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Abstract   This paper reports on the recovery of zinc, cobalt and manganese by two-step leaching 
of zinc-plants purification residue with sulfuric acid. The residue, hot filter press cake (HFC), 
contains 14 % ZnO, 4.8 % Co3O4 and 22.9 % MnO. Effects of different parameters are determined 
and used to optimize the process. With acid to hot filter press cake (HFC) stoichiometry of 0.85, 
acid concentration of 30 g/L and temperature of 25ºC, it took two minutes to separate zinc from 
zinc plant residue. Hydrogen peroxide (H2O2) was used as an oxidation agent. The most suitable 
acid concentration for leaching of both cobalt and manganese was 50 g/L. Recovery of cobalt and 
manganese increased with peroxide concentration in the leaching solution. 
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 دو مرحلـه انحـلال      ي، کبالت و منگنز ط ـ    ي فلزات رو  يابيباز  مختلف بر  ير پارامترها يتاثن مقاله   يدر ا چكيده          

 يک گرم حاو  يلتر ک ين پسماند، ف  يا. استشده  ک مطالعه   يد سولفور ي با اس  يد رو يه کارخانجات تول  يپسماند تصف 
نـه  يط به يشـرا . باشـد   ي م ـ )MnO(د منگنز   يساک% ۹/۲۲و  ) Co3O4( د کبالت ياکس% ۸/۴،  )ZnO (يد رو ياکس% ۱۴
 و g/L ۳۰ک يد سـولفور  ي، غلظـت اس ـ   ۸۵/۰ک گرم معادل    يلتر ک يد به ف  ي اس يترموي در نسبت استوک   ي رو يابيباز
 ـ بازين مرحله براينگ ايچياز پسماند ل  . قه بدست آمد  ي دق ۲زمان   و حداقل    ºC۲۵ يدما  منگنـز و کبالـت بـا    يابي

ن فلزات  ي ا يابي باز يط برا ين شرا يبهترمشاهده شد كه    .  استفاده شد  (H2O2)ژنه  ي آب اکس  ياستفاده از حلال حاو   
 مقدار انحـلال    زيادتر شدن ژنه باعث   يش مقدار آب اکس   ي افزا ه و دبوک  يد سولفور ي اس g/L ۳۰ ي حاو يمحلول آب 

 .شود کبالت و منگنز مي
 
 

 
1. INTRODUCTION 

 
With an ever-increasing demand for Co, Mn and 

Zn, it is worthwhile to exploit secondary resources. 
Cobalt-bearing manganese wad [1], spent lithium-
ion batteries [2], waste dust generated by glass 
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industry [3], copper smelter slag and converter slag 
[4,5], spent cobalt/manganese bromide oxidation 
catalyst, spent ammonia cracker catalyst [6], fly 
ash generated from municipal incineration plants 
[7] and zinc plants residue [8,9] are a number of 
secondary resources. 
During recent years, several hydrometallurgical 
processes have been developed for Co, Mn and Zn 
from these resources. These processes generally 
include the following major unit operations: 1 
roasting (not always), 2 leaching by acids, bases or 
water, 3 removal of impurities such as iron, 4 
separation and recovery processes and 5 refining of 
recovered metals[2-4,7,9-11]. A lot of researchers 
have worked to improve the extraction methods 
and promote the recovery efficiency of these 
processes [10,12-18]. 
     Leaching is the most important starting point of 
most hydrometallurgical processes. Suitable 
leaching conditions can be determined for an 
appropriate design of the leaching system. These 
parameters consist of leachant concentration, 
reaction time, size of solid particles, shape of solid 
particles, solid to liquid ratio and temperature. A 
leaching process can often be selected for 
dissolving valuable metals from an ore or a 
secondary resource; whilst leaving most of the 
gangue largely unaffected. Thermodynamic 
parameters such as concentration and temperature 
of the leachant can be used to predict and control 
the general conditions required for dissolution of 
secondary resources into water. A large number of 
studies have been carried out to optimize these 
processes [2,4,9-11,16-18]. Previous researches 
have rationalized the kinetics of dissolution of 
zinc, manganese and cobalt in a few leachant 
solutions [19-22]. 
     Zhang, et al. introduced a hydrometallurgical 
process for the recovery of metals from spent 
secondary batteries [2]. In this study hydrochloric 
acid was found as the best leachant. At 80ºC, the 
efficiency of the cobalt leaching process became 
more than 99 % in 1 hour. 
     From the literature it seems that the sulfuric 
acid is commonly used as a leachant in many cases 
[3,4,6, 8-12,15-17,20] 
     A process was invented by Nguyen for 
simultaneous electrolyte production of manganese 
dioxide and zinc from waste materials consisting 
of spent batteries and other electronic components 

