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ABSTRACT 

The experimental investigation of the  reaction of &, CO, and CH4 
with CuO was extended t o  the  range of concentration of 100 ppm o r  l e s s  
of  the contaminant i n  helium. The 250 ton prototype shear was dismantled 
fo r  replacement of the s ta in less  s t e e l  connecting rod with a chromium 
plated one equipped with a metal wiper. Inspection of the various shear 
components indicated negligible wear a f t e r  -1000 cuts  on porcelain f i l l e d  
ORNL Mark I prototype fue l  assemblies, The s l i p  angle of sheared pieces 
i n  the leacher appears t o  be dependent on batch s ize and not on material  
type. HETS values f o r  extraction and s t r ipping using uranium a s  a 
stand-in f o r  plutonium were determined as pa r t  of the  m i n e  extract ion 
f i n a l  cycle plutonium flowsheet studies.  Ins ta l la t ion  o f  the 14-in. - I D  
rotary deni t rator  was completed and nine runs were made without mechanical 
d i f f i cu l ty  but a creamy fract ion and poor so l  character is t ics  were 
observed. Ins ta l la t ion  of a weir i n  the aqueous l eg  of the  Blgiren 
mixer-settler between the  mixer and s e t t l e r  resulted i n  be t t e r  control 
of the aqueous-organic interface and organic backmfxing. 
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SUMMARY 

1 .0  GCR COOLANT PURIFICATION STUDIES 

A gas-chromatographic technique was developed t o  give f a s t  analysis  
of low concentrations o f  He i n  helium with a s e n s i t i v i t y  and accuracy of  
-3 ppm i n  t he  range of  0 t o  100 ppm. 

The experimental invest igat ion of t he  reaction of Hz, CO, and CH4 
>?ith CuO was extended t o  the  range of  concentration of 100 ppm o r  l e s s  
of the  contaminant i n  t he  flowing stream of  helium. Fair  agreement was 
obtained between experimental r e su l t s  and predicted r e s u l t s  of  the  
greviously assumed models. 

2.0 POWER REACTOR FVXL PROCESSING 

Shear and Leach. The development of a shear and leach complex con- 
s i s t i n g  of a shear, conveyor-feeder, and leacher i s  continuing. 

The s t a in l e s s  s t e e l  bellows i n  a 4-in. f lapper valve f a i l e d  a t  35,400 
cycles which i s  estimated t o  be equivalent t o  a service l i f e  of 4 years.  
Failure of the  bellows does not hinder the  mechanical operation of t he  
valve. 

The 250 ton prototype shear was dismantled f o r  replacement of t he  
s t a in l e s s  st,eel connecting rod with a chromium plated one equipped with 
a metal wiper t o  serve a s  a s e a l  and prevent scoring of the  connecting 
rod during shearing. Inspection of  t he  various shear components indicated 
negl igible  wear a f t e r  -1000 cu ts  on porcelain f i l l e d  ORNL Mark I prototype 
f s ~ e l  assemblies. 

The s l i p  angle i n  the  leacher fo r  1 . 5 ,  2.25, and 3.0 l i t e r  batches 
of  empty 3 0 4 ~  s t a in l e s s  s t e e l  tubing 1-in.-long, so l i d  s t a i n l e s s  s t e e l  
rods (1/2-in. x 1- in .  long),  and sheared s t a i n l e s s  s t e e l  clad porcelain 
1 i n .  long varied from -28-40 degrees a t  leacher elevations of 10, 20, 
m d  30 degrees. The s l i p  angle appears t o  be dependent on batch s i ze  and 
not on mater ia l  type,  and only s l i g h t l y  dependent on leacher e levat ion.  

3.0 SOLVENT EXTRACTION STUDIES 

HETS values f o r  extract ion and s t r ipping using uranium a s  a stand-in 
fo r  plutonium were determined a s  pa r t  of the  m i n e  extract ion f i n a l  cycle 
plutonium flowsheet s tudies .  The uranium extract ion HETS value f o r  a 
sieve p l a t e  column (0.125-in. -dia holes, 23% f r ee  area,  aqueous continuous 
operation) decreased from 6.6 t o  4.2 f t  a s  the  pulse frequency increased 
from 50 t o  70 cpm and f o r  a nozzle p l a t e  column (0.125-in. -dia nozzles, 
10% free  area,  solvent continuous operation),  was 4.2 f t  a t  a pulse 
frequency of 70 cpm. HCTS values f o r  uranium st r ipping decreased from 
9.8 t o  3.2 f t  a s  t he  pulse frequency increased from 50 t o  90 cpm f o r  
aqueous continuous operation of  a sieve p l a t e  column and was 3.0 f t  f o r  
solvent continuous operation of a nozzle p l a t e  column a t  50 cpm pulse 
freqzenzy. 



4.0 THORIUM UTILIZATION STUDIES 

Ins t a l l a t i on  of the  14-in. - I D  ro ta ry  deni t ra tor  was completed and 
nine runs were made without mechanical d i f f i c u l t y  using 30 kg charges of  
T ~ ( N O = ) ~  c rys ta l s .  A creamy f rac t ion  and poor s o l  charac te r i s t ics  were 
present t o  a high degree f o r  RD-1  pl-oduct, but decreased f o r  subsequent 
runs u n t i l  RDB-9 and RDB-10 products dispersed in to  excellent so l s .  Con- 
tamination of  the  T ~ ( N O = ) ~  o r  the  steam and the slow deni t ra t ion  r a t e  
of the  i n i t i a l  runs were eliminated a s  primary causes of  the  creamy f rac t ion .  
Organic contamination of t he  deni t ra tor  o r  inadequate s t e w c h a r g e  con- 
t a c t  remain a s  l i k e l y  possible causes. Carryover of l e s s  than 1 per cent 
of  t he  Th charge, run times of  about s i x  hours, and ins ign i f ican t  metal 
contamination of t he  product were demnstrated.  

TRANSURANIC STUDIES 

Stage eff ic iency of the  Belgian mixer-sett ler  was improved from -&$I 
t o  -90% by the  in s t a l l a t i on  of  4 blade Teflon o r  s t a in l e s s  s t e e l  impellers. 
Design and in s t a l l a t i on  of  a weir i n  the  aqueous l e g  between the  mixer 
and s e t t l e r  resul ted i n  b e t t e r  control  of the  aqueous-organic in te r face  
and markedly reduced the poss ib i l i t y  of organic backmixing. The magnitude 
of  the  aqueous/organic flow r a t i o  (A/o) g rea t ly  a f f ec t s  the  stage e f  f icieney 
from -4546 a t  an A/O of 8.4 t o  -90% a t  an A/O of one. 



1.0  GCR COOLANT PURIFICATION STUDIES 

J. C . Suddath 

1.1 Development of Chromatographic Techniques f o r  Analysis of Hydrogen i n  
Helium - C .  D. Scott  

Previously, chromatographic methods f o r  analysis of i n  helium with 
co-contamination by H20, CO, C02, and CH4 were worked These methods 
were adequate fo r  & concentrations i n  t he  range of 100-20,000 pprn (vol)  
with ana ly t ica l  hydrogen s e n s i t i v i t y  of  10-20 ppm. Although H2 analysis  by 
mass spectroscopy can be made with s ens i t i v i t y  and accuracy of -1 pprn 
rout ine  mass spectroscopy methods gave very uncertain r e s u l t s  a t  & con- 
centra t ion of l e s s  than 10 ppm. 

