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ABSTRACT 

The height  of t r a n s f e r  un i t s  i n  a 6 - i n . - 1 ~  foam-liquid column f o r  
i so top ic  exchange o r  s t r ipp ing  of S r  using ~ r - 8 9  t r a c e r  were 1 . 4  t o  4.. 6 
i n .  Denitrat ion of ~ h ( ~ 0 ~ ) ~  i n  an ag i t a t ed  trough t o  give t h o r i a  f o r  
dispersion in to  a s o l  i s  reproducible. The loading of UF6 on a s ing le  
l ayer  o f  118-in. r i g h t  c i r cu l a r  cyl inders  of  NaF i n  t he  presence of a 
flowing UFs-N2 stream showed strong dependence on gas concentrat ion i n  
t he  range 0.58-8.0 mole '$ UF6 and a weaker dependence on temperature 
i n  the  range 25"-100°C. Eleven t e s t s  were made using simulated Darex, 
TSP-25, and TBP-25 with organic waste demonstrating t he  batch and 
continuous flowsheets with good s t ab l e  control  of  t h e  continuous 
evaporator. 
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SUMMARY 

1 .0  CHEMICAL ENGINEERING RESEARCH 

Foam Separation. The height o f  t r a n s f e r  u n i t s  were determined i n  a 
6 - i n . - 1 ~  foam-liquid column f o r  i sotopic  exchange o r  s t r ipp ing  of Sr  using 
~ r - 8 9  t r ace r .  Based on t he  l i qu id  phase, these  were 3.5 t o  4.6 i n .  f o r  
18 i n .  of countercurrent column with a s t a i n l e s s  s t e e l  gas sparger. With 
a spinneret te  sparger, they were 1 . 4  t o  3.3 in .  f o r  24 i n .  of countercurrent 
column. The r e l a t i v e l y  i r r egu l a r  bubble s i z e  and t he  r e su l t i ng  foam con- 
densation and channeling with the  s intered s t a i n l e s s  s t e e l  sparger caused 
t he  difference.  Some ne t  t r a n s f e r  of Sr occurred f o r  t h e  i so top ic  exchange 
runs, but  the  Sr concentration gradients  i n  the  column were l imi ted  t o  
fac tors  of 1 . 6  t o  8, as  compared t o  250-500 f o r  Sr  s t r ipp ing  runs. 

2.0 THORIUM UTILIZATION STUDIES 

Denitrat ion of  T ~ ( N O ~ ) *  in an ag i ta ted  trough t o  give t h o r i a  f o r  
dispersion i n t o  a s o l  i s  reproducible. Varying temperatures of t he  s tean 
atmosphere i n  t he  trough had l i t t l e  e f f ec t  on t he  product N / T ~  r a t i o  which 
w a s  0.137-0.145 f o r  t h r ee  runs of 135 min, and 0.066-0.68 f o r  s i x  runs of 
180 min. 

3.0 VOLATILITY 

The loading of UF6 on a s ing le  l aye r  of l /8 - in .  r i gh t  c i r cu l a r  
cylinders o f  NaF i n  t h e  presence of a flowing UF6-Nz stream w a s  s tudied.  
A strong dependence on gas concentration i n  t h e  range 0.58-8.0 mole $ 
UF6 and a weaker depndence on temperature i n  t h e  range 25°-1000~ w a s  
observed. 

4.0 WASTE PROCESSING 

The average f i l l i n g  r a t e  t o  t h e  pot ca lc iner  w a s  found t o  decrease 
with increased f i l l i n g  time, which gave higher bulk dens i t i e s  o f  t he  
calcined so l ids .  Eleven t e s t s  were made using simulated Darex, TBP-25, 
and TBP-25 with organic type waste. Demonstrations of t h e  batch and 
continuous flowsheets were made, with good s t ab l e  con t ro l  o f  t h e  continuous 
evaporator. F i l l i n g  r a t e s  o f  8 .6  t o  19.4 l i t e r s / h r  averaged over t h e  
f i l l i n g  period were demonstrated depending upon feed type,  concentration, 
and f i l l i n g  period, with bulk dens i t i e s  ranging from 0.61 t o  1 .42 g/cm3. 



1 .0  CHEMICAL ENGINEERING RESEARCH 

1.1 Foam Separation - P. A. Haas, J. D. Sheppard 

Continuous countercmrent operation of  a 6-in.  - I D  foam-liquid column 
w a s  continued t o  study t he  engineering var iab les  which control  column 
performance. From the  r e s u l t s  t o  da te ,  it appears t h a t  t he  simple s t r i pp ing  
of  Sr from a l i q u i d  feed stream i s  a more p r a c t i c a l  system f o r  column 
evaluation than t h e  i n i t i a l l y  se lected isotopic  exchange of  ~ r - 8 9  and 
inac t ive  Sr. Therefore, t h e  next s e r i e s  o f  runs w i l l  be f o r  s t r i pp ing  of  
S r  with column length,  l i q u i d  feed r a t e ,  gas/ l iquid volume r a t i o ,  and 
bubble s i z e  as independent var iables .  The i n i t i a l  run o f  t h i s  s e r i e s  
has been made with 0 ,  10, and 20 cm column lengths ,  500 cc/min o f  l i q u i d  
feed, 1 . 2  gas / l iquid  volume r a t i o ,  and about 0 .5  mm d i a  bubbles. 

System Select ion.  Use of  Sr  and ~ r - 8 9  with a l a rge  excess o f  dodecyl- 
benzenesulfonate su r fac tan t  t o  insure  e s s en t i a l l y  100% complexing of  t h e  
Sr  w a s  se lec ted as t h e  most su i t ab l e  system fo r  engineering evaluat ion 
of foam columns ( ~ u g u s t  1961 Unit Operations Monthly ~ e p o r t ) .  This system 
could be used f o r  s t r i pp ing  o r  enrichment o f  Sr  o r  f o r  i so top ic  exchange 
of  ~ r - 8 9  with na tu r a l  S r .  

The i so top ic  exchange between na tu r a l  S r  and ~ r - 8 9  w a s  i n i t i a l l y  
se lected over s t r i pp ing  because: 

1. The S r  concentration would be constant throughout t h e  column 
giving a s t r a i g h t  e u i l ibr lum l i n e .  The i so top ic  equ i l ib r iuq  
expressed a s  (SR-89ySr) 1 l o u i d / ( ~ r - 8 9 / ~ r )  foam i s  a constant  
very near uni ty .  

2. Al l  chemical concentrat ions could, i n  theory,  be held constant  
throughout t he  column thus  avoiding any var ia t ions  i n  d i s t r i b u -  
t i o n  coef f i c ien t s  o r  foam proper t ies  because of chemical changes. 

