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Preparation and performance of a new type of coal gangue—based paste
filling materials with fast hardening characteristics
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Abstract: In order to improve the efficiency of coal

mining, accelerate the backfilling speed of goaf and reduce Early
hydration

the pollution and damage of coal-based solid waste to reaction

mining environment, coal gangue—based paste filling
Alkaline

materials with fast hardening characteristics are prepared sulphoaluminate cement  Al0H)s ca(oH), LSl
. . Late stage of
using coal gangue, fly ash, sulphoaluminate cement and Early hydration
hydration reaction
persulfate cement as raw materials. The influences of " miction,,

aggregate—cement ratio and water—-cement ratio on the

. . . . Persulfate cement
macroscopic properties of the specimens are studied @ 3C20-3A1,0,:C250,@ 2ca0-si0, @ Silicate @ Aluminosilicate — AFt

@ Cas0,2H,0 ¢ oH- ¢®so @®caAH @ CSH

through a series of characterization tests such as fluidity,
unconfined compressive strength (UCS), water absorption,
softening coefficient and so on. The microstructure and curing mechanism of the specimens are analyzed by TG/
DTA, XRD and SEM. The results show that when the aggregate—cement ratio is 4:1 and the water—-cement ratio is
1.5, the initial fluidity of the specimen is 195 mm, and the 8 h UCS is 3.26 MPa, displaying obvious characteristics
of early strength and fast hardening, and the UCS at 3, 7, and 28 d are 5.56, 5.66, and 6.61 MPa, respectively. The
water absorption rate of the sample at 28 d age is 16.86%, and the softening coefficient is 0.90, indicating its
excellent water resistance. The phase composition and micro—morphology analyses show that the early unconfined
compressive strength of the filling specimens mainly comes from the accumulation and filling benefits of the gangue
aggregate as well as the formation of a large amount of ettringite (AFt) in the cementation part. Moreover, the raw
materials such as fly ash induce a pozzolanic reaction and react synergistically with persulfate cement, generating a
certain amount of hydration products in the later period of curing, which further improves the densification and
mechanical properties of the filling specimens. The results obtained in our current research can provide experimental
basis and theoretical guidance for the development and practical application of new coal gangue—based green filling
materials.
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Sieve analysis of coal gangue particles

. . 2.5~ 09~ 045 03~ 02~ 0.15 <
Particle size/mm >10 5~10 5 25 09 045 03 ~02 015

Mass fraction/'wt% 5.3 14.6 19.7 144 107 52 58 53 19.0

Table 1
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Table 2 Chemical composition of raw materials for the
experiments (Wt%)
, ALO, CaO K,0 FeO, SO, Others
Gangue 57.99 2695 198 256 579 120 3.53
Sulphoaluminate cement 6.18 24.92 48.76 0.34 3.89 12.03 3.88
Fly ash 5691 33.06 245 201 196 058 3.03
W-type soil stabilizer 25.40 12.37 4696 049 093 6.78 7.07

Raw material SiO
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Table 3 Orthogonal experimental factor level

Factor
Level Aggregate-cement ~ Water—cement .
ratio (4) ratio (B) Curing age (€)
1 2:1 1.5 8h
2 4:1 1.7 3d
3 6:1 1.9 28d
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Fig.1 Influence of sulfoaluminate cement content on the
UCS of the cementitious material at different curing ages
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Table 4 Results of orthogonal experiments

No. A B C UCS/MPa
1 2:1 1.5 8h 2.56
2 2:1 1.7 3d 5.49
3 2:1 1.9 28d 3.48
4 4:1 1.5 3d 5.56
5 4:1 1.7 28d 7.23
6 4:1 1.9 8h 2.68
7 6:1 1.5 28d 4.94
8 6:1 1.7 8h 2.55
9 6:1 1.9 3d 3.41

St TE S AP WA SR R B B LB i D 41, 38
— B FLK I E(1.5~2.0)% 78 B A UCS (OB, I 5
%3 1AL R R DTAERT A R REAT X EL 2 AT

P 2 A9 7 [ 5 I LL 2 R T 78 U ) UCS B K
WM AR R ) 2(a) AT, E IR L 001 ()
VA TR TR 9 251 00 UCS 347 B 7K B L 4 K T
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Table 5 Analysis of range of UCS test results for the filling

specimens
Factor A B C Null columns ~ Best mix proportion
k, 3.843 4353 2597 4.400
k, 5.157  5.090  4.820 4.370
AZBZC3
ky 3.633  3.190 5217 3.863

