
U.S.ATOMIC ENERGY COMMISSION 

ORNL-TM- 642 

/3/ 

n m - -  1 W - J  

3 L)LJ5b 05LJ73b7 5 
- LABORATORY 

operated by 

for  the 
N lON CARBIDE CORPORATION 

UNIT OPERATIONS SECTION 

MONTHLY PROGRESS REPORT 

JULY 1963 

I '  

0 

\. 

NOTICE 

This  document contains information of a preliminary noture 
and was prepared primarily for internal use at the Oak Ridge 
National Laboratory. It is  subject to revision or correction 
and therefore does not represent a final report. The information 
i s  not to be abstracted, reprinted or otherwise given public 
dissemination without the approval of the ORNL patent branch, 
Legal  and Information Control Department. 



LEGAL NOTICE I 
This  report wos prepored os on account of Government sponsored work. Neither the United St 
nor the Commission, nor any person acting on beholf of the Comm 

A. Mokes ony warranty or representotion, expressed or implied, to the occuracy, 

completeness, or usefulness of the informotion contoined in  t r that the use of 

ony informotion, opparotus, method, or process disclosed in  may not infringe 

with respect to the use of, or for 

any informotion, opporotus, method, or process disclosed in th is  report. 

As used in  the above, “person acting on behalf of the Commission” i any employee or 

contractor of the Commission, or employee of such controctor, to the e at such employee 
or contractor of the Commission, or employee of such controctor prepares, disseminotes, or 

provides access to, ony informotion pursuant t o  his employment or contract wi th the Commission, 

or his employment wi th such contractor. 

0 

n 



ORNL-TM-642 

(. 

U N I T  O P E M T I O N S  SECTION MONTHLY PROGRESS REPORT 

J u l y  1963 

CHEMICAL TECHNOLOGY D I V I S I O N  

M. E .  Whatley 

P. A.  Haas 
R. W. H o r t o n  
A. D .  R y o n  

' J. C. Suddath 
C.  D. Watson 

D a t e  Issued 

N O V  8 1963 

OAK RIDGE NATIONAL LABORATORY 
O a k  R i d g e ,  Tennessee 

O p e r a t e d  by 
UNION CARBIDE CORPORATION 

f o r  the  
U. S. A t o m i c  E n e r g y  C o m m i s s i o n  



ABSTRACT 

. 

Foam has been effectively condensed by passing it through an orifice 
at a velocity sufficient to cause at least 50% reduction of pressure. 
Orifice diameters of 0.015, 0.100, and 0.250 cm were equally efficient 
for foam composed of 0.05 to 0.08 cm diameter bubbles. 
thoria beads having high resistance to crushing and low internal porcisity 
were prepared by dispersing a 4.5 M_ thoria sol through an orifice into 
a mixture of carbon tetrachloride and isopropyl alcohol producing gel 
beads which were calcined at 1000°C. The rate-controlling mechanisms 
for the sorption of uranium hexafluoride on sodium fluoride pellets are: 
transfer across the gas film, diffusion in the pore space and diffusion 
through the UF,-NaF complex. 
basis of a model involving simultaneous diffusion and irreversible 
reaction. 
Purex waste containing four times the normal sodium content are reported. 

Small spherical 

Experimental data were correlated on the 

Two high level waste calcinations runs using simulated FTW-65 

? 

. 
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SUMMARY 

1.0 FOAM SEPARATION STUDIES - WASTE PROCESSING DEVELOPMENT 
Experimental results show that foams are easily condensed while 

passing through an orifice with upstream/downstream pressure ratios of 
two or greater. The 0.015, 0.100, and 0.250 cm diam orifices all gave 
residual foam volumes of about 0.001 times the inlet foam volumes for 
foams of 0.05 to 0.08 cm mean diameters. 
a Teflon sheet 2 to 3 inches from the orifice, the amount of uncondensed 
foam was slightly decreased by placing the sheet 24 in. from the orifice 
and was slightly increased by use of a glass wall in place of the Teflon 
sheet. The 24 in. diam foam column (the proposed LLW pilot plant column 
diameter) was operated at flows up to 80 liters/min of foam and 13 liters/ 
min of liquid. 
min or less liquid and 50 liters/min o r  higher gas flow rates; an improved 
liquid feed distributor will be necessary for higher liquid flow rates. 

2.0 THORIUM UTILIZATION STUDIES 

As compared to impingement on 

The amount of channeling appeared acceptable at 5 liters/ 

Spherical beads of thorium oxide gel in the size range 100 to 1000 IJ. , 
! were prepared by passing a 4.5 M thoria sol through a 0.006-ine-diam 

orifice into a C C 1 4 - 1 5  to 17 voi % isopropyl alcohol solution, which 
fluidized and dried the resultant droplets. 
dried and calcined at 1000°C to give thoria spheres having high resistance 
to crushing and little internal porosity. Surface active impurities 
which were accidentally present appear necessary to prevent coalescence 
and to maintain the spherical drop shape throughout drying. 

The gel beads were further 

3.0 VOLATILITY STUDIES 

The removal of uranium hexafluoride from a gas stream containing 
uranium hexafluoride and nitrogen by pelleted sodium fluoride was invest- 
igated by the use of differential-beds of pellets. Experimental data on 
the rate and extent of sorption was obtained in the temperature range 29 
to 100°C and uranium hexafluoride concentration range 0.57 to 10.9 mole 
per cent uranium hexafluoride. 

The results of this study indicate that the rate-controlling mechanisms 
are transfer of uranium hexafluoride across a stagnant gas film surrounding 
the pellet, diffusion of gaseous uranium hexafluoride in the pore space 
of the pellet, and diffusion of uranium hexafluoride through a layer of 
uranium hexafluoride-sodium fluoride complex covering unreacted sodium 
fluoride in the interior of the pellet. The crystalline density of the 
complex UF6*2NaF was determined to be 4.13 g/cc which indicates that 
incomplete reaction of the sodium fluoride will occur for pellets in which 
the initial. volume void fraction is less than 0.807. 

A model was devised to represent the sorption of uranium hexafluoride 
by a single pellet of sodium fluoride and differential equations based on 
the model were written. A general method of solution of the partial 
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d i f f e r e n t i a l  equat ion  desc r ib ing  simultaneous d i f f u s i o n  and i r r e v e r s i b l e  
r e a c t i o n  wi th  v a r i a b l e  d i f f u s i v i t y  and r e a c t i o n  ra te  cons t an t  w a s  
der ived  f o r  systems i n  which a s t e a d y - s t a t e  type s o l u t i o n  i s  v a l i d .  
The experimental  d a t a  were c o r r e l a t e d  on the  b a s i s  of  t he  model wi th  a 
root-mean square e r r o r  of 9.5% f o r  a l l  p o i n t s .  The r e s u l t i n g  computer 
code and a s s o c i a t e d  d a t a  may be used f o r  design of  sorber  systems such 
as f ixed .  o r  moving beds i, 

The e f f e c t i v e  capac i ty  of 1/8- in .  r i g h t  c i r c u l a r  c y l i n d r i c a l  p e l l e t s  
of  NaF f o r  UF6 w a s  found t o  decrease  wi th  inc reas ing  temperature;  a t  29°C 
a capac i ty  of 1.13 g UF6/g NaF w a s  observed whereas the  c a p a c i t y  a t  100°C 
was only 0.64 g UF6/g NaF. A model-predicted r e s u l t  of a 35% decrease  i n  
capac i ty  f o r  p e l l e t s  having an  i n i t i a l  vo id  f r a c t i o n  of 0.45 w a s  observed 
exper imenta l ly  as the  s u r f a c e  area w a s  increased  from 0.86 t o  1.1 m2/g. 

4.0 WASTE PROCESSING STUDIES 

Two tests, R-77 and R-78, have been completed us ing  ~m-65 Purex 
waste wi th  four  t i m e s  t he  normal amount of  sodium (1.2 M_ sodium). 
sodium w a s  added as sodium s u l f a t e  so  t h a t  t h e r e  would be a 0.6 M sodium 
s u l f a t e  concent ra t ion .  
d i f f i c u l t  because the  feed  tended t o  foam and t h e r e f o r e  more entrainment  
i n  the  o f f -gas  l i n e  w a s  encountered than wi th  r e g u l a r  FTW-65 Purex. 

