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The extraction of zinc(Il), iron(IIl) and iron(II) with TBP from hydrochloric acid solutions
containing high zinc(II) concentration is studied. Two technological approaches for the separation are
considered. Firstly, the selective extraction of iron(IIl) (iron(Il) is oxidized to iron(IIl)) over zinc(II)
with TBP deficiency. Secondly, iron(IIl) reduction to iron(Il) followed by zinc(Il) selective
extraction with an excess of TBP. The total removal of iron(III) needs several successive extractions
with fresh TBP portions. Such a process is not technologically reasonable. Stripping both of zinc(II)
and iron(Ill) can be effectively accomplished with water but is not selective. Prior stripping, the
organic phase can be washed with small amounts of water. Scrubbing of TBP solutions containing
iron(Ill) contaminated with zinc(Il) gives always a mixture of zinc(Il) and iron(Ill) which must be
recycled to the extraction step in continuous process. Scrubbing of TBP solutions containing zinc(II)
and iron(II) enables the removal of iron(II) with some amounts of zinc(II). Again, the solution must
be recycled. Scrubbing is more advantageous than multistage extraction with small volume of TBP.
The following technological concept is proposed: reduction of iron(Ill) to iron(Il), extraction of
zinc(Il) with 5-10 volume excess of TBP, washing of TBP phase contaminated with iron(II) with
small volumes of water and recycling of the scrubbings and stripping of zinc with water.
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INTRODUCTION

Regeneration of spent pickling solutions from hot-dip galvanizing is an important
and still unsolved problem. Hot-dip galvanizing in 96.5-99% purity zinc, carried out at
445-465 °C (Maass, 1998), needs the pure surface of iron goods. The rust is removed
by the pickling with 20% HCI carried out at room temperature.

Pickling solutions are considered as spent solutions when hydrochloric acid
concentration decreases by 75-85%, and metal content increases up to 150-250 g/L
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(Maass 1997, Anielak 1987). The spent pickling solution content depends on the
origin plant and pickling method applied there. Spent pickling solutions from steel
pickling contain zinc(Il), iron (mainly iron(Il)), traces of lead, chromium and other
heavy metals (max. 500 mg/L) and hydrochloric acid. Zinc(II) passes to the spent
solution due to removal of bad covered zinc layers, dissolution of covered with
zinc(II): racks, chains and baskets used for transportation of galvanized elements. As a
result, zinc(II) concentration increases even up to 130 g/L, while iron content does not
exceed 10 g/L (Maass 1997).

The use of several techniques was proposed to regenerate spent pickling solutions
but they were not implemented into industrial practice (Lo, 1991). One of the
possibilities is the use of solvent extraction. Fundamental problems of such separation
were described in our previous papers (Regel et al. 2001, Cierpiszewski et al. 2002,
Regel-Rosocka et al. 2002, Regel-Rosocka et al. 2003). However, problem concerned
spent pickling solutions containing low amounts of zinc(Il) and high amounts of iron.

It is the aim of the work to study the effect of phase ratio on selectivity of zinc(II)
or iron(IIl) extraction with tributyl phosphate from spent pickling solution containing
high zinc(II) concentration.

EXPERIMENTAL

Tributyl phosphate (TBP) (Merck, Germany) was used as an extractant. The
reagent was used as delivered without any purification and was applied as undiluted
and diluted (80%) with low aromatic kerosene Exxsol D 220/230 (ESSO A.G,,
Germany).

Extraction was carried out in small scale (separatory funnels) using different
volume ratios equal to (organic/water) 1:10, 1:5, 1:1, 5:1, 8:1, 9:1 and 10:1. Phases
were mechanically shaken for 10 minutes and left for phase separation. Contents of
the model aqueous feed was near to a real solution from “Belos” galvanizing plant in
Bielsko-Biala and contained 100 g/L Zn(Il), 29 g/L Fe(Il), 1 g/L Fe(Ill) 2.5 M HCI,
6.5 M CI". Stripping from loaded TBP was carried out with deionized water at volume
ratio 1:1. Scrubbing of loaded TBP was carried out with deionized water at w/o ratio
1:5 and 1:10.

In the second part of the experiments the aqueous phase containing 120 g/L Zn(II),
30 g/L Fe(Illl), 4 M HCI, 6.5 M CI' (Feedl) was extracted with 80% TBP in several
stages until iron(IlT) was removed completely. Three volume ratios were used o/w 1:2,
1:5, 1:10. After first extraction, the organic phase was contacted with the fresh
aqueous feed (Feed2: 120 g/L Zn(II), 30 g/L Fe(Ill), 4 M HCI, 6.5 M CI') and after
each further extraction the organic phase was contacted with raffinate (R2;) to load
TBP with iron(Ill) and to push up zinc(Il) from the organic phase. The way of
carrying out the experiment is shown in Fig. 1.

