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ALKYL PHOSPHCRIC ACIDS AS EXTRACTION AGENTS FOR URANTIUM

D. C. Stewart JECLASSEF&EB

TITTRODUCTION

While studying the separation of zirconium and hafnium by means of
tributyl phosphate exbtraction, D. Be Stewart and E. H. Huffmanl observed
that the amount of zirconium extracted increased somewhat with the length
of time that the solvent was pretreated with acid. This suggested that
the tributyl phosphate might be hydrolyzing, and that the products formed
wore more efficient extracting agents for zirconium than was the pure
meterial itself. TFastmans "n-butyl phosphoric acid® seemed to be the only
such possible hydrolysis prbduct commercially availéble, so some of it was
- obtained. It turned out to be a viscous oily liquid which was miscible with
acid solutions in the proportions tested for the attempted zirconium ex-
tractioné;_ These workers accordingly did nothing more along this line
of inves%igationo_

29304-'95 as an ex";ra@«‘hing

~ The fecent interest in tributyl phoéphate
gsolvent for uraniwm indicated that consideration of n-bubyl phosphoric
acid for this application might be of interest if some way could be dee
vised to overcome the manipulation and miscibility d;‘ifficulties° It was

found that if the material was placed in any one of & mumber of carrier

solvents, it had a remarkably strong extractive effect on uranyl jon out

1D. B. Stewart and E. H. Huffman, personal communication.

2C.'V. Ellison, D. E. Perguson, and T. C. Runion, ORNI~258,
(June 20, 1949).

Z
“Ds E. Ferguson and T. Ce. Runion, ORNL-260, (October 7, 1949).
430 Vogler and R. Hildebrandt, ANI~4329.

580 Vogler, H. Tyler, M. G. Berkmen, and L. E. Ross, ANI~-4372.
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of acid solutions without a salting agent present. The'effectiveness of
the material suggested a study of other alkyl phosphoric acids, so the
ethyl and n-propyl products were obtained. Both of these also proved %o
be good urany} ion extractants. This preliminary report deals with some
of the more qualitative aspects of the use of this group of substances

for this purpose.

URARNIUL EXTRACTION

Table I gives two sets of distribution coefficients for the ex~
traction of U253 labeled uranium out of nitric acidvsolutionse The solvent
layers consist respectively of 2 vols. percent and 20 vols. percent n~butyl
phosphoric acid in technical grade dibutyl ether. These coefficients wers
calculated from data obtained by plating and counting aliquots from each
phase after 30 minute equilibration of equal volumes of aqueous phase.and
solvent in Teflon tubes. The equilibration was done in a water bath at
25°¢ on‘a mixing wheel of the type described by Cunningham,6

The values given for extraction into the 20 ﬁercent n~butyl phos=-
phorig acid solvent are only approximations. With this concentration
present in the original solvent layer, the uranium removal is so complete
&s to mke an acourate estimate of the amount of activity left in the
agqueous layer very difficult. The appearance of this series of equilibrated
samples 1s quite striking, with all of the uranium color going into +the

organie phase, leaving the aqueous phase water-white.

GB. B. Cunningham, Nucleonics, (November, 1949), p. 62.
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TABIE I -

Extraction of U235 Iabeled Uranyl Ion by n=butyl Phosphoric
Acid (n-BPA) in Dibutyl-ether

—

Original Composition Aqueous Phase Distribution Coefficient (org/aq)
- Uranium HNO, 2% n-BPA 20% n~BPA*
0.01M 0,341 . 4od 732
0.023 00341 3.0 60
0405 0034M 1.5 56
0.10 0,341 | 0.73 54
0.26 034U - 41
0.10 1.0 0049 -
0.10 2.0 | 0.44 -
0.10 4.0 0.59 e

* S
Approximations only - see bext.

THE ALKYL PHOSPHORIC ACIDS

Data will be presented in this section to show that the alkyl p]lnos-
phoric acids as obtained cormercially are actually mixtures. Since all of
*\:_he_ tests deseribed in the present report were made with the unfractionated
materials, ﬁne results must be interpreted with this in mind, and conside:z;-
ation of the probable composition of the commercial products is worthwhile
before presenting further data.

