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Self-association and association of tri-n-butyl phosphate (TBP)
in different diluents
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The interaction of tri-n-butyl phosphate (TBP) with diluents and its self-associa-

tion have been investigated. The corresponding equilibrium constants were determined

and used to calculate the concentration of TBPmonomer. The calculated TBPmonomer

concentrations correspond to the TBP activities published in the literature.

Keywords: self-association, association, tri-n-butyl phosphate (TBP), extraction model,
TBP activity.

Tri-n-butyl phosphate (TBP) is widely used in spent nuclear fuel reprocessing

plants. It is the extractant of choice in the PUREX technology process, used for the

recovery of uranium and the separation of plutonium from fission products. In the

THOREX technology process, TBP is used for the separation of uranium from

irradiated 232Th. The basis of both technologies is the extraction of uranyl(thorium)

nitrate from the aqueous phase with TBP.

TBP is usually diluted with an organic diluent to regulate the viscosity and

density of the TBP-diluent system and to avoid criticality of 235U. The choice of

diluent aims at improving the solubility of theTBP-metal salt complex in the organic

phase.

TBP, containing a phosphoryl group, can react with active diluents or it can

self-associate if an inert diluent is used. The distribution of solutes between the

aqueous and the TBP-diluent organic phase is greatly influenced by the diluent used.

The aim of this work was to examine the TBP-diluent interaction and the

self-association of TBP and to determine the corresponding equilibrium constants.

The equilibriumconstants enable the freeTBPconcentration in the different diluents

to be computed.

THEORETICAL

A decrease of the free (uncomplexed) TBP concentration leads to an increase

of the TBP distribution ratio values. The TBP extraction power is lowered as a
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consequence of self-association of TBP, Eq. (1), or of the interaction of the TBP

with the diluent, Eq. (3), in the organic phase. The corresponding equilibrium

constants are given by Eqs. (2) and (4), where, M, D, and S denote the monomer

and dimer of TBP and themonomer of the diluent, respectively. The concentrations,

c, of the species, denoted by the easily recognized subscripts, are given inmol dm�3
:

2TBP(org)  (TBP)2(org) (1)

KD = cD(org)/c
2
M(org) (2)

TBP(org) + S(org)  TBP.Sorg (3)

KMS = cMS(org)/cM(org)cS(org) (4)

The study of TBP self-association in an inert diluent is based on the mass

balance Eq. (5):

ctot
TBP(org) =cM(org) + 2cD(org) (5)

Introducing the value of cD(org), derived from Eq. (2), into Eq. (5), leads to

Eq. (6):

cM(org) = 
Ł
‘‘‘‘‘‘‘‘‘‘‘‘1 + 8KDcTBP(org)

tot  - 1ł/4KD
(6)

Using Eq. (6), the values of cM(org) and KD can be calculated as the best fit of

experimental data to c
tot

TBP(org).

The interaction of TBP with active diluents is presented by Eqs. (3) and (4)

and corresponding mass balance Eq. (7):

ctot
TBP(org) = cM(org) + cMS(org) (7)

The introduction of the cMS(org) value, derived from Eq. (4), into Eq. (7) leads

to Eq. (8).

cTBP(org)
tot  = cM(org) + KMS cM(org) cS(org)

(8)

Eq. (8) together with Eq. (9) and (10) gives rise to Eq. (11):

cS(org)
tot  = cS(org) + cMS(org)

(9)

Kd = cM(org)/cM(aq) (10)

cTBP(org)
tot  = Kdctot

TBP(aq) + KdKMS 
cTBP(aq)

tot  cTBP(org)
tot

1 + KdKMS cTBP(aq)
tot

(11)

From Eq. (11), the values of cM(org) and cMS(org), as well as of Kd and KMS,

can be calculated as the best fit of experimental data to c
tot

TBP(org) and cS(org).

790 ^OMOR, KOPE^NI and PETKOVI]



RESULTS AND DISCUSSION

Earlier investigations on TBP self-association and its interactionwith diluents

have been reported elsewhere.1�6

The distribution ratio of TBP between the organic and aqueous phase is rather

high and is difficult to measure accurately, hence of that, we made use of the very

good TBP distribution data obtained by Johnson and Dillon,2 determined at room

Fig. 1. The distribution of TBP

between different organic dilu-

ents and the aqueous phase. The

lines are the best fit of the experi-

mental data,
2
with Eq. (11).