[23]. This process included acidic leaching and 
electrolysis of the spent parts. Landucc et al. 
introduced a hydrometallurgical process for the 
treatment of zinc plant residue [24]. This process 
included a two-step leaching of the residue in 
sulfuric acid at atmospheric pressure and a 
temperature above 60ºC. The final product of the 
process was a purified zinc sulfate solution. 
     Senanayake introduced an equation for the 
kinetics of leaching mono-sized pyrolite, which 
was based on a shrinking sphere model [19]. The 
kinetics of cobalto-cobaltic (Co3O4) dissolution in 
sulfuric acid was also investigated by Hubli, et al. 
[21]. It was found that the rate controlling step for 
this reaction was diffusion. 
     In the zinc production industry, leaching is a 
one or two step procedure using a batch or a 
continuous system. Although the single-step 
procedure used requires small capital investment, it 
must be carefully controlled for minimization of the 
amount zinc that is lost. New zinc plants use various 
modifications of leaching procedures because it 
includes the recovery of zinc and some other 
valuable metals. Residue from diluted acid leaching 
is one of the most important resources which should 
be considered for this purpose. Zinc plant leaching 
residue can contain zinc ferrite, entrained zinc 
sulfate, undissolved zinc oxide and other valuable 
materials such as lead, copper, cadmium, cobalt, 
nickel, manganese, silver and gold. Turan et al. has 
studied the recovery of zinc and lead from zinc plant 
residue [8]. The residue was discarded as a cake. It 
contained more than 11 % zinc and near 25 % lead. 
This residue was blended with H2SO4 and 
subjected to a process comprising of roasting, 
water leaching and finally NaCl leaching. The 
recovery percentage of zinc and lead at the end of 
this multi stage process was about 86 % and 89 %, 
respectively. 
     Another work on the treatment of the zinc plant 
residue has been developed by Wang and Zhou [9]. 
Their recommended process consisted of six major 
unit operations: 1 washing, 2 roasting, 3 leaching, 
4 precipitation of iron and manganese, 5 separation 
of zinc, 6 separation of nickel and 7 precipitation 
of cobalt. 
     Leaching of zinc concentrate is a well-known 
method for producing zinc sulfate solution. In the 
Iranian national Lead and Zinc Company located 
in Zandjan, Iran, sulfuric acid leaching of zinc 
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concentrates is carried out in two stages under 
certain conditions: (a) acidic leaching and (b) 
neutralized leaching. Acidic leaching has been 
done in an adjusted pH value of 1 to 2. In this step, 
almost all Zn is dissolved. In the second step, the 
neutralized leaching is carried out at 70ºC. A zinc 
concentrate and/or limestone are added to the 
solution and pH of the solution increases to 5. 
After the second step, impurities such as Fe, Co, 
Cd and Ni are dissolved in the leaching liquor. 
These impurities should then be removed from this 
liquor. During the first purification step, addition 
of KMnO4 at a temperature equal of 90ºC results in 
Fe+2 and Co+2 conversion into Fe+3 and Co+3, 
respectively. Calcium hydroxide (Ca(OH)2) is then 
added to the leach liquor and the iron and cobalt 
are precipitated in the form of hydroxide at the pH 
value of 5. After separation of this precipitated 
solid phase, which is named hot filter press cake 
(HFC), zinc powder is added to the leach liquor at 
a temperature of 70ºC. Ni and Cd are thus 
cemented and removed from the leach liquor. After 
separation of this precipitated solid phase, which is 
named Cild Filter Press Cake (CFC), the pregnant 
leach liquor (PLS) is used to make up zinc electro-

