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Engineering s t u d i e s  o f  a 6- in .  - I D  countercurrent  foam c o l m  were s t a r t e d .  
The capaci ty  o f  Pkrk I1 Stacked Clone Contactor w a s  found t o  be l i m i t e d  by 
gradual ly  inc reas ing  entrainment .  Thoria s o l s  were prepared from t rough 
d e n i t r a t o r  products i n  a conica l  bottom tank a g i t a t e d  by c i r c u l a t i o n  through 
an e x t e r n a l  c e n t r i f u g a l  pump. Experimental r e s u l t s  agreed favorably wi th  
predic ted  r e s u l t s  f o r  t h e  r eac t ion  o f  CO wi th  CuO and f o r  t h e  simultaneous 
r eac t ions  o f  & and CO with CuO. I n  a 2- in .  d i s s o l v e r .  Modified 7 , i r f l e x  
d i s s o l u t i o n  r a t e s  o f  Z,ircaloy-2 increased non- l inear ly  wi th  F/S . The 250 
t o n  prototype shear  nas been received and i n s t a l l e d .  P r i o r i t i e s  were e s t a b -  
l i s h e d  f o r  development work on g raph i t e  f u e l s .  A t o t a l  o f  5 SRE Core I f u e l  
c l u s t e r s  were mechanica.1-1.r dejacketed from t h e  second c a r r i e r  shipment o f  
SRE Core I f u e l .  Degradation of NaK t o  a s o l i d  o r  waxy form requi red  t h a t  
t h e  s lugs  be e j e c t e d  by t h e  jackscrew. The NaK d i sposa l  system opera ted  
s a t i s f a c t o r i l y  f o r  t h e  las t  -3,000 ml of  NaK.  A procedure f o r  e s t ima t ing  
t h e  temperature r i s e  of  spent  r e a c t o r  f u e l s  dur ing  shipping g ives  reasonably 
good r e s u l t s .  A pulse  column was operated with t h e  l i g h t  phase continuous 
using an ex te rna l  phase sepa ra to r .  Zirconium oxide p l a t e s  were d i s so lved  
by HF i n  molten sal t  a t  r a t e s  at  l e a s t  twice as g r e a t  as f o r  7 i rca loy-2  meta l  
i n  t h e  same system. Magnesium add i t ive  t o  high s u l f a t e  Purex waste was t e s t e d .  
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SUMMARY 

1.0 CHEMICAL ENGINEERING STUDIES 

Foam Separation 

Engineering s tud ies  of a 6-in.  - I D  countercurrent foam-liquid column 
were s t a r t e d  using i so top ic  exchange between ~ r - 8 9  t r a c e r  and inac t ive  Sr .  
Dodecyl benzene sulfonate i n  lo-' M NaOH was used a s  t h e  sur fac tan t  complex- 
ing agent and foaming agent.  su r fac tan t  mater ia l  balances from analyses 
by u l t r a v i o l e t  absorption were excel lent ,  but gross @ mater ia l  balances 
were only 60-70%. Based on t he  l i q u i d  phase, and considering the  bottom 
of  t he  column a s  one t heo re t i c a l  s tage ,  3.2 t o  4.3 t r a n s f e r  un i t s  were 
obtained fo r  18 inches of countercurrent foam-liquid contact .  These values 
a re  uncertain due t o  t h e  poor t r a c e r  balance and a non-optimum flow r a t i o  
r e su l t i ng  i n  pinching of the  operating and equil ibrium l i n e .  

2.0 FISSION PRODUCT RECOVERY 

The capacity l i m i t  o f  Mark I1 Stacked Clone Contactor processing 17% 
TBP i n  Amsco agains t  1 M NaNO' was found t o  be determined by gradually 
increasing entrainment of organic i n  t h e  aqueous r a the r  than by a sudden 
onset  of  flooding. The per cent of  t h e  organic fed which entra ined with 
t he  aqueous followed t he  re la t ion :  D = 0.21 A/O (A + 0 ) l B 5  where A and 0 
a r e  feed r a t e s  of aqueous and organic i n  l i t e r lm in .  For example, t he  
organic entrainment i s  3% a t  a t o t a l  flow of 2.0 l i t e r l m i n  and A/O of 5. 

3.0 FUEL CYCLE DEVELOPMENT 

A conical  bottom tank with recycle by a cen t r i fuga l  pump appears 
adequate f o r  d ispers ion o f  trough den i t r a t o r  products i n t o  t ho r i a  so l s .  
Sampling and analyses of both powders and t h o r i a  s o l s  were reproducible 
within t he  1$ l i m i t  necessary f o r  a fabr ica t ion  f a c i l i t y .  Losses during 
routine t r an s f e r s  o f  one batch through dispersion,  drying, and f i r i n g  
s teps  t o t a l ed  2.37%. 

4.0 GCR COOLANT PURIFICATION STUDIES 

Experimental r e s u l t s  agreed favorably with predicted r e s u l t s  f o r  t he  
react ion of  CO with CuO and f o r  t h e  simultaneous react ions  of H2 and CO 
with CuO. The predicted r e s u l t s  were based on a f i n i t e  d i f ference solut ion 
of t he  mathematical model f o r  ex te rna l  and i n t e r n a l  d i f fus ion  of H2 and CO 
control l ing.  

5 .1  Continuous Modified Z i r f l ex  

E f fo r t s  a r e  being made t o  adapt the  Modified Z i r f l ex  process f o r  continuous 
d i s so lu t ion  i n  order t o  take  advantage o f  t he  increased throughputs made 
possible by t h i s  method of operation.  I n  a 2- in .  d issolver ,  d i s so lu t ion  r a t e s  
of  Zircaloy-2 increased non-l inearly with F/S (feed ra te l su r face  a r ea )  r a t i o  
such t h a t  lower Z r  loadings were obtained a s  react ion r a t e s  increased.  



Desirable loadings of  > 80 g z i r c a l o y - 2 / l i t e r  were obtained only with F/S <= 
0.06 which produced reac t ion  r a t e s  2 5 mg/cm2-min. One run, i n  6-in.  equip- 
ment, having a 1 h r  period o f  s teady-s ta te  opera t ion used a s  d i s so lven t  6.5 M - 
NH4F-0. 6 M NH4NOs-0. 1 M &.02 and gave an average react ion r a t e  of  5.6 mg/ 
cm2-min (specimen a r e a c o n s t a n t  throughout t h e  run) a t  F/S = 0.08 producing 
an e f f l u e n t  containing 70 g z i r c a l o y - 2 / l i t e r .  

Shear and Leach 

The 250 ton  prototype shear has been received and i n s t a l l e d  on t h e  
t h i r d  f l o o r  o f  Bldg. 4505. The shear  has been checked o u t  and operated. 

Scouting t e s t s  operat ing t h e  modified leacher  a s  a conveyor feeder 
a t  -2 rpm and 15  degrees of  i n c l i n a t i o n  resu l t ed  i n  l e s s  than 5$ backmixing 
when using a 2.5 l i t e r  batch of  s t a i n l e s s  s t e e l  rods per  f l i g h t  and no 
backmixing with a 2.0 l i t e r  batch.  

A s ing le  batch d i s so lu t ion  of  -600 g o f  crushed U02-Tho2 p e l l e t s  
r e su l t ed  i n  73% d i s so lu t ion  i n  6-1/2 h r s .  

5.3 U-C Fuel Processing 

P r i o r i t i e s  e s tab l i shed  f o r  Unit Operations development work on graphi te  
f'uels were (1) demonstration of a semicontinuous aqueous flowsheet f o r  
graphi te  f u e l s  containing uncoated UC2 o r  1102, (2 )  combustion-dissolution 
s tud ies  on elements fueled with pyro ly t i c  carbon-coated p a r t i c l e s ,  and 
( 3 )  f i n e  grinding work on f u e l  containing alumina-coated o r  pyro ly t i c  
carbon-coated p a r t i c l e s .  

5 .4  SRE Dejacketing Studies 

A t o t a l  of  5 SRE Core I f u e l  c l u s t e r s  were mechanically dejacketed from 
the  second c a r r i e r  shipment of  SRE Core I f u e l .  .b average dejacketing r a t e  
of 4.8 kg ~ / h r  was a t t a i n e d  ignoring down time f o r  r e p a i r s .  An o v e r a l l  
r a t e  o f  -2.4 kg ~ / h r  w a s  maintained desp i t e  the  l o s s  of 3.5 s h i f t s ,  2 8  h r s ,  
f o r  r e p a i r s  and adjustment. One c l u s t e r  of  7 f u e l  rods contained 4 rods 
t h a t  required tedious  a u x i l i a r y  dejacket ing methods because o f  waxy, oxidized 
XaK and swollen s lugs ,  One o f  these s lugs ,  o r i g i n a l l y  3/4-in. -OD x 6-in.  - 
long, had grown 6.255 i n  l eng th  2nd 1.47 t o  5.2% i n  diameter. 

Micrometer measurements made of  5 jackets  show an expansion o f  from 7 
t o  20 mils i n  diameter occurs by an appl ied  i n t e r n a l  hydraulic pressure o f  
1500 psig.  This expansion should f r e e  the  slugs so t h a t  they could be f lushed 
o u t  e a s i l y  by hydraulic pressure.  However, due t o  degradation of  NaK t o  a 
s o l i d  o r  waxy form, t h e  s lugs  could be e jec ted  only by t h e  jackscrew o r  
c u t t i n g  t h e  jacket  a t  t h e  s lug  junctures,  followed by s l i t t i n g  and prying 
o f  t h e  jackets  from t h e  uranium s lugs .  

The down time f o r  r e p a i r  of  equipment, s lug  canner, crane, General 
M i l l s  manipulator and pusher cyl inder  was 28 h r s ,  o r  3 .5 s h i f t s .  The s lug  
canning machine required  -16 hrs  f o r  decontamjnction, removal from t h e  c e l l  
and necessary adjustments and repa i r s .  'The crane,  General f4i l ls  manipulator 
and pusher cyl inder  were repaired i n  a s ing le  campaign over a period o f  1 2  h r s .  



The NaK d i s p o s a l  system opera ted  s a t i s f a c t o r i l y  while  r e a c t i n g  -3,000 
m l  of NaK e u t e c t i c  bonding agent  discharged dur ing  t h e  de jacket ing  ope ra t  ions .  

6.0 REACTOR EVALUPLTION STUDIES 

Heat Transfer  from S ~ e n t  Reactor Fuels dur ing  S h i ~ o i n a  

Experimental measurements o f  temperature r i s e s  i n  e l e c t r i c a l l y  heated 
mock f u e l  elements i n  a ho r i zon ta l  s imulated shipping c a r r i e r  have been 
continued. A procedure f o r  e s t ima t ing  t h e  temperature r i s e  based upon 
r a d i a n t  hea t  t r a n s f e r  has been shown t o  g ive  answers having average d i f -  
fe rences  from measured temperatures  o f  l e s s  than  1 5 O C  f o r  f u e l  bundles 
conta in ing  up t o  64 tubes  and. hea t  genera t ion  r a t e s  up t o  0.0514 w a t t s /  
tube-cm. 

7.0 SOLVENT EXTRACTION STUDIES 

Operation o f  a pulse  column wi th  t h e  l i g h t  phase continuous us ing  an 
e x t e r n a l  phase sepa ra to r  and an a i r  l i f t  t o  r ecyc le  t h e  l i g h t  phase t o  t h e  
column w a s  successr"ully demonstrated. The main problem w a s  a tendency f o r  
t h e  flows t o  cycle;  t h i s  was minimized by increased  l i g h t  phase recycle  r a t e  
and s e l e c t i o n  of  slow c o n t r o l  modes o f  r e s e t  and ga in .  

8.0 VOLATILITY 

Zirconiun oxide p l a t e s  were d i s so lved  by IIF i n  molten s a l t  at r a t e s  o f  
1.24 mg/(cm2) (min) and 3.13 mg/(cm2) (min) . The corresponding HF r a t e s  were 
0 .25  l b s / h r  and 1 . 5  l b s / h r .  These r a t e s  a r e  a t  l e a s t  twice  as g r e a t  as f o r  
Zircaloy-2 metal  d i s s o l u t i o n  i n  t h e  same system. 

