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Abstract

To overcome the limitations of poor water retention and unsatisfactory dust suppression efficiency
during coal seam water injection technology, a method combining literature research and experi-
mental verification was adopted to develop an in-situ dust suppressant for coal seams using acrylic
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acid as the key matrix material. The prepared acrylic-based coal seam dust suppressant was tested
for its dust suppression performance and microstructure characterization through water retention
rate, dust production rate, specific surface area, pore size, and scanning electron microscope tests.
The results showed that the coal samples treated with this dust suppressant had a water retention
time 3.17 times longer than that of the water-treated coal samples; the start of dust production oc-
curred at the 34th hour, with a dust production rate of only 0.29%. The average dust production
rate after complete drying was 2.10%, approximately 55.22% lower than that of the original coal;
this dust suppressant could firmly adhere to the coal surface and penetrate into the cracks and
pores within the coal body, forming a stable gel structure, achieving effective internal and external
encapsulation and cementation of the coal body, and effectively suppressing coal dust production.
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Table 1. Industrial analysis of coal

= 1. RE Tl

BFE KTy Ky R 1Al 5 Bk

TR A 2.68 7.82 33.78 55.66

2.2, KEERE

1) PR R AR SR AR AR B . B34 100 ml ZKBIGEAR, TIN5 873 H0Ch 0.1%1%) SDBS
VERAR NG E o W5, 33 DY B8 2 DU 7K1 1R IR A2 S A0 B 5 F 2R IR B EEIE LE : 9wt% AA +0.08wt% MBA
+ 0.64wt% APS + 0.16wt% NaHSO3 + 0.1wt% SDBS.
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Figure 1. Experimental procedure
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4) FH BRI

SEI6 AR %k A H A H SZ(HITACHI) A 5] #1385 Y FlexSEM1000 4 4 a3 7 i, w2 4iitke
TFRORAEN . SEAEH] & 58 SRR f i B 3 RGP TR &, B A L RIS B A R 0, 4
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3. XUERSTE
3.1. MEFINEES S

T8 I A S B ANAR OC SCER BRI BIE 7T, i 1R 28 5236 i D AN PR 3R AP o DUANERT R 23 00 h - AA )&
MBA 5. APS fil NaHSOs [fJ 5 & . APS Fl NaHSO; L. &% KR AR EIKPAE N2 2 s .

& B SPSS il IEAC Wi, Widk 3 fian. JFREILih 16 Aikienf7i, S4ilIniyEE T 3 Ik
DAPR B 254 v S

WA IEAE SL80 T7 T R DGRBS A, 58 Sl a5 422 3 Birnt B2 f S 56 i s N SPSS i+, (5B
Ti BT TR IAT SR AL TR, 5 245 31 (1) IEAS S50 o0 M 45 R L3 4.

Table 2. Values of each factor at different levels

2. ERRTREIKFE

s A B C ‘ D
AA [H(g) MBA H#(g) APS 1 NaHSOs [ 5 B (g2) APS 1 NaHSOs [ EL 4]

1 9 0.07 0.7 4:1

2 12 0.08 0.8 3:2

3 15 0.09 0.9 1:1

4 18 0.10 1.0 2:3
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Table 3. Orthogonal experimental design table
3. EXTEWRITER

s A B C . D SEASE ESZH)?
AA i (g) MBA [fifE(g) APS FlNaHSO: (& (g) APS Fl NaHSO: fILLBI 344k BiE(h)

1 1(9) 1(0.07) 1(0.7) 1(4:1) ABICIDi 5.5
2 1(9) 2(0.08) 2(0.8) 2(3:2) AB:C:Dy 41
3 1(9) 3 (0.09) 3(0.9) 3(1:1) AiB3C3Ds 3
4 1(9) 4(0.10) 4(1.0) 4(2:3) ABiCiDs  2.15
5 2(12) 1(0.07) 2(0.8) 3(1:1) A2B1C2D; 1
6 2(12) 2(0.08) 1(0.7) 4(2:3) A2B2CiD4 1
7 2(12) 3 (0.09) 4(1.0) 1(4:1) A2B3C4Dy 1.8
8 2(12) 4(0.10) 3(0.9) 2(3:2) ABiCiD2  0.83
9 3(15) 1(0.07) 3(0.9) 4(2:3) AsBIC:Ds 0.5
10 3(15) 2(0.08) 4(1.0) 3(1:1) AsB:CiDs 0.5
11 3 (15) 3(0.09) 1(0.7) 2(3:2) AsBCiD:  1.17
12 3 (15) 4(0.10) 2(0.8) 1(4:1) AsBiC2Dy 177
13 4(18) 1(0.07) 4(1.0) 2(3:2) AsBICiD2  0.66
14 4(18) 2(0.08) 3(0.9) 1(4:1) A4B2C3Dy 2.5
15 4(18) 3 (0.09) 2(0.8) 4(2:3) AsB3C2Ds 0.5
16 4(18) 4(0.10) 1(0.7) 3(1:1) AsBiCiD;  0.83

Table 4. Test of inter-subject effects on gel formation time

T 4. FRARATIE) EREI R A 3

I 11 281 75 F H R %75 F BENE
B IERERY 31.793¢ 12 2.649 31.131 0.008
B 53.619 1 53.619 630.024 0.0001
AA & 17.38 3 5.793 68.072 0.003
MBA & 0.335 3 0.112 1.311 0.415
APS Fll NaHSO:s [ /s & 2.289 3 0.763 8.967 0.052
APS 71 NaHSOs [ L4l 11.789 3 3.93 46.173 0.005
®E 0.255 3 0.085
Mt 85.667 16
BIEfE R 32.048 15

a. R 77=0.992 (% )5 R 77 = 0.960).