In order t o  have f a s t ,  routine analysis of low concentration Hz i n  
helium a t  t he  experimental s i t e ,  a gas-chromatographic technique was 
developed which was apparently capable of  analyzing f o r  & with a sensi-  
t i v i t y  and accuracy of -3 pprn i n  the  range of 0-100 pprn Hz. 

This technique involved separation of t he  & and He by use of  a 100-ft  
long, l /k- in .  -OD sorption column containing type 5-A bblecular Sieves i n  t h e  
s i z e  range of 18-30 mesh. This sorption column w a s  used i n  t he  ex is t ing  
chromatograph which i s  a component of t h e  GCR Coolant Pur i f ica t ion  Test 
~ a c i l i t ~ . ~  

It was found t h a t  with an argon c a r r i e r  and reference gas at r a t e s  of 
-50 cc/min and 25 cc/min, respectively,  a 1 . 0  cc in jec t ion  of t he  He-& 
mixture resul ted i n  a helium peak a t  the  conductivity c e l l  detector  i n  
approximately 8 min and a H2 peak i n  approximately 10-1/2 min which allowed 
su f f i c i en t  separation f o r  detect ing the  two components. The chromatograph 
was cal ibrated with standard mixtures of &-He (determined by mass spectro- 
scopy) containing 97 ppm, 57 ppm, 30 ppm, and 8 pprn &, and the  resu l t ing  
chromatogram was found t o  have l i n e a r  response i n  t h i s  concentration range 
with a minimum detectable l i m i t  of  3 pprn (assuming l i n e a r  response down t o  
t h i s  l e v e l )  and an accuracy, due t o  in terpolat ion on the  chromatogram, of 
approximately 3 ppm. There was su f f i c i en t  uncertainty i n  t he  value of the  
H 2  concentration of t he  standard mixture (+ 5%) t h a t  the  actual  accuracy of  
t he  chromatography technique could not be es tabl ished any closer  than 5$. 

1 .2  Kinetics of Reaction of Hz, CO, and CH4 with CuO a t  Low Concentrations 

It i s  desi rable  t o  extend the  experimental invest igat ion of  t he  react ion 
of Hz, CO, and CH4 i n  a flowing stream of helium with f ixed beds of CuO 
pel-lets t o  low concentrations of &, CO, CH4 (< 100 pprn). A s e r i e s  of 
d i f f e r e n t i a l  bed t e s t s  and deep bed t e s t s  were made in  which He contamina- 
t i o n  with &, CO, and CH4 i n  t he  range of -100 pprn o r  l e s s  were used. 

1 .3  Di f fe ren t ia l  Bed Tests 

A s e r i e s  of  6 d i f f e r e n t i a l  bed t e s t s  were made with t h e  same experi-  
mental p r ~ c e d u r e  previoi~sly  usedO2 F 3 1  of these  t e s t s  were made a t  



5 0 0 ' ~  + 10°C, 20.4 a t m  pressure, and with contaminant concentrations of 
8-123 cpm (vo l )   a able 1.1) . One thermal balance run was made i n  which 
CH4 i n  helium at a concentration of  137 pprn was passed over a bed of  CuO 
pe l l e t s  i n  a thermal balance3 a t  500'C and atm pressure. Operating pro- 
cedures were s imilar  t o  those previously used. 3 

The physical appearance of  the  sectioned CuO pe l l e t s  from the  d l f  - 
f e r en t i a l  bed tests with Hz and CO  as similar  t o  t h a t  i n  the  higher 
concentration t e s t s ,  t ha t  is, there  was a des in i te  Cu-CuO reaction in t e r -  
face i n  the sectioned pe l l e t .  It was possible t o  obtain  values of  t he  
e f fec t ive  porosity from these t e s t s  using the same method as out l ined i n  
a previous r e p ~ r t . ~  These values of e f fec t ive  porosity were in  the  same 
range as the values determined using H;r and CO concentrations i n  the  range 
of 0.071 t o  1 .08  vol %  a able 1 .2 ) .  

1 .4  Deep Bed Tests 

A se r i e s  of deep bed t e s t s  were a lso made i n  which Hz, CO, and CH4 
i n  He at  concentrations of -100 ppm were allowed t o  react  with fixed beds 
of CuO pe l l e t s .  Experimental procedures were similar t o  those used 
ea r l i e r . 2  A l l  t e s t s  were made i n  the 2-in. -dia oxidizing vessels i n  the  
GCR Coolant Puri f icat ion Test ~ a c i l i t ~ l  a t  temperatures of 500 + 15°C) 
20.4 a t m  pressure, helium flow ra t e s  of 42 and 68 slpm and bed zepths of  
2-6 in .   a able 1.3). Analysis of the  oxidizer eff luent  was by gas-adsorption 
chromatography. I n i t i a l  r e su l t s  indicate  f a i r  agreement between experi-  
mental r e s u l t s  and predicted r e s u l t s  from the  e a r l i e r  assumed. physical and 
mathematical models. 

References 

1. Unit Operations Monthly Progress Report, February 1960, ORNL CF 60-2-56a 

2 .  Unit Operations Monthly Progress Report, March 1961, OWL CF 61-3-67> 

3. Unit Operations b n t h l y  Progress Report, September 1961, ORNL-TM-112. 

4. Unit Operations b n t h l y  Progre s s  Report, June 1961, ORNL-TM-3k . 



-9- 

Table 1.1. Operating Conditions f o r  Differential .  Bed Tests  

Made With D i f f e r en t i a l   bed^ of CuO P e l l e t s  a t  500°C 

i n  Helium G a s  Streams Containing, &, CO, o r  CH4 

Average 
Contaminant Length of  

Test No . Contaminant Concentration, ppm Test ,  h r s  

X - 1  H2 19 7 
X-2 H 2  98 10 
X - 3  H2 8 60 
x-4 co 123 10  
X- 5 C 0 29 14  
x-6 C H 4  115 8 
X-7s C H 4  137 12 

* A l l  t e s t s  were made a t  20.4 atm except f o r  X-7 which was a thermal- 
balance t e s t  at  a t m  pressure.  

Table 1 .2 .  Effect ive  Porosity of CuO P e l l e t s  f o r  Mass Transfer  

of  H2 and CO as Determined from Di f f e r en t i a l  Bed Tests  

of  t he  &-CuO and CO-CuO Reactions a t  5 0 0 ' ~  and 20.4 a t m  

Contaminant Effect ive  
Run No. Contaminant Concentration, ppm Porosi ty  

Average e f f ec t i ve  porosity determined from previous t e s t s  = 0.0560. 