Magnesium a d d i t i v e  t o  high s u l f a t e  Purex waste w a s  t e s t e d  a s  a simulated 
feed t o  t h e  close-coupled evapora tor -ca lc iner  complex. Although high corros ion  
had occurred previous ly  (R-37),  on ly  a l i t t l e  p i t t i n g  was observed on t h e  
i n s i d e  pot  w a l l  a f t e r  t h i s  t e s t .  Both ruthenium and s u l f a t e  were confined 
t o  t h e  evapora tor -ca lc iner  complex, wi th  l e s s  than  15 escaping wi th  t h e  
evaporator  condensate.  



1.0 CHEMICAL ENGINEERING STUDIES 

1.1 Foam Separation - P. A. Haas, W .  W. W a l l ,  Jr. 

Experimental s tud ies  were s t a r t ed  on an engineering development program 
f o r  countercurrent foam columns (as out l ined i n  February 1961 Unit Operations 
bbnthly Progress ~ e p o r t ) .  The immediate object ive  i s  t o  study t he  engineer- 
ing var iables  control l ing the  performance of a countercurrent foam-liquid 
separation.  A f'uture objective w i l l  be t o  decontaminate d i l u t e  wastes by 
using foam columns with complexing surfactants  t o  remove Sr ,  C s ,  o r  o ther  
radioactive elements. 

In te rpre ta t ion  of foam column performance i s  complicated by the  chemical 
and physical  cha rac t e r i s t i c s  of the  system. The "surface phase" flow r a t e s  
a re  estimated from gas flow and bubble s i ze  and tend t o  decrease up the  
column as bubbles collapse.  Some of t he  l i qu id  phase always leaves t h e  column 
with the  "surface phase" removed as product o r  samples. Surface-l iquid 
equilibrium i s  complicated by the  e f f e c t s  o f  pH, concentrations, and equi-  
librium between the  surfactant  and t h e  ion to be complexed. The i n i t i a l  
experiments and calcula t ions  were aimed a t  se lec t ing  conditions and procedures 
t o  el iminate chemical e f f e c t s  and control  physical e f f e c t s  i n  order t o  simplify 
t he  in te rpre ta t ion  of r e su l t s .  

Selection of Chemical Conditions. Chemical e f f e c t s  on foam column 
performance may be avoided by having pH and chemical concentrations which 
a r e  not a function of  column posi t ion.  This is  possible f o r  i sotopic  
exchange between radioactive and non-radioactive surfactant .  P a  i sotopic  
equilibrium f ac to r  of uni ty  may be assumed; i .e . , radioactive surfactant /  
non-radioactive surfactant  mole r a t i o s  at equilibrium a re  equal i n  t he  
l i qu id  and at  the  surface. 

Radioactively t raced surfactants  sa t i s fac tory  i n  a l l  respects  a r e  not  
avai lable .  Neutron ac t iva t ion  of non-active molecules i s  not p r ac t i c a l  
because of bond ruptures from the  capture y r e co i l s .  Compounds containing 
5-35 a re  avai lable  ( f o r  example, sodium l a u r y l  s u l f a t e ) ,  but  t he  costs  would 
be appreciable and t he  0.17 Mev f3 requires  spec ia l  counting techniques. 
Use of  a radioactive ion complexed by the  surfactant  requires a knowledge 
of t he  complexing equilibrium. 

Use of ~r -89 t r a c e r  with a pur i f ied dodecylbenzenesulfonate w a s  
se lected as the  best  compromise system. By using a la rge  excess of t he  
surfactant ,  e s sen t i a l l y  100% complexing of  t h e  Sr may be assumed.* The S r  
t r a c e r  i s  c a r r i e r  f r e e  and r e l a t i ve ly  cheap ($2.00/mc). The 1.46 Mev f3 of  
51 day half  l i f e  gives an easy a c t i v i t y  t o  count. One disadvantage i s  t h e  
presence of  1 t o  10% of Sr-90 and Y-90 a c t i v i t y .  

The l i qu id  concentrations se lected f o r  i n i t i a l  runs were: 

M - NaOH 

t o  M - dodecylbenzenesulfulate as the  sodium salt 

~ r / s u r f a c t a n t  r a t i o  of 5 x g/g o r  about 1/45 mole/mole 

Personal communication with Ernesto Schonfeld, ORNL, June 1961. 



Complexing of the  Sr i s  poor a t  low pI-I and the  NaOH was added t o  give a pH 
of 9.5 f o r 5 ~ 1 0 - ~  M surfactant .  The Sr concentrations a r e  a compromise since 
low concentrations-result i n  excessive surface adsorption e f f ec t s  while hlgh 
concentrations r e s u l t  i n  s ign i f ican t  amounts of uncomplexed Sr .  

Methods of Analyses. The concentrations of surfactant-radioactive Sr  
complexes a re  obtained from gross f3 counts. The t o t a l  surfactant  concentra- 
t i ons  may be calculated from l iquid-surface  equilibrium da ta  i f  surfactant  
concentrations a re  not functions of column posi t ion.  The dodecylbenzene- 
sulfonate surfactant  was selected* i n  order t o  use u l t r av io l e t  absorption 
of the  benzene r ing as  a measure of concentrations. The ca l ib ra t ion  curve 
f o r  2230 A (Figure 1.1) gave excel lent  material  balance fo r  the  i n i t i a l  
two flow r a t i o s  f o r  which analyses were made. An i n i t i a l  attempt t o  use 
the  smaller peak a t  2610 A with var iable  ITaOH concentrations did not give 
usable r e s u l t s .  

Several refinements o f  the  gross f3 counting may be necessary. Special  
low l eve l  counting w i l l  be necessary f o r  accurate r e s u l t s  below lo2 c/min cc. 
Recounts a f t e r  a decay period should show i f  separation of t he  Sr  and t he  1' 
radioact iv i ty  occurs. Chemical separation of the  Sr and Y i s  possible 
although the  Y-90 w i l l  grow back from the  Sr-90. 

Gas Dispersion Methods. Results with the  s intered s t a in l e s s  s t e e l  gas 
dispersion spargers along with laboratory r e s u l t s  show excessive var ia t ions  
i n  the  bubble s i ze s  and smaller than optimum bubbles. Bubble s ize  d i s t r i bu -  
t ions  from photographs (Figure 1 .2)  a r e  point values at  the  column walls  
since increasing bubble 'size up t he  column and var ia t ions  around the  circum- 
ference were observed a t  a l l  times. Bubble s izes  were s m d l e r  fo r  F and E 
porosity s in tered s t a in l e s s  (20p and 35p d i a  pores) than f o r  the  D porosity 
(65p d i a  pores) ,  but s i z e  d i s t r ibu t ions  were not measured. Both s intered 
glass  and sp inere t te  (sheet  Pt a l loy  with d r i l l e d  holes)  gas dispersers  
have been ordered f o r  t e s t i ng .  

Liquid Feed Distr ibution.  Channeling i n  the  6-in.-dia column was 
grea t ly  reduced by a l t e r i ng  the  feed d i s t r i bu to r  t o  give well d i s t r ibu ted  
l i qu id  feed a t  low ve loc i t i es  and with no l i qu id  flow directed t o  the  w a l l .  
The i n i t i a l  d i s t r i bu to r  was a r ing  of tubing d r i l l e d  with 1/32-in. -dia holes. 
The j e t s  of  l i qu id  from these holes resul ted i n  severe foam collapse and 
j e t s  which reached the  w a l l  caused severe channeling a t  these points.  The 
holes di rected a t  the  w a l l  were plugged and t he  other  holes enlarged t o  give 
low l i qu id  ve loc i t i es .  The flow d i s t r i bu t i on  through the  open holes varied 
by fac tors  of two o r  m r e  a t  low r a t e s  and severe channeling continued. A 
feed "spider" was fabr icated using 0.048-in. - I D  cap i l l a ry  tubing with one 
nozzle i n  t he  column center and s i x  ending on a 4-in.-dia c i r c l e .  These 
were bent and soldered i n to  holes d r i l l e d  i n  a 1/8-in. pipe cap. This 
arrangement appeared t o  give uniform flow t o  within + lo$ fo r  20 t o  400 
cc/min with low enough l i qu id  ve loc i t i e s  t o  avoid foam collapse.  Downflow 
of foam is  not  noticeable with t h i s  feed d i s t r i bu to r ,  but var ia t ions  i n  t he  
upward foam veloci ty  can be seen. 

* Recommended by Ernesto Schonfeld, personal communication i n  July 1961. 
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Countercurrent  Run Resu l t s .  Analy t ica l  r e s u l t s  f o r  run 5 show e x c e l l e n t  
m a t e r i a l  ba lances  f o r  t h e  s u r f a c t a n t  and 60-70$ recovery o f  t h e  t r a c e r  a c t i v i t y .  
The number o f  t r a n s y e r  u n i t s  based on t h e  l i q u i d  phase and assuming one theo -  
r e t i c d  s t age  f o r  t h e  l i q u i d  pool were 9.2 t o  14.3 i n  18 inches .  A l l  t h r e e  
flow r a t i o s  r e s u l t e d  i n  pinching o f  t h e  ope ra t ing  and equi l ibr ium l i n e s  a t  
t h e  bottom and t h e  pinching was increased  by t h e  l o s s  o f  t r a c e r .  

The column a s  o r i g i n z l l y  i n s t a l l e d  ( ~ u n e  1961 Unit Operations Fbnthly 
Progress  ~ e p o r t )  w a s  a l t e r e d  a s  a r e s u l t  o f  t h e  f i r s t  t h r e e  runs .  Gas and 
l i q u i d  feed a l t e r a t i o n s  were mentioned. The drainage s e c t i o n  w a s  reduced t o  
18 i n .  o f  6- in.  -ID column. This gave a wet foam which w a s  e a s i e r  t o  purnp 
from t h e  cyclone foam condenser pot  and which minimized evapora t ion ,  sampling, 
and p r e c i p i t a t i o n  problems. Small po r t ab le  vacuum pumps d ischarg ing  t o  t h e  
hot o f f -gas  were used f o r  t h e  foam breaker  vacuum supply i n  o rde r  t o  avoid 
any d ischarge  o f  en t r a ined  ~ r - 8 9  t o  t h e  house vacuum. Minor changes were 
made t o  f a c i l i t a t e  sampling and feed  p repa ra t ion .  

Measured f low r a t e s  and concent rz t ions  f o r  t h e  t h r e e  p a r t s  o f  run 5 
 a able 1.1) were used t o  c a l c u l a t e  m a t e r i a l  balances and t r a c e r  a c t i v i t i e s  
 a able 1 . 2 ) .  The number o f  t r a n s f e r  u n i t s  based on t h e  l i q u i d  phase, Nx, 
were ca l cu la t ed  a s  fol lows by assuming s t r a i g h t  ope ra t ing  and eq-uilibrium 
l i n e s :  i . e . ,  V and L cons tant  where: 

x  i s  t h e  t r a c e r  a c t i v i t y  i n  t h e  l i q u i d ,  cpm/cc 

y i s  t h e  t r a c e r  a c t i v i t y  i n  t h e  condensed foam, cpm/sq cm 

x* and y+ a r e  equi l ibr ium t r a c e r  a c t i v i t i e s ,  no te  t h a t  x* = y / ( r / c )  
and y* = x ( ~ / c )  where r / c  i s  t h e  S r  d i s t r i b u t i o n  c o e f f i c i e n t .  

subsc r ip t  2 r e f e r s  to t h e  t o p  o f  t h e  column 

subsc r ip t  1 r e f e r s  t o  t h e  bottom o f  t h e  reg ion  o f  countercurrent  flow 

L i s  t h e  n e t  l i q u i d  flow down t h e  column, cc/min 

V i s  sur face  flow, sq cm/min 



Table 1.1. Foam Colwnn Concentrations and Flow Rates - Run 5 

Gas Flow Rates: 3000 cm3/min 

1 !$I- 4 +c Liquid Level 

Value f o r  Stream: 
Quanti ty Units (1) (2)" ( 3  (4 ) 

Run 5C 
Liquid flow r a t e  cm3/min 200 10.4 290 100 
Liquid surfactant  conc. PPm 36 763 60 180 
Liquid t r a c e r  conc . c/min. cc 9,100 109,000 80 0 

Run 5B 
Liquid flow r a t e  cm3/min 50 9.5 90.5 50 
Liquid surfactant  conc. PPm 3 6 650 5 1 180 
Liquid t r a c e r  conc. c/minmcc 9,100 33,200 40 0 

R u n  5A 
Liquid flow r a t e  cm3/min 100 12.7 137 50 
Liquid surfactant  conc. PPm 36 530 4oc 180 
Liquid t r a c e r  conc. c/minScc 9,100 40,600 30 0 

a For condensed foam 

b ~ u l t i p l e  samples taken, averages f o r  end of run samples used 
L Estimated, analyses not available 



