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isotopic substitution are the equilibria among the boat-chair 
conformers of unsymmetrically deuterated cyclooctanone-2- 
D. Any particular hydrogen at C-2, C-3 or C-4 exchanges 
among four possible environments {a or a\ p or or yor 

and axial or equatorial). If a single deuterium is sub
stituted for a hydrogen at C-2, the four conformers are di- 
astereomeric and equilibrium isotope effects may occur in 
which each comformer contributes a different amount to the 
equilibrium. However, since only two carbon environments 
can be distinguished, the apparent equilibrium will be 
between two pairs of conformers, i.e., [IB + 1C]<=* [1A+ ID] 
as shown in Figure 2. The equilibrium isotope shifts in 13C 
spectra can be used to detect the proportion of time C-2 is 
in each environment, a and a1, but cannot reveal the po
sition of 1BH1C or LAe二£1D equilibria. The situation is 
simpler if both hydrogens at a carbon are substituted by deu
terium, because then the 1C equilibrium is degenerate, 
the 1A= ID equilibrium is degenerate and the observed 
equilibrium is between only two different conformers.

When equilibrium constants were derived from equili
brium isotope shifts using Saunder's equation, the equili
brium constants were always expressed as values greater 
than unity, K > 1. The direction of the isotope effect can be 
determined by noting whether individual carbons move to
ward upfield or downfield by the equilibrium isotope shift. 
It was shown that a,伊，and y carbons appear upfield of 
the corresponding a\ /3, and y' carbons. If C-2 is moved up
field and C-8 downfield by the isotope effect, it is clear that 

C-2 resides more of time in the a environment, C-8 is cor
respondingly more in the a' environment. The average en
vironment for C-2 and C-8 would differ, with C-2 shifted 
upfield of the reference peak and C-8 shifted downfield by 
an eq냐al amount. Deuterium labeling at C-2 position in a cy- 
clooctanone causes the intrinsic and equilibrium isotope ef
fects by causing deviations in the relative populations of B+ 
C and A+D involved in the equilibrium.
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The mechanism by which pyrrhotite is depressed by diethylenetriamine (DETA) during pentlandite flotation 
has been studied. Amyl xanthate is observed to adsorb on pyrrhotite to form both dixanthogen and iron xan
thate. In the presence of DETA, the amount of xanthate adsorbed on pyrrhotite is substantially reduced as evi
denced by infrared and UV/Vis spectroscopy. However, DETA does not adsorb on pyrrhotite as evidenced by 
infrared and X-ray photoelectron spectroscopy. DETA shifts the potential of the onset of xanthate adsorption 
on pyrrhotite by approximately 200 mV toward anodic direction, which is thought to be due to the increased 
solubility of surface oxidized species on pyrrhotite in the presence of DETA. A window of selectivity for the 
separation of pentlandite and pyrrhotite is provided by the results obtained in this study.

Introduction

Recently, diethylenetriamine (DETA) has been used as a 
depressant for pyrrhotite in the mining industry. DETA 
makes it possible to remove pyrrhotite more efficiently, 
while increasing the recovery of copper, nickel, and pla
tinum. Plant experience shows that DETA is most effective 
at pH 9-9.5, works best under highly oxidizing conditions, 
and is sensitive to water chemistry.

Although the effectiveness of DETA as a pyrrhotite 
depressant has been verified in plant practice, its mechan
ism is not well understood, everal different mechanisms 
may be speculated based on the general chemistry of DETA 
and the operating experience at the mill:

1. DETA could adsorb on pyrrhotite selectively to pas
sivate the mineral, thereby preventing xanthate adsorption.

2. Iron hydroxy-DETA complexes may adsorb on pyr
rhotite selectively, rendering the surface hydrophilic.
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3. DETA-dixanthogen complexes may adsorb on the sur
face with an orientation that renders the surface hydrophilic.

