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Abstract

In order to solve the problems of insufficient strength and poor environmental protection of tradi-
tional cement-based materials in coal seam floor grouting engineering, two green fibers, polypropyl-
ene and basalt, were introduced to carry out modification research based on Grade II fly ash and
P-042.5 cement. By controlling the basic formula of fly ash content of 70%, water-solid ratio of 1:1 and
water glass content of 3%, the effects of fiber type (polypropylene, basalt), length (3 mm, 6 mm, 9 mm)
and content (0%, 0.1%, 0.4%, 0.7%, 1.0%) on the uniaxial compressive strength of the material at
7 and 28 days were systematically explored, and the evolution of microscopic crystal structure was
analyzed by X-ray diffraction (XRD) to establish a macroscopic and microscopic performance cor-
relation system. The results showed that the compressive strength of the two fibers could be signif-
icantly improved, and the optimal formulation of polypropylene fiber with 9 mm + 1.0% was the op-
timal formula for 7 days, and its strength was 0.97 MPa (+94.0% compared with the control), which
was the highest value of all samples, and the stability was good. Polypropylene fiber was 3 mm + 0.1%,
and the measured strength was 0.87 MPa (+93.3% compared with the control) at 28 days, which was
the sample with the highest strength in 28 days. XRD analysis showed that fiber modification sup-
ported macroscopic strength improvement by optimizing the crystal structure: the intensity of the
diffraction peaks of the core hydration products C-S-H gel and Ca (OH): of the modified samples was
significantly increased, and the intensity of C-S-H diffraction peaks at 7 and 28 days was the highest
increased by 64.3% and 73.4% compared with the control group, respectively. The diffraction peak
strength of C3S in unhydrated cement clinker decreased by 47.3%, indicating that the fiber pro-
moted the full reaction between hydration and fly ash volcanic ash. The research results provide
theoretical support for the formulation optimization and engineering application of green grouting
materials for coal seam floor.
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2. BASMAKIIRK
2.1. BRICERMBIERR

Kl A o273 Bl S AR AETE SRR (S T 1 R BRI TE . WEFER I, BB il s vl
IKPETRALT“ ) Ca(OH), [ M AE B C-S-H B, S HABHE ISR R, BB Al AL AR I
AN SRR E . (HiEB BRI (>60%) = FET R ISR AL, Fl L SMn s sk v i i ik
Be[4]. IFH, EmBEREKERBEAKMERNEG, GG RR R, R 24 e SR S RasE
PE FEISETH5] -

2.2. FHXEREBMHHR

FELF AV, SIS LF A s A e E FI B AL A e, ST RHIIIE 59t X 414
FEAE R AR, AT R E T RRR PR . PihisRfE . A RS RET B 44, B2
XK YRIERPEII L, SR IR IRE R A, RGO LRI S Zala P 4EARKEZ . BRIt
BORBE TR Y, k= 2RO R E B RIR T [6] . A FILF RIS SRR 2 7 2 S BUL 5K 4t
PG BRI, BET 82w SRR [7]

23. MiRT e

1 SRZ SR KE. BE)PEIRIEER A EHC L RE (28 d) I R LW
2. FIWONERE SRR Z e MEAIR, k=5 B M S HLEE R ;
3. BERMR R R ARE I AR 2T e PR BE 77 AL TEAN AL

24. MRABSHEAREL

241 HRAR

1. H AR LESE IR E DRI E AR, WK 7 d. 28d BEPUEGRE, W0 LT 4k S 500 7
B 110 52 M R A

2. XH XRD S B4 RO s AR G544, AT 4T 4 KA =28 B S di iR & (s il

3. AL WPUESRE SO XRD FHESHU KPR, WoReF4ERganpI 3, 456 TRETR, ik
3 T2 SRR O SR e i M RE AR T
2.4.2. FiREE%

BN 77 B 58 — 2P UL DU R FE ] & > AR TR (7 dv 28 d)—>SANS i B Sl He B8 B IR L AT 10K,
558 B IR — X RD FOML 45 44 73 BT — R oM Al SRk — B 7 e — S5 18 5 8.