Zn(Il) concentration in the aqueous phase was determined by amperometric
titration with 0.05 M K4[Fe(CN)s]. HCI content in aqueous phase was determined by



Metal removal from spent pickling solutions of high zinc(Il) concentration 123

potentiometric titration (702 SM Titrino, Metrohm, Switzerland) with 0.1 M NaOH.
The content of Fe(Il) and Fe(Ill) was determined by titration with K,Cr,O; (Fe(III)
was reduced to Fe(Il) with 5% solution of SnCl,). The content of water in the organic
phase was determined by the Karl - Fischer titration.
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Fig. 1. Scheme of multistage extraction experiment (E and R denote extract and raffinate, respectively;
capital digit succeeding R or E stands for feed 1 and 2; subscripts denote extraction step)

RESULTS AND DISCUSSION

The real solution from “Belos” galvanizing plant in Bielsko-Biala contains 120 g/L
Zn(Il), 30 g/L Fe(Il), 1 g/L Fe(Ill), 2.5 M HCI, 6.5 M CI". In the considered system of
high chloride concentration, metal ions exist mainly in the form of chlorocomplexes.

The computing results of chlorocomplexes distribution, presented in previous work
(Bartkowska et al. 2002), suggest that in the initial aqueous feed only iron(Il) is
present in cationic forms (Fe*" and FeCl") and can not be extracted by TBP. Both
iron(IIl) and zinc(II) form higher chlorocomplexes which are extracted effectively.

Two technological approaches for the separation were considered. Firstly, the
selective extraction of iron(Ill) over zinc(Il) with small portions of TBP. Thus, it was
assumed that prior extraction iron(Il) would be oxidized to iron(Ill), e.g., with
hydrogen peroxide. Secondly, iron(Ill) reduction to iron(Il) with iron wool followed
by zinc(II) selective extraction with an excess of TBP. Taking into account a high
concentration of zinc(II), the first option seems technologically more sound.

The extraction depends on the phase ratio. Fig. 2 indicates that percentage of
zinc(Il) extraction increases significantly with increasing organic phase volume. For
10-folded excess zinc(Il) extraction reaches almost 100%. Similar behavior is
observed for iron(Ill). However, iron(Ill) extraction is high even for small organic
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phase volume. Iron(Il) extraction increases with increasing o/w volume, too. It can be
explained with iron(II) oxidation to iron(IlI) or iron(Il) transport in hydrophilic cores
of reverse micelles to the organic phase.

In fact zinc(Il) concentration in feed is near 100 times higher than iron(III)
concentration. Thus, the content of zinc(Il) in the organic phase is higher than iron(I1I)
concentration, even for small organic phase volumes. Real view of zinc(I) and
iron(IlT) extraction is better expressed as selectivity characterized by the ratio of
distribution coefficients, e.g.:
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Fig. 2. Effect of organic/water volume ratio on percentage of zinc(Il) (<), iron(IT) (A) and iron(I1I) (1)
extraction and selectivity (ll) of iron(Il) extraction over zinc(II) with 100% TBP. (Feed: 100 g/L Zn(II),
29 g/L Fe(Il), 1 g/L Fe(Ill), 2.5 M HCl, 6.5 M CI')
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The results in Fig. 2 indicate that good extraction selectivity of iron(IIl) over zinc

can be obtained only for small o/w ratios (up to 1:2).

Table 1. Zinc(IT) and iron(III) extraction with 80% TBP for different volume ratios (Feed: 100 g/L Zn(II),
30 g/L Fe(Ill), 2.5 M HCI, 6.5 M CI).

o/w ratio Eznq [Zn(ID)], Efeqm Fe(I1D),
% g/L % /L
1/10 0.37 3.7 11.4 34.2
1/5 0.81 4.1 22.3 334
12 0.78 1.6 42.0 25.2
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Fig. 3. Scheme of multistage extraction experiment (E and R denote extract and raffinate, respectively;
capital digit succeeding R or E stands for feed 1 and 2; subscripts denote extraction step)
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Fig. 4. Iron(I1T) (M, OJ), zinc(I) (A, A) and HCI (>k, +) concentrations in raffinate R1; (., A, +) and
R2; (H, A, %) in nine steps of extraction at o/w = 1:5 (Feed: 120 g/L Zn(II), 30 g/L Fe(Ill), 4 M HCl, 6.5
M CT’; Organic: 80% TBP)