The 

The ope ra t ion  of t h i s  type of feed  w a s  f a i r l y  

The average feed  rates fo r  the  two tests w e r e  18.6 and 19.2 l i t e r s / h r ,  
r e s p e c t i v e l y .  
of 1.26 and 1.39 g/cc, r e s p e c t i v e l y .  The reason  R-78 had a h igher  d e n s i t y  
w a s  t h a t  904 l i t e r s  of feed  was used f o r  t h a t  test  whereas only  726 l i t e rs  
of feed  w a s  used f o r  t e s t  R-77. The calcium added t o  complex the  s u l f a t e  
f o r  both tests w a s  10% of the  t o t a l  s u l f a t e .  The s u l f a t e  found i n  the  
c a l c i n e r  condensate of test  R-77 w a s  0.07% of the  t o t a l  s u l f a t e  f e d  t o  
the  system. 
about  25$, due t o  t h e  l a r g e  amount of carryover .  
be handled s a t i s f a c t o r i l y  wi th  the  r e g u l a r  c a l c i n e r  ope ra t ing  procedure,  
however, a l a r g e r  de-ent ra in ing  s e c t i o n  i n  the  c a l c i n e r  p o t  would be 
adv i sab le .  

The r e s u l t i n g  s o l i d  had a bu lk  d e n s i t y  f o r  t h e  two tests 

The s u l f a t e  i n  the  c a l c i n e r  condensate i n  R-78 w a s  much higher ,  
This type of feed  can 
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1.0 FOAM SEPARATION STUDIES - WASTE PROCESSING DEVELOPMJ3NT 

P. A.  Haas 

1.1 Foam Separa t ion  - Po  A. Haas, D. A. McWhirter 

Engineering s t u d i e s  f o r  design and a p p l i c a t i o n  of foam sepa ra t ion  
columns were continued wi th  the  emphascs on the  s c a l e  up of components 
f o r  t he  24 i n .  diam column proposed f o r  a Low Level Waste p i l o t  p l a n r .  
The 6 and 24 i n .  diam columns were opera ted  wi th  o r i f i c e s  as simple and 
e a s i l y  scaled-up foam b reake r s .  

O r i f i c e  Foam Breakers.  The idea  of an  o r i f i c e  as a foam breaker  was 
developed from cons ide ra t ion  of the  foam breaking mechanism i n  t h e  sonic ,  
cyclone, and c e n t r i f u g a l  foam breakers .  The son ic  foam breaking mechanism 
i s  a sc r ibed  t o  p re s su re  cyc l ing  e f f ec t s . '  
p r e s su re  r a t i o  found necessary t o  make a cyclone an  e f f e c t i v e  foam breaker  
would produce a very r a p i d  pressure  change. 
a s t a t i o n a r y  f i n e  mesh screen  o r  a coarse  screen  c e n t r i f u g e  bowl are 
broken very  poor ly  as compared t o  a f i n e  screen  c e n t r i f u g e  bowl. 
could be a t t r i b u t e d  t o  a p res su re  change as the  foam leaves  the  c e n t r i f u g a l  
f i e l d  i n  t h e  bowl. Since sharp p res su re  changes and even p res su re  d i s -  
c o n t i n u i t i e s  are p o s s i b l e  i n  an  o r i f i c e ,  t he  performance of o r i f i c e s  as 
foam breakers  w a s  t e s t e d .  

The 2 t o  P. i n l e t  t o  o u t l e t  

Foam flowing through e i t h e r  

This 

Experimental da t a  were c o l l e c t e d  f o r  four  o r i f i c e  diameters  us ing  
foam from e x t r a  coarse  p o r o s i t y  f r i t t e d  g l a s s  d i s c  gas spa rge r s .  Foam 
generated from 200 t o  275 ppm Trepolage F-95 s o l u t i o n  was drawn through 
the  o r i f i c e  by vacuum wi th  the  top of  the  column vented t o  the  atmosphere 
(Fig.  1.1). The amount of uncondensed foam w a s  measured by ope ra t ing  the  
o r i f i c e  f o r  2 t o  5 minutes and then vent ing  the  vacuum p o t  and d ischarg ing  
the  l i q u i d  and foam i n t o  a graduate .  
rate,  the  p re s su re  drop ac ross  the  o r i f i c e ,  t he  foam dens i ty ,  t he  d i s t a n c e  
from the  o r i f i c e  t o  the  vacuum chamber w a l l ,  and the w a l l  material were 
va r i ed .  

The o r i f i c e  diameter,  t he  foam 

The experimental  r e s u l t s  show t h a t  foams are e a s i l y  condensed by an 

Pressure  drops from atmospheric for 
o r i f i c e  wi th  r e s i d u a l  foam volumes of about  0.001 the  i n l e t  volumes f o r  
t he  w e l l  d ra ined  foams (Table 1.1). 
the  i n l e t  foam t o  one-half  atmosphere i n  the  vacuum p o t  were adequate.  
The same p res su re  r a t i o  would probably apply a t  o the r  p re s su res ;  i .e . ,  
an upstream t o  downstream p res su re  r a t i o  of two i s  probably adequate.  
With the  i n l e t  foam a t  atmospheric pressure ,  condensation w a s  less 
complete f o r  30 o r  25 cm of Hg pres su re  drop than f o r  50 o r  65 cm Hg, and 
become very  poor f o r  lower p re s su re  drops.  

The r e s u l t s  i n d i c a t e  t h a t  t he  condensation occurs  as the  bubbles pass  
through t h e  o r i f i c e  and t h a t  o r i f i c e s  smaller than the  bubble and impinge- 
ment of the  bubbles on a su r face  are n o t  necessary.  

1 
The condensation of 

R. M. G o  Boucher and A .  L. Weiner, "Sonic Defoaming-Its P resen t  S t a tus , "  
Food Processing,  October 1962. 
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Fig. 1.1 O r i f i c e  Foam Breaker Test Apparatus. 
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Table 1.1. O r i f i c e  Foam Breaker Test Conditions and Resul t s .  

Solu t ion :  275 ppm T r e p o l a t e  F-95 and 0.002 Z N a O H .  

Average F r a c t i o n  o f  
O r i f i c e  Opposing Wall Foam Column P r e s s u r e  Foam Foam Bubble Uncondensed 

D i a m  D i a m  Foam Drainage Drop Rate Dens i ty  D i a m  Foam 
No. (cm) M a t e r i a l  Distance ( i n .  ) Flow ( c m  a) (cc/min) (mg/cc) (cm) . ( c c / c c )  

Twelve 0.015 Glass -3 6 

One 0.100 Glass -2 6 

Teflon -2 

Teflon -2 

Teflon -24 6 

One 0.250 Teflon -3 24 

One 0.32 Teflon 24 

Horizonta l  

Hor izonta l  

Horizon t a 1 

V e r t i c a l  

Vertica 

V e r t i c a l  

V e r t i c a l  

-65 

-65 

50 

30 

25 

-65 

30 

-65 

50 
30 

-65 

30 

-60 

-50 

1000 

5600 

5600 

5600 

3 700 

3700 

3700 
3 700 

5600 

5600 
3700 

3700 

3700 

700 
3 700 
3 700 

700 

3 700 
1900 
3700 
1900 

32000 
16000 
8000 

1900 

1900 

40000 

48000 

-3 

4 
3 
4 
3 
4 
3 
3 

4 
3 
4 
3 

12 
9 
4 
12 
12 
9 
4 

12 
9 
12 
9 

4 
3.5 
1 
0.5 

6 

0.05 

0.07 
0.06 
0.07 

0.07 
0.06 
0.06 

0.07 
0.06 
0.07 
0.06 

0.07 
0.06 
0.05 
0.07 
0.07 
0.06 
0.05 

0.07 

0.07 
0.06 

0.07 

0.05 
0.05 

0.07 

0.06 

0.06 

0.06 

. .  

< 0.001 

0.0016 
0.0005 
0.0019 
0.0011 
0.0012 
0.0010 
0.0040 

0.0005 
0.0006 , 

0.0012 
0.0014 

0.0040 
0.0016 

0.0040 

0.0021 

< 0.0005 

0.0032 

< 0.0005 

0.0013 
0.0027 

0.0016 

0.0048 

0.0010 
0.0011 
0.0005' 
0.0005 
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foam was about equa l ly  e f f i c i e n t  f o r  0.015, 0.100, and 0.250 cm diam 
o r i f i c e s .  The 0.015 cm diam would be smaller than  nea r ly  a l l  t he  bubbles 
while  the  0.250 cm diam would be l a r g e r  than  n e a r l y  a l l  t he  bubbles (mean 
bubble diameters  of 0.05 t o  0.08 c m ) .  
from the  o r i f i c e s  impinged on a Teflon s h e e t  p laced  2 t o  3 inches  from the  
o r i f i c e .  The amount of  uncondensed foam w a s  s l i g h t l y  decreased by p l ac ing  
the  o r i f i c e  24 i n .  from the  Teflon s h e e t .  The amount of uncondensed 
foam was s l i g h t l y  g r e a t e r  f o r  a g l a s s  s u r f a c e  than  f o r  t h e  Teflon s h e e t .  
It appeared t h a t  t he  foam bubbles broke be fo re  they h i t  t h e  s u r f a c e  and 
t h a t  t he  l i q u i d  s t r i k i n g  the  su r face  caused some formation of  new foam 
bubbles depending on t h e  material and p o s i t i o n  of  t he  su r face .  

