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ABSTRACT 

In the operation of 6-in. -diameter foam-liquid columns, increase 
i n  e i the r  the l iquid flow o r  foam flow caused increased channeling 
with increased HTU. Flooding values for  the Immi mixer-settler were 
obtained using the mine  extraction f i n a l  cycle plutonium flowsheet. 
Two t e s t s  of the addition of uranyl n i t r a t e  t o  a thoria  s o l  were made, 
one of which gave a good product and the other a product which d is in te-  
grated during calcination. Material balances for  22 waste calcination 
runs are  summarized. 
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1 . 0  CHEMICAL ENGINEERING RESEARCH 

The heights of t r ans fe r  un i t s  i n  a 6 - i n . - 1 ~  foam-liquid column were 
0.8-1.6 in .  f o r  e igh t  countercurrent run conditions including counter- 
current lengths of 4 t o  11 i n .  and l i qu id  flow r a t e s  of  40-100 gal/hr f t2.  
A s  the  l i qu id  flow i s  decreased o r  the  foam flow i s  increased, channeling 
decreases and therefore  the  HTU, val-ues decrease. Increases i n  HTUx values 
occur when the  d i s t r i bu t ion  of l iqu id  feed r e s u l t s  i n  a local ized channeling. 

2 .0  SOLVENT EXTRACTION STUDIES 

Flooding values f o r  t he  I m m i  mixer-set t ler  were obtained using the  
amine extract ion f i n a l  cycle plutonium flowsheet. Flooding due t o  
insuf f ic ien t  pumping occurred i n  the  extraction-scrub bank at flows 
greater  than 3.85 g a l  f t -2 min-1 and. 1600 rpm impeller speeds. Flooding 
i n  the  s t r ipping bank occurred at  flow r a t e s  above 1 .71 ga l  f t -2  min-l 
and 1600 rpm impeller speeds. Flooding i n  the  solvent treatment bank 
occurred a t  flow r a t e s  greater  than 1.85 ga l  f t -2  min'l and 1400 rpm 
impeller speed. Batch phase separation s tudies  showed t h a t  t he  dispersions 
s imilar  t o  those formed i n  e i ther  pulse columns o r  mixer-set t lers  under 
these  flowsheet conditions had sa t i s fac tory  primary break times. 

3.0 THORIUM UTILIZATION STUDIES 

Two t e s t s  of  the  addition of  uranyl n i t r a t e  t o  a t ho r i a  s o l  gave one 
good Th02-U02 product and one t h a t  d is integrated during calc inat ion.  
Crushing and s iz ing  of  the  dried gel  i s  an e f fec t ive  way t o  obtain  a 
6-16 mesh s i ze  f rac t ion  calcined product, but t he  70-100 and < 200 mesh 
material  formed s intered agglomerates during calc inat ion.  The kilorod 
experimental t e s t  f a c i l i t y  f'urnace operated s a t i s f ac to r i l y ,  but a l t e r a t i ons  
appear necessary t o  improve seal ing during reduction and t o  decrease the  
coo 1 down time . 

4.0 WASTE PROCESSING 

Automatic control  of the  continuous evaporator-calciner complex 
maintained good control  f o r  over 90$ of the  time f o r  a double f i l l  t e s t  
(R-64), which required 49 hrs  of  t o t a l  operating time. 

Material balances f o r  the  past  22 t e s t s  are  summarized, with 8846 
balance fo r  major components overal l .  Complete r a t e  data  f o r  t h e  22 t e s t s  
a re  presented with bulk dens i t i es  of  calcined cake and off-gas volumes. 



1 .0  CHEMICAL ENGINEERING RESEARCH 

1.1 Foam Separation - P. A. Haas, D. A. McWhirter 

Continuous countercurrent and batch operations of a 6-in. - I D  foam- 
l iqu id  column was continued t o  study engineering var iables  cont ro l l ing  
column performance. Experimental runs were made t o  determine t h e  height 
of a t rans fe r  un i t  a s  a f'unction of column length, flow r a t e s ,  and foam 
bubble s izes .  

Countercurrent Run Results. Results a re  tabulated f o r  th ree  runs 
co able 1 .1)  t o  invest igate  the  e f f e c t s  of column length,  and flow r a t e s  
on the  heights of t r ans fe r  un i t s .  The feed S r  concentrations were a11 
2 x l om6  M, t he  surfactant-complexing agent was dodecylbenzenesulfonate, 
and the  f&n was generated by N2 through the  SOP d i a  holes of a spinneret te .  
The t r a c e r  was ~ r - 8 9  containing 4-97; Sr-90 and i t s  daughter Y-90. The 
e f f ec t  o f  Y-Sr separation was eliminated by waiting two weeks t o  determine 
gross B concentrations o r  t he  e f f e c t s  were checked by check =alyses made 
3 o r  4 weeks a f t e r  a run was completed. The condensed foam was ac id i f i ed  
and di luted by a 0.1 N H C 1  purge t o  the foam breaker and the  ac tua l  
condensed foam volumerates  a re  not accurate t o  be t t e r  than - + 2 ce/min. 

