e 4

e s Science
ELSEVIER Press

Available online at www.sciencedirect.com
“*.° ScienceDirect

Trans. Nonferrous Met. Soc. China 21(2011) 1161-1165

Transactions of
Nonferrous Metals
Society of China

wWww.inmsc.cn

Pyrite depression in marmatite flotation by sodium glycerine-xanthate
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Abstract: The depression of pyrite in marmatite flotation by sodium glycerine-xanthate (SGX) was investigated through
microflotation, zeta potential and adsorption measurements. The flotation tests of mineral show that in the presence of SGX,
marmatite can be activated by Cu®* and shows good flotability, while pyrite cannot be activated and therefore shows poor flotability.
At the pH value range from 4 to 11, the flotation selectivity between marmatite and pyrite is obvious when the SGX concentration is
below 50 mg/L. The depression mechanism of SGX on sulfide minerals is discussed based on zeta potential and adsorption isotherm.
Zeta potential measurement demonstrates that in the presence of Cu®*, SGX can strongly adsorb on the surface of pyrite, while it
cannot adsorb on the surface of marmatite. The results of adsorption isotherms show that the adsorption density of SGX on pyrite is

greater.
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1 Introduction

For a long time the mostly used depressants in the
flotation separation of complex sulfide ores are inorganic
reagents, which include lime, cyanide, zinc sulfate,
bichromate, sodium sulfide, potassium permanganate and
sulfite. But there are many practical problems in the
application of inorganic depressants, such as the toxicity
of cyanide, the high dosage and incontrollablity of lime
and its effects on the recovery of rare metals in the ores.
Compared  with depressants,  organic
depressants have the advantages of better selectivity and
multiple  structure, and moreover they are
environmentally friendly. In recent years, organic
depressants have received increasing attention from
many scholars. XIONG et al[l] reported that sodium
glycerine-xanthate (SGX) exhibits strong depressing
reaction on the flotation of arsenopyrite and weak
depressing reaction on marmatite with butyl-xanthate as
the collector, and the infrared spectrum analysis showed
that there are some —OH and —CSS— in sodium
glycerine-xanthate molecule, which competes with
butyl-xanthate on the mineral surface. NAGARAJ[2]
revealed that polyacrylamide (PAM) with different
functional groups could be used in the inhibition of
sulfide ores. BOULTON et al[3] used low relative

inorganic

molecular mass polyacrylamide(PAM) polymers to
separate copper-activated sphalerite from pyrite in the
presence of isobutyl xanthate. It was found that all the
PAMs depressed pyrite flotation with little or no
sphalerite. SUN et al[4] used
compound DMPS as depressant in the separation of
copper-activated marmatite from pyrrhotite in the
presence of butyl xanthate. The flotation tests of single
mineral showed that DMPS had strong depressing effect
on pyrrhotite in the absence and presence of copper ion.
Infrared absorption spectra demonstrated that there are a
number of functional groups such as —SH, —SO; in
the molecular structure of DMPS. CHANTURIYA and
MATVEEVAJ5] found that low molecular organic
depressor dimethyldithiocarbamate could boost the
separation efficiency of sulfide ores, thus improving the
grade of nickel in the separation of copper-nickel
concentrates. VALDIVIESO et al[6] found that dextrin is
a good depressant for pyrite in flotation with xanthate
collectors. However, the depressing effect of dextrin
does not result from the reduced xanthate adsorption,
while results from enveloping the dixanthogen which is a
hydrophobic entity on the surface of pyrite reacted with
xanthate, and dextrin depresses pyrite as efficiently as
cyanide. The interaction of dextrin with pyrite was
investigated by RATH et al[7] through adsorption,
flotation and electrokinetic measurements.

mercapto organic
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Marmatite (Zn,Fe)S, an iron-rich sphalerite
containing more than 6% iron is difficult to be separated

from pyrite or pyrrhotite in the flotation of lead-zinc ores.

The difference between marmatite and sphalerite is the
iron, which is present in the form of isomorphism. The
marmatite is sensitive to lime and other depressants, and
the addition of lime to pH 9.5 in the absence of any other
zinc depressants is effective in reducing marmatite
flotation[8]. Marmatite can be recovered through
collectorless flotation in acidic solution. ZHANG and
HU[9] investigated the collector-and-collectorless
flotation of marmatite by flotation tests and FTIR, and
they reported that in ethyl xanthate solution, marmatite
can be floated only in acidic solution, while when
marmatite is activated by Cu", the floatability would be
improved extensively in a pH range from 2 to 12. In this
study, marmatite flotation performance obtained is
similar to the results reported in Refs.[4, 6, 10].