Table 1.3. Experimental Conditions f o r  Deep Bed Tests on the  Kinetics 

of the  Reactions of Low Concentrations of Hz,  CO, and CH4 

i n  a Flowing Stream of Helium with Fixed Beds of 

CuO Pe l l e t s  a t  500°C and 20.4 a t m  

- - - - - - - - - - - - - - -  - -  - 

Aver age 
Bed Depth Contaminant 

i n  2-in.-dia Concentrat ion Helium Length 
B m  Reactor, i n  Feed Gas, Flow Rate, of Test ,  
No. i n .  Contaminant PPm slprn h r s  --- 
Z - 1  2.0 H2 110 42 14 
2-2 6.0 H2 127 68 60 
z-3 2.0 co 142 42 16 
2-4 6. o CH4 94 42 8 
2-5 2.0 H2 and CO 155 and 158 68 100 



2.0 POWER REACTOR FUEL PROCESSING 

C .  D. Watson 

2.1. Shear and Leach - B. C .  Finney, G .  A.  West 

A shear and leach program t o  determine t he  economic and technological  
f e a s i b i l i t y  o f  leaching t h e  core mater ia l  ( U O ~  o r  U O ~ - T ~ O ~ )  from r e l a t i v e l y  
shor t  sect ions  (1-in.  long) of  f u e l  elements produced by shearing i s  
continuing. This processing method enjoys t h e  apparent advantage o f  
recovering f i s s i l e  and f e r t i l e  mate r ia l  from spent power reac to r  f u e l  
elements without d i s so lu t ion  of t he  i n e r t  jacketing and end adaptors. 
These unfueled por t ions  a re  s tored d i r e c t l y  i n  a minimum volume a s  a 
so l i d  waste. A "cold" shear and leach complex consis t ing of  a shear, 
conveyor-feeder, and leacher  i s  being evaluated p r i o r  t o  hot runs.  

L i fe  Testing of  a 4- in .  Bellows Sealed Flapper Valve. A 3-in.  -ID x 
3-3/32-in.-OD s t a i n l e s s  s t e e l  bellows o f  7 convolutions ro l l ed  from 5 m i l  
t h i ck  tubing sea l ing  the  actuat ing arm of  a 304-L s t a i n l e s s  s t e e l  4-in.  
f lapper  valve ( ~ i g u r e s  2 . 1  and 2.2) f a i l e d  a t  35,400 opera t iona l  cycles 
of opening and c los ing.  Fai lure  of t h e  bellows allows a i r  t o  l eak  in to  
the  valve but does not  i n t e r f e r e  with proper mechanical operation.  A 
similar s t a i n l e s s  s t e e l  bellows t e s t e d  outs ide  t h e  valve f a i l e d  a t  50,000 
cycles .  Assuming one cycle per hour, t h e  se rv ice  l i f e  of t he  bellows i s  
estimated t o  be 4 years.  The f l apper  valve i s  being developed f o r  use 
between t he  shear and conveyor-feeder and on t he  so l i d s  discharge por t  
o f  t h e  leacher. 

Shear. The 250 ton prototype shear was dismantled t o  replace t he  
sta.inless s t e e l  connecting rod with a chromium pla ted one containing a 
s e a l  r i ng  t o  dislodge pa r t i cu l a t e s  and prevent scoring during shearing. 
The f u e l  assembly s top  which s e t s  t h e  length  o f  t h e  sheared f u e l  was 
replaced with a modified s top so t h a t  t h e  length  o f  cu t  can be varied 
from 1/4  t o  1-1/2 inches. 

Inspection o f  t h e  shear components, f ixed  and moving blades, bearing 
surfaces  o f  ram and gibs  which determines t h e  clearance between f ixed  and 
moving blades showed neg l ig ib le  change from o r i g i n a l  spec i f i ca t ions  a f t e r  
shearing ORNL Mark I assemblies 1,000 times. Scored places on the  gibs  
and l i n e r s  were cleaned up by grinding and shims were used t o  r e t a i n  
o r i g i n a l  clearances.  A s l i g h t  misalignment between t he  connecting rod 
and ram on a hor izonta l  plane caused t he  ram t o  be i n  a "cocked" pos i t ion  
during operation which prevented proper adjustment of t h e  clearance between 
t h e  mv ing  and f ixed blades. The r e a r  of  t he  ram i n  t he  area covered by 
the  connecting rod was ground t o  allow more freedom of movement between 
t he  ram and connecting rod thus  permitt ing t he  proper adjustment between 
blades.  

Proximity switches with t h e  appropriate con t ro l  wiring were i n s t a l l e d  
on t h e  feed mechanism pusher arm hydraulic cylinder.  These switches 
regu la te  batch s i z e  automatically by con t ro l l ing  t he  t o t a l  length  o f  f u e l  
assembly sheared. 



UNCLASSIFIED 
PHOTO 56097 

Fig. 2.1 . Disassembled view of  4-inch be1 lows sealed flapper valve. 



UNCLASSIFIED 
PHOTO 56103 

Fig. 2.2. Assembled view of 4-inch bellows sealed flapper valve. 



Leacher. To insure submergence of sheared fue l  under the acid d i s -  
solvent, the s l i p  angle for  1 . 5 ,  2.25 and 3.0 l i t e r  batches of empty 3 0 4 ~  
s ta in less  s t e e l  tubing (1-in.  long), sol id  s ta in less  s t e e l  rod (1/2-in. - 
dia  x 1- in .  -long) and s ta in less  s t e e l  jacketed porcelain f i l l e d  Mark I 
sheared 1-in.  -long were measured a t  leacher elevations of 10, 20, and 30 
degrees  a able 2.1). There appeared t o  be l i t t l e  difference i n  performance 
of equaL volumes of empty cladding, so l id  s ta in less  steel rods and porcelain 
f i l l e d  Mark I elements. The angle of s l i p  generally increased with batch 
volume and l e s s  s ignif icant ly  with leacher elevation. A t  a leacher eleva- 
t i o n  of 1 5 O ,  t he  s l i p  angle increased from about 28 t o  32" when the batch 
volume increased from 1.5 t o  3 l i t e r s .  The optimum leacher batoh s i ze  i s  
2.25 l i t e r s  of sheared Mark I prototype which i s  equivalent t o  8 in .  of 
length. 

The s l i p  angle is  defined as the counterclockwise angle of ro ta t ion  
of the leather (looking into feed end of leacher) just  suf f ic ien t  t o  
bring an or ig ina l ly  horizontal batch t o  the p i n t  of slippage. (see 
diagram) 

Direction of Rotation 

Chopped h e 1  
jus t  p r ior  
t o  s l ipping 

Fuel a t  
r e s t  

For the batch s izes  studied, slfppage f i r s t  occurs when approximately 
one half  of the batch i s  above the  l iqu id  leve l .  To Insure submergence 
of chopped f i e 1  as  it i s  advanced each f l i g h t ,  the  leacher w i l l  have t o  
be rotated 360' plus the s l i p  angle (-28" f o r  2.25 l i t e r  batch) then 
reversed by the amount of the s l i p  angle. 



The feed i n l e t  l i n e  t o  t h e  leacher  has been changed from t h e  l e f t  
s i d e  o f  t h e  c e n t e r  s h a f t  ( looking a t  feed end of  l e a c h e r )  t o  t h e  r i g h t  
s i d e  of t h e  cen te r  s h a f t .  This was necessary so t h a t  t h e  leacher  could 
be loaded with t h e  beginning o f  t h e  first f l i g h t  a t  t h e  6 o ' c lock  pos i t ion .  

