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A Study on the Removal Efficiency of Heavy Metals in Daenam Mine
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ABSTRACT

The main objective was to evaluate the efficiencies of different separation techniques, such as gravity separation, magnetic
separation, and aerial separation. Zinc and cadmium removal efficiencies by gravity separation and magnetic separation
were 28.3~29.3% and 19.1%, respectively, and were higher than the efficiency obtained by aerial separation. Results
showed that the combination of gravity separation and magnetic separation in series which was to maximize the removal
efficiencies gave removal efficiency of 21.5~38.7% for zinc and 22.1~23.4% for cadmium. The mass of soil meeting the
regulation standards for zinc and cadmium after retrieval from the combined separation process accounted for
approximately 80% of the treated soil that would be reusable without the pre-treatment procedure as the neutralization
process using in the soil washing method. Physical separation techniques utilizing heavy metal properties are the
alternative method to remediate heavy-metal contaminated soils in environmental and economic aspects.
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Fig. 2. Procedure for continuous physical separation.

Table 1. Results of the principal component analysis of the heavy metal in soil

49

Component As Cd Cu Ni Pb Zn
Standard (region 1) 25 4 150 100 200 300
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Fig. 3. Contents of heavy metals in products and removal efficiency by (a) Particle size, (b) Gravity separation, (c) Magnetic separation,

(d) Aerial separation.
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Table 2. Contents of heavy metals in the different particle sizes

Particle size =~ Weight ratio Zn Cd
(um) (%0) (mg/L) (mg/L)
250-2000 34.8 153.4+5.1 2.50+£0.2
150-250 10.2 175.7+£6.9 2.70+0.1
106-150 3.6 183.3+£4.0 3.60+0.3
75-106 29 243.8+8.1 3.90+0.6
<75 48.4 502.3+7.7 6.10+0.4
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Fig. 4. Result of the five-step sequential extraction.
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Fig. 5. XRD analysis results of the soil nearby Daenam mine.
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(b) Crossnicol

Fig. 6. Transmitted-light photograph of Magnetic sepation product (Mu: Muscovite, Fd: Feldspar, Bt: Biotite, Ap: Apatite, Zn: Sphalerite).
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Fig. 8. Regression analysis for the Correlation between (a) Zn versus Cd (b) Zn versus Fe (c) Cd versus Fe.
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HS B3 4 A9 JAEIEE SRIgH A AA|,
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pmollA 0.4%, 75 pm ©letellA 152%= - I1Y7A
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98.5%° % o] tii-to] AYAFoR HIxFHS SRIsA
ok =4, Tail AR THRIE 78.1 wt.%, ol 7=
B 5= 47 2541 mg/L, 3.8 mg/LeE 373 VIE3S

. WhHSl Conc. 9} Mid A9 ¢, ofdx}
7IEH9] 5 BT EYREEAY 1A SHIEs 2
3l omn ol 7] AEY] TEE T Hugs
u, 0}23 29.3%, JF=FH-2 19.1%2] AAEES vISAE
< S AR FoE AL = USATH(Table 3, Fig. 3 (b)).
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At sagel s-E AMIEZ(5,000G-Mag, 10,000G-
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Atk ol %27 75 TE9 HuS u ojde

28.3%, 7FEH-S 19.1%2] AAGZEE HIEAE Aeris



Nt F4A4 EF US55 5430 mhe 04 A Al as] B3 a7 53
Table 3. Contents of heavy metals in products and removal efficiency by physical separations
Physical Separation Weight ratio (%) Zn (mg/L) Cd (mg/L)
Conc. 1.7 601.8+6.8 51402
Gravity Mid 20.1 5353 +4.1 5002
separation Tail 78.1 254.1+1.2 3.8%0.1
Removal efficiency (%) - 29.3 19.1
) 5,000G-Mag 8.1 388.7+4.4 52+0.1
Magnetic 10,000G-Mag 20.9 4141426 53402
separation Non-M 71.0 257738 38400
(Dry cond.) on-Mag . 7+3. .8+0.
Removal efficiency (%) - 283 19.1
] Conc. 3.7 4329+3.8 54+03
Acrial Tail 9.3 3042427 42402
separation .
Removal efficiency (%) - 15.4 10.6
* Mag: Selected by magnetic separation
* Non-Mag: Not selected by magnetic separation
Table 4. Contents of heavy metals in products by continuos physical separations
. . wt. ratio Zn Cd Fe
Classification %) (mg/L) (mg/L) %) Remark
. Conc. 52 606.2+3.9 55102 4.031+0.2 Next stage
Step 1 Gravity Mid 24.1 4450+ 4.4 49402 327402 "
separation .
Tail 70.7 282.2+2.1 3.6+0.1 2.11£0.1 Reuse
) Conc. 48.7 5623143 54£0.1 3.84+0.2 Next stage
Step 2 Gravity Mid 168 427.1£52 5.140.1 329+40.1 "
separation K
Tail 34.5 290.3+3.9 3.9+0.0 2.03+£02 Reuse
Magnetic Mag 6.8 7983 +4.4 8.1+£04 5.65+£03 Waste
Step 3 separation 3,000 Gauss o \pe 932 4435432 4602 352402 "
(Wet cond.)
Magnetic Mag 17.8 728.1 £3.9 83%0.1 532102 Waste
4 i 1
Step separation 10,000 Gauss (0 o g2 363.6+4.1 44+0.1 2.99+0.1 "
(Wet cond.)
8T Fa AALET A9 FAF ANE Qe A A ke AAF A5TY ARLPS AT W,

o
T USTKTable 3, Fig. 3 (c)).
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