3. SCIGERSY
3.1. SCIERAAH

S B S AR RS A AR, RASHn T

1. /KYE: P-O42.5 EimmERL £h/K I, HIAEN[A] 156 min, ZR4&E (7] 248 min, 3 d $i/E5%E 18.5 MPa,
28 d HUIEBRSE 43.2 MPa, 754 GB175-2023 (i@ LR 5K V) [8].

2. BB Nk iR, BRESVLM B ISR, ORI 420 m¥kg, FKE 4.2%, i#/KEE 105%,
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fF& GBIT1596-2017 (H-T/K e AR &E Lo BB [9].
3. ZF4E: BAMLAYEPP), KE3mm. 6 mm. 9mm, E4% 20 um, #HifisdE >350 MPa; Z it
4E(BF), K 3mm. 6 mm. 9mm, EHE 15 um, PriuisafE > 3000 MPa, 358 TR LR AR 5.
4. JKBEFS: TOGoKBEES, H%03.2, JHIENE 40°Bé, BEEIEA 3% (5 REMERE).
5. FEAUK: Wl ERK, pHAE 7.2, FFETREE RS KPR,

32. KWREFSIH
ST B A S AR IR 1P, e R R 5 Ve 220 A S K

Table 1. Experimental equipment and instruments

1 LHRESMUE

BELIK RIS 3% A&
N K% 0.1 mg JEA LR
W 50 mm x 50 mm x 100 mm TR Y
BT 58 P AL SANS i LA He 58 B WAL EIMASCEE AR
X SHEATEMX Smart Lab 3 KW 1000 A 2 K A T

33 XWAHR

3.3.1. EMiEsEit

&% O S H: bR - KR 7:3. /KE L 1:1, PAREAA LS R & 500 g A6l iR
350 g 7K¥E 150 g+ 7K 500 g. /KIEFS 15 g [10]. £F4ERrE—"F &, RAIELRE BT, BEAKFUE 2
fizn, SAH% 3AFATIREE, BUPFEME/E SR, stz .

Table 2. Experimental variable design
2. SRERR

B et AR

YR BN LE(PP). Z B L4 (BF)
YK 3mm. 6 mm. 9 mm
Y5 0% (XFHEZH). 0.1%. 0.4%. 0.7%. 1.0%

3.3.2. AHHIEEFI

Sl RTINS LR PR A . R4 KRG TS5, SRIGAER S AR R B A K, B
BN S HKE 75%, MdERRE, URBUEANRRE G, IAFIRPIKFUKEES, FePusiie. ik
SERUE, IR A RNGEESE 50 mm x 50 mm x 100 mm (R RSN 1 min, 24 h S8R, RNBREFEE
BEATFRY(0°C AT, BRI =AM

3.3.3. MREMIR 7534

1. HERHU SR E MR $41E GB/T50081-2022 (i EE 1 /)2 YRR IRIE /7 ik bR iE) , K SANS f
Jp B Ak 0 T SR AL, InEE 2 1 mmimin, OSBRI RO R, LU SR [11].

2. XRD PR : BUFRY 58 R R Fh O BB AL, BFBE 2Ri4% <75 um, KA SmartLab 3KW 5 2R A7 543,
MHEREEE: Cu #E(L = 0.154 nm), & 40 kV, & 40 mA, FIHEVERE 5°~85°, FA# % 5°/min, 2> Hr AT
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4, SLWERS S
4.1. BRI ERE D

BT ) SANS B BT SR B H S (7 d 28d), RGP HTLF4ERA KB R0 AR M 24
REFRIREI,  J57s SR RE I A LA o

4.1.1. FHEBENERE KR

WHEZE 7 dv 28 d F ) B8 E SR 4 S 0.50 MPa. 0.45 MPa, ZF4Ecict j5 A4 R 7 d 3R EE 354 AN [FFE
JEIRTE, 28d 5m)¥ EHZERILEA, ARBE FRSTE R 3 Fir.

