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ABSTRACT 

C o n d u c t i v i t y ,  d e n s i t y ,  and a c i d i t y  (pH) measurements were 
made on a s e r i e s  o f  u r a n y l  n i t r a t e  s o l u t i o n s  under c o n d i t i o n s  
c l o s e l y  s i m u l a t i n g  t h e  process used t o  l o a d  weak a c i d  r e s i n s  
i n  t h e  p r e p a r a t i o n  o f  t h e  HTGR r e c y c l e  f u e l  p a r t i c l e .  To 
r e l a t e  these parameters t o  t h e  uranium and n i t r a t e  concentra-  
t i o n s  o f  t h e  s o l u t i o n s ,  a l eas t - squares  f i t  o f  t h e  exper imenta l  
da ta  and mathemat ica l  express ions r e s u l t i n g  f rom computer 
c u r v e - f i t t i n g  techniques was made. 

o f  0.05 t o  1.27 M uranium, 0.1 t o  2.0 M n i t r a t e ,  and N03/U 
r a t i o s  f rom 1 . 5 6 t o  2.3. These measurements were made a t  
25, 30, 40, 50, and 75°C. 

w r i t e  two computer programs which can be used t o  p r e d i c t  o r  
c a l c u l a t e  uranium and n i t r a t e  concen t ra t i ons  o f  t h e  process 
s o l u t i o n s  and which w i l l  a l l o w  c o n t r o l  o f  t h e  process t o  be 
e x e r c i s e d  i n  t h e  p a r t i c l e  p r e p a r a t i o n .  

Measurements were made on s o l u t i o n s  hav ing c o n c e n t r a t i o n s  

F rom these exper iments,  t h e  necessary da ta  were o b t a i n e d  t o  

INTRODUCTION 

The k e r n e l  o f  an HTGR r e c y c l e  f u e l  p a r t i c l e  i s  prepared by l o a d i n g  a 
weak a c i d  r e s i n  ( c a r b o x y l i c  a c i d  exchange groups) w i t h  uranium f rom an 
a c i d - d e f i c i e n t  n i t r a t e  s o l u t i o n  u s i n g  t h e  exchange r e a c t i o n :  UOz2+ + 2HR 
$ U02R2 + 2H+, where HR i s  t h e  r e s i n  i n  hydrogen form.  
o f  l o a d i n g  o f  t h e  uranium on t h e  r e s i n  depends p r i m a r i l y  on t h e  a c i d i t y  
o f  t h e  s o l u t i o n ,  t h e  measurement o f  t h e  a c i d i t y  and t h e  uranium c o n t e n t  of 
t h e  s o l u t i o n  a r e  impor tan t  t o  t h e  process c o n t r o l  o f  l o a d i n g .  
i t  i s  d e s i r a b l e  t o  c o n t i n u o u s l y  m o n i t o r  s o l u t i o n  parameters t o  c o n t r o l  t h e  
process and o b t a i n  maximum l o a d i n g  e f f i c i e n c y . l  

above, i s  t o  exchange one u r a n y l  i o n  f o r  two hydrogen ions ,  i t  seems t h e  
l o a d i n g  process c o u l d  be c o n t r o l l e d  by  i n - l i n e  measurements o f  t h e  pH and 
d e n s i t y  o f  t h e  u r a n y l  n i t r a t e .  However, t h e  assumption cannot be made t h a t  
t h i s  i s  a s imp le  chemical  r e a c t i o n .  
o r  o the rw ise  complexed and i s  o n l y  p a r t i a l l y  p resen t  as UOz2+. 
s u l t  o f  these complexes, a t t a i n i n g  an e q u i l i b r i u m  pH r e q u i r e s  much l o n g e r  
f o r  u r a n y l  n i t r a t e  than  f o r  s imp le  i o n i c  s o l u t i o n s .  
a l s o  been observed by Haasl and Sha f fe r ,2  who have s t u d i e d  t h e  behavior  o f  

u r a n y l  n i t r a t e  as r e l a t e d  t o  t h i s  and o t h e r  processes. The c o m p l e x i t y  o f  
u r a n y l  n i t r a t e  s o l u t i o n s  due t o  h y d r o l y s i s  has a l s o  been s t u d i e d  by Baes 

Since t h e  degree 

There fo re ,  

S ince t h e  n e t  e f f e c t  o f  r e s i n  l oad ing ,  shown i n  t h e  exchange r e a c t i o n  

The uranium i n  s o l u t i o n  i s  hyd ro l yzed  
As a r e -  

T h i s  d i f f e r e n c e  has 
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and  Me~mer .~  These same types of acid-actinide mixtures were studied by 
Mocken, Marchand, and  de V r i e ~ , ~  who used experimentally derived equa- 
tions t o  re la te  density and conductivity t o  uranium and acid concentration. 
Their work was an extension of previous publications on density and  con- 
ductivity measurements of these mixtures. 5,6 

The purpose of the experiments described and discussed here was t o  
measure the densi t ies ,  pH's, and conductivities of acid-deficient uranyl 
n i t r a t e  solutions under process conditions and  t o  correlate  them with 
uranium concentration, N03/U ra t io ,  and temperature as variables. 
from th i s  correlation the f eas ib i l i t y  of using these solution parameters 
as a process control could be determined. Since the loaded resin i s  the 
end p r o d u c t  in t h i s  process, i t  i s  very important t h a t  the process control 
be stringent enough t o  make sure a l l  the resin i s  loaded uniformly. This 
fac t  should d ic ta te  the type of control used. 

Then 

EXPERIMENTAL 

Two stock solutions of uranyl n i t r a t e  were prepared by dissolving 
387.3 grams of U03 in 128.2 ml of concentrated n i t r i c  acid under reflux. 
The solutions were f i l t e r ed  t o  remove any insoluble material and diluted 
t o  1000 ml with water. 
methods-gravimetric and volumetric. There was excellent agreement in the 
assays by the two methods: 
1.271 - M for  solution No. 2.  
n i t r a t e  concentration of each solution was determined t o  be 2.008 - M for  
solution No. 1 and  1.987 - M for  solution No. 2.  The f ree  acid or acid de- 
ficiency of the stock solutions was determined by potentiometric t i t r a t i o n .  

The density of each solution used in the experiment was determined by 
pycnometric measurement t o  an accuracy of +0.05%. 

The conductivities, i . e . ,  specific conductances, of the experimental 
solutions were measured using a Radiometer conductivity meter (type CDM3) 
with a dip-type conductivity c e l l .  
experimentally determined t o  be 1.00 cm within 1.34%. 
equipped with temperature compensation and i s  capable of measuring con- 
ductances from 1 . 5  microsiemens t o  200 millisiemens. 

Each solution (Nos. 1 and 2 )  was assayed by two 

1.287 - M in uranium for  solution No. 1 and  
Using the Kjeldahl d i s t i l l a t i on  method, the 

The cel l  constant for  the meter was 
This meter i s  

The pH of the solutions was measured with a Beckman Research pH meter 
(model 101900) with a resolution of 0.0005 pH units.  The instrument i s  
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c a l i b r a t e d  a g a i n s t  a s t a n d a r d  c e l l  w i t h  a p r e c i s e l y  known p o t e n t i a l .  The 
e l e c t r o d e  i s  s t a n d a r d i z e d  using a b u f f e r  s o l u t i o n  o f  known pH a t  a given 
tempera ture .  

E XP E RIM ENTAL DATA 

? 

S e t  No. 1 

Six c o n c e n t r a t e d  s t a n d a r  
1 .70,  1 .90 ,  2 .00,  2.10, and 2 
d i l u t i n g  a weighed a l i q u o t  of 
2.00 - M n i t r i c  a c i d .  Five add 
from each of the  six s t a n d a r d  
s o l u t i o n s  were used t o  o b t a i n  

s o l u t i o n s  having N03/U mole r a t i o s  of 1 .56 ,  
30 were prepared from s t o c k  s o l u t i o n  No. 1 by 
the  s t o c k  s o l u t i o n  w i t h  a weighed amount of 
t i o n a l  experimental  s o l u t i o n s  were prepared 
s o l u t i o n s  by d i l u t i n g  w i t h  w a t e r .  These 36 
the experimental  d a t a .  Measurements of pH, 

c o n d u c t i v i t y ,  and d e n s i t y  were made a t  25, 50, and 75 k 0.05"C. 

S e t  No. 2 

S ix  c o n c e n t r a t e d  s t a n d a r d  s o l u t i o n s  having N03/U mole r a t i o s  of 1 .56 ,  
1 .60,  1.70, 1 .80,  1 .90 ,  and 2.00 were prepared from s t o c k  s o l u t i o n  No. 2 
w i t h  2.00 - M n i t r i c  a c i d .  Five a d d i t i o n a l  experimental  s o l u t i o n s  were a g a i n  
prepared from each of  the c o n c e n t r a t e d  s t a n d a r d  s o l u t i o n s ,  and measurements 
of  pH, c o n d u c t i v i t y ,  and d e n s i t y  were made a t  30, 40, and 50°C on these 36 
s o l  u t  i o n s .  

RESULTS AND DISCUSSION 

The numerical r e s u l t s  f o r  each se t  of 36 s o l u t i o n s  a r e  g iven  i n  
Appendices I and 11. F i g u r e s  1 ,  2 ,  and 3 show the  set No. 1 s o l u t i o n  
r e l a t i o n s h i p  between a c i d i t y ,  d e n s i t y ,  and c o n d u c t i v i t y  and the uranium 
c o n c e n t r a t i o n  a t  25°C. F i g u r e s  4 ,  5 ,  and 6 show the same r e l a t i o n s h i p  
a t  30°C and a t  vary ing  uranium c o n c e n t r a t i o n s  f o r  the s o l u t i o n s  from set 
No. 2 .  These e x p e r i m e n t a l l y  d e r i v e d  curves show t h a t  a l l  three parameters  
a r e  qui te  sensit ive t o  the N03/U r a t i o .  
independent  o f  the N03/U r a t i o .  

mole r a t i o s  a t  a f ixed uranium c o n c e n t r a t i o n  a s  shown i n  F igure  7 ,  a break 
i n  the curve i s  observed a t  a N03/U r a t i o  of 2 . 0 0 ,  a s  expected. 