The strontium d is t r ibu t ion  coef f ic ien ts  were calculated from t h e  
e x i t  gross B a c t i v i t i e s  assuming one t heo re t i ca l  stage f o r  the  runs with 
zero countercurrent length. This value of T / C  wag then used f o r  the  
remaining pa r t s  o f  the  same run. The v d u e s  of  x2 a d  xl were calculated 
from equilibrium and mater ia l  balance re la t ionships .  The equations 
where a = 6/d a re :  

For one t heo re t i ca l  stage (zero countercurrent length) : 

Sr  out  i n  foam (surface) ,  cpm/min - y2V - 
Sr out i n  l i qu id ,  cpm/min x ~ L  

From a l i qu id  pot mater ia l  balance with LB = 0: 
- - 

Then the  number of t rans fe r  un i t s  based on the  l iqu id  phase were calculated 
from : 

N = ( ~ 2  - XI) 
x ( - "*)ln mean 

The r e s u l t s  show HTUx values of 0.8 t o  1 .6  i n . ,  but t he  e f f e c t s  of 
t he  several  var iables  a re  combined. From the  r e s u l t s  and from observation 



Table 1.1. Foam Column Material  W a n c e s  and HTU Calcula t ions  - Runs 15, 16 ,  and 1 7  

Surfac tant  Complexing Agent: bdecylbenzenesulfonate,  concent ra t ions  given a r e  ppm o f  Trepolate F-95, about 95% sodium s a l t .  

Gas Sparger: Au-Pt sp innere t te  with 1794 holes o f  50u d i a .  

Constant Feed Concentrations: 2 x 10'~ EI s ~ ( o H ) ~ ;  10 '~  EI NaOH i n  demineralized water from l i q u i d  feed. 

Liquid Feed Dis t r ibutor :  N2 gas scrubged with 1 O r  0.2 M NaOH a t  5 ps ig ;  YB = 0 cpn/sq cm, x* = 0 cpm/cc 
"Spiders" of s i x  c ap i l l a ry  tubes  on 4- in . -d ia  c i r c l e ,  one tube a t  cgnter.  
Cap i l l a r i e s  o f  0.061 i n .  ID f o r  runs 15  and 16, 0.095 in .  ID f o r  run 17.  

Run Numbers 
Quanity Symbol Units l5A 150 15C 1 6 ~  16B 162 17A 17B 17C 170 17E 

Liquid r a t e  i n  
Gas r a t e  
Condensed foam r a t e  
Net l i q u i d  r a t e  

Liquid su r f ac t an t  conc. i n  
Liquid su r f ac t an t  conc. out  
Condensed foam su r f ac t an t  

r a t e  
Surfac tant  ma t e r i a l  balance 

Countercurrent length  

Average bubble d i a .  d mm 0.57 0 .57  0.57 0.54 0.54 0.54 0.58 0.6 0.56 0 .56  0.57 

Omss  B t r a c e r  a c t i v i t i e s  
Liquid feed 
Liquid concent ra t ion  ou t  
Surface a c t i v i t y  ou t  
Gross B mate r i a l  balance 

Sr d i s t r i b u t i o n  coe f f i c i en t  
Phase flow r a t i o  

Liquid conc. i n  equ i l .  wi th  
Y2 

Liquid en t e r i ng  l i q u i d  pot 
Liquid concent ra t ion  charge 
Average d r i v ing  force  
Number of t r a n s f e r  u n i t s  

Height of t r a n s f e r  u n i t  

x2 cpn/cc 
x ( a l so  x,) cpm/cc 

B 
ynV lo3 cpm/min 

P 

r/ c cm 
( c  L dimensionless 



of  the  column during operation,  it appears t h a t  a length  of  column 
immediately below t h e  feed nozzle i s  r e l a t i v e l y  i ne f f i c i en t  f o r  contact -  
ing t he  foam and l i qu id .  This length  decreases a s  t h e  foam ve loc i ty  
increases and increases a s  t he  l i qu id  i n l e t  ve loc i ty  increases.  This 
e f f e c t  would be r e l a t i v e l y  of l e s s  importance a s  t he  countercurrent 
length  i s  increased. Channeling becomes much more noticeable a s  t h e  
l i qu id  flow r a t e  i s  increased and s l i g h t l y  l e s s  noticeable as  t h e  foam 
r a t e  i s  increased. The increase i n  HTUx from 0.8 i n .  at  500 cc/min of 
l i qu id  t o  1 . 0  in .  a t  1250 cc/min l i q u i d  f o r  t h e  p a r t s  of run 1 7  show the  
e f f e c t s  of  increased channeling. For t he  same flow r a t e s  and concentra- 
t i ons  as run 17, t he  values of 1 . 6  i n .  i n  run 1 5  show the  e f f e c t s  of  
higher i n l e t  l i q u i d  ve loc i t i e s  through t h e  smaller feed c a p i l l a r i e s ,  
t he  e f f e c t s  o f  lower fom ve loc i t i es ,  and some e f f e c t  from t h e  shor te r  
countercurrent length.  The HTUx value of 1.1 in .  f o r  run 16C shows t h e  
e f f e c t  of  increased countercurrent length  a s  compared t o  1 . 5  i n .  f o r  1 6 ~  
and shows t he  e f f e c t  of higher i n l e t  l i q u i d  veloci ty  through t h e  smaller  
c a p i l l a r i e s  a s  compared t o  0.8 in .  f o r  run l7C. The e f f e c t  of  t h e  higher 
surfactant  concentrations f o r  run 16 as compared t o  runs 1 5  and 17  a r e  not 
believed t o  be appreciable. The r e s u l t s  of run 17B show HTU, values of  
1 .0  i n .  f o r  l i q u i d  feed r a t e s  of  -100 gal/hr ft2, higher l i q u i d  flow r a t e s  
with approximately t h e  same HTUx values should be possible f o r  improved 
l i q u i d  d i s t r i b u t o r  designs. 



2.0 SOLVENT EXTRACTION STUDIES 

A. D. Ryon 

Flooding values f o r  t he  Immi mixer-set t ler  reported t h i s  month were 
obtained using the  mine  extract ion f i n a l  cycle plutonium flowsheet. Batch 
phase separation s tudies  of t he  primary break of  various dispersions s imilar  
t o  those produced i n  t he  contactor a r e  a l so  reported. 

