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ABSTRACT

The collector and collectorless flotation of sphalerite by potential control, called potential-controlled

flotation (PCF), have been investigated in this paper. The results have shown that the oxidative environment of

flotation pulp or higher pulp potential could improve and activate the PCF of sphalerite, which was depressed

under reducing conditions or lower pulp potential. The mechanisms of PCF have been simply discussed.
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1 INTRODUCTION

The major characteristic of potential-con-
trolled flotation of sulphide mineral is that an
electrochemical reaction at the mineral-solu-
tion interface is responsible for hydrophobi-
zation and flotation of the mineral, and is con-
trolled and adjusted by potential-pH match-
ing' 7. PCF has an advantage over conven-
tional collector flotation (CCF) which is char-

nisms on PCF was simply discussed.
2 EXPERIMENTAL

The pure sphalertie sample was ground in
a ceramic mill. The —100+300 mesh size parti-
cles were used for flotation tests. The mineral
surface was cleaned using an ultrasonic genera-
tor prior to flotation. The flotation tests were
conducted in a common small cell with a vol-
ume of 30 mL under atmosphere. The pH buf-

fer

acterized by coll pH and coll dey
ressant matching. CCF only considers the
chemical actions of flotation reagents and does
not consider the effects of pulp potential.

In the application of PCF of sulphide
mineral, xanthate-type collectors may be pres-
ent or absent, depending on flotation systems.
PCF includes
ectorless flotation. The CCF of sphalerite has

collector-induced and coll-

been widely studied in the past'?, but the re-
port on the PCF of sphalerite has been pub-
lished recently '*'. In this paper, the PCF of
sphalerite was investigated, and the mecha-

were chosen as the flotation li-
quid phase in order to protect changes in pH.
The additions of buffering agents were as
small as possible and the effects of buffering
agents on flotation may be neglected. The buf-
fering agents and the pH range of buffer solu-
tions are as follows:

pH Buffering agents

2.0 HNO,

3.6~5:6 HAct+NaAc
8.0~10.0 HAc+NH,OH

11.0 NaOH+NaHCO,
12.0 NaOH (0.01 mol / L)

The redox potential (E,,) of flotation pulp

1)The Project supported by the National Natural Science Foundation; manuseript received June 20, 1991
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was controlled by (NH,),S,0,, Na,S,0, and
Na,S. E,
rated calomel

was measured using platinum-satu-
electrode pair, and is con-
verted into standard hydrogen electrode scale
(SHE).

Polyglycol ester was selected as frother
and its dosage was 10~15mg / L.

Our measurement showed that the elec-
tron conductivity of sphalerite under investiga-
tion is very poor.

3 RESULTS OF COLLECTOR-INDUCED
FLOTATION

3.1 Basic Flotation Behavior

Fig.1 shows ethyl xanthate-induced flota-
tion of sphalerite as a function of pH. It can be
seen that in the acid solution, sphalerite can
float well, but not in the alkaline. The flotation
recovery at pH > 9 is near zero. This figure al-
so presents the result of pulp potential
measurment. The E,, value rapidly decreases
from 0. 683 V to 0. 242 V with increasing pH
value from 2. 2 to 9. 3. The higher E,, corre-
sponds to the higher flotation recovery. Thus ,
when E,, is considered as a varied factor, the
collector-induced flotation of sphalerite needs
higher E,..

Ethyl xanthate (KEX) is a reducing
agent. Its addition can reduce pulp potential
(see Fig. 2). Under lower E,,, the flotation re-
covery of sphalerite does not increase with
KEX concentrations (see Fig. 2). This shows
that the hydrophobizing and collecting action
by KE X are associated with E,.

3.2 Effects of Pulp Potential

When E, is changed from 0. 275 V to
0.375 V through adding (NH,),S,0; (see Fig.
3), the flotation recovery increases from 15%

to 90%, and remains unchanged with continu-
ous increase in E,,. This shows that even in the
alkaline solutions, increasing pulp potential
can improve the hydrophobizing and col-
lecting action of ethyl xanthate to sphalerite.

Ept, V/SHE

Fig. 1 Effects of pH on pulp potential (E,)) and

collector-induced flotation of sphalerite (R)

1—R/pH,2—E, /pH.KEX: 16mg/L
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Fig. 2 Effects of concentration of KX
E,/ Cxex on pulp potential (E,,) and
flotation recovery of sphalerite R at pH9. 2
1—R / Ckexi 2—E, / Ckex

When Na,S,0, is added into flotation
pulp, pulp potential and flotation recovery de-
crease, for example . 98%at 0. 365 V drops to
15% at 0. 07 V (see Fig. 4). This indicates that
even in the acid solutions, lower pulp poten-
tials can inhibit the hydrophobizing and
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collecting action of ethyl xanthate to spha-
lerite.

