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a b s t r a c t
The use of Cyanex 272 for extraction of zinc and iron from industrial wastes like chromium(III) 
passivation baths is investigated. The extraction of the metals is studied, in batch conditions, as a 
function of equilibration time, temperature, diluent of the organic solution, metals and extractant 
concentrations and pH values of the aqueous solutions. Also the stripping of the metals from loaded 
organic phases had been investigated using sulphuric acid solutions as strippant.
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1. Introduction

As a unit operation, solvent extraction had long
provided its capabilities in the separation, purification, 
etc., in the hydrometallurgical processing of a number 
of metals. The successful utilization of the technology is 
mainly based, among others, in its operational flexibility, 
the possibility of the treatment of large aqueous volumes, 
and in the rapid processing of the solutions, few minutes, 
since the aqueous stream enters the extraction circuit and 
the metal-loaded strip solution exits from the stripping 
circuit. Sure, the solvent extraction operation has their cons, 
however, these can be minimized upon a proper operation 
procedure.

There are two basic sources for zinc recovery by the 
use of hydrometallurgy: raw materials (i.e. sphalerite) and 
industrial residues and effluents (i.e. electric arc furnace flue 
dusts and chromium passivation baths (PBs)). In most of 
the proposed, and used, recoveries flow-sheets, zinc solvent 
extraction plays a decisive role in the overall scheme due to 
the operational characteristics mentioned earlier. Since zinc 

is mostly presented in the aqueous solutions generated from 
these recovery processes as Zn2+, the extractants used to 
extract the cation are, naturally, acidic or cationic reagents, 
and among them, alkylphosphorus derivatives are often 
used [1–7]. As in all general rules, and despite the earlier, 
there are exceptions and in the case of zinc(II) this occurs in 
the treatment of spent pickling solutions, in which, basic or 
solvation reagents had been proposed as extractants for the 
various neutral species and anionic zinc(II)-chloride com-
plexes [8–10], whereas more recently, ionic liquids had been 
introduced as potential zinc extractants from this chloride 
and other aqueous media [11–16].

The present investigation was undertaken, as a part of a 
whole investigation in the treatment of spent PBs, in order 
to investigate the performance of the solvent extraction 
operation in the treatment of one of this PBs [17,18]. Several 
parameters affecting the extraction of the main metals: 
zinc, iron and chromium, containing in the bath had been 
investigated and also the strip of the metals from metal-loaded 
organic solutions. As an extractant for the system, the 
alkylphosphinic acid with commercial name of Cyanex 272 
has been used along the experimentation. Previously, Cyanex 
272 was used as carrier in previous membrane experiments 
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[15,16], thus may be logical in its use in this work, on the 
other hand, though Cyanex 272 is not as stronger extractant 
for zinc as D2EHPA (di-2-ethylhexylphosphoric acid) is, but 
the strippability of Cyanex 272 phases loaded with zinc and 
iron is more easy done than that with D2EHPA, and in fact, 
iron(III) is not stripped with sulphuric acid solutions but 
with hydrochloric acid solutions.

2. Experimental

The extractant used in this investigation was obtained 
from Cyanex 272 (CYTEC Ind., Canada, in which active 
substance is bis(2,4,4-trimethylpentyl)phosphinic acid. The 
extractant was used without further purification. Organic 
diluents Shellsol D70 (Kremer Pigmente) and Solvesso 100 
(Exxon Chem. Iberia, Spain) were also used without further 
purification. Other chemicals were of AR grade.

The spent PB, and its diluted samples, has the compositions 
shown in Table 1 for zinc, total iron and total chromium.

Extraction and stripping experiments were carried out 
by shaking equal volumes (25 mL each phase), unless other-
wise stated, of the appropriate organic and aqueous solutions 
in separatory funnels, for the time and at the temperature 
required. pH variation investigations on metals extraction were 
conducted by adding to the initial aqueous solutions known 
aliquots of standard NaOH or HNO3 solutions. Metals were 
analysed by atomic absorption spectrometry, whereas the pH 
of the equilibrated aqueous solutions was measured using a 
Crison-250 pH-meter provided with a combined electrode.

3. Results and discussions

3.1. Zinc

Experiments on the influence of contact time on zinc 
extraction have been carried out by shaking at 20°C for 
various lengths of time (5–60 min) the PB solution and 
organic solutions of 10% v/v Cyanex 272 in Shellsol D70 at 
O/A ratio of 1. Results obtained showed that equilibrium is 
achieved within 5 min of contact (56.8% extraction at pHeq 
of 2.52).

The relationship between zinc extracted into the organic 
phase and the temperature was also studied, the aque-
ous and organic solutions used being the same as earlier. 
It is observed (Table 2) that there is little variation in the 
percentage of zinc extraction in the 12°C–50°C temperature 
range, however, zinc extraction tends to increase as the tem-
perature increases to 50°C. The same tendency had been 
observed in the extraction of a passivation bath but with 

nearly half the initial zinc(II) concentration that is presented 
here [16].

