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Study of Solidification by Using Portland and MSG(micro silica grouting)
Cements for Metal Mine Tailing Treatment
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Batch scale experiments to investigate the efficiency of the solidification process for metal mine tailing treatment were
performed. Portland and MSG (micro silica grouting) cements were used as solidifier and three kinds of mine tailings
(located at Gishi, Daeryang, and Aujeon mine) were mixed with cements to paste solidified matrices. Single axis com-
pressible strengths of solidified matrices were measured and their heavy metal extraction ratios were calculated to inves-
tigate the solidification efficiency of solidified matrices created in experiments. Solidified matrices (Scmx5cmx>5cm)
were molded from the paste of tailing and cements at various conditions such as different tailing/cement ratio, cement/
water ratio, and different cement or tailing types. Compressible strengths of solidified matrices after 7, 14, and 28 day
cementation were measured and their strengths ranged from 1 to 2 kgfimm?, which were higher than Korean limit of
compressible strength for the inside wall of the isolated landfill facility (0.21 kgfimm?). Heavy metal extractions from
intact tailings and powdered matrices by using the weak acidic solution were performed. As concentration of extraction
solution for the powdered solidified matrix (Portland cement + Gishi tailing at 1:1 w.t. ratio) decreased down to 9.7 mg/
L, which was one fifth of As extraction concentration for intact Gishi tailings. Pb extraction concentration of the solidi-
fied matrix also decreased to lower than one fourth of intact tailing extraction concentration. Heavy metal extraction
batch experiments by using various pH conditions of solution were also performed to investigate the solidification effi-
ciency reducing heavy metal extraction rate from the solidified matrix. With pH 1 and 13 of solution, Zn and Pb con-
centration of solution were over the groundwater tolerance limit, but at pH 3~11 of solution, heavy metal concentrations
dramatically decreased and were lower than the groundwater tolerance limit. While the solidified matrix was immerged
into very acidic or basic solution (pH 1 and 13), pH of solution changed to 9~10 because of the buffering effect of the
matrix. It was suggested that the continuous extraction of heavy metals from the solidified matrix is limited even in the
extremely high or low pH of contact water. Results of experiments suggested that the solidification process by using
Portland and MSG cements has a great possibility to treat heavy metal contaminated mine tailing,

Key words : cementation, mine tailing, cement, solidification, solidified matrix
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(c) matrix of Portland cement-+tailing

(d) matrix of MSG-E cement+tailing

Fig. 1. SEM images of solidified matrices for 28 day cementation (magnified by 5000 times).

atol] vig®E @nFolA Bris AAT F, Lol
Azate] 1st Aol AMgsiden, 43l AHe=
el VX A7 Table 19] YERUATH

Table 1. Results of particle size distribution for mine
tailings.

ol
=

. . Tailing particle size distribution ratio
Particle diameter &P

range (mm) (wt.%)
A (Gishi) B (Daeryang) C (Aujeon)
0.85 ~ 2 35.01 46.18 2.84
0.60 ~ 0.85 18.47 14.96 4.12
0.425 ~ 0.60 13.84 12.46 5.16
0.30 ~ 0.425 9.23 8.00 19.40
0.20 ~ 0.30 8.30 2.74 21.26
0.10 ~ 0.20 8.23 6.72 26.60
0.05 ~ 0.10 2.41 436 9.98
0.01 ~ 0.05 2.14 2.18 8.64
< 0.01 2.37 2.40 2.00
Yole) 34 SEE BTG o8 27
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& o) AEE st TEN= AES MSG(micro silica grouting) A[RE 133} A= 48 97 703

Table 2. Heavy metal concentration of mine tailings used in experiments.

Heavy metal concentration (mg/kg)

Mine tailing type

Cu Cd Pb As Zn 't N Fe Mn Hg
A(Gishi) 8.40 1.34 8.67 241.30 77.50 0.52 1.94 770.00 4543 0.17
B(Daeryang) 8.53 ND 42,94 74.15 2.55 0.09 0.39 178.85 40.61 2.85
C(Aujeon) 1.87 0.40 436 0.53 3492 0.22 4.15 38325 15790 022
*Bold number represents over Korean soil contamination counterplan limit (15 mg/kg)
Table 3. Conditions of solidified matrices for experiments.
Parameters for Compressible strength experiments Conditions

Type of mine tailing

Type of cement (solidifier)
Tailing/cement ratio (w.t.)
Water/cement ratio (w.t.)
Cementation time

A(Gishi), B(Daeryang), and C(Aujeon)

Portland cement, MSG-E cement, and MSG-N cement
1:1, 2:1, and 3:1

0.4:1, 0.5:1, 0.6:1, and 0.7:1

7day, 14day, and 28day
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(b) after breakage

(a) before breakage

Fig. 3. Measurement of compressible strength by a com-
pressior tester.
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Fig. 4. Batch experiment for heavy metal extraction from
solidified matrices by different pH condition of solution.
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Table 4. Results of single axis compressible strength of solidified matrices at 1:1 tailing and cement ratio.

