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Flotation separation of marmatite from pyrrhotite using DMPS as depressant
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Abstract: Mercapto organic compound DMPS was used as the depressant for separation of copper activated marmatite from
pyrrhotite in the presence of butyl xanthate. The flotation tests of single mineral show that DMPS has strong depressing effect on
pyrrhotite in the absence and presence of copper ion, but has activated effect on marmatite in the presence of copper ion. The
floatability of marmatite is improved in the pH range of 2—12. The flotation test of mixture mineral shows that copper-activated
marmatite can be separated efficiently from pyrrhotite using DMPS as depressant. Infrared adsorption spectra demonstrate that there
are a number of function groups such as —SH and —SO; in the molecular structure of DMPS. Xanthate and DMPS compete in their

adsorption on sulfide minerals.
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1 Introduction

Pyrrhotite and marmatite are found in most sulfide
ore bodies together. Their separation becomes an
important issue. In the flotation of complex sulfide ores,
high pH value is generally used to separate valuable
sulfide minerals from pyrrhotite or pyrite with xanthate
collectors[1, 2]. About surface oxidation and flotation
behavior of pyrrhotite, some scholars revealed the
surface reaction and reaction product of pyrrhotite by
many kinds of methods such as X-ray photoelectron
spectrum(XPS), cyclic voltammetry and chemical
analysis[3—6]. It has been indicated that mineral
oxidation degree, pulp pH value and potential have great
effect on flotation behavior of pyrrhotite. HEYES and
TRAHAR]7] showed that the proper oxidization of
pyrrhotite could be collectorless flotation under acid
condition. CHENG et al[8] carried out the electro-
chemical study of pyrrhotite cathode interaction in
non-oxygen solution at the natural pH value, the results
showed that pyrrhotite was not floatable in the absence
of collector. BUSWELL and NICOL[9] studied the
flotation electrochemical behavior of pyrrhotite to show
that the pyrrhotite interacted with xanthate forming
dixanthogen. Although there have been a great deal of
reports about flotation mechanism of sphalerite, there are

few reports on flotation of marmatite. NAGARAIJ[10]
indicated that polyacrylamide polymers containing
various functional groups could depress iron sulfide
minerals. In particular, recently BOULTON et al[11]
showed that low molecular mass PAM polymers could
be used to separate copper-activated sphalerite efficiently
from pyrite by flotation in the presence of isobutyl
xanthate. CHEN and XUANJ[12] used combined
depressant calcium chloride with sodium humate to
successfully separate the mixture of marmatite and
pyrrhotite which was activated by cupric ions with
potassium butyl xanthate as a collector.

The inorganic depressants such as cyanide[13,14],
lime were successfully applied in the flotation separate
of sulfide ores. Their uses are challenged due to the cost
and environmental impact. Compared with inorganic
depressants, organic depressants have the characteristic
of better selectivity, and low-pollution. In recent years,
organic depressant were paid attention by many scholars.
Thioglycolic acid[15], diethylenetriamine[16,17] have
been used to depress iron sulfide minerals. Polymers are
well-known depressants of both sulfide and non-sulfide
minerals and have also been used to depress pyrite
[18-20]. XU et al[21] found that the new organic
depressant RC had a strong depression effect on pytite
and pyrrhotite.

In this study, small molecular mercapto organic
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DMPS were used to separate copper-activated marmatite
from pyrrhotite in the presence of butyl xanthate(BX).
The effects of DMPS on flotation recoveries of
marmatite and pyrrhotite were studied as the functions of
pH value and DMPS concentration. Furthermore,
research on the mechanisms of mineral-DMPS
interaction was investigated by infrared spectroscopy.

2 Experimental

2.1 Materials

Pyrrhotite and marmatite samples used in this study
were from Dachang Mine of Guangxi Province. Chemical
analysis of two mineral samples indicated that their purity
were 93.86% and 96.51%, respectively. These pure
mineral lumps were crushed, handpicked and ground,
fraction of 100 pm was obtained by screening as
flotation samples of single mineral and mixture mineral.

The collector used was potassium butyl xanthate,
which was industrial grade product from Reagent
Factory of Zhuzhou, Butyl ether alcohol was employed
as the frother, and also industrial grade product. The
organic depressant was DMPS, which is chemical pure.
Hydrochloric acid and sodium hydroxide were used as
adjusting reagent. Both of them were of analytical grade.
In the flotation test of mixture mineral, sodium silicate
was used as the dispersant. Distilled water was used in
flotation test.