The performance of the Cyanex 272-passivation bath 
extraction system was studied using Shellsol D70 and 
Solvesso 100 as diluents for the organic phase. The organic 
phases were of 10% v/v Cyanex 272 in each diluent. Other 
experimental conditions were temperature 20°C, equilibra-
tion time 10 min and O/A ratio 1.

Though in the case of Solvesso 100, zinc equilibrium 
extraction is also reached within 5 min of contact, the results 
obtained shown that the change of the diluent influences 
zinc extraction since the pH50 value (equilibrium pH value in 
which the metal distribution coefficient D = 1 or 50% metal 
extraction) vary from 2.30 (Shellsol D70, aliphatic) to 2.75 
(Solvesso 100, aromatic).

The effect of the initial zinc and extractant concentra-
tions on zinc extraction was examined. Experiments were 
carried out at 20°C by contacting the undiluted passivation 
bath and the bath diluted at 50% and 75% with water and 
organic phases of 5–20% v/v Cyanex 272 in Shellsol D70. 
Fig. 1 shows that the variation of the initial zinc concentration 
has a slight influence on the pH50 value, though at less acidic 
pH values (i.e. around 3.0) the apparent extraction order is 
PB/4 > PB/2 > PB, that is, the more dilute zinc concentration 

Table 1
Chemical composition of bath solutions

Element PB PB/2 PB/4

Zn 10.6 g/L 5.0 g/L 2.8 g/L
Fetotal 59.1 mg/L 28.0 mg/L 12.3 mg/L
Crtotal 4.9 g/L 2.6 g/L 1.6 g/L

PB, undiluted bath; PB/2, bath diluted at 50%; PB/4, bath diluted 
at 75%.

Table 2
Influence of temperature on the extraction of zinc

Temperature pHeq % Zinc extraction

12°C 2.2 43.3
50°C 1.7 45.2

Equilibration time: 10 min. O/A ratio = 1.

Fig. 1. Zinc extraction by Cyanex 272 at various initial metal 
concentrations. Equilibration time 10 min. O/A ratio 1. See Table 1 
for metal concentrations.
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the higher percentage of zinc extraction at a fixed pH value. 
Near complete zinc extraction can be achieved at an equilib-
rium pH in the 3.5 range for the passivation bath diluted at 
50% (PB/2) or 75% (PB/4).

In the case of varying the extractant concentration in 
the organic phase, the results shown that the variation in 
the initial Cyanex 272 concentration has an influence on zinc 
extraction (Fig. 2). The increase in the extractant concen-
tration shifts the extraction curve to the left as expected from 
the general extraction equilibrium shown below.

Zinc extraction by acidic extractants, like Cyanex 272, 
can be primarily described using the most simple approach 
represented by the next equilibrium:

Zn HR R Zn Haq
2+

org 2 org aq
++ ⇔ +2 2  (1)

Thus, zinc extraction is achieved shifting the equilibrium 
to the right, whereas zinc stripping is carried out by shifting 
the equilibrium to the left.

It is worth to note here that the viscosity of the organic 
solutions increases, though not measured in this work, under 
high or near complete zinc loading.

Zinc stripping from loaded organic solutions was inves-
tigated using sulphuric acid solutions, medium which is 
typical of zinc electrowinning operation.

The influence of equilibration time on zinc stripping was 
investigated using organic solutions of 10% v/v Cyanex 272 
in Shellsol D70 loaded with 5.8 g/L Zn and aqueous solutions 
of 1 M sulphuric acid. Temperature was of 20°C, whereas the 
O/A ratio was 1.

Equilibrium was reached very quickly, 5 min, with no 
appreciable change in the percentage of metal stripped at lon-
ger equilibration times, that is, 1 h, thus, using the above exper-
imental conditions the percentage of zinc stripping is near 90%.

The effect of sulphuric acid concentration on zinc 
stripping was also investigated using organic solutions of 
10% v/v Cyanex 272 in Shellsol D70 loaded with 4.7 g/L Zn.

From results presented in Table 3, it can be concluded that 
the increase in the sulphuric acid concentration increased the 
percentage of zinc stripped, moreover, as the sulphuric acid 
concentration increases the less the stages for the complete 
zinc removal from the metal-loaded organic phase.

Results obtained from this investigation also shown that 
the concentration of zinc loaded into the organic phase influ-
ences the percentage of zinc stripped, that is, the higher the 
metal concentration loaded in the organic solution the less 
the percentage of zinc stripped by the sulphuric acid solution 
(Table 4). In this series of experiments a 2 M sulphuric acid 
solution was used as strippant for zinc.

Furthermore, the effect of varying the O/A volume ratios 
on zinc stripping had been investigated using an organic 
solution of 10% v/v Cyanex 272 in Shellsol D70 loaded with 
7.9 g/L Zn, 57.6 mg/L Fe and 0.11 g/L Cr, and a 2 M sulphuric 
acid strip solution. Results obtained from this set of exper-
iments are summarized in Table 5, it can be seen that the 
concentration of zinc in the strip solution can be increased 

Table 3
Influence of sulphuric acid concentration on zinc stripping

Sulphuric acid Stage % Zn stripping

0.5 M 1 83.9
2 10.4
3 0.9

1.0 M 1 91.1
2.0 M 1 99.8

2 0.2

Equilibration time 10 min. Temperature 20°C. O/A ratio 1.