4. DETA may control the electrochemical potential of the 
system by complexing Fe3+ (or Fe2+) ions.

5. DETA may control the pulp potential by forming com
plexes with transition metal ions that can bind molecular ox
ygen.

The first three possible mechanisms involve adsorption of 
DETA on pyrrhotite, while the last two suggest indirect 
mechanisms. It was suggested that DETA may reduce the 
potential below that of the xanthate/dixanthogen couple, pre
venting xanthate adsorption on pyrrhotite.1

In this study, the adsorption characteristics of DETA on 
pyrrhotite was examined by mainly spectroscopic meas
urements, which is related to the first three possibilities. 
The spectroscopic work included Fourier Transform In
frared (FT1R), X-ray photoelectron spectroscopy (XPS), and 
UV/Vis spectroscopic analyses.

Understanding how DETA depresses pyrrhotite should 
not only help industry optimize the performance of this par
ticular reagent, but should also help them find more pow
erful depressants in the future. Since DETA is very dif
ferent from other flotation reagents commonly used in in
dustry today, the improved understanding of the reaction 
mechanism(s) may eventually lead industry to develop new 
breeds of flotation reagents.

Experimental

Materials. Natural pyrrhotite specimens received from 
INCO (Canada) were cut by a diamond saw to 15 40 mm 
plates, rough-polished using 600 grit silicon carbide paper 
and fine-polished using 0.3 and 0.05 m alumina powders. 
After polishing, the electrodes were washed in an ultrasonic 
bath in warm ethyl alcohol, and then in 18 M£2 deionized 
water. A reagent grade DETA (99% purity) was obtained 
from Aldrich Chemicals. The potassium amyl xanthate 
(KAX) was recrystallized three times with acetone and 
ethyl ether before use. KAX was oxidized to its dimer, di
amyl dixanthogen ((AX)2), using iodine solution to obtain 
the standard FTIR spectrum.

All measurements were conducted at pH 9.2 in 0.05 M 
Na2B4O7 buffer solution. The borate was of analytical grade 
and the solutions were prepared using 18 MX2 deionized 
water. Prior to each measurement, the solution was deox
ygenated by purging with low-oxygen (< 0.05 ppm O2) ni
trogen gas for at least one hour.

FTIR Spectroscopy Measurements. FTIR spec
troscopic measurements were conducted on pyrrhotite elec
trodes under open-circuit and controlled-potential conditions 
at pH 9.2 using an external reflection attachment (Spectra 
Tech) with a single reflection. The spectra were recorded us
ing a Bio-Rad FTS 60A FTIR spectrometer with a liquid ni
trogen-cooled MCT detector. A total of 64 scans were re
corded at 4 cm1 resolution, co-added, and signal-averaged 
for each measurement. A wire grid polarizer was used to po
larize the incident beam.

XPS Measurements. The XPS measurements were 
carried out using a Kratos XS AM 800 spectrometer at a va
cuum pressure of approximately 10-7 Pa. Unmonochromatiz- 
ed X-rays from a magnesium anode (operated at 13 kV and 

18 mA) were used to excite the photoelectrons. A slit width 
of 2 mm was used for measuring the individual lines to get 
an optimal resolution. Under these conditions, the full width 
at half maximum (FWHM) of the Ag (3d3/2) peak was 1.1 
eV. The energy scale was calibrated by using the Au (4f7/2) 
line (Binding Energy, BE 84.0 eV) and the Cu (2p3/2) line 
(BE 932.6 eV). Binding energy shifts due to charging were 
corrected by using the C (Is) line (BE 285.0 eV).

UV/Vis Spectroscopy Measurements. The solution 
was analyzed for DETA and KAX using a Perkin-Elmer 
Lambda Array 3840 UV/Vis Spectrophotometer. A 1-cm 
pathlength quartz cell was used for the measurements. The 
absorbance of the DETA and KAX solutions were measur
ed at 206 and 303 nin, respectively.