2.2 Flotation test

In each flotation test, 2.0 g of sample was put into a
beaker and treated to clean the surface for 5 min using
supersonic cleaner. The sample was settled for 10 min,
and upper layer liquid was decanted, flotation of the
minerals were carried out in flotation machine with a cell
of total pulp volume of 40 mL. After adjusting pH to
appropriate value, the mineral pulp was conditioned with
CuSO, , depressant collector and frother in turn. The
conditioning time for the CuSO,4 was 2 min, that for the
depressant was 3 min, that for collector was 2 min, that
for frother was 1 min, and the flotation time was 3 min.
The floating and non-floating fractions were filtrated,
dried and weighed.

In flotation separation test of artificial mixture
minerals, 0.8 g marmatite and 1.2 g pyrrhotite were taken,
the surface was cleaned using supersonic cleaner,
respectively. Then the sample was transferred into 40 mL
cell, adding dispersant and agitating for 1 min, other
steps are in accord with those in single mineral flotation
test. Products were filtrated, dried and weighed to
calculate the recovery.

2.3 Infrared spectra
In order to study the mechanism of mineral-

depressant interaction, 1.0 g sample was immersed in 25
mL corresponding reagent solutions, using an agate
pestle and mortar handground for 30 min, then settled for
30 min, filtrated, flushed 2—3 times using corre-
sponding pH buffer solution. The solid obtained was
vacuum dried. Infrared spectra were recorded by
NEXUS-470 infrared spectrum apparatus.

3 Results and discussion

3.1 Flotation behavior of marmatite and pyrrhotite

The effect of pH on the flotation recovery of
pyrrhotite and marmatite in the presence and absence of
CuSO, with butyl xanthate as a collector is shown in
Fig.1. Pyrrhotite can be seen to float best at various pH
values, and the recovery exceeds 80%. Marmatite floats
best under acid condition and the recovery is more than
90%. The recovery drops fast when pH 6. In the
presence of cupric ions, the recovery of pyrrhotite does
not vary at pH 8. but when pH 8§, the recovery
decreases by more than 40%. On the other hand, cupric
ions promote the flotation of marmatite under tested pH
values. The results in Fig.1 also indicate that in the
absence and presence of cupric ions, separation of
marmatite from pyrrhotite is difficult with butyl xanthate
collector.
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Fig.1 Effect of pH on flotation recovery of pyrrhotite and
marmatite using 10 *mol/L KBX as collector: 1 Pyrrhotite;
2 Marmatite; 3 Pyrrhotite+1074 mol/L CuSO,; 4 Marmatite+
10" mol/L CuSO,

The effect of DMPS on the flotation recovery of
pyrrhotite and marmatite in the presence and absence of
CuSO,4 with butyl xanthate is shown in Fig.2. This
follows that the flotation of pyrrhotite and marmatite is
greatly affected by DMPS addition. In absence of cupric
ion the recovery of pyrrhotite hardly exceeds 40%. Only
at pH=2, the recovery of marmatite is more than 90%,
but the recovery continuously sharply decreases to below
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20% with increasing pH value. The results show that
pyrrhotite and marmatite can not be separated in absence
of cupric ion with DMPS as s depressant and xanthate as
a collector. In the presence of cupric ions, marmatite
flotation is improved under the wide pH condition. The
flotation of pyrrhotite is activated around pH 2. The
results demonstrate that flotation separation of
copper-activated marmatite from pyrrhotite is possible in
the presence of butyl xanthate and DMPS.
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Fig.2 Flotation recovery of mineral as function of pH using
10 mol/L KBX as collector and 2>10"* mol/L DMPS as
depressant: 1 Pyrrhotite; 2 Marmatite; 3 Pyrrhotite  10™*mol/L
CuSO4+2 > 10" mol/L DMPS; 4 Marmatite 10" mol/L
CuS0O,+2><10"* mol/L DMPS

The flotation response of pyrrhotite and marmatite
against DMPS concentration at pH 6 is presented in
Fig.3. DMPS has a strong depression effect on pyrrhotite.
The recovery is not more than 40% even at around
1x10™* mol/L depressant. The minimum recovery is
obtained at 2x10* mol/L depressant. While the
concentration of DMPS increases continuously, the
recovery does not drop distinctly. For marmatite, when
the DMPS concentration is 1x10~* mol/L, the effect of
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Fig.3 Effect of DMPS concentration on flotation recovery of
mineral

depression is optimal; the recovery is only 10.50%,
beyond this point, the depressant effect is deteriorated.