Table 1 .2 .  Surfactant  and Tracer Material Balances - Run 5 

Concentrations and Flow Rates : see Table 1.1 
Stream I d e n t i f i c a t i o n :  see Table 1.1 

Quantity 
Stream Run Run Run 

?to . Units 5 C  5 B 5A 

Surfactant  i n  l i q u i d  feed 1 
Surfactant  i n  bottom feed 4 
Tota l  su r fac tan t  i n  1 + 4  

Surfactant  i n  condensed foam 2 
Surfactant  i n  e x i t  l i q u i d  3 
Tota l  su r fac tan t  ou t  2 + 3  

Recovery o f  su r fac tan t  - 

Tracer i n  l i q u i d  feed 1 
Tracer i n  bottom feed 4 
Tota l  t r a c e r  i n  1 + 4  

Tracer i n  condensed foam 2 
Tracer i n  e x i t  l i q u i d  3 
Total  t r a c e r  ou t  2 + 3  

Recovery of t r a c e r  - 

I n l e t  t r a c e r  conc.,  xz 
a 

1 
Foam t r a c e r  conc . , y2 2 

b Liquid i n  e q u i l .  with y2 , x2* - 
Exi t  l i q u i d  t r a c e r  conc., xl* 3 
x l  from mater ia l  balance 5 
x2 - x1 - 
(x  - x") - 

I n  mean 

Xumber o f  t r a n s f e r  u n i t s  based 
on l i q u i d  phase, :Ix - 

- ~ r r  rx - 
- 

i n .  

a  3ased on an a r e a  of  50 sq cm/cc foam 

Qased on an assumed value of  r / c  - 4 x lom3 



S u b s t i t u t i n g  f o r  1 - (:)(;) and Yl:  

x2 - x1 X 2  - x2* - X z  - X 1  N = - 
x ( ~ 2  - XI) - ( c I ~ )  ( ~ 2  - YI) In x1 - X l *  -1, mean 

A similar expression i s  obtained f o r  N i n  terms of  (y* - Y ) ~ ,  mean. Values 
o f  x2 and y2 a r e  obtained d i r e c t l y  f r o g  t h e  analyses o f  t r a c e r  and s u r f a c t a n t  
concentrat ions.  Values o f  x, and y l  a r e  ca lcu la ted  assuming t h a t  t h e  l i q u i d  
pool i n  which t h e  foam i s  generated is  one t h e o r e t i c a l  s tage .  Then y l  i s  
i n  equil ibrium with t h e  l i q u i d  leaving t h e  column. Values of  xl a r e  ca1cu.- 
l a t e d  from a  mate r i a l  balance f o r  t h i s  t h e o r e t i c a l  s t age .  

The v a l i d i t y  o f  t h e  ca lcu la ted  HTL values o f  4.2 t o  5.6 inches i s  
doubtfu l  because o f :  

1. The l o s s  o f  t r a c e r  a c t i v i t y  makes t h e  opera t ing  l i n e  uncer ta in ;  
t h e  l i n e  may be curved. 

2. The low a c t i v i t y  i n  t h e  e x i t  l i q u i d  r e s u l t s  i n  poor a n a l y t i c a l  
accuzacy . 

3 .  The opera t ing  l i n e  may be curved due t o  a varying value o f  L/V o r  
r / ~ .  

The r e s u l t s  f o r  run 6 with l a r g e r  values o f  V/L w i l l  he lp  determine t h e  
importance o f  t h e  f i r s t  two f a c t o r s .  

The bubble s i z e  d i s t r i b u t i o n  f o r  run 5 ( ~ i ~ u r e  1 . 2 )  gives a surface  a r e a  
o f  about 50 cm2/crn3 foam. The sur8factant  leaving t h e  condensed form corresponds 
t o  about 1.1 x lo-'' moles/cm2 based on t h i s  surface;  however, much l e s s  
surface  reaches t h e  foam breaker because o f  foam col layse  i n  t h e  drainage 
sec t ion .  

Preliminary opera t ion  o f  t h e  column with sodium l a u r y l  s u l f a t e  a s  t h e  
s u r f a c t a n t  (runs 1, 2, and 3) were without t r a c e r  f o r  t h e  purposes o f  check- 
ing  t h e  feecl. d i s t r i b u t o r s ,  foam breaker; and o t h e r  d e t a i l s  of  mechanical 
opera t ion .  Use o f  N a  analyses  as a measure o f  s u r f a c t a n t  concentrat ions 
dur ing  these  runs ind ica ted  t h i s  w a s  an unpromising procedure. Run 4 was 
a  p r a c t i c e  run at run 5 condit ions with t h e  exception o f  no ~ r - 8 9  t r a c e r .  
Run 6 b r a s  with four  times t h e  s u r f a c t s a t  concentrat ion of  run 5 i n  t h e  l i q u i d  
feed and wi th  l i q u i d  feed -Plow r a t e s  t o  give surfactsmt l iqu id / su r face  flow 
r a t i o s  o f  100 t o  220$ of  those o f  5 C .  Analyses f o r  t h i s  run a r e  not  complete. 



2.0 FISSION PRODUCT RECOVERY 

Processing of highly radioact ive  solut ions  by solvent ex t rac t ion  c a l l s  
f o r  a contactor with low solvent  exposure time per t heo re t i c a l  s tage.  Some 
promising new solvent ex t rac t ion  systems require extreme values o f  A/O, up 
t o  10 o r  20, where conventional contactors generally behave poorly. The 
Stacked Clone Contactor program i s  an attempt t o  develop a contactor meeting 
these needs. The present  progress repor t  descr ibes  the  entrainment behavior 
of Mark I1 contactor with two polishing s tages  below the  organic feed i n l e t ,  
and operating on the  system 17% TBP i n  Amsco, 1 M - NaNOs. 

2 . 1  Organic Entrainment from Stacked Clone Contactor - W .  M. Woods 

A Mark I1 contactor stage cons i s t s  of a 1-112-in.-dia x 2-in.  -high 
hydroclone with 0 .5- in .  underflow and overflow po r t s .  Each s tage  was driven 
by an Eastern D - 1 1  pump. The contactor consisted of seven o f  these  s tages ,  
two of  which were below the  organic feed po in t ,  i . e . ,  t h e  feed por t  o f  
No. 5 clone counting down. Figure 2 .1  shows t h e  assembled apparatus. 

Aqueous and organic r a t e s  were adjusted and held steady f o r  a few 
minutes and samples o f  r a f f i na t e  were then withdrawn in to  250 cc volumetric 
f l a sks .  After these  had s e t t l e d  overnight the  m u n t  o f  entrained organic 
was determined by adding water from a bure t t e  t o  br ing t he  aqueous meniscies 
t o  the  mark on t he  f l a s k .  

Figure 2.2 shows t h a t  the  amount o f  organic entrained i n  t he  r a f f i n a t e  
increases exponentially with t o t a l  flow r a t e .  With the  exception o f  some 
s c a t t e r  a t  low entrainment and low A/O r a t i o s  t he  entrainment da t a  a r e  wel l  
corre la ted by E = 0.21 A/O ( A  + 0 ) l S 5  i n  which E = $I of  organic fed which 
was entrained,  A = aqueous flow r a t e ,  and 0 = organic flow r a t e .  

Figure 2.3 shows a p lo t  of  per cent  entrainment of  organic vs A/O with 
superimposed l i n e s  o f  constant A + 0 and constant A ca lcula ted from the  
above cor re la t ion .  
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Fig. 2.1 . Mark I I  Stacked Clone Contactor. 



LlNCLASSlFlED 

4.0 

al + 
0 

;; 
1.0 e 

LC 
0 
- 
E 
0 

? 
1- 
E 

d 
W z 0.4 - 
2 
I- 
Z 
W 

u - 
z 
Q 
0 

5 

0.1 

0.04 

ORNL-LR-DWG 64427 
w 

Stacked Clone Contactor 
- 

MK II - A Clones, MK I I  - B Feed ~ E t e s  
OF to No. 5 Clone (Counting Down) Two - Polishing Clones 
OF - 17%TBP i n  Amsco 125-82 
AF - 1.0 M N a N 0 3  

- P / 
01' 

/EL 
- 

.O - A AL0" d' 
A = 0.50 liter/min 

O A = 1.00 . A = 1.50 
- A A = 2.00 ' d  0 " 

b 0 = 0.40 h 

a 0 = 0.60 0 - 
o 0 = 0.80 
0 0 = 1.00 7; - 

- 

. I A 

0.1 1 .o 10 

A + 0, liter/min 

Fig. 2.2. Organic entrainment in  stacked clone contactor. 



UNCLASSIFIED 
ORNL-LR-DWG 64428 

MK I l -A Clones, MK I l - B  Feed Plates 
OF  to No. 5 Pump, 2 Polishing Clones 
OF  - 1p % T.B.P. i n  Amsco 
AF - 1.0 M N a N 0 3  

3 - 

G- 
z 
u z 
z 

u 

U 

2 4 6 8 

A 
Fig. 2.3. Effect of - on organic entrainment. 

0 



3.0 FUEL C Y C U  DEVELOPMERT 

The f u e l  cycle Grogram i s  a study of f u e l  materials  preparation and 
element fabr icat ion procedures economically adaptable t o  remote operation 
f o r  the  recycle of f i s s i l e  and f e r t i l e  mater ia ls .  The immediate object ive  
i s  t o  develop t o  the  p i l o t  plant  stage the  process fo r  ~ h 0 ~ - ~ ( 2 3 3 ) 0 ~  i n  
cladding tubes.  The un i t  operations s tudies  a r e  on den i t ra t ion  of T ~ ( N o ~ ) *  
i n  steam atmospheres followed by dispersion i n to  t ho r i a  so l s ,  uranium addi t ion,  
drying, and calc inat ion t o  give high densi ty  oxide pa r t i c l e s .  Test elements 
of  v ib r a to r i l y  compacted oxides are  being fabr icated o r  i r r ad i a t ed .  

3 .1  Sol Dispersion and Inventory Studies - J. W. Snider, C .  C .  Haws, Jr., 
R .  D. Arthur 

The methods of t ho r i a  dispersion and inventory control  important t o  
design of a v i rg in  ~h-TJ(233) fabr icat ion f a c i l i t y  ( ~ u l y  1961 Vnit Operations 
Monthly ~ e p o r t )  were studied.  A pump loop and tankwen? t e s t ed  f o r  s o l  
dispersion and mixing. Reproducibility of powder and s o l  sampling and 
analyses were determined. 

A cen t r i fuga l  pump with a 6 o r  9.25-in.-ID conical  bottom tank was 
t e s t ed  f o r  dispersion of deni t ra ted t ho r i a  powders with HN03 addi t ion,  and 
f o r  mixing of uranium with the  so l .  Flow at about 7 l i t e r /min  was e i t h e r  
i n to  o r  out  of the  conical  bottom with the  tank a s  par t  of  a loop. A l o t  
of deni t ra ted t ho r i a  powder containing 1934 g of Tho2 was dispersed using 
the  6- in . -dia  tank a t  a N / T ~  r a t i o  of 0.09. The flow r a t e  of t he  water was 
such t h a t  a Reynold's Number of 2,460 prevailed p r io r  t o  powder addi t ion 
within the  6-in.  -dia tank. After dispersion and heel  removal (1.45$ removed 
a s  undispersed hee l )  the  s o l  was recharged t o  the  tank and su f f i c i en t  
uranium added t o  give a I J / T ~  r a t i o  of 0.0417. 

The l a rge r  tank,  9.25-in.-dia, was used t o  disperse a second l o t  of  
deni t ra ted powder containing 7.25 kg of Tho2 a t  a N / T ~  r a t i o  of  0.10. A 
Reynold's Number of  1,590 prevailed within the  9.25-in.-dia sect ion p r io r  
t o  powder addit ion.  After  powder add i t ion , suf f ic ien t  1 - N HN03 was added 
a s  a peptizing agent t o  give the  d-esired N / T ~  r a t i o .  

The run made with the  6- in . -dia  dispersion tank was sampled i n  dupl icate  
before and a f t e r  dispersion.  The tlm samples taken before acid addit ion 
were 39.86% and 59.914 Tho2 by weight o r  a d i f ference of 0.17%. The two 
samples taken a f t e r  acid addi t ion were 42.27% and 42.36 wt $ Tho2 o r  a 
di f ference of 0.215. The increase i n  concentration i s  due t o  evaporation 
of H20 from the  tank st 8 0 " ~ .  

