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Abstract

Based on the interphase theories of chemical bond, reversible hydrolizable bond, Interdiffusion and in-

terpenetrating network and plastic deformation layer etc. , the effects of silane coupling agents treated GF on FRP inter-

phase nanostructure and properties and FRP mechanical properties are summarized.
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Fig.1 Bonding siloxane to polymer through diffusion
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Fig.2  Concept of polymer/siloxane/glass interphase

DiBenedetto &1 4% 51| % Vinyltrichlorosilane
(VCTS) . Octenyltrichlorosilane ( OETCS ) I y-Methac-
ryloxypropyltrichlorosilane ( MPTCS ) 3 & 1 78 7 84 i A
b BT AU ISR AN T AN SR R 2 ] B ORI A
BB K FH AR E-GF H13 75 S v ] 8 2 2/ Rk 14
SIS T 0 £k B ST 85 ) SR B (1SS) . (1) B
JE A MPTCS A E. 5™ BB WAL 7 [ 7 IDIPN, ¥ )=
NEREMH AR IR 488 78 CHCL IR 15 h J5 4
RmEZ, OWAE A 1R & 1SS £ 22°C Il 35 MPa,
60°C 54 26 MPa; (2) VTCS R4 1 E H K AARTAS
FKIRERSE . BRI B Rk S 2 | HATER
P/ VTCS Fiim &4 T W, 1 CHCL HYR I 8 h ),
U2 B SRR T 70 85, A5 22°C I 1SS O 38 MPa,
60°C N> 17 MPa; (3) RE Y #2) H & 1 OETCS ¥
JE A B I-AE OETCS/ SR 11 A A2 g, SN 1] )i
H T AN RE S SRR [T A5 S 1 N g, ik S i 2
eI 5 5 SR 73 B, TE 22°C B 1SS g 17 MPa,
60°C I 16 MPa, SEHRZ5 A5 LART I T AN [A) Akt (4
S EA K IDIPN Xof ST HLAR A E 52 00 ) BRI AR A
http://www. yhelgy. com  FHUB B T2 2010 45 45 3

Iglesias %' | y — Aminopropyltriethoxysilane
( APTES) , 'y — Aminopropylmethyldiethoxysilane ( AP-
DES) #11 y—Aminopropyldimethylethoxysilane ( APMES)
Syl B E - GF i, AT =R AL B GF/
TRIEPOX & A4k 1) L1 1 1 4% 33 BE 1 0T A < AP-
DES = CONTROL ( Xf B 41 ) > APTES = APMES, AM-
PES 7E GF RIHTE L2 454, SRR AR B Y T
HEA APMES N T 5 fik e Jiie ik & A= I s B iz, (HL 2
AMPES 5 & AR GETE i IDIPN 4544 ; 1 APDES 7
GF R FEIL AR Y, KT A AR ED
HERT IR 2 3 #E H APDES 2R PEAR R I8 Bl 1)
TR GE (2 v | K e 3o P 45 9 B 35 T 4 & A b
BRI I8 B IDIPN 45 44 5 72 APTES i A 5t 1t
APTES WIE GF SR Sk S be S IR 25 44, Ak 27 5
R 1 70 AR R 2 A AR IX 8k, 5 3 48 R A W0 R RETE I
F A IDIPN,, A APMES il APTES 4 B A3 8/ i
i1 B 1 J5E R R S BETE G IDIPN 2544 %98k & rh
FRP AOHLAEPE REAR KR E I Bk A 5 59) DX 3 Ay 43
F-45F , IDIPN 25 & LR 5 45 A AT XoF S T i i
DTk K
4 BHUHTHEER

SR 55 £ 4 1 A K Z2 BORH 25 55 K LA B A T o
SRR 2 S BRI BN S R S Ab,
WA S5 A3 TR OB & AR R 25 PR
DXIAR /NI A W W24 | 3 SRR BRI A A5 R R
PERE . PRI, 7RO 98 AR T S T s, 7 2 T TP 1 98 1
I Iy b LY X — YA RE X S fL a1 T
W/ NN AR 2 FLIRAL A T BT A RE
SRy DRSS T AN 7 A 1 — 25 B T RS, 3 S FR Ry
“YAVEAE RS Y