For most of t he  tests, t h e  stream 

The d r i e r  foams from lower foam rates o r  b e t t e r  dra inage  gave smaller 
f r a c t i o n s  of uncondensed foam. This may have been due t o  less formation 
of new foam bubbles on the  Teflon su r faces .  

24 i n .  D i a m  Column. The 24 i n .  diam foam column (see A p r i l  Unit  
Operat ions Monthly Report)  wi th  a feed  d i s t r i b u t o r  of n ine t een  tubes on 
a -5  i n .  t r i a n g u l a r  spacing w a s  opera ted  a t  h igher  gas  rates us ing  the  
0.25 and 0.31 c m  diam o r i f i c e  foam breakers .  The amount of  channel ing 
decreased as the  gas  ( i .e .  foam) rate w a s  increased .  With the  p r e s e n t  
feed  d i s t r i b u t o r  and 50 l i t e r s / m i n  of foam, the  flow was good wi th  l i t t l e  
channel ing a t  5 l i t e r s / m i n  of  l i q u i d  (25 ga l / sq  f t  h r ) ,  bu t  channel ing 
was very  bad a t  13 l i t e r s / m i n  (66 ga l / sq  f t  h r ) .  Channeling w a s  less, 
b u t  s t i l l  excessive,  a t  13 l i t e r s / m i n  f o r  80 l i t e r s / m i n  foam. A feed  
d i s t r i b u t o r  u s ing  a l a r g e r  number of  tubes on a c l o s e r  spacing should 
be designed and mocked-up f o r  t h e  24 i n .  diam LLW p i l o t  p l a n t  column. 

. 
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2 e 0 TEIORIUM UTILIZATION STUDIES 

P. A. Haas 

Procedures and equipment are being developed t o  adapt  the  Sol-Gel 
process  t o  g ive  a v a r i e t y  of product  compounds and c h a r a c t e r i s t i c s .  
conversion of thorium n i t r a t e  t o  a t h o r i a  s o l  by t h i s  process  i s  a very  
cheap, simple, and dependable opera t ion .  Rounded t h o r i a  o r  t ho r i a -u ran ia  
beads of 100 t o  1000 p diam without  any sharp corners  o r  c r ev ices  would 
be e x c e l l e n t  f o r  coa t ing  with p y r o l y t i c  carbon coa t ings  o r  f o r  o t h e r  
d i spe r s ion  f u e l s .  
low temperatures because of the  l a r g e  su r face  area of each component, 
s p h e r i c a l  t ho r i a -u ran ia  gel-carbon b lack  beads would g ive  s p h e r i c a l  
thorium carbide-uranium carb ide  beads a t  temperatures of  ICi00"C lower 
than  those used i n  o the r  processes .  Therefore, procedures  are being 
developed f o r  conversion of sols t o  d r i e d  g e l  beads of 100 t o  1000 p 
diam. 

The 

Since d r i e d  so l -carbon b l ack  mixtures  react a t  r e l a t i v e l y  

2.1 Thoria Micro-Spheres - S.  D. Clinton, L. J. Hirth,  D. A .  McWhirter 

Spher ica l  thorium-oxide g e l  beads i n  the  s i z e  range of  200 t o  800 
microns were made by f l u i d i z i n g  and drying 4.5 M Tho2 s o l  d r o p l e t s  i n  a 
CC14-isopropyl a l coho l  s o l u t i o n  (17 v o l  $ a l c o h o l ) .  The s o l  d r o p l e t s  
were formed by pass ing  Tho2 s o l  through a 6 m i l  diam o r i f i c e .  The s o l  
beads were f l u i d i z e d  and d r i e d  i n  a 2 f t  l eng th  of tapered  g l a s s  p ipe  
i n  which the  average upward f l u i d  v e l o c i t y  v a r i e d  from 1.05 t o  0.12 f t  
p e r  s ec  along t h e  tapered length .  

A 6 m i l  diam o r i f i c e  a t t ached  t o  a 12 i n .  l eng th  of 1/2 i n .  SS tubing 
w a s  used t o  feed t h e  Tho2 s o l  and form the  s o l  d r o p l e t s .  During run  A, 
18 cc of 4.6 M Tho2 s o l  (Density =: 2.15 g/cc)  was fed  throz?gh t h e  o r i f i c e  
i n  approximatFly 60 minutes wi th  only the  aqueous s o l  he ight  i n  the  tube 
a c t i n g  as a d r iv ing  fo rce  ac ross  t h e  6 m i l  diam hole .  
were formed i n  t h e  organic  s o l u t i o n  wi th  most of  t h e  drops i n  the  s i z e  
range of 800 t o  1000 microns. 

The sol d r o p l e t s  

The CC14-17  vo l  $ isopropanol. s o l u t i o n  w a s  c i r c u l a t e d  Gpward through 
a 2 f t  l ength  of tapered  glass p ipe  column which v a r i e d  from 1 i n .  I3 
a t  the  bottom t o  3 i n .  I D  a t  t he  top .  WT-iile Tho2 s o l  was being fed  to 
t he  column during run  A, the  organic  flow rate w a s  maintained a t  a cons tan t  
va lue  of  2.56 gpm. 
0.12 f t  pe r  sec along the  tapered l eng th  corresponding t o  Reynold's 
numbers of  10,000 t o  3>300e 

The average organic  v e l o c i t y  v a r i e d  from 1.05 t o  

The s o l  d r o p l e t s  were apparent ly  d r i e d  t o  a g e l  s ta te  i n  about 5 min 
a f t e r  formation, however, no g e l  p a r t i c l e s  were removed u n t i l  18 cc  of 
s o l  had been introduced i n t o  the  column and the  organic  flow ra te  
subsequent ly  reduced t o  1.53 gpm. Eleven samples of Tho2 g e l  p a r t i c l e s  
were removed from the  column a t  reduced organic  flow rates (Table 2.1). 
These p a r t i c l e s  appeared t o  be s p h e r i c a l  and exh ib i t ed  no s igns  of  p a r t i c l e  
agglomeration. All of the  'Tho2 samples were hea ted  overn ight  a t  8O"C,  



-12 - 

Table 2.1. Size Classification of Thoria Gel Beads by 
Controlling the Organic Flow Rate 

Avg Organic 
Velocity at 

After Heating at 80°c 
Ob served 

Run A 1 in. ID Reynold's Size Weight 
Sample No. ( ft/sec ) Number (microns ) (g 1 

1, 2, 3 
4, 5 
6 
7 
8 
9 
10 
11 

0.63 
0.57 
0.52 
0.45 
0.40 
0.29 
0.17 
0.00 

6100 
5500 
5 100 
4409 
3800 
2800 
1700 

0 

500-1000 

600 -800 

500-600 

25 0 -300 

500-900 

500-700 

300-500 

150-250 

3 *47 
9.49 
4.54 
2.24 
1.43 
0.95 
0.38 
0.09 
22 59 

. 
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and subsequently t h r e e  o f  t h e  samples (A-4 ,  5, 6 )  were f i r e d  a t  1000°C 
f o r  16 h r s .  
w a s  7.7 g/cc and increased  t o  9.6 g/cc a f t e r  f i r i n g  a t  1000°C. 
t o  1000°C t h e  weight o f  t h e  8 0 ° C  heated beads decreased by about  4.0%. 

The toluene d e n s i t y  of t h e  Tho2 g e l  beads heated a t  80°C 
On f i r i n g  

Two photographs o f  t h e  Tho2 g e l  spheres  sample No. A - 8  (Figs .  2.1 
and 2 .2)  wi th  d i f f e r e n t  exposures i n d i c a t e  t h e  genera l  shape of t he  
p a r t i c l e s .  I n  t h e  c r o s s - s e c t i o n  view o f  A-8  (F ig .  2.3), t h e  o u t e r  Tho2 
s h e l l  (100 t o  150 microns t h i c k )  w a s  apparent ly  formed while  drying i n  
contac t  wi th  t h e  organic  s o l u t i o n .  The inne r  Tho2 core w a s  probably i n  
a s o l  s ta te  when t h e  p a r t i c l e s  w e r e  removed from t h e  organic  s o l u t i o n ,  
however, on h e a t i n g  t o  80°C a d d i t i o n a l  water w a s  removed causing the  
inne r  core  t o  s o l i d i f y .  From a cross -sec t ion  view of  Tho2 p a r t i c l e s  
(sample No. A - 5 )  a f t e r  f i r i n g  a t  1000°C (Fig .  2 .4)  t h e  Tho2 appears  t o  
be homogeneous and does n o t  e x h i b i t  t he  s h e l l  e f f e c t  of t h e  80°C 
heated p a r t i c l e s .  Several s u r f a c e  cracks are apparent  i n  t h e  c r o s s -  
s e c t i o n  of t h e  high fired-Tho2 beads, however, t hese  cracks do n o t  seem 
t o  be de t r imenta l  t o  t h e  p a r t i c l e  crushing s t r e n g t h .  

