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INTRODUCTION 

In previous papers [1-4], we have demonstrated results of the liquid-liquid 
extraction of chromium(III) from alkaline solutions of KCr(S04)2 with 
trioctylmethylammonium chloride (Aliquat 336). The effect of varying compositions 
of the aqueous and organic phases and varying process variables [1,2] on the 
extraction of Cr(III) was examined. The effects of the presence of selected 
electrolytes in the aqueous phase [3] and of temperature [4] on the extraction 
equilibria in the studied system were also reported. 

It was found that at temperature from 273 to 298 K and at the initial 
concentration of chromium(III) in the aqueous phase lower than the initial 
concentration of Aliquat 336 in the organic phase (not exceeding 0.05 M), the 
equilibrium of extraction of Cr(III) from alkaline solutions of KCr(S04)2 can be 
described as follows [3,4]: 

R4NC1 ( 0 ) + Cr(OH)4(a) = R4NCr(OH)4 ( o ) + CF( a) (1) 

Moreover, it was proved that this equilibrium strongly depends on the ionic 
strength (I) of the aqueous phase, and on the temperature ranging from 273 to 298 K. 
This dependence was described by semi-empirical correlations [3,4]. 

I now present results of the studies on the effect of phase contact time and of 
concentration of Aliquat 336 in the organic phase on the extraction of chromium(III) 
from alkaline aqueous solutions of Cr(N03)3 and Cr(C104)3. Moreover, a 
comparison of these results with those obtained previously for the KCr(S04)2 

aqueous solutions is also presented. 

EXPERIMENTAL 

The organic phases, solutions of Aliquat 336 in n-heptane of concentration 
varying from 0.015 to 0.050 M, were modified with 1% (v/v) of 1-decanol. The 
initial aqueous phases, 0.005 M solutions of Cr(III) were prepared from reagent 
grade Cr(N03)3, Cr(C104)3 or KCr(S04)2, NaOH, and distilled water. 

Experiments were carried out at constant phase volume ratio of V0/Va =1:1 
and at constant temperature 298 K (25 °C) and constant time of shaking determined 
experimentally in order to reach the equilibrium of extraction. Except the studies 
involving the effect of shaking time on the extraction. 
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RESULTS AND DISCUSSION 

From experimental results (Fig. 1A, B, C), it comes that an elongation of 
contact time of phases up to 5 hours affects positively the extraction of 
chromium(III) from alkaline solutions, irrespective of the kind of anion present in 
the aqueous phase. However, this positive effect is almost negligible in the 
extraction of chromium(III) from perchlorate and nitrate solutions at the highest (0.7 
M) concentration of NaOH (Fig. 1C). Moreover, results in Fig. 1 indicate that an 
increase of the initial concentration of NaOH from 0.3 M to 0.7 M in aqueous 
solutions containing the same kind of anions extensively reduces percent of 
chromium(III) extraction. 
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Fig. 1A, B, C. The effect of shaking time 
and of the initial concentration of NaOH on 
the extraction of chromium(III) (%E) from 
alkaline 0.005 M solutions of KCr(S04)2, 

Cr(N03)3, and Cr(C104)3 

The ionic strength (I) of the examined 
alkaline aqueous solutions was as follows: 
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This negative effect is attributed to the increasing ionic strength of the aqueous 
phase. On the contrary, a decrease of the yield (%E) of the extraction of 
chromium(III), clearly visible in Fig. IB, and C, can not originate from the negative 
effect of the ionic strength because, as one can notice, chromium(III) is extracted the 
best from alkaline solutions of KCr(S04)2. The ionic strength of which is slightly 
higher than these of the other solutions. Therefore, the reduction of percent of 
chromium(III) extraction (Fig. IB, C) can be discussed in terms of certain properties 
of anions present in the aqueous phases as well as of their competitions with 
hydroxochromate(III) anions within the extraction system. 

Results in Fig. 2A, B reveal that an increase of the concentration of 
extractant from 0.015 to 0.050 M in the organic phase leads to considerable increase 
of the extraction of chromium(III) from alkaline solutions of Cr(N03)3, and 
Cr(C104)3. This effect is not observed for solution of KCr(S04)2. Namely, in this 
system chromium(III) is extracted with almost constant and the highest yield within 
the whole examined range of the extractant concentration. 