The r e l a t i o n s h i p  between pH and the N03/U mole r a t i o s  a t  a f i x e d  
uranium c o n c e n t r a t i o n  i s  shown i n  Figure 8. A s igmoidal  curve  i s  the 

However, the d e n s i t y  i s  a lmost  

I f  t h e  c o n d u c t i v i t y  from d a t a  set  No. 1 i s  p l o t t e d  a g a i n s t  the N03/U 
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F ig .  1. R e l a t i o n s h i p  between a c i d i t y  and uranium c o n c e n t r a t i o n  o f  
u rany l  n i t r a t e  s o l u t i o n s  a t  25°C and a t  v a r i o u s  n i t r a t e  t o  uranium mole 
r a t i o s .  
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r e s u l t ,  hav ing an i n f l e c t i o n  p o i n t  a t  a N 0 3 / U  mole r a t i o  o f  about 2.05 
r a t h e r  than 2.00 as expected. The d e v i a t i o n  f rom s t o i c h i o m e t r y  i s  p robab ly  
due t o  t h e  uranium complexes p resen t  i n  these  a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  
s o l u t i o n s .  The a t t a i n m e n t  o f  an e q u i l i b r i u m  pH r e q u i r e s  a l o n g e r  t i m e  com- 
pared t o  t h a t  o f  s imp le  i o n i c  s o l u t i o n  because o f  these comp1exes.l 

I n  F igu res  9, 10, 11, and 12, t h e  r e l a t i o n s h i p s  among pH, c o n d u c t i v i t y ,  
d e n s i t y ,  uranium c o n c e n t r a t i o n ,  and temperature a r e  shown. F i g u r e  9 i l l u s -  
t r a t e s  pH va lues  measured a t  bo th  extremes o f  f r e e  a c i d  and a c i d  d e f i c i e n c y .  
T h i s  f i g u r e  a l s o  i n d i c a t e s  a s l i g h t  d isagreement found i n  t h e  pH measured 
on t h e  s o l u t i o n s  made f rom s tock  s o l u t i o n  No. 1 and those made f rom s tock  
s o l u t i o n  No. 2. The comparison between t h e  two pH measurements can be made 
a t  50°C s i n c e  t h i s  was t h e  o n l y  temperature common t o  bo th  s e t s  o f  da ta  
used i n  t h e  exper iment.  

s e t s  w i t h  r e s p e c t  t o  d e n s i t y  and c o n d u c t i v i t y  a t  50°C. The p r e c i s i o n  o f  

t h e  d e n s i t y  measurements f o r  t h e  two da ta  s e t s  when compared w i t h  t h e  theo-  
r e t i c a l  d e n s i t y  o f  wa te r  i s  g i v e n  i n  Tables I and 11. Also  shown i n  F igures 
10 and 11 i s  t h e  e f f e c t  o f  temperature on c o n d u c t i v i t y  and d e n s i t y ,  r e s -  
p e c t i v e l y .  The c o n d u c t i v i t y  o f  a g i v e n  s o l u t i o n  w i l l  i n c r e a s e  w h i l e  t h e  
d e n s i t y  w i l l  decrease w i t h  temperature.  

S ince d i f f e r e n c e s  have been noted i n  t h e  pH measured on t h e  two s tock  

The a c i d i t y  (pH) o f  a number o f  a c i d - d e f i c i e n c t  u r a n y l  n i t r a t e  p r e -  
The d i l u t i o n s  on which t h e  measurements were made 

F igu res  10, 11, and 12 show e x c e l l e n t  agreement between t h e  two da ta  

s o l u t i o n s ,  a s tudy  was made t o  determine t h e  r e l i a b i l i t y  o f  t h e  measure- 
ment. 
p a r a t i o n s  was measured. 
were prepared f rom t h e  o r i g i n a l  s tock  u r a n y l  n i t r a t e  s o l u t i o n  No. 2. The 

pH o f  each d i l u t i o n  was measured immediate ly  a f t e r  p r e p a r a t i o n  a t  30, 40, 
and 50°C. These measurements a r e  shown i n  Table 111. 

A new s t o c k  u r a n y l  n i t r a t e  s o l u t i o n  (No. 3 )  was prepared i n  t h e  same 
The pH o f  d i l u t i o n s  made f r o m  t h e  new manner as were s t o c k  Nos. 1 and 2. 

s tock  s o l u t i o n  was measured a t  30°C and i s  shown i n  Table IV. 
A comparison o f  t h e  pH measurements o f  these s tock  s o l u t i o n s ,  shown i n  

F i g u r e  13, i n d i c a t e s  t h a t  when pH measurements a r e  made on two s o l u t i o n s  
hav ing t h e  same a c i d  c o n c e n t r a t i o n s ,  t h e  r e s u l t s  w i l l  v a r y  by as much as 
+0.2 pH u n i t s .  T h i s  would account f o r  t h e  d e v i a t i o n  i n d i c a t e d  i n  F igu res  
9 and 13. 
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0 0.2 0.4 0.6 0.8 1 .O 1.2 4.4 
URANIUM CONCENTRATION ( M )  

F ig .  9. R e l a t i o n s h i p  between a c i d i t y  and uranium c o n c e n t r a t i o n  o f  
u r a n y l  n i t r a t e  s o l u t i o n s  a t  v a r i o u s  temperatures and extreme n i t r a t e  t o  
u r a n i  um r a t i o s .  



14 

ORNL-  DWG. 77-8201 
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URANIUM CONCENTRATION ( M )  

F i g .  10.  R e l a t i o n s h i p  between c o n d u c t i v i t y  and uranium 
c o n c e n t r a t i o n  a t  va r ious  tempera tures  (N03/U mole r a t i o  = 1.56) .  
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URANIUM CONCENTRATION (MI  

F i g .  11. R e l a t i o n s h i p  between d e n s i t y  and uranium c o n c e n t r a t i o n  
a t  v a r i o u s  tempera tures  (N03/U mole r a t i o  = 1.56) .  
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ORNL- DWG. 77-8030 
I 8 0 1  I I I I 1 I 1 I 1 

Data Set No. 1 160 - m I  A 75°C) c 
50°C Data Set No.2 / -I 

80 

60 

40 I I I I 1 1 I 1 
1.5 1.6 1.7 1.8 1.9 2 . 0  2.1 2 .2  2.3 2.4 

NITRATE TO URANIUM MOLE RATIO 

Fig. 12. Relationship between conductivity and the nitrate to 
uranium mole ratios of uranyl nitrate solutions at various temperatures 
(urani urn concentration: 0.5M). 
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URANIUM CONCENTRATION ( M  ) 
Fig. 13. Acidity of repl icate  acid def ic ient  uranyl n i t r a t e  

preparations a t  30°C. 
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Table I. Density o f  water by extrapolation o f  uranyl nitrate 
density data at 25"C, 50"C, and 75°C (data set No. 1)* 

Mole ratio 25°C 50°C 75°C 
N 0 3 :  u Slope Intercept S1 ope Intercept S1 ope Intercept 

1.56 0.3197 0.99651 0.3145 0.98921 0.3115 0.97528 
'1.70 0.3248 0.99873 0.3229 0.99584 0.3242 0.97587 
1.90 0.3282 0.99714 0.3223 0.98962 0.3228 0.97486 
2 .oo 0.3298 0.99875 0.3288 0.98834 0.3241 0.97547 
2.10 0.3341 0.99664 0.3146 0.99074 0.3121 0.97699 

Mean , 0.9978 
Standard deviation +0.0014 

0.9908 0.9757 
+O. 0030 +O. 0008 

*Theoretical density o f  water at 25°C = 0.9971; 50°C = 0.9881; 
75°C = 0.9749. 

Table 11. Density of water by extrapolation o f  uranyl nitrate 
density data at 30"C, 40"C, and 50°C (data set No. 2)* 

Mole ratio 30°C 40°C 50°C 
N O 2 :  U S1 ope Intercept S1 ope Intercept Slope Intercept 

1.56 0.3140 0.99524 0.3128 0.99300 0.3109 0.98783 
1.60 0.3085 0.99575 0.3053 0.99281 0.3040 0.98840 
1.70 0.3137 0.99613 0.3126 0.99302 0.3119 0.98823 
1.80 0.3176 0.99596 0.3169 0.99285 0.3155 0.98797 
1.90 0.3197 0.99587 0.3193 0.99225 0.3177 0.98781 
2.00 0.3222 0.99590 0.3229 0.9921 1 0.3215 0.98791 

Mean 0.9958 0.9927 
Standard deviation +0.0003 +O. 0004 

0.9880 
+o .0002 

*Theoretical density o f  water at 30°C = 0.9957; 40°C = 0.9922; 
50°C = 0.9881. 
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Tab le  111. A c i d i t y  o f  r e p l i c a t e  a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  
p r e p a r a t i o n s  a t  v a r i o u s  tempera tures  ( s t o c k  s o l u t i o n  No. 2) 

A c i d i t y ,  pH 
30" C 40°C 50°C 

2.00 

1.90 

1.80 

1.70 

1.004 
1.004 
1.024 

1.012 
1.042 
1.441 

1.004 
1.043 
1.361 

1.026 
1.080 
1.300 

1.056 
1.056 
1.078 

1.740 
1.784 
1.913 

1.682 
1.710 
1.808 

1.631 
1.697 
1.705 

1.116 
1.116 
1.114 

1.950 
2.003 
2.000 

1.880 
1.925 
1.882 

1.830 
1.865 
1.832 

1.162 
1.156 
1.156 

2.116 
2.105 
2.100 

2.020 
2.022 
2.030 

1.960 
1.966 
1.969 

Tab le  I V .  A c i d i t y  o f  r e p l i c a t e  a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  
p r e p a r a t i o n s  a t  30°C ( s t o c k  s o l u t i o n  No. 3 )  

~ 

2 .oo 1.004 
1.004 
1.004 
1.004 
1.004 

1.039 
1.040 
1.049 
1.049 
1.050 
1.045 % 0.005 

1.90 1.056 
1.056 
1.056 
1.056 

1.750 
1.790 
1.788 
1.793 
1.780 * 0.018 

1.116 
1.116 
1.116 
1.116 

1.80 1.955 
1.957 
2.000 
2.000 
1.978 ? 0.022 
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A d d i t i o n a l  t e s t s  were made on t h e  s t a b i l i t y  o f  d i l u t e  u r a n y l  n i t r a t e  
s o l u t i o n s  by  measur ing t h e  pH o f  d i l u t i o n s  made f r o m  s t o c k  s o l u t i o n  No. 2 
on success ive  days a t  30°C. The s t a b i l i t y  o f  t hese  d i l u t e  s o l u t i o n s  i s  
q u i t e  good, v a r y i n g  about  0.02 pH u n i t s  i n  24 hours,  as shown i n  Tab le  V .  

