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ABSTRACT

Equilibriwn data are presented for
the distribution of thorium nitrate
and nitric aclid between aqueous 50-

lutions and tri-n-butyl phosphate
diluted with kerosene.
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EXTRACTICN OF THCORIUM NITRATE
FROM NITRIC ACID BY TBP - "ULTRASENE"

INTRODUCTION

Thorium can effectively be separated from uranium and
fisslon products by liquid-liquid extraction processes using tri-n-
butyl phosphate (TBP) as the extractant. 'Processes for this sepa-
ration have been described(}), but detailed equilibrium data have not
been available. This report is a presentation of such data for the
distribution of thorium between aqueous solutions of thorium nitrate -
nitric acid and a solution of TBP in "Ultrasene".

SUMMARY

The distribution of thorium nitrate and nitric acid between
aqueous solutions and TBP - "Ultrasene' was determined at 30° and 50°C
for 30 per cent and at 30°C for 42.5 per cent TBP in the solvent. The
data were obtalned from 144 batch equilibrations and are presented in
the form of tables and three equilibrium diagrams. The concentrations
of thorium nitrate and nitric acid in the aqueous phase cover the
range from 0.01 to 0.7 mol per liter and from O to 4 mols per iiter,
respectively. Data for the distribution of nitric acid in the absence
of thorium are also presented.

As has been reported‘ll, a second organic phase exlsts at
high concentrations of thorium. The combinations of thorium and acid
concentrations and temperature required to form this second organic
phase were determlned for 30 per cent TBP in "Ultrasene". Lines
separating the ftwo- and three-phase regilons are shown in the two dia-
grams for 30 per cent TBP. No second organic phase was observed in
the concentration ranges shown in the dlagram for 42.5 per cent TBP,
but such a phase was observed in qualitative tests at hilgher concen-
trations of thorium than those used in the distributlon studies.

EXPERIMENTAL

REAGENTS AND PREPARATION OF MATERIALS

C. P. thorium nitrate and nitric acid were used throughout
the work,

The TBP was "Butanol Free" grade and was washed with dichro-
mate, caustle, and water before use. After this treatment the TRP was
dried under vacuum at room temperature.

"Ultrasene", a product of the Atlantic Refining Company, is
a mixture of normal, iso-~, and cycloparaffins with a very low content
of olefins and aromatics. The average molecular weight 1s 175 {be-
tween C;2 and Cia). The "Ultrasene" was washed with sulfuric acid to
remove traces of clefins or aromatics.




The TBP - "Ultrasene" solutlons were prepared by welghing
the dried TBP into volumetric flasks and adding the diluent. These
solutions were washed with caustic and water to remove dibutyl
phosphate immediately before use.

EXPERIMENTAL METHOD

The equilibrium data were obtalned by batch contacts of
portions of the aqueous and organic phases. TBF - "Ultrasene" and
approprlate aqueous phases ccntalning the thorlum nitrate and nitric
acld were placed 1n centrifuge cones. The centrifuge cones were then
piaced in a water bath which was controlled to within ¥0.2°C of the
desired temperature. After the cones and contents had reached thermal
equilibrium, the phases were mixed thoroughly. The resulting emulsions
were allowed to separate. The cones were centrifuged, and samples of
hoth final phases were analyzed.

ANALYTICAL METHODS

"Yersene" Method for Thorium

Most of &the thorium analyses were done by the velumetric
method of Fritz and Ford!2'. This method is based on the titration of
thorium with a standard "Versene" (ethylenediamine tetraacetic acid)
sclution at pH 2.8, with Alizarin Red S as the indilcator. Solutions
were buffered with acetlc acid - ammonium acetate. The "Versene' was
standardized by titration against a thorium nitrate solution which had
been standardized by converslon to oxlde.

Samples of the organic phase were analyzed directly without
preliminary stripping of the thorium into an agueous medium. Some of
the indicator was extracted into the organic phase, but enough re-
mained in the aqueous phase to provide a sharp end polint.

The method was found to be fast and accurate. An average
deviation of 0.5 per cent between duplicates was easlly obtainable.

"Thoron" Method for Thorium

The colorimetric method for thorium described by Thomason,
Perry, and Byerly 3) was used for samples which contained less than
0.01 mol of thorium per liter. This method was satisfactory but the
thorium in organic samples had to be stripped into water prior o
analysis. This extra step was time consuming and a potential source
of error.

