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Abstract: It is demonstrated that a low grade, silver containing manganese deposit can be exploited by reaction with a
ZnS concentrate. In the process, Mn(1V) is reduced to Mn(1I) and the ZnS converted to ZnSO,. In the process, Mn
and Zn are solubilized. By studying the effects of quantity of reducing agent and sulfuric acid added and of time, tem—

perature and liquid-to-solid ratio on the leaching process, the optimum technological conditions have been achieved un—

der which the amount of manganese leached was 98 % . The silver can be removed from remaining solids by adding am—

monia liquor. Then by adding hydrazine hydrate, sponge silver with purity up to 99 % can be obtained with a recovery

of 87 %.
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1 Introduction

Low grade manganese deposits, sometimes contai—
ning silver, are present in various parts of the world. A
large amount of this type deposits are present in Yun—
nan Province, China. Such deposits seldom can be e—
conomically exploited[l o Furthermore, if they are to
be exploited it will be necessary to recover both the
manganese and the silver .

The conventional process used to extract zine from
sphalerite concentrate includes roasting, leaching and
electrowinning“'ﬂ. The procedure is a well established
and economically viable process. However, the process
has the problem of SO, emission in the roasting
process. Because environmental protection laws are be—
coming more restrictive, various processes for leaching
sphalerite concentrate have been widely studied in re—
cent years. Some of these new hydrometallurgical
processes have been commercialized. According to the
relevant, studies the dissolution of sphalerite is per—
formed in two ways, i. e. , oxidization and non-oxidiza—
tion """, Oxidization dissolution is very important for it
can convert sulfur into elemental sulfur without produ-—
cing SO,. Adding manganese dioxide ore to a sphaler—
ite concentrate in sulfuric acid solution medium is con—
ducive to dissolving sphalerite. The purpose of the
present study is to make use of those characteristics to

evaluate a new hydrometallurgical approach to recover
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zinc and at the same time recover silver and manganese

from a silver containing low grade manganese material.

2 Experimental materials and methods

The silver-bearing manganese sample used in the
experiments contained Mn 31.3 % , Ag 181.2 (g/t),
Aul.2 (g/t), Zn 0.41 %, Cu 0. 13 %, Fe
13.1 %, Pb0.72 %, MgO 1.3 %, CaO 1.51 %,
Si0,27. 0 % and AlLO;7.1 %. The sample was
crushed and ground to pass =75 pm (200 mesh). The
sphalerite concentrate contained Zn 44. 41 % , Cu
0.013 %, Fe 3.1 %, S 24.58 %, Cd 2. 81 %,
Mg0 0.3 %, CaO 1.81 %, SiO, 20.08 % , Al,O;
7.1 %, Pb 0. 021 %.
=75 pm (200 mesh).

The grades of manganese, silver and gold are not
Further—

more, no free silver minerals are found by electron

Particle size was 90 %

sufficient for extraction of only one metal.

probe analysis. Mineralogical analysis shows that silver
is distributed in various minerals and associated with
silicate minerals found in cracks. The maximum crys—
tallization size is 0. 6 mm, minimum size is 0. 005 mm
and general particle size is 0.3 to 0. 03 mm. The ex—
periment data obtained show that it is very difficult to
separate minerals using mineral processing methods.

It was determined that the manganese in the mate—
rial is in the form MnO, (x > 1) with the majority exist—

ing as MnO,. The iron in the material exists mainly as



Fe,0; and some iron becomes solubilized in leaching
which is helpful in accelerating the reaction. SiO, ex—
ists in scattered quartz particles and has a little effect
on the leaching of manganese and silver.

Various chemical reagents used were of reagent
grade purity. The tests were carried out in 1000 ml
flasks with mechanical stirring and leaching tempera—
ture was controlled using a water bath. For each exper—
iment 100 g of ore sample was used and sampling ana—

lyses were conducted after a considerable reaction
time.

