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Abstract: Gas extraction drilling and sealing technologies are essential measures for controlling mine
gas and ensuring safe production. However, the high demand for sealing materials in mines necessitates
more cost-effective alternatives to existing materials. Coal gangue, the most abundant solid waste in
coal production, can be used as an admixture to modify gas sealing materials, thereby promoting their
large-scale utilization and reducing grouting costs. Therefore, this study systematically investigates the
effects of coal gangue content, particle size, and water-to-cement (w/c) ratio on the working
performance of gas sealing materials, as well as the composition and structure of their hydration
products. The results show that the addition of coal gangue affects the material’s hydration process.
Specifically, it inhibits the transformation of ettringite (AFt) to monosulfoaluminate (AFm), thereby
promoting the net generation of AFt. This results in an increased expansion rate and compressive
strength of the material. However, increasing the coal gangue content raises the silica concentration and

reduces the amount of hydration products in the modified material system, leading to higher porosity
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and lower compressive strength. Changing the w/c ratio significantly impacts the properties of the coal
gangue-modified materials. A higher w/c ratio leads to increased structural porosity and decreased
compressive strength. It also improves fluidity and extends the setting time, which is beneficial for
engineering applications, albeit at the expense of reduced material strength. When the w/c ratio reaches
1.2, the material experiences severe water bleeding. The particle size of the coal gangue has a relatively
minor impact on the properties of the modified materials. At low w/c ratios (0.8 and 1.0), increasing the
coal gangue particle size reduces the material’s fluidity and shortens its setting time. However, changes
in particle size do not significantly affect the material’s expansion rate or mechanical properties. At a
given w/c ratio, materials with coal gangue particle sizes between 100-300 mesh exhibit the shortest
setting time and lowest porosity, resulting in the highest compressive strength. Overall, the performance
of the modified gas sealing material is optimal when the w/c ratio is 0.8, the coal gangue content is
40%, and the particle size ranges from 100 to 300 mesh. Under these conditions, the material
demonstrates good fluidity, a setting time of 30 minutes, and a 4-hour compressive strength of nearly
4 MPa. This formulation can significantly increase economic benefits while ensuring effective gas
control.

Keywords: Coal gangue utilization; Gas sealing materials; Slurry performance; Microstructure;

39 E5H 6 M

Water-to-cement ratio

0 51 7T

HEJZ T IR A S B A ™ vp R B AR i T
T, X T e e B e mE . [, KR
ol L3 L AR R B I 3 B A AR it
SR B LA REEEAT N [ BE A AR A A
IR, $8 1o 0 VR R 36, 0 R B TS e gk,
B AL AR AR oG 5 SRR (A5 LR B 1 i B g L
Ko I, B A e B2 IR 5 RLAF 2 55 1
fHFLALRL, BRZIETTEN BB SR H AR

LA FU ST S LA R B RE A] 20 S TEAIL,
AL AR 3 R e TEHLE LR R,
K Y FEAN LA F & ELE T 1A B, 2 0 I
ST RIS o SR LR B2, IO DL
ABUNLER HR I TF 2R . A HLEFLA
ARG ] &, e AR IR, BRI
Sty [V, WA BELE, PR R R T RITRA
T 1% AR 3K 30 i 5, EL TR AR AERERE, R T
REFTE R S A B LA R A O K 8 S A
O 2B, S8 A SR A MR K e SRR K R R
BEE, O AR LR SR, Btk S
S G A RHSAS 38 O i o DRI, 0] £ AR AR
(1 [ f PR FE RE AL 3, S Sh &2 & TL AT B AL A
(R IRRPANNEIOES 8

O AR RS, SR I B 45 ke A A
IKYEFERA B, BIUNFE L0 By R i L R

B A7 %5, A 20! o, BT A 1R
WD I R fie 5 B AR 570, 4 i 2 AR
FERBUR AL G A B b 30 F By
T 535 10 2 A B BN R I 1Y S, T
A e — T SR AR A AR PR A A, S R
%o BETERM, AT 5 5 W RE R0 ) n] SRk
EhoK e A5 BB RE A A UK LR O, DA T 4
FH52 A FHFLRD R A R g

B 1 HI R 5% 181 B AT 47 1 S 4B 6 kL, 2k
PEOT T PLT R LI A Al i R R TTMEAT £
B, KA LA ROKOK HexE BUST B LA R BE B
Wi, & 7RI A AR R R 5 22 55 1 A T B B S
FLAPRE, RIS £ UL R, Bt T4t (s
& RIS