Attempts t o  d u p l i c a t e  run  A with  f r e s h  CCl,-isopropanol s o l u t i o n  
have f a i l e d  due t o  s o l  d r o p l e t s  coalescing and wet t ing  t h e  g l a s s  column 
w a l l .  I n  run  A t h e  CCl,  l sached t h e  p l a s t i c i z e r  from polyvinylch lor ide  
tubing connecting t h e  pump, rotameter,  and column. Apparently t h e  
p l a s t i c i z e r  w a s  a s u r f a c e  act ive agent  prevent ing  drop coalescence and 
g l a s s  wet t ing,  however, t h e  i n t e r f a c i a l  t e n s i o n  between t h e  aqueous 
s o l  d r o p l e t  and t h e  organic  s o l u t i o n  remained h igh  enough during drying 
t o  maintain t h e  s p h e r i c a l  shape. The e f f e c t s  of s u r f a c e  act ive materials 
on t h e  so l -organic  i n t e r f a c i a l  phenomena are being s t u d i e d  t o  determine 
t h e  condi t ions  necessary f o r  d u p l i c a t i n g  t h e  r e s u l t s  of run  A. 
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Fig. 2 .1  Thoria G e l  Spheres Formed by Drying Thoria Sol  Droplets i n  
CC14-Isopropanol and Heating t o  80°c. Sample A-8. 
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Fig. 2.2 Thoria Gel Spheres Formed by Drying Thoria Sol Droplets i n  
CC14-Isopropanol and Heating to  80°c. Sample A-8.  
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Fig. 2.3 Cross-Section of Thoria G e l  Spheres Formed by Drying Thoria 
S o l  Droplets  i n  CC14-Isopropanol and Heating t o  80°c. Sample A-8.  



;. 2.4 
llets i n  CC14-Isopropanol and F i r i n g  t o  1000°C. 

Cross-Section of Thoria Spheres Formed by Drying Thoria 
Sample A-5.  
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3.0 VOLATILITY STUDIES 

R. W. Horton 

3.1 Sorpt ion of UF6 on NaF - L. E. McNeese 

Determination o f  t h e  f a c t o r s  which c o n t r o l  t h e  ra te  o f  removal of UF, 
from a flowing gas  stream by a f i x e d  bed of NaF i s  needed f o r  r a t i o n a l  
design of f i x e d  bed s o r b e r s  which are  t o  opera te  over wide ranges of 
condi t ions .  
Progress  Report), d i s c u s s i o n  w a s  given of a phys ica l  model which explained 
t h e  observed c h a r a c t e r i s t i c s  o f  t h e  s o r p t i o n  process .  The model w a s  
based on two key ideas :  f i r s t ,  t h a t  t h e  pores  i n  p e l l e t e d  NaF would be 
f i l l e d  wi th  t h e  UFe-NaF complex p r i o r  t o  complete r e a c t i o n  of t h e  NaF, 
and secondly, t h a t  t h e  d i f f u s i v i t y  i n  a gas  varies as T3I2 whereas t h e  
d i f f u s i v i t y  through a c r y s t a l l i n e  s o l i d  varies as emE/RT. 
d i f f e r e n t i a l  equat ion  based on t h e  model w a s  der ived  from which t h e  
loading on a s i n g l e  p e l l e t  could be c a l c u l a t e d .  

I n  a previous r e p o r t  (September 1961 Unit  Operations Monthly 

A p a r t i a l  

To 'provide d a t a  f o r  checking the  model, a series of runs  w a s  made 
f o r  measuring UF6 loading on a s i n g l e  l aye r  of NaF p e l l e t s  (commercial 
grade from Harshaw Chemical Company) through which a N2-UF, stream w a s  
flowing (December 1961 Unit  Operations Monthly Progress  Report) .  I n  a 
given series,  temperature, UF6 concentrat ion,  and gas  flow rate  were 
h e l d  cons tan t .  

The p a r t i a l  d i f f e r e n t i a l  equat ion which w a s  der ived conta ins  t h r e e  
q u a n t i t i e s  which are dependent on the  amount of UF6 t h a t  has  accumulated 
a t  a p o i n t .  These are t h e  p o i n t  va lues  o f  t h e  volume void f r a c t i o n ,  t h e  
e f f e c t i v e  d i f f u s i v i t y ,  and t h e  r e a c t i o n  r a t e  cons tan t .  A numerical method 
w a s  devised f o r  s o l u t i o n  of t h e  p a r t i a l  d i f f e r e n t i a l  equat ion  which 
allowed a n  a r b i t r a r y  dependence of t h e  q u a n t i t i e s  l i s t e d  above on t h e  
UF, loading (Apr i l  1963 Unit  Operations Monthly Progress  Report ). 

The c r y s t a l l i n e  d e n s i t y  of t h e  complex UF6*2NaF w a s  determined t o  
be 4.13 g/cm3. 
NaF, and t h e  i n i t i a l  volume void f r a c t i o n  of t h e  NaF p e l l e t s  (0.45), a 
r e l a t i o n  f o r  t h e  volume void  f r a c t i o n  as a func t ion  of UF6 loading w a s  
der ived which i s  

Based on t h i s  measurement, t h e  d e n s i t y  of c r y s t a l l i n e  

E = 0.45(1 - 168.1 4 )  

where 

E = volume void  f r a c t i o n  

q = p o i n t  UF, loading, g mo1es/cm3 p e l l e t .  

c 

The two o t h e r  r e l a t i o n s  ( e f f e c t i v e  d i f f u s i v i t y  and r e a c t i o n  r a t e  
c o n s t a n t )  conta in  f i v e  cons tan ts  whose values  were determined by a 
parameter s ea rch .  The r e l a t i o n  f o r  t h e  p o i n t  d i f f u s i v i t y  i s  
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and the relation for the point reaction rate constant is 

-E/RT -bq @ = ae e 

where 

= diffusivity of UF6 in N2 DUF, -N2 
y, n, a,E,:b = constants 

R = gas constant 

T = time. 

In order to accomplish the parameter search, the relations discussed 
above were coded in FORTRAN for a finite-difference solution using the 
IBM-7090 computer. For most of the computer calculations, the spherical 
pellet upon which the model is based was divided into forty shells of 
equal volume; the length of each time increment was chosen such that the 
maximum change in the point reaction rate constant or the point diffusivity 
during the time increment would be 5% of its current value or less. 
this method of solution, the time increments were short initially (approxi- 
mately 0.5 sec) and increased continuously as the solution progressed so 
that after approximately 1 hour of computed time had been accumulated, 
time increments of approximately 100 sec were observed. 

In 

The calculational method was observed to converge to within 1% of 
the analytical solution for @ and De of a functional form similar to the 
experimental case when forty equal-volume shells were used. A s  a further 
check on convergence, a number of the calculations were repeated using 
eighty shells and a maximum change in the current value of B or De of 
2.5%; a difference of less than 1% in calculated values for uranium 
hexafluoride loading were observed for the two cases. 

The relations which resulted from the parameter search are 

B = 6.25 x lo6 e -7000/RT e -1390s 

A comparison of the experimental data on variation of pellet loading with 
time with model-predicted values for the loading using these rate relations 
is shown in Figs. 3.1 through 3.5. Experimental and calculated values 
for pellet capacity as a function of temperature are shown in Fig. 3.6. 
The root-mean-squgre error for all points in the study was 9.5%; the 
largest error for a single point was 31%. 
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Fig. 3.6 Comparison of Experimentally Determined and Model-Predicted 
Results on Variation of Effective Pellet Capacity with Temperature. 