3 .  I n  order  t o  l i m i t  t h e  complexity of t h e  system, Sr  concentrat ions 
must be low enough t o  avoid s i gn i f i c an t  amounts of uncomplexed 
Sr  and high enough t o  avoid s i gn i f i c an t  surface exchange o r  
adsorption e f f e c t s .  These l i m i t s  r e s t r i c t  t he  range p r a c t i c a l  
f o r  Sr enrichment o r  s t r ipp ing .  For i so top ic  exchange, however, 
any Sr concentrat ion within t h i s  range may be used with any ~ r - 8 9 1  
Sr  r a t i o .  

Experimental results have shown t h a t  t he  advantages o f  using Sr  
i so top ic  exchange were overestimated. The Sr  d i s t r i bu t i on  coef f i c ien t  
i s  %pproximtely constant and t h e  behavior of  t h e  Sr dodecylbenzenesulfonate 
complex [Sr ( D B S ) ~ ]  does not change appreciably f o r  S r  concentrat ions from 
2 x 10'" M down t o  very low values (> lo-' M) i n  10'~ M NaOH and 3 - 10 x 
10 '~  M N ~ ~ B S .  The e f f e c t s  of  Sr c o n ~ e n t r a t ~ o n s  on fo& proper t i es  and t h e  
e f f e c t s  of  Sr complexing o r  adsorption over t h i s  range a r e  not excessive.  
Therefore, it i s  p r a c t i c a l  t o  use Sr  s t r i pp ing  with Sr  concentrat ion var ia -  
t i ons  of  at  l e a s t  lo3 and s t i l l  have a s t r a i gh t  equil ibrium l i n e .  



The d i f f i c u l t y  of obtaining isotopic  exchange without any net  t rans fe r  
of  Sr was not f u l l y  appreciated. Any e r ro r s  i n  the  gas flow r a t e ,  l i qu id  
flow r a t e ,  foam surface per cc, o r  Sr d i s t r i bu t ion  coeff ic ient  r e s u l t  i n  a 
combination of  Sr  s t r ipping and iso1;opic exchange. The existance of  such 
e r ro r s  could be checked i f  the  t o t a l  Sr concentrations i n  the  column e x i t  
streams were measured. Since NaDBS and S ~ ( D B S ) ~  have approximately equal. 
s~r face / s01ut ion  d i s t r i bu t ion  coef f ic ien ts  and the  ( D B S ) ~ ~ ~ ~ ~ ~ /  (DBS) foam 
concentration r a t i o  i s  e a s i l y  measured by u l t r a v i o l e t  absorption, t h i s  
r a t i o  was i n i t i a l l y  assumed t o  be a measure of ( ~ r ) ~ ~ ~ ~ ~ ~ / ( ~ r ) ~ ~ ~ ~  con- 
centra t ion r a t i o s .  However, the  sodium dodecylbenzenesulfonate i s  mostly 
ionized i n  solut ion so t h a t  the  amount present a s  NaDBS is  s m a l l .  Therefore, 
the  slope o f  t he  operating l i n e  f o r  isotopic  exchange cannot be checked 
from the run analyses ( rout ine  accul-ate chemical analyses f o r  < 1 ppm Sr 
do not appear p r ac t i ca l )  and must be calculated.  

Future countercurrent column t e s t s  w i l l  be t r ea t ed  simply a s  s t r ipp ing  
of ~ r - 8 9  from a l i qu id  feed t o  the  t op  of  t he  column. Feed of  surfactant  
and/or na tura l  Sr  t o  the  bottom of  t he  column may be used t o  hold the  
chemical concentrations more constant, but w i l l  not  be intended t o  avoid 
a l l  ne t  t rans fe r  of  Sr  between phases. 

Nomenclature. The nomenclature used fo r  t he  calculat ions  and tabula- 
t i ons  a r e  a s  follows with the  u n i t s  used i n  brackets:  

a i s  surface area  per un i t  volume of  gas [sq cm/cm3] 

x i s  l i qu id  concentration [cpm/cc] 

y i s  surface concentration [cpm/sq cm] 

z is  length of countercurrent contact [ in.  ] 

L i s  l i qu id  flow r a t e  [cc/min] 

V i s  surface flow r a t e  [sq cm/rin] 

E i s  l i q u i d  volume of condensed foam; i . e .  t he  l i qu id  going up the  
column with the  foam [cc/min] 

The subseripts used t o  designate these quant i t i es  a t  various points  i n  
the column a re  shown on the  following sketch. 
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L is  the  ne t  l i qu id  flow down the  column 
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Starred concentrations (xl+, yl+, x *, e t c .  ) are  t he  concentrations 
which would be i n  equilibrium with t he  o?her phase at  t h a t  point ,  
xl+ = yl/ ( ' r /c) ,  yl* = xl(r/c) .  The quanti ty defined as r / c  during stud?-es 
o f  t he  chemistry of foam l i qu id  systems i s  t he  equilibrium d i s t r i bu t fon  
coef f ic ien t ,  a = (y/x)* o f  conventional engineering nomenclature. 

Note t h a t  LB w a s  0 f o r  t he  Sr s t r ipp ing  runs. 
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Sr Stripping Results. The foam column operating conditions a re  
se lected t o  give a s t r a i g h t  equilibrium l i n e  and t h e  operating l i n e  w i l L  
be s t r a igh t  i f  foam condensation does not occur. For these conditions, 
t he  re la t ionships  f o r  t he  number of t r a n s f e r  u n i t s  and height of a t r a n s f e r  
u n i t  a t  t he  low concentrations i n  a foam column become: 

Condensed Foam 
Volume, E 

P 
Conc, y~ (based on 

A area ,  V )  

z 
Foam Leaving Liquid 

Area, V 
Cone, Y l  
Also contains El 

volume of l i q u i d  
o f  conc. x 

B 



where (ya - y)& and (x  - x * ) ~ ~  a re  log  mean driving forces.  

The Sr concentrations a re  most conveniently expressed a s  cpm/cc o r  
cpm/sq cm; these may be converted t o  other  u n i t s  by use o f  the  feed l i qu id  
cpm/cc and Sr m l a r i t y .  

The l e a s t  accurately known quant i t i es  f o r  the  calculat ions  of Ny o r  
Nx are  t he  values of  r /c and V which a re  necessary t o  determine ye and x2* 
since y2 is  not measured d i r ec t l y .  The e f f ec t s  of these quant i t i es  on 
Nx are  small when the  operating and equilibrium l i n e  pinch a t  the  bottom 
of  the  column since the  more accurately known l i qu id  pot concentrations 
control  the  values o f  Nx. The e f f ec t  of  foam condensation would be t o  
decrease the  value of  V a s  the  foam passes up the  column. The e f f ec t  o f  
the  l o s s  of  t r ace r  a c t i v i t y  i n  t he  column would not be s ign i f ican t  i f  t he  
percentage losses  from each phase were equal, but would a f f e c t  the HTU 
values i f  the l o s s  i s  p re fe ren t ia l  from one phase. 

