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A AR ,28 d BEASHTHT o8 BE 4547 KR ;28 d
W D70 5 B Bt 2 Tl R T L B i B4, A
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F5 HIERMREEN 28 d ITREMERE
REEMREL

28 d &/ MPa

TH R EL %

215
v bR vt PR
KR 7.92 47.79 100.0 100.0
M-950 5.42  39.77  68.5 83.2

M-2.5% G-5% S-950 8.18 43.95 103.3 92.0
M-3.75% G-3.75%S-950 8.38 48.67 105.8 101.8

M-5% G-2.5% S-950 8.31 49.50 105.0 103.6

BE bR 5% Tl A7 8 1 2. 5% HE A7 IR T 5 B A
K, oM 49. 50 MPa, X R (TG PEFE S0 103. 6% .,

XEPATE 950 C BRI IE T, BEbT A By 3% 1
PR IR R A A E A L S B B
220, SR ) 25 AR IR o3 o3 i R e e JE W o, Beh T
ATEE LT Rk AL O, -2Si0, -2H,0 #
AN Al O, - 2Si0, M K T6 % T Si0, #1171k 1
ALO, , EATRIERT A 6 E B FEZRIE, R 5 AL O, -
28i0,-2H,0 M . T E T Si0, TGk AL O, 5% 1k
5L R T RN A LR R O T R R A
FER =45 K AR R =45 55 e I W Ik

BT Tl A B S AT A TR R AR BE I — 2
AR T | R Tl A 8 5 T A v i A
FEIBR RN, A LA T A SRR RS S T
(1) Si0, Fl AL, O, 2 W7 AR 77 8 P e 468 ok 43, 0 Ak A
47 B B 7 F 2 S8 2CaS0, + C =2Ca0 + 280, +
CO, ; 73 4, B F2 45 B 1 1 5 AR R — 45 & AR EE I R
N, A FEEEALAT , B 3Ca0 - Al O, -3CaS0, -32H,0, %
YUAR 0 A A 0 T D R R R
2.5 fRARE

H T A R 950 °C R RE iy o i A 45
KA | St AT 46 e e it el Al e AL 56

AN [T 35 R SRV L B B TR S AR 1 28 B I
HLERTHFILER 6.,

F %% 6 T, 7E Rl —Ac L USRI T, il &5
R (145 BRI L 3 T R34 e 2 5% o T ) £ 348 v 344
T 3R TR e B ) B K BT A TR AR T
AR ) Btk B oA AT BB RS e A B 7 4, 45 O 3ok
TR B % R b 2 T AR G b A

FRAFEFRY 7 d J5 Sedb T i o B0, Bl S
PEATPUE SR, A R 7 d PdfreR
B WASGL Y WS R LT E  GUE

xo6 AREXEMNBEEMIELRERE
W/ HEAR TR/

41
(grem™)  (m’-kg™")
M-2.5% G-5% S-950 -30 2.512 616. 80
M-2.5% G-5%S-950 - 60 2.553 642.70
M-2.5% G-5%S-950 - 90 2.661 653.20
M-2.5% G-5% S-950 - 120 2. 686 657.70
M-3.75% G-3.75% S-950 - 30 2.481 624. 80
M-3.75% G-3.75%S-950 - 60 2.596 648. 50
M-3.75% G-3.75% S -950 — 90 2.611 666. 60
M-3.75% G-3.75% S-950 - 120 2.623 687.55
M-5% G-2.5%S-950 -30 2.490 636. 45
M-5% G-2.5% S-950 - 60 2.530 642. 85
M-5% G-2.5% S-950 - 90 2.621 645. 90
M-5% G-2.5%S-950 - 120 2.675 675. 10

T TP AUIRS — AR B BT ], LA R ek AH TR
K7 HIERWIRENT d ITRENRERE

REFEMEEH

7 d¥REE/MPa ISR %
215

VT PUE BT PUE
AR 5.20 36.40 100.0 100.0

M-2.5% G-5% S-950 -30 4.02 27.02 77.4 74.2
M-2.5% G-5% S-950 - 60 4.15 29.63 79.7 81.4
M-2.5% G-5%S-950 - 90 4.43 30.93 85.1 85.0
M-2.5%G-5%S-950 -120  4.21 31.81 81.0 87.4
M-3.75%G-3.75%S5-950 -30 3.64 32.54 70.1 89.4
M-3.75%G-3.75%S-950 -60 3.57 33.68 68.7 92.5
M-3.75%G-3.75%S-950 -90 3.89 34.28 74.8 94.2
M-3.75% G-3.75%S-950 -120 3.54 35.46 68.1 97.4
M-5% G-2.5%S-950 -30 4.28 25.69 82.4 70.6
M-5% G-2.5%S-950 - 60 4.15 28.50 79.8 78.3
M-5% G-2.5% S-950 - 90 4.72 28.71 90.8 78.9
M-5%G-2.5%S-950 -120 4.71 31.64 90.6 86.9

I 7 AR, 76 e il B RN R R E L —FE 1Y
TEBLT , R be st (BT 7 d BP0 4758 B 9 5 1 I AS
WIS 57 d BCRDT He 58 5 i % e [va) 108 348 o v 34
R FIBE LA 5% Tl A8 A 2. 5% A= £1 KA,
TRRE i 32 Bl ][] £ 184 Jin e 5B K, A 25. 69 MPa 3
JnE 31. 64 MPa, XJ i A5 P48 20 M\ 70. 6% 3
# 86.9% .,

