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Carrier-microencapsulation for Control of
Pyrite Oxidation and Floatability in Mineral Processing
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Pyrite is a common sulfide mineral occurring in coal and metal mines, and it is rejected as a gangue
mineral from valuable minerals by physical separation techniques such as flotation and wasted into a
tailing pond at mine sites. There are two major problems in the mineral processing for pyrite: one
is the air-oxidation of pyrite in the tailing pond causing the formation of acid mine drainage polluted
by toxic metals extracted from coexisting minerals; the second is the entrapment of pyrite in the froth
layer of valuable minerals in flotation process due to the hydrophobic nature of pyrite, which results
to the lowering of the separation efficiency. The present study proposes carrier-microencapsulation
(CME) as a new method for suppressing both the oxidation and floatability of pyrite. The effects of
CME were demonstrated through model experiments.

In Chapter 1, background and objectives of the study were described, and the concept of CME was
discussed. In CME, pyrite is coated by a thin layer of Ti oxide or hydroxide using a water-soluble
organic carrier combined with Ti ions. The layer suppresses pyrite floatability in flotation because it
converts pyrite surface from hydrophobic to hydrophilic, and it also acts as a protective coating against
pyrite oxidation.

In Chapter 2, two types of organic agents were tested as carriers for CME: one is hydroxyl ben-
zenes (phenol, resorcinol, hydroquinone, pyrogallol, hydroxyhydroquinone, phloroglucinol, and 1,2-
cyclohexanediol), and the other is organic acids derived from the citric acid cycle (sodium citrate,
2-oxoglutaric acid, succinic acid, fumaric acid, L(-)-malic acid, and oxaloacetic acid). Shaking flask
experiments were conducted to evaluate the extraction ability of the organic compounds for Ti from Ti
minerals and to determine the adsorption of the extracted Ti onto pyrite. Catechol, pyrogallol, hydrox-
yhydroquinone, and sodium citrate were able to extract Ti from Ti minerals such as anatase, rutile,
and ilmenite forming soluble Ti-organic complex. However, only catechol, pyrogallol, hydroxyhydro-
quinone were able to transport the extracted Ti to the pyrite surface. Anodic polarization experiments
for the organic compounds showed that these hydroxyl benzenes (catechol, pyrogallol, and hydroxy-
hydroquinone) are more easily oxidized than sodium citrate, indicating that oxidation of Ti-hydroxyl
benzene complexes play an important role in the adsorption of Ti onto the pyrite surface.

In Chapter 3, the effect of CME on pyrite oxidation was investigated by shaking flask leaching experi-

— 115 —



ments of a ground pyrite using anatase as Ti mineral and catechol as organic carrier, and the mechanism
of the coating formation in CME was discussed. The results of the leaching experiments showed that

pyrite oxidation was effectively suppressed in the presence of anatase and catechol. Solution analy-

sis and SEM-EDX analysis of the pyrite residue showed that Ti is extracted from anatase forming a
soluble Ti-catechol complex, and that the extracted Ti is adsorbed onto the pyrite surface to form a
thin layer of Ti oxide (or hydroxide). It was also found that oxygen is required for the adsorption of
the extracted Ti onto pyrite. Based on the results, the mechanism of Ti oxide coating is established as
follows: (1) Ti is extracted from Ti mineral by catechol forming the Ti-catechol complex; (2) the Ti-
catechol complex adsorbs on pyrite; (3) the Ti-catechol complex is oxidatively decomposed by oxygen

_ torelease Ti ions on pyrite; (4) the released Ti reacts with water forming Ti oxide or hydroxide coating
on the pyrite surface.

.In Chapter 4, the effect of CME on pyrite floatability was investigated using Ti-catechol complex.

CME treatment was applied for a ground pyrite with varying concentrations of Ti-catechol complex,
treatment time, and pH. Then bubble pick-up and flotation experiments were conducted on the pyrite
sample. The results showed that CME treatment converts the pyrite surface from hydrophobic to hy-
drophilic and suppresses pyrite floatability. It was confirmed that the floatability of pyrite is suppressed
even in the presence of xanthate, a typical flotation collector for metal sulfide minerals, and also in the
presence of kerosene, a coal flotation collector.
In Chapter 5, the effect of CME on the selective flotation of chalcopyrite-pyrite mixture and coal-pyrite
mixture was investigated using Ti-catechol complex. Adsorption experiments of Ti-catechol complex
on chalcopyrite and bubble pick-up experiments of the chalcopyrite showed that Ti is adsorbed on
chalcopyrite and chalcopyrite floatability is suppressed. But the degree of the suppression is lower than
that for pyrite, and pyrite can be selectively separated from chalcopyrite by CME treatment with 0.5
mol m-3 Ti-catechol complex at pH 2 for 1 hour in the presence of xanthate as collector. Bubble pick-
up experiments of coal and flotation experiments of coal-pyrite mixture showed that CME treatment
with 0.5 mol m-3 Ti-catechol complex at pH 6 for 1 h suppresses only pyrite floatability and coal can
be recovered as froth in the presence or absence of kerosene as collector. This indicates that CME is
effective as a pretreatment of the flotation for separating pyrite from coal.

In Chapter 6, the important results of the present study were summarized.
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