R 1.524  1.900  2.620 0.537

*6 FTEAFLMRNERE LSRN EDH
Table 6 Analysis of variance of UCS test results for the
filling specimens

Factor A B C Error
Sum of squares 4.089 5.506 11.965 0.55
Degree of freedom 2 2 2 2
Mean square 2.045 2.753 5.983 0.275
F ratio 7.489 10.084 21.914
F critical value 19 19 19
Significance *
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Fig.2 Variations of UCS for the filling specimens at different curing ages with water—cement ratio: (a) aggregate—cement ratio of 0:1;

(b) aggregate—cement ratio of 4:1

3.2 FEIEIR AR AR Bt B

P 3 AN [ B M L5 7K b B A 7 SRR (1) i 3 i
BN 1) )84k o A 3(a) BT » /KBS b 1.7 B, Bl
I LI R, 7o IR RE BT 46 i 20 I E T B, R
EE A 0: 1 B £ 356 mm R %4 6:1 B ) 216 mm. IX /2 H
TR A B R 2R, BURL AR AR K, B0 R TH
FHEREMYTSE M. Rk R aB ARG, &
)2 T 1) ) 3 2 A A e e 2 SR SR 78, DT 398 e S
RL BT RS, 2 v T R A X AL AS I R BE R g . BEE
AT A0 45 5 AN T 1S 00, Bk PR AR T o 2 AN BT sk 2> , JFG %o
BRI R 5 IR 70 A F R 2 B A 55 , 5 80
B R LR A AR LR AT, BRI BN PE A DR
SRR R B AAE RS R K 35 B — 5 oK
P, B8 B AT A B RHMA AR 40 B8 0, Bk PR B H K
TR AW RS, 3 — K T ORE R URL 2 R ) B
DI 2= SEUR BN TR

—e—4:1

350 (@)=
300 - 0\
s a6l
250 -
200 | \ T s \
150 | \

Aggregate—cement ratio
—u—0:1

Fluidity/mm

\A\

100 A

| L | L | L | L |

0 5 10 15 20
Time/min

K3 ASFRIEC B 1 7E SO S B BE BRI TR A2 4L (a) KIEEEE 175 (b)

EH B 3(b) P AT, 2 e LA 401 B, Bl 7K LU AN e
B OK, 78 S RE I W 46 R 3 B2 AN 195 mm B 0 & 359
mm, £ AWK BER . X SR IKIR 38 KR DA
R iR RER & 2H 40 1R 43 B S SRRk} R
(BT E B, T2 S sl e ael s K IR b — g w78
TRRE B 3N FE B I 8] P S AN T R . — T T, B
INF TR HEE RS , SRR i Rk 4 SR B IR K IS R AT FE 4R 2, 5
—J7 T BT JEORE B AR R ER K U i L AR R
BB SR SN AN B AT 3 BOFE B R R AT i
SR, DAY IS R PR JBE 2 73 AN W 15 KU, s 45 1R B R Bl B
NG

DN 7 SRR R Bl I N 8] () B AR At
Fo K AR R e Bt bt BHZ eI AT AT 1. 408
Wb 5 (45 B NIRRT 1) 0.8% T 1. 2%)X]L?EiE
R BN B B2 o AHN T2 F AL, Uil &
1.2% I BER I 20 1 B K8 BE 42 71, 30 5 60 min /fﬁlﬁJE

450 -
L (b) Water—cement ratio
400 —u—15
[ —eo—17
350 X\ N
| —4—19
IS \V
£ 30 o N v 20
S 250 - ° .
E 200 L \O\Ak
L .\ \. X
e
150 - — .
[ \l\
00 ‘ ‘ ‘ "
0 5 10 15 20
Time/min

B 4:1

Fig.3 Variations of fluidity for the filling specimens with different proportions over time: (a) water—cement ratio of 1.7;
(b) aggregate—cement ratio of 4:1
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