The washing por t ion  o f  t h e  s p i r a l  inc l ined  r o t a r y  leacher  which was 
designed f o r  continuous r o t a t i o n  of t h e  u n i t  d i r e c t s  t h e  wash water  l e s s  
e f f i c i e n t l y  when t h e  leacher  i s  operated only once per  hour. To prevent 
wash water f r o m  being discharged (with t h e  leached s h e l l s )  t h e  wash sec t ion  
f l i g h t s  were perfora ted  so t h a t  wash water would f low countercurrent  
f l i g h t  t o  f l i g h t .  Because of  t h e  dumping c h a r a c t e r i s t i c s  o f  t h e  perfora-  
t i o n s ,  t h e  holdup o f  water i n  t h e  washing sec t ion  when t h e  l eacher  makes 
a complete revolut ion  v a r i e s  from 0-3 l i t e r  a s  t h e  flow r a t e  increases  
from 0-5 l i t e r s / t i m e  cycle.  A flow r a t e  i n  excess o f  5 l i t e r s / t i m e  cycle 
r e s u l t s  i n  water being discharged from t h e  leacher  through t h e  d i s s o l u t i o n  
sec t ion  dump screen.  

Table 2.1. S l i p  Angle o f  Materials  i n  Transport  i n  Leacher 

~ 

Mater ia l  

Batch S l i p  Angle 
Size  Weight, Leacher Elevation,  degrees 
l i t e r s  kilograms 10 1 5  20 

304L SS tubing 
304L SS tubing 
304L SS tubing 

So l id  SS rod (1/2-in.-  
d i a  x 1 - i n .  -long) 

Sol id  SS rod (112-in.- 
d i a  x 1 - i n .  -long) 

So l id  SS rod (1/2-in. - 
d i a  x 1- in . - long)  

S t a i n l e s s  s t e e l  jacketed 
porcela in  f i l l e d  Mark I 
sheared 1- in .  long 

S t a i n l e s s  s t e e l  jacketed 
porcela in  f i l l e d  Mark I 
sheared 1 - i n .  long 

S t a i n l e s s  s t e e l  jacketed 
porcela in  f i l l e d  Mark I 
sheared 1 - in .  long 



3.0 SOLVENT EXTRACTION STUDIES 

A. D. Ryon 

The HETS values reported t h i s  month were obtained as  pa r t  of t h e  amine 
extract ion f i n a l  cycle plutonium recovery flovsheet s tudies .  

3.1 Pulse Column Efficiency Studies - R.  S. h w r i e  

Lack of  containment precluded pulse column eff ic iency s tud ies  wi th  plutonium 
under amine extract ion f i n a l  cycle plutonium flowsheet conditions; so 
uranium was used as a stand-in. This necess i ta ted using a mixed n i t r i c  
acid-aluminum n i t r a t e  sa l ted  feed t o  obtain an extract ion coef f ic ien t  f o r  
uranium t h a t  would permit column operation a t  the  same flow r a t i o  a s  i n  
the  plutonium flowsheet. Similarly,  0.2 M n i t r i c  acid was used as the  
s t r ipp ing  agent since i t s  coef f ic ien t  pergi t ted operation a t  t he  desi red 
1/5  A/O phase r a t i o .  The uranium t e s t  flowsheet i s  shown i n  Figure 3.1. 
The compositions and physical proper t ies  o f  the  varfous enter ing streams 
and equi l ibrated solvent-aqueous pa i r s  t y p i c a l  o f  the  top and bottom of 
both extract ion and s t r ipp ing  columns are  shown i n  Table 3.1. The increase 
i n  solvent v i scos i ty  which occurred i n  t he  bottom of the  ex t rac t ion  column 
as  the  f r e e  amine converted t o  t he  acid salt was the only major change 
i n  t he  physical properties.  

Two a rb i t r a ry  ru les  were used i n  the  HETS calculat ions ,  f i r s t ,  ca l -  
cula t ions  were based on the  analyses of the  phase from which t h e  uranium 
transferred,  i . e .  aqueous phase f o r  extract ion,  solvent phase f o r  s t r ipp ing ,  
end second, the  continuous phase p ro f i l e  samples were used i n  ca lcu la t ing  
incremental HJ3TS values since the  d i f f e r e n t i a l  samplers operated i n  such 
a manner t h a t  these samples were most representat ive  of condit ions ac tua l ly  
present i n  the  column. This, i n  tu rn ,  required calculat ing by mater ia l  
balance the  aqueous p ro f i l e  concentrations f o r  solvent continuous operation 
of  the  extract ion column and solvent p ro f i l e  concentration f o r  aqueous 
continuous operation of  the  s t r ipp ing  column t o  SatisT?ythe f i r s t  eond$tion. 

3.2 HETS Values f o r  Uranium Extraction 

Uranium extract ion eff ic iencies  were determined f o r  aqueous contfnuous 
operation of a sieve p la te  column (0.125-in, -dia holes, 23$ f r e e  area ,  
24 f t  long) and f o r  solvent continuous operation of a nozzle p l a t e  column 
(0.125-in. -dia nozzles, 10% f r ee  area ,  24 f t  long).  Actual operation 
conditions and column p ro f i l e  sample analyses a re  shown i n  Table 3.2, 
the  calculated HETS values i n  Table 3.3, and a typ i ca l  McCabe-Thiele 
diagram i n  Figure 3.2. HETS values f o r  uranium extract ion increased 
from 4.2 f t  t o  6.6 f t  (average o f  runs 19-27 and 23-24) as pulse frequency 
decreased from 90 t o  70 cpm f o r  aqueous continuous opera%ion of  t he  sieve 
p l a t e  columns. Solvent continuous operation o f  the  nozzle p l a t e  e o l w  
at 70 cpm resu l ted  i n  a HEYTS value of 4.2 f t  f o r  uranium extract ion.  

In  all cases, the  actual. p ro f i l e  analyses plot ted e i t h e r  on o r  very- 
close t o  the  operating l i n e  indicat ing t h a t  no s ign i f ican t  extract ion 
occurred during the  sampling procedure end, fu r ther ,  t h a t  no s ign i f ican t  





Table 3.1. Proper t ies  of  Test  Solutions ( 2 5 " ~ )  

I n t e r f a c i a l  
I! H+ Viscosity Density Tension 

Test Solution @;/ 1 M - c e n t i p i s e  g / c c  dynes/ cm 

Feed 
Solvent* 
S t r i p  

Extrac t ion Column 
Top (Solvent 
End ( ~ ~ u e o u s  

Bottom (Solvent 
End ( ~ ~ u e o u s  

S t r i p  Column 
Bottom (Solvent 
End ( ~ a u e o u s  

Top (solvent  
End ( ~ ~ u e o u s  

* Measured a s  f r e e  m i n e .  



Table 3.2. Experimental Conditions and Column P ro f i l e  Samples - Extraction 

Run No. 19-27 

Sieve 
ColLl?iln* 
Cartr idge Sieve 

Aq 

Sieve 

Aa 

Nozzle 

So l v  Cont. Phase A¶ 

Pulse Frequency, 
C Pm 70 

U Material 
Balance, $I 

Aqueous Solvent Aqueous Solvent 
- ~ 

Aqueous Solvent Aqueous Solvent 

Flov Rate 
ga l  ft-2hr-1 720 200 

Location of 
P ro f i l e  Samples 

U H+ U H+ 
Feet from Top g/l M g/l M 

* Sieve p l a t e  - 0.125-in.-dia holes, 23% f r e e  area;  nozzle p l a t e  - 0.125-in.-dia holes,  10% f r e e  area. 
*+ Calculated by material  balance from solvent .  
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Table 3.3. Calculated HETS Values f o r  Uranium Extract ion 

Location o f  HETS Values - Feet 
Column Sections Run No. Run No. R u n  No. Run No . 

