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Abstract

Zinc is used in various metallurgical, chemical and textile industries. In textile industries, waste effluent containing zinc is generated during the
manufacture of rayon yarn. Due to the strict environmental regulations and the presence of toxic metallic and other constituents, the discharge of
effluents in sewage is restricted. In view of above a process has been developed for the recovery of zinc from rayon waste effluent following solvent
extraction technique using thiophosphinic extractants Cyanex 272 and 302. Before recycling of zinc sulphate solution in spinning bath, solution
must be free from calcium, which is deleterious to the process as gypsum precipitates and forms scale. The extractant Cyanex 302 has been found
selective for the recovery of 99.99% of zinc in the form of [R,Zn],, from the effluent above equilibrium pH 3.4 maintaining the O/A ratio of 1/30
leaving all the calcium in the raffinate. The zinc from the loaded Cyanex 302 can be stripped with 10% sulphuric acid at even O/A ratio of 10. The
stripped solution thus obtained could be recycled in the spinning bath of the rayon plant and raffinate could be disposed safely without affecting

environment.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In textile industries, waste effluent containing zinc is gener-
ated from the spinning bath during the manufacture of rayon
yarn from the wood pulp or cotton linters [1]. The composi-
tion of the effluent of the different industries is given in Table 1
which shows that the zinc content in the effluent varies between
30 and 100 mg/L Zn [2]. The quantity of the effluent generated
also varies depending on the capacity of the yarn production
and processing route followed. These effluents are usually neu-
tralised to precipitate zinc before discharging in the sewage.
The sludge thus generated is disposed as waste. The disposal of
sludge also causes environmental pollution. Alternatively, the
effluent may be treated to recover zinc value following solvent
extraction or ion exchange process which is emerging technique
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in the hydrometallurgical treatment of such effluents containing
low metallic value. In the present studies, an attempt has been
made to recover zinc from such effluents containing low metallic
value using solvent extraction technique.

Solvent extraction process is more effective for the sep-
aration and recovery of metals from the complex and low
metallic containing solutions. Attempts have been made
for the solvent extraction of zinc from sulphate solutions
using alkyl carboxylic, phosphoric and phosphonic acids as
extractant [3-9]. The extraction takes place as cationic liquid
ion exchange mechanism. Di(2-ethylhexyl) phosphoric acid
(D2EHPA) has been extensively studied for extraction and
separation of transition metals. The extraction of metal is pH
dependent and their separation could be achieved by precise
control of the pH of solution [10]. It has also been used
for extraction of zinc from the effluent of rayon plant [11]
and leach liquor of zinc plant residue [12]. It forms ZnR,
complex in the organic phase [13]. The studies were also made
for zinc extraction using phosphonic acid based extractants,
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Table 1
Analysis of zinc in the effluent of different rayon industries of India [2]

Serial number Rayon industries of India Average analysis of zinc in effluent (mg/L) Quantity (m?/day) Zinc content (kg/day)
1 M/s Baroda Rayon, Fateh Nagar, Surat 100 960 96
2 M/s National Rayon Corporation, Thane 40 3250 130
3 M/s Indian Rayon Ind. Ltd., Gujrat 40 4500 180
4 M/s SIV Industries Ltd., Coimbatore 30 5000 150

viz. bis(2,4,4-trimethylpentyl) phosphinic acid [Cyanex 272],
bis(2,4,4-trimethylpentyl) dithiophosphinic acid [Cyanex
301] and bis(2,4,4-trimethylpentyl) monothiophosphinic acid
[Cyanex 302] [6-8,14—17] and behaviour of the Cyanex 302 was
compared with D2EHPA and Cyanex 272. The order of extrac-
tion was found to be Cyanex 302 > D2EHPA > Cyanex 272
[14]. The formation of species RyZn and Zn(R,H);,-(RH), with
Cyanex 302 [8,14] and Zn(R>H); and ZnR>-3RH in Cyanex 272
[8] have been reported. The extractant, Cyanex 302 has also been
studied for zinc extraction from the solution containing calcium
[15,16]. The loaded zinc was stripped from organic phase with
sulphuric acid. But there is no detail information regarding the
recovery of zinc from the rayon waste effluent has been found.

In the present paper solvent extraction studies have been made
for the recovery of zinc from the effluent of rayon plant contain-
ing low metallic value. The solution contains calcium as major
impurity, which is required to be removed before recycling in
the spinning bath of rayon industry because it will precipitate
as gypsum and forms scale in the bath with the increase in con-
centration. Various process parameters, viz. extraction of zinc
from different concentration of solution, pH of the solution,
distribution ratio, selective extraction, O/A ratio on extraction
and stripping from loaded organic, complex formation in the
organic phase etc have been studied using Cyanex 302 and
Cyanex 272. Based on the studies a PROCESS is developed
to recycle zinc and could be simulated for the operation in
continuous mode.

