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Ge and Cu recovery from precipitating vitriol supernatant in zinc plant
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Abstract: A novel technology using Fe powder as reducing agent for Ge and Cu recovery from precipitating vitriol supernatant in Zn
hydrometallurgical plant was investigated. The results show that reaction time, temperature, agitation speed, initial pH value of
solution and the amount of reducing Fe have significant effects on recovering Ge and Cu, and the optimum process operating
parameters are established as follows: time 120 min, initial pH value 1.5, the dosage of reducing Fe powder 4 g/L, agitation speed
600 r/min and temperature 80 °C. Under these experimental conditions, the recovery ratios of Ge and Cu from precipitating vitriol
supernatant in Zn hydrometallurgical plant can reach 96% and 100%, respectively. The content of Ge in the reduced residue reaches
up to 2.06% (mass fraction), indicating that the separation and enrichment of Ge from the Zn sulfate solution is realized. The grade of
Ge and Cu can reach up to 4.88% and 56.75%, respectively, when the reduced residue is further processed.
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1 Introduction

The metallurgy of germanium (Ge) has profound
impact on modern semiconductor technology. Ge is
widely distributed in nature (6.7x107*% worldwide
average) [1]. It has been widely used in the electronics
devices, optoelectronics, solar cells and catalysts, etc.
There are only a few minerals like argyrodite, briartite,
germanite and renierite that contain appreciable amounts
of Ge. However, Ge is mostly produced via extraction
from the final ore concentrate in some Zn—Cu—Pb ore
bodies. In ore deposits Ge is commonly found
substituting for zinc (Zn) in sphalerite framework
structure [2], and other sulfide species [3]. The Zn ore
has large and recoverable quantities of Ge, so nowadays
Ge is mainly obtained as a byproduct of
hydrometallurgical Zn processing operations [4]. In
addition, around 30% of the Ge used in the world is
obtained from recycled materials, particularly electronic
devices [5].

Many techniques have been used to separate Ge
from other elements contained in leachates. The
mainstream technology involves the precipitation with
tannin [6], adsorption onto activated carbon [7], solvent
extraction [8—11] and adsorption onto chelating

exchange resins [12—14]. However, each of these
methods can only be applied under restricted processing
conditions and comes with a high cost of purification
because of the lack of selectivity and capacity of
extracting Ge.

Chemical precipitation method is used to treat the
leach solution containing relatively low concentration of
Ge [15], and most of Zn hydrometallurgical plant recover
Ge from leaching liquor by its complexation with tannin.
But too much tannin is consumed in the Ge-tannin
complexation process, and 56—80 mol of tannin are
needed to precipitated 1 mol of Ge, resulting in low
concentration in the precipitation [16]. In addition,
tannins in leaching liquor have an adverse effect upon Zn
electrolysis.

The cementation technique has been used in
industry for a long time in both hydrometallurgy and in
the purification of process streams and wastewaters. The
advantages of cementation process include its relative
simplicity, ease of controlling the condition of process
and its ability to recover valuable metals [17—19].
However, the consumption of sacrificial metals and the
redox potentials of sacrificial metals limit the application
of this process [20]. In the applied recovery process,
more reactive metal (in the present case, Fe powder) is
oxidized and Ge is reduced.
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The objective of the present research is to develop a
novel technology of extracting Ge from precipitating
vitriol supernatant in Zn hydrometallurgy plant through a
simple, cost-effective way. During the experiment, the
technique of cementation was studied. Specifically, Fe
powder acted as reducing agent for recovery of Ge from
precipitating vitriol supernatant. This method yielded a
higher recovery ratio of Ge up to 96%. This novel
method was proved to be efficient, controllable and low
consumption of sacrificial metals. Moreover, the
influences of reaction time, temperature, agitation speed,
initial pH value of solution and the dosage of Fe powder
per liter of the solution were studied in detail.

2 Experimental

In this study, the more reactive and relatively cheap
metal Fe powder was employed to extract Ge from
precipitating vitriol supernatant in Zn hydrometallurgical
plant via cementation. Fe was oxidized and Ge was
reduced in the solution. Ge was precipitated by Fe
powder and this precipitate called as reduced residue.