-26 - 

The e f f e c t  of a number of p e l l e t  p r o p e r t i e s  on s o r p t i o n  ra te  and 
capac i ty  have been considered.  Thus f a r ,  however, t he  e f f e c t  of t he  
su r face  area of t he  p e l l e t  has n o t  been d iscussed .  
s o r p t i o n  c h a r a c t e r i s t i c s  on s u r f a c e  area i s  p red ic t ed  through the  dependence 
of t he  cons t an t s  a and b on the  su r face  area. 
on S i s  p red ic t ed  and an  inve r se  dependence of b on S.  
w i l l  be a decrease i n  e f f e c t i v e  capac i ty  as the  s u r f a c e  area i s  increased .  
Calcu la t ions  were made us ing  the  computer code f o r  p e l l e t s  having the  
same p r o p e r t i e s  as those of t he  s tudy  wi th  t h e  except ion  of su r face  area. 
The r e s u l t s  are shown i n  Fig.  3.7 f o r  t he  p e l l e t s  of t h i s  s tudy which 
had a s u r f a c e  area of 0.86 m2/g and f o r  p e l l e t s  wi th  su r face  areas of 
1.0 and 1.2 m2/g. 
of 1.1 m2/g i s  approximately 70% t h a t  of p e l l e t s  having a su r face  area 
of  0.86 m2/g. 
repea ted  use.-of sodium f l u o r i d e  p e l l e t s .  Af t e r  t h e  f i r s t  s o r p t i o n  cyc le  
p e l l e t s  from t h i s  s tudy  had a su r face  area of  approximately 1.0 m2/g and 
a n  e f f e c t i v e  capac i ty  of about  65% of the  i n i t i a l  capac i ty .  

A dependence of 

A d i r e c t  dependence of it-,’ 
The n e t  r e s u l t  

The e f f e c t i v e  capac i ty  of  p e l l e t s  w i th  a s u r f a c e  area 

This r e s u l t  i s  i n  agreement wi th  d a t a  r e s u l t i n g  from 

Appl ica t ion  of Data t o  Sorber Design. The r e s u l t s  from the  d i f f e r e n t i a l -  
bed s t u d i e s  enable  one t o  p r e d i c t  t he  ra te  of  removal of uranium hexafluo-  
r i d e  from a gas stream by a p e l l e t  o f  sodium f l u o r i d e  a t  cond i t ions  which 
may be t i m e  dependent; t h e o r e t i c a l l y ,  one can a l s o  use  t h e  r e s u l t s  t o  
p r e d i c t  t he  performance of sorber  systems such as f i x e d  o r  moving beds.  
The c a l c u l a t i o n s  necessary  f o r  t rea tment  of t h e  genera l  case  are somewhat 
involved and r e q u i r e  a f i n i t e - d i f f e r e n c e  i n t e g r a t i o n  i n  both  t i m e  and 
d i s t a n c e  throughout t he  system. For t h i s  reason, t he  gene ra l  r e s u l t s  
w i l l  no t  be included i n  t h i s  r e p o r t .  

One can consider  t he  r e s u l t s  f o r  a s p e c i f i c  case which i s  f r equen t ly  
encountered and which w i l l  s e rve  t o  exemplify t h e  e f f e c t s  of  t he  system 
parameters,  temperature,  and p e l l e t  diameter .  The case  t o  be considered 
i s  t h a t  of a sorber  system ope ra t ing  under condi t ions  such $hat  t h e  p e l l e t  
loading reaches the  e f f e c t i v e  capac i ty  throughout m o s t  of t he  so rbe r  
system. Such cond i t ions  inc lude  so rbe r  systems having low l i n e a r  gas  
v e l o c i t y  (0.5 cm/sec i n  a bed of 10 cm dep th )  o r  systems i n  which t h e  
bed occupies an  extended l eng th  (150 cm a t  a gas  v e l o c i t y  of  5.0 cm/sec). 
These r e s u l t s ,  shown i n  Fig.  3.8, a l s o  i n d i c a t e  the  minimum q u a n t i t y  of 
sodium f l u o r i d e  of the  type used i n  t h i s  s tudy  which can be expected t o  
sorb  a given q u a n t i t y  of uranium hexa f luo r ide  and w i l l  b e  u s e f u l  u n t i l  
more d e t a i l e d  information i s  a v a i l a b l e  from the  genera l  s o l u t i o n .  

A t o p i c a l  r e p o r t  (ORNL-3494) w a s  w r i t t e n  covering t h e  work summarized 
i n  t h i s  r e p o r t .  
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Fig. 3.7 Calcula ted  Values of E f fec t ive  P e l l e t  Capacity f o r  P e l l e t s  
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Fig. 3.8 Calculated Values of Effective Pellet Capacity for Pellets 
having an Initial Void Fraction of 0.45 and a Surface Area of 0.86 Square 
Meter per Gram. 
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4.0 WASTE PROCESSING STUDIES 

J. C. Suddath 

The purpose of waste c a l c i n a t i o n  tests R-77 and R-78 w a s  t o  t es t  the  
continuous evapora t ion  and c a l c i n a t i o n  of FTW-65 Purex waste wi th  four  
times the  normal amount of sodium; the  normal amount of sodium i s  0.3 5 
t h i s  feed had 1.2 M sodium. I n  a product ion p l an t ,  an  equal  amount of 
s u l f a t e  as s u l f u r i c  a c i d  would be added so t h a t  i t  would combine t o  form 
sodium s u l f a t e ,  however, f o r  t hese  c a l c i n a t i o n  tes t s  a l l  of t he  sodium 
w a s  added as sodium s u l f a t e .  The d a t a  from these  c a l c i n a t i o n  tests are 
needed f o r  t he  des ign  o f  t he  w a s t e h i g h  l e v e l  p i l o t  p l a n t  t o  be b u i l t  
a t  Hanford. 

4.1 Operating Resu l t s . and  Conclusions f o r  Tests R-77 and R-78 - C. W. Hancher 

Tests R-77 and R-78 were exac t  d u p l i c a t e  tests us ing  continuous 
evaporat ion.  
t he  normal amount of sodium (Table 4.1). The normal amount of sodium i s  
0.3 M,, t h i s  feed w a s  made up t o  1.2 M sodium us ing  sodium s u l f a t e  (0.6 M - 
s u l f a t e ) .  
feeding pe r iod  so  t h a t  t he  calcium molar conten t  i n  the  c a l c i n e r  would 
be 10% of the  t o t a l  s u l f a t e  i n  the  c a l c i n e r .  

The feed f o r  these  t es t s  w a s  ~ ~ w - 6 5  Purex wi th  four  t i m e s  

Calcium n i t r a t e  w a s  addedcon t inuous ly  during the  c a l c i n e r  

The maximum feed  ra te  during t e s t  R-77 w a s  72 l i t e r s / h r ,  t he  average 
The average feed rate f o r  t e s t  

The 
feed  ra te  w a s  18.6 l i t e r s / h r  (Table 4 .2) .  
R-78 was 19.2 l i t e r s / h r  wi th  a maximum of 132 l i t e r s / h r  (Table 4.3). 
t o t a l  amount of feed used during these  two tests w a s  726 and 904 l i ters ,  
r e s p e c t i v e l y .  The bulk  d e n s i t i e s  of t he  s o l i d s  were 1.26 and 1.3'6 g/cc, 
r e spec t ive ly ,  which r e f l e c t  t he  d i f f e r e n c e  i n  t h e  amount of feed  used. 
The r e s i d u a l  n i t r a t e  i n  the  s o l i d  w a s  100 ppm f o r  R-77  and 140 ppm f o r  
R-78 - 

The material balance f o r  t es t  R-77 (Table 4 .4)  showed an  incomplete 
balance f o r  n i t r a t e  and more than 100% f o r  the  o t h e r  c o n s t i t u e n t s ,  however, 
t hese  balances appear t o  be w i t h i n  the  sampling a n d - a n a l y t i c a l  erroit.- The 
mater ia l  balance f o r  R-78 (Table 4 .5)  i s  accep tab le  except  f o r  n i t r a t e  
which w a s  a 154% balance.  

The entrainment  and v o l a t i l i z a t i o n  of  components i n t o  the  c a l c i n e r  
condensate are shown i n  Table 4.6. The re la t ive s u l f a t e  concen t r a t ion  
i n  the  c a l c i n e r  condensate f o r  t e s t  R-77 i s  less than  i r o n  and sodium, 
the re fo re ,  i t  i s  i n f e r r e d  t h a t  a l l  of the  s u l f a t e  was  c a r r y  over  
a s s o c i a t e d  wi th  i r o n  and sodium and none of i t  w a s  due t o  v o l a t i l i t y .  
The same can be s a i d  f o r  t es t  R-78. 
t h i s  feed composition tended t o  foam a ' g r e a t  dea l .  
reasons f o r  t h e  h igh  amount of  entrainment  f o r  t es t  R-78 was t h a t  t he  
l i q u i d  l e v e l  was opera ted  about  5 i n .  higher  than  normal due t o  the  
misplacement of t he  c a l c i n e r  l i q u i d  l e v e l  probe. There a l s o  apparent ly  
was a p a r t i a l ' p l u g  i n  the  top of the  c a l c i n e r  during the  e a r l y  phase of 
t es t  R-78 which f u r t h e r  increased  entrainment  i n t o  the  c a l c i n e r  o f f -gas  
l i n e .  

