 

CP- 15 
-15 
- 16 
- 16 
- 13 
- 14 
-15 
- 16 
-13 
- 13 
- 14 
- 14 
-15 
- 15 
- 16 
- 16 
-13 
-r? 
- 14 
- 14 

a 

bPrepolymerized fur fury l  alcohol from Varcum Chemical Co. 

Heated i n  argon f o r  30 min. 

C 29 w t  $ Poco AXM graphite f lou r  (< 40 pm) from Poco Carbon Co. 
plus 29 w t  $ Thermax ( a  s o f t  spherical  carbon black from 
R .  T .  Vanderbilt Co.) . 

d,Grade l 5 V  coal  tar p i t c h  from Allied Chemical C o .  

. .  
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Table 5.6. Description of HT-4 I r rad ia t ion  Capsule 

. 
Design Range of 

Expected Operating 
Temperature Fluence - 

Axial Distance 
from Horizontal 

Magazine Types of Specimen Midplane for 
Magazine, in .  ( " C >  (> 0.18 MeV) 

l CP- 13 Bonded bed, matrix, 
and Sic  tempera- 
t u r e  monitor 

monitor and loose 
p a r t i c l e  controls 

CP- 14 Bonded bed and 
matrix 

CP- 15 Bonded bed, matrix, 
and S i c  tempera- 
t u re  monitor 

monitor and loose 
p a r t i c l e  controls 

matrix 

M- 2 S i c  temperature 

M-4 S ic  temperature 

CP- 16 Bonded bed and 

x 1021 

-10 -5.5 750  3-6.5 

-5 -4 750 6.5-7 

-3.5 -0 .125  105 0 7-8 

+0.125 +4.5 105 0 7-8 

+5 +6 105 0 6.5-7 

+6.5 +10 75  0 3-6.5 

R- 50405A 

0 4 

INCHES 
u 

Fig. 5.3. Appearance of Bonded Beds of Coated Pa r t i c l e s  af'ter I r ra -  
d ia t ion  i n  Capsule HT-4 t o  a Fluence of  6 X lo2' neutrons/cm2 a t  800°C. 
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, 

p a r t i c l e s  i n  HTGR f u e l  elements. 

two or more types of p a r t i c l e s  be blended i n  each f u e l  ho le  and form a 

s t a b l e  bed t h a t  would not segregate  o r  s e t t l e  severe ly  during t r a n s p o r t  

and i r r a d i a t i o n .  We performed s e v e r a l  experiments t o  s tudy t h e  behavior 

of loose beds of p a r t i c l e s  i n  g raph i t e  tubes and confirmed t h a t  beds w i l l  

"lock" i n  p l ace  when fo rce  i s  appl ied from t h e  bottom of t h e  column., 

provided t h e  length-to-diameter r a t i o  of t h e  column i s  a t  l e a s t  '7. Addi- 

t i o n a l  fo rce  on t h e  column does not move t h e  p a r t i c l e s  but  i s  t r ansmi t t ed  

t o  t h e  tube w a l l  and may rupture  t h e  tube.  

Such f u e l  elements would r equ i r e  t h a t  

This behavior ind ica ted  t h a t  a c r i t i c a l  f e a t u r e  of  such loose beds 

would be t h e i r  i n t e r a c t i o n  wi th  t h e  needle-coke g raph i t e  tube o r  f u e l  

element during i r r a d i a t i o n .  In  an HTGR environment t h e  g raph i t e  w i l l  

sh r ink  i n  t h e  a x i a l  ( ex t rus ion )  d i r e c t i o n  throughout i t s  l i f e  and w i l l  

sh r ink  i n i t i a l l y  and then  expand t r ansve r se ly .  This behavior and t h e  

ne t  volume change pos tu l a t ed  i n  an element operat ing a t  1020°C a r e  shown 

i n  Fig.  5.4. On t h e  o ther  hand, a bed of coated p a r t i c l e s  w i l l  shr ink  