1 KB EMHETR

1.1 E#f

WK B T R G B BT DR i X e
PLIERE 2 RiAE 5 em DL, 45 BB B0RE . 570
2 kg Bl AR ORI A ER BES BILH F S 30 min, FRAS K
Ha AR, BRI, 2l H 60 H . 100 H
F1300 H i W X5 By A AT 075 43, 75 5] <60 H . 60~
100 HF1 100~300 H 3 ASHRiAR X [R] BT A 8K
MERF AT X SHR AT (XRD) 25 40 18 1 fros, H
YA S T AARRE(SIO,) | md | BN A
FRER T W) A BB 54 £ o



JA - BASE BT Pk TSR LA R A B RERIE ST L 97

O—%ifi 1 (AlSi,04(OH),) -
* PDF#02-0037
i * TR R (CaALSLO, 4H,0)-
PDF#20-0452
st (AL[Si,0,](OH)) -
PDF#78-2110
V— % bEE (Si0,) -PDF#46-1045
* o *
*x o
+ \% * L4 \V4 * * *
M * 3] s0* l*V Q*I :?l b ' e 0‘* h
10 20 30 40 50 60 70

20/(°)

E1 H&FAK XRD 5T EE
Fig. 1 XRD patterns of coal gangue

e AR T a2 58 e (SE D A R A 7 A
T LR CXW-F-1 UG B 355 L n [ 44 L R
50 Ve R 0T B AL AR, RS 4R PO
42.5 RERRER K UB (i HL 80% LA &) | WRERES . WiAR
B RRIRBIK A, FLaER 4
1.2 KA A%t

IR A RIRAR R [A] G L B A 5 R
Wy B LA RN A o 8 2 SC kR AT 2 B 5 R
IR 1. WA BREE N 10%~40%, % B
10%. 20%. 30% 1 40% 4 ™46 . 7E b a1,
e E AT A1 R4 <60 H . 60~100 H 1 100~300
H.o KKK H (K5 R R & ) oy 0.8, 1.0
M2 FEAT 00T . UL RS 6T A 44 1
o7 IR 100% . REAAE L H L2 2.

£1 RBHERSKT

Table 1 Factors and levels of experiments

F2 WAL

Table 2 Experimental proportions

HWEA: EifABE/% HWEB: KiR/H  HFEC: KKK

10 <60 08 10 12
10 60~100 08 1.0 12
10 100~300 08 1.0 12
20 <60 08 10 12
20 60~100 08 1.0 12
20 100~300 08 1.0 12
30 <60 08 10 12
30 60~100 08 1.0 12
30 100~300 08 1.0 12
40 <60 08 10 12
40 60~100 08 10 12
40 100~300 08 1.0 12

ES
KF :
A: JfﬁfﬁE%}i/% B: *fl-ﬁé/ﬁ C: 7J<R 54
1 10 <60 0.8
2 20 60~100 1.0
3 30 100~300 1.2
4 40 — -

2 M AE
2.1 wEhEK

SERF A FUITEFLA R AR TR0 s R T v
225 (K Ue b ik 30 BE I 5 T 1) (GB/T 2419—
2005 ) , B FH U A 2 0 T A A Y, AN
RS- 3R, 14 48 e 50 A 4 o 7 1) 2 A, [ B
TEIR R F AT I, AT K Ve v I A B 3SR 3 8h =0
30 s, JH RS B3 i 08 43 A 2 LA 2 5 [l Y

HROR EAR, BOV-SIEAE A K Je i3 sh 5, 45 ks
743 0.1 mm.
2.2 BREERTER

SRR A7 BU3T S FLAT R A S TR0 235 ik ) 3
5% OKIRARERE R KR BELSIT ] | 22t
K86 9745 ) (GB/T 1346—2011) .