Data from three  runs with no l i qu id  o r  Sr feed t o  the  bottom of the  
column give HTUx values (height o f  t r ans fe r  un i t  based on the  ove ra l l  
l i qu id  phase coef f ic ien t )  of  1 .4  t o  4 .6  in .  The values of  4.6 in .  f o r  
run 1 3 B  and 2.8 i n .  f o r  14A are r e l a t i ve ly  insens i t ive  t o  the  uncertainty 
i n  the  values of r/c and a. The difference would be expected due t o  the  
i r regula r  foam bubble s i ze  from the s t a in l e s s  s t e e l  sparger used f o r  run 
1 3 B  as  compared t o  the  uniform foam from the spinneret te  used f o r  run 1 4 ~ .  
Both of  these runs "pinch" a t  t he  bottom while 14E may pinch a t  the  top 
o r  t he  bottom, depending on the  v a l ~ e s  of T/C and a used. 

Table 1.1 i s  organized t o  show the  need f o r  and e f f ec t s  of  the  values 
o f  r/c and a .  Values down through t.he t ab l e  through i n l e t  ~ r - 8 9  a c t i v i t i e s  
a r e  r e l a t i ve ly  accurately known. Values of  y2 must be calculated using 
values o f  a ,  t he  gas ra te ,  and the  foam Sr r a t e  from e i t h e r  gross B 
material  balances o r  the ~ r - 8 9  i n  condensed foam samples, The gross l3 
balances were 94% f o r  13B,  65% f o r  1 . 4 ~  and about 70% f o r  1 4 ~ .  Calculation 
of  the  values of  x2* requires use of' values f o r  r/c. However, the  values 
of  Nx a r e  insens i t ive  t o  the  values o f  a and TIC f o r  runs 1 3 B  and 1 4 ~  
since x2 - xg is  not dependent on them, x2 - xl i s  r e l a t i ve ly  insens i t ive  
t o  them, and the  values of  (x  - x * ) ~  a re  controlled by the  values of xg. 

Isotopic Exchange Results. For a l l  the  runs with exchange of ~ r - 8 9  
and inactive Sr,  t he  ~ r - 8 9  t r ans fe r  was both by s t r ipping and by exchange. 
The analyses of  r e su l t s  can be done the same wa.:; a s  f o r  s t r ipp lng  alone 



Table 1.1. Foam Column HTU, Values f o r  Sr Stripping 

Liquid: M NaOH plus Sr(0H)a and Trepolate F-95 surfactant 
estimated t o  be 384 g per g mule of dodecylbenzenesulfonate. 

Foam: Water pumped Ng scrubbed with 0.2 M NaOH in a packed 
column; sintered s ta in less  s t e e l  sparger f o r  l3B, 
spinnerette f o r  14A and 14E. 

Run Run Run 
Quantity Symbol Unit 13B 14A 14E 

Liquid r a t e  in  
Gas ra te  
Condensed foam r a t e  
Net l iquid ra te  
Liquid surf.  conc. i n  
Liquid surf.  conc. out 
Liquid Sr conc. i n  
~ i q u i d  ~ r - @  ac t iv i ty  ina 
Liquid Sr-@ ac t iv i ty  outa 
Surface Sr-@ ac t iv i ty  i n  
Liquid i n  equil.  with yB 

Estimated surf .  area 
Assumed Sr d i s t .  coef. 
Phase flow r a t i o  

x2 
XB (also xl*) 

YB 
x ~ *  

Ppm 
lo-8 
cpmlcc 

sq cm/cc 
cm 
dimensionless 

b 
Surface Sr-@ ac t iv i ty  out y2 cpm/sq cm 2 . 0 7 ~  1 5 . 8 ~  31.2~ 31.2h 
Liquid i n  equil.  with y2 x2* c d c c  258 1980 3910 3120 
Liquid entertng pot XI cpm/cc 63 28 119 134 

(Calculated number of cpm/cc 1740 '?E 4495 4495 
t rans fe r  uni ts  including ?: 1 :@)a cpm/cc 280 238 422 
l iquid pot) Nx 6.2 10.1 18.9 10.6 

(Calculated number of  XP - XI cpm/cc 1690 4 5 a  4430 4420 
t rans fe r  units; l iquid pot (x - x * ) ~  cpm/cc 430 517 2 50 465 
of one theoret ical  stage) Nx 3.9 8.7 17.7 9.5 

Countercurrent length z in .  18 24 24 24 
Height of t ransfer  uni t  

IFpUX 
in. 4.6 2.8 1.4 2.5 

a The counts reported are f o r  14 days a f t e r  run 1 3  and 27 days a f t e r  run 14 t o  permit Y-90 t o  
approach equilibrium with Sr-90 i n  t racer .  

The y2 values are  calculated assuming 100% gross !3 material balance. 



by recognizing t h a t  the  l i qu id  t o  surface d i s t r i bu t ion  coef f ic ien t  e x i s t s  
f o r  each Sr isotope. For a given system of specif ied concentrations, the  
d i s t r i bu t ion  coef f ic ien ts  f o r  the  various isotopes a r e  e s sen t i a l l y  equal 
and the  same a s  t h a t  f o r  t o t a l  Sr. The s t r a igh t  operating and equilibrium 
l i n e s  permit use o f  t he  same equations used t o  calculate  Nx f o r  the  Sr 
s t r ipping runs. 

The HTUx values f o r  runs with isotopic  exchange were 3.5 and 4.3 i n .  
f o r  runs with the s t a in l e s s  s t e e l  sparger and 1 .9  t o  3.3 in .  f o r  runs with 
the  spinnerette  a able 1 .2 ) .  I f  a l a rge r  value of i'/c f o r  t he  ~ r - 8 9  was 
used, t he  values f o r  HTUx would increase,  par t i cu la r ly  t he  value f o r  rm 
1 4 ~ .  

Sr  concentrations f o r  the  l i qu id  pot were calculated from mater ia l  
balances  a able 1 .2 ) .  The l i qu id  enter ing t he  pot from the c o l m  was 
assumed i n  approximate equilibrium with the  foam leaving Q i t h  respect  t o  
t o t a l  Sr  concentrations. Then the  l i qu id  Sr  concentrations f o r  streams 
leaving the l i qu id  pot were calculated t o  be 0.27 t o  1.55 x M Sr. 
While the  Sr  l i qu id  concentrations throughout the  column varied by fac tors  
of  from 1 .6  t o  8 f o r  these exchange runs, t h i s  var ia t ion  was much smaller 
than the  var ia t ions  of  from 250 t o  500 during the  s t r ipp ing  runs  a able 1 .1 ) .  
The surfactant  concentrations were e l so  held more constant during the  
exchange runs because t he  surfactant  f o r  the  foam surface was supplied by 
the  bottom feed l iqu id .  