. _-  
O R N L - D W G  70-9804 

0 

- 1  

I 

s-" 

w -2 
a 

- 
w 
z 
I 
0 

-3 

- 4  

, P E R P E N D I C U L A R  TO EXTRUSION DIRECTION (DIAMETER) +- 

I+-!-'; I 

I 
-5 

0 1 2 3 4 5 6 7 ( X l O Z ' i  

FAST-NEUTRON (E=-0.18 M e V )  FLUENCE (neutrons/cm2) 

Fig.  5.4. Change i n  Dimensions and I n t e r n a l  Volume of H-327 Graph- 
i t e  Magazine a t  1020°C (Conditions f o r  HT-5 Experiment). 



i n i t i a l l y ,  as t h e  ou te r  i s o t r o p i c  coa t ing  d e n s i f i e s  under i r r a d i a t i o n ,  

and w i l l  assume a s t a b l e  volume a t  about 0.6 t imes t h e  design f luence .  

The cont inuing a x i a l  shrinkage of  t h e  g raph i t e  must then  l ead  t o  i n t e r -  

a c t i o n  with t h e  bed. 

Therefore,  we designed an i r r a d i a t i o n  experiment t o  t e s t  t h e  behav- 

i o r  of loose  beds contained i n  a needle-coke g r a p h i t e  tube .  Two loose  

blended beds with length- to-diameter  r a t i o s  exceeding 11 were s p e c i f i e d .  

One would c o n s i s t  of about 600-pm-diam p a r t i c l e s  with high-temperature 

i s o t r o p i c  carbon outer  coa t ings  and about 400-ym-diam p a r t i c l e s  with 

low-temperature i s o t r o p i c  ( L T I )  ou te r  coa t ings .  The second would have 

L T I  ou ter  coa t ings  on both l a r g e  and s m a l l  p a r t i c l e s .  The p r o p e r t i e s  of 

+,he coated p a r t i c l e s  prepared f o r  t h i s  experiment a r e  given i n  Table 5.7. 
The l a r g e r  p a r t i c l e s  have i n e r t  kerne ls  because t h e  experiment was 

designed t o  be t e s t e d  i n  t h e  HFIR t a r g e t  region,  i n  which t h e  flux i s  

too  high t o  permit more than  t r a c e s  of f i s s i l e  m a t e r i a l .  

Both loose  beds were blended by coincident  feeding of  weighed 

charges and were loaded slowly and v ib ra t ed  t o  a constant  volume. I n  

an attempt t o  s t a b i l i z e  t h e  beds very s m a l l  (50 t o  75 pm d i m )  coke or 
carbon p a r t i c l e s  were loaded wi th  t h e  coated p a r t i c l e s  i n  s u f f i c i e n t  

Table 5.7.  P rope r t i e s  of  Coated P a r t i c l e s  Prepared and Used 
f o r  I r r a d i a t i o n  Experiment on Loose Beds 

~ 

OR 1062 OR 1078 OR 1083 

Kernel Sic on carbon Tho2 Sic  on carbon 

Diameter of kerne l ,  pm 400 i- 100 103 400 

seed seed 

Fuel I n e r t  

Heavy m e t a l  content ,  wt % 0 
Thickness of  l aye r ,  pm 

Inner 54 
Outer 91 

Density of l aye r ,  g/cm3 

Inner 
Outer 

0.9 
1.75 

Th I n e r t  

7 .22  0 

90.8 56.6 
69.2 107.6 

0.9 0.9 
1.85 1.80 

Tota l  p a r t i c l e  dens i ty ,  g/cm3 1.53 1.6 1.5  

-- 
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t 

q u a n t i t y  t o  add about 0.15 g/cm3 t o  t h e  bed dens i ty .  

he ld  i n  p l ace  wi th  s e v e r a l  p i eces  of g r a p h i t e  f e l t  t h a t  were compressed 

about 50% during loading.  

Both beds were 

The two blended beds were i r r a d i a t e d  i n  H F I R  t a r g e t  capsule  HT-5 

f o r  70 days a t  1020°C t o  a fas t -neut ron  (> 0.18 MeV) f luence  of 

7.5 X 10’’ neutrons/cm*. 

scanning ind ica t ed  t h a t  both beds shrank more than  18% i n  length .  

shr inkage i s  i l l u s t r a t e d  i n  Fig.  5.5.  This was about twice t h e  expected 

maximum shrinkage t h a t  could be accounted f o r  by d e n s i f i c a t i o n  of t h e  

coa t ings  (F ig .  5 . 4 ) ,  i n d i c a t i n g  t h a t  some o the r  mechanisms a r e  respon- 

s i b l e  f o r  p a r t  o f  t h e  s e t t i n g .  Fur ther  examination i s  i n  progress .  