Feet from Top 19-27 23 -24 22-2 19-38 





backmixing occurred i n  the  columns. Incremental HETS values, whether. 
calculated fo r  individual 2 f t  column sections o r  over a progressive1.y 
increasing column length were qui te  consistent showing t h a t  the  extract ion 
eff ic iency was constant over the  e n t i r e  length of the  column. 

3.3 HETS Values for  Uranium Stripping 

HETS values fo r  uranium str ipping were determined i n  12  f t  pulse 
columns equipped with e i t he r  sieve o r  nozzle pla tes .  The experimental 
conditions and column p ro f i l e  sample analyses a re  shown i n  Table 3.4.  
Since amine solvents readi ly  ex t rac t  both n i t r i c  acid and uranium, t h e  
aqueous n i t r i c  acid concentration varied markedly over the  column, 
necessi ta t ing the  use of "floating" equi l ib r iuml ines  i n  McCabe-Thie1.e 
plot  ( ~ i g u r e  3.3).  The HETS values fo r  uranium strippi& i n  a sieve p l a t e  
column operated aqueous continuous decreased from 9.8 t o  3.2 f t  as  t he  
pulse frequency increased from 50 t o  90 cpm  a able 3.5).  Solvent con- 
tinuous operation of a nozzle p la te  column gave a value of  3.0 f t .  Eote 
t h a t  t he  incremental HETS values were qu i te  constant. 



Table 3.4. Experimental Conditions and Column Prof i le  Samples - Stripping 

Run No. 19 -27 23-24 1 9 - 3 6 ~  

Col. Cartridge* Sieve Sieve Nozzle 

Phase Cont. Aq Aq So l v  

Pulse  Frequency, 
c Pm 

U Material 
Balance, $ 

Solvent Aqueous Solvent Aqueous Solvent Aqueous 
Flow Rates, 
ga l  f t-2hr-1 213 50 204 42 96 22 

Location of 
Sample Points 

U u** H+ U H+ U U** H+ U H+ U H+ U H+ 
FeetfromBottorn g/l g / ~  5 g/l _M g / l  g / l  M g / ~  M g / 4  M g/l - M 

AP-CP 9.2 0.40 25.4 0.43 10.4 0.4 37.3 0.60 7.03 0.39 26.5 0.50 
2 5.76 0.35 26.3 0.34 
4 4.25 0.34 21.6 0.31 
6 6.03 6.03 0.36 10.1 0.31 7.15 7.65 0.37 27.5 0.38 2.95 0.33 14.9 0.25 
8 1.86 0 . 2  8.06 0 .21  

10 1.09 0.32 4.79 0.20 

CW-CX 3-55 0 0.0 0.20 2.03 0.34 0.0 0.20 0.74 0.32 0.0 0.20 

* Sieve p l a t e  - 0.125-in.-dia holes, 23% free  area; nozzle p la te  - 0.125-in.-dia, 10% free area.  
** Calculated by material balances from aq-ueous samples. 
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Fig. 3.3. McCabe-'rhiele diagram for uranium stripping - Run 19-388. 



Table 3.5. HETS Values f o r  Uranium S t r i p p i n g  

Location o f  
Column Sections 

Feet from 
Bottom 

mTS Values - Feet  
Run No. Run No. Run No. 



4.0 THORIUM UTILIZATION STUDIES 

This program i s  t o  develop chemical processing and fue l  fabr ica t ion  
procedures applicable t o  use of thorium as a f e r t i l e  material .  The 
immediate objective i s  t o  develop t o  the  p i l o t  plant stage the  applica- 
t i o n  of  the  sol-gel  and vibratory ccmpaction processes t o  give clad oxide 
f i e 1  elements. The Unit Operations s tudies  are  on deni t ra t ion  o f  ~ h ( N 0 ~ ) ~  
i n  steam atmospheres followed by dispersion in to  t ho r i a  so ls ,  uranium 
addition,  drying, calcination,  and reduction t o  give high densi ty  Tho2- 
UO2 par t ic les .  Test elements of v ibra tor i ly  compacted mixed oxides a re  
being fabricated o r  i r rad ia ted .  Individual steps of  the  sol-gel  process 
a re  t o  be tes ted  on a remote ~ h 0 ~ - ~ ( 2 3 3 ) 0 ~  p i l o t  plant  sca leo  

4.1 Thorium Nitra te  Denitration Studies - J. W. Snider, R .  D. Arthur, 
D. A. McWhirter 

I ~ s t a l l a t i o n  and shakedown of the  14-in.  rotary deni t ra tor  was com- 
pleted and the f i r s t  se r ies  of runs began. The flowsheet of t he  rotary 
deni t ra tor  and auxi l iary equipment i s  a s  shown in  Figure 4.1. The s o l  
s tor ing and aging tanks are  not yet  i n s t a l l ed .  

A photograph o f  the  rotary deni t ra tor  i n  the  unloading posi t ion i s  
shown i n  Figure 4.2. For unloading, a p l a s t i c  sock was taped around a 
4-in. pipe adaptor and extended in to  the  receiving vessel .  The deni t ra tor  
was then rotated a t  -2 rpm and t i l t e d  slowly into  t he  posit ion shown i n  
Figure 4.2. This method of unloading proved very e f fec t ive  i n  preventing 
dusting inside the  hood. For loading, t he  discharge end was elevated and 
thorium n i t r a t e  cy r s t a l s  fed through a funnel i n to  the  deni t ra tor .  

Thermocouples were in s t a l l ed  on the drum t o  measure the  skin tempera- 
tu re  after run RD-1. Three thermocouples, 1 /16- in . -0~-s ta in less  sheath 
with MgO f i l l i n g ,  were placed on the  drum and one inside the  s t e m  supply 
l i n e .  One of the  thermcouples f a i l e d  when the  leads shorted t o  the  s t a in -  
l e s s  s t e e l  sheath. .,Thfs became a frequent problem with these thermocouples 
due t o  vibration a t  the  commutator end. A special  thermocouple end support 
i s  being fabricated t o  prevent t h i s .  In  all runs, one of  the  two remaining 
drum thermocouples performed sa t i s f ac to r i l y .  

An i n l e t  steam baf f le ,  4-in.-dia, was in s t a l l ed  and used f o r  the  l a s t  
two rune. The baf f le  i s  located i n  the  enlarging i n l e t  section such t h a t  
-1 in .  of  clearance ex i s t s  between the ba f f l e  and drum conical  section.  
A smaller 2-in.-dia ba f f l e  i s  located -4 i n .  from the steam e x i t  point. 
The purpose of t he  baf f les  was t o  def lec t  t he  steam and prevent channeling 
at t he  low flow r a t e s  and t o  thereby increase the  steam veloci ty  over t he  
par t ic les .  

4.2 Rotary Denitrator O ~ e r a t i n n  Conditions and Results 

Nine r1ms were made with the rotary denl t ra tor  using a charge of 30.0 
kg of thorium n i t r a t e  c rys t a l s  and oEe run using 10.6 kg of thorium n i t r a t e  





Fig. 4 .2 .  Rotary denitrator i n  the unloading position. 



crys ta l s .  Run conditions and the  product analysis a r e  tabulated i n  
Tables 4 .1  and 4.2. The percent of the  feed n i t r a t e  collected i n  the  
off-gas condenser as  a function of t,ime i s  shown ira Figures 4 .3  and 4 .4 .  