Conclusions. Foam column operating conditions cannot be selected 
precisely  enough t o  give isotopic  exchange o f  ~ r - 8 9  and inac t ive  Sr  with- 
out any ne t  t r ans fe r  of Sr  between phases. However, Sr  l i qu id  concentra- 
t i ons  can be maintained constant within a f ac to r  of two  f o r  Sr exchar-ge 
a s  compared t o  fac tors  of 250 o r  more f o r  Sr  s t r ipping.  The heights of  
t rans fe r  u n i t s  based on the  l i qu id  phase (mux) were calculated t o  be 3.5 
t o  4.6 in .  f o r  18 in .  of countercurrent column with a s t a i n l e s s  s t e e l  gas 
sparger and 1 .4  t o  3.3 in .  f o r  24 in .  of countercurrent column with a 
spinneret te  sparger.,  The dif ference between the  two spargers i s  probably 
r e a l  and due t o  the  i r regula r  bubble s ize  and the  resu l t ing  foam condensa- 
t i on  and channeling with t he  s in te red  s t a in l e s s  s t e e l  sparger. The accuracy 
of t he  HTUx values i s  not good because of t he  uncertainty of t he  equilibrium 
curve, the  uncertainty of  t he  surface area  per un i t  volume of  foam ( a ) ,  and 
the  low t r ace r  a c t i v i t y  i n  the  exit; l iqu id .  



Values for  Sr Isotopic Exchange 

Liquid: lo-' M NaOH plus Sr(OA)2 and Trepolate F-95 surfactant estimated 
t o  be-384 g per g m l e  of dodecylbenzenesulfonate. 

Fbam: Water pumped N2 scmbbed with 0.2 M NaOH i n  a packed column; 
sintered stainless s t e e l  sparger fGr 13D, ID, spinnerette f o r  
14B, 14C, and 140. 

Quantity 

- 

Run Run Run Run Run 
w b o l  Units 13D 13E 14 B 142 14D 

Liquid ra te  in  top 
+ Ep cc/min 

Gas ra te  v/a cc/min 
Liquid ra te  in  bottom 2 cc/min 
Condensed foam rate cc/min 
Net l iquid ra te  L~ cc/min 
Liquid r a t e  out bottom L + %I cc/min 

Liquid surf. conc. in top - PFm 
Liquid surf. conc. in  bottom - Ppm 
Liquid surf. conc. out bottom- 
Surf. ra te  in cond. foam - z m i n  
Surf. material balance - % 

Liquid Sr conc. in top 10- M 
~ i q u i d  ~r-89 conc. in topa x, cpmLcC 
Liquid Sr conc. in  bottom - 10- M 
Liquid Sr-@ conc. i n  bottom yg c d e q  am 
Liquid Sr-89 conc. out8 xB (ale0 xl*) c p / c c  
Estimated surface area Bq CD./CC 

Assumed Sr d ie t .  coei. $/c cm 
Phase flow ra t io  P C )  ( V )  dimensionless 

Sr in  foam leaving liquid 
Sr in  net l iquid flow 
Liquid Sr conc. out 

Sr-@ in  
Liquid Sr-@ out 
Surface Sr-@ conc. outb 
Liquid i n  equil. with ya 
Liquid in  equil. with yB 
Liquid c o l m  to pot 

(Calculated number of  X2 - Xg CP/CC 

t ransfer  units  including (x - x + ) ~  cpn/cc 
l iquid pot) Nx 

(calculated number of X 2  - XL cpm/cc 
t m s f e r  units ;  l iquid (x - x + ) ~ ~  c d c c  
pot of one theoret ical   stage)^^ 

Countercurrent length z in.  
Height of t ransfer  unit  iiTUx in. 

(value of a to foam a sq cm/cc 
breaker i f  PDBS = 

3.2 x lo-'') 

These counts were delayed (14 days for  run 13, 27 days f o r  run 14) to p e n i t  Y-90 to approach equilibrium with 
Sr-90 in  the tracer .  

The y2 values were calculated assuming a 100% gross 0 material balance. 



2.0 THORIUM ~ILIZATION STUDIES 

This program is  t o  develop chemical processing and f u e l  fabr ica t ion  
techniques f o r  thorium which w i l l  s i m p l i a  i t s  use as  a reactor  f e r t i l e  
mater ia l .  The immediate object ive  i s  t o  develop t o  the  p i l o t  p lan t  stage 
the  appl icat ion of  the  so l -ge l  and vibratory compaction processes t o  give 
clad oxide f u e l  elements. Studies include : deni t ra t ion  of T ~ ( N o ~ )  i n  
steam atmospheres followed by dispersion i n t o  t h o r i a  so l s ,  uranium addit ion,  
drying, ca lc inat ion,  and reduction t o  give high density Tho2-U02 pa r t i c l e s .  
Test elements of v ib r a to r i l y  compacted mixed oxides a r e  being fabr ica ted  o r  
i r rad ia ted .  

2 .1  Thorium Nit ra te  Denitrat ion Studies - J. W. Snider, R. D. Arthur, 
D. A. McWhirter, J. D. Sheppard 

The e f f e c t s  of varying steam temperature, time of operation with steam, and 
time of operation with air were studied with t he  ag i ta ted  trough calc iner .  
The reproducibi l i ty  of t he  N / T ~  r a t i o  from batch t o  batch under t h e  same 
run conditions w a s  a l so  checked. 

Runs 25, 26, and 48  a able 2.1) were made t o  determine t he  reproduc- 
i b i l i t y  of t he  N / T ~  r a t i o  f o r  f ixed run times of 135 min, but with varying 
steam i n l e t  temperatures. Runs 25 and 26 had a steam i n l e t  temperature 
of 425 '~ .  Run 48 had a steam i n l e t  temperature of 2 6 0 ' ~  ( ~ i g u r e  2 .1) .  
The N / T ~  r a t i o s  were : run 25 - 0.14.7, run 26 - 0.137, and run 48 - 0.145. 
This represents an appreciable temperature di f ference i n  steam i n l e t  
temperature with no e f f e c t  on t he  N / T ~  r a t i o  o f  t h e  product. It should 
be noted, as reported e a r l i e r ,  t h a t  only a s m a l l  f r a c t i on  o f  t h e  t o t a l  
heat  input i s  supplied by t h e  steam. This i s  evident by t h e  off-gas 
temperature from the  ag i ta ted  trough remaining constant a t  both i n l e t  
steam temperatures. The trough skin temperature f o r  run 48 was 25'C 
higher than fo r  t he  other  two runs. 

Runs 31, 32, 33, and 34 had a steam i n l e t  temperature of 4 2 5 ' ~  while 
run 35 had a steam i n l e t  temperature o f  250°C; t h e  run t imes were 180 min 
 a able 2.2).  The N / T ~  r a t i o s  were 0.066 f o r  runs 31 through 34 and 
0.068 f o r  run 35. Control of  the  N / T ~  r a t i o  w a s  good f o r  t h i s  s e r i e s  
of runs. 