The entrainment  i s  h igh  because 
One of t h e  con t r ibu t ing  



-30- 

Table 4.1. Feed and Solid Composition for Tests R-77 and R-78 

Feed 
R-77 (g/liter) 137 10.2 27.3 0.90 60.8 

R-78 (g/liter) 117 6.0 27.3 1 *7  62.2 

( E )  2.2 0.19 1.19 0.0045 0.63 

(E) 1.86 0.11 1.19 0.0085 0.65 

Solid (wt $) 
R-77 0.01 8.85 23.6 3 .Oh 55 -7 
Bulk density 1.26 g/cc 

R-78 0.014 3.55 28.0 3 -08 59.6 
Bulk density 1.36 g/cc 
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TEST R -  77 

RUN 
l l M F  

HOURS 
I 
2 
3 
4 
5 
6 
7 
8 .  
9 

I O  
I I  
12 
I3 
I 4  
I 5  
16 
17 
I 8  
I 9  
20 
21 
22 
23 
24 
25  
26 
27 
28 
29 
30 
31 
32  
33 
34 
3 5  
36 
37 
38 
39 
4 0  
4 1  
42 
4 3  
4 4  
45  
46 
47 
48 
4 9  
5 0  
51  
5 2  
53 
5 4  
5 5  
5 6  

SYSTEM 
CEED 

L I T E R S  
08 

I n4  
140 
I 5 3  
220 
254 
296 
335 
3S6 
384 
42 I 
478 
4 9 6  
532  
557  
570 
592  
623 
629  
620  
635 
667  
667  
667  
671 
b77 
679  
b79 
695 
693 
696 
692  
696 
692  
696 
699  
696 
754 
716 
760 
760 
764 
76 I 
763 
764 
764 
763 
7 8  I 
78  I 
780 
700 
783 
783 
700 
780 
779  

Table 4.2 Hourly System Variables and Parameters 

FEED TYPE - 
SVSTEY 
WATER 

L I T E R S  

31 
30 
3 0  
31 
31 
32  
28 
58 
58 
59 

I I 5  
I I 5  
I 4 2  
I 4 2  
141 
I 7 2  
I 7 2  
I 7 2  
I 7 3  
I 9 9  
I 9 9  
I 9 9  
226 
225  
254 
256 
a55 
255 
282 
a82 
28 I 
282 
282 
312 
3 1 2  
485 
b0 I 
632  
(32 
b59 
b59 
659  
b59 
6 8 9  
689 
689 
689 
b90 
1 1 6  
7 1 6  
716 
74s 
7 4 6  
? 7 3  
772 
799  

CALCINER 
ADDITIVE 

LITERS 

2 
2 
2 
4 
5 
6 
7 
7 
8 
8 

I O  
I I  
I I  
12 
I 2  
I 2  
13 
I3 
I3 
I3 
I 4  
1 4  
14 
I 4  
I 4  
I 4  

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
4 
5 
4 
4 
4 
4 
5 
0 
0 

57  780 
58 785 I 9 8  . _  

***TAPE PARITY ERROR Y E X T  L I N E  
59  780 799 I 0  
6 0  703 029 18 
61 780 829  I 8  
62  78 I 8S5 I 0  
6 3  780 856 I 8  

10 
I 0  
I 0  
I 8  
18 
I 0  
I 8  
I 0  
10 

r i w - 6 5  IS I ILFATE)  OPERATION MODE - C O N T I N U O U S  

EVAPORATOR CALCINER CALClkER EVAPORATOR SVSTEY 
C P U I I E N S A T F  FURYACE C O N D E N S A T E  COMDENSATE O F F - G A S  

L I T E R S  
37 
6 9  

IO5 
I I 9  
I 8 9  
223 
267 
307 
355 
3 8 3  
42n 
534 
55s  
610 
6 4 2  
6 5 4  
7 0 I )  
739  
7 4 5  
747 
77n 
009  
01 I 
839 

8 7 4  
0 7 6  
878  
09 I 
915 
9 1 4  
907 
915 

936 
957 

I 1 2 6  

I 3 2 7  
I 3 3 7  
I 3 6 5  
1367 
I 3 6 3  
I363 
I 3 9 4  
I 39s 
1396 
141 I 
I 4 2 1  
1445 
I 4 4 7  

e4  I 

q @ n  

I son 

1 4 4 0  
1 4 7 1  
1475 
I 5 0 1  
I501  
1531 
I 5 3 7  

15134 
1567 
1563 
1509 
I 5 8 9  

IYUNDRED-THOUSANDS OF B T I I S I  
I . 3 n  
2 .6n  
3 .8n  

6 .45  
7.7s 
(1.97 
10.IS 
I 1 . 2 ~  
1 2 . 4 n  

5 .  I d  

13.47 
14.51 
15.49 
16.36 
17.07 
17.69 
18.2n 
18.69 
19. I 1  
19.51 
19.911 
70 .27  
70 .b7  
70 .9a  
21 .37  
7 1 - 6 6  
71 .99  
72.311 
22 .b2  
72 .91  
73.23 
23 .5s  
7 3 . 8 1  
7 4 . 0 1  
2 4 . 4 1  
34.86 
7 5 . 2 1  
75 .65  
75 .97  
76 .25  
7 6 . 5 4  
26 .81  
27 .07  
27.32 
7 7 . 5 6  
77 * 79  
28.02 
78 .27  
78.S3 
78.8n 
2 9 - 0 6  
79 .34  
7 9 .  b.7 
2 9 . 9 7  
3 0 . 2 n  
30.47 
30 .73  
30.97 

S I  . 39  
3 1 - 6 7  
31.84 
32 .07  

31.70 

. D I  

. 05  
I 7 3  

I . b o  
2 .61  
3 .56  
4 .52  
5 . 3 5  
6 .  i 7  
6 .95  
7 .69  
8.40 
8.98 
9 .46  
9 .87  

l 0 . I V  
10.17 
10.69 
10.87 
IO.99 
1 1 . 1 5  
I I .2b 
I I .35 
I I . 4 4  
I I . 52  
I I . 6 Z  

I .70 
I . 78  
I .04  
I .86 
I . 98  
2 .03  
2 . 0 5  
2 . 0 5  
2.30 
2.S8 
2.70 
2 . 9 0  
2 .95  
2 .96  
2 .99  
2 .99  
2.99 
2.99 
2.99 
2 . 9 9  
2 .99  

3 . 0 4  
13.04 

s a n s  

13.11 
13.20  
13.29 
1 3 - 5 6  
1 3 . 4 2  
1 3 . 4 3  
1 3 . 4 3  
13.43 

13.43 
13.43 
13.43 
1 3 . 4 3  
1 3 . 4 3  

4.98 
3 . 6 9  
5 .  I I 
6. I 6  
7 .80  
9 . 6 3  

I n . 8 7  
17.09 
13.57 
14.82 
1 6 . 0 4  
19.47 
2n .67  
21 .93  
23.65 
24 .82  
2 6 . 9 2  
26 .98  
21 .00  
2n.79 
29.82 
3P.80 
31 .37  
3 7 . 2 3  
3 3 . 1 7  
3 4 . 1 3  
34 .03  
35 .48  
36.09 
36.58 
37.06 
37.51 
37 .67  
37 .80  
311.37 
39.89 
4 1 . 6 6  
4 n .  28 
4 9 . 1 0  
4 9 .  79  
5n .S2 
5 n .  83 
S I  .35 
51 .84 
5 7 . 3 4  
5 7 . 9 3  
5 s . 4 9  
S 4 . 0 8  
s4 .79  
55.32 
5 5 . 8 2  
5 6 . 4 4  
57 .13  
5 7 . 7 9  
5 1 . 4 3  
5 9 . 0 6  
59 .70  
6n .34  

61 . o o  
61 .65  
6 7 . 3 4  
6 3 .  0 3  
63 .72  

CU FT 
12 
23 
34 
46 
57  
68 
79 
91 

I 0 2  
I 1 3  
I 2 6  
1.39 
I 5 2  
I 6 6  
180 
I 9 3  
207 
220 
234 
249 
262 
275 
289 
302  , 

315 
327 
339 
35 I 
363 
376 
387 
399 
413 
427 
439 
4 5 0  
462 
473 
4 8 6  
4 9 9  
513  
520  
542  
557  
572  
586 
6 0 0  
613 
626 
6 3 9  
65 I 
662  
675 
687 
6 9 8  
7 1 0  
7 2 3  
737 

75 I 
7 6 4  
7 7 6  
789 
802  

OENSITI 

G)r /LC 
.OJ 
.2n 
. 2 3  
.27  
.23  
- 2 9  . 3n 
. 2 9  
. 2 9  
- 2 9  
.28 
.25  
. 3 I  
. 27  
.27  
.29 
.2P 
.29  
.29  
.so 
.2n 
.sn 
.so 
. 29  
.29  
.27 
.29 
.29 

