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1 * nWPQTOCTipS
The preparation of feed (LAF) solution for tl*c TIP solvent cx- 

tm?tion process from agod neutralized t»tal vast© reltee upon acid 
dissolution of the solid pliaseo (codJua urenyl carbonates and sodium 
v.vinyl phospijatas) which arc preecnt in the stonge tanka. The process 
design demands th*t the acid concentration selected foi the feed solu
tion permit complete solution of all components, ar.d that tho acid con
centration shall ullcv near caxiaum uranium concentrations in the 
solution. F- *-ther Uniting restrictions with respect to ucld concentra
tions m y  bo found necascary to obtain the required performance in the 
solvent extraction system. Through experimental Investigation it has 
bom found possible to define tho solubility relationships cf the tvo 
solid phnoos (uranyl hydrogen phosphato and sodium nitrate) which occur 
in the acidified system, as n function of th<* acidity in a system con
taining tho components (uranyl, sodium, hydrogon., phosphate, sulfate 
and nJtrnto ions) of tho feed solution formed in the meaner Indicated.

The range of tho acid concentrations studied is bolievod to embrace 
all those of interest in the preparation of tho food stream (LAP), and 
these of the aquoovs pbaeo at any point within tho extractant (3A) column 
or its effluent aquooua (BAM) stream.

II. 03JFCTIV2

Tho object of this investigation was to determine tho oolubllity 
limitation of concentrations of uranium in tho food preparation atop of 
the tributyl phosphate waste metal recovery process, and tho subsequent 
solubilities In thx LA column.

Ill- SUMMARY AMP CONCLUSIONS

The solubility of uranyl phosphate governs tho lover limit' of tho 
amount of acid that must bu used in dissolving sludge. This solubility 
limit m.y bo given by:

log U • -1.078 -* 1.321 log Hfc
whore: U • Melos of uranium present,

E** Moloo of "titratabla acid" present,
Uranium and phosphato c.ro present in cq’tal nolo ratios,
Other ions, sulfate and sodium, arc present in flowsheet 
ration.

Tho uranyl phoophato procipitato (believed to bo UOgHPOi .hH 0) is 
formed very slowly, and it is possible to obtain a high Segn o of super- 
saturation by appror.ching from the solution side. In actual sludge dis
solution, tho approach to equilibrium is from the solid side, end it 
should not bo possible to exceed these solubilitioo. In thoeo experiments 
tho approach was from tho solution side, but tho data were chocked against 
other data obtained by approach from tho solid side.

CONFIDENTIAL
• •
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An upper H a l t  on the oncunt of 
of p r e c ip i ta t io n  of sodium n i t r a t e .  
In  a c id i f ie d  v tu lo  a c ta l  so lu tio n  le

ac id  which nay be uaud i s  the  po in t 
The s o lu b il i ty  o f sodium n i t r a te  
given by1

log  Ho ■ 1.371 -  1.521 lo g  H*

where 1 Ha' * Moles o f sodiun io n  p re se n t,
H' » Holes of " t i t r a t a b l e  ac id"  p resen t,
More n i t r a t e  than sodium i s  pro se n t, and o th e r  ions from wacto 
m e ta l recovery oro p re se n t in  flow shcot p ro p o r tio n s .

The d a ta  In  th is  re p o rt d e a l p rim arily  w ith  s o l u b i l i t i e s  a t  25°C. 
F reezing  p o in ts  voro a lso  o b ta in ed  on a  m e te r  of s o lu tio n s ,  ao the f i r s t  
6tcp in  o b ta in in g  tonpem tu rc  c o o ff lc io n ts  of the  s o lu b i l i t i e s  p re 
v io u sly  m entioned, and to  see i f  any now so lid  phases would appear a t  
o th o r te m p era tu res .

