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Abstract

In order to solve the dual problems of insufficient strength and poor formability of high-content fly
ash cement materials in coal seam floor grouting engineering, a modified system was constructed
by introducing polypropylene fiber (PP) and basalt fiber (BF) green fiber using grade II. fly ash and
P-042.5 cement as the matrix, 3% water glass as the admixture, and polypropylene fiber (PP) and
basalt fiber (BF) green fiber. Based on the measured compressive strength and stone body length
data of 3d, 7 and 28 days, the synergistic regulation effect of fiber type (PP, BF), length (3 mm, 6 mm,
9 mm) and content (0%, 0.1%, 0.4%, 0.7%, 1.0%) on the macro and micro properties of the material
was systematically explored. The macroscopic strength was tested by the SANS brand single-axis
compressive strength tester, the length of the stone body was measured by vernier caliper, and the
phase evolution of microscopic matter was quantitatively analyzed by X-ray diffraction (XRD), and
the correlation mechanism of “strength-stone-microstructure” was established. The results showed
that the optimal formulation of PP fiber for 28 days was 3 mm + 1.0% content (1.12 MPa, +83.6%
compared with the control). The optimal formula of BF fiber for 28 d strength was 3 mm + 1.0%
(1.00 MPa, +63.9% compared with the control). The optimal formulation of BF fiber for 7 d strength
was 9 mm + 1.0% (0.64 MPa, +204.8% compared with the control). XRD analysis showed that the
diffraction peak intensity of the core hydration product C-S-H GEL (260 = 28°~32° widening peak) of
the economical formula (BF 6 mm + 0.7%) at 28 days was increased by 76.9%, and the content of
unhydrated CsS (260 = 31.0°) was reduced by 48.2% compared with the control, confirming that the
fiber achieved synergistic improvement of macroscopic performance by optimizing the phase com-
position. Based on the measured data, this study provides an accurate green formula for coal seam
floor grouting engineering, which enriches the macro and micro correlation theory of fiber modi-
fied grouting materials.
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2. SCIGERSy
2.1. SCIERAAH

S BT SR RS RF S AR bR iE, BAASHUN T

1. JKJE: P-042.5 Ymfkmz £h/K e, HIEEHS 8] 156 min, 2%k ] 250 min, 3 d Hi/E5EE 18.6 MPa,
28d PUEGEE 43.4MPa, 4 GB175-2023 Gl FHREERER/KYED [6]. MMEAK: TR, LEREENLK BE
o LR AR 422 mkg, B 4.3%, TH/KE L 105%, 744 GBIT1596-2017 (T /K Je Alig st 1 dr itk
B 7], FERER. KRB EI(E 1),

Figure 1. Fly ash and cement electron micrographs
1. MR, KGREBIEE

2. 4 PP £F4E: KE 3mm. 6mm. 9mm, EA% 20 um, PifisRE >350 MPa, VR L= i
BF #F4E: KJ¥ 3mm. 6 mm. 9mm, EAf 15um, HifiswfE >3000 MPa, Tk, TEAZXRA L4,
RSB (] 2).

Figure 2. Electron microscopy of basalt fiber and polypropylene fiber
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3. KIEEE: M%3.2, WWEE 40°Bé, BE 3% (LB ELE R E).
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Table 1. Experimental equipment and instruments
1 LWERENE

BE B RIS 3% Jith-S
N K% 0.1 mg JEA LR
R 50 mm x 50 mm x 100 mm TR Y
BT 5 P L SANS P 5 LK
X SHEATHMX Smart Lab 3 KW R T N AT

23 LWHER

231 EMif 55T ERIT

[ E A% O S H: bR - KR 7:30 JKIE L 1:1, DAREMAMRLE T & 500 g Bl KRk
3509, 7K 1509, 7K 5009. 7Kg 159 [8]. L4 AME—A g, RHELRE &, BEAKFWE 2 b
N, BRI 3 A TATIARE, BCPMEE N SSEdE, b sigiRzE.

Table 2. Experimental variable design
%2 TRTER

A e R A KT

AR gt PP 2[4, BF 2[4

KR 3mm. 6 mm. 9 mm
GfBE 0% (XFIEZH). 0.1%. 0.4%. 0.7%. 1.0%

2.32. AHEHIE. FHSURRE

1. iR &

oG R R I N IR AR R4 KR IRIG TR 5), RS EBHE R B I K,
HEMN G HKE 75%, 1SlHiH:, SRBEANTFPREE, IMAFIRKRKIER, Hoosaise.
PG, IR A RHEELE 50 mm x 50 mm x 100 mm KR E FFHRS) 1 min, 24 h 5858, N FRAESRS
FHIATIRYI(20°C £2°C), FHM=ARE.