From results in Fig. 2A, B, the number of molecules of ammonium salt 
forming complexes with chromium(III) in the organic phase was estimated. The 
stoichiometry of these complexes for each examined extraction system was found at 
the varying ionic strength (I) and at temperature 298 K with the multiple regression 
analysis from the slope of the following function: 

\ogDCr=f log (2) 

where: [RJMOJo and [Cl]a stand for the equilibrium concentrations of free extractant 
in the organic phase and of chlorides in the aqueous phase, respectively. 
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Fig. 2 A, B. The effect of the initial concentration of Aliquat 336 on the extraction of 
Cr(III) from 0.005 M solutions of KCr(S04)2, Cr(N03)3, and Cr(C104)3 in: A - 0.5 

M NaOH; B - 0.3 M NaOH 
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The following dependencies were found for the extraction systems of the 
aqueous phases containing: 

• solutions of Cr(C104)3 

logDCr = (6.69 + 0.34) + (3.46 + 0.18)log ^ 4 A O ] ° _ (15.01+0.88)-
[Cll ' ' 1 + V7 ' 

R2 =0.9853; S.D. = 0.092; F = 369; N = 12. 

• solutions of Cr(N03)3 / -

logDCr =(7.01+ 0.34) + (3.49+ 0 .13) log^ N C l ^ -(15.40 + 0.87) • 

(3) 

[cri ' ' i+V7' 
R2 =0.9812; S.D. = 0.101; F = 522; N=21. (4) 

where: R2, S.D., F, and N stand for the determination coefficient, the standard 
deviation, the Fisher-Snedecor test function, and the number of experimental points, 
respectively. 

Both equations (3) and (4) were compared with the dependence (5) 
established from results of the previous [3,4] and the present studies for the system 
with aqueous solutions of KCr(S04)2 <— 
logD a = (6.85 ±0.12) + (1.04 + 0.08)log [^4 ]°-(13.87 +0.32) • 

[Cll ' ' 1+V7' 

R2 =0.9853; S.D. = 0.103; F = 1176; N=36. (5) 

Correlations (3) and (4) indicate that the ionic pairs containing three 
trioctylmehylammonium cations prevail in the loaded organic phases in the 
extraction of chromium(III) from alkaline solutions of Cr(N03)3 and Cr(C104)3. 
Therefore, this equilibrium differ considerably from this established for the system 
with alkaline aqueous solutions of KCr(S04)2 (see Eqs. (1) and (5)). Moreover, from 
dependencies (3) - (5) it appears that the ionic strength of the aqueous phases 
negatively affects the extraction of chromium(III) in the each of the studied systems. 

81 



CONCLUSIONS 

The extraction of chromium(III) with Aliquat 336 from alkaline media 
depends both on the ionic strength of the aqueous phase and on certain properties of 
anions present in the aqueous solution. Namely, the extraction of Cr(III) increases in 

o 

the following order of anions: CIO4 < NO3 < SO4 and consequently, with the 
increase of their free energy of hydration. 

Therefore, strongly hydrated sulphate anions which are known in the 
Hofmeister series as kosmotropes ("water structure makers", produce stabilizing and 
salting-out effects) favour the extraction of chromium(III) under studied conditions 
while perchlorate and nitrate anions being chaotropes ("water structure breakers", 
produce destabilizing and salting-in effects) negatively affect this process. 
Moreover, negative effect of perchlorates and nitrates on the extraction of Cr(III) 
can be also discussed in terms of their competitions with hydroxochromate(III) 
anions in the extraction. It was also found that formed in the organic phase 
ammonium perchlorate and ammonium nitrate species do not extract chromium(III) 
on the contrary to sulphate and hydroxide species of the extractant. 

The equilibria of the extraction of chromium(III) from alkaline solutions of 
Cr(N03)3 and Cr(C104)3 differ significantly from these established previously for the 
system containing aqueous, alkaline solution of sulphates. The ionic pairs containing 
three trioctylmethylamonium cations prevail in the organic phase in the system with 
perchlorates and nitrates while in the system containing sulphates the ion-pair 
complexes of chromium(III) with one ammonium cation dominate in the organic 
phase. 
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