The loading capacities of 80 and 100% TBP are equal to 36 and 45 g/L Fe(lll)
respectively. The organic phase after single extraction with the volume ratio o/w
changed from 1:10 to 1:5 contains over 30 g/L. Fe(Ill) and 3-4 g/L. Zn(Il) (Table 1).
Thus, the total removal of iron(Ill) (after oxidation of Fe(Il)) needs several successive
extractions with fresh TBP portions. Such process is not technologically reasonable.
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Fig. 5. Iron(I1T) (M, OJ), zinc(IT) (A, A) and HCI (>k, +) concentrations in raffinate R1; (d, A, +) and
R2; (M, A, %) in five steps of extraction at o/w = 1:2 (Feed: 120 g/L Zn(II), 30 g/L Fe(IIl), 4 M HC], 6.5
M CT’; Organic: 80% TBP)

The separation of iron(III) over zinc(Il) is enhanced with an excess of the aqueous
feed due to the crowd effect, i.e. when the organic phase is saturated with metal
species then weaker complexes are replaced by the stronger ones. Such a phenomenon
takes place in case of the second extraction (see Fig. 1 with extraction scheme), where
raffinate after the extraction is richer in Zn(II). It is observed for all o/w ratios 1:2, 1:5
and 1:10 in Figs. 3-5, respectively. Iron(IIl) concentration in both raffinates (Fel, Fe2
in R1; and R2;) decreases almost to 0 g/L.. However, zinc(I) concentration (Znl) in
raffinate R1; also decreases in each successive step of extraction. It means that Zn(II)
is co-extracted to the organic phase. However, after contacting the loaded TBP with
the second raffinate R2;, Zn(Il) concentration (Zn2) increases in each step and finally
amounts to at least initial value in feed. HCI extraction plays important role in zinc(II)
and iron(III) extraction. A dramatic decrease of HCI concentration (HCI11), from over
4 to 2 M, is observed in first three, six and nine steps in raffinate R1; for o/w = 1:2, 1:5
and 1:10, respectively. Then, HCI transport is not significant. HCI concentration
decreases continuously in the raffinate R2;.

The results indicate that the “double extraction” carried out according to the
scheme given in Fig. 1 enables the extraction of iron(Ill) in the presence of zinc(II)
which accumulates in the aqueous phase (Fig. 6). Unfortunately, too many stages are
needed.

Stripping both of zinc(Il) and iron(IIl) can be effectively accomplished with water
which, however, is not selective, i.e., both Fe(Ill) and Zn(Il) are stripped. Prior
stripping, the organic phase can be washed with small amounts of water (Table 2). For
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w/o = 1:5 near 30% of zinc(Il) is scrubbed from loaded TBP with water and almost
40% with Fe(Ill) solution. Fe(Ill) solution is used to increase crowd effect and to

cause higher zinc(Il) transfer to the aqueous phase. However, no visible impact is
observed.
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Fig. 6. Ratio of Fe(IIT) and Zn(II) concentrations in raffinate R1; (L, B, <) and R2; (A, A, V) after
each extraction step at o/w = 1:2 (1, A); 1:5 (M, A) and 1:10 (k, V).

Table 2. Zinc(II) and iron(I1I) scrubbing from two times loaded 80% TBP (E2;) (Sc stands for scrubbing,
ol and 02 denote organic phase before and after scrubbing, respectively)

Scrubbing w/o [Zn(ID)], [Fe(IID)],1 Scznan SCre(u [Zn(1D)]2 [Fe(IID)]o2
phase g/L g/L % % g/L g/L
water 1:5 47.2 16.3 27.5 20.4 34.3 13.0
water 1:5 31.7 42.2 28.4 18.0 22.9 34.6

4.5 g/L Fe(II) 5:1 18.3 23.2 100 71.3 0 6.62
4.5 g/L Fe(Ill) 1:5 19.4 22.1 394 15.8 11.7 18.6

Table 3. Zinc(IT) and iron(II) extraction for different volume ratios and TBP concentrations
(Feed: 100 g/L Zn(II), 30 g/L Fe(II), 2.5 M HCl, 6.5 M CI)

[TBP] o/w before EZn(ll) EFe(ll) [ZH(II)]O [Fe(H)]O o/w after
% extraction % % g/L g/L extraction
100 8:1 99.4 15.9 11.9 0.55 20:1
9:1 99.8 42.1 10.3 1.3 37:1
30 8:1 98.3 12.4 11.7 0.44 16:1
9:1 99.0 14.9 10.9 0.49 20:1
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An excess of scrubbing phase causes high Fe(Ill) washing out. Unfortunately, in
case of small water amounts iron(IIl) is also scrubbed. Thus, it is impossible to wash
out zinc(Il) selectively without loss of iron(Ill). Scrubbing solution is always a
mixture of zinc(Il) and iron(Il) and it must be recycled to the extraction step in
continuous process. However, scrubbing is more advantageous than multistage
extraction with small volume of TBP.