2. HEREMR

SEARK BN R RIASE , FECR bR RO R e R A A K B (GBI S 4% X 3K), AR 3
R, BCPEAE.

PUEGREZENHR: S8 GB/T50081-2022 (i@ &+ 1A PERERIG T iEARAE) » SANS 705 58 5 38
HUIMEGE 2 1 mmimin, 183% 3 CPAT LIRS KT8, THE-FIE R 2 /8D [9].

XRD MliR: & AR Oihn, #FEERIE <75um, KA Cu #(1=0.154nm), HHiyulH 5°~85°,
FHEE A 5 min, $REUSGEIE, FEMATH R A8, RAESIRLEMRHE.

2.33. WBAETTE

HUEMRE S8 A REEEAC I BECR A SEIR SR AL AT e 3, THESREE IR T = (et sl
SRAZ — X IR S B E )OS HRZH SR 2 x 100% .

XRD Hf e . H a5 25 AR )7 (BF 6 mm + 0.7%) (1 46%53E S N Origin2021 #ff:rh, @il
“FIEWE T ThAE, RBUZOYIAH(C-S-H BEiZ. Ca(OH)aw A/KAL CoS)RIATHIIETREE (au.), THEAHX S
PR AT S ViR FE EURFAIE W 07 P AT 0.2V L 9 (0 T 3405, B AR B e
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3. SEWERE S
3.1. *HRLAEMIMERE

SHEH(CA AL A 1R)3 dv 7d. 28 d SLMPTESEE 2 7~ 0.24 MPa. 0.21 MPa. 0.61 MPa; £fi1f
K CP9ME) 508 91.6 mm. 92.7mm. 87.8 mm. Xf FHZLAFLE A kI 7d BREHK 3d [E1V4 12.5%, 28
d 25 AR KER 7d TI%5.3%, ke TAKREErEFK.

3.2. BUMEEMRSITIERE - HSABKE)

3.2.1. PP F4Esoil M Re M2
FE T SIS AT S 9 R P I S A5 0 K B S B , PP AT 4EAE AN [F) B 8 & v RE e 3 BT,
T4 0 2 B 45 5K ) S 11

3ds IR TR
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Figure 3. The compressive strength improvement rate of PP fiber modified stone body in 3 days compared with that of the
control group
3. PP A LA 3 d B BBARERERAE

Table 3. Measured performance data of PP fiber (average)
= 3. PP AAHE ST RE BB (T HME)

G s sqmpr SORE QU L TARE TAUA . 2835  28d%
e i I S vl E L v ol < T S
) (mm) %) (mm) ) E(mm)

- 0 0.24 - 91.6 0.21 - 92.7 0.61 - 87.8

3 0.1 0.15 -375 88.2 0.42 +100.0 93.8 0.53 -13.1 92.7

3 0.4 0.23 —4.2 92.1 0.35 +66.7 93.2 0.71 +16.4 95.4

3 0.7 0.23 —4.2 91.0 0.29 +38.1 93.5 0.54 -115 94.8

3 1.0 0.27 +12.5 95.1 0.39 +85.7 94.0 112 +83.6 90.7

6 0.1 0.13 —45.8 87.6 0.32 +52.4 95.2 0.48 -21.3 92.3

6 0.4 0.18 —-25.0 92.5 0.26 +23.8 94.0 0.76 +24.6 90.8
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6 0.7 0.20 -16.7 91.2 0.27 +28.6 94.6 1.09 +78.7 93.8
6 1.0 0.25 +4.2 93.2 0.45 +114.3 94.8 0.86 +41.0 89.3
9 0.1 0.15 -37.5 94.6 0.21 0.0 92.7 0.81 +32.8 97.5
9 0.4 0.19 -20.8 90.8 0.41 +95.2 93.4 0.59 -3.3 96.0
9 0.7 0.21 -12.5 93.9 0.37 +76.2 91.5 0.71 +16.4 96.1
9 1.0 0.26 +8.3 92.6 0.47 +123.8 95.4 0.70 +14.8 90.9
7d5EE R T
9 124.0
108.5
93.00
/g 77.50
6 62.00
o
. 46.50
N
31.00
15.50
3 N 0.000
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Figure 4. The compressive strength improvement rate of PP fiber modified stone body in 7 days compared with the control
group
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Figure 5. The compressive strength improvement rate of PP fiber modified stone body at 28 days compared with that of the
control group
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FE 3 5