Tab le  V.  A c i d  s t a b i l i t y  o f  d i l u t e  a c i d - d e f i c i e n t  
u r a n y l  n i t r a t e  s o l u t i o n s  a t  30°C 

A c i d i t y ,  pH 
Devi  a t i  on , 

NO?/U ( U L M  a* b* pH u n i t s  

2.00 0.100 
0.300 
0.500 

1.90 0.100 
0.300 
0.500 

1.70 0.100 
0.300 
0.500 

1.56 0.100 
0.300 
0.500 

2.343 
1.889 
1.616 

2.585 
2.272 
2.090 

2.860 
2.600 
2.404 

2.978 
2.716 
2.543 

2.276 
1.868 
1.590 

2.611 
2.292 
2.103 

2.870 
2.591 
2.416 

2.956 
2.700 
2.532 

0.067 
0.021 
0.026 

0.026 
0.020 
0.013 

0.010 
0.009 
0.012 

0.022 
0.016 
0.01 1 

*a = i n i t i a l  pH measurement; b = pH measurement made 24 hours l a t e r .  

To f u r t h e r  e s t a b l i s h  t h e  r e l i a b i l i t y  i n  p r e p a r i n g  these  s o l u t i o n s ,  t h e  
d e v i a t i o n  o f  t h e  pH measurement between two u r a n y l  n i t r a t e  s t o c k  s o l u t i o n s  
and between d i l u t i o n s  made f r o m  a g i v e n  s t o c k  s o l u t i o n  i s  shown i n  Tables 
V I  and V I I .  

USE OF EXPERIMENTAL DATA 

The exper imen ta l  d a t a  g i v e n  i n  Appendices I and I 1  can be used t o  
d e r i v e  an exp ress ion  t o  compute t h e  uranium and n i t r a t e  c o n c e n t r a t i o n s  o f  
u r a n y l  n i t r a t e  s o l u t i o n s ,  g i v e n  t h e  d e n s i t y ,  c o n d u c t i v i t y ,  pH, and tempera- 
t u r e .  S ince  r e s i n  l o a d i n g  i s  most e f f i c i e n t  i n  t h e  a c i d - d e f i c i e n t  r e g i o n ,  
o n l y  d a t a  i n  t h e  range o f  1.56 t o  2.00 N03/U r a t i o  w i l l  be cons ide red .  
T h i s  l i m i t e d  range  w i t h  one s e t  o f  c o n s t a n t s  g i v e s  t h e  b e s t  f i t  o f  t h e  
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T a b l e  VI. A c i d i t y  o f  two d i f f e r e n t  u r a n y l  n i t r a t e  s t o c k  
s o l u t i o n s  a t  0 .2 uranium and 50°C 

R a t i o  A c i d i t y ,  pH Devi  a t i  on , 
N 0 3 / U  S tock  I Stock  I1  pH u n i t s  

2.00 2.260 2.066 0.194 
1.90 2.520 2.410 0.110 
1.70 2.810 2.700 0.110 
1.56 2.940 2.810 0.130 

Tab le  VII.  A c i d i t y  o f  two d i f f e r e n t  u r a n y l  n i t r a t e  d i l u t i o n s  
f rm s t o c k  s o l u t i o n  I1  a t  0 .2  - M uranium and 30°C 

R a t i o  
A c i d i t y ,  pH 

S tock  I1  Stock  I 1  D e v i a t i o n ,  
N 0 3 / U  D i l u t i o n  I D i l u t i o n  I 1  pH u n i t s  

2.00 
1.90 
1.80 
1.70 
1.60 
1.56 

2.124 2.104 
2.596 2.440 
2.803 - 
2.895 2.720 
3.004 - 
3.008 2.82 

0.020 
0.156 

- 
0.175 

- 
0.188 
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da ta .  
t o  2.30 N03/U i f  des i red .  

l ow ing  equat ions .  
va lues  shown. 

A second s e t  o f  cons tan ts  c o u l d  be ob ta ined  f o r  t h e  r e g i o n  o f  2.00 

The d e n s i t y  and c o n d u c t i v i t y  da ta  s e t  No. 2 were f i t t e d  t o  t h e  f o l -  
The f i t  o f  t h e  da ta  i s  g i v e n  i n  Table VI11 u s i n g  t h e  

Dens i t y  = DENW + A ( U )  t B(N03), and ( 1  1 
A t B ( N O  ) C o n d u c t i v i t y  = c 3  2 , 

where 
DENW = 0.992247-0.0003806 DT-0. 00000375(DT)2 ( d e n s i t y  o f  pure water )  , 

Temp = tempera ture  o f  t h e  t e s t  s o l u t i o n ,  " C y  

DT = tempera ture  -40, 

A = 2.65684E -01, 
U = uranium c o n c e n t r a t i o n  o f  t e s t  s o l u t i o n ,  molar ,  

NO3 = n i t r a t e  c o n c e n t r a t i o n  o f  t e s t  s o l u t i o n ,  molar ,  
B = 2.82071E - 0 2 ,  

A3 = A i  + (Az)(DT),  
A 1  = 7.56708E -01 ,  
A2 = 3.52224E-02,  

B3 = B1 + (B2)(DT), 
B1 = 1 .13629Et02,  
B2 = 1.50419, 

c 3  = c1 + (C2)(DT>, 
C 1  = 1.02522, 
C2 = -2.21409E -03 .  

Equat ions 1 and 2 were then  so lved f o r  t h e  uranium and n i t r a t e  concent ra -  
t i o n s ,  and t h e  f o l l o w i n g  express ions  were ob ta ined:  

U = B3(D-B)(C,)(Prod)(Divd), and (3 )  

NO3 = (A) (C3 + D) (P rod ) (D ivd ) ,  ( 4 )  

where 
D = DENS - DENW, 

Dens = d e n s i t y  o f  t e s t  s o l u t i o n ,  grams, 
Prod = cond - A,, 
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Table  V I I I .  P r e d i c t i o n  of the d e n s i t y  and c o n d u c t i v i t y  
o f  uranyl  n i t r a t e  s o l u t i o n s  from known uranium and 

n i t r a t e  v a l u e s  a t  30"C, 40"C, and 50°C 

Values a t  3OoC Mole 
r a t i o  Experimental c o w ,  molar Density, gramslcc Conductivity, millisiemens 
N O 3 m  ~ _ _  Uranium -- -. Nitrate  Observed Calc Error ,  % Observed Calc Error ,  % 

1.56 0.100 
0.200 
0 .  3<10 
Q.4 10 
'7.500 

1.6i) 

I .  ri) 

1.80 

1.90 

2.30 

0.1110 
3.200 
0. 3 0 1  
0. 4 3 3  
0.508 

I;. 100 
0.200 
0.330 
0.4170 
0.530 

0.1Oc) 
0. 200 
0 . 3 0 C  
0.400 
0.500 

0.li)i) 
0 .700  
0.330 
3.400 
0.509 

c .131  
0.2J0  
0. 301 
0.401 
0.53)3 

J. 156 
3. 312 
J. 4 h d  
U. 624 
0.7PO 

0. 160 
0.320 

u. 640 
c). 9 0 0  

u. 4 8 0  

0.170 
0 .340  
0.  51  13 
3 .  680 
0.  a59 

3. 180 
3 .  360 
u. 5 4 0  
J. 7 2 0  
.3. 900 

0.193 
J. 3 5 0  
3 . 5 7 0  

0.950 
0.160 

d .  2 0 7  
5 .  400 
3.502 
3 .  R32 
I .  OOI) 

1.13266 l.02b6 3.0 
1. 0579 1.0576 3.0 

1.1107 1.1196 -1.1 
1.1522 1.1505 - 3 . 1  

1.089~ I . O ~ H ~  - 3 . 1  

1.3766 1 .(I268 0 . 0  
1 . 0 5 7 5  1.0578 3 . 0  
1. 08?5 1. d8YZ 0.1 
l . l L 9 '  1.12dO 3.1 
1.1493 1 . 1 5 1 1  3 . 2 .  

i .  0275 1.3270 3.0 
i . 0 5 ) a  1.0584 3 . 3  
1.9)337 1.0899 3.3 
1.1219 1.1211 -3.1 
1.1528 1.1525 3.3 

1 . 3 7 7 8  1.0273 3 . 0  
1 . 0 5 9 1  1 .0590  3.0 
1.0912 1.0706 -3.1 
1.1233 1 .1223  - 3 .  I 
1.1548 1.1539 -0 .1  

1.02 7 3  1 e32 76 3.0 
1.059'7 1.0595 3 . 0  
1.0915 1.0915 7.0 
1 . 1 2 3 8  1 . 1 2 7 4  3.0 
1. 1558 1.1553 3.3 

I .  0 9 3  1.0287 3 . !) 
1.0605 1.0631 1 . 3 
1. '393.3 1 0926 3.0 
1 .1253  1.1249 7.0 
1.1573 1.1567 3 , 9 

13.8 
~ 5 . 1  
34.6 
42.9 
30.1 

~ 4 . 2  
L 5 . 7  
55.5 
44.0  
2 L . 4  

15.0  
L7.3 
37.7  
* 6 . 7  
5 4 . 6  

13.2 
4 . 4  
1.9 

-0.2 
0.2 

- 1 . 7  
-0.4 
-1.4 
- 1 . 5  
-2. L 

-2.5 
-0.4 
-0.5 
-0.9 
-0 .8 

L 3 . Y  15.9 -0.2 
Ld.., L H . 9  1 .3  
J i . *  39.9 1.3 
* 3 . J  - 9 . 4  0.9 
3 l . J  5 7 . 7  1.3 

1 s . 0  16.7 -0.4 
3 J . L  J0 .4  0. d 
41.5 4 2 . 1  1.5 

1 . 3  21.5 52.2 
63.d 00.9 1.h 

Ad.> 1 7 . 7  -4.1 
3 d . 7  32.0 -2 .1  
4 3 . J  44.4 -1.3 
33.7 b 5 . 0  -1.3 
bu.5 bG.1 -0 .6  
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Table VI11 (continued) 