3 Results and discussion

3.1 Stoichiometry

The reaction of reduction leaching silver-bearing
low—grade manganese ore by use of a sphalerite concen—
trate is as follows:

MnO, + ZnS +2H,S0, =

MnSO, +ZnSO, +2H,0 +S" (1)

At 100 °C, the reaction 2G°, = —270.45 kJ,
and the reaction takes place spontaneously. The re—
quired theoretical quantity of reducing agent and sulfu—
ric acid can be calculated from this equation.
3.2 Effect of sulfuric acid addition

Under the conditions that liquid<4o-solid ratio is
5.1, the leaching temperature is 95 °C, the ZnS is
theoretical quantity required and leaching time is 4 h,
the effect of sulfuric acid concentration on leaching rate
of manganese is shown in Fig. 1.
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Fig.1 Effect of suphuric acid addition

It can be seen from the figure that when sulfuric
acid addition is increased up to a concentration equa—
ling to that required by Eq. (1), leaching rate increa—
ses. However, at greater concentrations there is little
influence of further increasing sulfuric acid concentra—
tion on the leaching rate. Thus, the quantity of sulfuric
acid chosen for subsequent experimentation was 1. 05
times the theoretical quantity indicated by Eq. (1).
3.3 Effect of temperature

The effect of leaching temperature on manganese

leaching is shown in Fig. 2. It can be seen that under
the experimental conditions, temperature has a large
effect on manganese leaching. The leaching of manga—
nese increases with reaction temperature and, thus, an

appropriate temperature for experimentation is 95 C.
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Fig.2 Effect of temperature

3.4 Effect of leaching time and reducing agent

quantity

When temperature is 95 °C and sulfuric acid addi-
tion is optimum and at 30 % optimum the effect of
leaching time and ZnS concentration is depicted in
Fig. 3. At the optimum experimental conditions (1 ~
1.1 times stoichiometrically optimum) the dissolution
can reach 98.0 % after 4 h. and further reaction time

1S unnecessary.
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Fig.3 Effect of time and ZnS

3.5 Effect of liquid-to-solid ratio

The effect of liquid-o-solid ratio on the dissolution
of manganese is shown in Fig. 4. With increasing liq—
uid-to-solid ratio the leaching rate of manganese in—
creases accordingly. However, when the ratio is in—
creased to 5: 1, a further increase in the ratio yields
little additional dissolution.

Based on the above experiments the optimum pa-—
rameters for leaching of silver bearing low grade man-—
ganese deposits can be determined. The leaching tem—
perature should be 95 °C | sulfuric acid quantity should
be 1 ~1.05 times of the theoretical quantity, the re—
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Fig.4 Effect of L./S ratios

ducing agent ( ZnS) quantity should be 1 ~ 1.1 of the
theoretical quantity, the liquid-to-solid ratio should be
5:1 and leaching time should be 4 h.

Tablel Chemical composition of final solution / (g« 1 1)

Test No.  Mn Zn Fe Pb Cu As Sh H,S0,
1 51.67 61.48 3.04 0.11 0.18 0.01 0.001 13.53
2 51.33 62.11 3.12 0.09 0.17 0.01 0.001 14.15
3 52.15 61.04 2.87 0.12 0.18 0.01 0.001 14.33
4 52.35 61.68 3.13 0.10 0.19 0.01 0.001 13.87

amount of silver leached is about 97 % . Using hydra—
zine hydrate to reduce silver, a sponge silver can be
obtained with the purity of silver up to 99 % and a sil-

ver recovery up to 87 % .

4 Conclusions

The experiments show that silver-bearing low-
grade manganese ore can be reduced by reaction with a
sphalerite concentrate followed by leaching. Recovery
of silver and manganese is then feasible and technologi—
cal conditions for recovery can be easily achieved. The
optimum parameters for reaction with a sphalerite con—
centrate followed by are: leaching temperature 95 °C ,
sulfuric acid quantity 1 ~1.05 times of the theoretical
stiochiometric quantity, reducing agent (ZnS) 1 ~1.1
of theoretical quantity, liquid<to-solid ratio 5:1 and
leaching time 4 h. Any silver in the liquor can be pre—
cipitated by zinc precipitation and can be leached out
with ammonia liquor and reduced with hydrazine hy-
drate. Sponge silver can be obtained of 99 % purity
with a of silver recovery of 87 %
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