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Abstract: The flotation behavior of pyrrhotite was investigated by using ethyl xanthate as a collector. The results show that

pyrrhotite has good floatability from pH 2 to 11, and poor flotability when pH> 12. The reagents adjusting potential are ammonium

persulfate ( (NHy) 25,03) and sodium dithionite ( NayS;04) . The flotation of pyrrhotite is dependent on pulp potential at certain pH

value. The potential pH range for pyrrhotite flotation was established. Cyclic voltammetry and FTIR spectroscopy analysis show

that the major adsorption product of ethyl xanthate on pyrrhotite is dixanthogen. The intensity of FTIR signals of dixanthogen ad

sorbed on pyrrhotite and the anode current of a pyrrhotite electrode and flotation response of pyrrhotite are correlated with pulp po-

tentials.
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1 INTRODUCTION

Pyrrhotite( Fe;- S, 0< x < 0. 125) is an iron sul-
fide mineral widely encountered in base-metal sulfide
ores. Because of its changeable stoichiometries and crystal
structure (1. e. x is different) , pyrrhotite exhibits a vari-
ety of flotation characteristics which depend upon the con-
ditions of oxidation, pH and pulp potentials. Woods and
his co-workers' "™ studied the reaction and the production
of the surface of pyrrhotite by XPS, linear potential sweep
voltammetry and chemical analysis. Their results showed
that the pyrrhotite surface( as fracture faces) oxidize imr
mediately when exposed to ambient air to form an overlay-
er of iron( II) hydroxide (or hydrated oxide) covering an
irorr deficient sulfide lattice, the metal content of which
decreases with increasing exposure( i. e. oxidation) time.
This air oxidation mechanism is similar to that found in
XPS studies of galena( PbS) (1) pyrite( FeS) 1% and chal-
copyrite( CuFeS,) . Heyes and Trahar'® reported that at
acidic pH values, good flotation can be achieved without
collector addition. Cheng et al'” reported the cathodic
decomposition behavior of pyrrhotite in deoxygenated solu-
tion, showing that pyrrhotite did not exhibit significant
collectorless flotation, and when ethyl xanthate was used
as collector, the floatability of pyrrhotite decreased with
cathodic treatments, the more negative the potentials ap-
plied and the longer the time used for polarization. the

lower the recoveries were. The relation of pulp potential

and flotation recovery was offered. The electrochemical
study of the surface reactions that occur during the flota-
tion of nickeliferous pyrrhotite in the recovery of nickel
and the platinum groupmetals was made by Buswell and
Nicol' ™. Their results showed that the formation of dix-
anthogen on pyrrhotite surface was thermodynamically
favourable in plant flotation slurries. Leppinen and
Yoon! " studied the electrochemical reactions involving
ethyl xanthate and chalcocite, chalcopyrite, pyrite and
galena in situ using an electrochemical ATR cell. They
investigated the reaction productions of minerals surface,
and found that the IR signal intensity which is a measure
of xanthate adsorption and flotation recovery response of
minerals is correlated with pule potentials. In this paper,
the flotation behavior of pyrrhotite is investigated by using
ethyl xanthate as a collector. The interaction mechanism
for the pyrrhotite and the ethyl xanthate is studied using
cyclic voltammetric measurement. Reaction productions
on the pyrrhotite surfaces are examined by FTIR reflection

spectra analysis.

2 EXPERIMENTAL

2.1 Materials

The pyrrhotite of FeS; 13 used in this investigation
was from Dachang No. 100 ore body, Guangxi Province.
Mineral lumps were crushed and pvrrhotite erains of sev-

eral millimeters in diameter were handpicked. The picked
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minerals were ground in a ceramic ball mill and sieved to
< 0.1 mm and stored under nitrogen. This sample con-
tained 93. 86% pure pyrrhotite. The stock solution for

[12]

flotation was made of distilled water and reagents' ', and

is shown in Table 1 with the corresponding pH values.

Table 1 Stock solution for flotation

pH Reagents
2.2 HCl
4.7 HAc+ NaAc
v/ Na,HPO4+ KH,PO,
8.8 HN;H,0+ NH,4CI
11 NaCO3+ NaHCO;
12. 1 NaOH

The reagents adjusting potential were ammonium per-
sulfate ((NHyg) 25,03) and sodium dithionite (NayS,04) .
All reagents for tests were analytical grade except the
frother butyl ether alcohol was industry grade. The dosage
of the frother was 10 mg/ L.