Values a t  40°C Mole 
r a t i o  Experimental conc, molar Density, grams/cc Conductivity, millisiemens 
N O q / U  Uranium- N i t r a t e  _ _ _  Observed Calc Error ,  % Observed Calc -Error ,  % 

1.56 0.100 0.156 1.0242 1.0732 -0. I 14.2 i b . 5  1 e9 
0 .733  0.112 1.055i  1.0542 -0.1 2 3 . 3  29 .7  2.4 
0.330 0 . 4 6 8  1 .0873  1.0852 -0.7 4 d . >  *LJ.cJ 0.9 
0 . 4 0 0  3.b24 1 . 1 1 R 3  1 . 1 1 6 1  -0.2 J 3 . 7  5 U . b  -0.4 
0 .500  0 . 7 8 0  1.1493 1.1471 -9.2 5 6 . ~  > ~ . 9  3 . h  

1.60 0.150 0.160 
0.200 0. 5 7 0  
0.331 0. r r83 
n . 4 J 0 0.640 
0.500 0. R O O  

I .  70 J. 100 0.170 
0.230 11.343 
Q. ’330 3 .  5 1 0  
C. 430 3.680 
0.500 0. n5o 

1.83 0.13u 0.1flO 
0.733 3 .360  
0.300 0.545 
0.430 0. 770 
0.500 0.909 

1.90 0.130 0.190 
0.200 3. 380 
0.300 0.570 
0.430 0. 769 
0.500 J. 350  

7.31 0.101 3.2 02 
0 .200 0.4no 
0. 3 3 1  3. e o 2  
3.401 3. do’ 
0.500 I .  u00 

1.0733 1.0233 3.3 
1.3542 1.054+ 0.2 
1.3849 1.0333 0.1 
1.1 1 5 7  1 . 1 1 6 6  0.1 
1.1457 i . 1 4 7 7  0.7 

1 . 3 2 4 2  1 . 3 2 3 6  - 3 . 1  
1.0557 1,0550 -O.! 
1.0867 1 . 0 8 6 3  0.3 
1.1181 1.1177 0.3 
1.1Lc93 1.1491 0.3 

1.3244 1.0239 0.3 
1.0564 1.0555 -0 .1  
1 JR79 1 0872 -0.1 
1.1197 1.1188 -0.1 
1 . 1 5 1 2  1 .1505  -0.1 

1 . 3 2 4 6  1.0242 0.3 
1.3556 1.0561 0.3 
1.0879 1.0880 0.3 
1.1201 1.1200 0.3 
1.1523 1.1519 0.3 

1 7 . L  Lb.9 -1.7 

4L.3 41.Q -1.5 
5 L . 2  31.8  -1.4 
51.5 0u.G -1.9 

Jd.? 30.4  -0.9 

10.2 17.9 -1.5 
3 L . O  j L . 3  -1.0 
- 4 . 0  44.5 -0.7 
93.2 55.0 -1.0 
> + . J  b + . l  - 0 . 6  

L3.L 10.9 -0.9 
3 3 . 6  34.1 1 .o 
* u * l  4 1 . 1  0 . 8  
3 1 . 5  56.2 1.1 
0 7 . J  ol.8 1 . 2  

L 3 . L  L Y . 9  -1.3 
5 3 . i  30.0 1.7 
4 5 . 8  rY.6 1.7 
3 J . j  U A - 3  1 e 4  
I d - J  7 1 . 5  ?.2 

1.324+ 1.0248 0.3 L 1 . J  2 1 . 1  -3.0 
1.0570 1.O5h7 0.3 J O . 5  37.9 -1.9 
l . 4 J 8 9 i  1 . 0 8 9 2  0.3 5 9 . J  2 L . 3  -1 .3  
1 . 1 ? 1 9  1.1214 9.3 > > . J  b 4 . 7  - 0 . 5  
1 . 1 5 3 3  1 . 1 5 3 3  a. 0 70.J 1 2 . 3  -1.0 
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Tab le  V I 1 1  (cont inued)  

Mole Values a t  5 O o C  

r a t i o  Experimental conc, molar Density, grams/cc Conductivity,  millisiemens 
NO 7 /U Uranium _ N i t r a t e  Observed - Calc Error ,  % Observed Calc Error ,  % 

1.56 0.103 3 .  1 5 t  1 . 0 1 8 8  !.0193 0.3 1a.J L L . 3  7.3 
0.200 3.312 1.0691 1.0500 0.1 3 3 . 0  J4.5 2.0 
0.303 0.46 9 1.3815 1.0810 0.3 i I . 3  + 1 . 3  !l.O 

0.500 0. 780 1.1411 1.1479 0.3 S & . J  ~ 7 . 9  -0.2 
0.400 3 . 0 2 4  1.1172 1.1119 0.3 J & . J  ~ 6 . 3  0.6 

1.hO 0. IOU 0. 160 
0.2133 3.320 
0.  3.31 0.480 
0.400 3.640 
6.500 ~ n o o  

1. 70 0.100 0. 170 
0.200 0.343 
0.300 0.510 
0.450 0 .680 
0.500 0. 853 

1 .8J 0.100 a. 1 8 3  
0.200 0.363 
0.300 0.540 
0.400 0.720 
0.590 0.900 

1.90 0.150 0.19:) 
0. 2 J O  3.483 
0. 3 3 0  3 . 5 7 0  
0.490 0.760 
0.50i) 3 . 9 5 3  

2.00 0.101 0. L O 2  
0.203 0.400 
0.301 0.401 
0.401 0.301 
0.5'30 1. a01 

1 . 0 ! 8 6  1.0191 0.1 
1.0493 1.0592 0.1 
1 . O A 0 0  1 .38 lb  0.1 
1.1103 1.1124 0.2 
1.1401 1.1435 O.? 

1.01 95 1.0194 0.3 
1.050b 1.0508 0 . 3  
1.0817 1.0822 0.0 
1.1129 1 . 1 1 3 5  0.1 
1.1443 1.1449 0.1 

1.0195 1.0197 0.3 
0.3 1.0511 1.0514 

1.0826 1.0830 0 . 3  
1 . 1 1 3 8  1.1146 0.1 
1 . 1 4 6 0  1.1463 0. n 

1.0199 1.0253 0.3 
1.0509 1.0519 9. I 
I . 0 R 3 1  1.0838 0.1 
1.1150 1.1158 0.1 
1.1447 1.1477 0.1 

L l . 3  L 3 . 9  - 1 . 7  
3 7 . 1  37.5 -0.6 
J L . J  51.5 0 . 9  
3 ~ t . J  b 3 . 5  -0.9 
7 C . j  73.9 -0.8 

L L . 7  LJ.3 2.5 
0.8 *l.s 4L.8 

30.3 57.4 1.6  
i b . d  1 0 . 8  1.2 
0 L . J  b L . 4  1.8 

1.3199 1.0206 0.1 L 3 . 3  L4.7 -3.3 
1.0529 1.0525 0.3 u4.3 *3.9 -2.0 
1.0845 1.0850 0 . 3  5 1 . J  ~0.4 -1 .8  
1.1174 1.1172 0.5 1 3 . 3  7 Y . 5  -1.0 
1.148? 1.1491 0.1 0 7 . J  dt.8 - 0 . 0  
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Cond = s p e c i f i c  conductance o f  t e s t  s o l u t i o n ,  m i l l i s i e m e n s ,  
D ivd  = [ ( B ) ( P r o d )  + (A)(B3)]-1. 

Uranium and n i t r a t e  concen t ra t i ons  were computed f rom measured va lues 
o f  c o n d u c t i v i t y  and d e n s i t y  and a r e  compared i n  Tab le  I X .  
a c i d i t y  (pH) and d e n s i t y ,  t h e  leas t -squares  f i t  o f  t h e  exper imenta l  da ta  
f r o m  s e t  No. 2 gave t h e  f o l l o w i n g  express ions f o r  uranium and n i t r a t e :  

I n  t h e  case o f  

NO3 = P + (Q)(DENW) + (R)pH + ( ~ ) ( P H ) ~  , ( 6 )  

where 

A = A, + (A,)(DT), 
A1 = 1.7587E-02, 
A, = 1.1642E-04, 
DT = tempera ture  -40, 

Temp = temperature o f  t e s t  s o l u t i o n ,  " C y  

B = B 1  + (B,)(DT), 
B1  = 3.2219, 
B2 = 1.6471E - 03, 

DEN = DENS - DENW, 

DENS = d e n s i t y  o f  t e s t  s o l u t i o n ,  g/cc, 
DENW = 0.992247 - 0.0003806 ( DT) - 0.00000375 (DT) 2, 

C = C, + (C,)(DT), 
C 1  = -4 .0335E-01,  
C2 = 1.7881E-02,  
pH = a c i d i t y  o f  t e s t  s o l u t i o n ,  

D = D l  + (D,)(DT), 
D1 = -1.6537, 
D2 = 7.878E -02 ,  

P = P i  + (P2)(DT), 
P i  = 4.868E - 0 1 ,  
P, = 5.8927E - 03, 

Q = Q1 + (Q,)(DT), 
Q1 = 5.1134, 
Q2 = -2 .4523E-03,  
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Table IX. Predictions of uranium and nitrate concentrations 
in uranyl nitrate solutions from measured densities and 

conductivities at 30°C, 40"C, and 50°C 

Nit ra te  conc, molar  Mole Meas Meas 
r a t i o  cond d e n s i t y  E r r o r  
N03/U (ms>-  (gm/cc) Observed- Calc-  _ _  (%) 

1.56 

1.60 

1.70 

1.80 

1.90 

2.00 

12.2 1.026t 
24.0 1.0575 
3 4 . 0  1.0898 
43.0 1.1207 
50.0 1.1522 

14.4 1.0266 
25.8 led575 
36.0 1.0685 
44.7 1.1192 
52.5 1.1493 

15.4 1.0275 
27.4 1.0588 

47.1 1.1219 
3 7 . 9  1.0902 

55.0 1.1528 

15.9 1.327b 
28.5  1.0594 

49.3 1.1230 
39.4 1,0912 

57.0 1.1546 

16.8 1.0279 
30.2 1.059'9 
41.5 1.0515 
51.5 1.1238 
60.0 1.1558 

18.5 1.0283 
32.7 1.0605 
4 5 . 0  1.0930 
55.7 1.1250 
64.5 1.1570 

0.165 C. 1 3 7  

0.469 0.461 
0.674 0.627 
C.780 0 . 7 8 )  

0 . 7 1 2  0.790 

C.160 0. 103 
C.323 3 . 3 2 1  
0.480 0.4nC. 
C.640 0.647 
C.800 0 .8 !  7 

C.170 0 . 1 T q  
0.340 0 . 3 4 2  
0.510 C ) . 5 l 7  
C.680 0.687 
C.850 0.8'7 

0 . 1 P O  0. 181 
0.360 0. 3 = f -  
c.540 0 . 5 3 4  
0.72@ 0. 7 1 5  
0.903 3.891 

0.190 0.191 
C.3R9 0 . 3 7 7  
0.570 0 . 5 6 2  

0.950 0.937 
0.763 0.751 

c.207 0.211 
0.400 0.499 
0.6CI! 'la610 
C.802 0.912 
1.099 1. 00C 

-11.9 
-4.1 
-1.5 

0 . 5  
0 .3  

1. I 
q .  3 
1 . 2  
1 . 3  
1 .7  

2 . 8  
Q. 6 
0 .6  
1 .O 
0.2 

0.3 
-1.1 
-1.' 
-0.7 
-1.9 

0.5 
-0.7 
- I  ./a 
-1.1 
- 1  .? 