Mixing condition for cement paste (g)

Compressible strength

Tailing type Tailing Cement Water after 14day cementation (kgf/mmz)
A(Gishi) 250 Portland cement 250 125 1.23
B(Dacryang) 250 Portland cement 250 125 1.37
C(Aujeon) 250 Portland cement 250 125 177
A(Gishi) 250 MSG-N cement 250 125 0.80
B(Daeryang) 250 MSG-N cement 250 125 0.87
C(Aujeon) 250 MSG-N cement 250 125 0.91
A(Gishi) 250 MSG-E cement 250 125 228
B(Daeryang) 250 MSG-E cement 250 125 2.14
C(Aujeon) 250 MSG-E cement 250 125 2.57

- 0 Portland cement 250 125 3.61
- 0 MSG-E cement 250 125 5.30
- 0 MSG-N cement 250 125 3.07

Table 5. Results of single axis compressible strength of solidified matrices at different tailing/cement ratio.

Mixing condition for cement paste (g)

Compressible strength

Tailing type Tailing Cement Water after 14day cementation (kgf/mm?)
A(Gishi) 500 Portland cement 500 250 1.23
A(Gishi) 500 Portland cement 250 125 0.73
A(Gishi) 750 Portland cement 250 125 0.36
C(Aujeon) 500 MSG-N cement 500 250 1.77
C({Aujeon) 500 MSG-N cement 250 125 1.24
C(Aujeon) 750 MSG-N cement 250 125 0.81
B(Daeryang) 500 MSG-E cement 500 250 272
B(Daeryang) 500 MSG-E cement 250 125 2.44
B(Daeryang) 750 MSG-E cement 250 125 1.17
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Table 6. Results of single axis compressible strength of solidified matrices at different water/cement ratio.

Mixing condition for cement paste (g)

Compressible strength

A type (Gishi) Tailing Cement Water after l4day cementation (kgf/mm?)
400 Portland cement 400 160 0.84
400 Portland cement 400 200 1.33
400 Portland cement 400 280 0.80
400 MSG-E cement 400 140 4.53
400 MSG-E cement 400 160 3.31
400 MSG-E cement 400 200 2.37
400 MSG-E cement 400 240 2.08

Table 7. Results of heavy metal extraction by using the weak acid extraction method.

Material

Heavy mental concentration of extracted solution (mg/L)

Zn As Cu Cd Pb
A type (Gishi) tailing 6.70 4831 0.84 0.10 1.76
B type (Daeryang) tailing 0.98 0.00 0.34 0.00 4.32
Solidified matrix pasted by A type tailing+Portland cement (1:1 w.t.)  0.00 9.67 0.00 0.00 0.52

Solidified matrix pasted by B type tailing+Portland cement (1:1 w.t.)  0.00 0.00 0.00 0.00 0.90
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Fig. 5. Results of Zn, Cu, and Pb extraction concentration of
the solidified matrix (Gishi tailing + Portland cement 1:1
ratio) immerged in contact solution having different pH.
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Fig. 6. Results of Zn, Cu, and Pb extraction concentration
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(@) pH 1 of initial solution (b) pH 13 of initial solution

Fig. 7. Precipitation created in solution (strong acid: left and strong base: right) after 10 day matrix immersion.

Table 8. Results for the pH change of solution contacted sofidified matrix after 10 and 30 day.

pH change of solution reacted with solidified matrix for contact time of 10 and 30day
Type pH1 pH3 pH5 pH7 pH9 pHI1 pHI13
of Solidified matrix of Solution  of Solution  of Solution . of Solution  of Solution  of Solution of Solution
10day 30day 10day 30day 10day 30day 10day 30day 10day 30day 10day 30day 10day 30day

Gishi tailing+Portland
cement (1:1 wi)
Gishi tailingtMSG-N
cement (1:1 wit)
Gishi tailing+tMSG-E
cement (1:1 wit)

88 105 103 95 113 94 1.1 %94 101 94 110 94 11.7 109

86 89 100 100 102 101 109 95 10.1 99 104 99 122 109

35 87 105 95 114 94 106 94 10.7 95 10.8 95 121 106

LOOmgL, A8k 71 gt Askr 885 7 F=ElAA v, 30?4_ o}F gje] pH= £7] pH
(Pb: 0.1mg/Lys 2A3IH v, o] 9 pH 3~11 €& #=} IAgle) ti¥e 9~102 {AS ol2is 4
of RFoA 7|EET B FEE Uepfo] pH 134 =, pH 13 139 7*%}/70}@71&4 Az7 13}
13 §94& Aste AR RTE §20] A2 do]  HFdAE 2719 FF4% £F i IR 1)
WA e Ze® Yeht U pHE 7= el Aol 45 &3l o8 HErY) pHrt 9~108 A5
el 2¥sle] 54 £& A T vy %01 Al Hol, ASAY o] 385 858 R &
Aoz AgtEeh £ dirge] gdon F e AL griai, Ao atat vl &
% &5 TEE Aol Agol w2t st 5Y °I Hofla §EF o] B2 Ase] Ao, B RFE ]
Foll= A9 HE wxE JEhA 1o, oedt &% w4 4§ o= WdHd o 9%
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