rv. Discussion qf results

A. U ranyl Phosphate System.

U ranyl hydrogen phosphate p re c ip ita te s  very' slow ly from s o lu tio n  
ao lias been  dlscuoocd in  many papor6 (1 -6 ) . Some unpublishod da ta  
by M. K. Harmon have shown th a t  attainm ent o f eq u ilib riu m  req u ire s  
20 to  30 days a t  25°C. Hence, tho  s o lu b i l i ty  ooaploa of Tablo I 
voro made up by combining s to c k  so lu tio n s , and though supereatv rn ted  
w ith  re s p e c t to  u rany l phosphato p re c ip i ta t io n ,  could be coolod to  
tho p o in t of p r e c ip i ta t io n  o f sodium n i t r a to .  Those so lu tio n s  voro 
nloo  o tab lo  enough f o r  a n a ly s i s .  A fte r tho f re o z in g  p o in t of each 
s o lu tio n  w ith  ro spoct to  sodium n i t r a te  was determ ined , th e  samplos 
were s to re d  in  a 25.0°C. b a th  f o r  tho period in d ic a to d . A fto r t h i s  
in te r v a l ,  tho so lid s  voro tonovod end tho s o lu tio n s  wore analyzod.

The so lu tio n s  of Tablo I I  were lihow iso p rep a red  by combining 
s to ck  so lu tio n s ,  bu t gave p r e c ip i ta te s  on m ixing . F o r samples 
15-191 tho  s lu r r ie s  wore h o s ted  to  100°C., w ith o u t a t ta in in g  so lu 
t i o n .  Theso so lu tio n s  o f lo v e r  a c id ity  aro  much more suporsa tu ra tod  
th a n  thoso  of Tabic I ,  and hence might bo oxpoctod to  p rc c ip lta to  
a u ran y l phosphate a t  once. I t  is  a lso  p o ss ib le  (and co n s is te n t 
w ith  th e  appoaranco o f th e  s lu r r io s )  th a t  tho  m a te r ie l  which p re 
c ip i ta t e d  undor those co n d itio n s  was (UOgJ^fPOj )« which was slowly 
converted  to  UOgHPOh.UHgO. S o lu tio n  26 probably  a ls o  bolongo In 
t h i s  c l a s s , but^vas not h e a to d . S o lu tion  32 a ls o  was not h ea ted , 
b u t i t  i s  beliovod th a t  th o  p ro c ip ita to  th a t  formed im aodiatoly was 
•sodium n i t r a to .

Tablo I I I  preoonts the solutions fron Tcblco I  and I I ,  in order 
of increasing acidity (solution 9 la  not included because of oxcoss 
phosphate). This table shows a direct relationship betvoon acidity
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or*1 urc4il\m content, which is expressed by the equation, log 
U • -1.078 i 1.321 log H ’', an given in scotion III.

Those date arc plotted in Figure 1, along vith data from CM 2195* 
Tho data from CM 2195 have boon converted free tho original teals 
of nitric acid to "titratable acid", vhlch includes, baaed on 
present analytical methods, tho hydrogen ions frro the nitric acid, 
tVo hydrdgon Iona from tho phosphoric acid, and ono hydrogen from 
tho sulfuric acid in those solutions containing sulfate. The dif- 
foronco between tho two plots is to be cxpoctod since the solutions 
of tho current investigation contain eulfato ions (increasing the 
uranlua solubility) and sodlua Ions (vhlch decrease uranium solu
bility), both lacking in tho vork of CM 2195.

Tho data of Table I and II voro also correlated on a "nitric 
acid*' basis, as vno dono in CM 2195, but the rosults were unsatis
factory, ond this approach vas abandoned.

B. Soalun Hitrato System.

1. Solubility at 25°C.

Tablo IV includos tho 25°C. compositions of solutions vith 
Initial fronting points above 25°C. vhlch did not fit tho curve of 
Flguro 1. It io presumed that sodium nitrato was the solid phase, 
no tho solutions form a consistent 6ot oxproscod by tho equation:

log No . 1.571 - 1*521 log H*
vhoro: Nn* • Molos of sodium ion prooont.

M * s Moles of "titratablo acid" present.

As H.V. #3 flowsheet (9) shovB 15 moles of sodium por nolo of 
uranium in the feed stream, hcnco vo may substitute 15 UOpM for 
tho Nat* in tho oquation above. Tho plot of this new equation is 
shown togothor vith tho uranyl phosphato curve in Figure 2.