4 . 3  
2 . 2  

1 . 3  
0.t 

I .4 

Uranium conc ,  molar  

Observed 

0 . 1 0 0  
O . ? O O  
n,3*)0 
0.4737 
0 . 5 0 0  

0 . 1 0 0  
13, ? 0 3  

9 . 4 7 0  
0 .530  

n.101 

0.103 
0 . 2 0 0  

0 .400  
0 . 5 3 0  

n. 300 

3.lr)O 
n.200 
n.300 
0 . 4 0 9  
0,509 

0.100 
n.Zoo 
n.300 
0 . 4 9 0  
0 . 5 0 0  

9 . 1 0 1  
0 . 2 r ) O  
0.3n1 
9.401 
(1.500 

3 .  1 0 7  
3 .  ? P i !  
3 . 3 0 5  
3 . 4 0 4  
0 . 5 0 6  

3 . 0 9 9  
3.  1 C 9  
0 . 2 9 R  
3 .  396 
3 . 4 9 3  

3.101 
3 .  7 0 1  
0 .  3 0 1  
3 .  LO7 
3.5313 

3 . 1 3 2  
3 .  ? 0 2  
3 . 3 0 3  
3.40 3 
1 . 5 0 4  

3. l('1 
0 . 7 9 2  
3 . 3 0 1  
3 . 4 3 7  
J .  5 s 3  

3.193 
3.701 
0. 3 Q 2  
0.1.01 
3 . 5 0 0  

1.8 
1.2 
1 . Q  
! .Q 
1 . 2  

- 0 . q  
- 0 . 7  
-1.1 
- 1 .0 
-1.6 

! . 2  
0 . 6  
I).& 

0 . 5  ". 1 

1.7 
1.P 
0 . 9 
0 .  R 
0 . 9 
1.9 
0 . P 
C.? 
n.6 
0 , 6 

-0.6 
O.? 
0 . 2  

- 0 . 1  
I). 1 
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T a b l e  I X  (con t inued)  

~ ~~ ~ 

Values  a t  40°C 
Nitrate conc ,  molar Uranium conc,  molar 

Mole Meas Meas 
r a t i o  cond d e n s i t y  E r r o r  E r r o r  

(%I  Observed Ca lc  Observed Ca lc  N O ? / U  (mS) (sm/cc) ( % I  

1.56 

1.60 

1.70 

1.80 

1.90 

2.00 

16.2 1.0242 
29.0 1.0554 
40.5 1.0873 
50.7 1.11130 
58.5 1.1493 

17.2 1.U233 
30.7 1.0542 
42.5 1.0849 
52.5 1,1157 
61.5 1.1457 

18.2 1.0242 
32.6 1.0557 
44.8 1.0667 
55.5 1.1181 
64.5 1.1493 

19.1 1.0244 
33.8 1.0564 
4b.7 1.0879 
57.5 1.1197 
47.0 1.1512 

20.2 1.0246 

48.8 1.0879 
35.4 1.055b 

60.5 1.1201 
70.0 1.1520 

21.8 1,0244 
38.6 1.0570 
53.0 1.0894 
65.0 1.1218 
76.0 1.1533 

0.156 0.153 
3. 317 3 .  306 
0.468 0,466 
0.624 0.629 
C.780 0.779 

0.160 0.163 
C.320 0.323 
C.480 0. G R 6  
0.640 3.647 
0.800 0.811 

0.170 9-17? 
0.340 0.344 
0.510 0.514 
0.680 0,687 
C.850 0.856 

0.180 0.187 
0.360 0.357 
9.540 0.577 
C.720 0. 71'. 
C.900 Q o R 9 1  

0.190 0.197 
0.380 0.373 
0.570 0.561 
0.760 0.750 
0.950 0.931 

0.207 0 .208  

0.602 C. 6 1 0  
0.400 0.408 

0.802 0.807 
1.000 1.009 

-1 . h  
-?.cl 
-0.3 
0. d 

-0.1 

1.7 
0.9 
1.7 
1.1 
1 .? 

1.8 
1.2 
0.8 
1.0 
0.7 

1.1 
-0.7 
-0.5 
-0.3 
-1.0 

1.5 
- 1 . 8  
- 1  07 
-1  .? 
-2.0 

3.1 
2.0 
1.3 
0.6 
0.9 

0.1013 
9.209 
0 . 3 0 0  
0.499 
0.5'33 

0.103 
O . ? i ) O  
0.301 
0.400 
0.503 

0.103 
0.200 
0.300 
0.40'3 
0 .503  

0.190 
0.200 
0 . 3 0 0  
0.490 
0.503 

0.100 
0.309 
@.?go 
0.409 
0.500 

0.101 
0.790 
0.391 
0.401 
0.500 

0.104 
c). 205 
i). 3 0 9  
3 . 4 0  7 
3.50e 

3. 1 0 c  
0.139 
3.797 
0 . 3 3 6  
3. '+91 

3.102 
a. 2 0 2  
3.301 
3. L 9  1 
3.500 

0.102 
0,204 
3 . 3 0 3  
0.604 
0.504 

3 . 1 0 1  
3.199 
0.3r)l 
0 . 4 0 2  
0.502 

'3.099 
3.200 
3.331 
0.402 
3.499 

4 . 0 
2.6 
2.8 
1 .c 
1.7 

-0 .4  
-0.5 
-1.3 
-1.0 
-1.7 

1.9 
1 .? 
0.3 
'3 . 2 
0.1 

1.7 
1.8 
1.0 
1 .o 
0.7 

1.3 
-0.6 
0.2 
0.4 
0.5 

-2.1 
0.2 

-0.0 
0.2 

-0.2 
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T a b l e  I X  (continued) 

Values a t  50°C 

Mole Meas Meas N i t r a t e  conc ,  molar  Uranium conc,  molar  
r a t i o  cond d e n s i t y  E r r o r  E r r o r  
N O ? / U  (mS) (gm/cc) Observed Calc  (XI Observed C a l c  (%) 

1.56 18.0 1.0186 0.156 3.146 -7.7 0.103 0.103 n. 3 
9.1 33.8 1.0499 9.312 0. 306  -? .O  

47.3 1.0~15 0.469 0.468 0 . !  O.’Or> 3.?07 0 . 6 
58.0 1.1122 0.674 o.sz! -n.5 0 . 4 0 0  3.401 0.3 
68.0 1.1431 C . 7 8 0  0.752 0 .  z n.qoo 3.601 0.1 

Q.?r)3 3 . 7 0 3  

1.60 19.8 1 . 3 1 b t  0.160 0.16n -3.11 0.199 0.099 -7.1 
35.2 1.0493 0 . 3 ? 0  0,318 -3.7 0.200 3.197 - 1 . h  
4 9 . 3  1.oouo 0./+P0 0.496 1.2 0.301 3.794 - 2 . 3  
60.5 1.1103 0.64Q 0.644 0.6  Q.400 0 . 7 “ 2  -2.1 
71.0 1.14G1 0.~00 g . ~ n a  1.1 3.500 J.4Q6 -2.7 

1.70 21.3 1.0195 0.179 0.177 1 . s  0 . l 0 0  IJ.100 -0.1 
37.7 1.0506 0.34n 0. 3 4 3  0.  3.7n0 0,199 -0 .6  

64.u 1.1129 0 . 6 8 0  9.684 0.6 G . 4 Q 3  3 . 3 3 7  -0.7 
74.5 1.1443 C.850 3.956 cl. 7 0 . 5 0 0  3.497 -0.6 

51.0 1.0817 0.51r) 9.5OC -1.3 n.303 3 . 7 9 9  -0.4 

1-80 22.2 1.0196 0.180 0.!81 0.4 P . 1 0 3  13.103 -0.5 
3 9 . 2  100511 C.360 0.356 -1.1 c.2r)c) 0 . 1 9 0  -n.3 
54.0 1 . 0 8 2 C  0.540 0.535 -0.0 0 . 3 0 9  3 . 2 9 9  -0 .3  
66.5 1.1128 C.720 0.  717 - 1 . 1  0.400 3 .  348 -0.t 
77.0 1.1460 c.900 3. C A 7  -1.5 3 . 5 0 3  3 . 5 0 0  q. 1 

0.2 
41.4 1.0509 c.390 0.376 -1.1 0.2013 3 . ! 9 7  -1.7 
S t . 5  1.0631 c.57’) 0.560 -1.7 9.300 3 . 7 9 P  -0.6 
70.0 1.1150 C.760 0. 750 - 1 . 3  0 . 4 0 0  J. 3 Q 8  -0 .5 

“ . l Q d  3.100 1.90 2 7 . 7  1.0194 0.19r) 0.1P5 -7.5 

81.0 1.1467 0.959 0 . 9 3 2  - ! . O  0.500 3.49P -0.4 

2.00 25.5 1 . 0 1 4 9  0.202 0.209 3.? 0.101 3.098 - 3 . 3  
44.8 1.0528 C.400 0.43“ Z . ?  n . m o  0.7~0 0.1 

75.3 1.1174 0.801 0.810 1. I 3 .401  -3.0 
61.5 leu645 0.601 0.611 I . c  0.301 3.798 -1.0 

87.5 1.1482 1.001 1 . 0 0 ~  0.5 0 . 5 0 3  3 . 4 4 6  -0.9 
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R = R i  + (R21(DTIy 
R 1  = -2.3192E - 0 1 ,  
R2  = -4.0891E - 0 3 ,  

S = S i  + (S2>(DTIy  
S i  = 2.2317E - 0 2 ,  
S2 = 6.0217E - 0 4 .  