Fig.5 presents the collector-induced
flotation of sphalerite as a function of pulp po-
tential at pH4.0 and 9.2. It is clear that wheth-
er in the acid solutions or in the alkaline solu-
tions, the collectorinduced flotation of spha-
lerite requires higher pulp potentials. The pulp
potential is the most important factor deter-
mining flotation.
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Fig.3 Effects of concentration of (NH,),S,0 on pulp
potential and flotation recovery of sphalerite at pH9. 2

1—Recovery; 2—E,. KEX: 16mg/ L

4 RESULTS OF COLLECTORLESS FL-
OTATION WITHOUT Na,S

4.1 Basic Flotation Behavior

Fig. 6 shows effects of pH on collectorless
flotation of sphalerite in the absence of Na,S.
It can be found the collectorless flotation be-
havior is good in the acid solution but poor in
the alkaline. Fig. 6 also presents the result of
E, measurement. The high E, corresponds
to the higher flotation recovery.

4.2 Effects of Pulp Potential

Fig. 7 indicates that when E,, is changed

from 0.30 V to 045 V through adding
(NH,),S,05  the flotation recovery of spha-
lerite at pH 9. 2 increases from 31% to 96%,
and remains unchanged with continuing to in-
crease E, . This reveals that the rising of
E, can improve the collectorless hydropho-
bization of sphalerite surface.

The flotation behavior at pH 6. 0 becomes
poor due to the decrease in pulp potential by
adding Na,S,0, , for example, 88%at 0. 32 V
drops to 18% at 0. 30 V (see Fig. 8).

100y

Ept V/SHE

oo

0.0
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0 80 160 240

CNazS,O" mg/1
Fig.4 Effects of concentration of Na;S,04 on pulp
potential and flotation recovery of sphalerite at pH6. 0

I1—Recovery; 2—E, KEX: 16mg/L
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Fig.5 Effects of pulp potential on collector-induced
flotation of sphalerite at pH 4. 0 and 9.2
O—pH=4.0; @—pH=9.2. KEX: 16mg/ L:

(NH,),$,0; as oxidant; Na,$,0, as reductant
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Fig. 9 presents the collectorless flotation
of sphalerite without Na,S as a function of
pulp potential at pH 6. 0 and 9. 2. It can be
seen that in wider ranges of pH, the flotation
needs higher pulp potentials.
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Fig. 6 Effects of pH on pulp potential and
collectorless flotation of sphalerite without Na,S
I—Recovery: 2—Ept. KEX: Omg/L
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Fig.7 Effects of concentration of (NH,),5,0, on
pulp potential and collectorless flotation of
sphalerite without Na,S at pH 9. 2

I—Recovery: 2—E,, KEX: Omg/L
5 RESULT OF COLLECTORLESS FLOT-
ATION WITH Na,S

Sodium sulphide is a stronger reductant.
Its addition can reduce pulp potential and de-
press the collectorless flotation of sphalerite

(see Fig.10). For example, adding 8 mg/L
Na,S can reduce E, from 0. 58 V to 0. 20 V
and the flotation recovery from 82%to zero.

6 DISCUSSION
6.1 Surface Oxidation of Sphalerite

It is possible that the oxidation of spha-
lerite surface takes place as follows™!
in the acid
ZnS~— Zn*'+8'+2e
and in the alkaline
ZnS+2H,0<Zn(OH),+S"+2H " +2e
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Fig. 8 Effects of concentration of Na,S,0, on
pulp potential and collectorless flotation of
sphalerite without Na,S at pH 6.0

1—Recovery; 2—Ept, KEX: 0mg/L

The electron conductivity of pure spha-
lerite is very poor. It has a forbidden band en-
ergy of 3. 6 eV that is much larger than that of
galena (0. 37 eV). A larger kinetic resistance,
that is, a higher oxidation overpotential, exists
in the oxidation process of sphalerite surface.
Therefore, real oxidation potential = thermo-
dynamical reverse potential +oxidation over-
potential. This shows that the real oxidation
potential is higher.

Under higher potentials, the sulfur anion
(S¥) of sphalerite surface may lose electrons
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Fig.9 Effects of pulp potential on collectorless
flotation of sphalerite without Na,S
1—pH=6.0; 2—pH=9.2.

(NH,);8,0; as oxidant; Na,S,0, as reductant
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Fig. 10 Effects of concentration of Na,S on
pulp potential and collectorless flotation of
sphalerite with Na,S at pH 6.0
I—Recovery; 2—Ept, KEX: Omg/L

and be converted into neutral sulfur (S°). The
neutral sulfur is considered as a hydrophobic
entity and is responsible for the collectorless

flotation without Na,S

6.2 Interaction Between HS™ Ion and Sph-
alerite Surface

It is very difficult for the sphalerite sur-
face to accept the electrons from HS™ ion, be-
cause the electron conductivity of sphalerite is
very poor and the addition of Na,S reduces the
potential across the mineral-solution interface.
HS™ ion is not electrochemically oxidized into
S° on the sphalerite surface. Therefore, unlike
pyrite, adding Na,S does not improve the
collectorless flotation of sphalerite.

7 CONCLUSIONS

(1) The collector-induced and collector-
less flotation of sphalerite by potential control
require higher pulp potentials. Increasing pulp
potential can obviously improve and activate
flotation. Decreasing pulp potential can str-
ongly depress flotation.

(2) HS” ion is not electrochemically oxi-
dized into neutral sulfur on sphalerite surface.
Unlike pyrite, the adition of Na,S does not
improve the collectorless flotation of spha-
lerite.
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