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Study on Preparation and Properties of Grouting Materials for Water-Rich Underground
Mines in the Central African Copper (Cobalt) Metallogenic Belt
Teng Long"*, Yang Zhu'?, Yao Gaohui®, Xie Shiping'*, Li Kai'?, Li Yangming'*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.State Key Laboratory of Safety Technology of Metal Mines, Changsha, Hunan 410012, China;
3.Chambishi Copper Mine, NFC Africa Mining Co., Ltd., Kitwe 22592, Zambia)

Abstract: In view of the problems of large water inflow and difficult grouting and water plugging in some underground mines in
the copper (cobalt) metallogenic belt of Central Africa, which seriously restrict the safe mining of mineral resources,
Chambishi Copper Mine was selected as the research object, and efficient plugging materials and processes suitable for this
mine and similar water-rich mines were developed. Five kinds of materials, including local clay, bentonite, a chemical material.,
domestic ultrafine cement and tailings from Africa, were selected for laboratory tests. Multi-proportion slurries were prepared
according to different mixing schemes, and the physicochemical properties (viscosity, relative density, bleeding rate and plastic
strength) , setting time and compressive strength of each slurry’s stone body were tested. The results show that the local mud
cake meets the requirements for pulping. The 7 d compressive strength of the modified clay slurry stone body is 0.11 —0.69
MPa, and its viscosity increases significantly with a decrease in water-solid ratio. It is suitable for large-scale ground curtain,

wellbore curtain and other projects, and can reduce material costs by about 30%. The local bentonite meets the requirements
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for pulping. The 7 d compressive strength of the cement-bentonite slurry stone body is 0.10 —2.34 MPa. When the water-solid
ratio is <<2 * 1, the setting time shortens with the increase in bentonite content, making it suitable for deep poorly injectable
strata. In the deep multi-layer sand belt area, its injectability is 7 times higher than that of traditional cement slurry. The 28 d
compressive strength of the ultrafine cement slurry stone body can reach up to 59.8 MPa, and its strength decreases with the
increase in water-binder ratio. It is suitable for micro-fracture and backfill grouting, offering improved impermeability and high
compressive strength. By adjusting the content of GROUTEX, the chemical slurry can achieve instant setting, and the
compressive strength of its stone body reaches 43.65 MPa. It is suitable for sealing poorly sealed boreholes, achieving instant
setting with a strength greater than 43 MPa, thereby preventing water inrush accidents caused by exposing water-rich boreholes
underground. The bleeding rate of the tailings slurry is high, and the 7 d compressive strength of its stone body reaches up to
9.7 MPa; further improvement tests with different additives are therefore necessary.

Key words: Metallogenic belt of Central Africa, Water-rich mine, Grouting material, Efficient plugging, Ratio optimization
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Table 1 Proportions of modified clay slurry
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Table 2 Proportions of cement-bentonite slurry
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Table 3 Proportions of chemical slurry

(=4 FSG-A/ FSG-B/ GROUTEX/ POLYSEAL/
%' g g g g

1 3000 2 200 0 834

2 3000 2 200 0 1 250

3 3 000 2 200 1 250 1 250
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Table 4 Proportions of ultrafine cement slurry
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Table 5 Proportions of fine tailings cement slurry
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1 1 2/1 3 2 1
2 0.8 1/1 8 5 5
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Table 6 Proportions of fine tailings bentonite cement slurry

S WA B L

BY12-VI# BYI12-TA® BY12-[ % 7K
1 1 0 0 0.60
2 0 0 1 0.28
3 0 1 0 0.28
4 0 1 1 0.56
5 0 1 1 0.80
6 0 1 1 1.00
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= KU K ER Wit kI
1 1 1/1 10 5 2 5
2 0.8 1/1 8 5 1 5
3 0.6 1/1 6 5 0.5 5
4 0.6 1/1 6 5 0.25 5
5 0.6 1/3 12 5 2 15
6 0.6 1/3 12 5 1 15
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Fig.1 Physical and chemical properties of modified clay slurry
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Fig.2 Setting time and stone mass compressive strength of modified clay slurry
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Fig.3 Physical and chemical properties of cement-bentonite slurry
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Fig.4 Setting time and stone mass compressive strength of cement-bentonite slurry
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Table 7 Strength of GROUTEX and POLYSEAL
P GROUTEX/MPa POLYSEAL/MPa
ERE 3 17 29
PR 22 89
U sR 7 18
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Table 8 Proportion test results of chemical slurry