2. Freezing Points.

. In this system aro two potential solid phasos in the region of
Interest. Thoro ore a great many solid phases and combinations of 
solid phasos poosiblo in the system, but in tho region of interest 

r (combinations which near room tnmporaturo could reasonably occur in
tho T.B.P, process) tho solid phasos aro KaNÔ  and UOgHPO^.^O.
Tho first solid phaso cooes out of solution rapidly, and equilibrium 
is attained within a few minutos. The second solid jhaso comes out 
slowly, and may not appear for as long os ten days. Hence, tho 
solutions in Table V, though supersaturated with respect to

{

• • • • • •



. 6 - HW-17226

UOgHFO^.^HpO, iid not prccipltato this phase at first, and In fact 
woro cooled many dogroco until colid RtifOa come out, The irociing 
point of Table V Is thus a psoudo-cguilit>rium, ns it is not in 
equilibria* vith UOgHPO^.UHgO, a phase which will eventually cone 
out.

Thus it is posoiblo to get Into this as testable region by 
starting from the llqtild side. If equilibrium were approached from 
the solid sido (sludge) it would not likely bo possible to get into 
this region.

7. APPLICATION
The opt lam acidity in the TBP process will probably be that con

centration which viU allow the highest uror.ixn content in the feed, tho 
feed to to a oinglo liquid phase. A very interesting process could bo 
developed by using enough acid to get woll into tho region vhcro sodium 
nitrato precipitates, thus permitting tho removal of ono of tho major 
undc-sirablo components of this aquoous food. Such a process would yiold 
a very concentrated food, thereby insuring lower procoeo stream volumes 
ns woll ns a considerably docontaninatod sodiim nitrate, which might bo 
cleaned up enough to crib.(7) Cut since such a procoss cannot iaaed- 
iately bo dove loped, the feed concentration must necessarily bo limited 
to that which will precipitate neither UOgHPO^.hH^O nor NaNOj.

Tho limitations imposed by UOgHTO^.HHgO oro quite straightforward. 
The limitations imposed by tho precipitation of HaNO^ arc moro complc*, 
in that they aro govomed by vlAt is ossontially tho concentration of 
two extraneous lone, sodium and nitrato. Tho solubility of sodium nl- • 
trate is but little affected by the prosenco of uranium In tho concen
trations covered in this work. In ordor tc recover the uranium from the 
waste, all ions must bo taken as they occur, and since the sodium-uranium 
ratio is constant, tho oolubility of uranium in this region is determined 
by this sodium-uranium ratio as shown in Figure 3* Tho limit of uranyl 
phosphate solubility is also shown on thlc plot.

In Figure 2, aro plotted throe food conditions, according to HW #1 
(11), HW #2 (10) and HW v3 (9) flowsheets. On each flowsheet the ex
pected sodivn/uranlua molo ratio is 15 and, since all the points are 
below the NUHO3 line, they aro all stable with respect to precipitation 
of sodium nitrate. However, since the HW jf-1 flowsheet point is abovo 
tho uranyl phosphate lino it is unstable vith respect to uranyl phosphate 
procipitation. HW #2 is conditional, while HW # 3 has a relatively vide 
margin of safety.

The abovo conditions control tho concont rat ions in the feed tank.
In tho column however, only the sodium nitrato is critical, oinco the 
uranium concentration dropG off so rapidly that uranyl phosphato pre
cipitation is no problem. A vory acid scrub (BAS) might precipitate 
sodium nitrato in extrone cases.

• • • •• • •  • •• • M  •S I S  t

> • • ••• • • •t •• • •• • • •
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v i, Q f lM  MM
Tl«e work p ressn to d  in  t h i s  r e p o r t  g iv es  t  good p ic tu r e  o f the  so lu 