After contacting a pulverized pyrrhotite sample (20 X 30 
mesh) for ten minutes with the DETA and/or KAX solu
tions, the clear solution was recovered by passing it through 
a 0.2 jtzm filter. The solution was then transferred to a 
quartz cell to take the spectra. It should be noted that the 
206 line for DETA was too close to that for oxygen and 
that the oxidation products derived from pyrrhotite changed 
the baseline significantly, making measurement difficult.

Contact Angle Measurements. A specially-design
ed electrochemical cell was used to measure contact angles 
under controlled potential conditions.2 The pyrrhotite elec
trode was polarized at a cathodic potential to remove any 
oxidation products from the surface. The potential was then 
increased to a desired value before bringing a nitrogen bub
ble to the electrode surface to make the contact. The elec
trode was held in an upright position, and the eq나ilibrium 
contact angles were measured using a Rame-Hart Model 100 
Goniometer.

Voltammetry, The voltammetry experiments were con
ducted using a conventional three-electrode circuit. The elec
trode potential was controlled with a PAR Model 371 
Potentiostat/Galvanostat and a PAR Model 175 Universal 
Programmer. Although an Ag/AgCl electrode was used as 
the reference electrode, the potentials reported here are ex
pressed on the standard hydrogen electrode (SHE) scale.

Result and Discussion

FTIR Spectroscopic Stdies. The spectra of KAX, 
(AX》，and DETA are given in Figure 1. In the "fingerprint 
region" (950 1350 cm *), KAX gives a strong band at 1074 
cm 1 due to the C=S stretching vibration and at 1137 cm 1 
due to the symmetric C=O=C vibrations? The minor band 
at 1249 cm 1 is attributed to a combination of S-C-S and C- 
O-C asymmetric vibrations. The (AX)2 spectrum shows the 
characteristic peak at 1259 cm 1 with a shoulder at 1207 
cm which are due to S-C-S and C-O-C vibrations.4 The 
two strong bands at 1043 and 1023 cm-1 are due to C=S 
stretching vibrations. The small peak at 1123 cm 1 is at
tributed to C-O-C stretching vibrations.

The DETA spectrum shows a major absorption band at 
1574 cm 1 due to N-H vibrations and two other bands at 
1487 and 1120 cm 1 due to C-N vibrations.5 The bands at 
1436, 1317 and 819 cm1 are proba비y due to the CH2 
group vibrations.

Figure 2 아lows the FTIR spectrum (bottom of Figure 2) 
of the pyrrhotite electrode conditioned in a 10 3 M KAX
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Figure 1. FTIR spectra of DETA, KAX and (AX)2.

solution for ten minutes at open-circuit. The presence of dix- 
anthogen on the pyrrhotite surface was indicated by the 
peaks at 1259, 1207 and 1043 cm \ There are also in
dications of iron xanthate co-existing with dixanthogen on 
the mineral surface, as evidenced by i) the increase in the 
1207 cm1 band (relative to the 1259 cm1 band), and ii) 
broadening and shifting of the C-O-C (1123 cm1) and C=S 
vibrations (1023 cm-1) to 1136 and 1016 cm \ respec
tively. The FTIR external reflection spectroscopic studies 
conducted by other investigators also showed the co-ad- 

sorption of iron xanthate and dixanthogen for the ethyl xan- 
thate-marcasite6 and amyl xanthate-pyrite7 systems. Howev
er, an in-situ FTIR study showed that only diethyl dix
anthogen is formed on pyrrhotite at open-circuit conditions.8 
Since the external reflection measurement employed in the 
present work is an ex-situ technique, the difference like this 
is considered to be observed.