3.2 Separation of artificial mixture mineral

In the light of single mineral flotation test,
hydrochloric acid and sodium hydroxide were used to
adjust pulp pH value, the separation test of manual
mixture mineral was performed under the condition of
various pH, DMPS concentration was 2x10* mol /L,
butyl xanthate 1x10"*mol/L, butyl ether alcohol concen-
tration was 16 mg/L, dispersant concentration was 20 g/L.
The results are shown in Table 1.

Table 1 Result of flotation separation of copper-activated
marmatite-pyrrhotite manual mixture mineral

oH Recovery/%
Marmatite Pyrrhotite
4.36 69.70 37.93
6.30 68.25 34.74
8.07 67.69 36.84
10.09 45.94 27.10

From Table 1, it can be seen that in the range of pH
4-8 the recovery of marmatite is approximately 70%,
while pyrrhotite is less than 38%. On the other hand,
when pH=10.09, the recovery of marmatite and
pyrrhotite drops, the separation of marmatite and
pyrrhotite becomes difficult. From these results it is
indicated that the separation of marmatite and pyrrhotite
is possible in the region of pH 4—8 with DMPS as a
depressant and xanthate as a collector.

3.3 Mechanism of mineral-DMPS interaction

The result of the IR spectra of DMPS presented in
Fig.4 shows the —SOH and —SH stretching vibrations
corresponding to 3 454 cm ' and 1 636 cm’', respec-
tively. 1 360 cm' is —CH, inner vibration which
connects with —SH and outside twist vibration of —SH.
1 190 cm ' comes from CH—CH outside twist vibration,
it may be asymmetrical stretching vibration of —SOj3
group. 1 029.65 cm™' comes from symmetrical stretching
vibration of — SO group, and 524 cm' is inner
winding vibration of —SO;.

Fig.5 shows the IR spectra of pyrrhotite in mixture
solution of butyl xanthate and DMPS. Butyl xanthate has
characteristic IR peaks at 3 407.42, 2 961.28, 2 873.73,
1462.22,1374.84 and 1 112.21 cm !, however, no trace
of butyl xanthate is shown in the spectra of curve 3 given
in Fig.5. Only the adsorptive peak of DMPS is shown on
the mineral surface. This indicates that DMPS is easier to
adsorb than butyl xanthate on the mineral surface.

Fig.6 shows the IR spectra of marmatite interaction
with reagent. From curve 3 we can see that there is no
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Fig.4 IR spectral analysis of DMPS
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Fig.5 IR spectra of pyrrhotite: 1 Pyrrhotite; 2 Butyl xanthate;
3 Pyrrhotitetbutyl xanthate+DMPS
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Fig.6 IR spectra of marmatite: 1 Marmatite; 2 Butyl xanthate;
3 Marmatitet+butyl xanthate+DMPS; 4 Marmatite+CuSO4+
butyl xanthate+tDMPS

trace of butyl xanthate adsorption, but there are

characteristic peaks of DMPS (3 450.88 cm ', 1 360.61
cm '), After cupric ion activation, surface adsorptive
products of marmatite are xanthic acid cuprous.
According to Ref.[12], dixanthogen has characteristic IR
band in the 1 024—1 269 cm ' region, the xanthic acid
heavy metal salt has characteristic bands in the 1 190—
1 200 cm™' region. By analysis IR bands in the 1 000—
1 300 cm ' region, a few of dixanthogen adsorption
peaks are found in Figs.5 and 6, The result indicates that
in the presence of cupric ion and DMPS, metal xanthate
forms on marmatite surface but does not form on
pyrrhotite surface accounting for good flotation of
copper activated marmatite in the presence of DMPS.

4 Conclusions

1) The small molecular mercapto organic depressant
DMPS has strong depressing effect on both pyrrhotite
and marmatite in the absence of copper ion. Copper ion
can activate marmatite flotation and has not improved
pyrrhotite flotation in the presence of DMPS.

2) The separation of manual mixture mineral show
that DMPS can be used to separate -efficiently
copper-activated marmatite from pyrrhotite by flotation
in the pH range of 4-8, DMPS concentration is 2x10™*
mol/L, butyl xanthate is 1x10* mol/L, butyl ether
alcohol concentration is 16 mg/L, dispersant concentra-
tion is 20 g/L.

3) Infrared adsorption spectra demonstrate that there
are a number of functional groups such as —SH, —SO;
in the molecular structure of DMPS. DMPS is easier to
adsorb on the mineral surface than butyl xanthate.
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