2 .1  Immi Mixer-sett ler  Studies - R. S. b w r i e  

Work was s t a r t ed  t h i s  month t o  evaluate t he  flow capacity and stage 
eff ic iency of  t he  Immi  mixer-set t lers  as  a function of  operating var iables  
using t h e  m i n e  extract ion f i n a l  cycle plutonium recovery flowsheet. A 
t yp i ca l  flowsheet f o r  t he  engineering t e s t s  ( ~ i g u r e  2.1) used 1 .5  M n i t r i c  
acid containing 0.05 M SO4 as  the feed, 5.0 M n i t r i c  acid a s  the scrub, 0 .3  
M t r i l a u r y l  amine i n  ziethylbenzene a s  solvent* and 2.0 M a c e t i c  acid a s  
t he  s t r ipp ing  reagent. The solvent was t r ea t ed  with 1  sodium carbonate 
solution before recycle back t o  t he  process. p roper t ies  o f  t he  solut ions  
used i n  t he  t e s t s  a r e  shown i n  Table 2.1. Lack o f  containment precluded 
t e s t i n g  the  flowsheet with plutonium. 

2.2 Descrintion o f  I m m i  Mixer-sett ler  

The I m m i  mixer-set t ler  assembly avai lable  f o r  t e s t  purposes consisted 
of  "A" bank, a 17-stage extraction-scrub u n i t ,  "B" bank, a 17-stage s t r ipp ing  
un i t ,  and "Cn bank, an 11-stage solvent treatment un i t ,  racked vertica1l.y 
f o r  gravi ty  flow o f  t he  solvent from "A" t o  "B" t o  "C". The banks were 
iden t ica l  i n  s ize;  each mixing chamber was 1- in .  by 1- in .  by 2-1/2-in. deep 
and each s e t t l i n g  chamber was 1- in .  by 4-in. by 3-1/8-in. deep ( ~ i g u r e  2 .2) .  
Aqueous flow through the  contactor was governed by the  pumping act ion of  
the  impellers which pulled aqueous in to  the  bottom of  the  mixing chamber 
from the  adjacent upstream s e t t l e r  through a hooded por t .  The solvent 
stream flowed in to  t he  top  of  t h e  mixer by gravi ty  f r o m  t he  adjacent 
downstream s e t t l e r .  The dispersion formed was discharged through louvered 
por t s  t o  the  s e t t l e r  chamber. The r a f f i na t e  stream was discharged through 
the  gravi ty  l e g  control l ing t he  in te r face  i n  t he  l a s t  s e t t l e r .  

2 .3  Flooding Rates f o r  Extraction and Stripping Contactors 

lmmi mixer-set t ler  un i t s  can flood e i t h e r  by dispersion carryover 
through the  solvent overflow port  o r  by insuf f ic ien t  pumping of t he  aqueous 
phase i n  t h e  mixer. Since both types o f  flooding a r e  dependent on t he  
impeller speeds, there  w i l l  bg f o r  any given flow rate, a minimum impeller 
speed (reported a s  rpm) t o  prevent flooding due t o  i n su f f i c i en t  pumping 
and a maximum speed above which flooding due t o  dispersion carryover occurs. 
Flow capacity s tudies   a able 2.2) carr ied out  i n  the  "A" bank using 8 scrub 
and 9 extract ion stages showed t h a t  flooding due t o  i n su f f i c i en t  pumping 
occurred a t  1.28 g a l  f t - 2  min-I ( t o t a l  flow o f  both phases i n  ga l  per min 

* The d i luen t  and m i n e  used t o  make up t h e  solvent a re  described i n  the  
October Unit Operations Monthly Report, ORNL-TM-121. 
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Table 2.1. Proper t ies  o f  Test Solutions 

--- - - - - - - -- 

Analy s i s Feed Scrub S t r i p  Carbonate Solvent 

mas, 5 
S04, M 
Acetic Acid, M - 
C03, 5 
Density, g/cc 
Viscosity, cps 
Arnine, M 
Flash point  

open cup, O C  

Density and v i scos i ty  measured at 25OC. 

Table 2.2. Flooding Tests i n  lrmni Mixer-Settlers 

Minimum S t i r r e r  Speed Maximum S t i r r e r  Speed 
t o  Prevent Flooding due Before Flooding Due t o  

Total  Flow t o  Insuf f ic ien t  Pumping, Dispersion Carryover, 
g a l  ft -z min-' rPm rPm 

Extraction Bank - 8 stages  scrub - 9 stages ex t rac t ion  

Str ipping Bank - 1 7  s tages  

Solvent Treatment Bank 

a Flooding due t o  both i n su f f i c i en t  pumping and dispersion carryover. 
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per sq f't of  s e t t l e r  area)  a t  impeller speeds below 900 rpm. Increasing 
the  flow r a t e  a l so  increased the  minimum impeller speed u n t i l  a t  4.49 ga l  
f t -2  min'', the  required impeller speed exceeded the  2300 ppm tes ted .  No 
flooding due t o  dispersion carryover was noted a t  any flow r a t e  with 
impeller speeds up t o  2300 rprn during extract ion.  

The "pinch" between flooding due t o  i n su f f i c i en t  pumping and flood- 
;.ng due t o  dispersion carryover severely l imited t h e  flow of t h e  17-stage 
Immi used a s  a s t r ipp ing  contactor. Impeller speeds above 1600 rprn caused 
flooding due t o  dispersion carryover a t  a l l  flow r a t e s  t es ted .  The 
minimum speed necessary t o  prevent flooding due t o  insuf f ic ien t  pumping 
was 900 rpm a t  1 . 4 1  g a l  ft- min", increasing t o  1200 rprn a t  1 .71  ga l  
f t m 2  min". A t  2.28 ga l  ft-* min-' flow r a t e  and 1600 rprn impeller speed, 
t he  un i t  flooded due t o  both dispersion carryover and insuf f ic ien t  pumping. 

