This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471

Synergistic Extraction of Plutonium (IV) from Nitric Acid Medium by
b e 1 | Mixtures of TOPO and HTTA
S. K. Patil%; V. V. Ramakrishna?; P. K. S. Kartha®; N. M. Gudi®
* RADIOCHEMISTRY DIVISION, BHABHA ATOMIC RESEARCH CENTRE TROMBAY, BOMBAY,

INDIA * FUEL REPROCESSING DIVISION, BHABHA ATOMIC RESEARCH CENTRE TROMBAY,
BOMBAY, INDIA

To cite this Article Patil, S. K. , Ramakrishna, V. V., Kartha, P. K. S. and Gudji, N. M.(1980) 'Synergistic Extraction of
Plutonium (IV) from Nitric Acid Medium by Mixtures of TOPO and HTTA', Separation Science and Technology, 15: 7,
1459 — 1469

To link to this Article: DOI: 10.1080/01496398008056097
URL: http://dx.doi.org/10.1080/01496398008056097

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496398008056097
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 53 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, I5(7), pp. 1459-1469, 1980

Synergistic Extraction of Plutonium(1V) from Nitric
Acid Medium by Mixtures of TOPO and HTTA

S. K. PATIL and V. V. RAMAKRISHNA
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P. K. S. KARTHA AND N. M. GUDI

FUEL REPROCESSING DIVISION

BHABHA ATOMIC RESEARCH CENTRE
TROMBAY, BOMBAY 400085, INDIA

Abstract

Synergistic solvent extraction of Pu(IV) from nitric acid medium by mixtures
of thenoyltrifluoroacetone (HTTA) and tri-#-octylphosphine oxide (TOPO)
in benzene was investigated by a method developed for such studies. The
species involved in the extraction were identified as Pu(NO3;),-2TOPO, Pu-
(NO3)3(TTA)-2TOPO, Pu(NO;),(TTA),  TOPO,and Pu(NO3)(TTA); - TOPO.
The concentration equilibrium constants for the extraction of all the suggested
species from 1.0 M nitric acid were calculated from the data obtained, and the
concentration equilibrium constants for their formation in the organic phase
were estimated.

INTRODUCTION

Irving and Edgington have studied the extraction of Th(IV), Np(IV),
and Pu(IV) from aqueous nitric acid by mixtures of HTTA with some
neutral donors (S). They reported (/) that mixed NO; -TTA™-S com-
plexes of the metal ions are responsible for the observed synergism. They,
however, did not observe the formation of the species of the type
M(TTA), - S that was reported for Th(IV) by Healy (2). Healy and Ferraro
have attempted to verify the formation of mixed NO;"-TTA™-S com-
plexes but with no success (3). While there are exhaustive data reported in
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the literature (4) on the formation of simple adducts of metal S-diketonates
with neutral donors, such data on the formation of mixed ligand adducts
are sporadic. In our earlier work (5) on the extraction of Np(IV) from
nitric acid medium by mixtures of HTTA and TBP, it was shown that
mixed as well as normal adduct species are involved in the extraction.
It is felt that the normal method of evaluating the extracted species by
slope analysis of the log-log plots is inadequate to deal with the systems
involving the extraction of a multiple number of species. An attempt was
therefore made to develop an alternate method which would give the
stoichiometry of various species extracted along with their equilibrium
constant values. The extraction of Pu(lV) from nitric acid medium by
mixtures of TOPO and HTTA using this method was investigated and the
results obtained are reported here.

EXPERIMENTAL

Materials

The origin and the purity of most of the materials used were the same
as described earlier (6). TOPO supplied by E. Merck was dried over P,O;
under vacuum prior to use.

Procedure

Plutonium in 8 M nitric acid was adjusted to Pu(IV) by adding a few
drops of H,0,, the excess of which was destroyed by heating. The oxida-
tion state of Pu(1V) was ascertained by the HTTA extraction method (7).
A desired aliquot of Pu(IV) from this stock was added to I M nitric acid
solution so as to have the concentration of Pu(I1V) in the resulting solution
~0.5 ug/mL. About 107 M vanadium(V) was kept in the solution as
holding oxidant for Pu(IV). Equal volumes (3 mL each) of this solution
and a benzene solution of TOPO containing a varying concentration of
HTTA were added to ground-glass stoppered equilibration tubes. The
rest of the procedure used for the measurement of distribution ratios was
the same as used earlier (6).

