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Fig.1 Reaction mechanism between BF and KH550
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Fig.2 ATR-FT-IR spectra of P-BF and KH550-BF
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BF 24 3 T 050 P Bl JS 10 Ak 27 45 W) A8 4k 4 XPS 33 — 3B RAE, 45 %W Fig. 3 fin. 5K
PERT I BF UMM EE (Fig. 3a), MUMEE I BF A REAME TR TR MAEE, X5RMm
F R0 KHS50 & A K (Fig.3a’ ). d#t—Dai RN KRG 5 BF AR MM C (1s)
i (Fig.3b Ml Fig.3b’) A N (1s) ¥ (Fig.3c # Fig.3¢c’) ML HE5 . £ C (1s)
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Fig. 3 XPS spectra of P-BF (a: broad; b: Cls; c: Nls) and KH550-BF (a’: broad;
b’: Cls; ¢’: Nls)
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Fig.4 Relationship between KH550 concentration and grafting yield (GY) of
KH550 on the surface of BF
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SO R S Y BF U4 3 THRURE B S BB AFM BEAT L EE, W Fig. 5 i . KRR
BF A4 2 — N, WA LW KT (Fig. ba); BE#E £ B KH550 & & 1% i 1
%Z, BF AR T IEZ S HAYE (Fig. 5b~d). 2R, BEE AR #H— PR,
BF W RMIZEH A NH A B (Fig.be M Fig.5f). fixJa, FHEEAEKN L, BF
LI T SR 15 H RS HLR$54) (Fig. 5g fl Fig. 5h). X &K, 4 KH550 4% 2 8% 1
B, JCBE AL B 7E BF S R, Kk )R B3RS : B % KH550 MY 2 b 6 it
— B3R TE, BRI KHB50 XM A W A AW R, KHB50 18— E4h 7% —FF, WA EE
L Rm, WILSY) R EEA NS BN ; MG, KH550 MEM Rt ST,
H NI — SR (SR 1 K550 B ) BENLA A5, 210 3 TH X A5 ks
BA Y 21 £ .

Fig.5 AFM images of KH550-BF

a:p-BF;b:1%-KH550-BF;c:2%-KH550-BF;d:3%-KH550-BF; e:4%-KH550-BF; f:5%-KH550-BF;
g:6%—KH550-BF; h:7%-KH550-BF

BF S 52 B e 1k A 5 1) 2 T AEL R B et 45 S i K ARM R T SR A 2 T R 2 O AR
PR (Rms) REK7w, t Fig. 6 fios. WEBRAREHE RS, HW) R IR E R
I 4% A () KH550 [ HE %2, 2B “Juiy Mk e MRS " )i, 5 A BE& 201
RS AE B X KH550 Ab B WA TR oy HO 1% A0 2%, BRI BF 140 1) 2 1 A R R
BB oK BEAE AL FRIR FE R — B4R FE, KH550 BT AR RS SR T, R E WAL A
TG ¥ 505 AR Kb B 5 R e By S% I, R RE B A B Ik 2 JE HE P 5K KH550
Ko BB, S0 AT I ORLRE B B K, JEUBAIAE T KH550 4K SR 72 O I 1 5 10 3% i Bk AT 4%
Bo, SINT WAL 51k
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Fig. 6 Relationship between Rsm of x%—KH550-BF and the concentration of KH550