The ro ta t ing  den i t ra tor  skin temperazures a s  a function of time f o r  
r7ms RD-2 through RD-10 are  show i n  Figures L .5  a d  4,6. In  general, two 
hold periods were observed during which the  +,emper&ture r i s e  was interrupted 
even though the  heaters remained on. They vere a t  2 2 5 " ~  and 300°C. The 
lower hold period i s  believed t o  represent t he  heat of  melting from c rys t a l  
t o  syrup form. The 300°C hold i s  beileved t o  represent the  t r ans i t i on  
from a syrup in to  a granular powder. The evfden.;?, e the r  than the  heat 
of reaction,  which l ed  t o  t h i s  conclusion was observed during run RD-3. 
During run RD-3 t he  s t a in l e s s  s t e e l  b a l l s  could 5e heard r a t t l i n g  around 
u n t i l  the  225°C hold was reached. Between the  2 2 5 ' ~  and -r;he 3 0 0 ' ~  holds 
a very muffled sound exis ted which was reduced ttc; si lence as  t h e  300°C 
l eve l  was approached. Upon reachin€; the  300°C p l a t e w ,  the calciner  drive 
s t a l l ed  and manual ass is tance by use of a pipe wrench fo r  about two revolu- 
t ions  was required. During these a ~ s i s t e d  revolntlons the  b a l l s  could be 
heard dropping from considerable distances,  as  i f  %he symp held then t o  
the drum w a l l  u n t i l  they were near the  top.  Operation *,hen returned t o  
normal with a noise s imilar  t o  t h a t  noted p r l o ~  :o reazkiirlg t he  2 2 5 " ~  
ylateau. 

Dispersion of Denitrator Products 

The N / T ~  r a t i o  c f  rm RD-1,  0.127, :res ~;ri.t%r, the  r x g e  s f  a s t ab l e  
so l ;  but the  product would not disperse.  This prsduct =alyzed s imilar  
t o  products produced with the  agi ta ted trough calc iner  i n  which steam was 
used f o r  135 min with no a i r .  Iron contaminat5.o~ was somewhat higher due 
t o  f i r s t  run cleaning, however, it was ~ l i r t  kigh emagh t o  account f o r  the  
abnormal behavior of t h i s  producto Tbe scrface aYl?a, 25.2 was 
approximately one-half t h a t  of  a l l  r ema in i~g  rucs made w i t h  the  rotary 
den i t ra tor .  It does compare closely t o  the s12rface &rea af products 
produced i n  the  agi ta ted trough calc iner  i n  which s%em was used f o r  3 hrs  
followed by a i r  f o r  3 hrs  (run ATC-55 prcdu::G ariaiyses a r e  included t o  show 
t h i s ) .  A 2 kg l o t  of R D - 1  product was charged ti: the  agi.ta",d trough 
calc iner  and contacted with s t e m  f o r  3 hrs .  This redwed the  N / T ~  r a t i o  
t o  0.029. I f  t h i s  improved the  qua l i ty  of .the pr~d ic i ; ,  i t  was only a margin- 
& improvement. This material  i s  leabeled RD-1-ATC-3 irz Table 4.2. 

The product from run RD-1,  aPthocgh analyzisg very neariy the  same as  
t he  product from run 48 made i n  t he  agi ta ted treugta calcine;-  a able 4 .2) ,  
contained a high per cent of makeriel which appeared cremy; and all 
e f f o r t s  t o  disperse the material  by tec1miq:~es .ssed on ag i ta ted  trough 
c d c i n e r  materials  f a i l ed .  Reflux w i t h  co:lcez?,rat;ej. n i . t r i @  acid  which 
xas subsequently d5luted out, d id  dfs.per=se the  n z t s r i a l ;  however, t h i s  
process dissolved -20% of the thoricm. The c,rsany f rac t ioc ,  -80% s f  the  
product from run R D - i ,  appeared simi.lar t o  one lo*, of material  produced 
5y Chemical Deveiopnent Section A ir- the pres,?r,ce of organic impurit ies.  



Table 4 .1 .  Rotary Deni t ra tor  Run Conditions and Objectives 

Charge: 30 kg of  ~ h ( ~ 0 ~ ) ~  . XHBO o r  a s  Noted 

Steam Program 
Heater Program Flow I n l e t  Percent 

Fun Temp, No. of Rate Temp, No. o f  Thorium 
>To. O C  Hours lb /hr  O C  Hours Carryover Purpose of  Run, Other Conditions and Remarks 

Purpose: I n i t i a l  run with system. 
Other Conditions: A i r  a t  1 .33 SCFM fo r  3.00 h r  used a t  

end of  run. 

Purpose: To increase  heat f l u x  i n t o  drum, and time o f  
steam contact.  

Purpose: To study t h e  e f f e c t  of  pulverizing the  powder 
while i n  contact with steam. 

Other Conditions: 19 kg o f  5/8-in. -dia 316 s t a i n l e s s  
s t e e l  b a l l s  charged with T ~ ( N o J ) * .  m O .  

Purpose: To study t h e  e f f e c t  of  en increasing heat  
f lux  i n t o  t h e  drum. 

Purpose: To study t h e  e f f ec t  o f  a sho r t e r  run time. 

Purpose: To study the  e f f e c t  of a small charge, and 
higher den i t r a t ing  r a t e .  

Other Conditions: Charge was 10.59 kg of T ~ ( N O J ) ~ - X ~ O .  

Purpose: To study the  e f f e c t  of  increased heater  
temperature with a s imi l a r  steam program a s  run 4 

Purpose: To study the  e f f e c t s  of  introducing a i r  a f t e r  
den i t r a t ing  t o  a low n i t r a t e  content,  and a m d i f i e d  
steam program's e f f e c t  on the  carryover. 

Other Conditions: A i r  a t  1 .33 SCFM f o r  4.00 h r  used a t  
end of run. 

Purpose: To study t h e  e f f e c t  o f  en i n l e t  steam b a f f l e .  
Other Conditions: Stem. control led  manually due t o  

diaphra.gm rupture .  

Purpose: Run 9 repeated to see  i f  good product was 
reproducible.  



Table 4.2. Analysis of  Products Produced i n  t h e  14-in.-dia Rotary Denitrator  

RD-l* 
Run No. RD-1 ATC-3 RD-2 RD-3 RD-4 RD-5 ATC-55w RD-6 R D - 7  R D - 8  RDB-9*** RDB-10 

Time i n  steam, min 
Time i n  a i r ,  min 
Product weight, kg 
Thorium carryover, $ 
LO1 (300-1OOO0C), % 
Nitrogen, $ 
Thorium, $ 
N / T ~ ,  m l e  r a t i o  
C r y s t a l l i t e  s i z e ,  A' 
Surface a rea ,  m 2 l g  
Fe, P P ~  
C r ,  P P  
Cu, ppm 

* Product from run R D - 1  charged in to  agi tated trough ca lc iner  and contacted with steam f o r  3 hr .  
** Run ATC-55, ag i ta ted  trough calciner ,  was made on the  same day using feed from the same drum as run RD-5. 

*** "B" s i g n i f i e s  baff led steam i n l e t .  
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Fig. 4.5. Rotating skin temperature of the rotary denitrator versus run time. 
Thermocouple located 4 in.  from enlarged section near steam inlet end. 
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Fig. 4.6. Rotating skin temperature of the rotary denitrator versus run time. 
Thermocouple located at the drum's center. 



