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Abstract: Electrolytic manganese residue (EMR) occupies a lot of land resources and may result in potential
heavy metal pollution. In order to solve these problems, electrolytic manganese residue-based cementitious
materials, initial electrolytic manganese residue and medium-coarse sand were employed to fabricate the filling
material self-cemented with electrolytic manganese residue used for mine backfilling. The fluidity, compressive
strength and leaching toxicity of hydration slurry of the filled composite were tested to evaluate the performances

of the synthetic material, and the microstructure was characterized with X-ray diffraction and scanning electron
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microscopy. The results showed that the fluidity of the filling material slurry reached 200 mm, meeting the
needs of technical requirements of filling; the compressive strength of the solidified body of the filling material
could reach 1.5 MPa or more after curing for 28 days, meeting the conditions of the filling body strength for
mining site; the leaching toxicity of the filling material significantly reduced with the main heavy metals including
Mn and Co fully solidified and stabilized, meeting the national groundwater quality standard. The results of
XRD and SEM analysis make it clear that the hydrated calcium silicate, ettringite and other crystals generated
by the hydration of the filling material are the main reasons why the strength of the solidified body was stable
and the heavy metals were solidified. All these findings indicated that this method could effectively solidify/
stabilize electrolytic manganese residue and reduce the risk of environmental pollution.

Keywords: electrolytic manganese residue; self-cemented; leaching toxicity; fluidity; compressive strength
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Table 1 Chemical composition of main raw materials

- gy / %
CaO Sio, ALO, MgO S0, Fe,0, TiO,  K,0 Na,0 MnO CuO Co,
EMR 5.65 29.64 9.49 1.89 17.16 3.30 0.38 2.09 0.45 2. 560 0.01 25.98
BEFS 38.65 29.94 15.94 7.98 3.74 1.18 0.65 0.62 0.34 0. 360
PO 70.66 22.80 1.42 3.88 0.21 0.68 0.046 0.02
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Fig. 1 Gradation of undisturbed EMR and medium

coarse sand

XRD UL 2, 32 B8 45 4 A 45 A 3 (Si0,) L K
18 (CaSO,+ 2H,0) K 28 BRJEE J5 Jmy &6 = 05 7= 42 19
CaS0,-0. 5H,O , ft Fi] 47 (KALSI,0,,(OH),) 1 5% 8
(925 5 57 (MnCO,) , B MnCO, #h , EMR 1] % 1
Mn*" EE LI MnSO 778, EMR i R £ & 5,
JE TR MERE: T K . BESRHA®E & #, 2
BRI R BRI PR R R ET YA SRR A
(2Ca0+A1,0,-SiO,) i it JK A1 (CaO - SiO,) | iF 15 A1
(CaO-MgO-2Si0,) it 5 41 (3Ca0 - 2Si0,) Fl fif: iR —
5 (2Ca0 - S10,) 5, by Bigi Pk ™ i , B3¢ i AU 355.7
m’/kg. PO &g FK IR T Bk, H3 I BUR 224.1
m’/kg. BFS.PO WfL2F2l i i3 1.
6

5: MnSO,
6: KALSi,0,,(OH),

1 1315 4

313 | a1 2 .12
613 65l 212 4 5 5

10 20 30 40 50 60 70
20/(°)

B2 IKESBHEEEXRD

Fig. 2 XRD pattern of electrolytic manganese residue after

ball milling
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Table 2 The level of each factor in the response surface

experimental design
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Table 3 Results of the designed experiment
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B/ % L/ % ] /min MPa mm

1 60 15 5 0. 000 284
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4 60 20 3 0. 000 276
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their predicted values of the specimens
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BRWREE/ %5 R At/ % BEPERSIE]/min - 3 d 38 /MPa

7 d5RJE /MPa 28 d 3 & /MPa W /mm HiKE/ %
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specimens at different ages
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Table 5 EMR and filling material leaching toxicity

EEBITR B IMKIE/(mg/L)
R

Mn Cr Co Cu Zn Pb Ba

FOREMR  14.540 0.001 0.965 0.002 0.276 0.015 0.049
&A1& 3 d 2K 0.017 0.004 0.003 0.020 0.002 0.018 0.092
&4k AA 7 d 2 0.007 0.004 0.003 0.023 0.005 0.012 0.103

bk 28 dRBUE 0. 000 0. 000 0.000 0.003 0.000 0.000 0.001
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Fig. 7 XRD pattern of electrolytic manganese residue and

filling materials at different ages
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