7 3 ) 8] 3~5 43 M AT 4l
1. PP 214k 28 d 5 S UL J7: 3 mm + 1.0%#5 5 (1.12 MPa, +83.6%), %L /5 /&S PP 4144 &
SRR, H 3d 45K A 95.1 mm (B IE+3.5 mm), SR s A S R IR
2. TRPEVHARRHE : PP A4S 5 7 d SR FE S E SR T, Joh 9 mm + 1.0%15 5 7 d SRE R T30k 123.8%,
A RN T XL 7 d 9 TR N B
3. AR ERIAE: 9 mm KB PP AR 4E ) 45 AR K FE AR AR, 28 d d ik 97.5 mm (0.1%# &),
KA Y (R HeAE FH TG BT 45 40 R e e

3.2.2. BF F4E Tt ge a1
BF £ 4EAN[FE S HUH A I SCIPERE AN 4 TR, UE 5048 BLRE R P SO R L () T 4918, 45 A i K

SN H b -

AHEKE (mm)

)}

04 05 06 07
4B E (%)

08 09

3dTRBEIR TR
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55.88

40.75

25.63

10.50

-4.625
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Figure 6. The compressive strength improvement rate of BF fiber modified stone body in 3 days compared with that of the

control group

6. BF FH4EU M4 A 1k 3 d B BRBIERE RRA R

Table 4. Measured performance data of BF fiber (average)
5z 4. BF FF4ESC 4 st (L 191E)

sk s sqpy SOEE SUEA g, TAEE TAEG o, 2dE 285
i G Y I Sl T S SVl T
o) (mm) o) (mm) F6)  E(mm)
- O(MEE) 024 - 91.6 0.21 - 92.7 0.61 - 87.8
3 0.1 0.12 -50.0 91.5 0.44 +109.5 92.1 0.66 +8.2 94.5
3 0.4 0.20 -16.7 93.7 0.37 +76.2 93.7 0.72 +18.0 87.4
3 0.7 0.41 +70.8 92.3 0.39 +85.7 89.5 0.74 +21.3 95.4
3 1.0 0.22 -8.3 93.9 0.40 +90.5 94.4 1.00 +63.9 91.7
6 0.1 0.15 -37.5 915 0.30 +42.9 94.3 0.72 +18.0 93.8
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gk
6 0.4 0.18 —29.2 93.8 0.38 +81.0 93.5 0.78 +27.9 93.1
6 0.7 0.31 +29.2 92.1 0.47 +123.8 93.0 0.89 +45.9 96.7
6 1.0 0.20 -16.7 91.8 0.36 +71.4 94.3 0.89 +45.9 92.2
9 0.1 0.27 +12.5 90.0 0.29 +38.1 93.5 0.51 -16.4 93.5
9 0.4 0.22 -8.3 93.4 0.43 +104.8 92.1 0.56 —8.2 92.6
9 0.7 0.24 0.0 91.9 0.50 +138.1 95.3 0.93 +52.5 94.8
9 1.0 0.33 +37.5 89.1 0.64 +204.8 94.4 0.76 +24.6 88.0

7d5'§f“’£asﬂ$
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163.3
142.4
6 1215
100.6
79.75
58.88
38.00

02 03 04 05 06 07 08 09
SGHEBE (%)

Figure 7. The compressive strength improvement rate of BF fiber-modified stone body in 7 days compared with the control
group

7. BF YA 7 d M RAAREBERA X

LK (mm)d
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28d5E EHETF R
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=

E 33.85
6 23.80
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& 13.75
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Figure 8. The compressive strength improvement rate of BF fiber modified stone body in 28 days compared with the control
group
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e 4 K14 6~8 43 Ml %