All three of the alkyl phosphoric acids on hand are heavy oily
liquids, with the color ranging from nearly white for the ethyl, %o a
brown for the n-propyl and to a darker brown \for the n=~butyl form. Aliquots
of each have been potentiometrically titrated with standard base, using

2 glass electrode with the Type G Beckman pH meter. An aliquot of reagent
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grade phosphorie acid has been similarly +titrated for comparison. These
titration curves are shown in Figure 1.
Cherbuliez and Wéniger7 have studied the reaction of phosphoric
aphydride with aliphatic alcochols. When the simﬁler alcohols are used,
'they comment that very li%tle HsPO

4

in a close ratio of 1:1 are formed. If it is assumed that this is the

s almost no RSPO_g and H.ZRPO4 and HR2P04

method used in preparing the cormercial produsts +itrated for Figurs 1,

the H.RPO, and HRZPO concentrations can be calculated if it is also assumed

FANN 4

that no H3P04 is present. This has been done, and the values are given in

Table IT. It will be seen that the 1sl ratio holds fairly well for ethyl

phosphoric acid, but sbtarts to increase as the size of the alkyl. substituent

insreases.
TABLE II

Calculations from.Titratioh Curves of Figure 1

Acid Used | mi 0.1212M Base  Corresponding Concenbtrations HZRPO 4@2130'
' First Second HéRPoé HR9P04

Break Break : ”
Ethyl phosphoric  14.9 22.6 4.66M 4.36M 1.06
n=propyl phosphoric 12.4 19.6 4,36 3.15 1.38
nbubyl phosphoric  10.4 16.7 . 3.82 2,48 1.54

Dre. Ho Wo Crandall bhas pointed out that the extraction of uranium
is brobably effected by the formation of a solvent-soluble uranylmalkyll
phosphate complex. All of +the studies made to date support this view,
but it is still not certain as to whether the reaction mechanisms involve

the HzBuPOQ,,ﬁhe HBu?PO4 form or both. Definite informetion on this point

7' o
Eo Cherbulfez and He. Weniger, Helv. Chim. Acta., 28, 1584 (1945).
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CURVE A
B:

C:

TITRATION CURVES OF ALKYL PHOSPHORIC ACIDS

85 A H;PO, IN 5 ML H,0

200X ETHYL PHOSPHORIG AGID IN 5 ML H,0

200 A N-PROPYL PHOSPHORIGC AGID IN 5 ML Hy0

200 A N-BUTYL PHOSPHORIG ACID IN 5 ML H,0

L 9384

—
—
e
——
———

5 10 15 20 25
MILLITERS OF 0.1212 M NaOH

FIG. I
14569~
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must wait until the two acids have been satisfactorily fractionated. Con-
siderable progress has been made in this direction, and the preliminary

indications are that the HBu, PO, is almost entirely responsible for the

274
extraction. Work is under way on the detailed determination of the net
reaction or reactions, and will be presented in collaboration with Dr. Crandall
in a subsequent report.

A second series of titrations has been made and is of some interest
in this regardo Aliquots were taken from the aqueous phases after equili-
brating various water solutions with 20 percent n=-butyl phosphoric acid
in dibubyl ether. These aliquots were titrated with standard base as before,
and the curves are shown in Figure 2. Since it is known that the n~bubyl
phosphoric acid is 8 mixture, it is not éﬁssible to draw any very positive
conclusions from these curves. However, if it is again assumed that HzBuP04
and HBu.,PO

2" 74
assumed that the volume changes of the two phases are negligible, the data

are the only btitratable species present, and if it is also

shown in Table III can be caloulated. These are of interest with respect %o
two main points. The first is that if appears to be quite possible to

fractionate the HéBuPOé and HBu PO4 by solvent extracting the latter away

2
from the former, and secondly, that, within the limitations of the data,
it would appear that one'hydrogen ibn appears in the agueous phase for each
urenium going into the organic layer. This is a very tentative conclusion
and may be modified by further studies with the fractionated acids.

The solvent extraction method for separating the two acids has been
investigated further, and a material giving only one break in the titration

2

curve (HBu PO4) has been prepared. Tts behavior will be described in the
later feport. "



pH

A Ho0
B 0.334 M HNO3 ]
C 0.34M HNO4,0.0l MUO; ™
D ! 0.023M
E " 0.05M "
F " O.10M " |
G § 0.23M "

l | | |
6 10 15 20 25

=

T

P

TITRATION CURVES - 2 ml ALIQUOTS OF AQUEOUS LAYERS

AFTER EQUILIBRATION WITH 20% n- BUTYL PHOSPHORIC
ACID IN DIBUTYL ETHER

A B

ORIG.