The same t ypes  o f  equa t ions  were d e r i v e d  f r o m  exper imenta l  da ta  s e t  
No. 1. 
more data p o i n t s ,  a b e t t e r  f i t  o f  t h e  da ta  was ob ta ined  u s i n g  da ta  s e t  
No. 2. Also,  t h e  second da ta  s e t  i s  more u s e f u l  because i t  more c l o s e l y  
s imu la tes  o r  approximates process c o n d i t i o n s .  

The use o f  t h e  above equa t ions  i s  cumbersome and time-consuming w i t h -  
o u t  access t o  a computer. For t h a t  reason, two s h o r t  programs f o r  use i n  
t h e  PDP-10 computer have been w r i t t e n  t o  c a l c u l a t e  t h e  uranium and n i t r a t e  
c o n c e n t r a t i o n s  o f  u r a n y l  n i t r a t e  s o l u t i o n s  g i v e n  s o l u t i o n  parameters o f  
d e n s i t y ,  c o n d u c t i v i t y ,  a c i d i t y  (pH) , and temperature.  The program g i v e n  
i n  Appendix I 1 1  i s  f o r  t h e  case o f  c o n d u c t i v i t y  and d e n s i t y .  It can be 
used f o r  any temperature i n  t h e  range o f  25°C t o  75"C, f o r  any d e n s i t y  up 
t o  1.4 grams/cc, and f o r  s p e c i f i c  conductances up t o  160 m i l l i s i e m e n s .  
Appendix I V  g i v e s  t h e  program f o r  a c i d i t y ,  pH, and d e n s i t y .  I t  can be used 
f o r  any temperature i n  t h e  range o f  25°C t o  75"C, f o r  any d e n s i t y  up t o  
1.4 grams/cc, and f o r  a c i d i t i e s  r a n g i n g  f rom 0 t o  3.5. 

t r a t i o n s  of uranium and n i t r a t e  a r e  l e s s  than  2% i n  Table I X ,  where t h e  con- 
c e n t r a t i o n s  were c a l c u l a t e d  f rom known d e n s i t i e s  and c o n d u c t i v i t i e s .  The 
e r r o r  shown i n  Table X,  where t h e  c o n c e n t r a t i o n s  a r e  c a l c u l a t e d  f rom t h e  
measured va lues  f o r  d e n s i t y  and pH, i s  i n  genera l  l e s s  than  2% f o r  uranium 
and 5% f o r  t h e  n i t r a t e .  

A computer c a l c u l a t i o n  was made u s i n g  t h e  d e n s i t y  and pH values g i v e n  

These equat ions a r e  n o t  shown because, due t o  t h e  a v a i l a b i l i t y  o f  

I n  most cases t h e  e r r o r s  between t h e  c a l c u l a t e d  and observed concen- 

i n  Table X a t  30°C t o  determine t h e  e f f e c t s  o f  e r r o r s  i n  t h e  pH measure- 
ment on t h e  computed uranium and n i t r a t e  c o n c e n t r a t i o n .  
t i o n ,  t h e  pH was a l l owed  t o  v a r y  i 0 . 5  pH u n i t s .  
l a t i o n ,  shown i n  Table X I ,  i n d i c a t e  t h a t  a 1.0% e r r o r  i n  pH measurement w i l l  
cause a 0.2% e r r o r  i n  t h e  c a l c u l a t e d  uranium c o n c e n t r a t i o n  and a 1.8% e r r o r  
i n  the  n i t r a t e  c o n c e n t r a t i o n .  

I n  t h i s  c a l c u l a -  
The da ta  f rom t h i s  c a l c u -  
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Tab le  X.  P r e d i c t i o n  o f  uranium and n i t r a t e  c o n c e n t r a t i o n  i n  

and pH a t  30"C, 40"C, and 50°C 
u r a n y l  n i t r a t e  s o l u t i o n s  f rom measured d e n s i t i e s  

Values a t  30°C 

Mole Uranium conc ,  molar Ni t ra te  conc,  molar 
ratio Densi ty  E r r o r  

pH- - -- Observed Calc Observed Calc  NO 3 /U ( s d c c )  (%) 

1.56 1.0266 
1.0579 
1.0898 
1 .1201  
1.1522 

1.60 

1.70 

1 . R O  

1.90 

2.00 

1.0266 
1.0575 
1.0885 

1.1493 
1.1192 

1.0275 
1.0588 
1.0902 
1.1219 
1.1528 

1.027d 
1.0594 
1.0912 
1.1230 
1.154d 

1 .O279 
1.0599 
1.0915 
1.1238 
1.1558 

1.0283 
1.0605 
1 0 9 3 0  
1.1250 
1 . 1 5 7 0  

3.240 
3.088 
2.97C 
2 .880 
2 .780  

3.163 
3.004 
2.888 
2.800 
2 . 7 0 7  

3.000 

2.770 
2.680 
2 .600 

2. a 9 5  

L o  9 6 4  
2.803 
2.OhR 
2.562 
2 .474 

2.780 

2 . 4 e O  
2.341 
2.250 

2 . 5 9 6  

2.341 
2.124 
1.917 
1 .7h6  
1.620 

9.130 0 .100  
3.200 0. l c ? Q  
0 . 3 0 0  0.301 
0.400 O e 2 9 C I  
0 . 5 3 0  0 . 4 9 9  

0.100 0.099 
0 . 2 0 0  0.197 
3 . 3 0 1  3 .?96  
9.400 (3.344 
0.500 0.4R9 

0 .100  0.102 
r3.200 0.301 
3 .300  3.3013 
0.400 0 . 4 Q l  
0 . 5 0 0  9.499 

0.100 0 . 1 3 2  
0.200 0 . 2 0 7  
0.300 0 . 3 0 3  
9.400 0 .404  
0.500 0 . 5 3 5  

0.190 O.!CIl 
Q . 2 0 0  0 . 2 0 7  
9.300 0 . 3 C 2  

3.500 0.5% 
Cl.400 Oa'L74 

0.191 0 . 0 Q 9  
0.20') 0.199. 
0.301 0.300 
0 . 4 0 1  0.4qO 
(?.500 10.501 

-3.2 
- 3 . 4  

3 . 7  
-3 .3  
-0 .7  

-3 .7 
- 1  .'+ 
-1 .7  
-! .5  
-2.2 

1.5 
0.3 
0 .1  
9.= 

-3.1 

1.9 
3 .  7 
3. 9 
0.3 
0.7 

47 . 7 
9.9 
0 .5  
1 .3  
1.1 

- 7 . 7  
- 0 . 7  
-3.7 
- 0 . 1  

Q . 1  

O . 1 K h  0 . 1 3 q  
0.312 0 .313 
0.463 0.4Ri3 
Q.674 f3.655 
9.783 O . R ? 7  

0 .163 3 . ! 4 6  
0.323 0.319 
0 . L a J  0.4P9 
0.641) 9.655 
0.893 0 . 0 ! 9  

0.7P2 0 . 2 3 3  
0.400 0 .429  
9.602 0 . 6 7 2  
o .eo2 0.406 
1.000 0.990 

E r r o r  
(%) 

- 1  1.0 
0 .  '? 
4.2 
5.0 
6.n 

- 9 . 0  
-0.6 

1 . c  
7.4 
2.4 

- 6 . 2  
- 1 . 2  
- 0 . 1  

0.  7 
-0.7 

-5 .6  
-3 .4 
- ? . E  
- 2 . P  
-3.0 

- 0 . 9  
-2 .7  
-7.7 
- 4 . 2  
-4.0 

15 .4  
7.2 
3.? 
0. 

-1.0 
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Table X (con t inued)  

Values a t  40°C 
Mole Uranium conc, molar N i t r a t e  conc, molar 
r a t i o  Dens i t  y E r r o r  E r ro r  

Observed Calc  N O ? / U  (gm/cc> pH Observed Calc (%)  (%) 

1.5c 1 .0242  3 .120  r).lOO 0 .103  2.R 0.156 0 . 1 4 4  - 7 . 8  
1 . 0 5 5 4  2 .980  O . ? O O  0 . 2 0 7  1.1 0 . 3 1 2  0 .317 1 . 5  
1.0673 2 . 8 6 ~  0.300 0 . 3 ? 4  1 . 3  0.4t9 i ) . 4 3 ?  5 .7  
1 . 1 1 8 0  2 .780  0.400 0 . 4 0 3  0.6 0.b74 0.659 5.G 
1 . 1 4 9 3  2.700 0.50Q 0 . 5 0 3  0.5 3.7n.l 0 . 4 ? F  6.0 

1.60 1 . 0 2 3 3  3.065 9 .100  0.100 -3.5 3.160 0 . 1 4 4  -9 .7  
1 . 0 5 4 2  2 . 8 9 7  0.2110 0.119 -1.1 0.320 O . ? ! C ,  -0 .3  
1.~849 2.783 0 . 3 0 1  0 . 2 0 6  -1.3 0.481) 0 . 4 3 8  1.7 
1 . 1 1 5 7  2 .694  0 . 4 0 0  3 . 7 9 4  -1.5 0.640 0 . 6 5 5  2 . 4  
1 . 1 4 5 7  2.604 0.500 0 . G 9 9  - 7 . 1  3 . 8 0 3  0 . 5 1 9  2.4 

1.70 1 .0242  2.950 9 .100  r).1qz 1.5 q.171) 0.160 -5 .7  
1 . 0 5 5 7  2.785 3.200 0 . 2 0 2  0 . 0  7.343 0 .33*  -0.4 
1 .0867  2 . 6 5 6  0 .300  0 . 3 0 0  0.1 0 .513  0 .51!  0.2 
1.1181 2.56 '  0.400 0.43Q 0 . 1. 0.683 0 . 5 8 2  g .2  
1 . 1 4 9 3  2 . 4 8 3  0.500 (5.570 3 .-I 3 . R c 3  3 .362  0 . 2  