RESULTS AND DISCUSSION

Extraction of Pu(lV) from Nitric Acid by TOPO

The extraction of Pu(IV) from nitric acid medium by TOPO dissolved
in an inert diluent such as benzene is given by (8)
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Kp
Pull, + 4NO3,_ + 2TOPO,y,, = Pu(NO,), 2TOPO, (1)

(aq)

for which the equilibrium constant Kj is given by

[Pu(NO,),-2TOPO]

Ks = (7 [NO, F[TOPOJ: )
D°F
= [NO, - J[TOPOJ ®)
where
D° = [Pu(NO3)4-2TOPO](°,,)/[Pu(IV)](aq) €]

is the observed distribution ratio of Pu(IV) and
n
F=(1+38m0,r)
1

is the complexing factor that accounts for the fraction of Pu(IV) that was
present in the aqueous phase in the form of its nitrate complexes. The
factor F can be computed from the stability constant values (8,) for the
nitrate complexes of Pu(IV). For Pu(lV) in 1.0 M nitric acid medium,
F = 14.7 was reported earlier (9). As TOPO extracts nitric acid by the
equilibrium shown in

Ky
H(g + NOj3, . + TOPO,,, = HNO,-TOPO,,, Q)

the equilibrium concentration of TOPO will be different from its initial
concentration. The free TOPO values were calculated using Eq. (5) and
log Ky = 0.83 [reported (/0) for benzene as the diluent). The values of Kj
were then calculated using Eq. (3) and by measuring the D° values using
1.0 M nitric acid and different concentrations of TOPO, the average value
being (1.2 + 0.1) x 10%°,

Extraction of Pu(lV) from Nitric Acid by Mixtures of HTTA and
TOPO

As stated earlier, Pu(IV) is extracted from aqueous nitric acid by
solutions of TOPO as Pu(NO,), ' 2TOPO. When a f-diketone such as
HTTA is added to a solution of Pu(NO,), 2TOPO, it is expected that
each nitrate ion associated with the complex will be successively replaced
by TTA ions as the latter is more strongly complexing. Such a replacement
may keep the 2TOPO molecules intact in the new complexes formed, or
it may decrease their number because the introduction of bulky TTA ions
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may impose steric hindrance, thereby decreasing the coordination number
of Pu(lV). It is known that Pu(TTA), forms 1:1 adducts with TBP (6)
and DBBP (I1), and hence it is certain that it can form the adduct
Pu(TTA), - TOPO. Hence the mixed TTA™-NO;~ complexes may be
associated with either 1 or 2 molecules of TOPO. Thus when HTTA and
TCPO are used together for the extraction of Pu(IV) from nitric acid
medium, the species that are likely to be involved in the extraction are
Pu(NO,),(TTA) yTOPO, Pu(NO,;),(TTA),:yTOPO, Pu(NO;}(TTA);"
yTOPO, in addition to Pu(NO;), -2TOPO and Pu(TTA), TOPO, the
value of y being either 1 or 2. Thus the distribution ratio D of Pu(I1V)
obtained with the mixtures of HTTA and TOPO can be given as

[Pu(NO,), - 2TOPO] + [Pu(NO,)5(TTA)-yTOPO]

_ + [Pu(NO3)2(TTA)2-yTOPO] + etc.
b= [Pu(IV)] o) (6)

If D and D° are obtained by using the same concentration of TOPO and
if the interaction between TOPO and HTTA, at the concentrations used,
is ignored, Eq. (7) follows from Eqgs. (4) and (6):

D _ [Pu(NO,)5(TTA) - yTOPO]
<T)3— >“ [Pu(NO,),-2TOPO]
[Pu(NO,),(TTA), - yTOPO]
[Pu(NO,), - 2TOPO]

