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Surficial Modification of Quartz Fiber by AS-1 and Its
Influence on Reinforced Silicon-Arylacetylene-Containing
Resin Composite Interface

DONG Chao, HU Yan-hong, DU Lei
(Key Laboratory for Special Polymer Materials and Related Technology. School of Materials Science
and Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: A new coupling agent alkynyl-containing silicone (AS-1) was designed and prepared consider-
ing the chemical structures of the matrix and the reinforcement. The quartz fibers (QF) were extracted by
acetone followed with treatment by the coupling agent AS-1, and then composited silicon-arylacetylene-
containing resin (PSA) to prepare QF reinforced PSA matrix (QF-PSA) laminate. The interfacial modifi-
cation effect and mechanism of QF-PSA composites with the treatment by QF were characterized and stu-
died with atom force microscope (AFM), X-ray photoeletron spectroscopy (XPS), and scanning electron
microscope (SEM). The results suggested that AS-1 increased the surface roughness of the fiber, extrac-
tion removed the sizing agent and more Si—OH groups exposed on the surface of the fiber, which formed
Si—O—Si with AS-1 via hydrolysis. Alkynyl groups in the coupling agent AS-1 cured and crosslinked with
PSA during moulding, which leading to the enhancement of the interfacial bonding strength. The
interlaminar shear strength (ILSS) of treated QF-PSA composites improved almost by 25. 3% compared
with those of untreated samples.
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R D7 BB BE (PSAD & —Fl S 4 el % Bk | R 35 Rk 2L 8 1 T e et RS g T b o A v JFL e e 2 R B 52
Ko RRIR 02BN G 1 S5 A LA DL R S TE L T RE T — B SR [ Y AR 2 0GR AR R
C BT — FR G0 E A S Rk B BELAR P 00 57 28 PSA L it b b 1k B8 A0 A o vk BB A B AT 5dE T 22 bl
LAY AL SRR AR AT ST Y (QE) E A, T PSA SREE REMI A A bR R4 A R

ARSCE XS QF-PSA A& R AR AT AL 7 U B &, BT T — 2800 T 454 vh S AT R Y ik
BEM BT AS-1 i 55 ik b 1) — S BE A8 5 A0 SR 2 4k 32 AR T 5% ke — U BE A 7 PSA [EL i 72 v 2 5 W IR
A AL . 3% QF-PSA Z& MR B SR E . il i 2 MR AR T Betn X-5 2O 7 B3 (XPS) V51 77 i it
i CAFM) (14 B 7~ B AUBE (SEMD 25 07 12 3R AE 1 (R BKGR) A /R I PLEE . 45 R R B AS-1 Bl 3% T QF-PSA
SZE BERL A BT R SR

1 SLIG#ER4ey

1.1 E#

PSA 5252 A il s QF i 234 - 91 A6 35 R 46 7 92 B8 588 2 4 B0 A7 BR 2N 71 5 DU & ki (CTHE) < 43 i, (6 24
B b 243800 A B A B 48 4 22 7808 101 38 B /K A B 5 AS-1 S50 5 I 4f
1.2 QF RM4ibiE

P B2 QF Fif BRG] QF 4 240 & T3 [CHh 4R 2% b, DR [0 38 e 42 8. 0 h J5 BB 38 LAl
TR T8 L FE I QF-EX,

AS-1 A BEIR B QF 15 84 BIARE m(AS-1)/m(QF) = 1%.,2%.,3% . 4% 5% 8 AS- 1.3 T w =
9520 1 W I A SRR 1Y pH Ry 4. 5~5. 5, BL il AS-1 AL BRI ; SR J5 A% — & RF 3087 () QF i 4145
BT 5 min 5B SRR AR T XU L W AR R s . TR A R 22 AS-1 AR B A A FLRE (QF-UTHAE
ok 3
1.3 SE&HRNHE &

KRB RS % QF-PSA &M B Zat 1.2 WA S QF =15 T PSA-THF ¥ 1, 48 & %R, &l
2B HAE R 4 h S BT B TR 45— i T A A A A R N (2. 0
0.1) mm WEAME, YIEIFRHE RS HRE5& OZ BT UIAE %06 mm X 20 mm) FfH .

1.4 i 5 R4

QF #Tfifb2¢ T Z 4 H1 R 1 22 H Thermo 24 6] ESCALAB 250 %1 X 528 6 o 7 RE % 00 52 . X 528 W5 K
B AlKa J128 (hu=1 486.6 ¢V, I K 150 W,500 pm) . fE 40 BT 75 [ 5 1L fE 0 25 eV RAE B I L
Ci.=284.6 eV NIMEIATHE A BEKIE . R XPS Peakd. 1 FAF AT /0 I35 .

QF F£MHIE$i K H 32 E Veeco 23 /] NanoScope [[la MultiMode %Y J5 g i 338 5% L I L 7K -7 ] 43 B %
/NF0.02 nm,

A MEIE SR A H A H 37/ R S-4800 37 & S 49 1 M 1 S B I, B TR BEE R 1.0 nm
(15 kV,WD=4 mm) .