The mixers i n  both banks tended t o  operate with the  major phase 
continuous, regardless of which phase was continuous a t  s ta r tup .  

Flooding Rates f o r  the  Solvent Treatment Contactor 

In  general ,  an a lka l ine  wash treatment i s  required t o  clean up the  
s t r ipped solvent before recycle, although ne i ther  the  degree of  solvent 
cleanup nor t he  reagent have been specif ied f o r  t h i s  flowsheet. Solvent 
coming from t h e  s t r ipp ing  s t ep  contains t he  equivalent of  0.6 N acid  
(as  both f ree  acid and the  m i n e  s a l t )  which is  neutra l ized b y t h e  s o d i m  
carbonate. Flooding t e s t s  were car r ied  out  i n  a 1.7-stage Irnrni. The 
s t r ipped solvent was introduced in to  the  11 th  stage mixer and t h e  1 M 
sodium carbonate in to  the  1st stage mixer. Interface control  i n  t h e l l t h  
stage s e t t l e r  was provided by adjusting the  gravi ty  l e g  on the  17th-stage 
s e t t l e r  and was consequently qu i t e  poor. Flooding due t o  i n su f f i c i en t  
pumping occurred a t  impeller speeds below 1200 rprn a t  a flow r a t e  of 
1.24 g a l  f t-2 min-'. Increasing the  flow r a t e  t o  1.85 ga l  f t -2  min-' 
increased the  minimum speed t o  1200 rpm. A fu r ther  increase i n  flow 
r a t e  t o  2.47 g a l  f't-2 min-l required speeds i n  excess of  2000 rpm, the  
highest speed t e s t ed .  No flooding due t o  dispersion carryover occurred 
a t  impeller speeds up t o  2000 rpm. The majority of  the  C02 was released 
i n  t he  second stage from the bottom and d id  not appear t o  a f f e c t  the  
operation of  e i t h e r  the mixer o r  s e t t l e r  i n  any way. 

2.5 B t c h  Phase Separation Studies 

Very l i t t l e  information was avai lable  concerning the  physical, proper- 
t i e s  of  t he  solutions o r  t he  r a t e  of  primary break of t he  dispersions 
formed i n  t he  m i n e  extract ion f i n a l  cycle plutonium process. Accordingly, 
batch phase separation t e s t s  were made with solvent-aqueous p a i r s  simulat- 
ing t h e  phase r a t i o ,  compositions, e t c . ,  found i n  t he  end stages of  t he  
contactors. Three-hundred m l  ( t o t a l  volume) o f  solut ion were mixed i n  
a 3-in.-dia baff led beaker f o r  3 min and t h e  primary break time a s  well 
as  physical, proper t ies  were measured  a able 2 .3) .  

Break times f o r  solution pa i r s  simulating t he  ends of  t he  extract ion 
cor;t;ac+,or showed s e t i s f  actoqr break times, based on the  assumption t h a t  



Table 2.3. Batch Phase Separation Test  Data 

Total  I n t e r f ac i a l  Primary Break Time, sec 
H+ Acetate Nitrate C03 Density Viscosity Tension Aq. Cont. Dispersions Solv. Cont. Dispersions 

Solution Pa i rs  - M '2 !! '2 g/cc CPS dynes/cm 411 (A/O) 111 (A/o) 111 (A101 1/4 (A/O) 

Fresh Solvent 
Raff ina te  

Loaded Solvent 
5.0 '2 HNOs Scrub 

Loaded Solvent 
Loaded S t r i p  

Stripped Solvent 
Stripped Reagent 

Stripped Solvent 
S t r i p  Reagent 

(2.0 M_ ace t i c  
+ 0.1 y mo3) 

Stripped Solvent 
Spent Carbonate 

Treated Solvent 
1 M Sodium Carbonate 



dispersion which required more than 300 sec t o  break would probably cause 
flooding at  very low throughput. Density, v i scos i ty ,  and i n t e r f a c i a l  tension 
values d id  not change appreciably. 

Primary break times f o r  the  s t r ipp ing  contactors were s a t i s f ac to ry  
f o r  the  bottom (product) end but were > 300 sec fo r  aqueous continuous 
dispersions at  t he  top (s t r ipped solvent) .  However, the  addit ion o f  0 . 1  
M n i t r i c  acid t o  t he  2.0 M a ce t i c  acid  s t r i p  reagent reduced these  break 
times t o  < 200 sec. ~ u r t h e r ,  the  aqueous continuous dispersion was qui te  
sens i t ive  t o  the  amount of mixing and merely decreasing the  mixing energy 
(lower s t i r r e r  speed) produced dispersions breaking i n  < 300 sec. Viscosity, 
d.ensity, and i n t e r f a c i a l  tension values were v i r t u a l l y  unchanged i n  passing 
tSnrough the  s t r i p  contactor. 

