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Application of Carrier Microencapsulation
in Coal Preparation and Sulfide Mineral Processing
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Pyrite is a common sulfide mineral associated with coal and valuable metal minerals. In coal preparation and
mineral processing, pyrite is rejected as a gangue mineral using the physical separation technique such as froth
flotation and wasted into tailing pond. In the froth flotation, pyrite is frequently entrapped in froth together with
valuable mineral due to its hydrophobic nature. Formation of acid mine drainage due to the air-oxidation of pyrite
in tailing pond is also a serious problem. In the present study, carrier-microencapsulation (CME) was examined
to suppress both the floatability and oxidation of pyrite.

In Chapter 1, background and objectives of the study were described, the related literatures were reviewed and
the concept of CME was discussed. CME using Ti-catechol has been proposed as a method for suppressing both
floatability and oxidation of pyrite. In CME, pyrite is coated by a thin layer of metal oxide or hydroxide by using
catechol combined with metal ions. The layer converts pyrite surface from hydrophobic to hydrophilic, resulting in
the suppression of pyrite floatability in froth flotation. The layer also acts as a protective coating against oxidation.
But Ti source is limited that makes process expensive. Considering this, in this study, CME using Si-catechol was
selected to be a cheaper alternative.

In Chapter 2, pyrite samples treated in Si-catechol solutions were investigated by several surface analysis tech-
niques to confirm and identify the coating formed by CME treatment. SEM-EDX and EPMA analysis shows the
presence of Si and oxygen on the CME treated pyrite, and this was also confirmed by XPS and FTIR analysis,
indicating that silicon oxide or hydroxide layer was formed on pyrite surface by CME treatment using Si-catechol.
Analysis of the solutions used for the CME treatment indicated that catechol was decomposed during the treat-
ment. Based on these results, possible mechanism of the coating was discussed.

In Chapter 3, the effect of CME on pyrite floatability was investigated using Si-catechol complex. CME treatment
was applied for a ground pyrite with varied concentrations of Si-catechol, CME treatment time, and pH. 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 hydrophilic and suppresses pyrite floatability. It was also con-

firmed that the floatability of pyrite is suppressed even in the presence of xanthate and kerosene, a typical flotation
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collector used for metal sulfide minerals and coal flotation, respectively.

In Chapter 4, the effect of CME on the selective flotation of coal-pyrite mixture was investigated using Si-catechol
complex. Bubble pick-up experiments and flotation experiments of coal-pyrite mixture showed that CME treat-
ment with 0.5 mM Si-catechol complex for 1 h at the natural pH suppresses only the pyrite floatability. Coal
recovery in froth was not affected by the CME treatment in the presence or absence of kerosene as éollector. This
indicates that CME is effective as a pretreatment of the flotation for separating pyrite from coal.

In Chapter 5, the effects of CME on the flotation of four different sulfide minerals (chalcopyrite, pyrite, spha-
lerite, and galena) were compared with varied concentration of Si-catechol. In weak alkaline region, chalcopyrite
floatability was not affected by CME treatment, and it was recovered in froth over a wide range of Si-catechol con-
centration. The floatability of sphalerite, and galena was suppressed only with high concentrations of Si-catechol,
while pyrite floatability was suppressed remarkably with lower concentrations of Si-catechol. These results indi-
cate that CME can be used to separate pyrite from other metai minerals in the sulfide mineral processing.

In Chapter 6, shaking flask leaching experiments of a ground pyrite pretreated with varied concentrations of
Si-catechol were conducted to investigate the effect of CME on pyrite oxidation in the presence or absence of
iron-oxidizing bacteria under different pH values. The results of the leaching experiments showed that pyrite
oxidation was effectively suppressed by the CME treatment over a wide range of pH and even in the presence of
the iron oxidizing bacteria, .

In Chapter 7, the important results of the present study were summarized.
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