b i l i t i e s  a t  25^C« At lower te m p e ra tu re s  th e  sodium n i t r a t e  s o lu b i l i ty  
may be e s tim a te d  from th e  f r e e z in g  p o in t d a ta  a t ta c h e d .  However, i t  
would seen  u n lik e ly  t h a t  s o lu t io n s  w ith  f re e z in g  p o in ts  o f 25°C. w il l  
make th e  optimum fee d ; a  low er tem p era tu re  m ight w e ll  be chosen. For 
t h i s  r e a s o n  i t  i s  planned to  r e p e a t  t h i s  work a t  a  low er tem perature 
(10°C ). In  a d d it io n  to  th e  s o l u b i l i t y  l im i ta t io n s  w hich have been d i s 
cussed  a b o v e , a  source o f  p o t e n t i a l  d i f f i c u l t y  l i e s  i n  th a  feed con
c e n t r a t io n  s te p  fo llow ing  s ludge  d is s o lv in g .  Under th e  co n d itio n s  which 
o b ta in  i n  t h i s  o p e ra tio n , th e  compound (U O ^K fPO i^ nay be formed, and 
t h i s  m a te r i a l  which e x h ib i ts  r e tro g ra d e  s o lu b i l i t y  can  cc i.cc ivab ly  be o f  
c r i t i c a l  im portance). A d d itio n a l work i s  planned t o  ex ten d  th e  p re se n t 
d a ta  t o  c o v e r  t h i s  phase o f  t h e  proposed p ro cess  f lo w s h e e t ,  w ith  the in 
c lu s io n  o f  w aste tre a tm e n t (RAW) a s  an added p o s s i b i l i t y .
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TABLE I

URANYL PHOSPHATE SYSTEM -  DELAYED PRECIPITATION

I n i t i a l  S o lu tio n : P repared  by n ix in g  s to c k  s o lu t io n s ;  a n a ly se s  and
f r e s t i n g  p o in ts  a re  shown in  f i r s t  l in e  f o r  each  
s o lu t io n .

F in a l  S o lu tio n s :

Com positions:

A n a ly sis  a f t e r  re s id e n c e  tim e in  c o n s ta n t te -upera tu re  
b a th  a t  25.0<>C. f o r  in d ic a te d  number o f  d a y s , shown 
in  second l in e  f o r  ea ch  s o lu t io n .

R e s u lts  a re  expressed  a s  m oles p e r  l i t e r ,  b ased  on 
a n a ly s is  o f  l iq u id  p h a s e . H1 i s  " t i t r a t a b l e  a c id ."

El F .P . Days Sp. G r.
°C. (2 5 .0 °C .) uo,** ?0l  -l so,r Ns* H*

'■ •

' i 0 .5 0 1 .3332 0.33 0 .35 0 .26 3.7 1 .8
1*7 1.3052 0.22 0 .26 0 .36 3.5 l.<?

2 4-2.0 0 1 .3457 0.32 0 .33 0 .26 3.5 2 .3
47 1 .3 1 M 0.31 0 .32 0 .2 3 3.4 2 .2

! -2 .5 0 1.3077 0.26 0 .26 0 .26 3.7 1 .3
A? 1 .2630 0.13 0 .16 0 .24 3-6 1 .4

A 17 0 1.3913 0.32 0 .34 0 .2 6 5.5 1 .31 A5 1 1.3536 0.13 0 .1 4 0 .2 6 5.1 1 .5

' 5 13 0 • 1 .4065 0.32 0 .3 0 0 .2 6 5.2 1 .8
I A5 1.3608 0.18 0 .20 0 .2 4 5.1 ' 1 .9

1 6 21 0 1.4115 0.32 0.32 0 .2 8 4 .8 1 2 .2
i A5 i 1 .3762 0.23 0.25 0 .2 4 4 .8 2 .1

1 7 i 12 0 1 .4149 0.33 0 ,31 0 .2 8 5.1 1 .9
i i A5 : 1 .3776 0.21 0.22 0 .2 6 5.3 L  l - ’
i  8 S 23.5 , 0 ! 1 .4325 0.32 0.29 0 .3 3 4 .9 , 2 .7  

, 2 -9| 27 1 1.4232 0.33 0 .34 0 .3 2 4 .6

9 2 .0 * 0 1.4006 0.32 1.07 i  0 .3 5 4 .0 3 .5
i I , 60 . 1 .3709 0.22 0 .98 0 .2 9 4 .2 1 3-5

CHEMICAL DEVELOPMENT SECTION 
HANFORD V0RKS 
March 24, 1950
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TABLE I I

UKAHYL PHOSPHATE SYSTEM -  IMMEDIATE FKLClt I TAT I ON'

P r e p a r a t i o n :  P re p a re d  by m ix in g  s t o c k  s o l u t i o n s ;  s o l i d  p h a s e  form ed
im m e d ia te ly .

I n c u b a t io n :  S e v e n  d a y s  a t  2 5 .0 ° C .

