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Development and Application of Carrier-in-Pulp
Method in Waste Treatment and Resources Recycling
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- Carbon-in-Pulp is a2 method widely applied in the recovery of gold from cyanide pulps of gold ores. In this
method, coarser activated carbon particles are suspended in finely ground gold ores/cyanide pulp, and the gold
extracted from the ore is adsorbed onto the activated carbon, then the activated carbon is separated from the
pulp by screening. In this method, the extracted gold is recovered prior to solid/liquid separation (i.e., filtration),
and this minimizes gold losses due to operational risks, particularly insufficient filtration. The application of the
Carbon-in-Pulp method in the recovery of metals from waste materials and secondary sources has never been
explored before. In this study, a modified method called Carrier-in-Pulp (CIP) was proposed, and its application
to waste treatment and resources recycling was investigated. '

In Chapter 1, the background and the objectives of the study were presented. The principles of the conventional
Carbon-in-Pulp process were reviewed and discussed. Likewise, the concepts governing the proposed Carrier-in-
Pulp method were described. Carrier-in-Pulp method follows the same principle with the traditiona.ll Carbon-in-
Pulp method, however, in the proposed CIP method, the carrier or adsorbent is not limited to activated carbon only;
other adsorbents, capable of recovering metal jons from the solution can be utilized. Furthermore, to separate the
loaded carrier from the leach slurry, other physical separation techniques, such as magnetic separation, can also
be employed.

In Chapter 2, the application of the CIP technique to recover heavy metals from MSW molten fly ash (MFA)
containing Zn, Pb, Cu, and Cd was investigated using granular activated carbon (GAC) as carrier (adsorbent)
and NaCl as lixiviant. The effects of activated carbon dosage, pH, NaCl concentration, and treatment time were
investigated. At the optimum conditions (5 M NaCl, 10 g GAC, pH 5-6, and 3 h treatment time), GAC recovered
significant amounts of Zn, Pb, Cu, and Cd. The leaching test confirmed that the extraction of Pb from the CIP-
treated residue was below the standard, thus, satisfying the land-filling guidelines in Japan.

In Chapter 3, iron powder was used as the carrier to recover heavy metals from molten fly ash by Carrier-in-Pulp
method. Magnetic separation was employed to recover the metal-loaded carrier from the pulp. The extraction of
Pb, Zn, Cu and Cd from MFA was enhanced by the addition of iron powder. The iron powder recovered Pb and
Cu through cementation, leaving behind the extracted Zn and Cd in the solution phase. At optimum conditions
(NaCl concentration, 5 M; pH 5-6; Fe:MFA ratio, 2; and treatment time, 3 h), significant amounts of Pb and Cu

were recovered by the Fe powder. The 1éaching test conducted on the treated fly ash residue revealed that the
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solubilization of Pb was suppressed to a value below the standard indicating the safe disposal of the residue to
landfills.

In Chapter 4, synthetic and natural magnetite particles were examined to develop a carrier which can selectively
recover gold from the pulp containing various metal values. The sorption of gold chloride complexes on synthetic
and natural magnetite powders was investigated by batch-sorption experiments. The effects of different parameters
‘on the recovery were studied. The results showed that Au uptake by magnetite was influenced by pH, contact time,
chloride concentration, and initial Au concentration. Gold (Au) uptake by synthetic and natural magnetite was at
a maximum at pH 6-7. The SEM-EDX and BSE analyses of the magnetite particles after treatment confirmed the
presence of Au precipitates on the magnetite surface. The adsorption test for different metals showed that Au was
recovered by the natural magnetite; Au, Pt, Pd, Cu, and Ni were recovered by the synthetic magnetite, while Zn
and Mn were not recovered. '
In Chapter 5, the mechanism of gold uptake by magnetite was confirmed by electrochemical experiments. Experi-
mental results in Chapter 4 and electrochemical investigations have demonstrated that gold from chloride solution
can be heterogeneously reduced on 'the surface of magnetite. The cyclic voltammetry measured for the magnetite
electrode dipped in a gold chloride solution recorded an anodic peak which corresponds to the current generated
for the anodic dissolution of elemental gold. This indicates that gold ions in the solution are reduced to elemental
form on magnetite surface. From these results, a possible uptake mechanism was proposed. The uptake of gold
chloride by magnetite follows a four-stage reaction which includes the transport of gold chloride ions from the
bulk solution to the magnetite surface, adsorption of gold chloride complex on magnetite surface through electro-
static attraction, electrochemical reduction of gold chloride to elemental Au, and finally the transport of soluble
species to the solution phase. Based on the above model and the results of auxiliary experiments (zeta poten-
tial measurements and adsorption experiments under different conditions), the pH dependence of At recovery on
magnetite was discussed.

In Chapter 6, a converter slag magnetite collected from a copper smelting company was examined as a potential
sorbent to recover gold from chloride solution, Batch sorption experiments were performed to evaluate the effects
of pH, contact time, chloride concentration, and initial Au concentration on the Au uptake amount. Almost
- complete recovery was obtained at acidic and near-neutral pH ranges, and at a very short contact time. The
experimental results confirmed that copper sulfides and metallic Cu present in the slag magnetite reduced the
gold chloride complex to metallic Au. The SEM-EDX and BSE analyses of the reacted slag magnetite particles
revealed that gold accumulated on the area where the copper sulfide is present. The study also demonstrated that
the slag magnetite was selective only towards precious metals, such as Au, Pt and Pd. The converter slag magnetite
can be used as an economical and effective sorbent to recover gold from secondary sources.

In Chapter 7, the summary and conclusions of the study were presented.
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