1 . R O  1 .0244  2 .857  0.103 0.101 1 . 4  0.190 0 . 1 7 1  -5.1 
1.0564 2 . 6 8 9  0 .200  0 . 7 0 3  ! .4 0.360 0.353 - 7 . 1  
1.087Y 2.552 0.390 0 .303  1.0 0 .540  0.579 - 2 . 0  
1 . 1 1 9 7  2 .447  Q . 4 0 0  O . L O 4  1.1 3.723 0 . 7 0 5  -2 .1  
1 .1512  2.363 0.500 n.5(?5 3.9 9 . 9 0 )  0 . 8 7 6  - 2 . 6  

1.90 1.0246 2.677 0.100 c.100 0.3 0 * 1 9 0  0 . 1 9 1  0.7 

1 . 0 8 7 9  2 . 5 6 2  3.3Q0 0 . 3 0 1  0.7 3.573 0.553 -3.0 
1 . 1 2 0 1  2.255 0 . 4 0 0  3 .403  0.q 0.763 0 . 7 3 1  -3 .P 
1 . 1 5 2 0  2 . 1 5 7  0 . 5 3 0  3 . 5 0 5  0.0 0 .9=0 0.997 - 4 . 6  

1 . 0 5 5 6  2 .491  0.200 O . l q R  -0.Q 0.740 0 . 3 7 2  -2.7 

2.00 1 .0244 1 . 3 3 5  0 .101  0 .006  -G.L 0 . 2 0 2  0 . 2 3 1  1 4 . 5  
1 .0570 2 . d 7 l  0 . 2 Q O  D . l ? 7  -1 .4  0.4nJ 1 . 4 3 3  A .  3 
1.U894 1.875 0.301 0 . 7 Q A  -0.9 3.602 0.6?7 4 .2  
1 . 1 2 1 8  1 . 7 2 5  '1.401 9 . 4 0 0  - 3 . 3  0.802 0.811. 1.7 
1 .1533  1 . 6 0 0  0 .500  0 . 4 0 8  -0.3 ! . 003  0 . 3 9 h  -0.4 
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Tab le  X (cont inued)  

Mole 
r a t i o  
N03/U 

1.5h 

1.60 

1.70 

1.80 

1.90 

2.00 

Dens i ty  
(gm/cc) PH 

1.0188 
1.0499 
1.0815 
1.1 1 2 2  
1.1431 

1 .d186  
1.0493 
1 0800  
1.1103 
1 .1401  

1.0195 
1.U506 
1.0817 
1.1129 
1 . 1 4 4 3  

1 .0196  
1.0511 
1.0826 
1 . 1  138 
1 1 4 6 3  

1.0199 
1 .0509  
1 . 0 8 3 1  
1.1150 
1.1467 

1 .U 199 
1 .d528  

1.1174 
1.0845 

1.1482 

2.956 
2.81 0 
2.700 
2 .620 
2.543 

2.979 
2.76 7 
2.660 
2.568 
2.494 

2.870 
2 .700  
L. 591 
2.497 
L.416 

2.777 
2.582 
2.475 
2.390 
2.311 

2.611 
2.410 
2.2 7 ?  
2.177 
2.103 

2 . 3 4 3  
2.066 
1.889 
1 . 7 7 7  
1.616 

Uranium conc, molar N i t r a t e  conc, molar 
E r r o r  

Observed Calc  -- (%) Observed Calc  

0.109 0.101 
0.210 Q.390 
0,300 9.731 
f ) .400 0.400 
9.500 0.4Q9 

r)*l00 0.100 
0.209 ').1"9 
0olc)l 0 . 3 9 6  
9.400 0 . 3 3 3  
0 . 5 0 0  n . 4 ~ 9  

0.100 0 .137  
0.200 0.PQl 
0.303 0.301 
0 .400  0.401 
3.503 0 .503  

0.109 0.107 
0 .200  0.297 
0.3fI3 9 . 3 9 7  
0.40r) 3.407 
0 . 5 0 ~  0 . 5 ~  

9.100 0 . l r ) l  
,?.?no 9 .195  
9.30C 0.391 
0.400 0.403 
3.50') 0.5(75 

0.101 0.3"d 
0.2qo 0.200 
3.30! 0 .?99  
0.601 0 . 4 0 3  
0 . 5 0 0  0.4Q? 

3.' 
0.1 
3.4 

- 3 . 0  
- q . 7  

- 3 . 3  
- 1 . 1  
-1.6 
- 1  .' 
- 7 . 1  

2.1 
0.6 
0.3 
0.7 
7.3  

1.6 
0.9 
0.8  
3 . 5  
1.1 

0.3 
-0.5 

0.5 
0.9 
0.9 

- 3 . 3  
-3  . 3 
-0.5 

3.5 
-3.3 

0 . l f 3  0 . 1 4 5  
q . 3 7 0  C . 3 1 9  
0.LR3 0.L98 
3.641) 0.654 
13.800 0 . P l t r  

9.170 0.156 
0.343 0.334 
3.510 ( ? . c r ) C  
?.C)A3 0,677 
0.353 D. 847 

O.lR3 0.157 
O.361) 0 . 3 5 1  
9.543 0 . 5 ? 5  
0 . 7 2 0  0 . 6 9 5  
O.YQ0 3 . 8 7 0  

0.1Q1) ().e199 
0.3!-33 3.373 
0.573 0 . 5 5 6  
3 . 7 t J  0 .  7 3 2  
3."53 0.905 

3 . 2 0 2  0.'24 
0.433 0.47' 
3.601 0 . 6 2 7  
0.901 0.809 
1 . 3 P l  3.934 

Erro r  
(%) 

-P.! 
I . P  
5.9 
5.3 
5.7 

-9.? 
-0.7 

1. '1 
7 . 7  
1.9 

- 8 . !  
- 1 . F  
-0.9 
-0.C 
- 0 . 7  

-7.1 
-2.5 
-2.7 
- 3 . 4  
-3.3 

-0 .7  
- 1 .c 
-2.5 
-3.7 
-4.P 

11.8 
A. 1 
3.5 
1 .9 

-0.7 
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SUMMARY 

C o n d u c t i v i t y ,  d e n s i t y ,  and a c i d i t y  measurements were made on a s e r i e s  
o f  u r a n y l  n i t r a t e  s o l u t i o n s  under a number o f  process c o n d i t i o n s  of tempera- 
t u r e  and a c i d i t y .  I t  has been found f r o m  t h i s  s tudy t h a t  t h e  a c i d i t y  and 
c o n d u c t i v i t y  o f  t h e  s o l u t i o n s  were q u i t e  s e n s i t i v e  t o  t h e  uranium and 
n i t r a t e  c o n c e n t r a t i o n ,  whereas t h e  d e n s i t y  i s  s e n s i t i v e  o n l y  t o  t h e  uranium 
c on c e n t r a  t i on . 

The complex r e l a t i o n s h i p s  among a c i d i t y ,  c o n d u c t i v i t y ,  temperature,  
d e n s i t y ,  and c o n c e n t r a t i o n  were q u a n t i f i e d  i n  t h i s  s tudy .  Computer p r o -  
grams were w r i t t e n  t o  q u i c k l y  p r e d i c t  o r  c a l c u l a t e  t h e  uranium and n i t r a t e  
c o n c e n t r a t i o n s  where ( a )  t h e  temperature,  d e n s i t y ,  and c o n d u c t i v i t y  o r  ( b )  
t h e  temperature,  d e n s i t y ,  and pH a re  known. 
a l l o w  p r e c i s e  process c o n t r o l  t o  be e x e r c i s e d  i n  t h e  p r e p a r a t i o n  o f  HTGR 
r e c y c l e d  f u e l  p a r t i c l e s  by t h e  s imp le  m o n i t o r i n g  o f  t h e  d e n s i t y ,  tempera- 
t u r e ,  and e i t h e r  c o n d u c t i v i t y  o r  pH o f  t h e  process s o l u t i o n .  

The use o f  these programs w i l l  
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APPENDIX  I .  Experimental da ta  s e t  No. 1 

. 

Mole 
r a t i o  
NOq/U 

1.57 

1.70 

1.90 

2.00 

2.10 

2.30 

M o l a r i t y  D e n s i t y ,  g rarns lcc  
Ni t ra te  Uranium 25°C -- 50°C 75°C 