. 3 3  

. 3 4  

.37  
-37 
.55  . I 5  

. 2 @  

. I 5  

.21 

.32 

.38 

. 3 5  

. 3 I  

. 29  

.29  

.29 

.31 

.37 

. 4 5  

.3n 

.2n 

.so 

I . 4 n  
I . 35  
I .2. 
I . 2 5  
I . 23  
I .2n 
I . 3 n  
I .30 

I .SI1 
I .31 
I . 3 3  
I . I P  
1 .18 

CONDENSATE 

LITERS 
1 
2 

31 
70 

I 00 
146 
106 
220 
254 
206 
318 
349 
374 
595 
4 1 3  
428 
1 4 0  
4 5 0  
459 
464 
4 7  I 
4 7 6  
4 8 0  
4 8 4  
188 
493 
496 
500 
502  
504 
5 0 9  
51 I 
5 1 2  
512 
523 
536 
545 
55 I 
553  
553  
555 
555 
555 
555 
555 
5 5 5  
555 
556 
557 
557 
560 
5 6 4  
5 6 0  
57  I 
573 
574 
574 
574 

574 
574 
5 7 4  
574 
574 
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Table 4 . 3  Hourly System Variables and Parameters 

T E S T  R -  78 F E F O  T Y P E  - F l k - 6 5  ( S I I L r A T E I  O P E R A T I O N  MODE - C O N T I N U O U S  

R U N  
T I M F  

ueuns 
I 
2 
3 
4 
5 
b 
7 
8 
9 

I O  
I 1  
12 
13 
I 4  
I 5  
16 
17 
I 8  
19 
20 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
35 
36 
37 
38 
3 9  
40 
41 
42 
43 
44 
45 
46 
47 
48  
49  
50  
51 
5 2  
53 
54 
5 5  
56 
57  
5 8  
5 9  
60 
61 
6 2  
6 3  
64 
6 5  
6 6  
67  
68  
69  
70 
71 
72  
73 
74 
75 
76 

S V S T E M  S V S T E M  
r E E 0  M A T E R  

LITERS LITERS 
36 

161 
238 
35 I 
466 
510 
5b7 
5 9 9  
632  
704 
722 
1 5 3  
755 
7 6  I 
766 
768 
770 
790 
793 
793 
796 
797 
795 
795 
804 
808 
808 
812 
809  
809  
808 
809  
81 I 
809 
813 
813 
808 
808 
81 I 
813 
813 
81 I 
825 
852  
853 
854 
854 
854 
854 
852 

853 
852  
850 
8 5 2  
850 
853 
855 
8113 
850 

89 I 
85 0 
855 
85 I 
858 
852  
85 I 
852  
854 
855 
(152 
851 
853 
852 
855 

a53 

e54 

27 
' 27 

85 
85 

I 1 0  
141 
I 6 5  
I 9 2  
219 
246 
245 
276 
503  
SO I 
328 

355 
355 
412 
438 
439 
465 
4 65 
465 
49 I 
492 
492 
I 2 0  
9 2  I 
5 2 2  
547  
947 
545 
576 
576 
976 
LO3 
b o 3  
629  
616 
T43 
826 
880 
879  
905 
905 
905 
936 
962 

I 0 1 5  
I 0 4 0  
I 0 9 3  
I124  
I 1 7 8  
I 2 3 5  
I262 
I 2 8 9  
1315 
1341 
I 3 7 3  
I 3 9 9  
I 4 5 4  
1479 
I 5 0 9  
I466 
1593 
I 6 5 0  
I 6 7 7  
I T 3 4  
I 7 9 0  
I848 
1901 
I 9 5 8  
201 I 
2073 
2130 

327 

C A L C l N E R  E V A P O I A T O P  CALCINER C A L C I N E R  E V A P O R A T O R  S V S T E M  E V A P O I ~ A T O R  
ADDITIVE C O ~ P F N S A T C  F l l R t u A C F  C O N D E N S A T E  C O N D E N S A T E  O F F - G A S  O E h S l T V  

L I  

I 7  I 7  

I 7  
I 7  
I 7  
17 
17 
I 7  
17 17 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

I 9  9 

I 9  
I 9  
I 9  
I 9  
I 9  19 

I 9  
I 9  

E R S  

3 
5 
8 
0 
I 
2 
2 
2 
2 
2 
2 
3 
0 
7 
7 
7 
7 
7 
7 
7 
7 

L l f F R S  
?9 

I 3 6  
28 I 
307 
5 4 2  
605 
687 
747 
800 
90b 
924 
9Rh 

I O 1  I 
IO20 
IO10 
I O 5 4  
I 0 8 8  
I I I 5  
I 1 6 9  
I I 9 7  
I 1 9 7  
I 2 2 4  
I 216  
I 2 2 3  
I 2 5 6  
I 2 6 0  
I 2 6 0  
I 2 8 9  
I 2 0 5  
1291 
1315 
1317 
1319 

I 3 5 2  
1354 
I 3 7 h  
1377 
I 4 0 5  
I4b3  
I 5 2 0  
1602 
I666 
I 688  
1719 
1720 
1714 
I 7 5 4  
1784 
I 8 3 2  
1859 
1913 
1930 
I 9 9 2  
2050 
2077 
2107 
2134 
2159 
2187 

2269 
2294 
2328 
238 I 
2 4 1 5  
1466 
2497 
2549 
2608 
2666 
1 7 t h  
2777 
2827 

294P 

1 3 4 0  

2211) 

28013 

( M U N O R E D - T H O U S A N D S  OF B T I I S )  
1 .07 
2.2n 
3 . 5 7  
4 .77  
5.9R 
7 . 0 1  
7 .9n  
8.79 

I O . 0 5  

f 1 . 0 1  
I I .5n 
1 2 . 0 7  
12.67 
13. I 7  
13.74 
14.34 
14.87 
15. 10 
15.61 
16.13 
11.67 
17.21 
17.71 

9 . 4 6  

10.50 

18 .2n  
i 8 . b O  
( 9 . 1 7  
19.4? 
19.53 
7 0 .  l h  
70 .4h  
20 .74  
7 1 . 0 1  
21.20 

21 .74  
21.97 
22 .21  
22 .42  
2 2 . 6 4  
22 .86  
73 .  i n  
73 * 47 
73 .87  
74 .26  
24 .67  
7 5 . 0 1  
25 .35  

2 1  .rn 

79.611 
75.913 
26 .2q  
26.51 
76.77 
77.03 
77.21) 
77.5s 
77.75 
77.97 
78.2n 
28 .42  
78.63 
78.85 
79.0h 
79 .20  
79 .47  
79 .67  
7 9 . 8 ~  
1O.On 
30 .  28 
30.41 
30.60 
30.80 
31.111 
- 1 . 2 0  
71 .49  

- 0 0  
. 86  

I .63 
2 .55  
3 . 2 5  
3 . 8 0  
4.2p 
4 .70  
5 . 0 5  
5 .32  
5 .55  
5 .74  
5 .98  
6 .31  
6.67 
7 .03  
7 - 4 1  
7 . 8 3  
8 . 0 3  
8.12 
1 . 4 7  
8.83 
9 .  I b  
9 .49 
9.79 
0 . 0 8  
0 . 3 6  
0 . 4 9  
0.58 
0 . 6 9  
0 .73  
0.75 
0.75 
0.75 
0.75 
1.75 
0.75 
0 .75  
0.75 
0.75 
0.75 
0 .75  
0 . 8 1  
I . 02  
I . 2 1  
I . 34  
I . 52  
I .b9 
I . 77  
I . 0 5  
I .08 
I . 89  
I .05 
I . 99  
2 . 0 2  
2 .  13 
2 .22  
2.30 
2 .37  
2 .43  
2 .49  
2.54 
2 . 6 0  
2 . 6 6  
2.71 
2 .76  

12.06 
12.91 
12.92 

2 .01  

12.94 
12.95 
12.97 
12.98 
12.98 
12.98 

7.08 
5 .46  
R . 3 5  
17.80 
1 4 . 3 5  
l n . 9 4  
21 . 0 5  

24 .93  
2 7 ,  I 7  
2n .43  
20.61 
3n .63  
3 1 . 3 9  
37.26 
37.94 
3 7 . 9 7  
35 .28  
37 .88  
3 R  * 75 
39 .49  
4n .23  
4n.88 
4 1 . 9 8  
47 .95  
4 7 - 9 3  
44 .68  
45 .47  
4h.  17 
4 h . 9 3  
4 7 . 6 9  
4n .46  
40.16 
40 .89  
5n.53 
5 1 . I b  
51 - 7 7  
57 .36  
53 .37  