Determination of Acid in the Presence of Thorium

Acid was determined potentlometrically with a Beckman
titrimeter. Thorium interference was prevented by adding potassium
oxalate to complex the thorium. From the shape of the titration curve
pH 7.2 was taken as the end point for aqueous samples. For organic
samples the titration curve was shifted slightly, and pH 7.6 was taken
as the end peint. Organic samples were titrated directly without pre-
liminary stripping.

-6 -




The method was found to be very rapid and quite accurate.
Average deviations between duplicates were less than one per cent for
acldities above 0.2 mol per liter. At lower acidities, end points
became progressively- less certaln, down to about 0.05 mol per liter at
- which point direct determinations could no longer be made.

The concentrations in some of the solvent samples were in
the very low range. These values were determined by titrating acid
in the agueous phase before and after contact with the organic phase.
By using large volumes of organic phase the concentration could be
calculated from the amount of acid transferred.

DISCUSSION

DISTRIBUTION DATA

The following symbols are used in the diagrams, tables, and

text:

Tha -~ concentration of therium nitrate in the aqueous phase at
equllibrium

Tho - concentration of thorium nitrate in the organic phase at
equilibrium

Ha - concentration of nitric acid in the aqueous phase at equi-
librium ; :

HO - concentration of nitric acid in fhe organic phase at equi-
1ibrium

Ho' - concentratlon of nitric acid in the crganic phase in equi-

librium with aqueous nitric acld only

All concentrations are expressed as mols of solute per liter
of solution at 239C. Concentrations may be converted to a weight
basis, if desired, by using the density equations:

Aqueous density (23°C) = 1.001 + 0.401 Th, + C.030 Hy
Solvent density (30 per cent TBP, 23°C) = 0.836 + 0.402 Th
+ 0.026 H

A density equatlon was not determined for 42.5 per cent TBP.
The molar density coefficients should, however, remain unchanged. Work
with uranyl nitrate and nitric acid has shown that molar density co-
efficients change very little with changes in TRP concentration. The
constant term in the equation will increase from 0.83%6 to 0.861 be-
cause of the higher TBP content.

The so0lid lines in Figures 1, 2, and 3 are lines of constant

Ha' The dotted lines are lines of constant HO. The heavy sclid lines

in Figures 1 and 2 define the boundary between two- and three-phase
regions. DBelow the line there is a single organic phase and above it
there are two.

-7 -
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The lines of constant H, were constructed by graphical inter-
polation of the data given in Tables I, II, and III and in Figure 4.

The lines of constant HO were more difficult to construct.

Fortunately a gulde was available in the form of a relation discovered
Ly Dr. W. 0. Haas at Knolls Atomic Power Laboratcery, for the extraction
of uranium into TBP. Haas found that the ratio of Ho in the presence

of uranium to HO' in the absence of uranium both at the same Ha is a
linear function of UO cver a wide range of composition. This ratle
may be plotted against Uo to give a single stralght line for a wide

range of concentrations. This relaticnship may or may not have funda-
mental significance, but in any event, it 1ls of great assistance in
constructing equilibrium diagrams.

) A modiflied relationship held well for the thorium system
when Ha was greater than one mol per liter. The ratio of Ho to HO'

was found to depend on Ha as well as on Tho, and 1t was necessary to
plot a family of lines at various constant values of Ha‘ The change
in slope of the lines 1is fairly insensitive to Ha, however; points
which vary as much as 20 per cent in Ha fit to the same line. A

typical plot of this sort 1s illustrated in Figure 5, a plot of the
data for 30 per cent TBP at 50YC. For Ha less than one mol per liter

the relationship 1s no longer linear. Instead, the curve goes through
a2 maximum with Tho.

The data for 30 per cent TBP are more precise than those for
k2.5 per cent TBP, primarily because the 30 per cent data were measured
later, after analytical methods had been refined in practice. No
rigorous analysis of errors was made. However, cduplicate experiments
and analyses, together with the it to smooth curves, suggests that
the typical average deviations are two per cent or less for the data
for the 30 per cent TBP system.