PRS0 T3 2 BRIB P S R TR )2 TR
SRR R, B MR R R GF 5 nT fifi
FRP FEREIB &A= SRS, AR 6} e DA X Sl 34
K BRI R AT | AT E i O i A R e T A 2 1
et (IS E AR EIPER & . R T BEHRIR 2
SRR 5 o TR & o BRI T 5
GF JE U2, 5 4 134 S5 3L A0 . FE A1 BHi
I, —J7 T R Ry PRI 455 B00R P ARAS B R 5 | & R A
15, 93— 7 T R o T ] R AR K IR AS A R
WREHL 2 , KA (I 2 ] 28 A (R A b i
SRR AL S B A MR I . Park 45 431
5T T B4R 0. 5% IR T — M (PB) il y—=MPS
Bt PB IRJZE GF X O IR IEEEM AR/ GF 2 & 4 BHAfE
(R RZ ], 2 TR 5 ALh PRI 18 3 A oA Ak XU ) o
A7 BEM 8.59 J 434 &%) 10. 03 F1 11.60 J,

Gao Z P HFSE v - APS/ B EBE - 15 )2 (y—APS /
PU) GF 34 5 M1 5 N 45 (y — APS/PU = PPm ) Fll y -
APS/HNM -8 )2 GF 58 PPm B A 1Kl (y-APS/

— 7 J—



PP-PPm ) 55 FL T O 25 48 F1 g 2= Pk fg, R Ik TR
JERIERA R, $81E)2 S S B AE <100 nm Fl =~
300 nm Z[H284k . T PU BESWIRASIENE 260
PU i RERS 18 21 2 e P A LAl 56 92 1 B 45 Ao &2
FHEER ; [FIE, PU ¥ )2 BT GF 2R AT fL, ffi 3=
SP3BT LA y—APS/PU-PPm FLif & — 1A
AL XA 3 DX 3k, PRI A 1T DX 30 T ke A SRy S 1 AR
¥, #E y-APS/PP-PPm K& IR FH FH L £
PP I&)Z, B2 T & PP BRIRGE M IE LA B A% ~ 200
POV 0 7 T BT o e I S R R el 21 7 QA
RS AR, FEMEIR R AR N, AN
AT JEE B AR b 5 ) SR T B IR AL, 76 SRR B Ih N S A =
FUREBRNGY R | MAE S 50 1w 5 BE N e A
b7 N o B Y Bl ] RiE e o S el A P2l S Ly N O v
RE T, PR L3 2f i B U 2 %) 9 2 B e B AN B KT

BRihEAR
5 #ig

Zoad S BRI Y ST A RE % 3K S = S AR
FR R R ARSIV, 2 AN FRP A )55
PERBAR AR BE b B T 2 2 RS 22 8] (7% 5L T A
(B2, FE WO A5 RO 1 ) S T AR R S 3
T Jey PR 2 5 i) S TR 285 4 RN BB Y BIF 5 A
KA SR HARRERS , H RN (6 3AT 58 2 Te4d
AP RE S 56 7 125, 10 X TR BE <1 pum (1Y 51T
FAVERERYSCHR . PRI , i P BEORS B A P 37 1 R AE 5
T4 F 454 X OH 5 FRP AL 2= Fa e M 6 R
R8T 5 TR 45 g A 81 8 AL T P R LA 3 o7 A [
FTELR ARSI FRP AF5T g B 7

SEZ 3k

(1] Frfkige AT42 2% -8R R HIIM ], 752 . Bk
PURRERAR AL, 2003

[2] BEAA, PIAEEE 55 AR R TR BE (=) [J].
PO/ AR, 2000(3) 142

[3] Ishida H, Koenig J L. Fourie transform infrared spectro-
scopic study of the silane coupling agent/porous silica interface
[J]. J. Colloid Interface Sci. ,1978,64(3) :555-565

[4] Plueddemann E P, Clark H A, Nelson L. E et al. New si-
lane coupling agents for reinforced plastics [ J]. Mod. Plast. ,
1962,39(12) .135

[5] Pape P G,Plueddemann E P.//Mittal K. L. ed. Silanes
and Other Coupling Agents [ M ]. The Netherlands; VSP, 1992
105-116