1. BF 2[4 28 d 5 JZ AL 7 : 3 mm + 1.0%35 &:(1.00 MPa, +63.9%), %AC 5 28 d 585 NATA BF £F
Yol A e

2. RHIRREEALH: BF 4F4E 3 mm + 0.7%#5 & 3 d 58214 0.41 MPa (+70.8%), NFTH A 3d 515 &K
EE: 9mm+1.0%5 58 7d 58IA 0.64 MPa (+204.8%), ATA4LE 7d S8 fceil, &S 2R TR
(1 B e 5 5K

3. BEERME: BF 44 mBE(0.7%~1.0%) AR RE AL, K155 (0.1%) K 354 20 A 5 JE A T 06t
MR, FIREDE AR 4E B B A R TR T R 8 = 4E M 2% [10]
3.2.3. RIKE S LZETHIE

it 3d. 7d. 28d SRS ABRKERGERR, TRkl 3 R TR AMEC ), Wk 5 Fis:

Table 5. Measured comprehensive performance of the optimal formula
=5 mMEAEMEEEEE

(Wit FHSH 3 d #E(MPa) 7 d 3% (MPa) 28 d 5@ ¥ (MPa)
S I [ B 77 PP 3 mm + 1.0% 0.27 0.39 1.12
ERERE T BF 9 mm + 1.0% 0.33 0.64 0.76

LR TT BF 6 mm + 0.7% 0.31 0.47 0.89

3.3. XRD M 347
BN B2 5 2 5 AU 77 (BF 6 mm + 0.7%)13E47 XRD X He/r#fr, T34t XRD JRaa%ds, @il
Origin2021 FUEHL& 5, $RHUZCYIAH AT ISR B SRHE S 4, S5 5RIR -

3.3.1. XRD EE4SERTEE
SR 522 pr RUEC T ) XRD 3 (5°~85° F3 9 7 Bl )%t L UL 9, K% O AR (R AL UG o7 B o i 25 St 3

e
e Gy
Md| *tHRZH28d
[, | | ,JW \'w“\w‘
\“‘N,ww,,v’ \ew il
o)
—_ M‘“‘"U”MNVWM o
:2 ‘WWNW\“M
<
z2
:J
3
=] |
= | el
Wwﬁ | V"/ kv ol |
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Figure 9. Comparison of XRD spectra between the control group and the economical formula (BF 6 mm + 0.7%) at 28 days
of age
[E 9. 3BRLE 5255 RIBC 5 (BF 6 mm + 0.7%) 28 d i H XRD Eig Xttt
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i P T O

LG BT LE 20 = 28°~32° 0 P4 1) e AL 14 (C-S-H B i B 2 v TR R4, W] C-S-H B & &
KgHhn; XHELALAE 20 = 3L.0°4bHIRTHHIECRKIL CS) A8, FREFT R, Wi BN IR AL KAL S B A 78
Gr: GBI T E 20 = 34.0° Kb IAIAT I I (Ca(OH)) 3 BE i 1% HRZH, SIE SR 2F 4 e MEAR E T /KB KA =P 2R
A[11].
3.3.2. BB TTSIEEE BB ST

BT XRD JFIAEHR LA LR, K% OPIAR AT S5 658 P AR AR A e i 42 6 i

Table 6. Quantitative data of XRD core phase at 28 days of age between the control group and the economical formula
6. RBASZFRE A 28 d WHA XRD #UHEE EHE

Yk BREIEAL(20)  XHBAAATHIIGIRE (Qu)  SFMESATHEEE (u) B IR (%)
C-S-H &t 30.0° (BEfbig) 392 704 +76.9
Ca(OH). 34.0° 308 446 +44.8
ARIKAK CsS 31.0° 396 205 —48.2

3.3.3. WMHNIBE LWt BEXBE I HT

454 XRD s BAE 52 MRS (VAL )7 28 d #EFE 0.89 MPa, +45.9%; Z5A{AKE 96.7 mm,
+10.1%), HLEEHTWIT:

1. C-S-H HER IR TTHR: BT YR TT C-S-H BT IR 5 B B0 HE+76.9%,  1E /K TR FEARH %
IR, C-S-H E & BN Rl 0 AR N IILRR, T SEMR SE R, EHE S I S P R
FH12]; [FIRS, BRI S M D T G R TF RN, RER T 4 R e

2. Ca(OH): [ 1EM . AP UAL T Ca(OH) T IR FESE T 44.8%, Ca(OH)2 VE AR B K LK 52 i
RIRZ O SN, Fe R AR B 9 S 8 KL R B S (R K H Si02+ AlOs 5 Ca(OH), [ N AE R 2 C-S-H) i
BT WA, OB T RRRZE “ Ca(OH)2 A2 FEUR SIS (1 i 1, S35 ) B RV [ 2 FH[13]