Run 38 duplicated 35 except f o r  an addi t ional  25 min running time. 
The N / T ~  r a t i o  was reduced from 0.068 t o  0.064. 

Runs 50, 54, 55, and 56  a able 2.3) used both steam a t  2 5 0 ' ~  and a i r  
f o r  t he  low N / T ~  regions. The run time was 180 min i n  steam and 180 min 
i n  air.  The trough skin temperature w a s  2 5 ' ~  higher than f o r  t h e  31-35 
s e r i e s .  The N / T ~  r a t i o s  were : run 50 - 0.042, run 54 - 0.035, run 55 - 
0.046, and run 56 - 0.044. Control of  t he  N / T ~  r a t i o  was good f o r  t h i s  
seri .es of runs. 



Table 2.1. The Effect  of I n l e t  Steam Temperature on t h e  

N / T ~  Ratio Using the  Agitated Trough Calciner 

- 
Run 25 ~ u n  26 ~ u n  48 

Run Time, min 135 135 135 
Skin Temp., O C  410 410 435 
Steam Temp. , O C  425 42 5 260 
Off-gas Temp., O C  260 269 260 
Steam Rate, lb /hr  7.8 7-8  8 
LO1 - (300 -~OOO~C) ,  $ 4.52 4.40 4.03 
N, !$ 0.75 0.70 0.74 
N / T ~ ,  Atomic Ratio 0.147 0.137 0.145 

Table 2.2. Reproducibility of the  N / T ~  Ratio f o r  Fixed Run Times 

Usina the  Agitated Trouah Calciner 

--- 
R u n  31 Run 32 R u n  33 Run 34 Run 35 3un 38 

R u n  Time, min 180 180 
Skin Temp., O C  425 425 
Steam Temp., O C  425 425 
Off-gas Temp., O C  260 260 
Steam Rates, lb /hr  8 8 
LO1 - ( 3 0 0 - ~ O O O ~ C ) ,  % 3-32 3-31 
N, !$ 0.34 0.34 
N / T ~ ,  Atomic Ratio 0.066 0.066 





Table 2.3. Reproducibility of the  N / T ~  Ratio f o r  Fixed Run Times 

i n  Steam and A i r  using the  Agitated Trough Calciner 

Run 50 Run 54 Run 55 ~ u n  56 

Run Time with Steam, min 
Run Time with A i r ,  min 
Skin Temp. , O C  

Steam Temp. , O C  

Off-gas Temp., O C  

Steam Rate, l b l h r  
A i r  Rate, SCFM 
LO1 - ( 3 0 0 - 1 0 0 ~ ~ ) )  $ 
N, % 
N / T ~ ,  Atomic Ratio 

A s e r i e s  of runs - 41, 42, 43, and 44 - were made using a i r  a t  0.33 
SCFM f o r  varying lengths of  time a f t e r  steam st r ipping t o  a N / T ~  r a t i o  of  
0.066. The temperature during a i r  purging was - 4 5 0 ~ ~ .  An equilibrium 
N / T ~  r a t i o  of 0.035 was approached a f t e r  4 h r  i n  a i r  (Figure 2.2).  Stearn 
s t r ipp ing  t o  a lower r a t i o  p r io r  t o  a i r  in jec t ion  is  a lso shown t o  e f f e c t  
the  equilibrium value only s l i gh t ly .  
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Fig. 2.2. N/Th ratio of the product versus time in a i r  a t  450°C in  the 
agitated trough calciner after the steam denitration step. 



3.0 VOLATILITY 

3.1 UF6 Sorption Studies - L. E. Mc:Neese 

Determination of  the  fac tors  which control  the  removal of UF6 from a 
flowing gas stream by a f ixed bed of  NaF has been the  subject  o f  a number 
of  recent s tudies .  In  a previous report  (September 1961 Unit Operations 
Monthly ~ e ~ o r t ) ,  discussion was given of a physical model which explained 
the  observed charac te r i s t i cs  of  the  sorption process. An equation based 
on the  model was derived from which the  loading on a s ingle  p e l l e t  could 
be calculated.  To provide da ta  fo r  a check of  t h i s  model, a s e r i e s  of 
runs were made showing UF6 loading on a s ingle  layer  of NaF p e l l e t s  through 
which a N2-m6 stream was flowing. In a given se r i e s ,  temperature, gas 
concentration, and gas flow r a t e  were held constant. The loading a f t e r  
a de f in i t e  time was established by weight gain of  the bed. 

Experimental Equipment and Procedure. The runs were made using a bed 
of  NaF having approximately 5-in. o f  3-mm g lass  beads above and below the  
bed. The beads and NaF pe l l e t s  were conditioned with F2 a t  4 0 0 ~ ~  fo r  1 hr 
pr ior  t o  use. A schematic diagram o f  the  bed i s  shown i n  Figure 3.1. 

The bed was placed i n  an o i l  bath which was controlled t o  within 
O.I°C of the  desired temperature. One hour was allowed fo r  t h e  bed t o  
come t o  t he  temperature of the  bath. The i n l e t  gases were heated pr io r  
t o  entering t he  bed by a 50 f t  long c o i l  of 318-in. copper tubing containee 
i n  t he  o i l  bath. To s t a r t  a run, the  N2 r a t e  through the  bed was s e t  
using a wet t e s t  meter. The UF6 was bypassed around the  bed while t he  
flow r a t e  was s e t .  The UF6 flow r a t e  was determined by measuring the  
pressure drop across a cal ibrated cap i l l a ry  and was checked a f t e r  the  run 
by weight gain of  the  bed and of  a PraF t r a p  downstream of t he  bed. 

Prior t o  s t a r t i n g  a run, the  UF6 and N 2  flow r a t e s  were s e t  and the  
stream was allowed t o  flow through the  preheater c o i l  f o r  approximately 
5 min i n  order t o  es tab l i sh  a constant concentration i n  the  c o i l .  During 
t h i s  period, the  stream was by-passed around the  bed. A run was s t a r t ed  
by manually diver t ing the  stream through the  bed. Gas was passed through 
the  bed fo r  a prescribed time a f t e r  which the  gas was again manually by-. 
passed around the  bed. Approximately 10 sec were required f o r  e f fec t ing  
the  necessary changes i n  valving. The N 2  flow was continued through the  
preheater c o i l  f o r  approximately 2 min t o  f r ee  t he  c o i l  of UFs. A N2 flow 
was then passed through the  bed fo r  1 min t o  f r ee  the  bed of  unreacted UF6. 
The bed was allowed t o  cool and was removed f o r  weighing. 

A N 2  flow r a t e  of  0.129 g moles/min was used f o r  all runs. Bath 
temperatures of 25') 50°, and 100°C were used with UF6 concentrations of  
0.58 mole %, 2.5 mole $, and 8.0 mole %. Loading time was varied between 
3 and 60 min. 