In light of the difficulty in the flotation separation of
marmatite and pyrite, in this work a new organic
depressor sodium glycerine-xanthate (SGX) is used and
its effects on the two minerals are examined at different
pulp pH using butyl xanthate as collector and Cu®" as
activator. By measurements of zeta potential and
adsorption isotherms, the depressing mechanism is
discussed.

2 Experimental

2.1 Materials

The single mineral samples used in this study were
from Mengzi Mining & Metallurgy Corporation, Yunnan,
China. Chemical composition analysis of marmatite gave
the following chemical compositions: 54.2% Zn, 10.8%
Fe, 33.6% S, 1.4% others, and the pyrite chemical
composition: 45.5% Fe, 52.05% S, 2.45% others.

2.2 Flotation tests

The flotation tests were carried out
microflotation cell with a 40 mL effective volume. The
amount of sample used for each experiment was 2 g,
which was ultrasonically washed for 5 min to remove
any possible oxides on the mineral surface. The washing
solution was decanted and a fresh solution with a given
pH was added before flotation. The flotation time was 4
min. The flotation recovery (R) was calculated from
R=[m,/(m;+m,)]x100%, where m; and m, are the mass of
the floated and unfloated products, respectively.

in a

2.3 Zeta potential measurement

Zeta Reader (DELSA440SX, Made in USA) was
used to measure the zeta potential by the measurements
of electronic pulse. The pure mineral was ground to <5
pum in the agate mortar. 0.1 g mineral powder was added

to a beaker with 100 mL distilled water and the mineral
surface was cleaned using ultrasonic generator for 3 min
to remove the oxidation film. Then the required reagents
were added to the solution and stirred for 2 min with a
magnetic stirring apparatus. After that, the solution was
ready for the measurement. pH regulators were HCI and
NaOH solutions.

2.4 Adsorption isotherms measurement

Adsorption isotherms were measured in a glass
conditioning vessel at 25 °C. 10 g pyrite sample was
conditioned for 5 min in KCI solution at different pH
values. A known concentration of SGX stock solution
was introduced to the vessel and continuously stirred
until adsorption equilibrium reached 60 min, verified by
equilibration study[11]. A sample was obtained from the
solution to determine the concentration of SGX
remaining in the solution. Another aliquot of
concentrated SGX solution was added to the pyrite
suspension and conditioned for a further 60 min. The
extracted samples were centrifuged twice. Colorimetric
techniques are then used to determine the concentration
of SGX remaining in the solution. It was assumed that
the amount of SGX depleted from the solution had been
adsorbed onto the pyrite surface. The amount of SGX in
the solution was measured using the Dubois method[12].

3 Results and discussion

3.1 Flotation of marmatite and pyrite

The flotation recovery of marmatite and pyrite as a
function of pH value using butyl xanthate as collector is
shown in Fig.1. The results demonstrate that the recovery
of marmatite drops clearly as pH value increases, and the
recovery of pyrite drops markedly in alkaline conditions.
When the pH value is below 9, the recovery is about
55%. The result indicates that marmatite and pyrite
cannot be separated with butyl xanthate as collector,
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Fig.1 Effects of pH on flotation of marmatite and pyrite in
presence of sodium butyl xanthate of 1.0x10™* mol/L
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because the coefficient of Fe atom in the LUMO(0.59) is
much greater than that of Zn atom(0.11) for Fe-bearing
sphalerite. Hence, the Fe-bearing sphalerite demonstrates
reactive characteristics to iron[13—15].

In order to improve the recovery in the xanthate
flotation of sulfide minerals, copper, lead, silver, and
other metal ions are used as activators. ZHANG[16] and
YU[17] conducted a detailed experimental investigation
on the activated flotation of marmatite with xanthate and
copper sulfate at pH=5.0. It was found that copper sulfate
significantly improves marmatite recovery. In these
flotation experiments, the cupric ions directly exchange
with Zn*" on the marmatite surface, which accounts for
the improved flotation of marmatite:

Cu*"+(Zn, Fe)S=(Cu, Fe)S+Zn”" (1)

The experiments for the activation of marmatite and
pyrite by cupric ions (sulfate) at an initial concentration
of 1.0x10* mol/L sodium butyl xanthate were carried
out and the results are shown in Fig.2. It can be seen that
the floatability of marmatite is significantly improved
with the addition of copper sulfate. And the flotation
recovery is above 90% at pH<11. When the pH value is
above 11, the recovery decreases clearly. Pyrite can also
be activated by Cu®" addition, and the recovery increases
greatly. It should be noted that the recovery of marmatite
is greater than that of pyrite in alkaline solutions, but the
flotation selectivity between marmatite and pyrite is
lower.
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Fig.2 Effects of pH on flotation of marmatite and pyrite in
presence of Cu** of 1.0x10™* mol/L and sodium butyl xanthate
of 1.0x10™* mol/L

