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Tab.1 Experimental results of GFRP modified by silicon powder

LT

5N FHJRE /mm BV % L/ MPa JERBTYISRIE/ MPa TN BT V)5 /MPa
GFRP-None 2.61 52.7 733£30 37+0.3 69+2.8
GFRP-0.5Si 2.63 52.3 762+16 41+1.1 77£15
GFRP-1.0Si 2.67 51.5 89437 46+0.8 81+2.3
GFRP-1.5Si 2.69 51.2 865461 44+1.1 78+3.1
GFRP-2.0Si 2.68 51.3 725463 42404 72+1.6
GFRP-2.55i 2.71 50.8 683447 38+0.4 70£1.0
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Fig.2 XRD pattern of silicon powder particles
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Fig. 3 Size distribution curve of silicon powder particles

(RESh =

JEE AR  FEROK ORI FE B S S AR
R, JEC7E 0T 4 R AR MRV 5 TR FH AR AR AORE
FEHE A RO R RLAR X PR RESZ ALK, ELAT
TE— N EAERIE T . Thiagarajan 2817 W & B, 24
FRORRFE BT O 1% B, TR0 RS2 WORE 78
WOV R JT DI DS 2T 2/ 31 S R iR BE A5 ARG 25
SREESE R T 14%. SR, BEE ST A i — 2 0
T, 25 i 55 R R T B, 3k — R A S AR SRS
BER—EL

N T R R AR, 5 4 i T AN
Tl ot K0 by UKL AR 2R AU i b 0 BICIR 25 1Y

1000 } S0r % .
S
800 & 40F £ ] ]
< = =
% ?p( 260
S o0 E 30t =
= R R0t
£ 400 Agm;zo 3 =
i ) Ezo-
200 0}
0 i 1 1 i 1 1 0 i _ 1 —L
e =N NN SN -
Qg»";\gﬁis,xg/\ﬁb ;Lg/‘bﬁ‘ QS’\’AO:ES’0&6;3’\2\%?\/@%;8/%22\’%&%\ ?,\402);/095;8/\23\/\55;3,%?;\/%35\
e Re e are e ares ST T STET T ¥ &Y Y &

a  AHhsmEE

b RIS A

¢ THNEYLIIRE

4 FEMRESNBT GFRP IFEMEEEH N

Fig.4 Influence of silicon powder content on the mechanical properties of GFRP
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Fig.5 SEM image of the dispersed state of silica powder in the epoxy resin system
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Fig.6 Morphology of interlaminar fracture surface of GFRP short beam shear specimens

¢ GFRP-2.5Si

before and after silicon powder modification

2.3 EHMERNEEAHMREERTE

P 7 ik Bt GFRP J6 B2 855 D) 3R 6 7 1
RS EY RIES . i Ta AIHL, RS0 2T
/RN S YR R S A e A R i
Th AL, SRR PR b BT 2T 2 R v 1
TR 25 RS S T A B i e , FEAT £ 24/ R R I 2ot
G AR UK AN

N T R R I FINLEE, [ 8 45 i T JeHL
KL SET R PELT AR S5 AL SR T AR 1) I 1 3 55 5
o R R R TORSE R AR, I 2l i
PR L 12 BT 2 /B NR EEAR 1 A AL, REE
BOAHS HILTHE /BN S, S AR A N T
RS T A AL /PR S m B, unle] 8a Fras.

50 pm

b GFRP-1.0Si

a GFRP-None
B7 fEME GFRP &R SIS TR
HUN BT BFESR

Fig.7 Morphology of crack layering and propagation on
the cross—section of the short—beam shear specimen of
GFRP modified by silicon powder

Kl 8b ul A, e JCHURE T IRE R IS 9 5 G BB, B
TP ARG, ROy R e iE 2] ALK



74 FIL TR ARFER (FhEL)

% 25 %

stress stress

interfacial layer \\/
/

glass fiber

crack
sizing NS ~—”

a  ZAiRIESEAK

agglomeration

agglomeration

micro -cracks

silicon- powder
0 particles

b BRI R PR AR L

B8 HFH/MEESESHHMRELEANEESRIY RTE

Fig. 8 Schematic diagram of stress transfer and crack propagation at the interface of fiber / resin matrix composites
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Mechanical Properties and Strengthening Mechanism of
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Abstract; This study employs the vacuum-assisted resin transfer molding (VARTM) process to modify glass fiber reinforced
polymer (GFRP) using micron-sized silica powder. The influence of silica powder content on the flexural strength, short beam
shear strength, and in-plane shear strength of the V-notched beam of GFRP was examined. The enhancement and thermal
resistance mechanisms of the modified fiber composites are elucidated through scanning electron microscopy (SEM) and
dynamic thermomechanical analyzer (DMA). The results show that at a silica power content of 1%, the flexural strength, short
beam shear strength, and in-plane shear strength of the composite increase by 22%, 23% and 17.4%, respectively, compared to
the unmodified material, while the glass transition temperature (7T,) rises by 3.8 “C. At this optimal silica content, the silica
particles are well-distributed in the resin matrix and exhibit good adhesion to the glass fibers, facilitating a mechanical
interlocking effect that enhances material strength. Additionally, uniformly dispersed inorganic particles promote crack
deflection, delay crack propagation, and inhibit the formation of macro-cracks, thus improving the toughness of the composite.
However, further increasing the silica power leads to particle agglomeration, which diminished the inerfacial bonding between
the fibers and the resin, resulting in a decrease in composite strength. Moreover, the introduction of inorganic particles enhances
the crosslinking density of epoxy resin chains, improving the heat capacity and thermal conductivity of the resin system,
consequently enhancing the heat resistance of the composite materials.

Keywords: glass fiber reinforced polymer (GFRP); inorganic particles; enhancement mechanism; thermal resistance

(viiTgmiE  THEF)