Both solvent continuous and aqueous continuous dispersion t yp i ca l  of 
those formed i n  the  solvent treatment contactor broke qu i te  rapidly  although 
the  break times, pa r t i cu l a r ly  t he  solvent continuous dispersions,  increased 
as the  amine changed from the  acid  s a l t  t o  the  f r e e  amine. This change 
also explains both t he  decrease i n  v i scos i ty  of t he  solvent from 2.6  t o  
1.3 cps and the  drop i n  i n t e r f a c i a l  tension from 16.4 t o  < 1.0 dynes/cm. 
Several t e s t s  were made t o  obtain  some idea of how much Na2C03 could be 
neutra l ized before t he  surface and i n t e r f a c i a l  tensions s t a r t ed  t o  
increase. Small amunts of n i t r a t e ,  a lso  chloride and su l f a t e  had no 
a f f ec t  on surface tensions o f  the  aqueous solut ion before equi l ib ra t ions  
with solvent  a able 2.4) and, i n  the  n i t r a t e  case, no a f f e c t  on surface 
tensions o r  Tnterfacia l  tension a f t e r  equ i l ib ra t ion  with solvent  a able 
2.5). Neutralization of  -25% of the  carbonate with n i t r a t e  did not 
affect  the  surface tension of  t he  aqueous solut ion before solvent con- 
t a c t ,  but d id  increase both surface tension (from 25.6 t o  42.6 dynes/cm) 
and i n t e r f a c i a l  tension (from < 1.0 t o  10.4 dyneslcm) a f t e r  equi l ibra-  
t i o n  with solvent.  

Table 2.4. The Affect of  Small Amounts of 

Ni t ra te ,  Chloride, and Su l fa te  on 

Surface Tensions of 1 M NaC03 Solutions 

Acid Surface Tension at 25OC 
Present M - dynes/ cm 

None 
HN03 
HC1 
H2so4 



Table 2.5. The Effect of Nitrate on Surface and In t e r fac ia l  Tension Values 

of Solvent and 1 M N&03 Solutions 

N o 3  Break Time Sec (A/O = 1 )  Surface Tension, dynes/cm In ter fac ia l  
Test Conc. , Solvent Aqueous Be fore After Tension 

Solutions M - Continuous Continuous Equilibration Equilibration dynes/ cm 

Aqueous 
Solvent 

Aqueous 
Solvent 

Aqueous 
Solvent 



A method fo r  cooling the  furnace i n  the  required time i s  a l so  nec- 
essary because the e f f e c t  of quick cooling on the furnace r e f r ac to r i e s  
should be determined. A metal p la te  pressed securely against  t he  f ron t  
of the  furnace muffle (with the regular furnace [ insulat ing]  door i n  a 
raised posi t ion)  allows cooling i n  12 hr. Accordingly, a f a l s e  door, o r  
a i r  lock, i s  being designed which w i l l  completely enclose the front o f  

furnace. The present insulated furne,ce door w i l l  be enclosed i n  a l l  
p s i t i o n s  by t h i s  a i r  lock. During high temperature operation the insulated 
d-oor w i l l  be i n  the  closed posit ion.  During cool down, the  door w i l l  be 
ra ised stepwise thus gradually exposing the  furnace muffle t o  t he  inside 
9f the  a i r  lock. The r a t s  a t  which the  furnace cools down i n  the higher 
t-emperature ranges (where refractory damage w i l l  most l i k e l y  occur) w i l l  
be controlled by posit ioning the  insuls ted door. The new a i r  lock w i l l  
a l so  provide a gas-t ight s ea l  for the  door; t he  present seal ing arrangement 
i s  inadequate. The rear  of t he  furnace w i l l  be sealed 3y covering with a 
metal p la te .  

The furnace cycle time could a lso be reduced by removing the  product 
from the  furnace a t  400°C instead of  the  presently accepted 200°C. A 
box could be designed which would contain an i n e r t  atmosphere and in to  
which the  product could be drawn. An estimated 5 h r  might thus be saved. 
As t h i s  i s  a f i x tu re  which can be designed readi ly  and with reasonable 
assurance of operabi l i ty ,  it w i l l  not be b u i l t  f o r  mock-up operation unless 
a need i s  demonstrated. 

During the  revisions on the  furnace, it. vas feund d i f f i c u l t  t o  tu rn  
the  furnace around and disconnect the  services.  A minimum clearance of 
4 i n .  over t h e  diagonal dimension i s  f e l t  necessary. Services a t  t he  
rear  of the  furnace should be brought out  through the  s ide of  t he  furnace 
facing t h e  nearest  point of access ib i l i ty  provided with quick d i s -  
connects. The furnace must a lso be securely bolted i n  place t o  f a c i l i t a t e  
r emva l  of heavy crucibles.  

The vibratory compaction dens i t ies  obtained on the  products o f  the  
f a c i l i t y  appeared s a t i  sfaetory  a able 4.1). Of the  batches l i s t e d  which 
were crushed by ar, a rb i t r a ry  procedure following f i r i n g ,  f o e . ,  batch 
Nos. 1 (A and B ) ,  2 ( A  and B), a ~ d  TDNC, only t h e  TDNC batch yielded t h e  
required minfmum of 63 wt '$I of  +16 mesh material.. Until  a l a rge r  number 
of f i r i ngs  have been made, however, the  sever i ty  of t h i s  problem cannot 
be assessed. 

A time-temperature sequence cil-cuit which automatically executes t he  
e n t i r e  furnace program was ins ta l led .  This device permits almost continuous 
use of the  equipment and has operated f au l t l e s s ly  thus far. 

Alumina crucibles (6-in. -OD x 5-in. -ID x 4-in. -deep) have given 
excellent service.  It would be desirable t o  have crucibles with somewhat 
f la t tened  sides f o r  more e f f i c i e n t  use of furnace space. 



Table 3.1. Proper t ies  of Sol-Gel Materials 

Preoared i n  t h e  Test F a c i l i t y  

Batch O/U Sorbed Gases Vibratory Comp. Density, g/cc 
No. W t  $ U Ratio ( c ~ / ~ - 1 2 0 0 ' ~ )  5116-in. -d ia  Tube* 112-in. -d ia  Tube 

TDNC 3-02 2-15 - 

* Vibrated on 1-114-in. Navco v ibra to r .  
** Vibrated on 1-112-in. Branford v ibra to r .  