W5 0 P H R Y A B B DA A AR R,
B R F0AT, HERR A, AR5 FH AR RS- 22 1
Vi) B — 2 B [ R AT e 5 7k DR g 2 R T i fh o 4y
BIR22 1 ~ 2 s JRRIRBERL, HORET A TR, WiER
T AT A0 132 B8 A 1 AT Ao R S oK 2 2 s T AR R
MK BT IR AR (4 + 1) mm B 5 Ry 90 AR
A, 18 5% BN K 200 BER A 0 s ] BD S A A R
LA R S ]

SRR B UL AT DRI, 7 2B AL b 2%
— AIE B, 78 528 SR8 I 1) 5 I 7 B i
RS [ IR AR J5E 85 B B M, B 180°( K iy [
b /NERER ) BT B AR L, TR B — B s )] 5k
— Ko MIRTE B A X A 2 T A 7= A T LR
BF, R A B BRIRAS o 05 A K BLERRES
FRT S 18] Ry MR A7 BT 30T LA e A B st )
2.3 BRRRRE

S 6 5 TR VA (20 = 2) °C, ARG RE I
KT 50%. I MK X 50 2k 25 8 100 mL &
fa o o fAT B AR KT L, 1] s fE 48 A 70 mL 4
PEX AT M, # 8 1 min S5, W IFIC S WA



- 98 - (LR N T T

39 E5H 6 M

VR D Xof 7 1) 20 BEAH W, WIS folT PR 6 o A 4
Mo FRP R IMREESS, M it I 90 % B 45 2R 3 1
XN ZIEEAE v, Bk Pt AR
P= V‘%()V(’ x 100% (1)

P PAIZIK AR, %05 Vo S 00 06 J W 3 T8 T I 1)
ZI FE A, mL; ¥, Ry V0 Bk 45 I 2% 10 R ) 21
{8, mL,
2.4 ALK

ST A BT B LA R D) 2 BRI T 5 S
% OKURPIK R EER5 1774 (ISO ) )(GB/T 17671—
2021), Pt He i B PR R ST 2 40 mmx40 mmx
40 mm [ 57 7 ARE . R BESS R AR IR 1, 7E
PRUEFEP ZE P 40, 1d, 3d. 7d A1 28d, FRIME
FLE 85 W1 )5 57 BV, SO il e b He ik e
HLOYAW-300C, ¥ 5 B T 04 R A R A o
) SEAT B0 5 B, I # R 0.1 kN/so Xf
BAELA LLR 3 AR S AT I, 3R D3t 1
PIE N AN B A H AR E R

3 HRSHR

3.1 RI;E

TEARRVERT 48 5 B4R DL ORI H s
MR U LA R B B SR K 2 R, 7
0.8 KK LLE L T, 8 A MG A B 42 78 100~300
H i 81 B e/, <60 HiIR 2, 60~100 H fz K 78
1O KK LA OL T, B A BT A R AR 7E 100~300 H
BV 30 B2 /)y, <60 HiRZ, 60~100 Hi K, B A
<60 H 5 100~300 H AT A1 BF, I 3l B 22 AL A B
W 12K KB T, B A B A K& R
60~100 H i} 31t 3l 5 fiz /N, <60 H k2., 100~300 H
R KR T AR T, AT A B
R 388 T o BT A B 0 3L A R IS 3 B 1 5 T A
Ko X AT BESE T FU B LA R Al s R S5 4
SRS T IR A B AR AT B B A s (RS
JERE A U 28 3 i 43, R di AR fBURL A28 R 1) TR 2k
RN AT B T 3 BE XS K, S 1RO R A
AE, MM A3 B AR sl B AR LA K

60~100 m<60 H
400 | 1 100~300 6 34 LK 400 -

60~100H mm<60H
100~300 E 7Lk}

500

60~100H Em<60H
100~300 H = 7LE

| | L |

0 10 20 30 40 0 1
A B E/%
(a) /KA LE 0.8

E o0}
i
=
Z200f
100 F
0 20 30 40

WA B %
(b) KHKLE 1.0

20 30 40
R A B %
(c) KK 1.2

2 AEELEFARTHILM BRI EELL

Fig.2 Fluidity changes of coal gangue-modified gas sealing materials with different proportions
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Table 5 Compressive strength of coal gangue-modified
gas sealing materials at different ages with the

water-to-cement ratio of 1.2

4h 1d 3d 7d 28d

0 0 6.17 7.47 840 797 820
<60 530 657 637 7770 7.82
10 60~100 580 647 517 690 7.76

100~300 6.07 680 693 7.73 7.90

<60 490 620 507 653 6.73
20 60~100 4.60 577 427 553 643

100~300 4.57 6.63 647 733 750

<60 397 467 427 530 523
30 60~100 337 457 3.60 4.87 490

100~300 4.17 473 480 523 590

<60 3.63 393 3.07 420 4.60
40 60~100 310 390 280 397 4.13

100~300 397 400 397 523 5.10
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Table 4 Compressive strength of coal gangue-modified
gas sealing materials at different ages with the

water-to-cement ratio of 1.0
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