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Fabrication and Performance of Mine Filling Materials Derived from Red
Mud Based Full Solid Wastes

SHI Jianxin, SUN Xinghai, ZHOU Linbang, LIU Ze', WANG Dongmin

(School of Chemistry and Environmental Engineering, China University of Mining and Technology (Beijing) , Beijing
100083, China)

Abstract: To achieve the resource utilization of Bayer red mud, it is used that Bayer red mud, carbide slag, blast
furnace slag and coal gangue to prepare red mud based mine filling materials without natural materials. The effects
of different content of red mud and carbide slag on the mechanical properties and working performance of the filling
materials were investigated. And the hydration products, microstructural evolution, and heavy metal toxicity of the
red mud based mine filling materials were analyzed by using microscopic testing techniques such as X-ray diffraction
(XRD), scanning electron microscopy and energy spectroscopy (SEM-EDS) , inductively coupled plasma emission
spectrometry (ICP-OES) and so on. The results show that when the red mud accounts for 50% in binding material,
and the solid content of the backfill slurry is 75% , the fluidity of the backfill slurry is 230 mm, the compressive
strength of the backfill can reach 2.29, 2.88 MPa at age of 7 d and 28 d, respectively, which meet the requirements
of most mine backfilling performance and mechanical property. After using red mud to prepare mine filling materials,
the leaching concentration of As, Cd, Cr, Pb and other heavy metal ions in it decreased significantly , far lower
than the leaching toxicity requirements of standard GB/T14848—2017 Standard for Groudwater Quality.
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Table 1 Chemical compositions(by mass) of red mud, carbide slag, and blast furnace slag

Unit: %

Raw material SiO, ALO, Fe,O, CaO TiO, MgO Other

RM 10.01 20.90 48.23 1.06 10. 96 0.07 8. 77

CS 5.31 3.10 0.88 86. 16 0.28 0.27 4.00

BFS 25.08 13.42 0.63 49.74 1.56 5.51 4.06
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Table 2 Screening analysis of crushed coal gangue particles

Sieve pore size/mm 4.75-9.5 2.36—-4.75 1.18-2.36 0.6-1.18 0.3-0.6 0.15-0.3 <<0.15
Passing rate(by mass)/ % 8. 46 14. 28 10.70 21.12 17.13 10. 10 18.21
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Fig. 2 Particle size distribution curves of raw materials
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Table 3 Mix proportion(by mass) of experimental backfill slurry

Unit: %
Binder
Sample No.
RM CS BFS
ARI1 60 5 35
AR2 60 10 30
AR3 60 15 25
AR4 60 20 20
ARS 60 25 15
ARG 60 30 10
BR1 45 20 35
BR2 50 20 30
BR3 55 20 25
BR4 60 20 20
BR5 65 20 15
BR6 70 20 10
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Table 4 Fitting results of rheological property test

Sample No. o,/Pa Fun n
AR1-0.8 9.081 24 14. 681 88 0.132 19
AR2-0.8 10. 088 14 19.708 05 0.183 34
AR3-0.8 16.378 36 25.854 32 0.142 83
AR4-0.8 41.992 96 16.523 93 0.190 48
AR5-0.8 49.992 96 46. 366 29 0. 090 86
AR3-0.8 16.378 36 25.854 32 0.142 83
AR3-1.0 0.088 31 8.629 59 0.189 24
AR3-1.2 0.083 81 6.088 16 0.167 82
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Fig. 8 SEM images of backfill at different curing ages with 60% red mud and different carbide slag contents
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Table 5 Concentration of heavy metals in the leaching solution of red mud based backfill

Leaching concentration X 10™*/(mg-

Limit standard of leaching concentration/(mg-L™")

Heavy LY
metal
RM BR3 Class | Class Il Classlll ClassIV Class V
Cd 0.512 0.170 0.001 0. 005 0.005 0.005 0.010
Cr 321.015 8. 783 0.005 0.010 0.050 0.010 0.010
Cu 8. 960 2.044 0.010 0. 050 1.000 1. 500 1. 500
Ni 1. 388 0.525 0.002 0.002 0.020 0.100 0.100
Pb 0.615 0.074 0.005 0. 005 0.010 0.100 0.100
Zn 6.843 2.39%4 0.050 0. 500 1. 000 5.000 5.000
As 50. 850 27.438 0.001 0.001 0.010 0.050 0.050
. 24, 2010, 10037 1) : 264-270.
3 it
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