2. Experimental
2.1. Materials

The waste effluent supplied by M/s Baroda Rayon Co.,
Gujrat, India, was used for the extraction and separation of zinc
from the impurities particularly calcium. The effluent (pH 6.23)
contains 0.085 g/L. Zn and 0.025 g/L Ca. Initially the synthetic
solution containing the metals in the required proportion was
prepared from their respective sulphate salts. Aqueous solutions
were made using distilled water. The chemical reagents such
as sulphuric acid, sodium hydroxide etc used for the experiment
were of laboratory reagent (L.R.) grade. The extractants Cyanex
272 and Cyanex 302 were supplied by Cyanamid Canada Inc.,
and were used without further purification.

The extractants have following structures:

(0] S
[ I
R> P-OH R, P-OH
Cyanex 272 Cyanex 302

Where, R= C3H17

All other chemicals were reagent grade. The analyses of
the samples were carried out by EDTA-titration using Xylenol
Orange as indicator, atomic absorption spectrophotometer and
inductively coupled plasma spectrophotometer.

2.2. Procedure

Solvent extraction experiments were carried out in a mag-
netically stirred conical flask at room temperature. The organic
and aqueous phases were mixed and then separated in a separat-
ing funnel. The effects of various process parameters, viz. time,
organic:aqueous ratio, pH were studied during the extraction
and separation of Zn—Ca. The aqueous raffinate was analysed to
know metals present. The stripped solution was also analysed to
check the material balance.

3. Results and discussion

3.1. Separation behavior of Cyanex 272 and 302 towards
Zn/Ca

The studies have been carried out for the extraction and
separation of zinc from the aqueous feed solution containing
calcium (2.13 g/L Zn and 0.118 g/L Ca). The results given in
Table 2 indicate that calcium is also extracted along with zinc
when 5% Cyanex 272 and 1% isodecanol diluted in kerosene
is used. The extraction of calcium has been found to increase
from 11.86 to 23.72% with increase in the equilibrium pH of
the aqueous solution from 2.16 to 4.21. The calcium extrac-
tion has also been reported by Rickelton and Boyle [7]. The
extracted calcium in the organic phase is stripped with sul-
phuric acid. It will precipitate as gypsum when its concentration
increases with recycling of the stripping solution in the bath.

Table 2
Extraction and separation of Zn/Ca using different solvent

Serial number Extraction (%)

(A) with Cyanex 272 (B) with Cyanex 302

Equilibrium pH Zn Ca Equilibrium pH Zn Ca

1 2.16 17.84 11.86 1.83 45.97 Nil
2 2.67 56.61 12.45 1.90 53.44 Nil
3 2.76 60.32 1329 2.0 65.51 Nil
4 2.99 69.62 1522 2.13 77.47 Nil
5 3.58 93.66 17.50 2.32 80.45 Nil
6 4.21 99.71 2372 2.92 96.5 Nil

Organic: 5% Cyanex and 1% isodecanol in kerosene (v/v). Aqueous feed:
(A) 2.13g/L Zn and 0.118g/L Ca; (B) 0.87g/L Zn and 0.22g/L Ca.
Organic/aqueous = 1; mixing time, 5 min; temperature, 25-30 °C.
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Fig. 1. Extraction of zinc from the aqueous feed containing 0.31 g/L Zn using
Cyanex 302 [O/A =1, time =5 min, temperature 25 °C].

The studies carried out from the aqueous solution containing
0.87g/L Zn and 0.22 g/L. Ca with 5% Cyanex 302 and 1%
isodecanol in kerosene indicated selective extraction of zinc
leaving all the calcium in the raffinate. The stripped solution
obtained is free from the calcium which could be recycled in
the spinning bath of the rayon plant. Thus, Cyanex 302 is the
selective reagent for the purification of solution containing cal-
cium. The subsequent studies have been carried out with Cyanex
302.

