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ABSTRACT 

The major objectives of this work are i) to determine the Eh-pH conditions under which pyrite 

is stable, ii) to determine the mechanism of the initial stages of pyrite oxidation, and iii) to determine if 

the semi-conducting properties of pyrite effects its oxidation behavior. It is known that moderate 

oxidation of pyrite produces a hydrophobic surface product. This hydrophobic product makes it 

extremely dficult to depress pyrite in coal flotation circuits. The eventual objective of this work is to 

prevent pyrite oxidation in order to better depress pyrite in coal flotation circuits. 

In this work clean, unoxidized pyrite surfaces are being produced by fracturing pyrite 

electrodes in an electrochemical cell. It has been shown that pyrite assumes a unique potential, referred 

to as the “stable potential” at the instance it is fractured and that this potential is several hundred 

millivolts more negative than the steady state mixed potential of pyrite. It has also been shown that by 

holding the potential of pyrite at its stable potential during fracture, pyrite undergoes neither oxidation 

nor reduction. It has also been found that fresh pyrite surfaces created by fracture in an 

electrochemical begin to oxidize at potentials that are about 200 mV more negative than the potentials 

reported in the literature for pyrite oxidation. This is attributed to the fact that most work on pyrite has 

employed polished electrodes that have pre-existing oxidation products on the surface. 

Electrochemical reduction and oxidation of these pre-existing products essentially mask the oxidation 

of pyrite itself. In addition, photocurrent measurements show that fkeshly fractured pyrite surfaces are 

charged negatively. This negative charge is believed to result from an intrinsic, acceptor-like surface 

The existence of a pH dependent stable potential for fieshly fractured pyrite electrodes was 

based on studies conducted mainly on pyrite from Peru. This report period, chronoamperometry and 

Center for Coal and Minerals Processing June 1995 



Controlling Incipient Oxidation of Coal-Pyrite for Improved Pyrite Rejection Page ii 

voltametry studies were conducted on pyrite electrodes &om different sources in order to determine if 

the stabIe potential of pyrite depends on its source, presumable reflecting differences in its semi- 

conducting properties and to determine if the reactivity of pyrite fiom different sources varies as 

reflected in the magnitude of the voltametric currents. 
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Introduction 

One of the major problems hindering the development of an advanced flotation process for 

separating pyrite &om coal is the "self-induced" or collectorless flotation of pyrite. It is known that 

collectorless flotation results from the moderate oxidation of pyrite, but the oxidation products and 

conditions required to prevent pyrite oxidation and subsequent collectorless flotation are not known. 

"U 

One of the reasons why the reactions are not better understood is that most pyrite that has been studied 

has been previously oxidized. For example, electrochemical studies are usually employed to study 

pyrite oxidation and most of these studies have been made on polished electrodes, The polishing 

process is known to produce femc oxide, F ~ 0 3 ,  and ferric hydroxide, Fe(OW3, on pyrite. These are 

hydrophilic compounds. It is not known what happens to the pyritic s u b r  during polishing, but it is 

believed that an oxidation product of sulhr is responsible for collectorless flotation. 

In flotation circuits, fresh surfaces are produced by grinding immediately before flotation, 

which is believed to produce surfaces that are much different than those produced by abrasion or 

polishing. 

The present studies avoid pre-existing oxidation products on pyrite by using an in situ fkacture 

technique that produces virgin pyrite surfaces in the electrochemical cell. The electrodes are 

potentiostated at pre-selected values prior to and during gacture. It has been found that there is a 

specific potential at which a freshly-produced pyrite surface neither undergoes reduction nor oxidation. 

Essentially, no current is passed on electrodes potentiostated at this specific potential during ii-acture. 

Electrodes held at more positive potentials than this value undergo spontaneous oxidation, while 

electrodes held at more negative potentials undergo spontaneous reduction. It was also shown by 
.5 
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photocurrent measurements that a negative surface charge exists on pyrite surfaces that are produced 

by in situ fiacture at pH 4.6 and 9.2 and that one method to reduce this negative charge was to 

cathodically decompose pyrite. 

Objective of this Report Period 

The objective of the research during this report period was to determine if the stable potential 

of pyrite at fiacture and its subsequent oxidation are dependent on the source of pyrite. 

Experimental 

Pyrite samples fiom Peru, Russia, Illinois, Mexico, Turkey and Taiwan were obtained fiom 

Wards Scientific Co. and rectangular electrodes of each of the pyrites prepared using a slow-speed 

diamond saw. Samples of each of the pyrites were mounted as electrodes for in situ hcture. The 

electrodes were fiactured in a nitrogen sparged pH 4.6 acetic acid-acetate buffer solution. 