The product from RD-2 was dispersable with only -7% of the  creamy 
fract ion.  The so ls  produced from t h i s  product were of poor so l  qua l i ty  
as  judged by previous standards. The gel  fragments were lower i n  density 
by 2 t o  4% over previously acceptable products. The N / T ~  r a t i o  was 0.078 
f o r  t h i s  run which i s  i n  t he  range of i n t e r e s t ,  however, s l i g h t l y  on the  
high side.  

Nineteen kilograms of 5/8-in. -dia 316 s t a in l e s s  s t e e l  b a l l s  were 
charged with t h e  thorium n i t r a t e  c rys t a l s  into  the  deni t ra tor  f o r  run RD-3. 
The creamy f rac t ion  w a s  reduced t o  -1% for  t h i s  product, ye t  i t s  nitrogen 
content was reduced only 13% from RD-1.  

Runs RD-4 through RD-8 were dispersable t o  > 99%. The amount of 
creamy f rac t ion ,  while negligible on a weight basis,  caused an eas i ly  
detectable difference i n  appearance. These products yielded so l s  which 
were milk white even when di luted.  This is  i n  contrast  t o  a blue color 
obtained from a good so l .  

A l l  runs from RD-4 through the  l a s t  RDB-10 were of the  proper N / T ~  
r a t i o  t o  produce good so l s .  Only the  l a s t  two, RDB-9 and RDB-10, gave 
products which had the charac te r i s t ic  appearance o f  good so l s .  

The cause of the  creamy f rac t ion  is  unknown and i t s  appearance would 
not be expected from the  analyses. From the  analyses, based on previous 
s tudies  with t he  agi ta ted trough calciner,  one would have predicted t h a t  
a l l  ten  runs would have been acceptable s o l  producing products. 

4 .4  Interpreta t ion of Results 

The run conditions responsible f o r  the  creamy f rac t ion  during the  
f i r s t  eight runs i s  not known. The decreasing w u n t  of creamy f rac t ion  
with successive runs would agree with an i n i t i a l  contamination gradually 
removed from the  system. Runs RD-5 and ATC-55 eliminate both feed and 
steam a s  contamination sources. Run ATC-55 was made i n  the  ag i ta ted  trough 
 calcine^ using thorium n i t r a t e  c rys ta l s  from the  same drum as  used f o r  run 
RD-5. Both runs were made a t  the  same time t o  check steam contamination. 
The product from ATC-55 w a s  normal i n  all respects while t h a t  o f  RD-5 
contained the  creamy f rac t ion .  

The apparent; a f f ec t  of  a baf f le  t o  increase the steam veloci ty  over 
the  bed during deni t ra t ion  was t o  cure t he  creamy f rac t ion .  However, t h e  
lower steam r a t e  used during run RDB-9 due t o  a diaphragm rupture i n  t he  
steam system would tend t o  minimize t h e  advantage of the  ba f f l e .  Therefore, 
t he  run condition responsib1,e f o r  t he  c r e w  fract ion i s  ye t  undetermined. 
The e f f ec t s  of steam program var ia t ions  w i l l  be investigated fur ther .  The 
cause of an i n i t i a l  contamination, i f  it existed,  w i l l  not be determined 
unless t h i s  e f f ec t  reoccurs. 



5.0 TRANSURNTIC STUDIES 

A. D. Ryon 

The data  reported t h i s  nonth. i . s  par t  of t h e  evdua t ion  and improvement 
s tudies  of the  contacting equipmelt* used 22  t h e  Trm-surmics Studies 
program. The flowsheet consisted of the  exl;rac'r,",~ii of  ra re  ea r ths  from 
a 1..5 M - ~ ( ~ 0 3 ) ~  solxtior, by 30$ TBP i n  A~ts:so. 

5 - 1 Insta l la t ior_ of  Weir - F. L. k l e y  

It i s  evident from the  McCabe-Thiele p lo t  of rur, C - 1 1  (oRNL CF 60-12-28) 
t h a t  extensive backmixing of the  ore;anic phase -kook place, resu l t ing  i n  
2oor stage eff ic iency.  Careful balzncing of t he  tho.-ighpat and mixing speed 
i s  necessary t o  reduce the  magnitude' of backmixirig. 

The mixer-set t ler  wzs modified by i n s t a i l i n g  a submerged weir 
( ~ i g u r e  5.1, ORNL Dwgs D-45758 and 11-45761) between each s e t t l e r  and 
the  downstream mixer and an organic recycle pLssage be-:ween each mixer- 
set.%ler pa i r .  The purpose i s  t o  balance the  s t a tdc  head i n  the  s e t t l e r  
v i t h  an equal head on the  dcwnstream side of the  weir t o  maintain the  
squeous-organic in te r face  independer t of mixer speed. When the  mixer 
speed i s  greater  than t h a t  required t o  pump the  aqueous phase, organic 
i s  recycled from t h e  s e t t l e r  withoat l o s s  of tke  irLterface,  thus  el iminat-  
ing backmixing of t he  organic from the upstream stage.  As the  mixer speed 
f s  increased P ~ r t h e r  the  y e s s u r e  drop tkrc7~gk r" crgzrrf~ r e ~ y c l e  may 
become equal t o  the  s t a t i c  head acress  the  weir a;d the  in te r face  w i l l  
drop. 

Hydraulic t e s t s  were made i n  the  modPfied mixer-set t ler  t o  evaluate 
the  performance of t he  wefr. Aquems solut93n!% .!laeil ranged i n  spec i f ic  
gravity ( 2 5 ' ~ )  from 1.0053 t c  1.2420, viscosi ty  ( ~ G O C ! )  from 0.8074 t o  
5.958 centfpoise while the spec i f ic  gravity of  the  organic solut ions  
ranged from 0.7648 t o  0.9547, viscosi ty  from 0.9242. t o  6.046  able 5.1).  
In  each t e s t  a mixing speea t o  give a good dispers i i j :~  was chosen and the  
zaximum throughput witk.~=:.ut f lc~cdiug was detem~i.i.,ed. Flvcding w a s  due t o  
dispersion and nct  i n  ar;y case caused by i n a d e q ~ a t e  pimping. The aqueous 
flow was then stopped an-d the  mixer speed require2 t o  pmp ~ u t  t he  
aqueous -org%r,ic in te r face  determined ba able 5. l) . Wi",lnSli t he  wide range 
of conditions reported, w i t h .  the  exception of no aqueous flow, the  weir 
.Gas adequate i n  holding the aweous-organic in te r face  i n  the  s e t t l e r  thus -- , ,eventkg organic backnixingo 

The data  i n  Table 5 .1  show that, a s  the  s p e e i f i , ~  gravity difference 
I.,,.:-- 
uL -!Teen the  aqueous a d  org%~r,ic phases i s  increased, the  mlxer speed 
required t o  make a good dispersion and the  mixer speed required t o  pump 
c a t  the  aqueous-organic in te r face  aisa increased. 

* A mixer-sett ler  of  Belgian design, ORNL d-rawings D-34200, 34201, 3k-202, 
34203, and 34205. 
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Fig. 5 .1 .  Sectional v iew of  modif ied mixer-settler. 



