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1.1 ##
1.1.1 LR

B R 2 0L M L, 2RI L R AP Y HE
BN 1.97 g/em’ LR R 0,53, 9 43 Je 1 JURE

KiAE#E 0.02~5 mm Z A, BT Y561
Si0, (66.7%) \Al, 0, (17.6 %) .CaO (7.1%) .Fe, O,
(5.3%0) M HABALE Y (3.300)
1.1.2 BEEFH]

3 RS EE R 43 00 S K U LA OB R AR U . RE
iR £ 7K U8 1 A 5 R R B T OB S K 11 6 iR i
BLAWME., HRIBKENRSH P O 42.5; 0
Ok A1 LR HIRLAR 8 4P 3 B R A S105 9, 1
T8 1Y T R 0 A5 R Y Ak R TR S L R TR B R ik R
B, ARURHCA SH A SR MY, KRR
10.5% ,pH 4 11.0, 3 P HEF )47 1o W3k 1,
FEA Y PRYEREHE bR W AR 2.

z1 IWEKEFNLFEARK

Table 1 Chemical composition of three gelling agents %
JI52 ¥ 1) CaO Al; O3 TiO; SiO; MgO SO3 K;O Fe; 03 e
7K e 59.2 6.2 0 22.2 2.8 2.1 1.2 1.3 5
i/ 22.1 33.3 3.5 18.1 3.1 0 0 7.4 12.5
3 SOk 27.1 12.2 2.4 9.1 3.0 21.1 2.1 0 8.7

F2 3IWMEREFMWIEMELEIER
Table 2 Physical properties of three gelling agents

*3 REEBFWCPBIKHES
Table 3 Mass ratio of CPB specimens of filling paste %

RmBY,  WIEE Lt P 1fiz W/

BHER (/e B /min B /min B/ % (g/om®)
7K e 382 120 352 29.5 3.05
e 415 105 290 30.8 2.13

W SOk 550 90 240 26.0 2.74

1.1.3 Wi &

K Tl 2% NaOH , BV LLE 6i 75 980 A0 7K B 55 %5
TR B TR K ) e B R 7K B B S ) 2 B X R T
97 % K BEIE I W BB ECH 2.8, 8 AR R R 1Y
NaOH W B BRI BB 1 2 1.4,

1.2 iR H &

A5 R FH B [ R 4 R R D 5 e 8 570 I £ 4y
Boh 65% IR IR 1+ 4 B IRED HLTR & CPB ik, %
FHR A RIEC & e W2 3, b C.S R FI T 4348
FEOKUE A Oy AR VR R WA B R A R, IR
I 260 118 0y /K e 0 i 3ok R U8 R B D B T oK
PRI FEHL T HE 90 s, SR 5 A B IE 3L & F 5
KR T FE 120 s BB T AR IF i 2 %3
HERE EERR RO CPEATTREE
I S R G RSN 188 B4 28 OF A SR AP A N AT
B HXHBERE T 92%) . 559 1 d J5HFE,

N TR C S R T
Al 20 0 0 80
A2 15 5 0 80
A3 10 10 0 80
Al 5 15 10 80
A5 15 0 5 80
A6 10 0 10 80
A7 5 0 15 80
A8 10 5 5 80

1.3 REAHE

(D) S22k, R WAW-200B %148 iz J7 fig
WAL CPB 3 4 - & Bt He oit B2 At 47 i B2 i) )
WL, FLITRAEHAE S 100 mm X 100 mm X 400 mm,
PR HAS N 150 mm X150 mm X 150 mm,

(2) TR . CPB il a2 B N 100
mm X100 mm X 400 mm , A A A P d o0 54 )
R T CPB i 4 7E 8 % 7K ik 72 v %) Jah 1) 28 0
. A AR 2 S IR EAR R Z i3 CPB
)T BRI AR % 0,