Fig. 2. The concentration of TBP

monomer in the organic phase,

calculated using Eq. (6) and KD =

0.57 using data from the litera-

ture.
2
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temperature and atmospheric pressure. When n-hexane, as the most inert diluent, is

used, TBP dimers exist in the organic phase. Due to the low solubility of TBP in

water (about 0.0015 mol dm�3), the self-association of TBP in the aqueous phase

can be neglected. The TBP dimerization constant, K
D
, defined by Eq. (2), was

calculated for the organic phase as the best fit of the experimental data on ctotTBP(org)
and c

tot
TBP(aq) using Eq. (11). The curves in Fig. 1 were drawn for K

D
= 0.52 and

Kd = 973.

When benzene and carbon tetrachloride are used as diluents, the TBP distri-

bution is higher than when n-hexane is employed (cf. Fig. 1). This is a consequence
of the interaction of TBP with benzene or carbon tetrachloride, described by Eq. (3)

and the corresponding equilibrium constant Eq. (4).

One can see from Fig. 1 that for a constant TBP concentration in the organic

phase, e.g., 1 mol dm�3 TBP, or 30%, as in the PUREX process (dashed line), the

TBP concentration in the aqueous phase increases in the following order of diluents

used: benzene < carbon tetrachloride < n-hexane. This is in agreement with Fig. 2.

which shows the dependence of the TBP monomer concentration in the organic

phase on the TBP concentration in the aqueous phase for the different diluents. This

suggests that the TBP monomer, responsible for extraction of different materials,

can be a measure of the TBP activity. This is illustrated in Fig. 3, which shows an

agreement between the calculated TBPmonomer concentrations and corresponding

TBP activities. These activities were originally given on the mole fraction concen-

tration scale with pure TBP as the standard state, but they were recalculated to the

mol dm�3 concentration scale with infinite dilution as the standard state.

Fig. 3. The TBP monomer concentrations (line) calculated for KD = 0.57 using Eq. (6). The circles

and triangles are chemical activities taken from the literature,
3,4

respectively.
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TABLE I. The determined dimerization (KD) and association (KMS) constant values of TBP, defined

by Eqs. (2) and (4), respectively, in different diluents. Some literature values are also included.

Diluent Experimental technique KD/mol
-1
dm

3
KMS/mol

-1
dm

3
Source

n-Hexane distribution (wet)

IR spectroscopy (dry)

0.57

2.9

-

-

this work

ref. (5)

Carbon

tetrachloride

distribution (wet)

dieletric constant (dry)

IR spectroscopy (dry)

-

-

-

0.18

1.1

0.9

this work

Ref. (1)

Ref. (6)

Benzene distribution (wet)

dielectric constant (dry)

IR spectroscopy (dry)

-

-

-

0.30

0.1

0.9

this work

Ref. (1)

Ref. 6

Chloroform dielectric constant (dry)

NMR (dry)

-

-

6.1

5.2

Ref. (1)

Ref. (6)

Pure TBP NMR (dry)

IR spectroscopy (dry)

2.9

2.4

-

-

Ref. (6)

Ref. (6)

The calculated values of the equilibrium constant of the self-association and

association of TBP in different diluents are listed in Table I, together with some

literature values. One can notice that the K
D
and K

MS
values determiend in dry

systems are higher than the values calculated for wet systems. This can be a

consequence of the interaction of TBP with water, as shown in our previous paper.6

I Z V O D

SAMOASOCIJACIJA IASOCIJACIJA TRIBUTILFOSFATA (TBF) U RAZNIM

RASTVARA^IMA

JO@EF J. ^OMOR, MIROSLAV M. KOPE^NI i \OR\EM. PETKOVI]

Institut za nuklearne nauke "Vin~a", p. pr. 522, 11001 Beograd

Ispitivana je interakcija tributilfosfata (TBF) sa raznim rastvara~ima, kao

i samoasocijacija TBF-a.Odre|ene su odgovaraju}e ravnote�ne konstante interakcije,

koje su iskori{}ene za izra~unavawe ravnote�ne koncentracije monomera TBF.Izra-

~unata koncentracija monomera TBF se sla�e sa izmerenim aktivnostima TBF-a,

objavqenim u literaturi.

(Primqeno 10. juna, revidirano 3. septembra 1999)
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