To t e s t  reproducibi l i ty  of sampling the  so l ,  one l o t  of steam den i t ra ted  
powder containing 4430 g of Tho2 was dispersed a t  a N / T ~  r a t i o  of 0.11. The 
dispersion was done i n  the  rota t ing-baff led cylinder used previously. Over 
a period of  15 dzys a heel amounting t o  3.25$ was removed. The remaining 
s o l  was then separated i n to  7 equal volumes with no ag i ta t ion  other  than t h a t  
associated with pouring. After  standing fo r  48 hrs  at 80°c these  port ions 
were shaken and a 25 cc sample of each taken. These samples were analyzed 



f o r  Tho2 by drying and f i r i n g  t o  1000°C. The Tho2 concentra t ions  were: 
45.9576, 45.85$, 45.8576, 45.89$, 45.99$, 45.98$, and 45.85% o r  a  spread 
of  0.31%. 

Duplicate samples of  d e n i t r a t e d  powder were taken and analyzed f o r  
Tho2. They were 97.17% and 96.78% Tho2 o r  a  d i f f e rence  o f  0.40%. 

I f  one used powder sampling procedures t o  con t ro l  t h e  U / T ~  r a t i o ,  t h e  
thorium inventory would have t o  be cont ro l led  t o  prevent l o s s e s  during 
t r a n s f e r .  A c a r e f u l  ma te r i a l  balance was made during t h e  t r a n s f e r  o f  
ma te r i a l  f o r  one s e t  of  weighing, d ispers ing ,  drying,  and f i r i n g  s t eps .  
The t h o r i a  l o s s  based on a s i n g l e  powder a n a l y s i s  was 2.37%. 

From these  s t u d i e s  t h e  fol lowing conclusions were drawn: 

1. E i t h e r  powder o r  d ispersed  s o l  sampling can be done wi th in  t h e  1% 
allowable l i m i t .  Duplicate samples var ied  by 0.4076 and dup l i ca te  d ispersed  
s o l  samples var ied  by 0.21%. 

2. It i s  doubtf'ul i f  Tho2 inventory can be con t ro l l ed  t o  l e s s  than 1% 
i n  p lan t  opera t ion  without posing excessive design l i m i t a t i o n s  on all tanks ,  
pumps, and piping.  A 2.37% Tho2 l o s s  occurred on a batch during d ispers ing ,  
drying,  and f i r i n g .  

3. Lots of Th s o l  may be withdrawn from a l a r g e  batch and be uniform 
i n  t h o r i a  concentrat ion.  The spread i n  seven l o t s  was 0.31%. 

4. A conica l  bottom tank and a c e n t r i f u g a l  pump loop would s u f f i c e  f o r  
a  s o l  d ispers ion  and uranium adsorber tank.  Two steam d e n i t r a t e d  batches 
were d ispersed  i n  such a tank with Reynold's Numbers o f  2,460 and 1,590 i n  
the  tanks .  The same system was used t o  add uranium t o  t h e  t h o r i a  s o l  a t  a  
Reynold's Number o f  2,460. The system ran wel l  with no evidence o f  pump 
plugging. 



4.0 GCR COOLANT PURIFICATION STUDIES 

J. C .  Suddath 

Contamination of coolant gases by chemical impurit ies and re lease  of 
f i s s i o n  products from f u e l  elements a re  major problems i n  gas-cooled reac to rs  
and i n -p i l e  experimental loops. Invest igat ions  a r e  being made t o  determine 
the bes t  methods t o  reduce the  impuri t ies ,  both radioactive and non-radioactive, 
with emphasis on t he  k ine t i c s  of the  f ixed bed oxidation of hydrogen, carbon 
monoxide, and methane by copper oxide.  

An attempt i s  being made t o  f i t  experimental da ta  from the  study of 
the H2-CuO and CO-CuO react ions  t o  a mathematical model of ex te rna l  d i f fus ion  
and i n t e rna l  d i f fus ion  o f  t he  Hz o r  CO con t ro l l ing  a rapid ,  i r r eve r s i b l e  
react ion.  

4 . 1  Comparison of Predicted Results  and Experimental Data f o r  t he  CO-CuO 
Reaction - C .  D. Scot t  

The mathematical model used t o  p red ic t  the  CO e f f l uen t  concentration 
h i s to ry  curves was ex te rna l  d i f fus ion and i n t e r n a l  d i f fus ion  of C O  control -  
l i n g  a rapid  i r r eve r s i b l e  react ion between C O  and CuO (un i t  Operations Monthly 
Report, May 1961). A f i n i t e  d i f ference solut ion of the  d i f f e r e n t i a l  equations 
descr ib ing t h i s  model has been s e t  up f o r  computation by the  IBM 7090 computer. 
The predicted curves from the  mathematical m d e l  can then be compared t o  
experimental da t a  from t e s t s  on deep beds of CuO p e l l e t s .  

A t o t a l  of  seven such t e s t s  were mede f o r  the  CO-CuO system. The t e s t s  
covered the  following ranges of operating condit ions:  

System pressure - 10.2 - 30.0 atm 
System temperature - 400 - 6 0 0 " ~  
Gas mass flow r a t e  - 0.084 - 0.255 g-moles/cm2-min 
I n i t i a l  CO concentration i n  He stream - 0.44 - 1.25 vol  $ 
CuO p e l l e t  bed volume - 48.5 - 97.0 cc 

The experimental CO e f f luen t  concentrat ions appear t o  agree with t he  
predicted curves within experimental e r r o r  ( ~ i g u r e s  4 . 1  - 4 .7) .  The l e r g e s t  
e r r o r  appears t o  be i n  the  apparent e f f ec t i ve  porosi ty  of  the  CuO p e l l e t s .  
The shape of the  experimental curve suggests t h a t  the  value of the  e f f ec t i ve  
porosity used i n  t he  f i n i t e  d i f ference calcula t ions  should be about 25$ 
higher. The e f f ec t i ve  porosi ty  o f  these  t e s t s  was determined t o  be 0.057 
(e f fec t ive  void volume/total void volume of CuO p e l l e t )  from d i f f e r e n t i a l  
bed t e s t s .  

4.2 Comparison of Fredicted Results and Experimental Data f o r  Feaction o f  
Both Hr and CO with CuO 

An IBM 7090 computer code was wr i t t en  f o r  the  f i n i t e  d j f ference sol_l?t,ion 
o f  t he  mathematical model of  simultaneous react ion o f  H2 and CO i n  a flowing 
stream of helium with f ixed beds of CuO p e l l e t s .  The model assumed a rapid 
and i r r eve r s ib l e  react ion of both & and CO with CuO control led  by both 
ex te rna l  d i f fus ion and i n t e rna l  d i f fus ion  of H2 and CO. 
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Fig. 4.1. Comparison between experimental results from Run RC-1 and predicted 
results from the mathematical model of external diffusion and internal diffusion of  
carbon monoxide control l ing a rapid, irreversible react ion of carbon monoxide with 
porous pel lets of CuO. 
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Fig. 4..2. Comparison between experimental results from Run RC-2 and predicted 
results from the mathematical model of  external diffusion and internal diffusion of 
carbon monoxide controlling a rapid, irreversible reaction of carbon monoxide with 
porous pel lets of CuO . 
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Fig. 4.3. Comparison between experimental results from Run RC-3 and predicted 
results from the mathematical model of external diffusion and internal diffusion of  
carbon monoxide control l ing a rapid, irreversible reaction of carbon monoxide wi th 
porous pel lets of CuO . 
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Fig. 4.4. Comparison between experimental results from Run RC-4 and predicted 
results from the mathematical model of external diffusion and internal diffusion of 
carbon monoxide control 1 ing a rapid, irreversible reaction of carbon monoxide wi th 
porous pellets of CuO. 
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Fig. 4.5. Comparison between experimental results from Run RC-5 and predicted 
results from the mathematical model of  external diffusion and internal diffusion of  
carbon monoxide control l ing a rapid, irreversible react ion of carbon monoxide with 
porous pel lets of  CuO . 
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Fig. 4.6. Comparison between experimental results from Run RC-6 and predicted 
results from the mathematical model to external diffusion and internal diffusion of 
carbon monoxide controlling a rapid, irreversible reaction of carbon monoxide with 
porous pel lets of  CuO . 



Fig. 4.7. Comparison between experimental results from Run RC-7 and predicted results from the mathe- 
matical model of external diffusion and internal diffusion of  carbon monoxide control l ing a rapid, irreversible 
reaction of carbon monoxide w i th  porous pellets o f  CuO.  



The r e su l t s  from t h i s  assumed modelhave been compared with an experi- 
mental t e s t  i n  which both H 2  and CO were removed from a flowing stream of 
He by reaction with a fixed bed of CuO. The comparison w a s  between predicted 
values of the  eff luent  concentration of  H2 and CO and experimental values of  
these concentrations a s  a function of  time (F'igure 4.8). Agreement between 
predicted and experimental values was probably within experimental e r ror .  
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results from the mathematical model o f  external diffusion and internal diffusion o f  H 
and C O  controlling rapid, irreversible reactions o f  H and C O  with porous pellets 
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5.0 POWER REACTOR FUEL PROCESSING 

C .  D. Watson 

5 . 1  Continuous Modified Z i r f l e x  - F. G .  K i t t s  

k d i f i e d  7 , i r f l ex  denotes a process f o r  t h e  recovery o f  uranium from 
U-7r-Sn f u e l s  by d i s so lu t ion  i n  NH4F-NH4N03-H202 solut ions ,  s t a b i l i z a t i o n  
with H N O ~ - A ~ ( N O ~ ) ~ ,  and TBP ex t rac t ion .  Hz02 i s  added t o  the  d i s so lven t  t o  
oxidize uIV t o  t h e  more soluble uV1 so t h a t  f'uels containing higher per  
centages of  U (up t o  10%) can be processed without t h e  intermediate p r e c i p i t a -  
t i o n  o f  UF4 which would occur i f  t h i s  oxidant were not added. Present ly  
at tempts a r e  being made t o  adapt t h e  process f o r  continuous d i s so lu t ion  t o  
take advantage of  t h e  increased throughputs made possible by t h i s  method o f  
operat  ion. 

Twenty-three runs i n  a 2-in.  d i s so lve r  and one run i n  a 6-in.  d i s so lve r  
were made t o  determine t h e  e f f e c t  on react ion r a t e  of ?/s (feed r a t e l s u r f a c e  
a r e a )  r a t i o ,  oxidant concentrat ion and boil-up r a t e  i n  continuous d i s so lu t ion .  
It was found t h a t  react ion r a t e  increased with F/S but t h e  re la t ionsh ip  was 
non-l inear (Figure 5.1) so t h a t  lower loadings (ca lcu la ted  from t h e  r e l a t i o n -  
ship  L = react ion  rate/(^/^)) resu l t ed  at  condit ions which gave high d i s so lu -  
t i o n  r a t e s .  Oxidant concentrat ions o f  1 . 0  M NH4N0s and/or 0 . 1  M &02 i n  t h e  
d issolvent  gave comparable r e s u l t s  ( ~ i g u r e  5.1) while r a t e s  obtained with 
1 . 5  M NH4N03 were q u i t e  e r r a t i c   a able 5 .1 ) .  The higher boil-up r a t e  
produced higher react ion r a t e s  ( ~ i g u r e  5.1) . 

The f i r s t  r a t e  determinations were made under s t a t i c  condit ions using 
shor t  exposure times and dissolvents  which represented continuous d i s so lu -  
t i o n  with 3 l e v e l s  of loading and hence 3 d i f f e r e n t  f r e e  F- concentrat ions.  
These r e s u l t s   a able 5.2) were higher than those found under flowing condit ions 
probably due t o  the  s h o r t e r  exposure which dissolved only t h e  more r e a c t i v e  
surface o f  the  Zirca l loy-2  specimens. 