+ etc. N

The extraction equilibria involved for the mixed species conceived can be
given as
Pull, + 3NO;3, ., + HTTA,,, + yTOPO,,y
— Pu(NO;)5(TTA) - yTOPO,,,, + H(iyy (8)
Publ, + 2NO3, . + 2HTTA q, + YTOPO
= Pu(NO,;),(TTA), - yTOPO,,, + 2H(:q) C))
Puiq + NO3 ., + 3HTTA ) + yTOPO oy,
—— Pu(NO;)}(TTA); - yTOPO,,, + 3H(f,q) (10)
Pult + 4HTTA oy + TOPO
K,
— Pu(TTA),- TOPOy,, + 4H, (11)

By subtracting Eq. (1) from Egs. (8), (9), (10), and (11), Egs. (12), (13),
(14), and (15), respectively, are obtained:
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Pu(NO,)4-2TOPO gy + HTTA o)

f;i* Pu(NO;)5(TTA) - yTOPO o) + Higy + NO3,._ + (2 = »)TOPO,,
12)
Pu(NO3),- 2TOPOqp) + 2HTTA o1
f—i Pu(NO,),(TTA), - yTOPO oy + 2H(,q, + 2NO3,.
+ (2 — »TOPO (13)
Pu(NO;),-2TOPOy,) + 3HTTA o
B,
= Pu(NO;)(TTA); - yTOPOoygy + 3H{,q) + 3NO3.,
+ (2 — »)TOPO o1y (14)
Pu(NO;), 2TOPOy,,, + 4HTTA oy
B,

== Pu(TTA), - TOPOy + 4Hg, + 4NO; .. + TOPO,,, (15)
Rearranging Eq. (7) by using Eqgs. (12), (13), (14), and (15), it follows that

D B,
(F - 1) / [HTTAl = H¥No, -[ToPO[Z
B,[HTTA]
* [HP[NO, ~F[TOPO[Z—»
B,[HTTA)?
[ TINO, [[TOPOC

The data obtained on the extraction of Pu(IV) from 1 M nitric acid
into a benzene solution of TOPO containing a varying concentration of
HTTA are given in Table 1. From these data ((D/D°) — 1)/[HTTA] were
calculated, and they are plotted against [HTTA] in Fig. 1. The values of the
parameters B, /[H*][NO, J[TOPO]?™”, B,/[H*]?[NO,; ][TOPO]?~¥,
etc. which give the best fit for the curves in Fig. 1 were calculated by a
least squares procedure using a computer program and they are given in
Table 2. The best fit was obtained with three constants, thereby indicating
only three species are involved in the system in the concentration range of
HTTA used. It is seen that the values of B,/[H*][NO, ][TOPO]Z~»
obtained for both concentrations of TOPO agree reasonably well with
each other, thereby showing that they are independent of TOPO concen-
tration. Hence the value of y in Eq. (12) and Eq. (8) equals 2, suggesting
that the first mixed species formed is Pu(NO;);(TTA)-2TOPO. The values

+

+ .o (16)



13: 53 25 January 2011

Downl oaded At:

1464 PATIL ET AL.

TABLE 1

Variation of the Distribution Ratio of Pu(IV) with HTTA Concentration:®
[HNO3}y = 1.0 M

Initial [TOPO] = 2 x 10~* M Initial [TOPO] = 2.5 x 10~ M

D D

[HTTA], (BE B 1) (7)‘° - 1)

M D (HITA) D THTITAl
0 3.61 — 0.772 —
0.001 4.13 145 0.886 148
0.002 4.73 155 1.09 206
0.004 6.35 190 1.55 252
0.006 8.18 211 2.11 289
0.008 10.7 247 3.10 377
0.010 13.6 277 3.31 458
0.012 18.3 339 6.04 569
0.014 226 376 8.25 692
0.016 28.4 429 11.0 829
0.018 35.5 491 14.1 957
0.020 45.0 573 18.3 1135

4D = D° when [HTTA] = 0.

of B,/[H*}*INO, )*[TOPO]?~* and B,/[H*]’[NO, ]*[TOPO]?~” ob-
tained at the two concentrations of TOPO differ and are almost inversely
proportional to the TOPO concentration used, thereby suggesting the
composition of the second and the third complexes to be Pu(NO;),
(TTA), TOPO and Pu(NO,)(TTA); -TOPO, respectively. From these
values the values of concentration equilibrium constants By, B,, and B;
for the equilibria represented by Egs. (17), (18), and (19) were calculated
and are included in Table 2.