The standard reduction potentials of H,GeOs and Fe
are given as [21]:

H,GeO, (aq)+4H" +4e = Ge’ (s)t3H,0, E=0.182V
(1)
2Fe”" (aq)+2e =2Fe’(s), E=—0.447 V ()

The standard potential difference is calculated to be
0.265 V.
The overall reaction is expressed as

H,GeOs (aq)+4H " +2Fe’ (s) = Ge’ (s)+2Fe*" +3H,0 (3)

The other important reactions are as follows:

2Fe*"+Fe=3Fe*" 4)
Cu*"+Fe=Fe*'+Cu (5)
2H +Fe=Fe”"+H,1 (6)
2.1 Materials

The composition of Zn sulfate solution used in this
experiment was similar to the precipitating vitriol
supernatant which was taken from a company, Hunan
Province, China. Elemental analysis result of the solution
is presented in Table 1. Analytical grade reagents were
purchased in the local market, including basic Zn
carbonate (AR, Sinopharm Chemical Reagent Co., Ltd.),
reduced Fe power (AR, Tianjin Guangfu Fine Chemical

Table 1 Elemental analysis results of precipitating vitriol
supernatant (g/L)

Zn®t  Mn* Fet Fe*t Ccu*t Ge* Il AsT

126.08 3.10 139 0.51 039 0.041 0.26 0.01

Research Institute). All aqueous solutions were prepared
using distilled water.

2.2 Method

The experiments of Ge recovery were conducted in
a 500 mL round bottom flask. The solution was agitated
by a three blade impeller driven by a variable speed
motor. The round bottom flask was heated in a water
bath. The temperature and agitation speed were measured
through two PLD controllers.

Typically, 200 mL of the precipitating vitriol
supernatant in Zn hydrometallurgical plant was poured
into the round bottom flask slowly, which was then
heated. When the water bath was heated to the required
temperature, the solution was agitated. Then the initial
pH value of the solution was adjusted by basic zinc
carbonate or sulphuric acid. Finally, a certain amount of
Fe powder was added into the 500 mL round bottom
flask and mixed with the solution enough for a time.
After reaction of cementation taking place, the residue
containing Ge was filtered and thoroughly washed. The
concentration of Ge ions in filtered solution was
measured with inductively coupled plasma atomic
emission spectroscopy (ICP) using Perkin Elmer Optical
Emission Spectrometer Optima 2100 DV.

The composition of the solution shows that Fe is
mainly consumed by Fe’*, Cu®*, H,GeO; and sulphuric
acid. Assuming the volume of solution is 1 L, then the
theoretic Fe consumption can be calculate as follows:

mg, = 0.5m +—55'85 m +—2X55.85m +
Fe =TT Mgz sap v T 7621 | Oe"
55285 (1 0_pHSlan _10_pHEnd) (7)

If start pH value is 1.5 and end pH value is 4, then
mp~2.0 g

The extraction rate () was calculated by the
following equation:

n=[(Co—C)/Co]*100 ®)

where C, is the initial Ge or Cu concentration and C, is
the concentration after solid-liquid separation in the
experiment.

3 Results and discussion

3.1 Cementation of Ge in precipitating vitriol

supernatant by Fe powder

In order to obtain the optimal conditions, the effects
of different variables on the recovery ratio of Ge were
evaluated. The main variables include time, temperature,
agitation speed, initial pH value of the precipitating
vitriol supernatant and the amount of Fe powder added to
the solution. The results obtained are summarized as the



1508 Zhao-an ZHOU, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1506—1511

follows.
3.1.1. Effect of reaction time

The reaction time on Ge extraction was studied
under the reaction initial pH value 1.5, the dosage of Fe
powder 4.0 g/L, agitation speed 600 r/min and
temperature 80 °C, and the results are presented in Fig. 1
and Table 2. It can be seen that the reaction time has no
obvious effect on extraction ratio of Cu above 60 min,
because Cu®" was soon reduced by Fe powder. There was
a rapid increase in the extraction ratio of Ge within 20 to
120 min. However, above 120 min the extraction ratio of
Ge did not increase significantly. Prolonged reaction
time had no help for the extraction ratio of Ge, but also
might increase the consumption of Fe powder. Therefore,
for subsequent experiments the reaction time was kept at
120 min.
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Fig. 1 Effects of reaction time on extraction rates of Ge and Cu
(Initial pH value 1.5, iron powder 0.8 g, agitation speed 600
r/min, temperature 800 °C)