Table 3. Average compressive strength of materials under different fiber contents

3. NEAHELETHRITmERE

Ao BE%) 7 d 58J% (MPa) T (%) 28 d 38 /& (MPa) T2 (%)
Sof 1 2 0 0.50 - 0.45
RN £ 4 0.1 0.60 +20.0 0.79 +75.6
RN L4 0.4 0.52 +4.0 0.67 +48.9
KN4 0.7 0.57 +14.0 0.48 +6.7
R4 1.0 0.86 +72.0 0.66 +46.7
ZE LY 0.1 0.51 +2.0 0.64 +42.2
ZE LY 0.4 0.67 +34.0 0.63 +40.0
Py A i 0.7 0.61 +22.0 0.66 +46.7
PR cEar i 1.0 0.78 +56.0 0.61 +35.6
80+ ,
X )
RPH7dAL 72%
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Figure 1. The compressive strength improvement rate of the stone body on 7 days compared with the control group
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Figure 2. The compressive strength improvement rate of the stone body at 28 days compared with that of the control group

2. 50k 28 d BT BBBEME B EIRAZE

7 3R 1. 2 Tk 7 d SRBEANAE: BEARLF4ERY 7 d BRSO BE S B N 2 LTS, 1.0%
BEINIE R BN ——RNIHTY4E 1.0%5 2 FI58 % 0.86 MPa (BATHR + 72.0%), KA 4F4E 1.0%5 &
P15 0.78 MPa (BN i +56.0%); 0.4% 45 Rk 1245 5 T X ulia 2 4RI R (7 d 0.67 MPa, +34.0%),
RGN R R 5 59(7 d 0.52 MPa, +4.0%), 28d 5BfE I/ 28 d SRS ERFELINK, RWNGL
4t 0.1%45 B IAIEAE (0.79 MPa, +75.6%), =i155(0.7%, 1.0%)} B84 [H]7% .

ZE A Yk 28 d R LE KB BT 04 $4141(0.61~0.66 MPa), Fa i MEAL T 58 TR 21 4k 5 5 B 18 KRR vk«
XTHEZ 7 d—28 d HRJE % 10.0%, 1 £F4E MRS S 80% S BBt B IE I, B LT 4 il T s
KRR o 1D J 391580 P2 S 0

4.12. AHKENERERIRNE

Table 4. Measured compressive strength of different fiber lengths
= 4. TEIAHEKENSINITERE

s BE0.1% B 0.4% BE 0.7% B 1.0%
2T 9 2K A - FiF
EFAERAL KL (mm) (7d/i28d) (MPa) (7 d/28d) (MPa) (7 d/28d) (MPa) (7 d/28 d) (MPa)
T £ o 3 0.67/0.87 0.59/0.83 0.66/0.58 0.89/0.65
RN W £ 4 6 0.55/0.79 0.50/0.52 0.43/0.34 0.72/0.65
RN £ 4 9 0.59/0.70 0.46/0.67 0.61/0.51 0.97/0.67
A Y 3 0.45/0.73 0.71/0.59 0.69/0.70 0.96/0.63
LAY 6 0.47/0.49 0.66/0.67 0.61/0.64 0.86/0.67
LAY 9 0.62/0.70 0.65/0.63 0.54/0.63 0.52/0.53

B 4 AT f3: RONMGEFYE: 7 d 38%: 9 mm KEH(1.0%B EIA 0.97 MPa), 3 mm KR
(1.0%%5 & 0.89 MPa), 6 mm K J&¥ £ 7(0.7%B &1V 0.43 MPa), 28d 52J¥: 3 mm K& &1(0.1%5 & 0.87
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MPa), 9mm KRz, 6mm KERZE, HEELEKIREEER; ZREL4E: 7d38E: 3mm K
FE FeA18(1.0%35 & 0.96 MPa), 6 mm KR, 9mm K J& i % (1.0%45 E{L 0.52 MPa), 28d 58/%: 3mm.
6 mm KR (0.59~0.73 MPa), 9 mm KJEBEAK, i - KGR MR, KGR T BN
WA EERD 9 mm (7 d BoEE) AT 3 mm (28 d Fai), ZEUAL4EER 3 mm (&BERTE).

4.1.3. RAEHTHIE

ZRE 7d. 28d R TRREHME, TRkt 3 SRRy

7d ESRER T RNELTYE 9 mm + 1.0%45 5, 590 7 d 58 0.97 MPa (B0 HE + 94.0%), NATA
PSR, etk AT

28 d FRUERC T RNMGE4E 3 mm + 0.1%5 &, SEl 28 d 58 % 0.87 MPa (B iR + 93.3%), & 28d
PR e ORE S, H 7 d 9REFIA 0.67 MPa (+34.0%), SR 5 5 Ik BE

SHFMEC T : %A 474 3mm + 0.4%35 5, 7 d 58 /% 0.71 MPa (+42.0%), 28 d 3% 0.59 MPa (+31.1%),
BRIER . AR, HiEERsN.