Experimental Results. Results of  the  runs a re  shown i n  Figures 3.2 
and 3.3. The e f f e c t  of  var ia t ion of temperaturc i s  sham i n  Figure 3.2. 
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Fig. 3.1 . Single layer sorption bed. 
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As may be seen, a s  the  temperature i s  increased, t he  i n i t i a l  r a t e  of  load- 
ing i s  increased; however, the  loading i s  observed t o  l eve l  out  a t  a lower 
value a t  higher temperatures. Sectioning of NaF pe l l e t s  indicated t h a t  
a t  the  high temperature, the  UF6 was concentrated a t  t he  surface of  t he  
p e l l e t ,  whereas there  was l i t t l e  r ad i a l  var ia t ion  i n  color a t  the  low 
temperature. 

The e f f e c t  of  i n l e t  gas concentration i s  shown i n  Figure 3 . 3 .  As 
may be seen, t he  i n i t i a l  loading r a t e  increases a s  the  gas concentration 
i s  ra ised.  

Future Work. I n i t i a l  attempts a t  solut ion of the  p a r t i a l  d i f f e r e n t i a l  
equation f o r  loading r a t e  by conventional f i n i t e  difference methods did  
not prove successful  due t o  i n s t a b i l i t i e s  i n  t he  calculation.  Solution 
i s  complicated by the  non-linear character of t h e  equation. Work i s  
continuing on an a l t e rna t e  method of solution.  Comparison of  t h e  r e su l t s  
o f  the calculat ion with the  experimental da ta  reported above w i l l  afford. 
a check of the  proposed physical model. 



4.0 WASTE PROCESSING 

The purposes of t he  Waste Processing progrm are  t o  develop equip- 
~ . e n t  and obtain  engineering data  necessary f o r  the  design of a pot calcina- 
t i o n  p i l o t  plant  t c  be b u i l t  a t  ICPE'. During t h i s  period, the major e f f o r t  
~73,s on the  calciner-evaporator complex using simulated waste types (IBP-25 
%d ~ a r e x )  f o r  feed. Preliminary r e s u l t s  c f  sixteen t e s t s ,  R-49 through 
F , - ~ ! L ,  are  presented. 

4 .1  Feed Rates - C .  W. Hancher 

Average system feed r a t e s  a re  presented  a able 4.1) based on the  
f i l l i n g  period only, since calc inat ion and change ou t  time w i l l  depend 
ugon the  a c t i v i t y  l eve l  of the  waste and the  mechanical design of  the  
pt changing f a c i l i t y .  

Using TBP-25 type waste (no organic) as, feed, the  average feed r a t e  
:ares dependent upon the  t o t a l  feed vclume (bulk density of cake) and the 
q e r a t i n g  l i qu id  l e v e l  i n  the  calcir .er .  The average r a t e  was 16.3 t o  
19.4 l i t e r s l h r  t o  give a bulk density of 0.60 t o  0.65 g/cm3 (R-59, 55, 
62, and 63). The average r a t e  dropj~ed t o  11.6 l i t e r s l h r  t o  f i l l  a bulk 
density of 0.80 g/cm3 (R-64). Opemting with the  l i qu id  l e v e l  -6 in .  
higher i n  the  calc iner  gave a r a t e  of 17.6 l i t e r s / h r  with a densi ty  c f  
0.83 g / ~ ~ 3 .  

Addition of organic t o  the  TBP-25 type feed reduced the  average feed 
r a t e  and bulk density.  Wi.th t h e  pot being f i l l e d  t o  bulk dens i t i e s  of 
cnly 0.44 t o  0.61 g/cm3, the  average feed r a t e s  varied from 7.0 t o  12.4 
l i t e r s / h r  (R-50, 51, 52, and 59). 

Darex type feeds gave lower ave8rage feed r a t e s ,  but higher bulk 
i lensi t ies .  The average feed r a t e s  tparied from 8.6 t o  16.5 l i t e r s / h r  with 
~JZB dens i t i e s  of 0.63 t o  1.42 g/cm". The inverse e f f e c t  of bulk densi ty  
z ~ d  average feed r a t e  cannot be seerr here, a s  the  feed concentration was 
sllowed t o  vary from run t o  run and during a run. 

4.2 Continuous Evamration with TBP-25 Feed 

Six t e s t s  (R-49, 54, 55, 62, 63, and 64) were made using TBP-25 
(simulated) feed, without o rgmic  ir: the  close-coupled evaporator-calcir.er 
system. Another t e s t  (R-53) was stclpped i n  t he  second hour because c f  E. 

damaged feed pump.. The purposes of  these t e s t s  were (1) t o  determine t he  
con t ro l l ab i l i t y  of the  close-couple' system, (2)  t o  determine %he build-up 
of mercury i n  t he  system, and (3) tc !  determine the  e f f e c t  of  a double- 
f i l l  period on density a d  f i l l  r a t e .  

The evaporator control  was good., except f o r  %he cyc l ic  demand o f  t he  
zalc iner  feed cont ro l le r  (R-49, 54, and 55). Later revis ions  of  t he  ca1.- 
c iner  feed system, which eliminated most of t he  cycl ic  e f f ec t ,  gave very 
,,,a ,,,+,,l ,P C h n  n-rr-n,.".-+r\w rr,rrr+rrm (D & I , \  
6 V V U  L L I I I U I V I  V I  V I  L L " U p I  C & V V I  U J  Q.I UC.II,. \11-U7/ 0 



Table 4.1. Results for  Tests R-49 through R-64 

- - 

Average Evaporator Water O f f  -gas NO3 i n  sol idsC Total b 

Run Feed System Concentration t o  Feed t o  Feed Solids Bulk Feed 
No. Feed Rate Factor Rangea Ra-3-0 Ratio Range Density Volume 

a/ h r  (g/a)/(g/a) E/ E ft3/.4 w t  g/ cm3 E 

R-49 TBP-25 17.6 1.08 to  0.70 2.6 1 .9  6.6 t o  0.36 0.83 478 
R-50, TBP-25: 11.5 1.30 t o  0.71 2.4 2.4 4 .1  to  0.08 0.52 346 
R-51 TBP-25 7.0 1.35 t o  1.15 2 -  5 3-2  6.0 t o  0.08 0.59 308 
R-52e ~ B p - 2 5 ~  9.8 1.02 t o  0.93 2 .3  2.4 0.2 t o  0.06 0.44 440 
13-53 TBP-25 Not Completed 
11-54 TBP-25 17.2 1.37 t o  0.95 2.7 1 . 8  0.8 t o  0.1 0.65 428 
R-55 TBP-25 19.4 2.00 to  0.90 3-5  1.4 0.6 t o  0.1 0.63 468 
11-56 Darex 13.6 1.24 to  0.71 4.1 1 .4  0.1 t o  0.02 0.86 383 I 