2.2 Flotation tests

The flotation tests were carried out in a micro flota-
tion cell with 25 mL of effective volume. The amount of
sample used for each experiment was 2.2 g, which was
ultrasonically washed for 5 min to remove any possible ox-
ides on the mineral surface. The washing solution was de-
canted and the fresh stock solution of given pH was added
before flotation. The pulp potential in each experiment
was adjusted by the reagents and measured before frother
addition. The electrodes to measure pulp potential were a
saturated calomel electrode (SCE, 0. 245V vs SHE) and
a platinum electrode with geometric surface area 0. 28
em’. The SCE was checked periodically to ensure accu-
rate measurement. Before each experiment, the platinum
electrode was cleaned. The flotation time was 4 min. The

flotation recovery ( R) was calculated by

R= —— x 100%
mi+ moy
where m; and m, are the floated and un-floated frac-

tions, respectively.

2.3 Cydlic voltammetry measurement

Cyclic voltammetry was used to characterize redox
reaction that occurs at the pyrrhotite surface. Cyclic
voltammetry was done by using EG&GPARC electrochemi-
cal measurement system which was made in USA. The

setup consisted of Model 273 multiplefunction potentio-

stat, M270 measurement software and PC computer. The
pyrrhotite electrode was prepared from pure crystals
pyrrhotite which had been picked out from this mineral
sample. The pyrrhotite electrode was polished with 600
grit silicon carbide paper and then rinsed with distilled

water before experiment. The sweep rate was fixed at 0.

01 V/s.

2.4 FTIR reflection spectra measurement

The FTIR reflection spectra were obtained using the
infrared spectrophotometer (type NEXUS 470). The ex-
perimental procedure with powdered samples was as fol-
lows. The pyrrhotite sample of 0. 7 g was suspended in 25
mL of buffer solution at the corresponding pH and desired
After the addition of each
reagent, the suspension was stirred for 15 min and then
settled for 15 min. The solution was filtered. The treated

reagent concentrations.

sample was first dried in a vacuum and then used for

FTIR reflection spectra measurement.
3 RESULTS AND DISCUSSION

3.1 Potential- pH area of pyrrhotite flotation

The flotation recovery of pyrrhotite as a function of
pH and pulp potential is given in Fig. 1. The results show
that the pyrrhotite exhibits good flotability from pH 2 to
pH 11 when using ethyl xanthate as a collector. Only
when pH> 12, the flotation recovery begins to decline.
But the pulp potential decreases with the increasing pH.
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Fig. 1 Flotation recovery of pyrrhotite as
function of pH and pulp potential

The dependence of pyrrhotite flotation recovery on
pulp potential is presented in Fig.2 at pH 4.7, 8.8,
12. 1 and 12. 7, which were fixed by different buffer solu-

tions, respectively. It may be seen that pyrrhotite can on-



* 1176 *

Trans. Nonferrous Met. Soc. China

Dec. 2004

ly be floated in a very narrow range of the pulp potential
at a given pH condition. If the upper and lower potential
limits for flotation are defined at 50% of flotation recov-
ety, a relationship between pyrrhotite flotation upper
( %) and lower ( ¥,1) potential limit potential can be
established and is presented in Fig. 3. It can be seen that
the flotation of pyrrhotite may occur only in a certain
range of pulp potential #)< P< Fyw at different pH
values. In the neutral and weak acidic solution, there is a
wider range of pulp potential for the flotation. The flota-
tion potential range becomes more narrow with the increas-
ing pH value. For example, at pH 8. 8, the optimal po-
tential range for flotation of pyrrhotite is about 150 ~ 320
mV. The maximum flotation occurs at potential of 250
mV. When pH is 12. 7, the flotation of pyrrhotite can al-

most not be above 50%, no matter how potential

changes.
100
+— pH=4.7
= -— pH=8.8
- a— pH=12.1
¢ — pH=12.7
& 60t
[
2
=}
o 40r
=
20F
[KEXF10"4 mol/L
O 100 200 300 400 300 600 700

{vs SHEVmV

Fig. 2 Relationship between pyrrhotite flotation
recovery and pulp potential
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Fig. 3 Relationship between pulp pH and
pyrrhotite flotation potential upper and lower limit
3.2 Anodic oxidation of pyrrhotite surface in pres-

ence of ethyl xanthate
The anodic scan sections of cyclic voltammetry for

pyrrhotite electrode in pH 7, 8.8, 11, 12. 1, 12. 7
buffer solutions with ethyl xanthate are respectively pre-
sented in Fig. 4. The cyclic voltammetry curve at pH 8. 8
is also presented in Fig. 4. It can be seen from Fig. 4 that
the anodic current peak emerges at about 0. 1 V. As pH
value increasing, the peak moves to the left. This peak
may correspond to the formation of dixanthogen. The oxi
dation of ethyl xanthate forming dixanthogen is as follows:

2EX" ‘—_rEXQ( n+ 2e (1
@= _ 0.06 VI (2)
%= — 0.06- 0.059Ig[ EX™ | (3)
When the concentration of ethyl xanthate is

5% 10" *mol/L, %= 0.08V, which reasonably well a-
grees with the results in Fig. 4.
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Fig. 4 Anodic scan sections of cyclic
voltammetry for pyrrhotite electrode in
different pH buffer solutions at potential
scan rate of 10 mV/s

( Background solution:
buffer solution plus 0. 1 mol/ L. KNO;,
[KEX]= 5% 10" *mol/ L)

When the hydrophobic entity diethyl dixanthogen is
formed, the flotation of pyrrhotite can be realized.