3. IR PLFE A PEIGAE : 2R R T AR KAk CaS FT ST IG5 PR 48.2%, KW BF £F4E M) 5] NBsE

AR KR RCE, (R T KIERIRELK Ak, WD T AR SOSFRRIR R, B T Ok fs,  BES
THT EWBREE, AR T 45 A AR RV [14]

4. g5ig

1. 27 3d. 7d. 28d SEIEHE, PP AR 4EK N E AR B 77 9 3 mm + 1.0%45 &(28 d 55 1.12 MPa,
+83.6%), BF 2[4k 28 d H# LA /74 3 mm + 1.0%45 &(1.00 MPa, +63.9%), BF £F-4'S SyF KR i /7h 9
mm + 1.0%458:(7 d 58)% 0.64 MPa, +204.8%), Fi sttt 77 138 i 3 Sk ik

2. eSO HERERI TR G : PP AF4EERCAE K E(3 mm). mi5E(1.0%), BF £F4EiEmifEk
FE(B mm). B E(1.0%) 5 K6 mm). FBEQ0.7%), FRE TR KB/ TR

3. XRD Sl B 1% 43 AT E 512, 21 4 ot i ik i 1 C-S-H B A2 18 (+76.9%) « BRI A 7K 4K CaS 75 1(—48.2%)
RACVIRRAL R, HEAL T “HMBRAE - AR - OMEEH” E & R, NBZ AR S LR SRR 1)
TR SR L0 S 1 SRS R

EE&UIH
T 2705 48 0K 25 QT B N 5 R 50 R B R PR A 7 A I 2 £ i M D 1 4 TS

DOI: 10.12677/ms.2026.165130 386 MR


https://doi.org/10.12677/ms.2026.165130

PEREIR T, THZWS: S202510379066).
SE K
[1] KRG, TR ok T o B 0 S BB I [ LB 5 BRI AT [D]: [ 2608 5] bt MR AL 70 B,

[2]

(3]
(4]

(5]
(6]
(7]

(8]
(9]

[10]
[11]
[12]

[13]
[14]

2021.

TR, MR, K%, SF. WSRO BE FU[CYIH BGER F 25 B B L2 A &, A i A5 AL
ril@E B ek R &, EEY L@ R FARSVORSCERE(EM). TR 26K Akt 2003: 89-92.

PR R AE B AR S FIHT AR T BERE BT ST [D]: [l 22 A2 3], Wa/RIE: SRRV K27, 2024.

Zegd. U)X EUE A AT IR EE L ) S M se UROW S M R 2 [J]. ERR EhiE R, 2017, 36(2): 727-
732+737.

TR, BARA, MNK, & & KBRE AT R E MRt 7t 5 R ). 5 1%, 2016, 37(7): 1937-1946.
rRAe N BCHRN E TbAME BALER. @A AEER 27K T GB 175-2023 [S]. dbxi: HF [E brufE tH kst 2023

4 EKPe bR AL AR ZE 7125 (SACITC 184). FH /K e AR EE -+ A (i 7K : GBIT 1596-2017 [S]. Jbat: v EhrdE
H A, 2017,

Fk BE RN R SOE R SRR R SR ER T FE[J]. B B )R, 2019, 31(7): 48-53.

(IR )M AR IR T VAR HE) GB/T50081-2002 [S]. dbit: o E g R 240 % k%, 2007.
https://kns.cnki.net/kecms2/article/abstract?v=niGKtOOGHVd8gH7h9ForlleEzBzymO25pusCY JIrG9SEx-
PHkIn2LK2MRaoVz5rNapxAODWvyxw9IHfmagn0ZggmK6aqparINFphjfltTgVR9zE28KRrngNp-
SCEOfIXrWY2v2L Z8w2h0i25Q6GUcy0Jez8hwhjLIK30YmBiSB7ROF3EA7nehMVHLIPA2L57k6PIb_Uk1imom-
ahU&uniplatform=NZKPT&captchald=03a51a67-65b6-44c2-88c9-eec1d39a55a3

XN K. MRS 8 K A 45 a5 KR M RE RS [3]. | AR 44, 2023, 39(9): 36-38.
YLARIE. FKIBFEM B 45 /IR 5 99K IR R AE[D]: [Al 24430, bl _FiREAcil K2, 2018.