0.102 
0.312 
0.590 
0.992 
1.499 
1.988 

0.091 
0.299 
0.590 
0.989 
1.484 
1.988 

0.109 
0.310 
0.601 
0.986 
1.501 
1.988 

0.103 
0.286 
0 .603  
1.012 
1.546 
1 .988  

0.091 
0.307 
0 .601  
I .  000 
1.511 
1.988 

0.099 
0 .  300 
0.602 
1.009 
1.504 
1 .988  

0.065 
0.199 
0.376 
0.h32 
0.956 
1.267 

0.053 
0.176 
0.347 
0.582 
0.872 
I .  1 6 9  

0.058 
0.163 
0.316 
0.519 
0.790 
1.046 

0.052 
0.143 
0 .301  
0.506 
0.773 
0.994 

0.043 
0.146 
0.286 
0.476 
0.719 
0.947 

0.043 
0.130 
0.262 
0.439 
0.654 
0.864 

1.0174 
1 .Ob02 
1.1168 
1.1985 
1.3013 
1.4044 

1.0146 
1.0552 
1.1119 
I .  1889  
1.2858 
I .  3 7 5 0  

1.0157 
1.0505 
1.1011 
1.1680 
1.2568 
1.3398 

I .OI45 
1.0482 
1.0973 
1.1652 
I .2540 
I .  3265  

1.01 10 
1.0460 
1.0910 
1.1570 
1.2380 
1 .3120  

1.0128 
1.0419 
1.0861 
1.1467 
1.2193 
1 .2898  

I .  0 0 9 4  
1.051 7 
1.1379 
1 . 1 8 8 4  
1 .2993  
I .  3 9 0 0  

1 .0066  
1 .0467  
1 .1159  
1.1956 
1.2757 
1.3675 

1.0075 
1 .0419  
1 . 0 9 1 7  
I .  1 5 7 8  
1 .2456  
1.3253 

1 .0048  
1.0359 
1 .0975  
1 . 1 5 4 7  
1.2426 
1.3150 

I . 0 0 3 0  
1 .0372  
1 .OR34 
1.1392 
1.2149 
I .  2 9 0 0  

1.0043 
1.0326 
1 . 0 7 6 7  
1 .1365  

1 .2765  
1.2079 

0 . 9 9 5 4  
1.0371 I .  0 9 3 0  

1 .1722  
1 . 2 7 2 5  
1 .3725  

0.9928 
1 0 3 2 6  
I . O R 8 2  
1.1656 !. 2 5 9 1  
1 . 3 5 4 1  

0 .9940  
1 .0281  
1 . 0 7 7 0  
1.1425 
1 . 2 2 9 2  
1.3149 

0 .9918  
1 .0222  
1 . 0 7 3 1  
1 . 1 3 9 6  
1.2263 
I .  2 9 7 3  

0 . 9 8 9 3  
1 .0227  
1 . 0 6 9 0  
1.1249 
1.1988 
1. 2 7 4 1  

0.991 0 
1 .0189  
1 .0628  

1.1922 
1 . 2 5 8 1  

1.1217 

A c i d i t  , pH 
~ 25°C SOZC __ 7s0c 

3.674 
3 .721  
3.0?4 
2 . 8 1 3  
?.614 
2 .413  

3.334 
3.383 
2.978 
7 .667  
2.462 
2.268 

3.358 
2. A06 
2.600 
2.390 
2 . l b 4  
1.974 

2.85A 
2.546 
2.282 
2.034 
1.778 
1.586 

2.412 
1.872 
1 .496  
1.172 
0.967 
3.624 

1.895 
1.422 
1.053 
3.736 
3.476 
0. z o o  

3.203 
2.953 
2.760 
2.57s 
2 .374  
2 .187  

3.113 
2. 8 4 7  
2.660 
2.460 
2.254 
2.080 

2.9 3 7  
7.578 
2.382 
2.170 
1.960 
1.78fl 

2.669 
2.363 
2 .107  
1.805 
1.624 
1.414 

2.394 
1 .880  
1.529 
1.240 
0.940 
3.518 

1.QIA 
1.449 
1.062 
0.758 
0.480 
3.208 

3.700 
2.752 
?.5H2 
2.380 
2. 1 7 0  
1.988 

2.828 
2. 6 7 8  
2.460 
2.260 
2.383 
1. 8 h 0  

2.556 
2.320 
2 .100  
1 .960  
I .  7 4 0  
1 .550  

2.446 
2.155 
1 .903  
I .  6 4 6  
I .  3 9 6  
1 .735  

2.260 
1.803 
1 .450  
1.167 
0 .855  
0 .633  

1 .950  
1.465 
1.107 
0.781 
3.503 
0.300 

C o n d u c t i v i t y  , 
m i l l i s i e m e n s  

25°C 50°C 75OC . __  ~ . _ _  

9.7 
22.8 
31.9 
54.3 
57.5 
74.5 

9.1 
t ? . 4  
39.2 
5 4 . 4  
68. 0 
75.5 

9.6 
23.4 
39.9 
55.2 
71.5 
8 3 . 0  

9.2 
22.2 
40.2 
58.0 
73.9 
37.0 

9 .3  
26.3 
44.5 
65.5 
83.5 
94.2 

13.0 
32.2 
57.2 
83.7 

107.5 
119.0 

1 3 . ?  18.3 
3 4 . 4  46.2 
51.0 75.0 
93.0 105.5 
98.7 1 3 0 . 0  

109.3 143.0 

12.5 17.2 
3 4 . 3  46.0 
57.5 77.0 
t31.5 107.5 
99 .5  132.5 

110.3 147.0 

14.6 20.0 
35.2 47.7 
59.3 79.0 
83.0 109.0 

105.0 137.5 
117.0 153.0 

14.2 19.5 
33.6 45.0 
60.0 91.5 
86.0 114.5 

109.0 144.0 
127.5 160.0 

13.6 
38.5 
65.5 
95.0 

120.0 
136.0 

19.0 
51.5 
87.0 
20.5 
52.5 
76.0 

18.R 24.5 
46.2 59.5 
91.0 104.5 

118.5 152.0 
151.0 193.0 
180.0 735.0 
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APPENDIX 11. Exper imenta l  da ta  s e t  No. 2 

Mole 
ratio 
*%.!u- 
l e C 5  

1.60 

1.70 

1.80 

1.40 

2.00 

Molarity 
Uranium .- . ___ Nitrate 

0. 156 
0 . 3 1 2  
0.468 
0.6L4 

_- 

n. 780 

0.160 
0.320 
0.4b0 
3.640 
0.80U 

0.170 
3.340 
0. 5i 3 
0. b 6 0  
0. ti50 

0.160 
0.360 
0 .240  
0.720 
0.9U0 

0.190 
0.360 
3. 5 7u 
r), 760 
0.950 

0.202 
0.400 
0.6UL 
0.8u2 
1.00U 

u. 100 
0. L 00 
b. 3 0 0  
0.40D 
0.500 

0.100 
U. L O O  
3.301 
J. 400 
rl.500 

(I. 100 
0. L O C  
0.300 
0 . 4 0 0  
J. 500 

0.100 
0. z o o  
L.  300 
U.400 
U. 500 

0.100 
i ) . L O @  
b. 3 0 0  
0 .400  
U. 500 

0.101 
u.200 
U.301 
U.401 
J. 500 

Density, gramsfcc 
3 0 ° C  40°C 50°C . __-  

I. n26c 
1.0579 
1.0990 
1.1707 
1.1522 

1.0266 
1. 0575 
1.0385 
1 . 1 1 Y 7  
1.1497 

1.0275 
1.0588 

1 .  1 2 1 9  
1. 0002 

1.1678 

I .  0 7 7 3  !. 0594 
1.3912 
1 . 1 Z l O  
I .  154R 

1 . 0 7 7 9  
1. OFq3 
1 . 0 ~ 1 s  
1.1228 
1.1553 

1.0283 
I .  Oh05 

I. 1250 
1.1570 

1. 0q3n 

1.07'2 
1 . 0 5 5 4  
I .3R73 
?.lIPO 
1.16rq 

1.32='? 
1.351.2 
1.08'0 

1 . I  457 

! . 0 2 4  2 

1.1157 

1 . O K C  7 
1.09~~7 
1 . 1 1 e 1  
1.1'43 

. I 2 4 4  

.J564 

.0979 

. 1 1 q 7  

. 1 5 I  2 

.02'h 
.35C.c 
.0R7L 
. 1 3 0 !  
,157(! 

.02 '4  

.0575 

.0096 

.12lA 

.153-3 

1.0198 
1.049q 
1.0RI5 
1.1 1'7 
1 1631 

1 . 0 l d 6  
1.3493 
.38i)0 
-1153 
.I401 

. 0 ! 9 5  

.05,1$ 

.081' 

. I  1 ) Y  

.1443 

1 . 7 I ' I 6  

1 .@51i 
1.0876 
1 .1138  
l . l W 0  

1.0139 
1.3539 
1 . O l l 3 l  
! .115@ 
.I467 

. O l ? L J  

.052R 

.Of245 

. ! I 7 4  . l't32 

Acidity, pH 
3 0 ° C  40°C 5 0 ° C  __ .. - - 

3.240 
3.0 3e 

2 .  O H 0  
2. = 70 

7.78~ 

3 .  167 
3.f754 
2. 9 n 3  
2. Y O 0  
?.757 

3.06'1 
7 . 8 9 5  
7.773 
2. h e ?  
2.bni 

2. n33 
2."64 

2. f > b 3  
2 . 5 6 2  
2.6 74 

2.7uf7 
2. 536 
7. b h D  
2 . 2 4 :  
2. 2 50 

2. 3<71  
2.124 
1.017 
1.765 
1 . b 2 3  

1.120 
2 .980  
? . e 6 0  
7.7AO 
7.700 

3.365 
2.397 
Z.?8? 
? . b 9 4  
?. c04 

.953 
2 .  Td5 
? . h 5 h  

2.447 

2.457 
? . b o 9  
'-557 
2.467 
'.3E3 

1-47? 
' . G O !  
2 . 3 6 2  
2.255 
7.157 

?.335 
2.371 
I .A75 

1 .LO!) 

? . 5 t , 7  

1.725 

7 .?56 
2.810 
7.700 
2.620 
?.543 

2.929 
7.767 
2 hhO 
2.569 
2.494 

7.870 

2.C.91 
2.497 
2.416 

2.777 
Z.582 
2.475 
2.390 
7.311 

>. f>11 

2.700 

2.410 
2.272 
2.177 
7.lQ.j 

2 . 3 4 3  
2.06h 
! . e 8 9  
1.777 
1 . f  lh 

Conductivitv. 
millisiemens 

3 0 ° C  4 0 ° C  5 0 ° C  - 
11.2 
74.0 
34.u 
43.0 
50.0 

16.4 
2 5 .  A 
36.0 
44.1 
52.5 

15.4 
27.4 
37.0 
47. I 
55.3 

15.9 
?8.5 
39. L 
69.0 
5 7. 0 

3n. 2 
1 6 . 8  

41.5 
51. 5 
fb0.0 

15.5 
77.7 
45.0 
55.7 
( 4 . E  

1 6 . 2  
29.0 
41). 5 
50.7 
58.5 

17.2 
30.7 
42.5 
52.5 
61.5  

18.2 
3 2 . 6  
44.R 
55.5 
64.5 

LO. 1 
3 3 . 8  
46.7 

67.0 

20.2 
35.6 
GA.3 
60.5 

57.5 

7n.3 

21.9 
3 R . 6  
53.0 
65.0 
76.0 

18.0 
3 3 . 8  
47.3 
5R.0 
h Q .  3 

19.8 
35.2 
4 9 . 3  
69.5 
71.0 

21.3 
-37. 7 
51.0 
64.5 
74.5 

72.2 
39.2 
54.3 
h b . 5  
77.0 

72.7 
41.4 
5 6 . 5  

91.0 

? 5 . 5  
4 4 . 8  
61.5 
75.3 
87.5 

73.0 
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