4.2. W XRD 54T

4.2.1. XRD {iTSTIEEAF4FE S A8LE A8

AR XRD MR E A 5°~85°, Cu #EFESF(A=0.154nm), M 7d. 28 d 3 AT 5 it v ] 375 il
WU A BE KR A B BEDARAT 0, A Co KA =) B R AR WA, 2 T

A (Ca(OH)L): RFIEIELRL 20=34.0°, A/KYEKMII BB =W, RN IEIK KL IR N A% 0 J
s

IKACRERRES B (C-S-H): NARGASIE ST, TTRBURFIENTS &, 1E 20=28.0°~32.0°5u il A 23
e ACBAIRAT I, RO T 20=30.0°, JPRFRE X O TTRRAR , PhE BRI 2 S0 8 5 2 R

RAKWIKIEBEL CaS: FEAFIELT 20 = 31.0°,  FLATH IR B I WK e KAk SN 78 40 FE P

4.2.2.7d SIBEE SR XRD EEGTHIEERE ST
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Figure 3. Comparison of XRD spectra between the 7-day high-intensity formulation group and the control group
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Table 5. Comparison of diffraction peak data between the 7-day high-intensity formulation group and the control group
52 5. 7d SR ER A HES X REIELTFIEREIT L

B} 1 2 AT ST e T ke 4 B T R 2 A Ak 2%

i R0 ARy TR SO
C-S-H %t 30.0° 415 682 64.3
Ca(OH)2 34.0° 328 535 63.1
KA CaS (k) 31.0° 402 278 -30.8

MRHEIE 3 Fe 5 M rl . C-S-H B RMEIE I, Sk C-S-H A7 5T 0655 (682 a.u.) x4 (415
a.u)i&st 64.3%, M XRD [ A mr s v 42 2 ek 20 30.0° Kb i vy IR v TR RRZE, TR R
Wio C-S-H B IE /K IR AR I RZ CoaB AT, 8 B3 0 BBz AN AR N 3R FLBE, $- T T R, X
J2 SOV 2E B B B T (A% O O SR K] - Ca(OH), [RIP 3G K, et 4H Ca(OH), AT 4 U 5 (535a.u. ) e 6f HE4H.(328
aU)FETE 63.1%, 3K TR T I 2T 4 11 — 4 WX 2 S5 A A 7K Y KA BB T T 2 I &S [), /2t Ca(OH), 26 s
[FRF, Fe /e Ca(OH): NG S K KK I N (FERCE % C-S-H) it 4% T N4, NG HA(28 )i fE Rkrs:
WK B S RAKAGHEIE D, SR AR KA CoS AT ISR E (278 a.u.)Bont E 2H (402 a.u.)FE1IK 30.8%,
Xof HEZH 31.0°Ab TSV TE SR Y, B AIE T 4R Xt /KA RR B (2 A Pl ——£F 43R T 1) 2 25 (-OH) T R it Ca?,
D KR HENA R, DR BIRRLR B, e IR SR

4.2.3.28 d ESBEEC I XRD EETTHIEEE 547

BABAEKE3IMMmBE0.1%28d
— XHE4H28d

|
|
b | I Y //‘ ' |
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Figure 4. Comparison of XRD spectra between the 28-day high-intensity formula group and the control group
4.28d &BEALSHSXTER4E XRD EliEXTEE

Table 6. Comparison of the diffraction peak data of the 28-day high-intensity formulation group and the control group
5z 6. 28 d SR E L7 E SxtRABITHIERIERTEE

