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Fig. 1 Classification of filling coal mining methods




%6

M 2 - LI [ P ST R R M SRS T 20 Ji BLAR S e 2 - 17 -

B 368 119 SO R FE I, 3 a2 5 YR U AT ARl S B
FESEAR R 5 (0 B o £ R T8 SR D 9% R AR 23
JIIRERS 7 2 B8 R 2 () BEA T — e B | P2 5S4
IR J7 AT, R A T 2R R S 3. 1%
SR T 32 AR Y TSR SR AT AL, 23R 11 78 3008 i 5 45
SCHRRBTRET U5 9 2 AL VR X LI B R A X Bk
AR ER BIETE TR T SR SESH T PR A I s 2E Kk S
U )T SR ST AL 5 FE SRR S R A T L
B, R T ERE T 8 B R BRI, b T
SR T AR 0515 XU D A5 M 1 3 AR 255K 4R
I HTBULARS KT

FE FE R R TS L o5 R A2 B EE B, T o0 S
SRR Iy ST A ER TR R ST S A S B
55 2R AR R AR — B, 70 e SROU) 2 S 5 S 3
A R R A — 80 o BT EERE AT ST T
Sy FEHUIFR TAR T BB A A s

2 SREE R FEEME

21 HEBEEBRIE

KR [ P2 R R DR SR PR e s — SRR it

SRR RN 0 A5 A e ad B R AR AT A o BERT A HE R
2 R R 15%~20%, T4 HRT R E C 21t
HeBORF A 60 42 t LA L, T SR A7 Ll 1.500~1 700 3,
ik F] 20 4377 1, HUAZ) 6~8 12 t/a Y HE il 152 4F 4

Mo T3 —FEIRAESRME R L B v 7= A A AP s L BRI

A A B A, DA SOIREAR TR G R A R A
K IR T RRBE 1 e B AR KRR 0.20~0.30 t, JK
K205 80%, B 29 (5 20%, B4 R K HE
R AERE 6 4 t, Il 1542 ¢, BEfi AT 20 1.0 42 ¢, B
SALHERE 0.5 12t WA 2 Fis .

22 JREERWEAMAE R R FEEM A

221 JREE R B9 BT R 4 AR
(DR

SRR A R e oL L e BT D BT U TR A, AR
SRR, T A, R AR, I — N T
6.3 MU/kg, TR 35 ) 25 11 5 R LR, TR 45 52, Hefk
B2, Ky PR R0 T, F% B 2.2~2.57 tm’, #i§
PERF A 46 KB R A2 /T 100 mm, 35 2 1 A1 k748 —
METE 50 mm LR, JE MM RS, fh2E ko R
ALO;. SiO,, J3ME & A B AR Fe,05, CaO. MgO.
K,O A A 4 J&@ A ALY, B P14l i b, B A v 3 77
FERIS A A 0 2 S AH P A D IR A A B
WKy it ALY S5 . R [REE = s AT A 19 {22 41
AT PR an 2 1 53k 2 s
(2) B IR

By BE M BE 2 100 pm LR (9 4 B, 7E 1300~
1500 °C &y il B T RABe ik B by, M v T 5 R - B Y
WPy Al s, 76 00 5K 1 VE T R O, HE A
i 2 3V A, T Y 1~100 um A0 BRIE ks, HAT ¥
TETETE o By IR AT A R £ B I R Ao, Ui B 40 L
AN L), B2 LA R 2, R TR, B
2.144~2314 ttm’s AL W B &, MK EE K
Si0,. ALO, 4%, it A7 — & HE 1Y Fe,0,, CaO 54 & A
T LA e R ARBE 0 i o 0 A AL AR, MR K 32 22 ¢ LA
BB AR R 0 AR AR A R, A R A SOk A
VLR 43 O ff A RN AR AR 4 o R i ol R A
7 i Pl AR e T2 A TR], 45 b A BRI [ Js 43 e o
HE B AR 2200 o B IR 5 A7 — 58 B 1) CaO,
HEeARGHE K KEE, Brb A A R
HiA BRI ) A 2 2 RN AR BN 55 35 3% 4 R o
(3) i

AR ARE B T SR PR JBT et K T A 58 A R e A S HE
A B, BRI K L I s, R AR — A T
1~100 mm, 5 HEPBRI/INMEARL, b ite 22 T4 A LR, TR AR
ANELN, B2 RR, B 2L R a1, Rt E
B AR TR, BB 2.62~2.658 t/my’, JRIE AR,
H R 50 5 W — 80 7= AR R K 22 R KR,
PhSio, i &, [F i & f K & 1 ALO;. Fe,0;. CaO,