The runs reported i n  Table 5.1 were made under re f lux  condit ions with 
d issolvent  feeding i n t o  an overflowing 2- in .  pyrex d i s so lve r  heated through 
a s t a i n l e s s  s t e e l  flanged bottom by a hot  p l a t e .  A s t r i p  o f  Zircal loy-2 
t h e  same length  and width as  t h e  specimen (-0.9-in. x 9 .5- in .  x 0.068-in.)  
was dissolved under control led  condit ions o f  feed r a t e  and heat  input  u n t i l  
a s t eady-s ta te  opera t ion had been achieved; the  s t r i p  was removed and t h e  
weighed specimen was inse r t ed  simultaneously and t h e  run was continued with- 
out  d is turbing d i s so lve r  opera t ion.  Reproducible s teady-s ta te  condit ions 
were achieved as c m  be seen by comparing runs made under similar condit ions 
such as  7 and 8, and 1 6  and 17   a able 5 .1) .  Reaction r a t e s  were ca lcula ted  
from weight l o s s ,  exposure time and i n i t i a l  a r e a ,  which did  not  change 
appreciably during a run (-10 mils uniform a t t a c k ) .  Loading was ca lcula ted  
from L = F?/ (F/s) . The column headed solvent  ex t rac t ion  feed ( ~ z b l e  5.1)  
ind ica tes  the  7 r  concentrat ion which would r e s u l t  from adding 0 . 8  volume of  
s t s b i l i z e r  per  v o l u ~ e  o f  d issolver  e f f l u e n t .  

The run i n  t h e  6-in.  equipment ( the  Modified Z i r f l e x  batch d i s so lve r  
reworked t o  permit continuous opera t ion)  was made i n  much t h e  same way as 
t h e  smaller sca le  runs except t h e  estimated s teady-s ta te  d i s so lve r  charge 



Fig. 5.1 . Reaction rate as a function o f  feed rate/specimen area ratio. 



Table 5 .l. Continuous t,lodified Z i r f l e x  Disso lu t ion  Rates 

Dissolvent  Teed Sur - Xeight Dissol  Reaction Loading S X  Feed 
Run F I"X4M03 H202 Rate face  Loss Time Rate Zly-2 Z r  7 r  
KO . M - M - M - cm3/min cm2 F/S g  min mg/cm2-min g,/i - M - b: 

a 
Runs 1-3, and 6 were made with a heat  inpu t  o f  -280 wat ts ;  a l l  o t h e r s  except C C - 1  were made a t  -500 w a t t s .  

b ~ e r u n  o f  7 using same specimen. 
C 

S teady-s ta te  condi t ions  d id  not p r e v a i l  a s  loadings  a r e  considerably  above those  allowe6 by F- s to ichiometry .  



Table 5.2. Instantaneous Dissolution Rates Under S t a t i c  Conditions 

Dissolvent We i ght Specimen Exposure React ion 
Z r  Free F- b s s  Area Time Rate 
M - M - g cm2 min mg/ cm2 -min 



was made by a ba tch  d i s s o l u t i o n  of  a weighed amount of 7 i rca loy-2 .  ':,%en 
t h i s  had dissolved, the  element (15 p l a t e s ,  7-15116-in. x 2 - l l / l b - i n .  x 
0.068-in. ) was lowered i n t o  the  so lu t ion  and d issolvent  feed was begun. The 
reac t ion  r a t e  reported was ca lcula ted  from t h e  element weight-loss; samples 
o f  d i s so lve r  contents  vere taken every 5 min t o  check the  " s t eady-s ta t e"  
opera t ion ,  but r e s u l t s  have not  y e t  been received.  'The equipment w i l l  be 
modified m d  a d d i t i o n a l  runs w i l l  be made t o  t r y  t o  ge t  higher r a t e s  and 
increase throughput. 

5.2 Shear and Leach - 3. C .  Finney 

A shear  and l each  p r o g r m  t o  determine t h e  economic and technologica l  
f e a s i b i l i t y  o f  continuously leaching t h e  core ma te r i a l  (1'02 o r  ;02-~h02) from 
r e l a t i v e l y  shor t  sec t ions  ( l - i n .  long)  o f  f u e l  elements produced by shear ing  
i s  continuing. This processing method has t h e  apparent advantage o f  recover-  
ing  f i s s i l e  and f e r t i l e  m ~ t e r i a l  from spent power r eac to r  f u e l  elements with-  
out  d i s so lu t ion  o f  t h e  i n e r t  jacketing mate r i a l  and end adapters .  These 
unfueled por t ions  a r e  s to red  d i r e c t l y  i n  a minimum volume form a s  s o l i d  
waste. A "cold" chop-leach complex cons i s t ing  o f  a shear ,  conveyor-feeder, 
and leacher  i s  being evaluated p r i o r  t o  "hot" runs.  

A 250 ton  prototype shear  inc luding t h e  feed mechanism and hydraulic  
( o i l )  system was received from the  Birdsboro S t e e l  Foundry and Machine Company 
and i n s t a l l e d  on t h e  t h i r d  f l o o r  o f  Rldg. 4505. The shear  has been checked 
out  and operated.  

In  o p e r a b i l i t y  demonstration t e s t s ,  a porce la in  f i l l e d  Mark I f u e l  
assembly was sheared. Rubber i n s e r t s  were used on the  o u t e r  and inner  gags 
which hold the  f u e l  bundle during t h e  shearing opera t ion .  Although t h e  
rubber f ac ing  on t h e  inner  gag was badly deformed and t o r n  away by t h e  
moving blade,  the  f u e l  assembly was sheared t o  l e s s  than 3 inches o f  the  
end. To d a t e ,  e igh t  porce la in  f i l l e d  Mark I f u e l  assemblies ( 7  a t  Rirdsboro 
and 1 a t  ORNL) have been sheared with the  present  blade and the  blade edges 
show e s s e n t i a l l y  no s igns  of  wear. However, t h e r e  a r e  some scored p laces  
on the  s ide  o f  t h e  blade r e s u l t i n g  from rubbing agains t  t h e  f u e l  bundle on 
t h e  backward s t roke .  This i s  caused by t h e  f u e l  bundle being moved forward 
i n  prepara t ion  f o r  t h e  next cut  before t h e  blade reaches t h e  f u l l  open pos i t ion .  
This s i t u a t i o n  can be remedied by improving t h e  t iming o f  t h e  shear  cycle .  

Scouting t e s t s  opera t ing  t h e  modified leacher  a s  a conveyor feeder  a t  
-2 rpm and a t  15  degrees o f  i n c l i n a t i o n  ind ica te  l e s s  than 5% backmixing 
using a 2.5 l i t e r  batch per  f l i g h t  (112-in.-OD x l - i n .  long s t a i n l e s s  s t e e l  
rod) and no backmixing occurs when charging a 2.0 l i t e r  batch.  The r e s u l t s  
a r e  based on a throughput o f  20 batch charges of  color  coded s t a i n l e s s  s t e e l  
rods. 

A s ing le  batch d i s s o l u t i o n  o f  -600 g o f  crushed YO2-Tho2 p e l l e t s  
(Davison Chemical company) using 13 M HTi03, 0.04 M F-, and 0.10 14 Al+++ a s  
the  d issolvent  at a feed r a t e  o f  -10-ml/min r e s u l t e d  i n  73% d i s s o l u t i o n  i n  
6-112 hours. 



5.3 U-C Fuel Processing - B. A. Hannafor-d 

Proposed reac to r  f u e l s  o f  t h e  uranium-graphite type conta in  compounds 
( ~ 0 2 ,  U02-Tho2, UC2, t j ~ ~ - ~ h ~ ~ )  genera l ly  i n  t h e  form of  100-200 y p a r t i c l e s ,  
d ispersed  i n  a graphi te  matrix.  The f u e l  p a r t i c l e s  may be uncoated, o r  
coated with a r e f r a c t o r y  (~1203 ,  pyro ly t i c  carbon);  f u e l  elements may be 
coated with a carbide compound - such a s  s i l i c o n i z e d  Sic  - o r  may conta in  
c y l i n d r i c a l  cores o f  unfueled graphi te .  

A s  suggested by t h e i r  desc r ip t ions ,  t h e  f u e l  types  vary considerably 
i n  processing d i f f i c u l t y .  While a l l  graphi te  f u e l s  could be processed by 
t h e  grind-leach method, o t h e r  processes o f f e r  p o t e n t i a l  advantages f o r  c e r t a i n  
c l a s ses  o f  graphi te  f i e 1  - such a s  t h e  90$ HN03 process f o r  graphi te  con- 
t a i n i n g  uncoated f u e l  p a r t i c l e s ,  and combustion-dissolution f o r  g raph i t e  
containing pyro ly t i c  carbon-coated f u e l  p a r t i c l e s .  Since a l l  t h r e e  processes 
r equ i re  engineering development work, some o rde r  o r  p r i o r i t y  i s  requi red .  
Accordingly, p r i o r i t i e s  must be based on answers t o  : (1) which graphi te  
f u e l s  would f i r s t  be ava i l ab le  f o r  processing i n  any s i g n i f i c a n t  quan t i ty ,  
( 2 )  which f u e l  type shows t h e  g r e a t e s t  promise and what i s  t h e  corresponding 
b e s t  processing method, (3)  what work could be done on t h e  most un ive r sa l  
process : grind-leach.  

P r i o r i t i e s  e s t ab l i shed  were : 

1. Demonstration of  a Drocess f o r  g r a ~ h i t e  f u e l s  containing uncoated - L - 
UC2 o r  U02. The 90$ HN03 process appears t o  be s u i t a b l e  f o r  t h i s  f u e l  type ,  
i f  a por t ion  o f  t h e  reagent  is  modified t o  provide f o r  recovery of  uranium 
from uranium-containing carbide element coatings,  which a re  not  leached by 
90$ HN03 alone.  Work would continue on t h e  semicontinuous 90% HN03 flowsheet 
t o  e s t a b l i s h  t h e  bes t  range o f  flow r a t e s ,  temperature, t ime,  acidlwash 
water r a t i o ,  e t c .  

2 .  Combustion-Dissolution. P l 1  t h e  graphi te  f u e l s  can be burned i n  
oxygen, following a t  l e a s t  a rough crushing opera t ion  t o  des t roy t h e  i n t e g r i t y  
of  any f u e l  element coating.  Af ter  combustion, d i s s o l u t i o n  i n  HN03 o r  
HJVO3-HF so lu t ion  recovers U and Th from f u e l s  which contained uncoated o r  
pyro ly t i c  carbon-coated p a r t i c l e s .  Engineering-scale work w i l l  be done t o  
determine t h e  optimum degree of  crushing,  s u i t a b l e  combustion chamber 
geometry with r e spec t  t o  c r i t i c a l i t y  and hea t  t r a n s f e r ,  procedure f o r  
control.ling t h e  r a t e  of' combustion, method~s f o r  t r a n s f e r  of  a sh  t o  a 
d i s s o l u t i o n  tank f o r  d i s so lv ing  uranium and thorium, e t c .  

3. Fine Grinding. Graphite f u e l  containing alumina-coated f u e l  
p a r t i c l e s  apparently can be processed only by grind-leach;  f u e l  compacts 
containing pyro ly t i c  carbon-coated f u e l  p a r t i c l e s  a r e  amenable t o  aqueous 
processing only  i?" t h e  f u e l  has been ground f i n e  enough t o  f r a c t u r e  each 
f u e l  p a r t i c l e  coating.  Eowever, f i n e  grinding work was given t h i r d  p r i o r i t y  
because ind ica t ions  a r e  t h a t  alurnina-coated f u e l s  may never become important 
due t o  t h e i r  temperature l imi ta . t ion  i n  g raph i t e ,  and because combustion- 
d i s s o l u t i o n  can poss ib ly  be employed f o r  pyro ly t i c  carbon-coated f u e l .  

The p r i n c i p a l  problems t o  be solved a r e :  (1) demonstration 
of' a machine f o r  f ine-gr inding Tuel compacts having a coating of  
highly abras ive  ma te r i a l ,  e . g . ,  s i l i c o n  carbide,  present  



i n  concentrat ions as high as 20 wt $, and (2 )  s i z e  c l a s s i f i c a t i o n  of  t h e  
product t o  produce -200 mesh powder with a minimum of  dust ing.  The standard 
f ine-grinding device f o r  abrasive mater ia l  - the  b a l l  m i l l  - probably cannot 
be used because o f  c r i t i c a l i t y  considerat ions.  The f e a s i b i l i t y  o f  using some 
type o f  hammer m i l l  o r  f l u i d  energy m i l l  w i l l  be determined and some method 
of continuous s i z e  c l a s s i f i c a t i o n  and dust  c o l l e c t i o n  w i l l  be inves t igated .  

