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ABSTRACT: Numerous abandoned or closed mines are present in the steep mountain valleys in Korea due
to the depression of the mining industry since the late 1980s. From the mines, enormous amounts of wastes
were dumped on the slopes causing sedimentation and acid mine drainage to be discharged directly into
streams causing detrimental effects on surrounding environment. Objective of this research was to evaluate
the feasibility of the lime cake by-product from the soda ash production (Solvay process) to neutralize the
pyrophyllite mine wastes, which have discharged the acid drainage to soil and stream in the watershed. The
pH of mine wastes was strongly acidic at pH 3.67 containing over 16% of ALO; and 11% of Fe;Os.
Whereas the lime cake by-product was strongly basic at pH 9.97 due to high contents of CaO, MgO and
CaCl, as major components. Column experiments were conducted to test the neutralizing capacity of the
lime cake by-product for the acidic pyrophyllite mine wastes. The column packed with the wastes (control)
was treated with the lime cake by-product, calcium carbonate, the dressing soil or combination. The distilled
water was eluted statically through the column and the leachate was collected for the chemical analyses.
Treatments of the mine wastes with the lime cake by-product (or calcium carbonate) as mixtures increased
pH of the leachate from 3.5~4.0 to 7~8. Concentrations of Fe and Al in the leachate were also decreased
below 1.0 mg L". A Similar result was observed at the combined treatments of the mine waste, the lime
by-product (or calcium carbonate) and the dressing soil. The results indicated that the lime cake by-product
could sufficiently neutralize the acid drainage from the pyrophyllite mine wastes without dressing soils.
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Fig. 1. Schematic diagram of the column leaching experiment.
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Fig. 2. Buffer curve for the requirements of the lime cake by-product and CaCO; to neutralize the acidic mine wastes.

Table 1. Descriptions for treatments of the column leaching experiments

Column  Treatment Descriptions Pore volume Remarks
type SN G
Mixed w Column (50 cm) packed with mine wastes only 157 Fig. 1. (a)

Mixed WAM Column (50 cm) packed with the mixture of mine wastes and alkaline lime
cake by-product

Mixed WCi0oM Column (50 cm) packed with the mixture of mine wastes and CaCOs 150 Fig. 1. (a)

154 Fig. 1. (a)

Layered  WALS Column (40 cm) packed with mine wastes + alkaline lime cake by-product

top-layered + dressing soil covered (10 cm) 197 Fig. 1. (0)
Layered  WCinLS Cc?lumn (40 cm) packed with mine wastes + CaCO; top-layered + dressing 203 Fig. 1. (b)

soil covered (10 cm)

Column (40 cm) packed with the mixture of mine wastes and alkaline lime .
Layered  WAwMS cake by-product + dressing soil covered (10 cm) 166 Fig. 1.
Layered  WCigMS Column (40 cm) packed with the mixture of mine wastes and CaCOs + 168 Fig. 1.

dressing soil covered (10 c¢m)

W: mine waste; Aix: alkaline lime cake by-product; Cip: CaCOs for all lime requirement; M: Mixed column type; L:
Layered column type; S: Dressing soil
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Table 2. Chemical properties of the experimental mine wastes

pH EC oM” T-N P05 AlY Fe”
(1:5) dS m" g kg’ g kg’ e MG K oo
3.67 0.18 3.72 0.55 9.30 198 150
J0Organic Matter
P0.1N HCl extractable concentrations
Table 3. Elemental composition of the experimental mine wastes analyzed by XRF
ALO; CaO Fe;Os K0 MgO Na,O P,0s 5i0, TiO» L.O.L”
O/D
16.44 0.28 11.62 1.88 0.82 0.19 0.37 59.43 1.29 6.85
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Fig. 3. X-ray diffractogram of the experimental mine
wastes. (CL: Clinoclase, Ie-Mon: Illite-Montmorillonite,
Mus: Muscovite, Qz: Quartz)
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Table 4. Chemical propetties of the lime cake by-product used in the experiment

pH EC Ca* Mg™ K Na* cr SO;”
(1:5) dS m" %
9.97 29.7 1.82 0.91 0.09 153 7.97 0.20

20

Fig. 4. X-ray diffractogram of the experimental lime cake
by-product. (Cal: Calcite, Qz: Quartz, Pl: Plagioclase)
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Fig. 5. Changes of pH in the leachate as affected by
treatments.
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leachate as affected by treatments.
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Fig. 7. Changes of the Fe concentration in the leachate as
affected by treatments.
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affected by treatments.
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