SECOND ORGANIC PHASE

As the thorium content of 30 per cent TBP was Increased to
about 0.2 mol per liter a second organlc phase appeared. This second
organic phase appeared first as cloudiness in the organic layer. As
conditlons favoring the appearance of the phase were 1ntensified the
volume of the phase increased and it separated as a discrete layer
immediately above the aqueous layer. Either increasing the nitric
acid concentration of the organic phase or decreasing the temperature
caused the second organic phase to appear at lower thorium concen-
tration.

No experiments were done specifically to explain the nature
of the second organic phase in the TBP - "Ultrasene" system or why it

-8 -
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occurs. However, the data suggest that the mechanism 1s very simple.
Depending on temperature angd the concentrations of thorium and acid,
the thorium complex with TBP in the organlc phase exceeds its solu-
bility in the two-phase system and a third phase forms. The minlmum
thorium concentratlons for the formation of the second organic phase
are indicated for varlous acid concentrations and temperatures in
Figure 6.

Qualitative tests showed that the temperature and compo-
sitlon at which the second organic phase occurs with thorium 1s a
function of the nature of the diluent and the extractant. When the
diluent was a hydrocarbon of lower molecular weight such as n-octane,
1t was much more difficult to form the second organic phase. If tri-
lsoamyl phosphate was substituted for TBP it was also more difficult
to form the extra phase. Both of these observations support the
proposition that appearance of the second organic phase ls controlled
by the solubility of the thorium complex 1n the original organlc phase.
It must be that the thorium - TBP complex is more soluble in octane
than 1t 1s in "Ultrasene". The thorium-tri-isoamyl phosphate complex -
must be more soluble in "Ultrasene" than is the TBP complex.

The data defining the boundary between the region of a
single organic phase and the region of two organic phases are given
in Table IV and Figure 6. The data were obtained by equilibrating
agueous and organic phases while slowly decreasing the temperature.
The temperatures recorded in the table are those at which the second
organic phase first manifested 1ltself by faint cloudiness in the
organic layer. The temperature was then increased one or two degrees
and both phases were sampled. This sampling technique introduced
small errors slnce pipettes were not calibrated for elevated tempera-
ture. Otherwise the technique was quite satisfactory. The points at
which the second organic phase appeared were easily fixed.

T H. Slddall, I1T
Separations Chemistry Division
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TABLE T

>0 PER CENT TBP -

THORIUM NITRATE - NITRIC ACID -

o

100/3

)

-1~

OCOOOCO0O0O0O00 OCOOOOOO O0COO0O000OOOL COOO0QODOOOO O

"ULTRASENE" AT 30°¢

Tha

.636

.480
426
.352
. 333
.283%
240
.200
156
. 085

532
.318
.201
122
.078
.0586
0460
.281
.230
172
.127
. 0489

.519
.316
.185
.108
L0674
. 0549
. 0338
L0239

- 397
335
.25)
172
.138
.103
. 094
L0524
.0267
.0102

Th

235

179
<157
L1117
.108
.079
. 0550
. 0339
.0243
.0110
.0C235

.211
126
L0661
.0263
.0110
. 0069
. 0048
113
. 086
. 0526
L0327
. Q057

.218
14
.080
. 0389
.0202
.0155
.0110

. 0053

L1695
. 182
.148
.112
.095
. 0683
. 0646
. 0360
0.0184
0.0066

COOQCOOO0COO0OCO COOCOOOCOO O

OQCOoOOOO0OCO COOOOOOC



TABLE I (Continued)

Ha Ho Tha iho
1.43 %rd phase 0.376 7rd phase
1.57 0.196 0.363% 0.187
1.52 0.211 0.308 0.186
1.53 0.229 0.221 0.153%
1.51 0.250 0.162 0.126
1.5% 0.268 0.107 0.095.
1.49 0.291 0.083 0.076
1.54 0.293 0.0418 0.0432
1.46 0.318 0.0254 0.0271
1.45 0.3%19 0.0079 0.00350
2.03 0.266 0.234 0.170
2.02 0.276 0.194 0.154%
1.97 0.303 0.150 0.13%2
3.05 0.386 0.202 0.178
3.15 0.408 0.181 0.174
3,09 0.430 0.176 . 0.169
3.12 0.447 0.122 0.146
3.06 0.471 0.118 C.141
3,08 0. 494 0.0675 0.105
3.01 0.52 0.0545 0.092
3.00 0.56 0.0282 0.0589
2.95 0.60 0,099 0.0249
2.98 0.64 0.0463 0.0129
4,50 0.488 0.14%0 0.165%
k,55 0.55 0.129 0.161
4,51 0.57 0.090 0.140
4,48 0.60 0.0631 ©.113%
4,40 0.70 0.0313 0.081
4 .31 0.72 0.0131 0.0432
4,28 0.78 0.00482 0.0224

No third phase at 30°C. Third phase appears between z0° and 25°C
The next point gave no third phase when the organic phase was
brought to 25°C.