[6] Subir Debnatha, Stephanie L, at al. Silane treatment
effects on glass/resin interfacial shear strengths[ J]. Dental Ma-
ter. ,2003,19.441-448

[7] Shrader M E, Lerner I, Oria D. Radioisotope study of cou-
pling agents in reinforced plastics[ J]. Mod Plast. ,1967,45:195 200

[8] DiBenedetto A T, Scola D A. Characterization of s-
glass/polysulfone adhesive failure using ion scattering spectrosco-
py and secondary ion mass spectroscopy[ J]. J. Colloid Interface

— 8 —

Sci. ,1978,64(3) :480
[9] Vallittu P K. Curing of a silane coupling agent and its
effect on the transverse strength of autopolymerizing[ J]. J. Oral
Rehabilitation, 1997 ,24 .124-130
[10] Soo Jin Parkl, Joong Seong Jin. Effect of silane cou-
pling agent on interphase and performance of glass fibers/unsatu-
rated polyester composites [ J]. J. Colloid Interface Sci. ,2001,
242 .174-179
[11] Miller B, Muri P, Rebenfield L. A microbond method
for determination of the shear strength of a fiber/resin interface
[J]. Compos. Sci. Techn. , 1987,28.17-32
[12] Bt 4500 ARG5S SR HH B0 21 4k 1) 2 1
AL BRI K R R [ T] . 2K, 2004,33(1) :5-8
[13] Iglesias J G, J. Gonz' alez-Benito, at al. Effect of
glass fiber surface treatments on mechanical strength [ J]. J.
Colloid Interface Sci. ,2002,250:251-160
[14] Ranade S V, Xie X Q,DiBenedetto A T. Effect of in-
terphase structure on the debonding of polycarbonate from S-2
glass fibers[ J].J. Adhesion,1997,64(1) :7-30
[15] Xie X Q,Ranade S V,DiBenedetto A T. A solid state
NMR study of polycarbonate oligomer grafted onto the surface of a-
morphous silica[ J |. Polymer,1999,40(23) :6297-6306
[16] Wang W, DiBenedetto A T. A modified silane treatment
for superior hydrolytic stability of glass reinforced composites[ J ].
J. Adhesion, 1998 ,68(3) :183-201
[17] Plueddemann E P.//K. L. Mittal (Ed. ) ,Silanes and
Other Coupling Agents[ M ]. The Netherlands, VSP,1992.:3-19
[18] DiBenedetto A T. Tailoring of interfaces in glass fiber
reinforced polymer composites: a review [ J |. Mater. Sci. Eng. ,
2003,19:441-448
[19] Jang Kyo Kim, Man Lung Sham, Jingshen Wu.
Nanoscale characterisation of interphase in silane treated glass fi-
bre composites [ J]. Composites:part A,2001,32:607-618
[20] Ishida H,Koenig J L. An investigation of the coupling
agent/matrix interface of fiberglass reinforced plastics by fourier
transform infrared spectroscopy [ J]. J. Polym. Sci., Polymer
Phys. Ed. ,1979,17(4) :615-626.
[21] Hoh K,Ishida H, Koenig J L.//Ishida H, Koenig J L
Eds. Composite Interfaces [ M]. NY: N. Holland Press, 1986
251-263
[22] DiBenedetto A T, Connelly S M, Lee W C, et al. The
properties of organosiloxane/polyester interfaces at an e—glass fi-
ber surface [J]. J. Adhesion,1995,52.41-64
[23] JiBde A REVWHREGHE[M]. Jeat. 2y
Tlk i A, 2007
[24] Rohchoon Park, Jyongsik Jang. A study of the impact
properties of composites consisting of surface-modified glass fibers in
vinyl ester resin [ J]. Compos. Sci Techn. ,1998,58(6) :979-985
[25] Shanglin Gao, Edith Mader. Characterisation of inter-
phase nanoscale property variations in glass fibre reinforced poly-
propylene and epoxy resin composites[ J ]. Composites, 2002 , Part
A:559-576
(HE XB)
http://www. yhelgy. com  FHUB B T2 2010 45 45 3



	201003