2s .00  

5 4 . 7 6  
5 h . 5 6  
58.66 
61 .24  
( 3 . 2 4  
6 7 . 8 9  
61 .61  
6s .87  
b S .  09  
6h .01  
6 7 . 3 8  
6n.  85 
7n .07  
71.28 
77 .52  
7s .94  
75 .47  

77 .54  
7n. 5 9  
70.61 
8n.61 
8 1 . 6 6  

76.47 

87 .81  
8 4 . 0 1  
8 5 . 2 2  
8h.55 
87 .81  
80.17 
9n . 6 2  
97 .10  
93 .64  
9 5 .  I 3  
9h.71 
9P. 33 

10n.05 
I01.83 

cu 
12 
24 
35 
46 
57  
70 
02 
96 

I 0 9  
I 2 2  
I 3 5  
I 4 8  
I 6 2  
I 7 5  
I88 
200 
214 
226 
239 
253 
267 
279 
292 
304 
316 
330 
343 
356 
370 
384 
398 
414 
429 
444 
459 
474 
488 
503  
516 
530 
544 
558  
572  
584 
596  
610  
6 2 2  
636 
650 
6 6 3  
676 
6 9  I 
703 
717  
730 
743 
75 7 
770 
783 
797 
81 I 
825 
838  
852  
865 
879  
892  
904 
917 
93 I 
944 
957 
97 I 
984 
997 

I O I O  

1 GM/CC 
.I2 
. 20  
* 3 5  
.32 
- 2 9  
.36 
-32 
. 31  
.31 
. 29  
.39  
. 3 3  
. 37  
.37  
- 3 3  
. 52  
. 3 0  
.30 
.41 
* 38 
, 3 3  
. 3 3  
.35 
. 3 I  
.32 
-31 
- 3 1  
. 3 I  
- 2 9  
.SO 
. 2 9  
.25  
.30 

. S I  

.32 

. 3 3  

.36 
-31 

. 29  

.29 

.26  

. 3 I  

.26 
4 28 
. 3 0  
. 22  
.37 
.24 
.21 
* 22 
. I 3  
. I O  
. 07  
. I 5  
. I 4  
. I 3  
. I 3  
. I 3  
. I 3  
- 1 3  
. I?  
. I 2  
. I I  , 

.30 

.an 

1 . 1 1  
1 . 0 0  
I . 07  
I .Oh 
I . o o  
1.05 
1 . 0 5  
I .05 
I . 0 5  
I . 0 4  
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Tab le  4.4. Material Balance f o r  Test R-77 

~ 

'IN: (wt i n  g )  
Feed 99,462 7,260 19,819 653 44,286 

OUT : 
Evaporator 6,415 470 1,137 72 2,608 

S o l i d  7 7,752 20k748 584 46,208 
Evaporator Condensate 79, 168 1 2 32 32 

T o t a l  

Balance ($) 

85,592 8,223 21,886 788 48,848 

86.1 113.3 110.4 120.6 110.3 

Table 4.5. Material Balance f o r  Test R-78 

IN: (wt i n  g )  
Feed 105,768 5,424 24,589 1,564 56,138 

OUT : 
Evaporator 6,450 325 1,387 243 3, 275 
Evaporator Condensate 156,831 1 1 45 30 
S o l i d  12 3,013 23,769 2,614 20,594 

To ta l  

Balance ($) 

163,283 3,338 25,157 2,902 53,899 

154.4 61.5 102.3 185 9 5 96 9 01 

Table 4.6. Entrainment and V o l a t i l i z a t i o n  of  Components 
I n t o  Calciner Condensate 

($ of  To ta l  Feed t o  System) 

R-78 Fe, a 

- ~~ 

R-77 182 ,m. 27 0.13 110 0.07 
R-78 157 27a 3 oa 151 26a 
Na, SO4 are h igh  because of a foam-qver of r a w  feed. 
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4.2 O p e r a t i n g r o f i l e s  f o r  Tests R-77 and R-78 

Graphical  r ep resen ta t ions  f o r  t he  c o n t r o l  v a r i a b l e s  f o r  t he  c a l c i n e r  
l i q u i d  l eve l ,  evaporator  l i q u i d  level, evapora tor  dens i ty ,  evaporator  vapor 
conduct iv i ty ,  and evaporator  vapor p re s su re  f o r  t es t  R-77 are shown i n  
Figs .  4.1 through 4.5 and f o r  t es t  R-78 are shown i n  F igs .  4.6 through 4.10. 

The c a l c i n e r  l i q u i d  l e v e l  con t ro l ,  F igs .  4 .1  and 4.6, f o r  the  two 

The c o n t r o l  
tes ts  i n d i c a t e  0% c o n t r o l  s c a l e  when the  c a l c i n e s  w a s  o v e r - f i l l e d  and 
10% of c o n t r o l  s c a l e  when the  c a l c i n e r  w a s  u n d e r - f i l l e d .  
s c a l e  range i n d i c a t e s  about  4 i n .  o f  l i q u i d  level .  The i n i t i a l  over -  
f i l l i n g  was worse i n  R-78 than i n  R-77, however, t h i s  i s  p a r t i a l l y  due t o  
the  misplaced l i q u i d  l e v e l  probe which was 5 i n .  high i n  R-78. 

The evaporator  l i q u i d  l e v e l  c o n t r o l  f o r  the  two tests, F igs .  4.2 and 
4.7, show a s a t i s f a c t o r y  c o n t r o l l e d  cond i t ion  dur ing  most of  t he  tes t .  
The c o n t r o l  scale f o r  t h i s  parameter i s  about  14 l i t e r s  a t  0% of the  scale 
and 44 l i t e rs  a t  100% of the  sca l e ,  however, i t  i s  no t  s e r i o u s  i f  l i q u i d  
i s  accumulated t o  g r e a t e r  than 100% of the  scale. The f l u c t u a t i o n  i n  t e s t  
R-78 w a s  due t o  the  l i q u i d  l e v e l  l i n e s  plugging and being f lushed  wi th  water 
t o  f r e e  them. 

The dens i ty  c o n t r o l  f o r  the  two tests are shown i n  F igs .  4.3 and 4.8. 
The dens i ty  c o n t r o l  f o r  R-77 w a s  good b u t  s l i g h t l y  h igher  than  the  p r e -  
determined se t  p o i n t ;  t h i s  i s  n o t  s e r i o u s .  The c o n t r o l  of  R-78 d e n s i t y  
w a s  s a t i s f a c t o r y  except  the  d e n s i t y  l i n e s  became p a r t i a l l y  plugged s e v e r a l  
t i m e s .  Peaks show c leaning  of t h e  plugged l i n e s .  

The evaporator  vapor conduc t iv i ty  i s  a very  unpred ic t ab le  v a r i a b l e  
b u t  i s  not  of h igh  s i g n i f i c a n c e .  The c o n t r o l  of t h i s  v a r i a b l e  i s  
accep tab le  f o r  both tests. The evaporator  vapor p re s su re  c o n t r o l  f o r  
bo th  tests w a s  good. 

. .  

The temperature p r o f i l e s  f o r  t es t  R-77 are shown i n  F igs .  4.11 
through 4.18. 
vesse l ,  the  sudden drop i n  temperatures  are due t o  the  a d d i t i o n  of  l i q u i d  
feed  i n  the  top p a r t  of t he  c a l c i n e r  dur ing  a pe r iod  of t i m e  when t h e  
thermocouples were i n  excess  of 400°C. Temperature p r o f i l e s  f o r  t e s t  
R-78 are shown i n  F igs .  4.19 through 4.26. 
temperatures i n  Figs .  4.19 and 4.21 i s  caused by t h e  a d d i t i o n  of l i q u i d  
feed  t o  the  ho t  c a l c i n e r  v e s s e l  dur ing  va r ious  t i m e s  dur ing the  t e s t .  

Figure 4.12 shows t h e  upper thermocouple of  t he  c a l c i n e r  

The sudden v a r i a t i o n  of 

8 
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Fig.  4.1 Calciner Liquid Level Controllet. Waste Calcination Test 77. Continuous 
Evaporation. Purex FTW-65. 
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Fig. 4.2 Evaporator Liquid Level Controller. Waste Calcination Test 77. Continuous 
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Fig. 4.5 Evaporator Vapor Pressure Controller. Waste Calcination Test 77. Continuous 
Evaporation. Purex FTW-65. 



i t 

50 

W D  

- I \  f 
- 

- 

- 

I I I  I I I I I I I I I I I I I I I I I 

E 
0 

0 I I 1 I I I I I I I I 1 I I I I I I I 

LlO 95 50 55 60 

RUN TIME, HR 

I I I I I I I I I I I I I I I I I 1 1 

Fig. 4.6 Calciner Liquid Level Controller. Waste Calcination Test 78. Continuous 
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