C o m p o s itio n s : R e s u l t s  a r e  e x p r e s s e d  a s  m o le s  p e r  l i t e r ,  b a s o d  on a n a ly s i s
o f  l i q u i d  p h a s e .  H * i s  " t l t r a t a b l *  a c i d . "

No. S p . G r . _____  . d d n u o i l t io n a  i M l .
(25.0°C.) u o * ‘ po(.

15 1.2850 0.031 0.0J6 0.39 1.82 0.L7

16 1.2946 o .o u 0.056 — 1.88 0.61

17 1.3003
1

0.055 0.058 0.L0 1.38 0.76

18 ! 1.3178 0.083 0.086 0.39 1.87 1.0

19 | 1.3587 0.130 0.132 0.L4 1.08 1.33

1 26 i 1.1211
!—  - 1

0.039 ; 0.068
| ... _ .

0.058 1.58 0.78

j j - 1.LL07 (J.3<? 1 0.L1 0.38 :,7 ...... _____u _______

CHEMICAL DEVELOPMENT SECTION 
HANFORD WORKS 
M arch 2 1 . 1950
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T4BI& I U

UKAJttL PHOSPHATE SYSTfcM - ACID EFFECT AT 25.0°C.

Preparation: AH solutions prepared by mixing stock solutions.

Incubation: All solutions at least one week in contact with solid
phase at 25.0°C.

Compositions: Results are expressed as moles per liter, based on
analysis of liquid phase. H«* iu "titratable acid.1'

No. CoaDOoitions ( h ) uc V  
iP1 H+ uor

15 0.47 0.031 15.16
16 0.61 0.044 13.86
17 0.76 0.055 13.82
18 1.0 0.083 12.05 j
19

' r m 1.33 0.130 10.23 |
i 3

T "  “ '

1.4 0.130 10.77 ;

i » 1.5 0.130 11.54 !

1 5 1.9 0.18 10.55

1 7 1.9
_ .. ___  ___ .

0.21 9.05

1 1 1.9 0.22 8.64

i , _ L ......
2.1 0.2J 9.13

8 2.8 0.33 8.48
32 3.4 0.39 8.72
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TABLE IV

SODIUM NITRATE SYSTEM AT 25.0°C.

Preparations Prepared by mixing stock solutions. All freezing points 
above 25.0°C.

Incubation: Residence time in 25.0°C. bath for 10-40 days.

Compositions: Results are expressed as moles per liter, based on analysis
of liquid phase, H* is "titratable acid."

No. Sp, Gr. Comnositinrs (K)̂
(25.C°C.) Nat

i 10 : 1.3636 0.19 _ 0.20 J 0.18__ 2.1 _____

1 a 11.3961 0.15 0.18 0.27 8.7

12 1.3795 0.19 0.21 0.37 2.6 6.2
1-------
! 13 1.3609 0.19 0.05 • 0.17 2.0 6.8

14 1.3658 0.15 0.04 0.14 1.3 8.6

27 1.4083 0.32 0.38 0.34 3.7 4*4

28 1.3993 0.30 0.36 0.35 ?•?.. 5.2

29 1.3993 0.31 1
C*V
c*v.°

L___ 0.33 3.0 5.?

30 1.3927 0.29 0.33 0.31 2.2 6.6

31 1.3927

t

0.26 ! 0.32 L 0.27 1.7 7.5

CHEMICAL DEVELOPMENT SECTION 
HANFORD WORKS 
March 24, 1950
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TABLE V

SODIUM NITRATE SYSTEM 

FREEZING POINTS OF SOLUTIONS

P r e p a ra t io n :  P repared  by  m ixing s to c k  s o lu t io n s .

F re e z in g  P o in ts :  Determ ined w ith in  24 hours o f  s o lu t io n  p re p a ra tio n  by 
s low ly  c o o lin g  w ith  v igo rous a g i t a t i o n  to  p o in t o f 
c r y s t a l l i z a t i o n .

C om positions: R e su lts  a re  expressed  a s  m oles p e r  l i t e r ,  based  on
a n a ly s is  o f  l iq u id  p h ases . H4" i s  " t i t r a t a b l e  a c id ."  
T o ta l n i t r a t e s  a re  based on s y n th c s io .