*** Vibrated on 1-518-in. Navco v ibra to r .  



4.0 WASTE PROCESSING 

The purpose of the waste proce~sing program i s  t o  provide engineering 
data and experience fo r  the design of the waste pot calciner p i lo t  pl-ant. 
A number of t e s t s ,  R-42 t o  R-64, were completed i n  the l a s t  half of 1961. 
The data fo r  these t e s t s  have been c:ompiled and w i l l  be reported fo r  the 
next few months as it i s  processed. 

4.1 Material Balances for  Tests R-42 t o  R-64 - C. W. Hancher 

Detailed material balances for  t e s t s  R-42 through R-64 have been com- 
pleted ( ~ a b l e s  4.1 and 4.2). The following basis was used for  the calcula- 
t ion  : 

Feed : The concentrations were averaged and multiplied by the 
system feed volume. 

Evaporation: The s ta r t ing  and ending evaporator concentration and 
volume were multiplied respectively and then the  d i f -  
ference was taken. 

Condensate: Since the system did not have an ins ta l led  accurate 
method of determining the condensate volume flow, it 
was assumed equal t o  feed plus the  purge and evaporator 
water. Forty l i t e r s  were subtracted from the  f i r s t  2 
hrs t o  compensate for  the i n i t i a l  feeding of the pot 
and evaporator. 

Solid : The analytical resul t s  for  three solid samples, top, 
middle, and bottom, were averaged and multiplied by the 
t o t a l  weight. 

4.2 Material Balance Results, Tests R-42 t o  R-64 

The average of all major ion material balances was 88% ma able 4.3). 
A l l  of the ion material balances except Hg were 91% o r  be t te r .  Mercury 
should be low because large quantit ies of yellow mercury salts were deposit- 
ed on the off-gas piping. 

In the  TBP-25 t e s t s  where iron was a minor constituent, t h e  iron 
balances as a ru le  were much above 100% because of poor sampling of the 
so l id  and/or poor analyt ical  accuracy. 

4.3 Control of Test R-64 

Test R-64 was a TBP-25 t e s t  with an average feed ra t e  of 11.6 l i t e r s  
yer hour. Total feed used was 560 l i t e r s .  The material balance for  n i t r a t e  
and aluminum was 77% and 89%. This was a two-part t e s t :  feed for  19 hr,  
400 l i t e r s ;  calcine fo r  8 hr; feed for  18 hr more, 160 l i t e r s ;  and f ina l ly  
calcine fo r  13 hr  a able 4.4). The resul t ing sol id had a bulk density of 
0.80 @;/cc. 



Table 4.1. Material &lances f o r  Waste Calciner Tests  R-42 through R-64 

IN 
Feed 195,722 
Added 41 131 
Total  2- 

OUT 
~ v a p .  3,500 1 .48 
Cond. 248,372 104.8 
% l i d  685.8 0.29 
Total  106.5 

Purex Run R-43 

IN 
Feed 218,592 

o m  
Evap. 117 0 . 1  
Cond. 181,474 81.7 
Solid 210 0 .1  
Tota l  81.9 



Table 4.1. Continued 

No3 A 1  Fe A SO4 Ru P Ca 

g 5 g g L"r g 4s g $3 g $ g Y, g 3 $ 

Purex Run F-44 

I N  
Feed 146,422 100 
Added 
Total  146,422 

OUT 
Evap. 1,482 1.01 
Cond. 175,698 120 
Sol id  64.2 0.04 
Tota l  121.05 

10,838 l o o  

Run R-45 

I N  
Feed 114,472 
Added 28.272 
Total  142,744 

OUT 
Evap. -25,630 -18.0 
Cond. 172,125 121.0 

2.77 Sol id  3,959 
Total  105.7 
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Table 4.1. Continued 

TBP-25 Run R-48 

IN 
Feed 203,112 100 22,089 100 76.75 loo 2,049 100 
Added 
Total  203,112 100 

o m  
Evap. 12,900 6.35 1,015 4.6 7.13 9.2 270 13  
Cond. 203,112 100 164 8 
Solid 46.72 0.023 18,711 z 2 9 2 . 0  383 756 37 
~ o t a l  106.37 T@T v 

TBP-25 Run R-49 

IN 
Feed 209,364 100 24,712 124.3 2,772 
Added 
Total  

OUT 
Evap. 10,350 4.0 1,370 5 8.6 7.0 162 6 
Cond. 149,274 71.3 26.9 0.1 7.8 6.3 56 2 
Solid 1,740 0.83 28,750 116 150 121 3i0 11 
Total  76.13 121.1 134.1 19 
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Table 4.1. Continued 

rN 
Feed 298,706 100 
Added 
Total 298,706 

OUT 
Evap. 12,550 4.2 
cond. 195,298 65.3 
Solid 
Total 

Darex Run R-57 

h r e x  Run R-58 

IN 
Feed 216,576 100 . . 
Added 
Total 216,576 

om 
Evap- 14,575 6-73 
cond. 170,168 78.57 
s o l i d  145.18 0.067 
Total 85.40 





Table 4.1. Continued 

HNos Al Fe A SO4 Ru P Ca 

g % g % g % g % g % B % g % g % 

Darex Batch Run R-61 

IN 
Feed 173,762 100 
Added 
mtal 173,762 

OUT 
Evap. 104,372 60.1 
Cond. 85,855 41.41 
Solid 215 0.12 
Total  104.63 

TBP-25 Run R-62 

IN 
Feed 201,146 100 21,854 100 82.51 100 1,908.8 100 
Added 
Total 201,146 

om 
Evap. 13,000 6.46 967.5 4.43 54.75 66.36 440 23.1 
Cond. 129,812 64.53 4.61 0.02 39.14 2.05 
Solid 644 0.32 17,371 79.5 47-3 
Total 71 31 85.95 82.05 