5.4 SRF, Dejacketing Studies - G. A. West 

Mechanical de jacket ing techniques a r e  being demonstrated and evaluated 
i n  t h e  ORNL High Level Segmenting F a c i l i t y ,  Bldg. 3026-D, by processing NaK 
bonded, s t a i n l e s s  s t e e l  c lad  uranium f u e l  from t h e  Sodium Reactor Experiment, 
Core I, burned t o  about 675 fi?)/ton and decayed approximately 2 years .  
F i f t een  f u e l  c l u s t e r s  have now been mechanically dejacketed. The processing 
campaign w i l l  be completed upon dejacket ing t h e  remaining 11 c l u s t e r s .  

A t o t a l  of  5 f u e l  c l u s t e r s  (345 kg U) from t h e  second c a r r i e r  shipment 
o f  10 c l u s t e r s ,  7 rods per  c l u s t e r ,  12 slugs per rod, were dejacketed a t  an 
average r a t e  o f  4 .8  kg ~ / h r ,  and -2.4 kg ~ / h r  when including equipment 
maintenance time. Uranium and plutonium were not  found i n  t h e  NaK discharged 
during t h e  dejacketing opera t ion but cesium w a s  de tec ted  i n  s i g n i f i c a n t  
amounts . 

A p i c t o r i a l  presenta t ion of receiving a f u e l  shipment, charging f i e 1  
t o  the  dejacket ing f a c i l i t y  and stepwise processing o f  an i r r a d i a t e d  f u e l  
c l u s t e r  and rod i s  presented i n  Figures 5.2 through 5.20. Figures 5.7 
through 5.20 were photographed through t h e  sh ie ld  windows cons i s t ing  of  
6 inches o f  g lass  and -5 f t  o f  zinc bromide so lu t ion  (3.2 g /cc) .  

The s lugs  from only 2 rods of  t h e  5 c l u s t e r s  were expelled by hydraulic 
f lushing,  28 rods were dejacketed by forc ing a jackscrew through t h e  l eng th  
o f  t h e  jacket  and 5 rods were c u t  near t h e  12  s lug  jimctures and individual  
s lug jackets  s l i t  longi tudionzl ly  i n  an a ~ ~ i l i a r y  dejacketing d i e  and t h e  
jacket p r i ed  from t h e  s lugs .  

Growth and smrpage o f  t h e  slugs from t h e  675 ft~r'l~/ton burnup w a s  evidenced 
by measurements made srhich show a maximum elongation of 6.25$ and 5.2$ increase  
i n  diameter, an o r i g i n a l  s lug i s  0.73-in.-OD x 6-in.  long. F r o f i l e  measure- 
ments show t h a t  most s lugs  a re  cambered from 7 t o  20 mi1.s. .k t y p i c a l  profil-e 
measurement i s  shorn on a s l u g  from t h e  center  rod of  a c l u s t e r :  

Distance from 
End or" 6- in .  

long Slug Camber 
i n .  mils  







Fig. 5.4. 30 Ton boral poisoned carrier on tracks leading to charging face o f  dejacketing cel l  - Building 3026-D 
Oak  Ridge National Laboratory. 





Fig. 5.6. Carrier against charging face of dejacketing cel l  -wheel  a t  rear permits selection of canister from 
one of ten boral poisoned compartments. 
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Fig. 5.8. SRE core I cluster i n  saw trough preparatory to removal o f  inert ends by abrasive disc sawing. 
Hydraulic dejacketing unit in  background. 













Fig. 5.14. Jackets and spacer wires in 3 gallon can used for disposal of  inert metal by burial in  the ground. 
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Fig. 5.17. Cleaned uranium slugs being withdrawn from steam cleaner. 





Fig. 5.19. Slugs (0.75 in. dia) from one SRE core I fuel rod in aluminum can preparatory to sealing of the l i d  
Profilometer in background 
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Fig. 5.20. Storage rack containing 7 aluminum cans fil led with the contents of 
SRE core I cluster (-70 kg U) in process of being stored in storage cell .  Note  other 
fil led storage racks in background. 

one 



Measurements made on 5 of t he  10 m i l  w a l l  tubular  jackets before and 
a f t e r  applying 1500 psi.g in te rna l  hydraulic pressure show an expansion of 
7 t o  20 mils i n  diameter compared t,o 4~ t o  50 mils expansion exhibited 
on unirradiated jackets.  One c lu s t e r  of f ue l  jackets exhibited extreme 
hardness; the re  was no detectzble expansion a f t e r  pressurizing from 2400 
t o  2700 psig. This pressure applied on unir radia ted jackets would r e s u l t  
i n  rupturing m d  expansion of :, 300 mils a s  d.emonstrated i n  pre-operational 
t e s t s .  

The disposal  of about 3,000 g of l i qu id  metal N a K  progressed without 
an incident o r  t r ans f e r  d i f f i c u l t y .  The NaK from 5 rods was coated on t h e  
slugs and bridged across the  tube above the  slugs i n  a waxy f o m  so t h a t  
it could not be disposed by vacuum transyer  t o  the NaK react ion vessel .  
Disposal was accomplished i n  the  s lug cleaning vessel  where steam was 
impinged against  both the  slugs mci shor t  sect ions  of the  lJaK f i l l e d  jackets.  

Results of  analysis  of the  l i qu id  metal NaK from the  center rod of  3 
d i f f e r en t  c lu s t e r s  a r e  a s  fol lovs  : 

Sample Number 
A-18-1 A-19-2 A-23-3 

u 
Pu 
Gross f3 ( c P M / ~ )  
Gross y ( c P M / ~ )  
TRF: P ( c P M / ~ )  
cS167 ( c P M / ~ )  
N a  ($) 
K ($4 
02 ( P P ~ )  

none 
none 
3.59 107 

6.46 x lo6  
< 2 104 
6.03 x lo6 
28 
72 
2,890 

none 
none 
8.14 x lo6 
1.89 x 107 

none 
none 
5.45 x lo6  
2.08 x lo8  
< 3 lo3  
5.4 x lo6  
22 
78 
3,270 



6.0 REACTOR EVALUATION STUDIES 

2. C .  Suddath 

6.1 Beat Transfer  from Spent Reactor Fuels during Shipping.- J. S. Watson 

Experimental measurements of  temperature r i s e s  i n  mock f u e l  elements 
i n  a hor izonta l  shipping c a r r i e r  have been continued. The apparatus,  which 
has been described previously ( u n i t  Operations Monthly Report, March 1361) 
consis ted  of a 12-in.  -d ia  SS container holding bundles of  5/16-in. e l e c t r i c a l l y  
heated mock f u e l  tubes .  Thus f a r  bundles containing up t o  64 tubes have 
been used. The r e s u l t s  or" some sample runs using t h i s  l a r g e r  tube bundle 
a r e  shown i n  Tables 6 .1  through 6.6. Heat generat ion r a t e s  up t o  0.0514 
watts/tube-cm were employed by changing t h e  voltage t o  t h e  tubes ,  and t h e  
c a r r i e r  wal l  tenpera ture  was var ied  by adding d i f f e r e n t  l a y e r s  o f  insu la t ion  
t o  t h e  conta iner .  

As i n  previous experiments using snlaller tube bundles, t h e  e f f e c t s  o f  
both convection and rad ia t ion  (and/or conduction) a r e  evident .  The convective 
flow of  air through t h e  bundles causes nonuniform c a r r i e r  w a l l  temperatures 
and higher tube temperatures near t h e  t o p  of t h e  bundle than near  t h e  bottom. 
Radiation (and/or conduction) a r e  probably l a r g e l y  responsible f o r  the  peak 
tube temperature being neare r  t h e  center  than t h e  t o p  row o f  t h e  bundle. 

PiLong with t h e  measured temperatures i n  Tables 6 .1  through 6.6 ca lcula ted  
o r  predic ted  temperatures a r e  shown based upon t h e  r e l a t i v e l y  simple and 
supposingly conservative procedure described i n  t h e  Unit Operations Monthly 
Report, June 1961. In genera l ,  the  ca lcula ted  and observed temperatures a r e  
i n  good agreement. The average d i f fe rence  between t h e  temperatures i s  l e s s  
than 15°C f o r  a l l  of these  runs. (one should note t h a t  s ince  all tube tempera- 
t u r e s  a r e  not  measured, t h i s  average i s  a funct ion of which temperatures 
were and were not  measured and used i n  t h e  average. The measurements were 
made i n  sca t t e red  tubes  throughout t h e  bundle t o  minimize t h i s  e f f e c t . )  The 
ca lcula ted  r e s u l t s  appeared t o  be c lose r  t o  t h e  measured temperatures near  
t h e  cen te r  of  t h e  bundle. This i s  fo r tuna te  s ince  t h i s  i s  where t h e  peak 
temperature occurs and i s  t h e  region of  most i n t e r e s t .  It i s  a l s o  fo r tuna te  
t h a t  i n  t h i s  region the  d i f ference  between t h e  predicted and measured tempera- 
t u r e s  i s  always pos i t ive  and t h e  e r r o r  i n  the  predic ted  temperatures i s  on 
the  s a f e  s ide .  However, it remains su rpr i s ing  t h a t  t h e  predicted tempera- 
t u r e s  ca lcula ted  with a supposingly conservative method a r e  so c lose  t o  t h e  
measured temperatures and very near  t h e  t o p  of  t h e  bundle a c t u a l l y  below 
the  measured temperatures. 
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Table 6.1. Temperature Distribution in 64 Tube Bundle 

Q = 0.002285 watts/cm 
Av. wall temp. = 52.0°C 
F1 = 0.1031 
F2 = 0.0764 
F~ = o ,01878 
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Table 6.2. Tem~erature Distribution in a 64 Tube Bundle 

Q = 0.005712 watts/cm 
n ~ .  wall temp. = 38.3"~ 
F~ = 0.1031 
F2 = 0.0764 
F3 = 0.01878 



Table 6.3. Temperature Distribution in a 64 Tube Bundle 

Q = 0.01338 watts/cm 
Av. wall temp. = 39.3'C 
F1 = 0.1031 
F~ = 0.0764 
F3 = 0.01878 
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Table 6.4. Temperature Distribution in a 64 Tube Bundle 

Q = 0.0372 watts/cm 
Av. wall temp. = 57.5OC 
F~ = 0.1031 
Fa = 0.0764 
F= = 0.01878 
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Table 6.5. Temperature Distribution in a 64 Tube Bundle 

Q = 0.0514 watts/cm 
Av. wall temp. = 71.0°C 
F1 = 0.1031 
Fz = 0.0764 
F~ = 0.1878 
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Table 6.6. Temperature Distrubution in a 64 Tube Bundle 

Q = 0.0514 wattslcm 
Av. wall temp. = 79.0°C 
F1 = 0.1031 
F~ = 0.0764 
F~ = 0.01878 
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7.0 SOLVENT EXTRACTION STUDIES 

A.  D. Ryon 

7.1 External Phase Separator f o r  Light Phase Continuous Operation of a 
Pulse Column - A.  N .  Prasad 

As an a l t e rna t ive  t o  various methods of control  of t he  in te r face  a t  
the  bottom of a pulse column, the  column was operated without sn in te r face ,  
a mixture containing all of t he  heavy phase (aqueous) plus some l i g h t  phase 
(solvent)  was withdrawn from the  column t o  an external  phase separator where 
t he  in terface  was simply controlled by a jackleg f o r  t he  aqueous o u t l e t .  
The solvent was recycled t o  the  bottom of the  column by an a i r  l i f t .  The 
surge capacity fo r  solvent was designed t o  be minimized so t h a t  t he  flow i n  
the  column would not be upset. In f a c t ,  t he  solvent surge tank was b u i l t  of 
1-112-in.-dia g lass  pipe so t he  cross sect ional  area of it was l e s s  than 
lo$ of t he  area  of the  5-in. -d ia  pulse column. Automatic control  of t he  
system was attempted by operating t he  air  l i f t  with a constant a i r  flow r a t e  
t o  recycle t he  solvent and using ' the  solvent l e v e l  i n  the  1-112-in.-dia 
surge tank (measured by an air bubbler) t o  control  t he  pressure on a pressure 
pot used a s  a valve t o  regulate the  flow r a t e  of dispersion from the  column 
t o  the  phase separator ( ~ i g u r e  7.1) .  