GROU-  POLY- HWI¥t EiNAS

FSG-A/ FSG-B/

TEX/ SEAL/  HifE]/ TEX‘T wE/ SR/

E g g h HE s MPa
3000 2200 0 834 5 1.53 135 31.72
3 000 2 200 0 1 250 4 1.51 127 29.81
3 000 2 200 1 250 1 250 WrlEE  1.64 43.65
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Table 9 Test results of stone mass strength

i He 7 dHE /bgg;f 28 d HLE ijgf
= o r - o i ~ I
4 5 i J&¥ /MPa i /MPa i J&¥ /MPa J# /MPa

1 1.8 1.5 1.8 1.7 4.9 4.4 4.9 4.7
2 35.4 37.3 36.6 36.4 36.2 43.4 40.8 40.1
3 56.5 60.4 67.9 61.6 61.6 59.7 58.2 59.8
4 25.6 28.7 34.2 29.5 55.9 41.6 47.9 48.5
> 16.8 13.8 15.2 15.3 19.6 24.2 25.6 23.1
6 7.3 11.5 9.9 9.6 14.3 14.4 15.7 14.8

BY12- VI b4 R} 0 % 0 B2 A B+ KW, £
LRy B I R R I L i N VN
R B KA 7R AR L R B R I ELAS )
SR 7 dPHBUEME R 1.7 MPa, 28 d F¥HL
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Table 10  Test results of physical and chemical

properties of fine tailings cement slurry

i L4 2 WRFE, WK/ BRI/ JmIRIRE/

S % (mPa « s) Pa
1 15 38.2 14 0.0
2 18 27.5 15 1.6
3 26 16.8 29 4.2
4 29 13.6 31 4.5
5 24 12.4 27 41
6 26 13.2 28 44
7 48 10.7 42 14.9
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Table 11 Test results of stone mass compressive

strength of fine tailings cement slurry

mie ranm TP samm P EH
WG OBE/MPa e vp,  BE/MPL e vp,

1 1.2 1.1 1.0 1.1 1.7 1.4 1.7 1.6

2 3.0 3.2 3.3 3.2 4.5 4.8 4.7 4.7

3 4.7 5.0 5.5 5.1 6.4 6.8 6.7 6.6

4 2.3 2.3 2.1 2.2 3.1 3.3 3.2 3.2

5 9.1 9.2 8.7 9.0 11.2 12.4 12.6 12.1

6 9.8 9.9 9.1 9.6 14.6 13.8 13.4 13.9

7 6.3 6.7 6.2 6.4 8.7 8.4 8.6 8.6

2.5.2 4RI £ oK U8 3 W % B AL RN B R
5

N[5 I L 240 2 470 Mg 0 4 7K 998 35 34k 1) B A P 5 B
SEARPTE RS B A % 12.% 13, W LLE
S A R KRS EL R 20 R b 55 K U e R B I
B BRI BT AR 2 L KRG KR R
BRI 2 10 X &85 AR B A — 55V s K T
B 0 IS U X6 5 AR B R iR R ) R i) 3 AR
AL, KIS 1R 0.8 B W AR TE AT A
CREE TR B o R AT K R A L Y R R
TR A .

ZEA LR L HEAE BB REBC HE R K R EE S 0.6, 40
W H KRB 1 3 g - e bRk
0.05, SR, LA Lo 25 40 (R Bt 1 5 B2 AT A R 4 v
H 7K 2 55
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Table 12 Test results of physical and chemical

properties of fine tailings bentonite cement slurry

i L 26 s - # BE/ Brok &/ YRR/ JE RS/
e s % (mPa « s) Pa
1 20 16.4 30 1.1
2 22 18.3 33 1.2
3 38 12.1 37 9.6
4 28 15.6 27 8.7
5 47 7.3 36 13.6
6 38 10.5 30 8.8

®13 ARMEEIKERREAGHENLESER
Table 13  Test results of stone mass compressive strength

of fine tailings bentonite cement slurry

M 7dbE 7 gjf 28 d Hihi Zgé;ﬁ
A BE/MPa e vp,  BE/MPa e Mpa

1 1.4 1.5 1.8 1.6 2.6 2.7 2.9 2.7

2 3.4 3.3 3.1 3.3 4.7 4.5 3.9 4.4

3 5.2 5.1 5.4 5.2 6.6 6.8 7.2 6.9

4 5.2 5.2 5.6 5.3 7.2 8.0 7.8 7.7

5 9.6 10.0 9.2 9.6 13.8 13.3 14.3 13.8

6 9.7 9.4 10.0 9.7 14.1 14.2 13.6 13.9
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FL AR B2 B2 A 1A . B AROK B L sOm A 1 1 L 42
TR AR R AR 9 R R R KA B T K TR
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