After taking the spectrum, the pyrrhotite electrode that 
had been contacted with a 10-3 M KAX s이ution was con
ditioned in a 10 3 M DETA solution for ten minutes. As 
shown in Figure 2 (top spectrum), the intensity of the 
characteristic dixanthogen bands decreased, while that of 
iron xanthate did not, suggesting that dixanthogen may be 
displaced by DETA from the pyrrhotite surface. However, 
the spectrum does not show the presence of DETA on the 
surface, minimizing the possibility of DETA displacing dix
anthogen from the surface. There is another possible ex
planation for the decrease in the amount of dixanthogen on 
pyrrhotite surface, ie, evaporation. Amyl dixanthogen has 
considerable vapor pressure, and the long exposure time as
sociated with the ex-situ FTIR measurement after the DETA 
treatment may be sufficient to lose some dixanthogen; 
however, the following set of experiments seemed to dispel 
the possibility of dixanthogen evaporation.

Figure 3 (top) showed no indications of DETA ad
sorption on a pyrrhotite sample contacted with 10 3 M 
DETA solution at open circuit. Using a reverse sequence of 
conditioning (i.e. DETA treatment followed by contacting 
with a 10 3 M KAX solution), there was an indication of 
xanthate adsorption (Figure 3, middle) as evidenced by the 
broad band at around 1055 cm however, the signal in
tensities of the adsorbed xanthate were substantially lower 
than that without DETA (Figure 2, bottom). The spectrum 
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Figure 3. FTIR spectra of pyrrhotite conditioned at pH 9.2 in 
10~3 M DETA solution initially (top), and then in 10-3 M KAX 
solution (middle). Also shown is the FTIR spectra of pynhotite 
conditioned in a solution containing both 10 3 M KAX and 10 3 
M DETA (bottom).

Wavenumber (cm ')
Figure 2. FTIR spectra of pyrrhotite conditioned at pH 9.2 in 
10"3 M KAX solution for 10 min initially (bottom) and then in 
10~3 M DETA solution (top).
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obtained after conditioning in a solution containing both 
KAX (10 3 M) and DETA (10~3 M) also showed a very 
small amount of xanthate adsorbed on the mineral surface 
(Figure 3, bottom). It is interesting to note that the adsorbed 
xanthate species in both experiments were mostly iron xan
thates (Figure 3, middle and bottom). Evidently, DETA in
hibits xanthate adsorption, particularly dixanthogen, on pyr
rhotite regardless of the sequence of reagent addition.

Figure 4 shows the FTIR spectra obtained after con
ditioning the pyrrhotite sample for five minutes in 10 3 M 
KAX solutions at pH 9.2 under controlled-potential con
ditions. The sample was removed from the cell, rinsed with 
deionized water, dried by blowing the surface with nitrogen, 
then placed in the spectrometer to take the external re
flectance spectrum. There are no indications of xanthate ad
sorption at - 0.3 V. Although not shown here, the xanthate 
adsorption begins at approximately 0 V. The spectrum ob
tained at 0.2 V shows absorption bands characteristic of ad
sorbed dixanthogen at 1260, 1136, 1048 and 1015 cm \ 
The appearance of the 1227 cm'1 band indicates iron xan
thate formation. Note that the intensity ratio between the 
1224-1227 and the 1256-1262 cm1 bands increases with in
creasing potential, suggesting that iron xanthate formation 
becomes more favored at high potentials where the activity 
of iron hydroxide is high due to anodic oxidation. At 0.4 V, 
pyrrhotite itself was severely oxidized as indicated by a 
broad band in the 980-1150 cm1 region.

The FTIR results given in Figure 4 seem to support the 
xanthate adsorption mechanism proposed by Hodgson and 
Agar.9 Based on voltammetry studies, they suggest that pyr
rhotite oxidizes as follows:

FeS + H2O = Fe(OH)[S]+ + H+ + 2e (1) 

to form an iron (III) hydroxy-polysulfide as the initial ox
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Figure 4. FTIR spectra of pyrrhotite at pH 9.2 conditioned in 
10"3 M KAX solution at different potential conditions. 

idation product. Xanthate ions adsorb on the positively- 
charged oxidation product via coulombic attraction:

Fe(OH)[S]+ + X~ = Fe(OH)[S]X, (2)

to form an iron (III) hydroxy-polysulfide xanthate on the 
surface, while the residual xanthate is subsequently oxidized 
to dixanthogen.