wining solution cycle. 
     A substantial part of the zinc and other metals 
such as cobalt, cadmium, nickel and manganese 
remains therefore as residue. These residues must 
be further treated to provide an economic recovery 
of zinc, cadmium, cobalt, nickel, and manganese. 
This study gives details of investigations carried 
out recently in our laboratory on the recovery of 
zinc, cobalt and manganese from HFC zinc plant 
residue of Iran. 
 
 
 

2. EXPERIMENTS AND METHODS 
 
2.1. Materials   A hot filter press cake (HFC) of 
cobalt from the National Iranian Lead and Zinc 
Company located in Zandjan, Iran was used in this 
research. X-ray fluorescence (XRF) analysis of the 
material is given in Table 1. X-ray diffraction 
(XRD) of the material shows an amorphous filter 
cake structure. Both sulfuric acid and ammonium 
hydroxide used in this research are of an analytical 
grade produced by Baran Company located in 
Tehran, Iran. Hydrogen peroxide, potassium nitrate 

 
 
 
 

TABLE 1. Chemical Composition of Zandjan, Iran Zinc Plant Residue. 
 

Component wt % 

CaO 13.5 

CdO 0.17 

Co3O4 4.8 

CuO 0.079 

MnO 22.9 

NiO 0.07 

PbO 0.62 

SO3 25.8 

ZnO 14.00 

LOI. 17.54 
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and reagents used in this research are made by 
MERCK (a chemical company of Germany). 
2.2. Experimental Procedure   Leaching was 
carried out in a 0.5-L batch glass reactor. A 
mechanical mixer agitated the liquor at a speed of 
300 rpm and ambient temperature. A water bath 
was used to control the temperature. Atomic 
adsorption spectroscopy was used to determine the 
concentration of Zn, Mn and Co in the leaching 
liquor. The leaching ability of the zinc filter cake 
was investigated. Solid stoichiometry, acid 
concentration and the time for leaching were 
optimized. Cobalt/manganese filter cake recovery 
was determined. Acid concentration and 
H2O2/KNO3 consumption were also evaluated. 
 
 
 

3. RESULT AND DISCUSSION 
 
3.1. Effect of Acid Stoichiometry on HFC 
Zinc Leaching   Figure 1 shows the effect of 
acid to HFC stoichiometric ratio and the leaching 
time on the dissolution of HFC in 5 g/L sulfuric 
acid. The experiments were carried out in four 
stoichiometric ratios of 1.1, 0.95, 0.9 and 0.85. As 
can be seen, for a constant acid concentration of 5 
g/L, the best performance is obtained with the acid 
to HFC stoichiometric ratio of 0.85. Also, This 
figure shows that the zinc concentration decreases 
with the increasing of the acid to HFC 
stoichiometric ratio. Also Figure 2 indicates that 
the pH value produced during the leaching process, 
decreases with increasing the ratio of H2SO4/ 
HFC. Lower pH means greater impurity dissolution 
and acid consumption. From these results it can be 
concluded that the best acid stoichiometry to HFC 
is 0.85. 
 