FKIE, A%, 29577, & BIRBR-BIEK-/KIe & IRHA R IERERT T[] RERRERIE R, 2024, 43(1): 236-
245,

FRER, BFUE ZRAEAYEE E AR TR J1 AR IR [0]. TRFH Tk K2 2#4R, 2018, 40(5): 595-600.
SRE, RREFERE TR 268 SHOUALFE[I]. ¥ B BE T 22 B 24 3% (B SR B4 AR), 2023, 33(1): 25-29.

DOI: 10.12677/ms.2026.165130 387 FHER2


https://doi.org/10.12677/ms.2026.165130
https://kns.cnki.net/kcms2/article/abstract?v=niGKtOOGHVd8qH7b9For1IeEzBzymO25pusCYJIrG9SExPHkln2LK2MRaoVz5rNapxA0DWvyxw9Hfmqn0ZqgmK6aqpgrlNFphjfJtTgVR9zE28KRrngNpsCE0fIxrWY2v2LZ8w2h0i25Q6GUcy0Jez8hw5jLlK3oYm8iSB7R0F3EA7nehMVHL9PA2L57k6PIb_Uk1momahU&uniplatform=NZKPT&captchaId=03a51a67-65b6-44c2-88c9-eec1d39a55a3
https://kns.cnki.net/kcms2/article/abstract?v=niGKtOOGHVd8qH7b9For1IeEzBzymO25pusCYJIrG9SExPHkln2LK2MRaoVz5rNapxA0DWvyxw9Hfmqn0ZqgmK6aqpgrlNFphjfJtTgVR9zE28KRrngNpsCE0fIxrWY2v2LZ8w2h0i25Q6GUcy0Jez8hw5jLlK3oYm8iSB7R0F3EA7nehMVHL9PA2L57k6PIb_Uk1momahU&uniplatform=NZKPT&captchaId=03a51a67-65b6-44c2-88c9-eec1d39a55a3
https://kns.cnki.net/kcms2/article/abstract?v=niGKtOOGHVd8qH7b9For1IeEzBzymO25pusCYJIrG9SExPHkln2LK2MRaoVz5rNapxA0DWvyxw9Hfmqn0ZqgmK6aqpgrlNFphjfJtTgVR9zE28KRrngNpsCE0fIxrWY2v2LZ8w2h0i25Q6GUcy0Jez8hw5jLlK3oYm8iSB7R0F3EA7nehMVHL9PA2L57k6PIb_Uk1momahU&uniplatform=NZKPT&captchaId=03a51a67-65b6-44c2-88c9-eec1d39a55a3
https://kns.cnki.net/kcms2/article/abstract?v=niGKtOOGHVd8qH7b9For1IeEzBzymO25pusCYJIrG9SExPHkln2LK2MRaoVz5rNapxA0DWvyxw9Hfmqn0ZqgmK6aqpgrlNFphjfJtTgVR9zE28KRrngNpsCE0fIxrWY2v2LZ8w2h0i25Q6GUcy0Jez8hw5jLlK3oYm8iSB7R0F3EA7nehMVHL9PA2L57k6PIb_Uk1momahU&uniplatform=NZKPT&captchaId=03a51a67-65b6-44c2-88c9-eec1d39a55a3

	绿色纤维改性粉煤灰水泥注浆材料宏微观性能研究
	摘  要
	关键词
	Research on Macro and Micro Properties of Green Fiber Modified Fly Ash Cement Grouting Materials
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 实验原材料
	2.2. 实验设备与仪器
	2.3. 实验方案
	2.3.1. 基础配方与变量设计
	2.3.2. 试样制备、养护与测试流程
	2.3.3. 数据处理方法


	3. 实验结果与分析
	3.1. 对照组基础性能
	3.2. 宏观性能协同分析(抗压强度–结石体长度)
	3.2.1. PP纤维实测性能规律
	3.2.2. BF纤维实测性能规律
	3.2.3. 最优配方综合筛选

	3.3. XRD微观分析
	3.3.1. XRD图谱特征对比
	3.3.2. 核心物相衍射峰强度定量分析
	3.3.3. 微观机理与宏观性能关联分析


	4. 结论
	基金项目
	参考文献