The flotation results of marmatite and pyrite at
different pH values with 1x10™* mol/L butyl xanthate
and 1x10* mol/L Cu®*" in the presence of SGX are
shown in Figs.3 and 4. As can be seen from Figs.3 and 4,
the flotation behavior of marmatite in the presence of
SGX has a remarkable difference compared with that of
pyrite in pH value range of 4.0—12.5. Marmatite has a

good floatability and SGX exhibits little effect on the
flotation of marmatite when the SGX concentration is
below 50 mg/L. However, the SGX at higher
concentration is able to depress marmatite and the
flotation recovery of marmatite decreases with the SGX
concentration increasing to 100 mg/L, while the
floatability of pyrite decreases significantly with the
increasing SGX concentration. SGX has a stronger
depression effect on pyrite when the SGX concentration
is above 100 mg/L, and the flotation is completely
inhibited at pH>10. At the pH value range from 4 to 11,
the flotation selectivity between marmatite and pyrite is
obvious when the SGX concentration is below 50 mg/L.
There are —OH and —CSS— in SGX molecule,
which competes with butyl xanthate on the mineral
surface. Hydrophilic groups are adsorbed on the surfaces
of pyrite, thus inhibiting the flotation of pyrite. The
results provide a possible way to separate marmatite
from pyrite by using SGX as a depressant and Cu®" as an
activator and butyl xanthate as the collector.
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Fig.3 Effects of pH on flotation of marmatite in presence of
Cu*" of 1.0x10~* mol/L and butyl xanthate of 1.0x10™* mol/L
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Fig.4 Effects of pH on flotation of pyrite in presence of Cu* of
1.0x10"* mol/L and butyl xanthate of 1.0x10™* mol/L
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3.2 Electrochemical measurements

There are three sets of —OH and one —CSS— in
the molecular of anionic depressant SGX. After the
depressant is absorbed tightly on the surface of sulfide
ores, it can form a hydrophilic film and hinder the
absorption of the collector on the surface. At the pH
value range from 4 to 11, the flotation selectivity
between marmatite and pyrite is greater when the SGX
concentration is below 50 mg/L. The evidence of
selectivity, i.e. the adsorption of SGX on sulphide
minerals is provided in the zeta potential results shown in
Figs.5 and 6. Fig.5 shows the zeta potential of marmatite
as a function of pH value, in the absence or presence of
the SGX. All measurements are performed in 0.01mol/L
KCI solution. The zeta potential is related to pH value,
which decreases markedly with the increase of pH value
in the absence of SGX. The SGX cannot be adsorbed on
the surface of marmatite in the presence of Cu®" at lower
SGX concentrations, which explains why zeta potential
shows no change at lower SGX concentrations and
decreases at higher SGX concentrations (100 mg/L). It is
shown in Fig.6 that the zeta potential of pyrite becomes
negative and the potential becomes even negative with
increasing pH. The decreasing pyrite potential after SGX
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Fig.5 Zeta potential of marmatite as function of pH in presence
of 1.0x10~* mol/L Cu*" and 1.0x10™* mol/L butyl xanthate
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Fig.6 Zeta potential of pyrite as function of pH in presence of
1.0x10~* mol/L Cu**and 1.0x10~* mol/L butyl xanthate

addition shown in Fig.6 is due to the depressant absorbed
tightly on the surface of pyrite.

3.3 Adsorption isotherms

Adsorption of SGX on pyrite as a function of pH
value is in Fig.7 at two distinct SGX
concentrations, namely 20 mg/L and 100 mg/L. As noted,
the adsorption is pH-dependent. At lower SGX
concentration, the adsorption density of SGX is below 4
mg/m*>. While at higher SGX concentration, the
adsorption density increases quickly and the adsorption
density is greater than that at lower SGX concentration.
Pyrite depression is therefore largely influenced by
solution pH and SGX concentration.
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Fig.7 Adsorption density of SGX on pyrite as function of pH at
20 and 100 mg/L initial SGX concentrations

4 Conclusions

1) Sodium glycerine-xanthate(SGX) exhibits strong
depressing action on the flotation of pyrite and weak
depressing action on marmatite with butyl xanthate as a
collector. In the presence of SGX, the flotation of
marmatite can be activated by Cu®" and the flotation of
pyrite be inhibited with butyl xanthate as the collector.
The results suggest that it is possible to selectively
separate marmatite from pyrite by depressing pyrite with
SGX. This separation can be achieved over a wide pH
range.

2) Zeta potential experiments demonstrate that the
SGX can be adsorbed on the surface of pyrite and thus
depress pyrite flotation in the presence of Cu®" and butyl
xanthate.

3) At high pH values and SGX concentration, the
adsorption density of SGX on pyrite is high. Therefore,
pyrite depression is greatly influenced by solution pH
and SGX concentration.
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