_ o 2 A7 e Ui i A O] 155 ot B A AR A Y, 22

i R0 AR ) ST RO
C-S-H ¥tk 30.0° 418 725 +73.4
Ca(OH)2 34.0° 312 478 +53.2
AIKAK CaS (#k] 31.0° 395 208 -47.3
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FRAE ] 4 A5 6 3Bl k. C-S-H BERCRMEIG . chtE4H C-S-H TS I8 (725 a.u.)iBox i 4H (418
a.u)ieJt 73.4%, XRD EiEE R: SeME4 30.0°AbFr S i B 0 3 v T A, HIB T B . C-S-H &
IKIREEM BHIAZ OB AR, o8 SN B AN R FLB——28 d W IR K LK R BL 785y, 44
FNFRME “ ZYESCHEE R, Edt Ca(OH) SRR 1) SiO2. Al,Os R NAERNEE % C-S-H HEIE, N
W FESETHRAAZ O IR, Xt et 2 28 d 5B T3S T K I SR O A IR . Ca(OH), 75 &
PG : k2 Ca(OH), AT I 5 (478 a.u.) Bont B 2H (312 a.u.) F& 7+ 53.2%, BEiE G 1 X EZH “Ca(OH).
A A S BUK LR SO BT, SR B “ Ca(OH), it B HER S BUMMI 244 (BRI . X Fh T
JET 3 mm FAF4EN “RAARETEIER” —— 4RI EREE 5 5 Ca(OH), A FEK, MR N KIlK R
PLRFSESRAE RN, SEIL AR - TEAET BhAS P, SO R RS E K . ROKMEVEH R E D
PEL A KK, C3S AT 5T U5 7 P2 (208 a.u.) ek FE2H (395 a.u.) A 47.3%, 13 At HE 2H 31.0° &b 4 I B8 5% 1
RIAFLALER GINFTHE TR HRZ “JEBAKAG A 7 (OREE: 21 4R B4 % B os i (i 2k 7K 2 A4 %
P R KA BRNA R, (KA SN RS 28 d, B/ R N PRI R B, $R TR S

4.2.4. AHEBENIBEE

SEEFEW TR, A YERDR AR B EZRAT R 3 SR LR AT MERE 9 DA = R MrBzam b /e -
YRR T R = e 50, MARL 2 R P = A e ), AR Y@ MR B E AR IR 7y, BRLIE
U R, T EMIINE SR AR 4 4RI A R B AT 5KV KA P M AL S
N EmARA KR HENT 2, ik C-S-H #EIR S Ca(OH) /7%, 1RO st iA e et . 2SR el 4F
YRR AT I R FE R B ALRE, DR RGO A R R S, IR DR ORI IR R, ik
AR

5. &g

AW T AR AR P-042.5 /K Je MR, BINRNME X aUa b et taeh 4, S0 2 IR AR K
TREFRIFELIERF 7T, RER TS ESM R 7d. 28 d 2RO HERE IS, B oW S BE (A
R, FELERWT:

1. ZRdEciohe n] SR T O AR I AR L i B T4 f SR P e . PR 4frhr, R
IRAT YRR AR R, o R PIALT4E 9 mm + 1.0%B 5y 7 d Esd S i ALBC /7, 7 d FrEsREE A 0.97
MPa, HHIEZHIRT; 94.0%; BEPIMELT4E 3 mm + 0.1% 584 28 d mkaE AR 77, 28 d Hi/EHR/Eik 0.87
MPa, FXTHRZHIRTH 93.3%, H 7 d—28 d 53528 31.7%KI IEM K, AR T S5 ERE KM kLG 58
FEREVRI I ZECE 2T 4E 3 mm +0.4% 15 BN BT RURALEC 7, AR S RRAY, & TR R LR

2. S H MR IR B A 4B RS 7 d BERIEHE, 1.0%5 8 s
BRIt 28 d sEH, RAUMAAER “RBEERE. SBERVE” FHiE, Xiaa4e8sB58 NmEs
5], Rt E . KEGRMEZERE, RNELYE o mm @R s am 75Kk, 3 mm &/ 5 s
RERRK, XRAEDEImm ALBEERKE, # - PR E RSO R R BT K .

3. XRD ML BT 2 B, 21 2 it e ok AR A o A S ) SR W FE B T e SO S IR AR Lo /KA =) C-
S-H HEfZ  Ca(OH), T ST W 5 fE 2 & 1y, 7. 28 d & HII C-S-H £i7 5 g 5 55 35 5o B 2 ol e s 4 T 64.3%-
73.4%; ARIKAIKIEHKE CoS fThHIE SR EE BRI 47.3%, FWALFAEALHE T /KK SN SR AR K LK 2 S PR 78
AT o
E&mH

T M 2Bt 48 ROR AR QT BNE N Gt R 3 H B8 B GRS 24 J2 X Ua 4T 4E M K 3 5 6 13 AR
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