Table 4.1. Continued 

HN03 Al Fe Hg SO+ Ru P C a  

g % g % g % g % g % g % g % g % 

TBP-25 Run R-63 

IN 
Feed 183,556 100 18,945 100 125.5 100 1,957 100 
Added 
Total  mz5  

om 
m p .  12,025 6.55 920 4.85 23.75 18.9 127 6.5 
cond. 152,339 83 3.41 0.012 46.9 2.4 
Solid 351.2 0.19 17,796 94.0 232.44 185.3 693.7 35.4 
Total  89.74 RJJT mr- 'J3 

TBP-25 Run R-64 

IN 
Feed 
Added 
Total 

om 
m p .  
Cond . 
Sol id  
To ta l  

Cond . 



-33- 

Table 4.2. Other Results fo r  Tests R-42 t o  R-64 

System 
feed 

Run ra te ,  Total Water- Feed Calcine Bulk 
7 0 .  l i t e r s  feed, feed time, time, density, Off-gas, 
R- h r  l i t e r s  r a t i o  h r  h r  g/cc cu f t  

out 
649 
818 
730 

1140 
825 

1630 
905 
900 
985 

1100 
600 
65 5 
537 

1410 
484 
506 
603 
365 
432 
521 
601 

a System leaked about 200 l i t e r s  leaving 394. 

TWO f i l l  (19, 7, 19, 13) .  



Table 4.3. Material Balance Summary Results 

Nitrate average recovery 92% 
A l  average recovery 99% 
Fe average recovery 
~g average recovery 71% 

Average 88$ 

a For Fe as a major ion i n  Purex and Darex t e s t s  91% 

Table 4.4. Sequence b g  Test R-64 

Cal Evap . Evap . 
Run Liq Evap . Liq Evap . Conduct - 

Hour hour Feed Calcine Level Density Level Pressure i v i t y  

11 :00 S ta r t  
6:oo 19 

14 :00 27 

Automatic 
Control 
Time 
(hrs )  

On Auto 
Off S ta r t  ~uto/man 
On Finish ~uto/man 

-/auto 
Off S ta r t  Man/auto 

~ a n / a u t o  
Auto/of f 

Finish 

Auto Auto Auto Auto 
Auto ~uto/man Auto Auto 
Auto ~uto/man Auto P.uto 
Auto Man/auto Auto Auto 

Auto-man ~uto/rnan Auto Auto 
Auto -man ~uto/man Auto Auto 
~ a n / o f f  ~ a n / o f f  ~ u t o / o f f  ~ u t o / o f  f 



The control  system used fo r  t h i s  t e s t  was as follows: 

1. Calcine Liquid Level + C a l  Feed 
2. Evaporator Density +Evaporator Steam 
3. Evaporator Liquid Level 4 Evaporator Feed 
4. Evaporator Pressure + Gas Take-off 
5. Evaporator Condensate Conductivity -+ Evaporator Water 

( See ORNL-LR-DWG 63205~)  

4,4 Calciner Liquid Level Control 

A copper f i l l e d  thermocouple was used t o  sense the  l i qu id  l eve l .  The 
eont ro l le r  was on manual during the twe calcining periods of t he  t e s t .  
The l im i t s  of good control  were 20% and 95% of the  char t   a able 4.5) with 
a s e t  p i n t  of  60%. The range of  the  chart  i s  appmxima+,ely 55 t o  65 l i t e r s  
o f  pot volume. The cont ro l le r  se t t ings  were 200% proportional b a d  widths 
and 240 min r e se t  time. The c.ontroller c m  not operate i f  t he  l i qu id  l eve l  
4 s  not up t o  t he  thermocouple probe. During the  t e s t s  when the  control ler  
WRS operating, t he  process was under the  l i m i t s  th ree  times f o r  2.8% of t he  
t.ime and above once f o r  13- 5% of  the  time (Figure 4.1) .  A t o t a l  of 16.3% 
of the  time (32 h r s  control l ing)  t he  system was not within control  limits. 
The 13.5% above the  l i m i t ,  which means low l e v e l  i n  the  calc iner  pot, w a s  
t,he f a u l t  of t he  control  valve and not t he  control ler .  

4.5 E v a p r a t o r  Llquid Level Control 

The evaporator control  had an average deviation from the  s e t  point  
of  l e s s  than 1% during the  38 hr  of  automati c control .  The proportional 
band se t t i ng  was 404 and the  r e se t  \xis 10 min. The evaporator l i q ~ i d  
l eve l  controlled the  additior, s f  feed t o  t he  sys.tern. 

Thf s was out  of the  desired control  zones 9% of t he  time  a able 4 .7) ,  
3% above the  l i m i t  ( 3  times) and 6% below ( 5  t imes)(Figure 4 .2) .  The 
evawra tor  w a s  put on manual control  during the  f i r s t  calc inat ion period. 
Illlring t h f s  manual operation, nc, feed was added to t h i s  system, however, 
the  evaporator l i qu id  l eve l  did increase t o  a b v e  90% from calc iner  con- 
densate causing the  conductivf t y  control  (water addi t ion t o  s t r i p  nf t r i c  
acid)  t o  be overridden and cut o f f .  Manual addi t ion of s t e m  and water 
20 the  system was used t o  overcome a mal-operation. 