3.2. Extraction of zinc from aqueous solutions

The effect of pH on zinc extraction has been studied using dif-
ferent zinc concentration in the aqueous feed solution at organic
to aqueous ratio 1 using 5% Cyanex 302 and 1% isodecanol in
kerosene. The results presented in Fig. 1 indicate that the extrac-
tion of zinc increases from 36.7 to 99.98% with increase in pH
of the solution from 0.65 to 2.98 for the solution containing
0.31 g/LL Zn. The results also indicate a steep rise in distribution
ratio above 2.78 pH and reaches maximum value at 2.98 pH.
The studies carried out with 0.46 g/LL Zn containing solution at
varying pH also show an increase in zinc extraction from 56.86
t0 99.03% with rise of pH from 1.77 to 2.98 (Fig. 2). The distri-
bution coefficient of zinc was also found to increase from 4.6 to
102 with increase in pH from 2.24 to 2.98.

Subsequent studies carried out with 0.87 g/L. Zn containing
solution indicate the similar trend of increase in metal extraction
with increasing pH (Fig. 3). On comparing the three solutions
for zinc extraction at 2.98 pH, the metal extraction decreases
slightly from 100 to 98.25% with increase in metal content from
0.31 to 0.87 g/l Zn in aqueous feed solution. The distribution
coefficient also decreases from 9977 to 56.2 with increase in
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Fig. 2. Extraction of zinc from aqueous solution containing 0.46 g/L. Zn using
Cyanex 302 [O/A =1, time =5 min, temperature 25 °C].

aqueous feed zinc content. The pH values for 50% extraction
for three different solutions was found to increase from 0.96
to 1.86 with increase in the aqueous feed metal content from
0.31t0 0.87 g/LL Zn. Thus, higher pH is required for the effective
extraction of zinc from the concentrated aqueous feed solution
containing zinc.
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Fig. 3. Extraction of zinc from the aqueous feed containing 0.87 g/L Zn using
Cyanex 302 [O/A =1, time =5 min, temperature 25 °C].
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3.3. Chemistry of zinc extraction

In order to determine the chemistry of the solvent extrac-
tion of zinc using Cyanex 302, the studies has been carried
out for zinc extraction from low metallic content zinc solu-
tion (0.31-0.46 g/L Zn). The zinc exists predominantly as Zn>*
and extracted species are in the form of [R2Zn]oe. The solvent
extracts metal by replacing the hydrogen atoms of the solvent
molecules according to the general reaction [16]. The distri-
bution ratio (D) can be calculated from the expression given
below:

Znaq2+ + 2[RH]org <> [R2Zn]org + 2Haq+ (D
The equilibrium constant may be written:
2
_ (RZZn)org(H+ )aq (2)
(Zn2+),q(RH) org”
R,Z RH)?
2Zn| _ o (RH) 3)
Zn2+ (H+)2

Assuming that RZn is the only extracting species in the organic
phase and metal ions in the aqueous phase predominantly exist
as Zn>*, the distribution ratio [D] is given by the expression

- G
By taking logarithm of terms in Eq. (3) and rearranging,
log[D] = logK — 2 log[(H+)] + 2log[(RH)] @)
log[ D] = logK + 2pH + 2 log[(RH)] (6)

Eq. (3) shows that at low acid concentration (H*) in the aque-
ous phase, it will result high equilibrium proportion of the
zinc in the organic phase (as RyZn). A high acid concentra-
tion will have the opposite effect, i.e. the stripping of metal
takes from the organic phase. The plots have been made log D
against pH of the solution as presented in Fig. 4. Good regres-
sion coefficient was obtained. The slope analysis 1.8 and 1.6
is obtained for the zinc solution of concentration 0.31 and
0.46 g/L, respectively. The slope value is near to 2 that mean two
molecules of organic required for the extraction of one molecule
of zinc. Thus, it suggests that a complex of the form [R2Zn]org
is formed in the organic under this condition with Cyanex
302 [16].

3.4. Effect of O/A ratio on zinc extraction

The organic to aqueous ratio is used for the extraction of zinc
from the aqueous solution. The studies have been carried out
using 5% Cyanex 302 and 1% isodecanol diluted in kerosene
at room temperature. The results presented in Fig. 5 indicate
increase in percentage metal extraction with increase in O/A
ratio from the aqueous feed solution containing 0.31 g/L. Zn.
The extraction increased from 50.0 to 99.67% with increase
in O/A ratio from 1:6 to 4:1. The distribution coefficient pre-
sented in Fig. 5 shows a sharp increase from 27.1 to 302
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Fig. 4. log D vs. equilibrium pH for the extraction of zinc using 5% Cyanex 302
[O/A =1, time =5 min, temperature 25 °C].

with increase in the O/A ratio from 2:1 to 4:1. The extrac-
tion isotherm is plotted in Fig. 6, which shows that the metal
could be recovered from the effluent in one stage at O/A
ratio 1.
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Fig. 5. Effect of O/A ratio on the extraction of zinc using 5% Cyanex 302
[aqueous feed =0.31 g/L Zn, time = 5 min, temperature 25 °C].
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Fig. 6. Extraction isotherm for extraction of zinc with Cyanex 302.