Figure 5 shows the FTIR spectra of pyrrhotite con
ditioned in 10 3 M DETA solution at different potentials. 
There are no indications of DETA adsorption over the en
tire potential region studied. Only the oxidation products of 
the mineral, as indicated by the bands in the 900 1200 cm1 
region, were observed. Note that the spectra shown in Fig
ure 5 were obtained by subtracting the spectrum of unox
idized pyrrhotite and water adsorbed on pyrrhotite, so that 
the IR bands due to adsorbed DETA can be seen more 
clearly. Unfortunately, the 사laracteristic IR bands for DETA 
are in the range of those for adsorbed water molecules; 
therefore, the sensitivity for detecting DETA on the surface 
of pyrrhotite depends on the amounts of water present on 
the pyrrhotite surfaces. Although the spectra given in Figure 
5 show no evidence for DETA adsorption, further studies 
may be required to substantiate the evidence that DETA 
does not adsorb on pyrrhotite.

Figure 6 shows the spectra of pyrrhotite conditioned in a 
solution containing 10"3 M KAX and DETA at various po
tentials. In the presence of DETA, xanthate adsorption is 
significantly reduced. There are indications of xanthate ad
sorption at higher potentials, but the amount adsorbed is 
very small when compared with those without DETA 
(Figure 4).

To see the effect of DETA on xanthate adsorption more 
이os이y, the spectra obtained in 10"3 M KAX solutions with 
and without 10~3 M DETA at 0.3 V are compared in Fig
ure 7. In the presence of DETA, the amount of adsorbed 
xanthate was reduced drastically, demonstrating the ef-

1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800

Wavenumber (cm-1)
Figure 5. FTIR spectra of pyrrhotite at pH 9.2 conditioned in 
10 3 M DETA solution at different potential conditions.
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Figure 6. FTIR spectra of pynhotite at pH 9.2 conditioned in a 
mixture of 10"3 M KAX and 10"3 M DETA solution at different 
potential conditions.

fectiveness of DETA as a pyrrhotite depressant. It is also in
teresting to see that in the presence of DETA the mineral 
becomes more severely oxidized as indicated by the strong 
bands in the 980-1200 cm1 region. This finding is sub
stantiated by the voltammetry results which will be dis
cussed later.

In Figure 8, the IR signal intensities, as measured at 1256- 
1262 cm1, and the contact angle data are plotted as a func
tion of applied potential. No discernable hydrophobicity is 
observed in the buffer solution or in IO-3 M DETA solu
tion without xanthate. In 10" m KAX solution, the pyr
rhotite electrode becomes hydrophobic above 0 V, which is 
close to the reversible potential of the following reaction:

2X- = X2 + 2e (3)

whose Er is 0.047 V at [KAX]=10 3 M. The FTIR data 
아low the same trend. In the presence of both DETA and 
KAX, the potential where xanthate begins to adsorb on pyr
rhotite (as indicated by the changes in IR intensities) and 
where the mineral becomes hydrophobic shifts by about 0.2 
V.

One possible explanation for this shift in the potential is 
that DETA may complex with the Fe저 ions (or with its hy
droxy complexes) in solution, resulting in a decrease in the 
activity of free ions in solution. This in turn increases the 
solubility of the iron hydroxy-polysulfide and, hence, de
creases its surface activity. Increased solubility of the pyr
rhotite oxidation product will be shown by the voltammetry 
results. According to the Nemst equation, a decrease in the 
surface activity of the iron hydroxy-polysulfide will shift 
the reversi미e potential of reaction (1) towards an anodic 
direction. If reaction (1) is the precursor for xanthate ad
sorption (reaction (2)), the onset of xanthate adsorption