M 4 77 ZE TR AL AR IERY) B2 p (B9 0.008 (p < 0.05), RUIPTESLHISETH R Bk
FRAGAE S, RIS L0 DR 0 BB (8] A7 42 2 2 50 . AR AR B 5 R A R?=0.992, %R
R2=0.960, X —HHEEN], BRI BRI 1) 99.2% KA AL I A H & BRI R, SEIM0E S5 R
I BA m B, BN ORI

DOI: 10.12677/me.2026.143057 566 ol TAE


https://doi.org/10.12677/me.2026.143057

M55, Fiff

Hrb, AA HIER p 4 0.003 (p <0.01), APS Al NaHSOs (I ELIE) p 184 0.005 (p < 0.05), PiHIX
PRAN S R AR SR NI TR B R TR A B R Hp 3BT IR [17=2E T B35 AN, APS Al NaHSO; (1.8 & (1) 54
R, T MBA R p (R, BT X BRI ] (R 1F AR5 o DRI, 420508 Bk JI2 Ik 8] 52 0 (14 568 52
MKEPNEER, KUGE: AA [FHE. APS F1 NaHSOs [ ELf]. APS Al NaHSO; [ B . MBA [f) .

& B SPSS AT DU AR AR & il S0 B P AT T . I E R AR R = AR BB 4% 1
N BRI CEAE AT I E AL B, I TNAS A A A (R KT SR A I A AR 700 0 R TR B . 1%
BB AE — € VG A B T VPAl AN [ 32 B 0] I [R] PRS2 e 5 B2 o FH T 28 1200 58 Fh i IR ] 5 B8 R AR
PERERRAL, HCLA Br-P B HR 6 S KB BT . ) AR S /KT 8 e 2% KB SPSS HpHan i A 5
WBREELER, 5 ez h] AR S Al RA B P I E A E, w2 fos.
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Figure 2. Estimated marginal average values of four variables
& 2. M#hTEEnEEILRTEHSE

HE 2 o0, AR ESHFEKTF— = =, IS ELEFAEE R RS E, S KA S
Hi5E N AiBoCoDy, 5 R IEZZ IR I B R Ll 9wt% AA + 0.08wt% MBA + 0.64wt% APS + 0.16wt%
NaHSO; + 0.1wt% SDBS.
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Table 5. Test results of gelation time of dust suppressant

5. ML pEARE ELIK 45 R

AA/g MBA/g APS/g NaHSO:s/g SDBS/g FRBI) B] /b
9 0.08 0.64 0.16 0.1 6

PR IR FE bR BB 18] 5 1 SCIEAC I8 Fr A5 SO I (A1 8B AT % b S mT A, e Ab R b
TEIX—48hr LRI T HARE T %, 1% RS FAESE T IEAS S s e vk mfi k. 351 iR Iirss 1,
2 IEAS SIS 5 B 2 12 AR TR B AR T LR . Owt% AA + 0.08wt% MBA + 0.64wt% APS + 0.16wt%
NaHSOs + 0.1wt% SDBS.

4. FPALFIRIILY R
41, BRBIKGBRMN LTS
SIS, WG Z A0 BN 50 gv KR T 2~5 H BUBRRETT R 48 h 1RSI f5, XHRFEIEAT
IR, BT SOCIEIR TR A AT T ETERNE, &8 2 h g —REFERIK S & BN
e, BRI ROROKE S PR AR R —BIEOL T, BRI SR A B [F I TRON

TRRAE AT T B 2 h ME U7 BRI A2 SR B T BRI AR 1 DU 7K A B AR £
R PRIKFBE TR KA DL LA 3.