The equipment consisted of a 5-in. -dia concatenated column (CF 61-1-72) 
modified with an extension on the  top section t o  give t he  necessary head 
fo r  flow out  through pressure pot .  The a i r  pressure on t he  pressure pot 
\ a s  supplied from a 3: 1 re lay  and was l imi ted t o  a maximum of 4 . 5  p s i  t o  
avoid blowing t he  s e a l  l eg .  The height of t he  downstream s ide  of t he  s e a l  
l e g  between t he  pressure pot and t he  phase separator was approximately 4-112 
f t  lower than t h e  pressure pot so t h a t  it would not become locked with t h e  
aqueous phase. The phase separator was constructed of 6-in. -d ia  g lass  pipe 
t o  permit observation of t he  in te r face  and t he  aqueous discharge por t .  The 
a i r  l i f t  was constructed of 112-in. -OD SS tubing (0.43-in. - I D ) ,  t h e  air i n l e t  
was a standard t e e  and t he  air metering s t a t i o n  was located about 50 f t  away 
t o  simulate t h e  dis tance involved i n  a shielded i n s t a l l a t i on .  

The pumping cha rac t e r i s t i c s  of t h e  air l i f t  a re  shown i n  Figure 7.2 
which shows the  t yp i ca l  r e l a t i ve ly  constant pumping r a t e  f o r  a wide range 
of air flow and i n  Figure 7 .3  the  nearly l i n e a r  dependence of pumping r a t e  
on l i qu id  head o r  submergence. Both of  these  cha rac t e r i s t i c s  a r e  des i rable  
i n  t he  present appl icat ion where t he  air  l i f t  was operated with constant air 
flow, consequently the  pumping r a t e  tended t o  automatically maintain a 
constant l e v e l  i n  t he  solvent surge tank.  A t  t h e  a i r  flow required f o r  
maximum pumping, t h e  a i r  l i f t  cycled at  about 12 cycles per minute. 

The c i r c u i t  was t e s t ed  with an aqueous phase composed of  d i l u t e  n i t r i c  
acid  (sp.  g r .  1.042) and TBP-Amsco solvent phase (sp.  g r .  0.787) both of which 
were recycled. The pulse was maintained a t  1 i n .  amplitude and 67 cpm 
frequency. The in te r face  control  system was t e s t ed  by observing t he  external  
phase separator and recording t he  l i qu id  l eve l  i n  t he  solvent surge tank 
during s t a r t  up and s t ep  changes of  the  s e t  point  of  t h e  l iqu id  l e v e l  con- 
t r o l l e r .  
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Fig. 7.1. Schematic diagram o f  interface control with external phase separator for a pulse column operated 
with organic continuous. 

Pipe 
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Fig. 7.2. Solvent pumping rate o f  air l i f t .  
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LIQUID LEVEL I N  SOLVENT SURGE TANK, inch 

Fig. 7.3. Effect of head or submergence on air1 i f t  pumping rate at  constant a i r  
flow rate. 



The system was success f i l ly  demonstrated without l o s s  of the  in te r face ,  
flooding, o r  overflow of  solvent i n to  the  vent of  the  external  phase separator.  
The main problem was a tendency for  the  flow r a t e  of  the  dispersion 
t o  the  phase separator t o  cycle a s  evidenced by visual  slugs o f  separated 
phases entering the  separator and f luctuat ions  of  solvent l e v e l  i n  the  surge 
tank. The frequency and amplitude were reduced t o  control lable  values of  
1 cycle per 10 min and an amplitude of  40 i n .  by using r e l a t i ve ly  sluggish 
control  se t t ings  of 100$ for  gain and 10 rnin per r e se t  on t he  cont ro l le r .  
Further reduction of  amplitude was obtained by decreasing the  aqueous content 
of the  dispersion flowing from the  column e i t h e r  by decreasing the  aqueous 
flow r a t e  o r  by increasing the  solvent recycle r a t e .  The f luctuat ion of 
solvent l eve l  i n  the  surge tank was 40 in .  a t  64% aqueous, 15 i n .  at  50% 
and 5 i n .  a t  40$. The l a t t e r  at  a cycle time of  9 min r e s u l t s  i n  a perturba- 
t i on  of  l e s s  than 0 .1  i n .  per min i n  the  5- in . -dia  column. 

The e f f ec t  o f  changing solvent recycle r a t e  was tes ted ,  e i t h e r  changing 
the  air flow t o  the  air l i f t ,  Figure 7.4, o r  by simply changing the  s e t  point  
of the  l eve l  con t ro l le r  thereby changing the  head and consequently t he  pump- 
ing r a t e  of  the  a i r  l i f t .  A s  shown i n  Figure 7.5, the  amplitude i s  s i g n i f i -  
cant ly  reduced by operating at the  higher solvent recycle r a t e .  The curves 
a lso demonstrate good control  af'ter e i t h e r  up o r  down s t ep  changes of  the  
s e t  point of the  control ler .  A t yp i ca l  s t a r t  up curve ( ~ i g u r e  7.6) shows 
a l a rge  surge of solvent flow into  the  surge tank caused by loading of  
aqueous i n  the  column and insuf f ic ien t  p-essure available i n  the  pressure 
pot t o  control  it. The pressure range could be readi ly  increased by i n s t a l l i n g  
a second s e a l  l e g  i n  s e r i e s  o r  by pressurizing t he  phase separator.  In  s p i t e  
of the  solvent surge the  system was automatically controlled and leveled o f f  
a f t e r  about 60 min. 

The long term s t a b i l i t y  of  the  control  c i r c u i t  i s  demonstrated by th ree  
curves recorded over 5 hr periods ( ~ i g u r e  7 .7) .  The average f luctuat ions  of 
solvent l eve l  i n  the  1-1/2-in. -dia surge tank were l e s s  than 2 i n .  and the  
maximum was 5 i n .  with no indicat ion of run away o r  l o s s  o f  control .  











VOLATILITY 

R .  W. Horton 

8.1 Hydrofluorination of Zr02 - J. D. Mottley 

Dissolution s tud ies  o f  Zr02 s labs  (2- in .  x 4-in. x 114-in.)  a re  being 
performed i n  an attempt t o  determine mechanisms of t h e  d i s so lu t ion  react ion 

i n  molten sa l t .  Rates twice a s  great  a s  f o r  metal d i s so lu t ion  were obtained 
i n  preliminary t e s t s .  

A hydrofluorination system was constructed which contained a 3.5-in.-  
I D  x 13.5-in.  d i s so lver  pot, HF metering equipment, a condenser and sample 
co l l ec to rs .  INOR-8 corrosion specimens were placed i n to  the  d i s so lver  t o  
determine corrosion r a t e s  o f  t h i s  metal when contacted with molten s a l t s  
containing HF and with HF and H20 vapor. 

A t o t a l  o f  th ree  runs were made, two with Zr02 specimens and one with 
a simulated zirconium f u e l  element. The purpose o f  t h e  zirconium run w a s  
t o  compare d i s so lu t ion  da ta  obtained from t h i s  system t o  da ta  obtained 
under s imi lar  conditions from o ther  systems. In all runs a salt of  mole 
composition NaF = 26.1$, LiF = 42.6$, and ZrF4 = 31.3$ was used. The melting 
temperature o f  t h i s  salt i s  approximately 475 '~ .  

For run DO-1 t h e  react ion r a t e  i s  p lo t t ed  i n  Figure 8.1 as a Function 
of run time. Cyclic changes i n  t he  r a t e  r e f l e c t  changes i n  t he  HI? feed 
r a t e  about the  con t ro l  point  of  8.0 g per min. An average react ion r a t e  o f  
about 0.5 mg zr/sq cm-min and an HF u t i l i z a t i o n  of 6% was obtained. A 
summary of  t he  operat ing conditions f o r  t h i s  run i s  given i n  Table 8.1. 
The react ion r a t e  o f  Z r  w a s  determined by & evolution.  

A comparison o f  t he  r a t e  da ta  from DO-1  with o the r  da ta  r e su l t i ng  
from experiments i n  vessels  of  somewhat similar dimensions and under similar 
conditions i s  summarized i n  Table 8 .2  ahd i l l u s t r a t e d  i n  Figure 8.2. The 
runs chosen have s u f f i c i e n t  s im i l a r i t y  t o  co r r e l a t e  we l l  with HF veloci ty  
alone i n  t he  case o f  the  copper-lined vessels .  The lower r a t e  obtained i n  
DO-1  i s  probably due l a rge ly  t o  corrosion product crud from the  INOR-8 
vessel  and t he  ra the r  massive INOR-8 corrosion specimens. It i s  a l so  
probable t h a t  t he  HF sparging device is  l e s s  e f f i c i e n t  i n  the  DO vessel .  

Two Zr02 runs were made; one a t  an HF flow r a t e  o f  l l . 5  g/min; t h e  
second a t  an HF flow r a t e  o f  1.75 g/min. U t i l i z a t i on  of HF w a s  determined 
per iodical ly  throughout t he  run by co l lec t ing  condensed HF and water i n  
polyethylene sampling b o t t l e s  containing i c e  and analyzing fo r  HF content 
by t i t r a t i o n  with standard NaOH. 

Water formed by t h e  d i s so lu t ion  react ion was determined by di f ference 
between t he  HF weight and t o t a l  weight o f  t he  sample. Large d i f fe rences  i n  
per cent u t i l i z a t i o n  f o r  a s ing le  run were calcula ted ( ~ i ~ u r e s  8.3 and 8 .4) .  
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Run DO-1 

Zr-2 Dissolution Rate 
of HF Flowrate of 1.06 Ibs/hr 
Temp 600°C 
Salt 

NaF 26.1 rnol Oh 

LiF 42.6 rnol Oh 

ZrF4 31.3 rnol % 

TIME, min 

Fig. 8.1 . Zr-2 dissolution rate during Run DO-1 . 



Table 8.1. Data Summarv f o r  Z r  and Z r O p  Runs 

Run Number 

M>-1 DO-2 DO-3 

Dissolution specimen 
Area, sq cm 
Weight, g 
I n i t i a l  s a l t  composition, mol $, IfaF 

LiF 
ZrF4 

Temperature, 'C 
Length o f  run, hr  
HF r a t e ,  g/min 
$ Uti l i za t ion  o f  HF 
Reaction rate, mg/cm2-min 

Z l r  metal 
1290 
8%. 37 
26.1 
42.6 
31.3 

600 
6.5 
8.0 
6. o 

-0.5 

Table 8 .2 .  Comparison of Zr-2 Dissolution Rate Data i n  Different  Dissolvers 

Elements: Fabricated from Zr-2 p l a t e s  0 .1  i n .  o r  0.125 i n .  
th ick ,  spacings 0 .1  i n .  o r  0.125 i n .  

Dissolution System: HF vapor sparged through t he  meta l l i c  
element which i s  submerged i n  a molten salt 
containing ZrF4 at concentrations s ta ted .  

Dis- Cross Sectional  Dissolution 
snl v ~ r  ATPR.. fta2 HF Feed Rate Rate. --- . -- - -  - -- - - - - - . - - - - - I 

Run Vessel Dis - l b s  Temp. b l$  mg 
No. Used solver  Element lbs /h r  h r - f t 2  O C ZrF4 cm2 -min 

D-2, Mark I 0.179 0.0274 1 .06 7 650 45 0.27 
PIV Copper- 

Lined 

D-24 Mark I 0.0935 0.0256 2.0 23 600 32 1 . 3  
Copper- 
Lined, 
Modified 

DS-6 Mark I1 0.0451 0.0152 1 .0  39 600 34 1 . 5  
Copper - 
Lined 

(with d r a f t  
tube ) 

DO-1 INOR-8 0.0666 0.0152 1.06 20 600 31 0 .5  
Oxide Dis- 
solver 

(3.5-in.  -D 
x 13.5 i n . )  
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Fig. 8.2. Comparison of dissolution rates for Zr-2 and ZrO 2 ' 



TIME, hr 

Fig. 8.3. HF ut i l izat ion during ZrO dissolution, Run DO-2. 2 



Fig. 8.4. HF utilization during ZrO dissolution, Run DO-3. 2 



When t h e  Zr02 specimens were weighed a f t e r  each run a much lower per cent  
u t i l i z a t i o n  was obtained than t h e  average of  t h e  individual  samples. It i s  
believed t h a t  of f -gas  s o l i d s  present  i n  t h e  system accounted f o r  t h e  e r r o r  
i n  t h e  individual  sample ca lcu la t ions .  