3.5. Extraction of zinc from rayon effluent

The effluent of textile industry obtained from Baroda rayon
has been used for the extraction of zinc and its enrichment to
produce solution suitable for recycle in the spinning bath of the
rayon processing. Different process parameters, viz. pH of the
solution, O/A ratio, stripping of the loaded zinc from the organic
have been studied using the rayon effluent containing 0.085 g/L
Zn and 0.025 g/L Ca. The effect of pH was initially studied at
O/A ratio 1/3 using 5% Cyanex 302 and 1% isodecanol diluted
in kerosene. The results presented in Fig. 7 indicate increase in
extraction of zinc from 75.7 to 97.7% with rise in pH of the
solution from 2.18 to 3.32 and calcium is not extracted from the
aqueous feed solution. The distribution ratio also increases with
rise in the pH of the solution.

The effect of O/A ratio was also studied in order to enrich
the metal content in the organic phase using both Cyanex 272
and Cyanex 302 from the rayon effluent. The Cyanex 272 was
found to be non-selective for zinc extraction with effluent sim-
ilar to one with synthetic solution (Table 2). The extraction of
zinc was constant (84.7%) in the O/A range 1:5-1:20; further,
decrease in O/A ratio to 1:30 decreased the extraction to 53.9%
(Fig. 8). Initially O/A was studied at equilibrium pH 2 using 5%
Cyanex 302 and 1% isodecanol in kerosene. The results pre-
sented in Fig. 9 indicate increase in zinc extraction from 23.0 to
46.1% with increase in O/A ratio from 0.25 to 1.0. As the low
pH 2.0 was not effective for the metal extraction, the extraction
studies carried out at higher pH 3.4 showed complete extrac-
tion of zinc even at O/A ratio 1/30. On comparing the extraction
property of Cyanex 272 with Cyanex 302 of similar strength,
Cyanex 272 extracted only 87.7% (Fig. 8) of zinc even O/A
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Fig. 7. Extraction of zinc from Baroda rayon effluent using 5% Cyanex
302 [aqueous feed =0.085 g/L Zn and 0.025 g/L Ca, time =5 min, temperature
25°C].

ratio 1/5. Thus, the Cyanex 302 is more effective reagent for
the extraction of zinc from the effluent solution of rayon indus-
try. The stripping studies of the loaded zinc was also carried
out after extracting the zinc in 5% Cyanex 302 and 1% isode-
canol in kerosene. The zinc content in the organic phase was
2.549 g/L which was stripped with 10% sulphuric acid at differ-
ent O/A ratio from 1/1 to 10/1 at room temperature. The results
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Fig. 8. Extraction of zinc from Baroda rayon effluent using 5% Cyanex 272 at
different O/A ratio [aqueous feed = 0.085 g/L Zn and 0.025 g/L Ca, time = 5 min,
equilibrium pH 3.4, temperature 25 °C].
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Fig. 9. Extraction of zinc from Baroda rayon effluent using 5% Cyanex 302 at
different O/A ratio [aqueous feed = 0.085 g/L Zn and 0.025 g/L Ca, time = 5 min,
equilibrium pH 3.4, temperature 25 °C].

indicated a complete stripping of the zinc in one stage. The
stripped solution obtained at O/A ratio 10 contained 25.48 g/
Zn which is quite suitable for the use in the spinning bath. The
regenerated organic reagent was recycled for the zinc recovery
in the extraction stage. Its extraction efficiency was also not
affected by repeated recycle of the reagent. The acid content is
also suitable for use in the spinning bath. The process devel-
oped is suitable for the zinc extraction from the effluent of the
rayon plant.

4. Conclusions

The extractant, Cyanex 302 modified with isodecanol is
suitable for the selective extraction of zinc from the sulphate
solution and rayon effluent containing zinc and calcium. It forms
[R2Zn]og complex in the organic phase.

Zinc is effectively extracted above pH 3.4 from the effluent
at O/A ratio of 1/30 and from the organic phase with 10% sul-
phuric acid at even O/A ratio of 10 without affecting the stripping
efficiency.

The solvent is suitable for the extraction and enrich-
ment of zinc from the rayon effluent. The stripped solution
25.48 g/L zinc could be recycled in the spinning bath of rayon
plant.