(3) P teneilR . R A& G K = 71 7
Pl E CPB il A 1y & 7 8 XA 19 F5 i RSF 2 10
em X100 em X 10 em, FE4LHAE I 3 4~ CPB ik 41
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Fig.1 Strength test results of CPB specimens
e FET R AR B A R B R TE SR AR,
ARV RN B AR P REAE — i R B GE R 1)
RIKA DL AR SR 7K [ A WA AR TR 8

0.30

2.2 FrEWgEE

AN TR C LE 8 5 A T e i 46 R 48 5 0, BE R
1] AR fb 2 an &) 2 fras . L 2 WAL, FE T 14
d,CPB i {4 &, i 3% < o Fa b P F= 4 B )y 14~28
d B, 0 I 1 R o S B 2 5 T 2 R 4 A I A 28
d J& o F% 4 s )6 3 1 T A 046 R 5 e AR
T X AN TR C B 45 1 T 31 9 T g i 4 L R R
T HBK IR CPB i, MK IR . i ok e
BRI HR 10% 5% 1 5% B, CPB iRk 4 1Y o, B
T 50% kb, GEHEIN L K U8 SR R Y U 4 AR T
BEIE PR T8 2 K TR BE L, 2 e K A R
W B R A KA R R . AR A R ) A T SRR T A
WS A M 1 B AT B R O AR K TR T B A BT i R R
Ve » 5 51 & G B8 BRI » X L BR 25+ 1 A7 1 3 R Bl

5 ..
s
&
=
% " = Al < A5
I/ *—A2 —+A6
0.05 —A—A3 A7
—v—Ad4d A8
0.

0003020 30 20 50 60 70 80 90 100
Frip I El/d
B2 FREZRWKER
Fig.2 Test results of drying shrinkage
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Fig.3 Test results of permeability
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Fig.4 The mass loss rate of CPB specimens

during freeze-thaw cycles
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f) Al/Si.Ca/Si.Na/Si i 7€ R i & L 43 314 0.54,
0.75 5 0.18, 7E & 6 (b) ff 7 19 EDS &3, Al/Si.
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Fig.5 Microscopic images of CPB specimens mixed with cement
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Fig.6 Microscopic images of CPB specimens mixed with cement, slag, and redmud
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Fig.7 Field monitoring images of underground working face
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Application of Composite Gelling Agent in Filling Paste of Yunfeng Bauxite in Guizhou Province
ZHANG Jia', WU Wen®, LI Leikai’®
(1.Shanxi Vocational University of Engineering Science, Taiyuan., Shanxi 030031, China;
2.School of Civil Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
3.CCCC First Highway Consultants Co., Ltd., Xi’an, Shaanxi 710075, China)

Abstract: In order to promote the resource utilization of industrial waste slag and reduce the carbon emission of filling mining,
cement-slag-red mud composite gelling agent was used to modify the filling slurry of Yunfeng Bauxite Mine in Guizhou
Province. Compressive strength, flexural strength, shrinkage rate, permeability, freeze-melt resistance durability tests and
microstructure observation were carried out, and the influence rule and mechanism of cementing agents on back{ill properties
were analyzed. Combined with the field observation, the economic benefit of filling mining was evaluated. The results show that
the compression strength, flexural strength, dry shrinkage, permeability resistance and {reeze-thaw durability of the specimens
modified by red mud and slag powder are significantly improved compared with the single cement paste specimens. When the
mass ratio of cement, slag and red mud in the composite gelling agent is 2 : 1 ¢ 1, the properties of the filling paste reach the
best. The use of composite gelling agent can promote the hydration reaction and micro-aggregate reaction of the gelling
material, and then improve the physical and mechanical properties of the filling paste. The application example of the self flow
filling platform in Yunfeng Bauxite Mine shows that using cement-slag-red mud composite gelling agent to modify the filling
paste improves the efficiency of solid waste resource utilization and can create significant economic benefits.

Key words: Filling paste, Gelling agent, Solid waste resources, Physical and mechanical property