3.2. Effect of Time and Acid Concentration 
on Leaching of the HFC Zinc Content 
Figure 3 shows the effect of time on the zinc 
concentration of the liquor obtained from leaching 
HFC with sulfuric acid at a stoichiometric ratio 
of 0.85. As is obvious from the figure, it takes 
less than 60 sec for the reaction to reach to 80 
% completion. With all acid concentrations, 
the zinc dissolution reaction completes in 
approximately two minutes. Greater time does 

not considerably change the zinc recovery 
percentage. Two minutes is, therefore, an 
appropriate time for the leaching of HFC zinc. 
Due to the fast leaching rate, kinetic parameter 
measurements and the controlling step determination 
seems to be practically impossible. 
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Figure 1. Effects of leaching time and acid to HFC 
stoichiometric ratio on zinc concentration in a solution 
containing 5 g/L of sulfuric acid. 
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Figure 2. Leach liquor pH against time at different acid 
stoichiometries. 
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     The effect of acid concentration on the leaching 
of HFC was determined. For the stoichiometric 
ratio of 0.85, Figure 3 was obtained. The figure 
indicates that with the increasing of the acid 
concentration from 5 to 50 g/L, the zinc 
concentration increases from 4 to 34 g/L at t = 2 
minutes. Using acid concentrations greater than 30 
g/L produces filtration problems during 
solid/liquid phase separation. 
The procedure resulted in partial leaching of the 
HFC Mn and Co, too. Acid concentrations 
exceeding 30 g/L also dissolved the Fe content of 
the HFC. This led to furtherance of an HFC iron 
removal step. With the solid stoichiometry of 0.85, 
the best result corresponded with an acid 
concentration of 30 (g/L). After optimizing the 
zinc leaching parameters and removing it from the 
filter cake, the remained residue was treated for 
recovery of Co and Mn. Hence, the optimized 
conditions for Co and Mn recovery were 
determined. 
 
3.3. Effect of Acid Concentration on Leaching 
of the HFC Cobalt and Manganese Contents 
The effect of acid concentration on leaching of the 

HFC cobalt and manganese was also investigated. 
For a constant H2O2 addition (5cm3), the leaching 
was facilitated with a greater acid content (Figure 
4). Figure 4a and 4b show that with increasing the 
acid concentration from 20 to 50 (g/L), the 
respective concentrations of Co and Mn increase 
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Figure 3. Kinetics of zinc leaching, using different 
concentrations of acid and at constant stoichiometry ratio 
equal to 0.85. 
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Figure 4. Effect of addition of H2O2 on (a) cobalt and (b) 
manganese concentration after 10 minutes leaching with 
different acid concentrations. 
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from 0.8 to 1.5 (g/L) and 9 to 15 (g/L) in the 
leaching solution. Based on these results, 50 g/L is 
a suitable acid concentration for the leaching of the 
HFC cobalt and manganese residual content. 
 
3.4. Effect of H2O2 and KNO3 on Leaching 

of the HFC Cobalt and Manganese Contents 
The effect of H2O2 addition on leaching of 
cobalt and manganese is shown in Figure 4. 
From the Figures, it seems that the addition of 5 
g/L of H2O2 has the best influence on both on 
the cobalt and manganese leaching process. 
Greater amounts of H2O2 do not have a 
significant effect. 
     According to Figure 5, it can be seen that the 
maximum leaching value of Co is obtained when 
a minimum of 100 g/L KNO3, as a reductive 
agent, is added. Similar results are obtained with 
1.5 g/L of H2O2 (with compares Figure 5a). For 
reduction of Mn, the KNO3 concentration should 
be more than 400 g/L and a similar result is 
obtained with 1.1 g/L of H2O2 (with compares 
Figure 5b). This is of course not an economical 
procedure. 
 