Wavenumber (cm ')
Figure 7. FTIR spectra of pynhotite at pH 9.2 conditioned in a 
mixture of 10 3 M KAX and 10 3 M DETA solution at 0.3 V.

should, therefore, occur at higher potentials.
XPS Studies. To determine whether DETA adsorbs 

on pyrrhotite, the XPS spectra of the mineral were taken aft
er conditioning the mineral for 5 minutes in the pH 9.2 buff
er solution containing IO-4 M DETA at open circuit con
ditions. The results given in Table 1 showed no changes in 
either the binding energy or the amount of nitrogen present 
on the pyrrhotite surface before and after the DETA treat
ment; however, the intensity of the carbon peak increased 
considerably. Knowing that carbon contamination is quite 
common during XPS measurements, the data obtained may 
suggest that DETA does not adsorb on pynhotite.

o
 

o
 

o

6
 

5
 

4

으

財uy

Pyrrhotite 
pH 9.2

KAX 十 DETA

blank
10耳 M DETA
10~3 M KAX

-
I  익

I  잇
호

Potential (V, SHE)
Figure 8. Effect of potential on the contact angle and IR re
lative intensity measured for pynhotite at pH 9.2 in buffer solu
tion (x), 10-3 M DETA solution (O), 10-3 M KAX (O, A) and 
a mixture of 10 3 M KAX and 10 3 M DETA solution (□ , ★).
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Table 1. XPS results for pynhotite conditioned in 0 and 10 
M DETA solutions

[DETA]
S2p Fe3p

B.E/At.%B.E. At.%
Nls Ols Cis

B.E. At.% B.E. At.% B.E. At.%

0 160.7 15.0 54.0 11.0 400.0 2.0 532.0 33.0 285.0 39.0
10 4 160.6 14.4 54.0 10.6 399.9 2.1 532.1 25.7 285.0 47.0

Binding energy. Calculated atomic percentage.

UV/Vis Spectroscopy Studies. The adsorption of 
DETA on pyrrhotite was investigated by monitoring the 
DETA concentration in solution using the UV/Vis spec
troscopy. There were no changes in the amount of DETA 
present in solution before and after contacting the 10* m 
DETA solution with pyrrhotite for ten minutes. This in
dicates that DETA does not adsorb on pyuhotite, which 
agrees with the FTIR and XPS spectroscopic data.

The effect of DETA on KAX adsorption on pyrrhotite 
was also studied by monitoring the xanthate concentration 
in solution. Figure 9 아)ows the xanthate spectra obtained 
under various conditions. All measurements were conducted 
in a 0.05 M borate buffer (pH 9.2) solution. After ten 
minutes of contact time at open circuit, the xanthate con
centration was reduced by 40% (as measured by the UV ab
sorbance at 303 nm), indicating significant adsorption. In 
the presence of 10~5 M DETA, the xanthate concentration 
was reduced by only 10%. This finding further substantiates 
the conclusion from FTIR and contact angle work that 
DETA inhibits xanthate adsorption on pyrrhotite.

Voltammetry. Figure 10 shows the voltammograms 
of pyrrhotite obtained in the absence and presence of 10 3 
M KAX at 50 mV/sec. In the absence of xanthate and stir
ring, the anodic oxidation current was observed starting at 
about 0 V. When the solution was stirred, the anodic cur-
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Figure 9. UV/Vis spectra recorded for a pH 9.2 solution a) in
itially containing 10 5 M KAX, b) after pyrrhotite conditioning 
for 10 minutes, and c) KAX and 10-5 M DETA after pyrrhotite 
conditioning.
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Figure 10. Voltammograms for pyrrhotite at pH 9.2 in 0 and 
10"3 M KAX solution.

rent was higher and started at approximately 一 300 mV. A 
similar observation was made by other investigators,10 who 
attributed the increase in anodic current to the initial ox
idation product (i.e. Fe(OH)[S] ) being soluble as suggested 
by reaction (1). At higher potentials, however, insoluble 
(and thermodynamically more stable) oxidation products 
such as Fe(OH)3 and S° would be formed. In this case, the 
voltammograms obtained during the cathodic scan with and 
without stirring should be indistinguishable from each other, 
as shown in Figure 10 and reported in previous work.10,11 In 
the presence of 10~3 M KAX, the anodic current was reduc
ed considerably at low potentials, indicating that the xan
thate adsorption passivated pyrrhotite oxidation. There were 
no new peaks attributable to xanthate adsorption or ox
idation.