solutions
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VBT S5 BE 2R 5 38 A I 22 A) i I 5 B H f0RS  RG V BE AT R AL, 45 R i Tab. 1
it 7% « P-BF 5 EP 2 (8] ) 5 T 58 f£ Ol 43. 3 MPa; #E KH550 % B 7 BF £ 1 2 J& , 1-KH550-BF
5 EP ZIa) ) Fhii o B B JH 2 44,5, BEAE R E K KH550 S BB W 2, A5 WIE
HE A B F T 5 OZ AT R K 2 KH550 Ak B W BT & 4> B0k B 5%, 5-KH550-BF 5 EP
A Y FT 5 POk B i OKAE . XDy, RIMERCH) KH550 e 1R L4 5 4k 2 a] B
SR TR A AR . AR R AR, BT KH550 Bl ML A AE LAWY R, X MR g A
T RS $% 502 AN 5T, B 2 0 2 DLSR (LA MG & B0 RO oK 1Y 5 2R ) 5 A4 2 TR) B 5 T S
FEs BEAE BRI m, KH550 Y &)t A 2 230 i B, A2 KH550 Fr (07
UG IS B A AR s A, R SRR Y, X R am B X A BT RS B e ) i oK R
W TE 7AW R Ak 2 R SR e R . BE R R LR B R — B K, SR O IR AR 15 R R,
XRRORT 91N B A IECRLRS R T T R A G i T A T S R ER A R B, RS B R
A 2 TE) ST R OB — o R R R

Tab. 1 Interfacial strength between BF before or after grafted with KH550

and EP
Sample IFSS (MPa) Sample IFSS (MPa)
P-BF 43.348.1 4%-KH550-BF 47.316.4
1%-KH550-BF 44.547.3 5%-KH550-BF 48.0x2.1
2%-KH550-BF 45.045.6 6%-KH550-BF 46.6%3.9
3%-KH550-BF 46.415.8 7%-KH550-BF 45.614.6

L) 5 5k 2 18] 1t G T 5 A AT DLIE I A A RE I R I T R W 5 A b, &5 R
Fig. 7 ffizn. %+ P-BF/EP EA&MEL, HWr D44yt T 8RE&, 4 LLTFRA
WHETR . RIHR B R4 44k B LR . X 3000 T & SOPE (19 BF XE A A 25 44 (1 26 B R
RZ% . WA KH550 ¥ B 193 i 36 K, °T LLE B 2F 48 & 26 I 0 s R 2, 1 Fig. 7b~
e, XuULBH kPt BF 5 EP 2 [a] (1) 5 0 &6 B AF A Bk >Rk K . M Fig. 7f i n] DLFE #|,
5%-KH550-BFRP ZH i FF 1) W 1~ %, 2R 44k I V8 2%, Ui B KH550 [ A AE 1 £F 4 fn
AR 22 18] 7= A b 22 B A A . 38 0 25 B 0 8 1 2 4 FB i B B T o 2R T, 7R R A2
VAN BOR e SIS B Y S G RO R AT (MY NAVAR £ BT E e R 7 - R G AV St LI (T 41
THRHEMBIEARKGE . 2 KH550 3 — B30, & A B EMehis, NAOETES
G 5 P PR, DR SR BT A SR I AR 4R H LR .
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Fig.7 Cross-section SEM images of P-BF/EP composite and KH550-BF/EP

composites
a:P-BF/EP composite; b:1%-KH550-BF/EP composite;c:2%-KH550-BF/EP
composite;d:3%-KH550-BF/EP composite; e:4%-KH550-BF/EP composite;
£:5%-KH550-BF/EP composite;g:6%—KH550-BF/EP composite;h:7%-KH550-BF/EP

composite

2.4 J1% M Re

51 N\ KH550 AU J& X} % BF/EP & & A 6L B9z A o B (W 52w, 40 Tab. 2 Fros;  AH X R 1)
NI -R A Hh £ 0 Fig. 8 it m o Xt F P-BF/EP B &M B &, H P53 E N 250 MPa; 7F
BF )R M5 7 KH550 2 J5, & & MR B S A 58 B W A+, X 5 KH550 4 fit 7 6 58
(1) F TR 42 fg 0 A0 ST LA MG & S S 0 T W IR S A 2 I SRR E A K. A 2
R THI (0 A5 I0E 7R 2 1R 328 5 14 I RN 58 B, 2 4 RN R 0k 2 TE) A Ak A AR Y FELRRCR BCK
2F ok R0 R 2 8] ) 5 THD 96 5 AN BT 386 0, &1 o R0 AR i 2 TRD I Ak S R A A T O 6
TNl & s A A LR G 2 18 256 J1AR R B 1) &8 . 24 KH550 ¥ WKk FEAE 5%, B &
P ORE ) B A 58 B g =, A 298 MPa, AHLL R ALEEE) P-BF/EP E-& M KGN 7 18.7 %. B
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H KH550 BRIt — b S, F WM S S mn, S5 A S PEROR TR A I
S (0 IR %, DR RS R ORE B S PR RE B TBRAIR. BRAL, BESE BF ZF4ERIE KH550
EACE MR, A AORE WT R AR R 5D AR 0 i