R-57 Darex 8.9 1-47 to  0.79 3 - 2  2.2 0.5  t o  0.01 1.40 641 P3 c 
R-58 Darex 16.5 1.69 to  1.38 3.0 0.8 1.0 t o  0.2 1.42 576 I 

R-5ge TBP-25d 12.4 1.0 0 1 .3  1.0 t o  0.07 0.61 397 
R-ae Darex 8.6 1.09 t o  0.65 5-5  1 . 8  2.0 t o  0.10 1.29 336 
R-61e Darex 10.6 1.0 t o  0.82 3-  8 - 1.0 t o  0.02 1.13 307 
R-62 TBP-25 16.8 1.43 t o  0.74 4.5 1 .0  2.0 t o  0.10 0.63 446 
Re-63 TBP-25 16.3 1.22 to 0.87 2.3 0.9 2.0 to  0.20 0.61 421 
R-64 TBP-25 11.6 1.1 t o  0.63 2 .1  1 . 2  0.2 to  0.002 0.80 560 

a Concentration r a t i o  during feeding period ( see Table 4.2) . 
O f f  -gas volume includes 10-20 ft3/hr system inleakage. 

C Total weight of sol ids  averaged over 60 l i t e r  pot volume. 
d Organic added t o  feed. 
e Batch t e s t s .  



4.3 Batch Evaporation System 

Five batch flowsheet t e s t s  were made using Darex and TBP-25 (with 
organic)  type feeds. The purposes c~f  these  t e s t s  were (1) t o  determine 
t he  e f f e c t  of  long diges t ion on orgenics, ( 2 )  e s t ab l i sh  t he  chemical flow- 
sheet  f o r  the  batch system, and (3) determine t h e  quant i ty  of  feed t h a t  
i s  e jected from t h e  ca lc iner  during "foam-over." 

The presence of organic i n  t he  ca lc iner  feed gave an uncontrollable 
fnsming problem and itwas ant ic ipated t ha t  a  long diges t ion period i n  t he  
evaporator would reduce t h e  foaming cha rac t e r i s t i c s  of t he  simulated waste. 
Tests  (R-51 and 52) were made where t h e  waste was held at i t s  bo i l ing  point  
f o r  5 and 48 h rs  without my noticezkle e f f e c t  on t he  foaming i n  t he  ca lc iner .  
Tater t e s t s  a t  ICPP revealed t h a t  tk.e foaning cha rac t e r i s t i c s  of  t h e  ac tua l  
was%e w a s  not as ser ious  as  the  sim~.lat,ed waste solut ions  with organic 
added. 

4 .4  Organic i n  Waste 

In  TBP-25 feed f o r  t e s t s  R-50, 51, 52, and 59, organic w a s  added t o  
t he  feed t o  attempt t o  simulate t he  organic i n  t he  s tored waste. The 
concentration of organic i n  s tored vas te  might be about 0.01 M phosphate 
as  decomposed TBP, probably DBP and MBP. To t h e  TBP-25 simulgted waste 
1 m l  of both DBP and MBP per l i t e r  xere added. The solut ion was s t i r red .  
1 hr and then decanted. The r e s u l t k g  mixture was used as feed  a able 4 .2 ) .  

Test R-50 used the  continuous Ylowsheet. The feed i n  the  evaporator 
foamed some but w a s  r,ot d i f f i c u l t  t o  control .  H~wever, t he  l a rge  amount 
of foam i n  t he  ca lc iner  caused l eve i  control  problems and w a s  carr ied  over 
i n t o  the  off-gas l i n e ,  re turning so l i d s  t o  t h e  evaporator. 

Tests  R - 5 1  and 52 were a batch t e s t  s e r i e s .  The feed f o r  R - 5 1  was 
evaporated from 600 l i t e r s  t o  500 l i t e r s  i n  4 h r  with no add i t ion  o f  water 
 a able 4 .2) .  While R - 5 1  feed w a s  being fed t o  t he  ca lc iner ,  600 l i t e r s  of 
E-52 feed was i n  t he  batch evaporator catching t he  condensate from t h e  
ca lc iner  and steam s t r i pp ing  the  excess n i t r i c  a c id  by addi t ion of water 
f o r  48 h r .  The evaporated feed use6 i n  R - 5 1  foamed very badly i n  t he  
ca lc iner  causing much t o  carry over i n to  t he  batch evaporator. The 
differential temperature control  ( "IYTC") d id  not  "see" the  foam. Cooking 
R-52 f o r  48 h r  e f fec ted  no di f ference i n  t h e  foaming cha rac t e r i s t i c s .  
The r e su l t i ng  so l i d s   a able 4.3) hac'. a  lower in fe r red  thermal conductivi ty,  
because of t he  lower ca lc iner  boflup r a t e  and the  lower feed r a t e .  The 
s o l i d  d id  deposit  r ad i a l l y ,  Figare 4 - - 1 ,  leaving a g rea te r  void than with 
TBP-25 waste without organic ( t e s t  ~ : - 4 7 ) ( ~ i g u r e  4.2) .  

L , 5  Double-fi l l  Operatior, i n  a Sinl;;le Pot 

Test R-64 was a two-fi.11 TBP-25 t e s t .  A heated off -gas  l i n e  t o  prevent 
mercury s a l i d  acciunulation was a l s o  being f e s t ed .  The procedure w a s  t o  
feed f o r  18 hr  (400 l i t e r s ) ,  then calc ine  7 hr .  A t  t h e  end o f  t he  f i r s t  
ca lc ining period most of  the  temperatsrks in ,  the  so l i d  were above 6 0 0 " ~ ,  
t.hr?e cent.erline %ezperat.ures were as l p w  es L65'~,  265'~ ecd 375O~ f o r  
f o r  the  bottom th ree  zones co.unting down. 
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Table 4.2. Fee- - 
- - - -- - -- --- 

Run H+ N O ~  ~ e + + +  Al+++ Ru++++ ~ g + + +  P 
No. M - g / l i t e r  g / l i t e r  g l l i t e r  g / l i t e r  g l / l i t e r  g / l i t e r  

Table 4.3. Average Cake Composition 

Tot a1 
Run Nit ra te  Fe Al Hg Ru P Cake 
No. w t  aJ" w t  $ w t  $ w t $  w t $  w t $  Weight, kg 



Fig. 4.1. TBP-25 with organics calcined solids--Test R-52. 



Fig. 4.2. Calcined TBP-25 sol ids--Test R-47. 



After t he  f i r s t  calc inat ion period had dr ied and cracked the  so l id ,  
160 l i t e r s  more of feed was fed t o  the  ca lc iner  i n  19 hr.' The average 
feed r a t e  including the  f i r s t  calcining period was 11.6 l i t e r s  per hour. 

The so l id  had a bulk density of 0.80 g/ce. 