110 8
- B K TR K 3 |
Lol —A— 5
1 Lt A
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D #
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BETitE C(hd

Figure 3. Dust generation and water retention rates of raw coal and water-treated coal samples

3. RIRBIKAL IR P R FR KR

w3 AR, BEE BT AE G, KA B AR K A EIUBRIE T B e TP . £ 0 2 10 /)
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I TR B, PRAKZEH 100% 54 2 1.13%, BEHKS PRk, T 12h b G, RKECHEER
HARFFRREIRES

X EEAN R R I = A L, KA S A E R E E R . FUEE B I R iR 4R R
BCRRIFE R IKCE, WEIREEAR R, SPHIFER RN 4.70%; AKASBRIGEREE TR 0 B 6 /MFY, 7=
HRHANE, RO EERRIMERR . B8 8 MR, FoRFA FFHE] 3.65%, 2 JEdE ANFase X[,
R EN 4.52%, TETEA TR IF 17 AR SRR R AL 2.80%.

gr BRI, RS E R EAT R AR A, A S 2 AT R R K A, IR AR R TR
I BRI 2 o (R BEE N [RIHERS , 7K 43 S R AR DRI UK, BE G R b A RO 3B B AIG[14] [15]. AUk,
A EAETK T2 2 A8 H AR SRR, DAERTH A FO0T AR IR KR 7K e 7 5 B0k Fe 2R e

4.2. MEFIALEBRTR

AR 1E A IS A 5 i R A R R R AR 7, 23 T FHZK S Owt%PAA AR 7 FERE T R iR A
TR EE . RERRBEALFE G, JERERI P2 AR (R KRB T K i AR A A 00 I P 4 AT 5

MIEL 4 BT 0L, AR AR5 3R BERE I CRK 2 AR AR A A B35 22 5, AR IA/KAL . <9wt%PAA
AEFE < FARFALIR . JKACERSERELE 120 I, TRAKZEBREEN 05 Owt%PAA MEERIEFECRIKZEAE 12 h I, £}
IKZATSYERFLE 42.37%, THRIA 24 h HR/KZEA B 0, HARAKI B 7K AR BREERE Y 2 £ FZR7R1 4k
FERETE 12 h B RO R AT Sk 89.29%, T8t (8] 38 h B R/KZE A FEA 0, AR 8] 7K AL BRAREAE (1)
317 1%, N 9wt% PAA KCBRIEREMT 1.58 £5 . HAMAFIALBREREE T /K 0 R 2 B35 ke, LT
AP o X 45 RAIESL, MRS 35 B K I, IR PRk A

M S AT, FEREAS P R, TR AR S SR D, ?ﬁ#m$ﬁ4ﬂ% 27K AL B )RR

100 - —y—K

e —e—PAA

—A— 5
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Figure 4. Variation of water retention rate of coal samples treated with different materials with
drying time
B 4. NEMRIAIREF R REETIERE R
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Figure 5. Variation of dust generation rate of coal samples treated with different materials over

time of drying
5. TNEIFRICIRIRAE = L FR B TR R A 1L

B, fETE 8 MGG AEMAE, EETRETFHFEREN 4.52%, HERTERTET 3.62%; 4
OWt%PAA ACFRHERE, BEE|T W 18 I Z JEA T4, TEATHE PR AREN 3.31%, MHETE
EREET 29.42%. XFEREN PAA TEMFERINE R T REVWRIME, 1% T/KSHEKR, FHHHR T8
RLIE AL 4G, A RGE T AR AR AR ER RS, ETIRIFURIS 0 32 /N, PR RIS AAR
FFoN 0. BRI 34 /N, A TP ERE, AR R AU 029%. AR e e TR, TP
FAARRN 2.10%, BURBEER 55.22%, B Owt% PAA A FRBERE AR 36.56%. 1X — LR 5i%MARFIA & (1)
IRARFEIE R 5% HANAFERAR, Re7n /i NSRBI Ao LI o Bl R (R HRERS 7R R4 N 3 R A el
HRA, HE MBA WICEAER TR = 4R AR KGN 4%, SHEAR A B E1 TG S B AR,
g, WRRBUAEINE, BEEHIK IR, SERK A

5. WINEHRIES 574
5.1. lERERKRFALESHR

TR N — B A RIBFLIR I I 5 m LR A TR AT [ 16], FH N R TI AL A R A . #5410
AFIRERE IS NIEFLIE 2 P 7L A R Y OB IR 450, 1 TG B THEFHR IR M Be S IRk B 71, FEthAb
TSR, BRARNENE, B0 AR Sk IE R A A Bl JEAR N0 IR FLBRRRAE , A2 emm H R AT N 5
B AT AR OGBSO B AR . SR BET THE 753 AT R . Owt% PAA WAL BRANH A 771) ik 2 (1 0
FELLRTEAR . FLARAEFLE AT 2 'm0, P 8dE s 6 s,

IRTEE 6 AR AT R, S RERE AL, S KA ER RS, LR N ZE 20,616 m> g, fL
B G RMIEIC, HUE R 0.0311 mL-g™!, P& T FEIERE 735008 12.38%5 1.89%. 7K XAl ™
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Table 6. Data on specific surface area and pore structure of coal before and after different material treatments

= 6. FRIMKIAIERTE R AL R EFRFFLBREE R

FERE LR A/ (m2- gt FLAEF Y/ (mL-g™) FHFLE £/mm

JEJ 23.5149 0.0317 5.3923

IKALFR A 20.616 0.0311 6.0341
9wt% PAA AbHEIE 19.1526 0.026 5.4301
EUEOPAIP GBS 3.1656 0.0112 14.1521

ARIER, FERREVEERTEEZ N, K FOUREEBAE FHE AR R RTILEER A, Bk
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