BEwR

Tl | | v L
o L ™
[ore | [ | [ | | o | [ onm
! ! v !
e (ta): | 6.0~8.0 | | 6.0 | | 15 | | 1.0 |

B2 B[ P A2 KR IR

Fig.2 Types and sources of coal based solid waste
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Table 1 Chemical composition of coal gangue

ES S Si0,  ALO, Fe,0, CaO MgO KO0 LOL

CGl1 4478  39.05 0.45 0.66 0.44 0.15 1432
CG2 46.35  37.62 0.53 0.33 0.09 0.08  13.99
CG3 53.16 1553 7.43 4.14 0.97 - 16.30
CG4 61.7 34.90 0.85 2.28 0.17 -
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Table 2 Mineral composition of coal gangue
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Table 3 Chemical composition of different fly ash

HM %S Si0,  ALO,  Fe,0;, CaO FeO MgO K0

FA1 4546  32.76 4.64 882 085 0.44 0.15
FA2 53.12  27.58 4.53 7.89  0.88 0.09 0.08
FA3 3047  47.26 3.77 510  0.60 0.97 -
FA4 36.83  53.69 3.08 250 0.90 0.17 -

x4 OBEIRE AHZE
Table 4 Mineral composition of fly ash
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Table S Chemical composition of different slag
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Table 7 Chemical composition of different coal gasification
slags

FE b 4 Sio, ALO; Fe,0, CaO K,0 MgO

SL1 45.77 41.81 2.86 0.61 / 0.91
SL2 34.41 13.01 6.21 1.01 1.01 /

SL3 50.31 23.21 10.61 2.71 1.14 0.64
SL4 43.57 24.46 20.93 4.84 0.57 0.92

FE %5 Si0, ALO, Fe,0, CaO MgO Na0O LOL

CGS1 3576 872  41.18 1588 1.77 292 16.09
FGS1 1487  7.73 8.74 8.17 1.56 1.56 5292
CGS2 53.37  16.82  10.05 8.12 2.16 2.14 1.18
FGS2 40.76  12.67 728 6.78 2.41 1.93 2282
CGS3 27.34 1444 2391 19.05 095 2.14 6.98
FGS3 32.02 1289 1149 11.18  0.87 323 2538
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Table 8 Mineral composition of coal gasification slag
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Table 6 Mineral composition of slag
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Table 9 Typical characteristics of coal based solid waste
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Fig. 4 Solid filling support for fully mechanized mining face
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Fig. 5 Cement filling support for fully mechanized mining face
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Fig. 6 Schematic diagram for phased implementation of
continuous mining and filling
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Development Status and Prospects of Coal Based Solid Waste Filling Materials
and Filling Mining Technology

LIU Pengliang"?

1. CCTEG Coal Mining Research Institute, Beijing 100013, China;
2. Coal Mining and Design Department, Tiandi Science and Technology Co., Ltd., Beijing 100013, China

Abstract: Coal based solid waste is one of the major industrial wastes, and its large—scale disposal and utilization are of
great practical significance for the sustainable development of the coal industry and the protection of the ecological
environment in mining areas. As a green mining method that combines underground disposal of coal based solid waste and
"three down" coal pressure recovery, backfill mining has been rapidly developed and applied in the past 20 years, forming a
technical system mainly consisting of solid and paste filling materials, and fully mechanized and continuous mining filling
as the main processes. This paper summarizes the technical characteristics and classification of coal based solid waste
filling and mining, represented by gangue and fly ash. The basic physical and chemical properties of solid wastes such as
coal gangue, fly ash, slag, gasification slag, and desulfurization gypsum indicate that coal based solid waste has the
feasibility of being used as filling materials. The compression characteristics of gangue solid and paste filling materials are
summarized, and the characteristics of the two main filling and mining processes, continuous mining and charging and
comprehensive mining filling, are analyzed. Prospects are made in expanding the range of coal based solid waste filling
materials, improving the production capacity of filling and mining, and reducing filling costs, in order to provide ideas for
the future development of coal based solid waste filling and mining.

Keywords: coal based solid waste; colid filling materials; paste filling materials; continuous mining and charging;
comprehensive mining filling
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