Results and Discussion 

Chronoamperometry of hi Situ Fractured Pyrite fiom Different Sources 

Figure 1 shows chronoamperometry curves (current-time curves) for each of the pyrite samples 

obtained by potentiostatiig the electrodes at O,.O V in the pH 4.6 buffer solution. This potential (0.OV 

SCE) was selected because as shown in previous quarterly reports it corresponds to the stable potential 

of the Peruvian pyrite. The zero current change observed in the top curve (Peruvian pyrite) during 

fiacture confirms that its stable potential is at 0.0 V. Interestingly, there is a finite current at fi-acture on 

each of the other electrodes. The pyrite samples fiom Russia, Illinois, Mexico and Turkey exhibit an 

oxidizing current immediately after eacture, establishing that the stable potential for pyrite fiom these 

sources is less than 0.0 V; whereas the pyrite fi-om Taiwan shows a large reduction current at fiacture 

indicating that this electrode has a stable potential that is more positive than 0.0 V. 
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Figure 1. Chronoamperometry curves for fieshly fiactured surfaces of pyrite 
fi-om different sources. Source of pyrite labeled on curves. 

The results shown in Figure 1 are interesting and sigdicant because they provide the first clear 

evidence that the reactivity of pyrite depends on the source of the pyrite. The dependence of the 

reactivity of pyTite on its source can be understood ifit is assumed that the electrochemical potential of 

the electrons (and holes) in pyrite differs for samples fiom different sources, and that the instantaneous 

(stable) potential that pyrite assumes at hcture represents the difference between the electrochemical 

potential of electrons in pyrite and in solution. The electrochemical potential of electrons in semi- 

conducting electrodes such as pyrite is known to be determined primarily by 1) its exact stoichiometry, 

which can vary slightly fiom a 1 2  iron-to-sufir ratio and 2) impurities that may be incorporated in the 
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lattice of pyrite either substitutionally or interstitially. Vacancies created by variations from the 

stoichiometric composition and impurities may act as donors that contribute electrons, increasing the n- 

type conductivity of pyrite, or as acceptors that increase its p-type conductivity. One would generally 

expect that excess iron in sphalerite would increase its electron concentration, thereby increasing the 

electrochemical potential of electrons (i.e., moving the Fermi level of electrons towards the conduction 

band). Similarly, excess s u b  would be expected to increase the free hole concentration and decrease 

the free electron concentration, thereby, lowering the electrochemical potential of electrons. The 

results shown in Figure 1 suggest that the pyrite samples from Russia, Illinois, Mexico and Turkey are 

more n-type than the samples from Pew, while the sample from Taiwan is more p-type than that from 

Peru. 

It is also important to note that if the iqstantaneous potential that pyrite assumes at fiacture 

represents the difference in electrochemical potential between electrons in pyrite and electrons in the 

solution phase, then this potentid is a true Thermodynamic potential. This can be contrasted with the 

steady state mixed potential that is most often measured for sulfide electrodes. The mixed potential is 

determined solely by the relative kinetics of the oxidation of pyrite and the reduction of oxygen, with 

the reaction that has the smallest exchange current determining the potential. 

Voltammetrv of m i t e  from different sources 

Figure 2 shows the voltammograms obtained on the same pyrite electrows that were used in 

the chronoamperometry experiments of Fig. 1. These voltammograms represent the first negative - 
going sweeps starting 6om the potential at which the electrodes were 6actured. There is little 

difference in the voltammograms obtained on the electrodes from Peru, Russia, Illinois, Mexico and 
->. 
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Figure 2. Voltammograms obtained on fieshly fiactured pyrite electrodes. The 
source of the pyrite is labeled on the curves. 

Turkey. Essentially, the slight differences in the magnitude of the voltammetry currents on these 

electrodes may be attributed to slight differences in the real surface area of the electrodes and possibly, 

to differences in the Fermi level. However, the voltammogram of the electrode made fiom pyrite fiom 

Taiwan differs considerably fiom the other electrodes. The unique character of the voltammogram on 

the Taiwan pyrite is consistent with its unique chronoamperornetry behavior at fiacture as shown in 

Fig. 1. As discussed above, the Taiwanese pyrite is believed to be more p-type than the other samples. 
_. 

Holes in the valence band of semi-conducting electrodes are more oxidizing than electrons in the 
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conduction band by the band gap energy (0.8 eV for pyrite). Thus, the increased voltammetxy current 

on the electrode made from pyrite from Taiwan is consistent with its increased p-type conductivity. 

Conclusion 

Chronoamperometry studies on fieshly fractured pyrite electrodes have provided the first clear 

indication that the reactivity of pyrite may depend on the source of the pyrite, i.e., on its semi- 

conducting behavior. 

Future Works 

Research to interpret the impedance spectroscopy of pyrite electrodes is continuing.. 

Research will also be initiated to study the effect of corrosion inhibitors on the initial potential pyrite 

assumes at fracture and on the subsequent oxidation characteristics. 

i 
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