Examination by neutron radiography and gamma 

This 

. -. 
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BEFORE IRRADIATION 

PHOTO 98985 

AF T E R I RR A D I AT I ON 

Fig. 5.5. I r rad ia t ion  Shrinkage of Blended Beds of Loose Coated 
Par t ic les .  
The r igh t  radiograph shows the decreased len t h  of p a r t i c l e  beds a f t e r  
exposure a t  1020"~ t o  7.5 x 10*1 neutrons/cm . 

The l e f t  neutron radiograph shows the  unirradiated capsule. 

5 
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6. FUNDAMENTAL SOL-GEL STUDIES 

r 

W. D. Bond 

Drying s t u d i e s  on Th02-UO3 g e l  spheres showed t h a t  t h e  hea t ing  

r a t e s  of f i x e d  beds under steam purge must be both slow and uniform t o  

c o n t r o l  t h e  r a t e  of chemical r e a c t i o n  of  n i t r i c  a c i d  with t h e  a l c o h o l  

and, t hus ,  t h e  r a t e  of  hea t  l i b e r a t i o n  b y  t h e  r e a c t i o n .  

flow through t h e  bed of spheres enhances t h e  desorpt ion and vapor i za t ion  

of t h e  organic r e a c t a n t s  and t h u s  reduces t h e  q u a n t i t y  of organic 

ma te r i a l s  t h a t  r e a c t  with t h e  n i t r i c  ac id .  Washing t h e  g e l  spheres i n  

ammonia s o l u t i o n s  before  drying removed t h e  n i t r i c  a c i d  and prevented 

t h e  n i t r a t e  -organic r e a c t i o n ,  bu t  t h e  washing processes broke about 50% 

of t h e  spheres.  

A steam purge 

Steam drying t o  200°C does not remove a l l  of t h e  carbon-bearing 

materials. 

removed during c a l c i n a t i o n  b y  combustion i n  a i r .  

t h a t  t h e  carbonaceous m a t e r i a l s  and o t h e r  v o l a t i l e s  ( n i t r a t e s  and water)  

remaining a f t e r  drying a r e  removed before  t h e  ThO2-UO3 g e l  spheres 

sh r ink  or dens i fy  appreciably;  t hus ,  no problems are encountered i n  

a t t a i n i n g  t h e  d e n s i t y  and chemical s p e c i f i c a t i o n s  on ca l c ined  products.  

The spheres s t i l l  con ta in  about 1% C ,  which i s  subsequently 

F i r i n g  s t u d i e s  showed 

Drying Studies  

Further  l a b o r a t o r y  s t u d i e s  on t h e  drying of ThO2-UO3 spheres were 

required because t h e  g e l  spheres produced i n  t h e  10-day continuous 

demonstration of t h e  ORNL ThOz-UO2 s o l - g e l  process were more s e n s i t i v e  

t o  i n i t i a t i o n  of d e l e t e r i o u s  exothermic r e a c t i o n s  t h a n  had been 

a n t i c i p a t e d  from e a r l i e r  smaller  s c a l e  work. 

prepared i n  t h e  demonstration run contained 4.5 atoms thorium p e r  

Also, t h e  g e l  spheres 

. -  

'Chem. Technol. Div. Ann. Progr. Rept. Y a y  31, 1969, 3RNL-4422, 

*C. C. H a w s ,  W. D. k n d ,  and B. C. Finney, Engineering-Scale 

pp. 18'7-90. 

Demonstration of t h e  Sol-Gel Process:  
Microspheres a t  a Rate of  10 kg/day, ORNL-4344, i n  p re s s .  

Preparat ion of 100 kg of ThO2-UO2 
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atom uranium, compared with 3 i n  our e a r l i e r  developmental work. 

spheres of  t h e  h igher  thorium content  were cons iderably  more s e n s i t i v e  

t o  drying condi t ions .  