No. j F .P . Sp.G r. |_ J o a n o s it io n s  (M) .
(°C .) (2 5 .0 °C .) u o ^ SO.3 Ha* H *

" Y■" “
1 0 .5 1.3332 0 .33 0 .35 0 .2 6 3.7

......... |
1 .8 5 .3

2 + 2 .0 1.3457 0 .3 2  H 0 .33 0 .2 6 3.5 2 .3 5 .7
3 - 2 .5 1.3077 0 .2 6 0 .2 6 0 .2 6 3 .7  * 1 . J 4 .8
4 17 1.3913 0 .3 2 . S s3k 0 .2 6 5 .5 A - i 6 ..4. . . 1
5 13 1.4065 _ 0_ J 2 ^ 0 .3 P  . 0*26 5 i 2 _ .6 ^ 9
6 |— -21 1.4115 _ .9 * 3 2 0 .3  2 „ 0 .2 8 4 .8 2 . 2 7 .4

7 12 ____ 1.4149 . 4 3 J 0 .31 0 .2 8 5 .1  ^ 1 .9 7 .7
8 L 2 3 . i _  . .  1:1*325 0 .3 2 0 .29 0 .3 3 4 .9  ; 2 .7 7 .0  1

I_____ 2
T
' 2 .0 1.4006 0 ^ 2 1.07 O .J i 4 .0  i 3 .5

1....xo 38 1.4133 0 .19 0 .18 0 .1 9 2 .6 6 .3 8 .5

i u 50 1.4347 r  o . i ! 0 .15 0 .1 5 2 .2 8 .5
--------1

0 .5
{ 12 35 1.3961 0 .19 0 .18 0 .1 8 2 .6 5 .9  1 8 . 0

1 1 ? 30 1.3973 0 .19 0 .0 5 1 0 .2 2 2 .4 6 .8 8  . J
39 1.3776 0 .15 0 .04 0 .1 8 2 .1 8 .4 8 .5

! 20 2 6 1.3776 0 .1 9 0.05 0 .2 0 2 .4 6 .3 8 .0

i 2 1
6 1.4238 0 .37 0 .29 0 .6 4 k t l 2 .5

j 2 2 - 3 .0 1 1.3729 _____J 3 . 2 L ,.9t22. 0 .2 7 3.6 J .2 6 .6

1 23 20 1.4082 0 .33 O.3 2 0 .2 6 4 .4 7 .8
24 17 1.4251 0 .35 0 .32 0 .2 6 5.2 2 .2 —

1 25 34 1.4731 0 .3 2 0 .32 0 .2 5 5.2 3 .5 6 .9
33 16 .7 1.3996 0 .26 0 .29 0 .3 1 4 .0 1 3 .51 6 .5

U L
- 7 .8 1.3269 0 .2 0 0.23 0 .2 3 2 .7 4 .1 3 6.0

CHEMICAL DEVELOPMENT SECTION 
HANFORD WORKS 
March 24 , 1950
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FIGURE 1
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UFULMYL PHOSPHATE SI 

ACID KTF1CTS

Comparison of data fron CW-2195 with the data in th is  report, Uranium 
nolarlty  of uraayl phosphate solutions in contact with the solid phase is  
plotted against the nolarlty  of •tltra ta b le  acid* in the liquid phase,

Y ltratahle A o ld i  Hydrogen ion concentration as determined by titra tin g  
oxalate ocaplezed solutions to th e ir  f i r s t  break 
(pi 6,0 to 7*0), For purposes of th is  report i t  i t  
attuned that tltra ta b le  acid i t  the to ta l of free 
n ltrle  acid, plus one hydrogen ion free each sulphate 
and two hydrogen ions fro* each phosphate.

Conditional A t curves d iffe r ta  ehownt

Condition 
Source of Data 
Teeperature 
Incubation 
Acid Molarity

Equilibrium 
e x p o s it io n s  (||)

Curve A 
CH-2195 
27°C.
12 houre. 
Corrected to 
tltra ta b le , 
Fron solids.

C u rv e  B
Table I I I , th ie report. 
25,000.
Seven days or sore.
By analysis,

Fron solutions.