Table 2 Effects of reaction time on reducing agent

consumption
Reaction Total concentration
time/min pH value of iron ion/(g-Lfl)
20 1.54 3.003
41 1.62 3.361
60 2.23 3.800
90 3.12 4.052
120 3.61 4.279
180 4.50 4.665

3.1.2 Effect of temperature

The extraction ratio of Ge is also affected by
reaction temperature. High Ge extraction ratio may not
be achieved in a short time at low temperatures whilst
high temperatures have disadvantages such as higher
energy consumption. So, the temperature in the range of
50 to 90 °C was selected and its effect on Ge extraction
ratio was studied.

Figure 2 and Table 3 show the effect of temperature
on extraction of Ge and Cu under the conditions of initial
pH value 1.5, Fe powder 4.0 g/L, agitation speed 600
r/min, and time 120 min. Cu reduction ratio was almost
not affected by temperature. Ge extraction ratio
increased from 66% to 96% when the temperature
increased from 50 to 80 °C, and a further increase in
temperature to 90 °C had no significant effect, but the
consumption of Fe powder would increase. Therefore,
the optimum temperature appeared to be 80 °C and all

following experiments were carried out at this
temperature.
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Fig. 2 Effects of reaction temperature on extraction rates of Ge
and Cu (initial pH value 1.5, iron powder 0.8 g, agitation speed
600 r/min, time 120 min)

Table 3 Effects of reaction temperature on reducing agent

consumption
Reaction Total concentration
temperature/°C of Fe ion /(gL ")
60 3.293
70 3.763
80 4.279
90 5.004

3.1.3 Effect of agitation

Agitation plays an important role in reducing Ge
processes. The results of agitation, shown in Fig. 3,
under optimum reaction conditions, indicate that Ge
extraction ratio increased from 71% to 96% as the
agitation speed increased from 200 to 600 r/min. A
further increase in agitation speed up to 700 r/min had no
significant effect on Ge extraction, so the agitation speed
was maintained at 600 r/min, which was enough to
suspend the Fe powders in the solution during the course
of experiments. Cu is more easily reduced by Fe powder
than Ge, and only need to have a certain stirring speed,
Cu ions will soon be reduced completely.
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Fig. 3 Effects of agitation speed on extraction rates of Ge and
Cu (initial pH value 1.5, Fe powder 0.8 g, temperature 80 °C,
time 120 min)

This increase in recovery ratio of Ge can be
attributed to two factors. First, high stirring speed makes
the particles collision become more frequent and
effective, which strips the reduced products off the
surface of Fe powder and thus strengthen the mass
diffusion process in the particles (internal diffusion).
Second, it is obvious that high speed can lead to
suspension of the Fe powder in the solution and increase
the diffusion velocity of products across the
hydrodynamic boundary layer around the Fe powder.

3.1.4 Effect of dosage of Fe powder

According to reaction (3), the dosage of Fe powder
as reducing agent must affect Ge extraction. It can see
from Eq. (7) that the theoretical consumption of Fe is
nearly 2.0 g/L.

In this study, the dosage of Fe powder ranging from
1.0 to 3.0 times of the theoretical dosage on Ge
extraction rate was studied under optimum reaction
conditions, and the results are shown in Fig. 4. The more

100 o— — e .

95

90 |-

85+

80 -

Extraction rate/%

= — Ge
*— Cu

T5rF

70 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0

Times of theoretical dosage of Fe powder
Fig. 4 Effects of dosage of Fe powder on extraction rates of Ge
and Cu (initial pH value 1.5, agitation speed 600 r/min,
temperature 80 °C, time 120 min)

the surplus dosage of Fe powder is, the higher the
extraction rate of Ge is. But this has almost no effects on
Cu extraction rate. Ge extraction rate increases from 72%
to 96% when the dosage of Fe powder increased from
1.0 to 2.0 times of the theoretical dosage, and a further
increase in the dosage of Fe powder has no significant
effect.