Acknowledgements

Authors are very grateful to reviewers and Prof. Merv Fingas,
Editor, Journal of Hazardous Materials, for their constructive
comments for the improvement of manuscript. One of the
authors, M.K. Jha is thankful to Council of Scientific & Indus-
trial Research, New Delhi, Government of India, for financial
assistance to carryout this research work. The thanks are also
extended to Dr. Jae Min Yoo, Sr. researcher, KIGAM for his
cooperation.

References

[1] M.K. Jha, V. Kumar, L. Maharaj, R.J. Singh, Studies on leaching and recy-
cling of zinc from rayon waste sludge, Ind. Eng. Chem. Res. 43 (2004)
1284-1295.

[2] M.K. Jha, Studies on the recovery of zinc from secondary/waste material
following leaching-solvent extraction, Ph.D. Thesis, Ranchi University,
India, 2002.

[3] H.J. Bart, R. Marr, J. Scheks, M. Koncar, Modelling of solvent extrac-
tion equilibria of zinc(II) from sulphate solutions with bis-(2-ethylhexyl)
phosphoric acid, Hydrometallurgy 31 (1992) 13-28.

[4] C. Corsi, G. Gnagnarelli, M.J. Slater, F.A. Veglio, A study of the kinetics
of zinc stripping for the system Zn/H,SO4/D2EHPA/n-heptane in a Hancil
constant interface cell and a rotating disc contactor, Hydrometallurgy 50
(1998) 125-141.

[5] G. Cote, Hydrometallurgy of strategic metals, Solvent Extr. Ion Exch. 18
(2000) 703-727.

[6] W.A. Rickelton, R.J. Boyle, Solvent extraction with organophosphines—
commercial and potential applications, Sep. Sci. Technol. 23 (1988)
1227-1250.

[7]1 W.A. Rickelton, R.J. Boyle, The selective recovery of zinc with new thio-
phosphinic acids, Solvent Extr. Ion Exch. 8 (1990) 783-797.

[8] K.C. Sole, J.B. Hiskey, Solvent extraction characteristics of thiosubstituted
organophosphinic acid extractant, Hydrometallurgy 30 (1992) 345-365.

[9] S.Kopacz, Extraction of zinc(I) ions from sulphate solutions with mixtures
of n-hexanoic acid and pentanol in n-decane, Hydrometallurgy 35 (1994)
313-319.

[10] J.E. Preston, Solvent extraction of base metals by mixtures of organophos-
phoric acids and non-chelating oximes, Hydrometallurgy 10 (1983)
187-204.

[11] H. Reinhard, H. Ottertun, T. Troeng, Solvent extraction process for the
recovery of zinc from weakly acidic effluent, in: Liquid Effluents Sympo-
sium, Chemical Engineering Symposium Series No. 41, Appl. Chem. Eng.
Treat. Sewage Ind. (1975).

[12] M. Kunzmann, Z. Kolarik, Extraction of mono and polynuclear complexes
of zinc(Il) with di(2-ethylhexyl) phosphoric acid, in: Proceedings of the
International Solvent Extraction Conference, Kyoto, Japan, July 18-21,
1990.

[13] T.C. Lo, C. Handson, Hand Book of Solvent Extraction, John Wiley &
Sons, New York, 1983.

[14] C. Caravaca, A. Cobo, F.J. Alguacil, Considerations about the recycling of
EAF flue dusts as source for the recovery of valuable metals by hydromet-
allurgical processes, Resour. Conserv. Recycl. 10 (1994) 35-41.

[15] Cyanamid, American Cynamid Company, Technical Brochures, New Jer-
sey, pp. 1-8.

[16] C. Caravaca, FJ. Alguacil, Study of the ZnSO4—Cyanex 302 extraction
equilibrium system, Hydrometallurgy 27 (1991) 327-338.

[17] N.B. Devi, K.C. Nathsarma, V. Chakravortty, Extraction and separation of
Mn(II) and Zn(II) from sulphate solutions by sodium salt of Cyanex 272,
Hydrometallurgy 45 (1997) 169-179.



	Processing of rayon waste effluent for the recovery of zinc and separation of calcium using thiophosphinic extractant
	Introduction
	Experimental
	Materials
	Procedure

	Results and discussion
	Separation behavior of Cyanex 272 and 302 towards Zn/Ca
	Extraction of zinc from aqueous solutions
	Chemistry of zinc extraction
	Effect of O/A ratio on zinc extraction
	Extraction of zinc from rayon effluent

	Conclusions
	Acknowledgements
	References