Tab. 2 Tensile strength of P-BP/EP composite and KH550-BP/EP composites

Sample Tensile Strength Sample Tensile Strength
(MPa) (MPa)
P-BF 251+10 4%-KH550-BF 293+14
1%-KH550-BF 263425 5%-KH550-BF 298+11
2%-KH550-BF 27221 6%-KH550-BF 285+
3%-KH550-BF 28446 7%-KH550-BF 284+
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Fig.8 Stress-strain curves of P-BF/EP composite and a series of
x%—-KH550-BF/EP composites with different KH550 grafting degrees

3 &w

i 3 B 98 BF 234 % 10 KH550 () B K % % EP 5 BF 2 18] Fi 1 KH RS B A0 L TR 9 35 1 5 i
3 3 7 R AR 65T v BF 24 1 5 EP & MR 3G SR AL BE . KH550 B9 51 N, N BF 5 EP
2 [A) ) 5 T 4 — PR B2 70 ROML AR W S RURE, BT A A R R A R AR BB s B LA
R, XM BN HENIES G2 A m, F8—NEYSHERBR
MM At 2 KH550 ¥ Wi I B2 & 20 B0 S%i, ¥R A1, 5t o B R b7 4 58 B ik 31 i
Ko SR, BEEBEHEENE DRI, FEARF IS SRR, 7 A4 0 451 Sk F R 7y
RS R e g sR S — e AR FE MV HI S, R A R RE I ST 9 R RN B A o BE B
BEAR . DRIk, R KH550 o 1 £F 4 F0 W AR 25 A 2 8] 1) L Th0 9 BE B, FoR & @ MR R R
S I35 5 T B B ) 3 5 T A 2 PR B A MR T St RE I OCBE .
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Effects of Silane Coupling Agent Grafted on the Surface of Basalt Fiber on the
Interfacial Strength and Tensile Strength of Fiber-Reinforced Epoxy Composites

Shengchang Zhang, Tianhaoyue Zhong, Qibin Xu, Zexi Su, Mengjin Jiang, Pengqing Liu
(College of Polymer Science & Engineering, Sichuan University, Chengdu 610065, China)

ABSTRACT: In order to improve the tensile strength of basalt fiber/epoxy (BF/EP)
composites, silane coupling agent KH550 was grafted on the surface of BF for
enhancing the interfacial strength between BF and EP matrix. The effects of KH550
grafting degree on the surface roughness of BF, the interfacial adhesion between
BF and EP matrix and the tensile strength of composites were investigated by
attenuated total reflection infrared spectroscopy, X-ray photoelectron
spectrometer, atomic force microscopy, scanning electron microscopy, droplet
microdebond test and tensile test. Experimental results show that grafting KH550
on the surface of BF reinforces the interface roughness and interfacial strength
of KH550-BF/EP composites. With the increase of KH550 grafting degree, the
surface morphologies of BF change from smooth to rough, then to smooth, final
to rough. Meanwhile, the interfacial strength and tensile strength of composites
are also increased firstly, and then reduced. When the KH550 grafting degree

reaches about 5%~6%, the surface of BF is smooth, uniform and non—aggregated.
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And the interfacial strength and tensile strength reach the maximum values of
48 MPa and 298 MPa, respectively. When the KH550 grafting degree exceeds 6%, the
surface morphology of KH550-BF becomes non-uniform. Excessive KH550 brings
structural defects and stress concentration to the interface, which deteriorates
the interface strength as well as the tensile strength of composites.

Keywords: basalt fiber; epoxy resin; chemical grafting; interfacial strength;

silane coupling agent; mechanical property