CURVE COMP AQUEOQUS PHASE

—

ml 01212 M NaOH’

& o3vg

FIG. 2 145701
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TABLE III

Calculated Values from Titration Curves of Figure 2

Orig. Canp. of Aq.Phase Equilibrium Concentrations (H") Increase

H,BuP0 HBu, PO in Ag. Phase

4 24
.A.qe Orgo Aq_o Orgo

Tater 006011 = 0.163M = 0,024 0.472M
0334} HIO, 0.571 0,193 0,000 00496 e
04341 HNO,, 0,0LY U0, 0.50 ee e - | -
0,341 HINO,, 0.023 0.528 e - e 0.018M
0e34:§£ Mogg 0005 00520 o e bt 0006
034} HNO,, 0410 04510 o . o 0.115
0,341 HNO,, 0,23 0,405 = == e 0.25

EFFECT OF SOLVENT AND OF TYPE OF ACID

If the uranium extraction depends on the formation of a‘solventé
soluble complex, it would be expscted that the type of organic liquid used
asg a carrier fof the n=bubtyl phosphoriec acid'wopld be of importance whsn
macro amounts of the complex are present to be dissolved. -If n=hexane is
used as the carriefg it is found that only a small amount of the acid
itself will dissolve, and that even this low concentration causes precipi-
tation of uranium. With 20 percent n-butyl phosphoric acid in dibutyl
gther, a precipitate forms if the original uranium concentration is above
abqut OZLE& BelchO;ZQ@‘uranium, howeverg this precipitate redissolves td
giﬁe the characteristic inteﬁsely yellow organic layer. On the other hénd,
when primary n-amyl alcohol is the carrier solvent with the same concen~

tration of n-butyl phosphoric acid, the mixture may be used with saturated
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uranium solutions without the formation of precipitates.

The behavior of tracer amounts of 0255 is less solvent-dependent,
although, even here, there is an effect as can be seen in Table IV. The
various solvents shown were employed with O.4 vols. percent concentration
of n-bubtyl phosphoric acid and were equilibrated with equal volumes of

0255 tracer in O;l?ﬁg HNOBo

TABLE IV

Effect of Various Carrier Solvents on the Extraction of
Uranium by O.4 Vols.% n-butyl Phosphoric Acid

Solvent Observed Equil. Average E Value
Cosfficients
Benzene (Reagent) 2,82 2.5
2.12
2 043

n=Hexans (Tech.) 2.42 2.7

Dibutyl Ether (Tech.) 2,19 2.5
. 2,72

2.50
Methyl Isobutyl Ketone 0,750 0.78
(Tech.) . 0.723
. _ 0,771

0,861
Primary n-amyl alcohol 2.45 2.3
(Reagent) 2,37

2.0L

Table V shows the extraction of U253'from the same acid solution by
0.4 volse percent of the three different alkyl phosphoric ascids on hande
Primary n-amyl alcohol was used as the carrier in each case for this series.

It is quite apparent that the affinity of the solvent for the final complex
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increases with the size of the alkyl substituent, or, stated in another
way, ‘the smaller molecules tend to be relatively more water soluble.
It is quite probable that the precipitation behavior of ﬁacro
smounts of uranium will be guite differsnt from that described above when

pure HzBuP04 or HBuzPO4 is used as the extracting agent.

. TABIE V

Effect of the Type of Phosphoric Acid at 0.4 Vols.%
Concentration in Primary n-amyl Alcohol on the Extraction of Uranium

Acid Observed Bguil. ‘Average E Talue
Coefficients '
n=butyl phosphoric 2045 263
(Tech.) 2.37
2,01
n-propyl phosphoric (Tech.)  0.450 0.45
- 0,460
ethyl phosphorie (Tech.) 0.035 0.035
0.035

BEHAVIOR OF OTHER CATIONS

A brief survey was made of the behavior of 20 vols. percent n-butyl
phosphoric acid in dibubyl ether towards solutions of cations other than
uranium. These qualitative observations are sumarized in Table VI. The
first group of sclutions was prepared by dissolving weighed amounts of the
nitrate salts to a cation concentration of O.1M. The mixed solvent was
alsc tested against s number of solutions prepared by R. H. Goeckermann
for bombardment work. It is believed that the most of these are also

nitrate solutions.
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TABLE VI

Qualitative Behavior of Cation Solutions Towards 20% n=butyl
Phosphoric Acid in Dibutyl Ether

Salt » Apprbximate Observed Behavior
Concentration
Ca. (WO, )., 0.1} ' No change
co(mos)2 0.1M No change
C’t}(NOs)2 ' 0o1M No change
m(Nog)z 011 , No change
Z?(NOS)Z Q;lg | No change
Pb (Noz)2 0.1M Ibderately heavy white ppt in
solvent layer

AL(NO, ), Q;lg_a Light white ppt in both layers
Fe (10, ), Q.,ig»g . Immediate heavy white precipitate
éf(lqogjs 0,11 No change
1a (10, ), 0.1H o change. Iight ppt when 2 drops
o . Ce(III) added :
Ce(‘Nog)5 ‘OoQE' White ppt in solvent layer )
PT(NOSjg 10 g/i Precipitate in crganie layer
Th(NOS) . 0,11 Inmediate heavy white precipitate
15 xed nitrates" Colorless aqueous, yellow organic
+ U02++ : . = layers. White ppt at interface
(Centrifuged)
CSNO5 10 g/1 No change
Cd(HOz)z 10 g/l No change
PQ(NOE)Z_ 10 g/1 o change
0s0, Soln. 10 g/t Yo change

10 g/i No change

As (2)
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TABLE VI (Cont.)