The 

Even when temperature r i s e  r a t e s  as low as 25"C/hr were used i n  t h e  

drying of g e l  spheres (Th/U = 4.25) i n  a 2-in.  -diam f ixed  bed, exothermic 

r e a c t i o n s  occurred a t  190 t o  200°C and broke more than  h a l f  t h e  spheres 

during t h e  almost instantaneous temperature r i s e  t o  250 t o  300°C. 

During drying a t  25"C/hr i n  t h e  100 t o  200°C range, t h e  c e n t r a l  bed 

temperature lagged t h e  heated dryer  w a l l  temperature by 10 t o  20°C. 

In t roduc t ion  of soaking per iods  between 100 and 200°C prevented t h e  

exothermic r e a c t i o n  and avoided breakage of t h e  spheres (Table  6 .1) .  

Even though we d id  not  observe any exothermic r e a c t i o n  i n  t h e s e  dry ings ,  

t h e  n i t r a t e - to -me ta l  r a t i o  i s  s u b s t a n t i a l l y  lowered by  t h e  process  

( f rom an i n i t i a l  value of 0 .1  t o  as low as 0.005), showing t h a t  t h e  

organic i s  r e a c t i n g  wi th  n i t r i c  ac id  during drying but  a t  r a t e s  t h a t  

do not l i b e r a t e  excessive amounts of hea t .  Conduct ivi ty  measurements on 

t h e  e f f l u e n t  steam condensate showed t h a t  m a t e r i a l  producing a conducting 

e l e c t r o l y t e ,  probably NO2 o r  NO, w a s  l i b e r a t e d  throughout t h e  drying 

i n  t h e  100 t o  200°C range. 

prevented t h e  exothermic r eac t ion .  No de tec t ab le  breakage of spheres 

occurred when t h e  dryings were conducted under condi t ions  shown i n  

Table 6.1. The 16-hr soaking per iod a t  some of t h e  temperatures  w a s  

used because it w a s  convenient t o  c a r r y  out t h i s  s tage  of  t h e  drying 

overnight .  

Steam purge flow r a t e s  as low as 0.1 g/min 

Washing t h e  spheres i n  ammonia s o l u t i o n  before  drying v e r y  

e f f e c t i v e l y  removed t h e  n i t r a t e  and prevented t h e  exothermic r e a c t i o n  

during drying. However, t h e  washing caused s p a l l i n g  and cracking of t h e  

spheres .  The cracking and s p a l l i n g  were independent of ammonia 

concent ra t ion  from 0 .1  t o  15.0 M and of add i t ion  of ammonium n i t r a t e  

t o  t h e  ammonia before  washing. Separat ion of t h e  cracked spheres  wi th  

a Roundometer showed t h a t  50 t o  60% of t h e  spheres were broken or 
chipped i n  t h e  ammonia washing s tep .  For t h i s  reason it w a s  given 

no f u r t h e r  cons ide ra t ion  as a process  s t ep .  

- 
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F i r i n g  Studies  

To e f f e c t  carbon removal and d e n s i f i c a t i o n ,  t h e  d r i e d  g e l  spheres 

a r e  heated i n  a i r  t o  1 1 5 0 ° C .  

t o  t h e  d e s i r e d  oxygen-to-uranium r a t i o .  The ca l c ined  spheres are t h e n  

cooled t o  room temperature i n  argon. On c a l c i n a t i o n ,  t h e  g e l s  shrank 

about 65% i n  volume and 30% i n  diameter.  

The oxide i s  t h e n  reduced i n  A r 4 %  H2 

The f i r i n g  procedure has  been used throughout our work on ThO2-UO3 

g e l s  beginning with t h e  Kilorod Program. ’ 
samples of  t h e  d r i e d  g e l  spheres were heated t o  1150°C a t  30O”C/hr i n  

a i r  and held f o r  1 h r .  

The products  had d e n s i t i e s  95 t o  98% of t h e o r e t i c a l ,  carbon con ten t s  

of 20 t o  40 ppm, and oxygen-to-uranium r a t i o s  of 2 . 0 0 1 t o  2.020. 

were s o l i d  s o l u t i o n s  of U02 i n  T h O 2 ,  as determined b y  x-ray l a t t i c e  

parameter measurement, and had a c r y s t a l l i t e  s i z e  between 1000 and 2000 A .  