Results presented in Table 3 show very effective zinc(Il) extraction (over 98%) in
the presence of iron(Il) at high excess of the organic phase. On the other hand, iron(II)
is extracted significantly (over 10%). It is probably result of water transfer to the
organic phase and iron(Il) physical transport. o/w ratio after extraction confirms a
dramatic decrease of the aqueous phase volume, especially in case of 100% TBP.
Practically such continuous process can be carried out only with recycling of the
aqueous phase from the settler to the mixer of the same contactor to keep the phase
ratio in reasonable range o/w = 2:1-1:1.

Table 4. Zinc(II) and iron(II) scrubbing with water from loaded 80% TBP (Sc stands for scrubbing, ol
and 02 denote organic phase before and after scrubbing, respectively)

w/o [Zn(ID)]o; [Fe(ID]o Sczaan Screan [Zn(ID)],, [Fe(I0D],
g/L g/L % % g/L g/L

1:5 12.7 0.42 15.3 100 10.7 0

1:5 11.3 0.43 16.1 100 9.4 0

1:10 12.7 0.42 5.1 50.6 12.09 0.21

1:10 11.3 0.43 6.5 78.4 10.56 0.09

Scrubbing of TBP solutions containing zinc(II) and iron(Il) enables the removal of
iron(Il) with some amounts of zinc(Il) (Table 4). 100% of iron(II) is washed out from
80% TBP at w/o volume ratio 1:5. Using of higher volume ratio decreases amount of
scrubbed iron(Il). Again, the solution must be recycled because some amounts of
zinc(Il) (5-16%) are washed out. The removal of iron(Il) by scrubbing with water
supports the idea of unspecific iron(Il) transfer in the cores of reverse micelles.

CONCLUSIONS

Two technological approaches for the separation are considered: the selective
extraction of iron(IIl) over zinc(Il) with TBP deficiency, and zinc(Il) selective
extraction with an excess of TBP after iron(IIl) reduction to iron(Il). None of the both
versions enables selective extraction of iron(IIl) or zinc(Il). The total removal of
iron(IIl) needs several successive extractions with fresh TBP portions. Zinc(II) can be
quantitatively recovered using 5-10 volume excess of TBP.

Stripping both of zinc(Il) and iron(Ill) can be effectively accomplished with water
but is not selective. Prior stripping, the organic phase can be washed with small
amounts of water. Scrubbing of TBP solutions containing iron(III) contaminated with
zinc(I) gives always a mixture of zinc(Il) and iron(IIl) which must be recycled to the
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extraction step in continuous process. Scrubbing of TBP solutions containing zinc(II)
and iron(Il) enables the removal of iron(Il) with some amounts of zinc(Il) (5-16%).
Again, the solution must be recycled. The removal of iron(Il) by scrubbing with water
supports the idea of unspecific iron(Il) transfer in the cores of reverse micelles.

The following technological concept is proposed: reduction of iron(IIl) to iron(Il),
extraction of zinc(Il) with 5-10 volume excess of TBP, washing of TBP phase
contaminated with iron(II) with small volumes of water and recycling of the
scrubbings and stripping of zinc with water.
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Badano ekstrakcje cynku(Il), zelaza(Il) i zelaza(IIl) za pomoca fosforanu tributylu (TBP) z
roztworéw potrawiennych kwasu solnego o wysokim stgzeniu cynku. Rozpatrzono dwa podejscia
technologiczne. Pierwsze: selektywna ekstrakcje zelaza(IIl) (zelazo(Il) utleniono do zelaza(III)) wobec
cynku(Il) niedomiarem TBP. Drugie: redukcjg zelaza(Ill) do zelaza(Il), a nastgpnie selektywna ekstrakcje
cynku(Il) nadmiarem TBP. W celu catkowitego usunigcia zelaza(Ill) nalezy zastosowaé kilka do
kilkunastu stopni ekstrakcji §wiezym TBP. Reekstrakcje zarowno cynku(ll), jak i zelaza(III) za pomoca
wody mozna przeprowadzi¢ wydajnie, ale nie jest ona selektywna. Przed reekstrakcja nalezy przemyc¢
fazg organiczna niedomiarem wody. Odmycie z TBP natadowanego cynkiem(II) i zelazem(II) pozwala na
calkowite usunigcie zelaza(Il) i pewnych ilosci cynku(Il). Odmywanie jest korzystniejsze niz
wielostopniowa ekstrakcja niedomiarem TBP. Zaproponowano nastgpujaca koncepcje technologiczna:
redukcje zelaza(Ill) do zelaza(Il), ekstrakcje cynku(II) nadmiarem objgtosciowym TBP 5-10, odmycie
TBP zanieczyszczonego zelazem(Il) mala iloScia wody i zawrdcenie roztworu wodnego po odmyciu,
reekstrakcje cynku(Il) woda.