19—



0.0 (Tha/Ha(excess)
for this series.
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TABLE II

20 PER CENT TBP -

THORIUM NITRATE - NITRIC ACID -
"ULTRASENE" AT 50°C

OCOO0CO0 OOCOO0O0C0O OO0 COOC OO0

H

O

. 086

100/3)

-1%-

0
0
0
0
o
0
0
0
0
Q
0
0
0
0
o
0
0
0
0
o
0.
0
0
0
0
¢
0
0
0
0
0
0
0
¢
Q
O
0
o
0
o)
o)

Tha

.670

. 504
450
. 378
. 350
. 305
.208
. 087

.509
L3153
.202
.127
.080
. 0280

.532
315
.192
113
.071
.02kg

388

320
231
172
.115
.086
L0458
.0268
.0C86

.194
-133
. 0608
.0321
.0111
.00517

L1490
.108
.0716
L0408
.0170
. 0056

OCCOOo0 OCOO0OO00 QOOOO0O0COO OO0OCOOCD OCO0OOO0O0 OCOO0OCO0O00O O

Th

.229

L 171
.149
L1113
- 099
073
L0272
. 0006

.18¢
-106
0527
. 0204
6001
L0016

. 209
.131
074
L0347
L0175
. 0046

. 200
.178
L1846
.118
.091
.071
.03G6
.0250
.O084

. 159
.130
.083
L0545
L0228
L0116

Llgh
124
.101
.0736
.0390
.0153




TABLE TII

THORIUM NITRATE - NITRIC ACID -
42.5 PER CENT TBP - "ULTRASENE" AT 30°¢C

= b= ooooQOooOOCl OCOOOoO

N oM N

NOE AT ISATACIAT LS

HO Tha Th
C.0 0.617 0.3%36
0.0 0.510 0.293
0.0 0.388 0.216
0.0 0.281 0.122
0.0 0.173 0.03%07
0.0 0,094k 0.0074
0.10 0.518 0.308
0.10 0.367 O.242
0.14 0.254 0.156
0.12 0.146 0.058
0.10 0.0775 . 0.024%
0.17 0.43% 0.298
0.19 C.341 0.254
0.19 0.210 0.171
0.23 0.112 0.092
0.25 0.055 0.047
0.30 0.305 0.294
0.36 0.180 0.230
0.42 0.0814 0.122
0.46 C.0%48 0.0670
O.uh 0.19%4 0.248
0.47 0.162 0.2%2
0.60 0.0468 0.1%6
.67 0.0222 0.077
0.525 0.157 0.249
0.609 0.091 0.198
0.650 0.0663 0.165
0.701 0.0439 0.128
0,762 0.0253% 0.090
0.830 0.0108 0.04k6T
0.7k 0.0497 0.146
0.85 C.0222 0.0785

“1h-



TABLE IV

LIMITING CONDITIONS FOR SECOND ORGANIC PHASE
Temperature (°C) Hy H, Thy Ty
68 None 1.18 0.355
49 None 0.96 0.3%28
32 None 0.75 0.272
16 None 0.5%6 0.237
63 0.98 0.15 1.00 0.268
4g 0.94 0.14 0.80 0.262
30 0.91 0.11 0.542 0.218
15 0.89 0.1% 0.331 0.17%
69 1.94 0.23% 0.99 0.259
56 1.82 C.22 0.79 0.253
42 1.87 0.22 0.558 0.229
26 1.89 0.24 0.316 0.191
65 2.88 0.26 0.79 0.243
L7 2.84 0.30 0.548 0.230
31 2.78 0.30 0.309 0.199
25 2.68 0.32 0.222 0.180
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UNITED STATES h
ATOMIC ENERGY COMMISSION
SAVANNAH RIVER OPERATIONS OFFiCR

P.Q.BOX A
AIKEN, SOUTHM CAROLINA

April 23, 1957

CC.'/QCi

Mr. Hood Worthington, Director M
Technical Division - ARD

Explosives Department
E. I. &u Pout de Bemours & Company
Wilmington, Delawvare

Dear Mr. Worthington:

The following wnclassified report transmitted by your
letter of December 21, 1956, has been reviewed as to
1ts classification and patent matters. Ve agree that
1t nay be released a3 written.