Salt ‘ Approximate Observed Behavior
Concentration
Au (?) ? Both layers equally yellow. No ppt.
W (2) ' 10 g/1 Tan color in organic, colorless
- agqueous layer
Cb (?) 10 g/1 Heavy white ppt in aqueous layer
Bi (1\103)3 10 g/1 White ppt, both phases
Cr (as Qrzov?) 10 g/1 Green organic layer
CoCl, in HOI - No change
UOZ(C104)2 0,075 Yellow organic, colorless agueous
. . layer
FeCls in HC1 e Heavy white ppt.
e .
LOZ in 0.5l No ppt = wvery little color in
1~41 HZNOs organic layer
PmClS-tracer o Essentially no counts extracted by

in 0.3M HC1

1% n-BPA in Bu,,0

The "mixed nitrate™ stock referred 4o in the table was prepared by

mixing equal volumes of the following 0.1M nitrate solutions: Cu(II),

Pb(II), Zn(II), Co(II), Ca(IIl), M(II), Ia(III), Ce(III), Cr(III), AL(III),

Fe (III), and Th(IV).

It will be seen from the table that the univalent and most of the

divalent catiohs did not form precipitates, whereas, in general, the trivalent

and quadrivalent. ions did. An interesting exception to this behavior was

lanthahum, in view of the fact that precipitates did form with the other rare

earths (cerium and praseodynium) studied on & macro scale. The solvent had

very little extractive power for prometheum tracer as shown.
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A preliminary experiment was made to study the possibilities of
uranium recovery and purification by means of the solvent. A volume of
U235 labeled O;yg uranyl nitrate solution was mixed with an equal volume
of the "mixed nitrate" stock previously described. This aqueous solution
was theﬁ extracted'wifh one volume of 20 percemt n-butyl phosphoric acid
in dibutyl ether. The uranium was recovered from the organic layer with
3O‘per@6nt sodium carbopate solubtion. This alkeline scluticn was neutra-
lized with HC1, but a small amount of organic phase reformed, carrying
the uranium as a suspended precipibtate. This was not destroyed by heating
with acid, but was broken up by treatment with 40 percent NaOH. The pre-
¢ipitate thus formed was centrifuged out, washed twice with water, and
dissolved up in 1 percent HCl. Samples were taken for alpha~count assay
énd for spectrographic analysis. The uranium recovery was 100 percent
(within the counting errqr) and ‘the spectrographic analysig showed good
separation from most of the cations originally present (Imble VII).,-S

A small amount of "Hanford dissolver” (pile~irradieted) uranium
solution was available, and a cursory check was alsc made cf its behavior
towards the 20 percent n~-bubtyl phosphoric acid in dibutyl ether mixture.
The dissolver solution was diluted by a factor of twe, after adding enough
HNO3 to make the final acidity 0,3%M. It was then heated with KBrO5 to
convert the plubonium ﬁresent to the plutonyl form. After cooling, the
. .solution was contacted with an equal volume of the solvent. About 96 percent
of the alpha=activity and one~half of the Gelger activilty was removed.
Sﬁbsequeht washing of this organic layer with an equal volume of water

removed essentially none of the activity, either alpha or Geiger.

8Me Moore and J. Conway, personal communication, plate 456.
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TABLE VII

Spectrographic Analysis of Purified Uranium

Species Y with 48 ¥ U Approximate U
Decontamination

Al 0,05 10

Fe 0.1 ' 10

Ca £0.01 | 60

Th ‘ <O;1 740

g:: g;j g;: not detected -

Zn

Cu Could not determine -

It should be emphasized that all of the qualitative observations
made above migh% be quite different with different carrier solvents, con-~
centrations, pH conditions, etc. Above all, it sesms quite probable thatb
the use of puré HBu2P04 as compared to the commercial acid mixture would
change the precipitation behavior quite radically. This might well be
particularly true if the latter contains free phosphoric acid as well as

the mono and dialkyl forms.

CONCLUSION
The alkyl phosphoric acids can be used as extractants for uranium
from non-salted solutions if an appropriate organic solvent is used as a
carrier. Some of the more general properties of these acids as‘commercially
prepared have been presented, as well as preliminary observations of their

behavior towards uranium and other cations.

January 27, 1950
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