Pu(NO,), - 2TOPO,,;, + HTTA

B,
= Pu(NO;);(TTA)-2TOPOy,,,, + Hi oy + NO3,,, A7)

Pu(NO3), - 2TOPO, g + 2HTTA o)

B,
— Pu(NO,),(TTA),-TOPO,y,, + 2H(,,, + 2NO3,,  + TOPO(,, (18)

Pu(NO3)4-2TOPO(Q,g) + 3HTTA(‘"B)

By
— Pu(NO,;}(TTA); - TOPO,, + 3Hyq) + 3NO3, ., + TOPO,,, (19)

It is seen that the values of B,, B,, and B, obtained for the two sets of
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1000
- A — [ToPo]- 25x10%Mm
i -4
i B — [Toro)-50x10"M
" Aq.Ph— |-OM HNO4

750

(4]
Q
(o)

D°

250

(o] 0:005 0-0l0 0-015 0-020
[HTTA].M

FiG. 1. Variation of ((D/D°) — 1)/[HTTA] with HTTA concentration.

data are fairly close to each other, thus confirming the validity of the
composition of the complexes inferred.

The equilibria involved for the extraction of different mixed NO; ™~
TTA™-TOPO complexes of Pu(IV) can now be obtained by adding Eq.
(1) to each of Eqgs. (17), (18), and (19), and these are given below:

Pulty + 3NO;3, , + HTTA ) + 2TOPO

K
il Pu(NO,);(TTA)-2TOPO,,, + Hggyy (20)

Pull) + 2NO;, wqy T 2HTTA () + TOPO,

K,
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Pu;’;j;) + NOj,, ., + 3HTTA,) + TOPO

K

:——“3—Pu(NO3)(TTA)3 TOPO,oygy + 3Hhgy (22)
The equilibrium constants K, K,, and K are calculated from the relations
K, = KgB,, K, = KB,, and K; = KgB,, using the average B values and
are given in Table 3.

The organic phase equilibria involving the stepwise replacement of
nitrate in Pu(NO;),-2TOPO by TTA™ can now be obtained by adding
Eq. (5) to each of Eqgs. (17), (18), and (19), and they are given in Table 4.
The equilibrium constants representing these equilibria are obtained from
the relations f, = KyB,, B, = Ky4*B,, and B; = K, B;. It may be worth-
while verifying these organic phase equilibria by an independent method,
and spectrophotometry appears to be a potential alternative.

Irving and Edgington have studied (/) the synergistic extraction of
Pu(IV) from 1 M nitric acid by mixtures of HTTA and TBPO. Their data
led them to infer that Pu(NO,)(TTA),;-TBPO and Pu(NO,),(TTA),:
2TBPO are the species extracted in addition to Pu(TTA),. In the light of
the present work, however, it is doubtful whether Pu(NO;),(TTA),"
2TBPO is formed at all. Apart from this, ignoring the aqueous phase
nitrate complexing of Pu(IV) and the change in the concentration of HTTA
in the organic phase due to the low distribution ratio of HTTA with
cyclohexane as diluent (/2) makes their values of different equilibrium
constants uncertain.

It is felt that the participation of the anion from the aqueous medium
in the synergistic mixed ligand complexes depends primarily on the
extractability of the metal ion by the neutral donor alone from the aqueous
medium used. When the neutral donor alone is able to extract the metal
ion, a number of mixed ligand species would be involved in the extraction
as by mixtures of TOPO and f-diketones. Because studies on such systems
are meagre, we hope to continue investigating them.
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