The g e l  spheres used i n  t h e s e  s t u d i e s  had a good shrinkage p a t t e r n  for 

ease of  removal of t h e  remaining v o l a t i l e s .  The d e n s i t y  was o n l y  

about 40% of  t h e o r e t i c a l  a t  85OoC, and t h e  pores were a l l  open. 

t h e  sorbed carbon-bearing m a t e r i a l s ,  n i t r a t e s ,  and water could be 

removed e a s i l y  before  t h e  pores c losed.  

I n  l a b o r a t o r y  s t u d i e s  s e v e r a l  

They were t h e n  heated for 3 h r  i n  A??-&% H2. 

They 

Thus, 

’C. C .  Haws,  J.  L. Matherne, F. W. Miles, and J. E .  Van Cleve, 
Summary of the  Kilorod P r o j e c t  - A Semiremote 10-%/day Demonstration 
o f  “53U02-Th02 Fuel-Element F a b r i c a t i o n  b y  O W L  Sol-Gel Vibratory-  
Compaction Method, OWL-3681 (August 1965). 

c 



103 

7. THORIUM CERAMICS DATA COMPILATION 

Sigfred Peterson 

Data on t h e  physical ,  mechanical, and chemical p r o p e r t i e s  of 

ceramic compounds of thorium a r e  being compiled f r o m t h e  l i t e r a t u r e .  

The c o l l e c t i o n  has been completed' on oxides through October 1969 and 

n i t r i d e s  through January 1970. 

information i s  being c o l l e c t e d  on o the r  systems (bo r ides ,  s u l f i d e s ,  e t c . )  

and on t h e  completed p a r t s  f o r  f u t u r e  extensions and r e v i s i o n s .  The 

c o l l e c t i o n  i s  being issued i n  loose- leaf  form so add i t ions  and r e v i s i o n s  

can be e a s i l y  incorporated.  

That on ca rb ides  has been d r a f t e d ,  and 

"Volumes" on t h e  d i f f e r e n t  systems con ta in  major d i v i s i o n s  on t h e  

u s e f u l  compounds; d i v i s i o n s  so f a r  a r e  on Th02, ThN, T h 3 N 4 ,  ThC, and ThC2. 

Under each a r e  "Parts"  deal ing wi th  t h e  compound, i t s  b i n a r i e s  w i th  

uranium, with plutonium, and with o t h e r  elements, more complex systems, 

and i n  some cases  with o the r  negative elements. 

s ec t ions  on composition, p repa ra t ion ,  c r y s t a l  p r o p e r t i e s ,  thermodynamic 

p r o p e r t i e s ,  change of s t a t e ,  e l e c t r i c a l  and magnetic p r o p e r t i e s ,  h e a t  

and mass t r a n s p o r t ,  mechanical p r o p e r t i e s ,  chemical p r o p e r t i e s ,  and 

surface p rope r t i e s .  

The p a r t s  con ta in  

Volume I c i t e s  256 r e fe rences  b u t  d e f e r s  systems with a second 

Volume I1 negative element (such as oxysulf ides)  t o  l a t e r  volumes. 

c i t e s  35 re fe rences  and inc ludes  information on systems with added 

negative elements, such as c a r b o n i t r i d e s .  Many gaps e x i s t  i n  t h e  

c h a r a c t e r i z a t i o n  of t h e  thorium n i t r i d e s .  The most s e r i Q u s  d e f i c i e n c i e s  

i n  t h e  ca rb ides  a r e  t h e  l a c k  of r e l i a b l e  thermodynamic p r o p e r t i e s  of 

ThC and t h e  s p a r s i t y  of mechanical and t r a n s p o r t  p rope r ty  d a t a  f o r  both 

carbides .  

'S. Peterson and C. E .  C u r t i s ,  Thorium Ceramics Data Manual 
Vol. I, Oxides and Vol. 11, N i t r i d e s ,  OWL-4503 , Vols. I, I1 
(September 1970). 
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