Table 5.1. Weir --- Ilydrc~ulic Data 

- 
Mixer Speed - 
Required t o  

Mixer Speed Pump Out 
Specif ic  Required A q - O r g  

Specific Gravity Viscosity f o r  Good Maximum* Interface at; 
Gravity Difference Centipoise Dispersion Flow Rate NO Aq  Flow 

Test Solutions (25Oc) A q - O r g  (30°C) rPm ml/min rPm 

1 wt $ HNOs 1.0053 
85% TBP i n  Amsco 0 9547 0.0506 

10 wt $J HNOs 
85% TBP i n  Amsco 

1 . 5  M H C ~  1.0168 
30% &mine 336 i n  DEB 0.8713 0.1455 

1 . 5  M H C ~  1.0168 
Di ~ T h ~ l  Benzene 0.8603 0.1565 

11 M L i C 1  1.2420 
30%-alamine 336 i n  DEB 0.8713 0.3707 

11 M L iC1  1.2420 
5% TBP i n  Amsco 0.7648 0.4772 

* A t  mixer speed required t o  give good dispersion.  
*+ Poor dispers ion,  



The maximum throughput, a t  t he  mixer speed required t o  give a good 
dispersion,  decreased a s  t he  v i scos i ty  of t he  continuous organic phase 
increased. A s  shown i n  Figure 5.2, t he  throughput i s  proportional  t o  
( 1 ~ ) - 0 . 7 .  The v i scos i ty  of  t h e  dispersed aqueous phase seems t o  have l i t t l e  
e f f e c t  on mixer-set t ler  throughput. 

Comparison of t he  McCabe-Thiele p lo t s  of run C - 1 1 ,  run C-10 (ORNL CF 
60-12-28); run MS-29 ( ~ i g u r e  5.3, Table 5.3) and run MS-30 ( ~ i g u r e  5.3, 
Table 5 .3)  shows t h a t  organic backmixing was eliminated i n  runs MS-29 an.d 
MS-30 even though the  operating conditions were much more severe, i . e .  
high mixer speed and lower flow r a t e ,  than those of run C - 1 1  (mixing 
speed 1800 rpm, t o t a l  throughput 66 mllmin). 

5.2 Effect  o f  Impeller Design 

Due t o  t h e  evidence of poor mixing by t h e  pump impellers (ORNL drawing 
34202) i n  runs C-9 and C-11' (ORNL CF 60-12-28); four blade s t a i n l e s s  s tee l*  
and four blade Teflon impellers* were t e s t ed  i n  t he  Belgian mixer - se t t l e r .  

Runs C-9 and C - 1 1 ,  using t h e  pump impeller gave an average s tage 
e f f ic iency  f o r  Ce extract ion o f  -597; a t  1800 rpm. In  run MS-29  a able 5 .2)  
t he  four blade Teflon impeller* was used giving an average s tage e f f ic iency  
of -9346 a t  1725 rpm. Run MS-20  a able 5.4) was made using four blade 
s t a i n l e s s  s t e e l  impellers* and average stage eff ic iency of -90% a t  1400 
rpn was rea l ized .  

5.3 Effect  of Phase Ratio 

The phase r a t i o  (aqueous flow/organic flow) a t  which t he  Belgium 
mixer-set t ler  i s  operated has a marked e f f e c t  on Ce ex t rac t ion  s tage 
eff ic iency f o r  t h e  T B P - A ~ ( N O ~ ) ~  flowsheet. As t he  phase r a t i o  approached 
unity t he  s tage eff ic iency o f  t he  mixer-set t ler  was increased. Run MS-28 
 a able 5.5) operated a t  a phase rat i-o ( ~ 1 0 )  of  8 .4  gave an average 
eff ic iency of  4576 while run MS-29  a able 5 .2 ) ,  at a phase r a t i o  of  1, 
gave an average e f f ic iency  of  93%. Since there  was no evidence of  back- 
mixing i n  run MS-28 (A/O of  8 .4 ) ;  t he  low ef f ic iency  w a s  probably due 
t o  insuf f ic ien t  contact .  

* Four blade impeller, 13132-in. -dia x 112-in. high. 
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Fig. 5.2. Effect of viscosity on throughput. 
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Table 5.2. Ce Extraction Run MS-29 Data 

Feed: 1 .4  M ~ ( ~ 0 3 ) ~  Flow: 20 ml/min 
0 .5  E l l i t e r  RE 
Ce t r a c e r  19,400 y counts/min/ml 

Organic - 30% TBP i n  Amsco Flow: 20 ml/min 

Impeller - Four blade Teflon 

Mixing speed - 1725 rpm 

Ce y counts/min/ml Stage* 
Extraction Flowing Streams Equil ibrated Samples (MS-30) Efficiency,  
Stage NO. Aq Org Aq Org % 

* Murphee eff ic iency based on aqueous phase calculated by use of a 
McCabe-Thiele p lo t .  

Table 5.3. Ce Extraction Run MS-30 Data 

Feed: 1 . 4  M A l ( ~ 0 ~ ) ~  Flow : 8.1 ml/min 
0.5 $ l i t e r  RE 
Ce t r a c e r  19,400 y count;s/min/ml 

Organic - 30% TBP i n  Amsco Flow : 5.5 ml/min 

Impeller - Four blade Teflon 

Mixing speed - 2160 rpm 

Ce y count;s/min/ml Stage* 
Extract  ion Flowing Stream Equil ibrated Samples Efficiency,  
Stage NO. Aq 0% Aq Org $ 

* Murphee eff ic iency based on aqueous phase calculated by use o f  a 
McCabe-Thiele p lo t .  



Table 5.4.  Ce Extraction Run MS-20 Data 

Feed: 1 . 4  M A ~ ( N O S ) S  Flow: 20 ml/min 
0 .5  - / l i t e r  RE 
Ce t r a c e r  23,800 y counts/min/rit 

Organic - 30% TBP i n  Amsco Flow: 20 ml/min 

Impeller - Four blade s t a i n l e s s  s t e e l  

Mixing speed - 1400 rpm 

Ce y counts/min/ml Stage* 
Extract  ion Flowing Streams Equil ibrated Sample Efficiency,  
Stage NO. AS 0% A q  Org % 

Feed Stage - - 2,780 40,900 
1 3,140 19,500 - - 92 
2 653 3,250 - - 86 
3 103 564 - - 90 

* Murphee e f f ic iency  based on aqueous phase calculated by use o f  a 
McCabe-Thiele p lo t .  

Table 5.5. Ce Extraction Run MS-28 Data 

Feed: 1 . 4  M ~ ( ~ 0 3 ) ~  Flow r a t e  - 44.3 ml/min 
0.5 z / l i t e r  RE 
Ce t r a c e r  19,400 y counts/min/ml 

Organic - 30% TBP i n  Amsco Flow - 5.3 ml/min 

Phase r a t e s  A/O = 8.4 

Impeller - Four blade Teflon 

Mlxing speed - 2160 rpm 

Ce counts/min/ml Stage* 
Extraction Flowing Stream Equil ibrated Samples Efficiency,  
Stage NO. Aq. Org Aq 0% % 

1 18,600 81,100 l.2,900 72,200 2 2 
2 17,100 75,900 15,400 80,200 3 5 
3 14,100 66,400 1-3,300 70,700 5 8 
4 9,100 44,700 7,000 46, goo 6 5 

* Murphee eff ic iency based on aqueous phase calculated by use o f  a 
McCabe-Thiele p lo t .  
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