The off-gas l i n e  was heated t o  3 0 0 ' ~  outside.  This kept most of the  
nercury so l id s  from building up. The so l id  moved to t h e  f i r s t  cold sect ion 
of  pipe, the  entrance t o  the  f i r s t  condenser, and then deposited blocking 
the  e n t i r e  l i n e .  These so l ids  a r e  ~ioluble  i n  6 M n i t r i c  acid.  - 
4.6  Mercurv Build-UD Tests 

Tests R-62 and 63 s t a r t ed  t o  be a four - tes t  s e r i e s  during which the  
e v ~ . p r a t o r  would operate without shut t ing down o r  being drained, as a 
production evaporator would operate. The major purpose of  these  t e s t s  
w a s  t o  determine the  build-up of mercury i n  the  system. The s e r i e s  was 
discontinued a f t e r  two t e s t s  because the  off-gas w a s  plugged with mercury- 
oxide -n i t r a t e  yellow so l id  of the  fc)llowing concentration. 

Twenty-three Fer cent of  the  mercury from R-62 feed returned t o  the  
evaporator and 6% of t h e  mercury i n  the  feed was l e f t  f o r  run R-63. The 
evaporator s t a r t ed  t e s t  R-62 with 8 g / l i t e r  mercury, ended with 17 g / l i t e r  
mercury, and ended t e s t  R-63 with an accumulated mercury concentration of 
22 g / l i t e r .  

The so l ids  from t e s t  R-62 and 63 had bulk dens i t i es  o f  0.63 and 0.61 
B/CC. - 
4.7 Darex Waste Tests 

Tests R-56, 57, and 58 were Darex t e s t s   a able 4.1) used t o  supply 
the  data  f o r  t he  continuous chemica:L flowsheet f o r  t h e  Idaho P i l o t  Plant.  
The feed i ron  composition varied from 66 t o  71 g / l i t e r   a able 4 .2) .  The 
fez3 was evaporated t o  an i ron con cent rat is^ o f  82-120 g / l i t e r .  The feed 
should be evaporated as  much as posfiible t o  reduce the  amount of. water 
t o  be evaporated from the  ca lc iner  pot.  However, at a concentration of 
110 g of  i ron per l i t e r  o r  greater ,  solutions cooled below approximateljr 
8 0 ' ~  prec ip i ta te  so l ids  which plug the  feed l i n e  when the  pump i s  stopped. 
Cozzentrations i n  the  range of  90 t o  100 g / l i t e r  can be control led.  

Test R-56 was a normal calc iner  t e s t ,  a 28-hr f i l l  period, and a 
9-hr calc iner  period. The pot had :i l a rge  uniform void i n  it when opened, 
end an accordingly low bxlk densi ty  of  0.86 g/l"-c. It, was approximately 
?s t o  30$ f i l l e d  with so l ids .  



Test R-57 was s t a r t ed  l a t e  i n  the  week. The pot was f i l l e d  f o r  32 hr  
(412 l i t e r s )  and allowed t o  cool. This was a normal t e s t .  However, on 
Monday the  pot was reheated and fed again f o r  50 hr .  The demand f i l l - i ng  
r a t e  was low: 229 l i t e r s  i n  50 hr  (4.6 l i t e r s l h r ) .  A t o t a l  of 641 1- i ters  
was fed t o  the  system. The resu l t ing  pot of so l i d  appeared about 80-907; 
f u l l  and had a bulk density of 1.40 g/cc which i s  good f o r  Darex. 

Test R-58 w a s  programmed f o r  two f i l l  periods: f i l l  13 h r ,  calc ine 
7 t o  crack the  cake, f i l l  13 h r  more, and calcine 10 hr.  This procedure 
o ~ e r a t e d  very smoothly. The resultFng pot of so l i d  had a densi ty  of 1.42 
g/cc and was 75 t o  85% f u l l .  

Tests R-60 and 61 were batch Dnrex t e s t s  t o  procure data  f o r  t he  
"Darex Batch Flowsheet" fo r  the  Idaho p i l o t  p lant .  The feed f o r  R-60 
 able 4.2)  was pre-evaporated from 70 g l l i t e r  i ron  t o  117 g / l i t e r  i r on  
before the  t e s t  s ta r ted .  The feed vas kept warm; therefore ,  no so l id s  
formed, but 117 g/li-t;er i ron i s  too concentrated t o  be used routinely.  

The feed f o r  R-61 was evaporated with calciner condensate from R-60 
t o  113 g / l i t e r  i ron .  

These two t e s t s  controlled well. The r e su l t i ng  so l id  had a bulk 
density of 1.29 and 1.13 g/cc for  t e s t s  R-60 and 61. 

The calcined cake analysis  a able 4.3) does not give good mater ia l  
balances fo r  minor coostitl~.ents but major const i tuents  ( i ron  i n  Darex 
o r  aluminum i n  TBP-25) gave mat,erial balances within 10% fo r  most t e s t s .  

4.8 Calciner Liquid Level Control 

The ca lc iner  pot feed r a t e  i s  controlled by calciner l i q u i d  l e v e l  
control .  The use of  d i f f e r e n t i a l  pressure bubbler type was discontinuecl, 
because of the  plugging of the  probes, i n  favor of the  thermocouple type 
l i qu id  l e v e l  probe. Many d i f f e r en t  types of thermocouple l i qu id  l e v e l  
p o b e s  have been t e s t ed  ( ~ i g u r e s  4.3 and 4.4, Table 4.4) t o  determine a 
type with proportional response su i tab le  f o r  control l ing.  

The most su i tab le  type ( ~ y ~ e  D )  i s  a 318-in.-dia 347 s t a i n l e s s  s t e e l  
tube closed on the  end. The closed end of the  tube i s  f i l l e d  with a 15-in.  
~ i e c e  of so l id  copper with a 6-in.-long hole d r i l l e d  i n  it f o r  a 118-in.- 
d i a  s t a in l e s s  covered C.A. thermocouple. This arrangement of 9 i n .  of 
rod below the couple ac t s  a s  a heat s ink and allows the  couple temperature 
t o  change a s  a function of l iqu id  height on t he  rod. 
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Fig. 4.3. Temperature control o f  calciner l iquid level. 
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Fig. 4.4. Different types of couples used for calciner pot liquid level control. 



Table 4.4. Type of Couple Used 

for  Tests R--43 t o  R-64 

Run 
R-43 
R -44 
R-45 
R-46 
R-47 
R-48 
R-49 
R-50 
R-51 
R-52 
R-53 
R-54 
R-55 
R-56 
R-57 
R-58 
R-59 
R-60 
11-61 
R-62 
R-63 
R-64 

Type of 
Couple 
( ~ i g . ,  4.2) 

n 
13 
13 
I3 
I3 
H 
B 
B 
B 
I3 
A 
C 
C 
C 
I) 
I) 
D 
D 
D No re f .  
z 
Il No ref .  
D No re f .  
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