It can be also seen from Fig. 4 that anodic peak
moves toward left. When pH value is 12. 7, the anodic

peak disappears, the anodic current increases rapidly. It
is indicated that only the oxidation of pyrrhotite self takes
place on the surface of pyrrhotite, and no dixanthogen is
formed at pH= 12. 7. So the flotation of pyrrhotite can
not be carried out. This phenomenon may correspond to
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the following reactions:

FeSy. 13+ 7. 52H,0= Fe(OH)3+ 1. 13807 +

12. 04H" + 9. 78e (4)
2FeS 13+ 9. 39H,0= 2Fe( OH) 3+
1. 133,03 + 12.78H" + 10. 52¢ (5)

3.3 FTIR reflection spectra analysis of ethyl xamr
thate adsorption on pyrrhotite surface

The FTIR reflection spectra of KEX solid, KEX in
solution, diethyl dixanthogen( EX;) and iron ( II) ethyl
xanthate (Fe( EX)3) are shown in Fig. 5. Only the 950 ~
1 350 em™ ' region is shown, where most of the important
vibrations of xanthate functional groups are observed.
From Fig. 5, it can be seen that the characteristic absorp-
tion bands of ethyl xanthat are as follows: the stretching
vibration band of the C—0 —C at 1 100~ 1 172 em™ ',
C=Sa 1049 cm ' and 1008 cm™ '. When diethyl
formed, the stretching

dixanthogen is vibration

=
KEX(solution) =

(EX),

i

1 b
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Fig. 5 FTIR spectra of KEX (solid),
KEX (solution), EX; and Fe( EX) 3!

band of C =S moves to lower wavenumber and shifts to
1019 em™ ' and 998 em™ ', and that of C —0 —C moves
to higher wavenumber and shifs to 1 240~ 1 290 em™ .
When iron( II) ethyl xanthate is formed, the stretching
vibration band of C = S moves to lower wavenumber and
shifts to 1 029 em™ ' and 1 005 em™ .

The FTIR reflection spectra of ethyl xanthate adsorp-
tion on pyrrhotite are shown in Fig. 6. From Fig. 6, it can
be seen that the characteristic absorption bands of diethyl
1023 em™', 1242em™ ', and
1263 cm™ ' appear on the surface of pyrrhotite, indicat-

dixanthogen  at

ing that the dominate hydrophobic species on pyrrhotite
surface are dixanthogen. The effect of pulp potential on
the adsorption of ethyl xanthate on pyrrhotite was exam-
ined and the results are presented in Fig. 7. At pH 8. 8
the ethyl xanthate adsorption on pyrrhotite is mainly of
dixanthogen independent of potential in the range of 140 ~
250 mV due to the occurrence of almost same dixanthogen
characteristic band. However, the intensity of IR signals
is changed at various potential values. It is demonstrated
that IR signals of the characteristic dixanthogen peaks and
hence dixanthogen adsorption on pyrrhotite decrease with
decreasing potential from 250 mV to 140 mV. It explained
well the results of flotation in Fig. 2 and Fig. 3. At pH 8.
8, the flotation recovery and dixanthogen adsorption on
pyrrhotite are decreased with the decrease of pulp poten
tial from 250 mV to 140 mV. The effect of pH on FTIR
signal intensity of xanthate adsorption on pyrrhotite and
pyrrhotite flotation recovery is plotted in Fig. 8. It can be
seen from Fig. 8 that IR signal intensity corresponds well
to flotation recovery. At weak acidic pulp solution, the IR
signal intensity is the strongest.

1500 1300 1100 900 700

Wavenumber/cm™!

Fig. 6 [FTIR spectra of ethyl
xanthate adsorbed on pyrrhotite
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Fig. 7 FTIR spectra of ethyl xanthate adsorbed on pyrrhotite at different pulp potential
(pH= 8.8; [KEX]= 5x 10" ° mol/L)
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Fig. 8 Effect of pH on FTIR signal intensity of
xanthate adsorption on pyrrhotite and
pyrrhotite flotation recovery

FTIR signal intensity

4 CONCLUSIONS

1) Pyrrhotite has good floatability from pH 2 to pH
11, and poor flotability pH> 12.

2) The flotation of pyrrhotite depends on pulp pH
and pulp potential. In a suitable range of pulp potential at
certain pH, the flotation of pyrrhotite can occur.

3) Through potential scan of cyclic voltammograms
for pyrrhotite electrode and analysis of FTIR reflection
spectra measuring, the major production of ethyl xanthate
reaction with pyrrhotite is diethyl dixanthogen, which at-
tributes to the flotation of pyrrhotite.
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