IP~-180 “Bxtraction of Thorium Bitrate From Mitric
Acid by TEP ~ 'Rtrasene’” by T. K. 61ddall,
I

Ir. Vehl's office has been notified of this action by
telephone.

Very tmuly yours,

J. Vo levy, Director
Industrisal & Technical
S8ervices livision

CC: Dr. M. H. Wahl (2)

T d o 3’
i .
"

THELAGRAM ADDRESS
AUGUSTA, GA.

\:_______‘:“__
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, CC:+ P. A. Robertson - 8ROO
. : 3. A. MoNeight ,
E. I. DU PONT DE NEMOURS & COMPANY L. C. Evans - M, Worthington
INCORPORATED R. H, Wanl ~ 3, W, Nerris =
SAVANNAH RIVER PLANT - .’”Q’_.' ‘hdf".. - m PIIQ
AIKEN, SOUTH CAROLINA Jo 0 Morrison )
([TEL. & TEL, ADDRESE, AUGUSTA, GA.) ‘ CM"

EXPLOSIVES DEPARTMENT

ATOMIC ENERGY DIVIBION Dazcember 21, 1986 0

( 4
Cﬂ&'ﬁ’-"’
Ur. Joel V. Levy (2) |

Assistant Direstor for Technical
Tesnnical and Produstion Divislon
Savarnah River Operations Office
Us 34 Atumic Energy Commission
Post Office Box A

Alken, South Carolinas

Dear Ne, Lavys

PROPOSED PUBLICATION - DP-181

Atiaghed for review as to classification end PAtent watters are two
coples of the following unclassified report:.

Extraction of Therius Nitrate

from Ricv=1c Aeid by ="Jltrasene"
by T. H. Sindall

whish we proopose to clusse for standard external ciatcibutiols

To racilitate the release of this report, it would be appreciated if
. YOU wWouli telephone your comments to M. H. Wahl's offige and send &
souflrming latter to me with & copy ta M. H. Wahl, The repe-t will be
~ relessed when approval is ceceived, but nobt until after 14 days from
the date ghown above. _ | '

If further clarification or teshnieal information are needed to ald in
you: patent ceview, we auggcest you eontact

Je« O« Norrison
Separations Chemistrry Diviaion
Savennan River Laboratory

If there s & continued interest 1a pursuing the patentability of a

developmeat, I would be happy to supply the aicitional information
reiulred, guol as spproprimte referendes and the nase of the person
responsible for the development.

ATONIC ENERGY DIVISION

CJ Cas? &
Q ng » regeor
Techniesl Divisien

HWitcel
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» PUBLICATION FORM

This form is 10 be used by the AEC and its contractors when they originate documents as a result of scientific
and technical work done with AEC funds. When such documents are to be submitted for publication in the
scientific and technical journals, or are to be published as unclassified rescarch and development reports, or
when they are submitted for declasification, one completed copy of this form should be submitted for each
document to U, $, Atomic Energy Commission, Technical Information Service Extension, P. O. Box 62, Cak
Ridge, Tennessee,

1. Document Title
Extraction of Thorium Nitrate from Nitric Acid by TBP-"Ultrasene"
2. Author(s)
__T. H, 8idd4all, II1
3. Contract Number under which 4. Document Date
document was prepared

AT{07-2)-1 . October 1956

5. Document is {clieck one)

{x] Unclassified [] Submiued for declassification

6. If information in this document is also contained in a project report, indicate number.
Is this information identical? [} Yes [_] No

7. If information in this document has been superseded by another report, indicate number,

8. Is revision of this information planned? [__] Yes CJ No
If so, will copy suitable for dissernination be forthcoming? [_] Yes 1 No

9. Dsuing installation intends that this document be

[Ja. submiuted for publication in a scientific or professional society journal.
(See Note I). Give name of journal -