A t  an HF flow r a t e  of 11.4 g/min HF an average reac t ion  r a t e  of  3.13 mg 
zro2/sq cm-min and a 11% HF u t i l i z a t i o n  were obtained.  A t  an HF flow r a t e  
o f  1.75 g/min an average react ion r a t e  of  1.24 mg zrOa/sq cm-min and a 20s 
HF u t i l i z a t i o n  were obtained.  A t  t h e  higher flow r a t e  excessive plugging of  
off -gas  l i n e s  with molten s a l t  and off -gas  s o l i d s  occurred (probably due t o  
mechanical carry-over) . These d i s so lu t ion  r a t e s  a r e  p lo t t ed  i n  Figure 8 .2  
compared t o  t h e  various Zircaloy-2 metal d i s so lu t ion  r a t e s .  The oxide r a t e s  cann: 
be corre la ted  with HF ve loc i ty  because t h e  two runs were a t  d i f f e r e n t  tempera- 
t u r e s ,  however, it appears t h a t  t h e  general  r e la t ionsh ip  observed i n  metal 
d i s so lu t ion  might hold. The Zr02 d i s so lu t ion  proceeds a t  a considerably 
f a s t e r  r a t e  than metal d i s so lu t ion .  

X-ray d i f f r a c t i o n  of  t h e  2r02 samples a f t e r  hydrofluorination showed 
no deposi t ion  of any f luor ide  s a l t s  on t h e  samples. 

Analysis o f  t h e  corrosion specimens w i l l  be performed when s u f f i c i e n t  
run time has occurred. Visual observation d id  not d e t e c t  any corrosion 
roughening o r  p i t t i n g  during the  course of  these  two runs.  
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The purpose of the  low volume close -coupled evaporator-calciner t e s t  
i s  t o  determine t h e  operat ing procedures and t h e  condit ions f o r  the  waste 
pot ca lc ina t ing  process so t h a t  a p i l o t  p lan t  can be designed. This t e s t  
(R-40) i s  a purex ca lc ina t ion  t e s t  with Mg and Na (0 .2  M and 1 . 2  14) added 
t o  reduce s u l f a t e  v o l c t i l i t y .  Ruthenium was a l so  added-to study i t s  behavior 
i n  t h i s  system. 

9 . 1  Evaporator-Calciner Test 3-40 - C .  1,:. Hancher 

Test  R-40 was a repeat  of t e s t  3-37 ( u n i t  Operations Monthly Report, 
May 1961) (?ure:c waste with 0 .2  M Mg and 1 . 2  M ??a, Table 9.1, w a s  added t o  
reduce s u l f a t e  v o l a t i l i t y ) .  ISOZ-radioactive-RU was added t o  t h e  feed i n  
t h i s  t e s t  t o  determine i t s  behavior during evaporation and ca lc ina t ion .  
The average feed r a t e  f o r  t h e  t e s t  was 27 l i t e r s  per hour ( ~ a b l e s  9 . 2  and 
9 .3 ) .  

The recovery balances were: 

Ni t ra te  100. 8% 
Iron 117. 0% 
Ruthenium 98.1% 
Sul fa te  105.87L 

The evaporator condensate was 1% i n  s u l f a t e  and below de tec tab le  l i m i t s  
( 2 )  i n  R .  The bulk densi ty  o f  t h e  s o l i d  was 1.17 g/cc. 

9.2 Evaporator-Calciner Control and Operation 

Test R-40 s t a r t e d  with t h e  evaporator f i l l e d  with room temperature 
purex waste, and t h e  ca lc ine r  empty a t  room temperature  a able 9 .4 ) .  The 
control  system f o r  t h i s  t e s t  i s  shown i n  Figure 9.1. The evaporator i s  
heated t o  opera t ing temperature ( 1 1 3 " ~ ) ,  then t h e  ca lc ine r  i s  f i l l e d  while 
heating (ca lc ine r  skin maximum 9 0 0 ~ ~ ) .  

A s  t h e  con t ro l  va r i ab les  reached t h e i r  s e t  points  they were switched 
t o  automatic control .  The con t ro l  s e t t i n g s  f o r  t h e  f i v e  control led  streams 
a r e  given on Tables 9.5 and 9.6. 

The c o n t r o l l e r  f o r  t h e  water addi t ion  f a i l e d  t o  function properly,  
therefore ,  it was switched t o  manual e a r l y  i n  t h e  t e s t .  The manual s e t  
point  o f  38% was a lower temperature than des i red  but safe ,  Figures 9.2 
and 9.3. The water t o  feed r a t i o  was 5.6. The high water r a t e  puts  an 
extreme load on t h e  evaporator, but assures  a low Ru i n  t h e  evaporator 
condensate by reducing t h e  n i t r i c  ac id  concentrat ion i n  t h e  evaporator .  

The evaporator l i q u i d  l e v e l  con t ro l  was s a t i s f a c t o r y ,  Figure 9.4,  
except f o r  t h e  period when t h e  ca lc ine r  pot f i l l e d  f o r  t h e  f i r s t  time and 
t h e  c d c i n e r  demand suddenly decreased. The evaporator l i q u i d  l e v e l  
exceeded t h e  "A" l i m i t  once, t h e  "B" and "C" l i m i t s  twice. 



Table 9.1. Feed Concentrations, R-40 

---- - 

As mad-e up 4.2 2.7 6.1 25.0 39.4 0.58 0.52 1.0 

As analyzed 
Tank 1 4.03 2.4 5.94 26.5 1 .  0.531 0.356 0.94 
Tank 2 4.03 2.2 5.97 27.5 42.6 0.500 0.430 1.06 
Tank 3 4.03 2.4 5.71 26.3 39.8 0.451 0.342 0.93 



Table 9 .2 .  R-40 System &lances and Results 

2462 g moles Input : 
Recovery : 

Condenszte 
Solid 
Evap . 
Off -gas 

2310 g moles 
0.8 g moles 
90 
80 

Ru Balance 
Input : 
Re cove ry : 

Condensate 
Solid 
Evap . 

0.429 g moles 

0.055 g m l e s  

Fe Balance 
Input : 178 g moles 
Recovery : 

Condensate 
Solid 
Evap . 

0.9 g moles 
203 g moles 
4.5 g moles 

SO4 Balance 
Input : 362 g moles 
Recovery : 

Condensate 
Solid 
Evap . 

3.0 g moles 
371 g moles 
8.5 g moles 

l!ia Balance 
Input : 668 g moles 
Recovery : 

Condensate 
Solid 
Evap . 

? g moles 
593 g moles 
12 g moles 

Small, -0 
88.8% 

Al Balance 
Input : 31.7 g m l e s  
Recovery : 

Condensate ? g moles Small, -0 
Solid 23.2 g moles 
Evap . 0.6 g moles 

Off -gas 
1167 cu f t  t o t a l  
960 cu f t  leakage and purge 
207 cu f t  non-condensable (139 cu f t  oxygen) 
207/373 = 0.554 cu f t / l i t e r  of system feed 

Average Feed Rate .--- 

373/14 = 26.6 l i t e r / h r  average 



Table 9 .2.  (continued) 

Water Feed Rate 

2097 l i t e r s  of  water, water t o  feed r a t i o  = 5.6 

Calcined Solids 
70.76 kg sol id/& l i t e r  = 1.17 g/cc bulk densi ty  



Table 9.3. Test Volumes and Concentrations 

Water 
System To !.bl !.bl Evap. Evap. Evap. Evap. Evap. Evap. Evap. 

Test  Feed Water Feed System Evap. N o s  N o 3  Evap. Evap. Na Fe Ru H Steam Steam Al 
Time System Feed Ratio Cond. Press. Input Cond. Density Temp. Conc. Conc. Conc. Conc. Temp. Cond. Conc. 
Brs  6 g /  1 g/ 1 g / e  !! C l i t e r s  g / i  



Table 9.3.  (Continued) 

Calciner  Calciner  
Calciner  Temp. a t  Temp. a t  Off-gas Before Water Scmb Off-gas After  Water Scrub 

Tes t  Heat Feed Mid-Section System N2 02 Ar N20 + NO2 A i r  N2 02 Ar N20 + NO2 
Time Input Point Center Off -gas CGa co2 
hi-s KWH oc 'c tun ~ 0 1 %  ~ 0 1 %  ~ 0 1 %  ~ 0 1 %  ~ 0 1 %  c u r t  V O ~ $  ~ 0 1 %  v o l " p 0 1 %  V O ~ B  
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Table 9.4. Test R-40 Operation Log 

R u n  
Time - 

S t a r t  - Evap. f u l l ,  cold, calc iner  empty - cool 
Calciner f u l l ,  Evap. water on manual 
Calciner l i qu id  l eve l  pmbes plugged, switched t o  
secondary probe 
Calciner suddenly dropped from 70% t o  20$, melting 
may have occurred 
Stopped system feed, began evaporator purge 
Stopped feeding calcining,  evap. on standby, s t a r t  
calcining 
Evap. shut down 
End calc inat ion 
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Fig. 9.1. Close-coupled evaporator and calciner test system. 



Table 9.5.  Control Ranges f o r  Test R-40 

Control Ranges Prob Reset Set  
Control F'ull Band Rate Point  

Control Variable Input Scale % min Scale % 

Evap. Liquid Level Evap. Steam 7.4-55.0 l i t e r s  100 10 50 
Evap. Density Evap. Feed 1.0-1.5 g/cc 200 10 65 
Evap. Temperature Evap. Water 101-128'~ - - 38 manual 
Evap. Pressure J e t  Bypass -5 t o  +5 psig  25 0 .3  43 

Cal. Liquid Level C a l .  Feed 54-62 l i t e r  100 10 50 

Table 9.6. Operational L i m i t s  f o r  Test R-40 

L i m i t  Limit Set  L i m i t  L i m i t  Hourly Readings 
A B Point C D min max 

Evap. Liq Level 
Scale % 65 60 50 45 2 5 41" 
l i t e r  26.0 24.6 22.0 20.6 15.2 19.6 

Evap . Density 
Scale % 83 75 65 50 40 4 6b 
g/cc 1.40 1.375 1.325 1 .25 1.20 1.23 

Evap. Temperature 
Scale $J 90 75 38 manual 30 0 0 
* c 121.9 118.7 116.6 108.6 101.5 101.5 

Evap. Pressure 
Scale $I 47 45 43 40 38 44 
~ S i g  -0.25 -0.50 -0.70 -1.0 -1.35 -0.83 

Cal. Liq Level 
s ca l e  % 30 40 50 60 70 43 
l i t e r s  5 8 59 60 61 62 59 

a 
Zero at  s t  a r t  up 

b ~ e n t  t o  17% during evap. purge 
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Fig. 9.2.  Evaporator temperature control and acid concentration vs run time. 
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- System Cond. 
--I-- System Water Feed --- Feed 
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Fig. 9.3. System flow rates vs run time for Test R-40. 





The control  o f  the  var iables  have been evaluated by t he  s e t t i n g  of 
limits. 

Limit "A" Too high, ou t  of control ,  dangerous 

Limit "B" Upper l i m i t  of  good control  

Limit "C" Lower l i m i t  of good control  

Limit "D" Too low, out  of  control ,  uneconomical o r  dangerous 

The evaporator density control  was good a f t e r  t he  f i r s t  s t a r t -up  overshoot, 
Figure 9.5. 

After t he  prepared feed was v i r t ua l l y  all i n  the  operating system, t h e  
feed t o  t he  evaporator was cut  o f f  and t h e  ca lc iner  w a s  fed  from the  evaporator 
which was d i lu ted  with water on l i qu id  l e v e l  demand, and allowed t o  purge 
i ts  so l i d s  t o  calc iner .  By t h i s  method of  operation very l i t t l e  so l i d  o r  
acid was held up i n  t he  evaporator f o r  t h e  next t e s t  cycle. The s u l f a t e  
and Ru v o l a t i l i t y  should be a t  a minimum under these purge conditions. 

Calcined Solids.  The calcined so l i d s  had a bulk density of  1.17 g/cc 
( ~ a b l e s  9.2 and 9.7))  and had the  appearance of a p a r t i a l  melt-down similar 
t o  t e s t  R-37. 

Of t he  per  cent  of mater ia l  recovered, t he  following amounts were in  
t he  so l i d  and i n  t h e  evaporator. 

Solid Evaporato r n 13% = 1005 
so, 97% 2$ = 99$ 
Iron 98$ 2% = 100% 

Table 9.7. Calcined - Solid Analysis Test R-40 

Wall : 
Top half  12-35 21.11 0.910 0.461 51-77 0.023 
Bottom half  12.26 22-53 0.985 0 673 46-55 0 .150 

Center : 
Top half  19.12 19-92 0 793 0.512 50.03 0.110 
Bottom half  20.45 13.50 0.840 0.840 53-25 0.010 

Average 16.04 19.26 0.882 0.622 50.40 0.073 