Table 4
Influence of zinc concentration loaded into the organic phase in 
metal stripping

Zinc in the organic solution % Zn stripping

2.4 g/L >99.0
9.1 g/L 58.3

Organic phase: 20% v/v Cyanex 272 in Shellsol D70. Temperature 
20°C. Equilibration time: 10 min. O/A ratio 1.

Table 5
Effect of varying the O/A volume ratios on zinc stripping

O/A ratio [Zn], g/L  
aqueous phase

[Zn], g/L 
organic phase

2 13.0 1.4
4 22.8 2.2
5 26.5 2.6
7 31.5 3.4

Temperature: 20°C. Equilibration time: 10 min.

Fig. 2. Zinc extraction by Cyanex 272 at various initial extractant 
concentrations. Aqueous phase: undiluted passivation bath (PB). 
Equilibration time 10 min. O/A ratio 1.
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to more than 30 g/L, that is nearly four times its concentra-
tion in the corresponding metal-loaded organic phase, after 
equilibration with the acidic solution.

3.2. Iron

Basically speaking, iron is extracted in percentages 
exceeding always 95% for the pH values (around 2.5–3.0) at 
which zinc is extracted. The extraction of iron(III) by Cyanex 
272 is also related to the shift of the next equilibrium to the 
right:

Fe HR FeR Haq
3+

org 3 aq
+

org
+ ⇔ +3 3  (2)

and by shifting the equilibrium to the left, iron is released to 
the stripping solution.

Several remarks obtained from this investigation are:

•	 iron extraction equilibrium is reached within 15 min of 
contact,

•	 the increase of temperature influences iron extraction in 
the same manner that in the case of zinc,

•	 iron is stripped with sulphuric acid in percentages also 
exceeding 95%.

3.3. Chromium

Against zinc and iron behaviour, this element is poorly 
extracted (less than 7%) by Cyanex 272 at the pH values in 
which the other two elements do. The metal is also stripped 
with sulphuric acid. Similar to the case of zinc(II) and iron(III) 
(Eqs (1) and (2)), the extraction of chromium(III) can be 
related to a cation exchange reaction, whereas the stripping 
of the metal from Cr(III)-loaded organic solutions is carried 
out by shifting the equilibrium to the left using acidic solu-
tions as strip phases.

3.4. Extraction–stripping cycles

To investigate the re-use of a given organic solution, 
extraction–stripping studies were carried out on the same 
organic solution of 20% v/v Cyanex 272 in Shellsol D70, the 
aqueous feed solution was the undiluted passivation bath, 

whereas the strippant was a 2 M sulphuric acid solution. In 
all the cycles, the temperature was maintained at 20°C for 
extraction and stripping, and also the equilibration time was 
of 10 min for each stage, using in all the cases O/A volumes 
ratio of 1.

Results obtained from this set of experiments are shown 
in Fig. 3. It was found that after five cycles, nearly 90% of 
zinc was transferred from the aqueous solution to the organic 
phase at an equilibrium pH value of 2.9 ± 0.1, thus, with no 
loss of the initial extraction efficiency. Furthermore, nearly 
60% of the extracted zinc was stripped from the metal-loaded 
organic solution using one step and 2 M sulphuric acid as 
stripping phase.

4. Conclusions

Cyanex 272 is effectively used to extract zinc from chro-
mium passivation baths. The extraction is mainly pH depen-
dent and it is also better to extract with organic solutions 
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Fig. 4. Schematic flowsheet for the treatment of chromium(III) spent passivation baths using Cyanex 272 as extractant.

 

Fig. 3. Zinc extraction and stripping under successive cycles.
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with an extractant concentration of no less than 10% v/v to 
obtain proper zinc recoveries (i.e. around 90%) at pH values 
in the 2.5–3.5 range. Zinc is stripped with acidic strip solu-
tions, though the percentage of zinc stripped in one step is 
dependent upon the concentration of the metal in the loaded 
organic solution and also in the acid concentration of the 
strip solution.

Iron is near quantitatively extracted at the pH values in 
which zinc did and also it is stripped with the acidic solutions.

The extraction of chromium is near marginal, and basi-
cally the element remained in the raffinate obtained from the 
extraction operation.

Based on batch equilibrium results, a unit of three 
mixer settlers (one for extraction and two for stripping) is 
recommended for the treatment of spent passivation baths, 
using an organic phase of 20% v/v Cyanex 272 in Shellsol D70, 
and return electrolyte as strip solution (Fig. 4). The exiting 
zinc-loaded strip solution can be further processed by elec-
trowinning, since the presence of iron is not detrimental for 
the operation, in order to recover zinc as metal zinc [19,20].

It is also advisable not to work with organic phases with 
a high zinc content or with organic solutions with near their 
zinc full load, since in these conditions, the viscosity of the 
organic solution dramatically increases with a loss in the gen-
eral performance of the system.
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