I:b. Given orally at

10. Disuribution Information {check appropriate box and strike out inappropriate word where choice is given)
[XJa. Disuibution has been made in accordance with TID-4500, Standard Distribution Lists for DSAEC
Nonclassified Reearch and Development Reports. Copies (have) (ljazgnes been sent to OTS,
OTS sale price 50025 e
[ X]b. bistribution by the AEC Technical Information Service is {permitted) {gpexagk (See Nowe IL.)
[Je¢. Distribution should not be made for the following reasons;

11, In the event the document is printed and sivcn wide distribution by the AEC Technical Information
Service Extension, it is requested that copies (maximum of 25) be made available to the author
for distribution to those especially interested in the subject field. These copies should be addressed 1to:

J. W, Hil11 Savannah River Laboratory
: (Name) (Installation)
12, Correspondence relative to publication, disposition or content of subject document should be addressed
to:
J. W, HLl11 Savannah River lLaboratory
13. Submitted by: -
J. W. Hi1l 53k2¢¢%2?C£9// Savannah River Laboratory
;ﬁame) Ve o (Installation)
S F-&7
{Date)

(OVER)
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14. Remarks . .

NOTES

I. When journal publication is indicated, the Atomic Energy Commission normally will not reproduce for
public distribution since such a distribution might prejudice acceptance of material for journal publica-
tion, Dual publication by a journal and the Atomic Energy Commission is normally considered an un-
justifiable expenditure of public funds,

IL, All nonclassified documents may bhe indexed and abstracted in Nuclear Science Abstracts, AEC distribu-
tion refers 1o distribution of documents by AEC Technical Informaton Service Extension to other AEC
installations, cooperating government agencies, AEC depository libraries (foreign and domestic), and by
sale to the public through the Office of Technical Services, U. S. Department of Commerce, Washington
26, D. C., on 2 nonprofit basis in printed, photostat, or microfilm form,

Revised: September 1956
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e S BCC: Hood Worthington ~ L. C. Evane

' . Js¥MogRis -~ J. C. Andrews

, E§TALISNRE O
E. . ou PonT DE NEMOURS & COMPANY

INCORFPORATED

L

WILMINGTON, DELAWARE

EXPLOSIVES DEPARTMENT

Jaruary T, 1957

dr, Jo Vo Levy, Diractor (2)

irdustrlal and Technical Cervices Divisio.
Sava:nan iver Oparations QffLice

U 1ted Statea Atonlc Eergy vommissiou
Alken, South Carolina

Dear Mr. Levy: )
CLASSIFICATION = DP=-131 ~

The proposed puvlication "Extraection of “aorium
.:1trate from Nitric Aclid by 18P - *Ultrasenat!" by
Ts H, Siadell, III which was submitted vo your office by letter
of December 21, 1955 from Hood Worthiligto., has been reviewed
frou the point of view of olassif'ication.

It 18 reconmended that DP«101 Je submitted to tle :
Declassification Hraach for Geclassification under toplc 1-204
of OD -~ DOC ~ 44, The pertinent 1limiting reference asaoclated -
with topic 204 is 10-205 but tuls is not applicadle to DP=1il
i so far as the savannan Alver Plant is concerned, However,
we belleve that the report should be referred to the Declsssif'ica-
tion Branch in order to ensure that .w:e of the 1luitl g refere.ces
asso.lsted with 1«204 ia applicable from the polit of view of
other AEC sites.

Very truly yours,

G DD

. :to A¢ i‘ICA:ﬂi t .
SAMcH 1 EUG . Teairical Assistact

BETTER THINGS FOR BETTER UIVING .. . THROUGH CHEMISTRY




T e % . Internal Iosue of ﬁPJﬂ ang Ppﬁl TI' f )
Print Shop

Piet]

&
¥ B & [

-

o .

[ 3

»*

1. Assascmbdle é& copies of rcport

" 2. Bind 27 copies with T, L.

/
3. Dind _ 39  copies without %. L. -
4. Give s11 copics and oxtra T. L. to document scetion,

.Documont Section

Iosuo 2 copice of report. This includes all copics on
intgema tribution czcept TI8 Fllo and TIS File Record
copies. :

Record &b 15 to bo ‘retalned by Dooument Scotion and
should not be bound until external distribution is made and
reeords arye complote.

3!



	