FriAE TR 28 d JE ek rhidram Bk, B s
PEATHUR R BE D, 5 il 1 28 d Hrdfrom



2025 412 A% 6 M

PR AU - - S Al A A U B

Mo Ui wiis % . 85 -

JE R i B S LG PR AR 2L 2% 8, FR R 8 TT A,
FERE B IR B AR I BC E—FEM S DL R, BEE R be
B[R] A AE K, 28 d DB 3 ik B A 2 4 i 3%
28 d IR T e i B A 2 G ik A Bk R L L
5% TV ATVE R 2. 5% M7 BRI, B0 A a3 B ] )
WS K, M 35,29 MPa /11151 49. 50 MPa, %t
I TS S B N 78, 7% BN E) 110. 3%
MARBERE 950 °C, WA FIBL R 3. 75% Tk

AUEFN 3. 75% A RN BB ALY 28 d Bt R 5 i
TEABXTRRE , Bl A () 38 0 ) R AN K I . (H TE
FEBEIH L T 100% , HE iR AT DL B 32 R %
RFRPIKVE . T be st ] B 7 2R K R fig
T RERCHE AR B2, 1 AT A S I 3. 75% Tl

B +3.75% A K, FEHRE 950 C 404 TR B
30 min [ T 20 ffE,

RS HIFEANRFER 28 d FIITREMPIERE

REFMEH

28 d SREE/MPa  THPESEEL %
20 51

yir PiUE Hidr PR
FAEK IR 8.12 44.86 100.0 100.0

M-2.5% G-5%S-950 -30 6.52 35.47 80.4 79.1
M-2.5% G-5%S-950 - 60 5.73 37.10 70.6 82.7
M-2.5% G-5% S-950 - 90 6.55 38.94 80.8 86.8
M-2.5%G-5%S-950 - 120 8.18 43.95 100.7 97.9
M-3.75%G-3.75%S-950 -30 7.97 47.49 98.2 105.9
M-3.75% G-3.75%5-950 -60 8.37 48.96 103.1 109.1
M-3.75% G-3.75%S-950 -90 8.18 50.68 100.8 113.0
M-3.75%G-3.75%S-950 -120 8.38 48.67 103.2 108.5
M-5% G-2.5%S-950 -30 7.75 35.29 95.5 78.7
M-5% G-2.5% S-950 - 60 7.45 35.87 91.8 80.0
M-5% G-2.5%S-950 - 90 8.03 39.02 98.9 87.0

M-5% G-2.5%S-950 - 120 8.31 49.50 102.3 110.3

3 4B

XA A AT B — Ak 2% - HLABE A i 28 08 R
WIS AR BN I T 458

D) JFARIEA A o THE R 2 A ek e
HFIREE R

2)950 C HIE ALl 2 e AbiUAE Y 28 d BT s P

SEGAENT 84.3% i /2 (GB/T 1596—2017) ( H T

IKVE TR EE 1= Bk IR ) BIARTEE

3)BEE LA KB LM 0% B I 2 10% |, i 451k

FERICRD R BEREZ 38, BN 10% A4 K 7E 950 C il
JE TR RHE 120 min £ B9 REMAAERY 28 d LRI 1
FEHGREN T 87. 8% , v T IREE - A kil 45

4) BEFH Tl A7 B B LN 0% 34 = 10% |, il &
TR I D iR B i 2 S 3 n 5 ARG, B n 7. 5% T
v AE FE 950 °C Il BE T K BE 120 min il 5 1Y A
FERY 28 d TEMEFEHGE RN T 85. 7% , il TR EE + 44
RHE 25

5) BEBRIREE 950 °C A FIRL L R 3. 75% Tk
AUEFN 3. 75% A IR BERPAAE Y 28 d Bt R PR
feEH I T 100% , AT RACHR 43K U6 . AT REIEHE
S, AR 3.75% Tk A8 +
3.75% A A IR, #E 950 C ke 30 min [ T 2,

[ &% 30Hk]
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Research on the Preparation of Active Micro-powders of
Coal Gangue by Mechanical-thermal-chemical Stimulation

CHEN Kuiyuan, DAI Wenbin, GOU Haipeng, CHEN Xuegang, XU Xiaofeng
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract; Based on the principle of bulk solid waste utilization, the exploration test of mechanical-ther-
mal-chemical composite activity stimulation of coal gangue was carried out. It is found that the original
coal gangue has low activity after direct mechanical grinding due to the large amount of volatiles such as
carbon, and cannot replace cement for concrete materials. The 28 d compressive strength of the mortar
sample prepared by thermal activation of coal gangue at 950 C can reach 39. 77 MPa, and the activity in-
dex reaches 84.3% . Under the condition of adding 10% quicklime and roasting temperature of 950 °C ,
the 28 d compressive strength of the mortar sample prepared by coal gangue reaches 43. 07 MPa, and the
activity index reaches 87. 8% . Under the condition of adding 7. 5% industrial gypsum and roasting tem-
perature of 950 °C, the 28 d compressive strength of the mortar sample prepared by coal gangue reaches
45. 68 MPa, and the activity index reaches 85. 7% . When the roasting temperature is 950 °C and the ad-
ditive ratio is 3. 75% industrial gypsum and 3. 75% quicklime, the 28 d compressive strength value of the
mortar sample prepared from coal gangue is relatively stable, and the activity index exceeds 100% ,
which can replace part of cement. From the perspective of energy saving and emission reduction, the suit-
able conditions for the stimulation of coal gangue are as follows: additive ratio 3. 75% industrial gypsum
+3.75% quicklime, roasting temperature 950 °C , roasting time 30 min.

Key words: coal gangue; active stimulation; compound stimulation ; roasting temperature ; activity index