4.6 Evap ra to r  Pressure 

The evaporator pressure control  w a s  within l e s s  than 1% of the  s e t  
point  for 49 hrs  of  automati c control  (Figure 4.3). The control  w a s  low 
sn ly  th ree  times f o r  0.6% of t h e  aut,ornatic operating time ( ~ a b l e s  4.4, 
4 ;5 ,  4.6, and 4 .7) .  

4 .7  Evaporator Densi t,y Control 

The evaporator density was measured i n  an external  pump loop with e. 
bubbler. The ccntrol  o a t ~ ~ t  s ignal  ~m,s cascaded t o  the steam cont ro l le r  



Table 4.5. Test R-64 Control L i m i t s  f o r  Acceptable Control 

Set bwer  Upper 
Point L i m i t  L i m i t  Chart Range 

$ of Chart 0% t o  100% 

C a l  l iquid l eve l  60 20 95 5 5 65 l i t e r s  
Eva- density 30 25 3 5 1.0 2.0 g/cc 
Evap l iquid  l eve l  50 30 70 7 35 l i t e r s  
Evap pressure 40 3 €3 42 - 5 +5 ~ s i g  
Evap conductivity 40 25 5 5 1 3 E m0s 

Table 4.6. Control Set t ina fo r  Test R-64 

Prob 
Band Reset 
k min 

Cal l iquid leve l  200 240 
Evap density 100 10 
Evap l iquid leve l  40 10 
Evap pressure 25 1 
Evap conductivity 200 10 

Table 4.7. R-64 Control L i m i t  Response 

Ave 
Set Point 
Deviation Set 

k Point 

$ of  Number 
Time of $3 of 

below Times Time 
L i m i t s ,  below Above 

L i m i t  L i m i t  

Number 
of 

Times 
Above 
L i n ~ i  t 

Total 
Control 
Time, 
h r  

C a l  l iqu id  l eve l  -3.2 60 
Evap density < + 1 30 
Evap l iquid leve l  < T 1 50 
Evap pressure < ? 1  40 
Evap conductivity < - 1 40 

a Calciner low-feeding system did not del iver  enough solution t o  the 
calciner . 
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UNCLASSlFl ED 
ORNL-LR-DWG 66626 R 

RUN TIME - hrs 

Calciner Liquid - Continuous - TBP 

Limits 95-20% Controller Action Prob. 200% 
Reset 240 rnin 

Fig. 4.1. Waste calcination & evaporation controller - Test 64 - calciner l iquid level. (Cont'd) 



UNCLASSIFIED 

- . - 
ORNL-LR-DWG 66760 

-- - -- -. . 

RUN TIME - hr 

Evaporator Liquid Level - Continuous - TBP-25 

Limits SP * 20% Controller Action Prob. Band 40% 
Reset 10 rnin 

Fig. 4.2. Waste calcination & evaporation control - Test 64 - evaporator liquid level. 





UNCLASSIFIED 
ORNL-LR-DWG 66761 

RUN TIME - hr 

Evaporator Vapor Pressure - Continuous - TBP-25 

Limits SP *2% Controller Action Prob. Band 25% 
Reset 1 min 

Fig. 4.3. Waste calcination & evaporation control - Test 64 - evaporator vapor pressure. 



UNCLASSIFIED 
ORNL-LR-DWG 66628 
--- 

1 

RUN TIME - hr 

Evaporator Vapor Pressure - Continuous - TBP-25 
Limits SP 2% Controller Action Prob. Band 25% 

Reset 1 rnin 

Fig. 4.3. Waste calcination & evaporation control - Test 64 - evaporator vapor pressure. (Cont'd) 



a s  a s e t  point .  The control  was very good. The densi ty  was not  above 
t h e  l i m i t s  during t he  t e s t  and below the  l i m i t s  t h r ee  times, 1 . 5  of 46 hrs  
t he  con t ro l l e r  was on automatic (Figure 4.4) .  

Evaporatcr Conductivity 

The e l e c t r i c a l  conductivi ty o f  evaporator condensed condensate i s  
measured t o  determine t h e  concentration o f  n i t r i c  ac id  i n  t he  evaporator 
condensate. The l i q u i d  phase n i t r a t e  concentrat ion i s  in fe r red  from t h e  
vapor composition 

The n i t r a t e  i n  the  l i q u i d  should not  exceed about 8 M - t o  maintain minimum 
Ru v o l a t i l i t y .  

The average deviat ion from the  s e t  point  was l e s s  t h & ~  1$. Total  $ 
of  time ou t s ide  o f  the  des i red control  l i m i t s  347; (15$ below, 8 times, 
an?. 18% above, 12 t imes) (Figure 4 .5) .  Ten o f  t he  16% above the  des i red 
control  l i m i t s  w a s  due t o  mis-operation o f  t h e  evaporator l i q u i d  l eve l .  

The con t ro l  o f  t e s t  R-64 w a s  good except f o r  l ack  o f  fo res igh t  i n  
prescheduling t h e  evaporator l i q u i d  l e v e l  control  p r i o r  t o  the  mid-test 
ca lc ina t ion  so t h a t  it wo1J.d not  o v e r f i l l  and cmse  t he  evaporator 
conductivi ty t o  go high because o f  a sa fe ty  override.  

There was a t o t a l  o f  210 h r  of control led  operation with only 38 times 
t h a t  any o f  t he  5 control  f u n c t i o ~ s  w a s  a b v e  t he  desired control  l i m i t s .  
The ou t  o f  l i m i t  control  averaged 7.6% of  control led  operating time. 
Wwn the  control led  s igna l  d i d  f l uc tua t e  the  average devia t ion from the  
s e t  point  was usual ly  l e s s  than 1$ and only t h e  calciiner l i qu id  l e v e l  
w a s  g rea te r ,  i t  w a s  -3.2$. 
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