As shown. At shown.
Equivalent to U. Equivalent to U.
0,0 0,23 to 0,40
0.0 1,8 to 5*3

jq q r t l a 1 The curve determined s ta tis t ic a lly  fron the data of
Table I I I ,  i s  given byi log U ■-1,078 ♦ 1.321 log H+.
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FIGURE 2
DRAMYL PHOSPHATE - SODIUM HITRATE 3 *11

Cwrve B plots uranlun molarity, tad curre C plots one-fifteanth of the 
sodium molarity, against the "titratable acid" molarity, of solutions 
containing uranyl, sodiusi, phosphate, sulfate and nitrate Iona.
Shoes also, are the three proposed flowsheet eonpositlons.

litre table Aoldi Hydrogen ion concentration as determined by titrating
oxalate ooeplexed solutions to their first break (pH 
6.0 to 7*0). For purposes of this report it is assuaed 
that tltratable aold is the total of free nitrlo acid, 
plus one hydrogen ion from each sulphate and two 
hydrogwn ions free each phosphate*

Conditional All solutions were incubated at 25.0°C* - those for
Curve B, at least one veek, and for Curve C, up to 
forty days*

lanllibrlgai All solutions vers prepared by nixing stock solutions, 
and wera is contact with solid phases precipitated 
after make-up.

Composition! All solutions contained the salts found in waste aetal 
solutions, with uranlus, phosphate and sulfate nol̂ r 
concentmtions roughly equivalent. Sodiun molar con- 
oentration ns at least ten-fold greater than that of 
uraniae, end nitrate concentration wae at least twenty 
times the uraniua solarity.

Three points are plotted to show the relative solubilities 
of three proposed TBP feed (RAF) solutions* Ae these 
solutions have a 1 to 15 mole ratio of uraniua to sodiun, 
the plot for sodlus is the seas ss that for uraniua.

Flowsheet

Composition
fife**pv~arpm
Tltrstal
Aold

HI-1 HU-2 HI-3
HI-15,186 HW-15,507 HI-15,967

1 M I
0.33 0.33 0.27
0.32 0.32 0.26
0.32 0.32 0*26
4.97 4.97 4.05
5.00 6.50 6.50
1.63 3.13 3.76

> 1.31 2.81 3.50

M  • 4 |«
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URAHTL m m  -  SCDUM IITRAT1 ST3TBB 

ACID EFFETS AT 26°C.

«*»*

TITRATABLE ACID UOLARITI

t

t 1 .

■

3
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n a n 3

lLITT IT 25QC.
\

WfTKT ff BlilTIHCTT1311 Ratio

A* data plot showing how th t eolubility of sodium n itra te  H a i t i  the 
uranium content of aoldlflod otorod metal waste solutions a t diffmront 
uranium to iodlua ra tio s .

Hydrogen ion concentration as determined by titra tin g  
oxalate ooaplexed solutions to their f i r s t  break 
(pH 6.0 to 7.0). For purposes of th is  report i t  is  
aseuaed that t i t r a ta b ls  add  is  the to ta l of free 
n itr ic  mold, plus one hydrogen loo froa each sulphate 
end two hydrogen Ions from each phosphate.

Conditional Data based on analysis of solutions which were in
cubated at 25.0°C. for extended periods of tine .

lUiliiAcla* Approached fro* the liquid side, with solutions pre- 
pered by nixing stock solutions* Supemetes regained 
in contact with solid phases prselpltmtmd- fron the 
solutions a fte r aake-up.

CoBDoaltloni i l l  solutions contained the sa lts  found In acidified 
waste aetal solutions, with uranium, phosphate and 
sulfate solar concentrations roughly equivalent. 
Sodium molar concentration was a t least ten-fold 
greater than that of the uraniua, and n itra te  con
centration was at lea s t twenty tie** the uranium 
aolarlty .

Sodiua Nitrate Current i l l  data for the MmNO* portion of the figure were
based on sodium so lub ility  of samples, as expressed 
by th« aquationt log N»*« 1.571 - 1.5209 log H \ 
The family of lines was derived by assigning the 
different ra tios shown, and applying th is  equation 
to  them.

liranrl Phosphite 
Corral log U •  -1.078 + 1 .3U  leg H+

M  • •  •  • • • • * • •• a • • •
• • • • »•* • • •
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