Therefore, the optimum dosage of Fe powder as
reducing agent appears to be 4.0 g/L and all following
experiments were carried out at this dosage.

3.1.5 Effect of initial pH value of solution

The optimum extraction of Ge is also affected by
initial pH value of solution. In our present study, an
initial pH value ranging from 1.0 to 2.5 was selected and
its effect on Ge extraction rate was studied. Figure 5
shows the effect of initial pH value on the extraction rate
of Ge and Cu under the conditions of Fe powder 4.0 g/L,
agitation speed 600 r/min, temperature 80 °C, time 120
min. Cu reduction rate was 100% under all reaction
conditions. Ge extraction rate decreased from 96.45% to
92.84% when the initial pH value increased from 1.0 to
2.5, and a further increase in initial pH value will result
in Fe hydroxide emerges. At the same time, Ge
extraction rate had no significant increase when the
initial pH value decreased from 1.5 down to 1.0, but high
concentration of sulfuric increase the
consumption of Fe and may produce arsine in

acid will

experiment. So the optimum initial pH value appeared to
be about 1.5.
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Fig. 5 Effects of reaction initial pH value on extraction rates of
Ge and Cu (Iron powder 0.8 g, agitation speed 600 r/min,
temperature 80 °C, time 120 min)

3.2 Possibility of arsine generation

Under a high acid and strong reducing condition,
arsenate may be reduced to arsine. As we all know that
arsine is an extremely toxic gas. In order to investigate
the safety of this process, we had monitored whether
there was arsine generation in experiments by the silver
nitrate paper. Fortunately, the result shows that as
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theoretical analysis, there was no any arsine. In addition,
MO [22] indicated that this reaction system won't
produce any arsine. So it is a safe and reliable method for
Ge recovery from precipitating vitriol supernatant in Zn
hydrometallurgical plant.

3.3 Analysis of reduced residue containing Ge

The optical spectrum analyses result of reduced
residue containing Ge via cementation by Fe powder is
shown in Table 4, which shows that the content of Ge
reaches up to 2.06%. But there is a lot of Fe powders that
did not participate in chemical reactions, because the
dosage of Fe powder is 2.0 times of the theoretical
dosage. Therefore, the separation of Fe powder from the
reduced residue will be required in order to increase the
grade of Ge.

Table 4 Chemical composition of reduced residue containing
Ge (mass fraction, %)

Fe Cu Zn S (@) Ge As Others
60.82 20.89 271 2.62 9.63 2.06 0.51 1.27

The reduced residue was dried ground, sieved and
separated, then Ge-rich Cu residue was got. Its chemical
composition is shown in Table 5. The XRD pattern of
this kind of Ge-rich Cu residue is shown in Fig. 6, which
reveals that the major crystalline mineral phases are Cu
and Cu,O in the residue. The grade of Ge and Cu are
4.88% and 56.75%, respectively. This kind of high
value-added Ge-rich Cu concentrate can be used for
preparation of germanium tetrachloride by the
chlorination distillation process.

Table 5 Contents of Ge-rich Cu residue analyzed by X-ray
fluorescence spectrometer (mass fraction, %)

Cu Fe (0] Ge Zn S As  Others
56.75 1522 132 4.88 458 3.10 135 092

a— Cu
o — CUEO

Fig. 6 XRD pattern of Ge-rich Cu residue

4 Conclusions

1) An effective technique of extracting Ge from
precipitating vitriol supernatant in Zn hydrometallurgical
plant via cementation was established using Fe powder
as reducing agent.

2) The optimum operating parameters were as
follows: time 120 min, initial pH value 1.5, the dosage of
reducing Fe powder 4.0 g/L, agitation speed 600 r/min
and temperature 80 °C. Under these experimental
conditions, the recovery rates of Ge and Cu from the
supernatant can reach 96% and 100%, respectively.

3) The content of Ge in the reduced residue reached
up to 2.06%, and the separation and enrichment of Ge
from the Zn sulfate solution was realized.

4) The grade of Ge and Cu were 4.88% and 56.75%,
respectively, in Ge-rich Cu residue. This kind of high
value-added Ge-rich Cu concentrate can be used for
preparation of germanium tetrachloride by the
chlorination distillation process.
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