 
 

4. CONCLUSIONS 
 
A process was developed for the recovery of zinc, 
cobalt and manganese from filter-cake zinc plant 
residue. Leaching of the residue in sulfuric acid led 
to the dissolution and extraction of all three 
elements. The best acid concentration for 
separation and removal of zinc from the residue 
with a solid stoichiometry of 0.85 was 30 g/L. Zinc 
recovery was increased with acid concentration. 
Solid phase separation from the solution became, 
however, more difficult at concentrations greater 
than 30 g/L. 
     At an acid concentration of 30 g/L, the zinc 
dissolution reaction reached completion in 2 
minutes without any cobalt or manganese 
dissolution. The maximum leaching rate of 
cobalt was obtained at 100 g/L of KNO3 
concentration. This was added as a reductive 
agent to the leaching solution. H2O2 showed 
similar effects when up to 1.5 g/L was added to 
the leaching solution. A KNO3 concentration 
greater than 400 g/L was suitable for Mn 
reduction. This did not seem economically 
feasible. 
     The most suitable sulfuric acid concentration 
for leaching of cobalt was 50 g/L. At this 
concentration, almost all cobalt content of the 
HFC became solvable. Leaching conditions for 
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Figure 5. Effect of KNO3 on (a) cobalt and (b) manganese 
concentrations after 10 minutes leaching with 50 g/L sulfuric 
acid. 
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manganese and cobalt were both optimized in 
this research. Both elements (cobalt and 
manganese) existed in the leaching solution. 
For separation and recovery of both elements, 
a solvent extraction process proved to be 
usable. 
 
 
 

5. ACKNOWLEDGMENTS 
 
The authors wish to express their gratitude to The 
Ministry of Industry and Mines of the Islamic 
Republic of Iran for their financial support for 
project No. 18205312261026 and permission to 
publish this paper. Many thanks are also extended 
to Miss E. Ataar and Mr. M. Mirzazadeh for their 
helpful activities in running the tests and analyzing 
the materials. 
 
 
 

6. REFERENCES 
 
1. Canterford, J. H., “Sulfuric acid leaching of cobalt-

bearing manganese wad”, Hydrometallurgy, Vol. 14, 
No. 1, (1985), 35-46. 

2. Zhang, P., Yokoyama, T., Itabashi, O., Suzuki, T. M. 
and Inoue, K., “Hydrometallurgical process for recovery 
of metal values from spent lithium-ion secondary 
batteries”, Hydrometallurgy, Vol. 47, No. 2-3, (1998), 
259-271. 

3. Jandova, J., Vu, H. and Dvorak, P., “Treatment of 
sulfate leach liquors to recovery cobalt from waste dusts 
generated by the glass industry”, Hydrometallurgy, Vol. 
77, No. 1-2, (2005), 67-73. 

4. Arslan, C. and Arslan, F., “Recovery of copper, 
cobalt and zinc from copper smelter and converter 
slags”, Hydrometallurgy, Vol. 67, No. 1-3, (2002), 
1-7. 

5. Anand, S., Das, R. P. and Jena, P. K., “Sulfuric 
acid pressure leaching of Cu-Ni-Co obtained from 
copper converter slag-optimization through factorial 
design”, Hydrometallurgy, Vol. 26, No. 3, (1991), 
379-388. 

6. Rane, M. V., Bafna, V. H., Sadanandam, R., Sharma, 
A. K., Ramadevi, K., Menon, N. K., Fonseca, M. F., 
Tangri S. K. and Suri, A. K., “Recovery of high 
purity cobalt from spent ammonia cracker catalyst”, 
Hydrometallurgy, Vol. 77, No. 3-4, (20050, 247-
251. 

7. Nagib, S. and Inoue, K., “Recovery of lead and 
zinc from fly ash generated from municipal 
incineration plants by means of acid and/or 
alkaline leaching”, Hydrometallurgy, Vol. 56, No. 
3, (2000), 269-292. 

8. Turan, M. D., Altundogan, H. S. and Tumen, F., 
“Recovery of zinc and lead from zinc plant 
residue”, Hydrometallurgy, Vol. 75, No. 1-4, 
(2004), 169-176. 

9. Wang, Y. and Zhou, C., “Hydrometallurgical 
process for recovery of cobalt from zinc plant 
residue”, Hydrometallurgy, Vol. 63 No. 3, (2002), 
225-234. 