Figure 11 shows the voltammograms of pyrrhotite ob
tained in 什le absence and presence of 10 3 M DETA. In the 
presence of DETA, the anodic currents increased, becoming 
more significant when the solution was stirred. These find
ings indicate that the oxidation product (eg., Fe(OH)[S] 
formed as a result of reaction (1)) has considerable solu
bility in the 0.05 M borate buffer solution. As shown in Fig
ure 11, the solubility increased in the presence of DETA. 
According to Rao and Fin아i," only the iron hydroxide dis
solves into s이ution, leaving the polysulfide behind on the 
surface. The latter may be further oxidized to longer chain 
polysulfides or elemental sulfur, both of which are insoluble 
species.

Figure 11 also shows that in the presence of DETA, a 
new cathodic reduction peak was observed near - 420 mV, 
possibly indicating the reduction of the longer chain po
lysulfides or elemental sulfur formed after losing part of the 
iron hydroxide into solution. Therefore, it is clear that the 
role of DETA is to modify the redox behavior of pyrrhotite.

Figure 12 shows the voltammograms of pyrrhotite ob-
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Figure 11. Voltammograms for pyrrhotite at pH 9.2 in 0 and 
10-3 M DETA solution.

tained in the presence of both DETA and KAX (10-3 M). 
At potentials below approximately 200 mV, the anodic cur
rents were smaller than with DETA alone. At higher po
tentials, however, the anodic current increased in the pres
ence of xanthate. It should also be noted that the cathodic 
waves were considerably different from those obtained with 
DETA alone. The height of the largest cathodic peak ob
served in the presence of DETA was slightly reduced and 
new cathodic peaks were observed in the presence of KAX 
near 一 550 mV. This result also substantiates that the elec
trochemical behavior of pyrrhotite depends much on the ex
istence of DETA in the solution.

Conclusions

1. The FTIR spectroscopic studies show that amyl xan
thate adsorbs on pyrrhotite to form both dixanthogen and 
iron xanthate. This finding substantiates the mechanism that 
part of the xanthate reacts with iron hydroxy-polysulfide 
(produced as a result of pyrrhotite oxidation) to form iron 
xanthate and the rest is oxidized to form dixanthogen.

2. The FTIR spectroscopic studies show that the amount 
of xanthate adsorbed on pyrrhotite decreases substantially in 
the presence of DETA. However, there are no indications 
of DETA adsorbing on pyrrhotite in place of xanthate, 
which is also supported by the results obtained from XPS 
and UV/Vis spectroscopic analysis.

3. The contact angle and FTIR spectroscopy studies con
ducted under controlled potential conditions show that in 
the presence of DETA the potential at which xanthate be
gins to adsorb on pyrrhotite shifts by approximately 200 
mV to anodic direction. This potential shift for the onset of

Potential (mV, SHE)
Figure 12. Voltammograms for pynhotite at pH 9.2 in 0 and 
10 3 M KAX+10-3 M DETA solution.

collector adsorption may provide an explanation for the win
dow of selectivity between pentlandite and pyrrhotite.

4. The anodic potential shift for the onset of xanthate ad
sorption may be explained by the increased solubility of the 
iron hydroxy-polysulfide formed as a result of pyrrhotite ox
idation. Evidence for the increased solubility of the pyr
rhotite oxidation product is given by voltammetry and FTIR 
results.
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