10. Jandova, J., Lisa, K., Vu, H. and Vranka, F., 
“Separation of copper and cobalt-nickel sulfide 
concentrate during processing of manganese deep ocean 
nodules”, Hydrometallurgy, Vol. 77, No. 1-2, (2005), 
75-79. 

11. Clark, S. J., Donaldson, J. D. and Khan, Z. I., “Heavy 
metals in the environment. Part VI: Recovery of cobalt 
values from spent cobalt/manganese bromide oxidation 
catalysts”, Hydrometallurgy, Vol. 40, No. 3, (1996), 
381-392. 

12. Vu, H., Jandova, J., Lisa, K. and Vranka, F., “Leaching 
of manganese deep ocean nodules in FeSO4-H2SO4-H2O 
solutions”, Hydrometallurgy, Vol. 77, Issue 1-2, (2005), 
147-153. 

13. Pagnanelli, F., Furlani, G., Valentini, P., Veglio F. and 
Toro, L., “Leaching of low-grade manganese ores by 
using nitric acid and glucose: optimization of the 
operation conditions”, Hydrometallurgy, Vol. 75, No. 
1-4, (2004), 157-167. 

14. Kanungo, S. B. and Das, R. P., “Extraction of metals 
from manganese nodules of the Indian Ocean by 
leaching in aqueous solution of sulfur dioxide”, 
Hydrometallurgy, Vol. 20, Issue, 2, (1988), 135-
146. 

15. Agatzini, S. L. and Zafiratos, I. G., “Beneficiation 
of a Greek serpentinic nickeliferous ore Part II., 
Sulfuric acid heap and agitation leaching”, 
Hydrometallurgy, Vol. 74, No. 3-4, (2004), 267-
275. 

16. Nathsarma, K. C. and Bhaskara Sarma, P. V. R., 
“Separation of iron and manganese from sulfate 
solutions obtained from Indian ocean nodules”, 
Hydrometallurgy, Vol. 17, No. 2, (1987), 239-
249. 

17. Momade, F. W. Y., “Sulfuric acid leaching of the 
Nsuta manganese carbonate ore”, Hydrometallurgy, 
Vol. 40, No. 1-2, (1996), 123-134. 

18. Georgiou, D. and Papangelakis, V. G., “Sulfuric acid 
pressure leaching of a limonitic laterite: chemistry and 
kinetics”, Hydrometallurgy, Vol. 49, No. 1-2, (1998), 
23-46. 

19. Senanayake, G., “A mixed surface reaction kinetics 
model for the reductive leaching of manganese dioxide 
with acidic sulfur dioxide”, Hydrometallurgy, Vol. 73, 
No. 3-4, (2004), 215-224. 

20. Kumar, R., Das, S., Ray, R. K. and Biswas, A. K., 
“Leaching of pure and cobalt bearing goethites 
in sulfurous acid: kinetics and mechanisms”, 
Hydrometallurgy,  Vol. 32, No. 1, (1993), 39-
59. 

21. Kanungo, S. B., “Rate process of reduction leaching 
of manganese nodules in dilute HCl in presence of 
pyrite, part II., leaching behavior of manganese”, 

www.SID.ir



Arc
hi

ve
 o

f S
ID

140 - Vol. 20, No. 2, August 2007 IJE Transactions B: Applications 

Hydrometallurgy, Vol. 52, No. 3, (1999), 331-347. 
22. Hubli, R. C., Mittra, J. and Suri, A. K., “Reduction 

dissolution of cobalt oxide in acid media: a kinetic 
study”, Hydrometallurgy, Vol. 44, No. 1-2, (1997), 
125-134. 

23. Nguyen, T. T., “Process for the simultaneous 

recovery of manganese dioxide and zinc”, US 
Patent 4,992,149, (1991). 

24. Landucc, L., McKay, D. R. and Parker, E. G., 
“Process for the simultaneous recovery of 
manganese dioxide and zinc”, US Patent 3,976,743, 
(1976). 

 

www.SID.ir