S M RHE 0 55 A WO AL B2 R A 7= B SF AROBEAR AL L 2R A L B2 b R BY B B (TLSS) 7
L EA A F ) DXLL-5000 B 50 Sy WL _EdE 700 , WA i JC/T773-1996,

2 BR5®

2.1 {BEF AS-1 AEXE S #M BB YIEE &

AS-1 Xt QF-PSA &2 &b B A ) 45 R an el 1 iR . 24 m(AS-1D) /m(QF) << 2%}, ILSS
Mg AS-1 &AM K, % m(AS-1) /m(QF) = 2% ~3%i}, ILSS ik 3 F K{E 17. 78 MPa, % 24
N AS-1 1 3 5 2T 4 R T I ) A B TR AS-T R ARSE R N L TLSS MR F R, 4 AS-1 4k
BRI QF-PSA &4 b AL B Y5 B 5 KAE LR AR FRA 3N T 3. 28 MPa, #2555 T 22.6% .
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Fig. 1 Effects of AS-1 concent on ILSS of QF-PSA composites

2.2 {BERF AS-1 AEEBEENESHBEVIEERID

AS-1 Ak B X QF-PSA & -&F1R 35 D158 JE RS2 N2 1 fros . HARBRI AL 110~180 CHf. & &
BT U5 BE A AR AN R 5 SCHER R IE 19 45368 — B0, BIK AR JS 1 B Joe 8 356 700 a0 200 28 550 von TR BE I /K IS A 25 5 48
Y RTEIY AL Si— O Si Bk B, PR ek A A8 306 50 1) 4 PO B2 — i Ry 110~180 “CHO M fER R B i 180 °C
I 52 5 A ORE Y U158 B2 T 4R T B o 32 R DR R G I BB R O R 0 A L S BUR R

FR 1 AS-1 7EA [A] 4k 2 BE T (% 59 D) o B
Table 1 ILSS of QF-PSA composite modified with AS-1 with different treatment temperatures

T/C ILSS/MPa T/C ILSS/MPa
110 17.62 180 17.33
120 17.72 200 16. 21
150 17. 41

m(AS-1)/m(QF)=3%; t=30 min

2.3 {RERF AS-1 AbZE BT A XY £ & #F#5T V1 38 B R0

ek o 118 G 7R e T S 7 T S P ) o R AN A TR B AT O L 5 1 TR ] o A 5 o PRI A 0 2 i i B 7K 9 i
BRI 265 5 56 T AR IR ] A 520 . AR 2 rhn] LU M i 058 A /K 3 5 2 L A8 TR A A R A I 1) 4
15 min B A] 5 J8C . BRI (] SE 4 5] 120 min, ILSS AT BEAANAL O AS-1 SEBn AR T EF] .

2 AS-1EAR[F] AL B )R (4 B B 5
Table 2 1L.SS of QF-PSA composite modified with AS-1 with different treatment time

t/min ILSS /MPa t/min ILSS /MPa
15 17.35 60 17. 37
30 17. 24 120 17.25
45 17.28

m(AS-1)/m(QF)=3%; T=120 C

2.4 EEFXESMEIEYEERD
PSA g — 2557 B2 b (0 1Y i 38 11 B PR 50 585 o S iR 5 R 0 Ak L Y 3 TR VA BOA R AU RGRI g QFT

AHVCBL BT VD5 AL AT 14,5 MPa, KRB0 k£ QF £ LA T2 —EREMESE A
BLEY ILSS, 5 AS-1 B o 44, ILSS A DI3RFA 25. 3%, W& 2 Frk .
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ILSS/MPa

1—QF-UT; 2—QF-EX; 3—QF/AS-1; 4—QF-EX/AS1
K2 4 Fhab 37700 QF-PSA & & b1 k5T ) 58 BE 14 5 ih)
Fig. 2 1LSS of QF-PSA composite with four different treatment methods

2.5 AS-1 43 QF MREHIEMF I

&l 3 24 QF 7€ 3 FiOR[R R i AL 35 RIDESLUWAS b, v LUE 2, j b QF F AT Le /N R, X 2 i T2
R R MR ARSI AS- T A PR S £ 4 R RS 08 /D, B8R AS T ERERIE TS QF £
VR AR T I B3R MR BOR ¥ 5 0 A%, it LA BE 98 B B 21 4 R A 40 /N B 5 1 . (HL I 50 20 7Y i il 4
J& o FRTERLRE FE i — 2Pl b, E 2R N4 5 . KRR TR A KER 4 IR 88 10 LD B QF A &,

a—QF-UT; b—QF-EX; ¢ QF/AS-1; d—QF-EX/AS-1
3 QF R AFM [
Fig. 3 AFM micrographs of quartz fiber surfaces

#* 30 QF RMHKEEZ S8 . QF SR MAPEG 3RV 2R B2 (RO 3577 HROMLRE B2 (S, KOMLUAS B2 I
T OBHA ERF QF A —E R/, 53R 10 500 B 545 802 — 2. I 4 /5 . P
AS-1 AT R AL B 0T LUR B QF HURE B 7E — 208/ . DRI P4 W AS-1 32 B 3 0 Al o B 4 B QF
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Table 3 Surface roughness of quartz fiber

Sample R,/nm S,/nm r
QF-UT 44,43 53.40 1.073
QF-EX 36. 87 42.93 1.057
QF/AS-1 40.12 48.23 1. 066
QF-EX/AS-1 26.57 33. 80 1.042

2.6 WEIERASH

4y QF Fim b FLET 5 R OCR B9 AR . SORVEALBERY QF 21 0 2 RS A LL . P B il S b 2
2 QF By Cos & i W IR [ Nos AT 58, O/C K Si/C Ry oA B 38 U8 B8 70 b 3% 50 9 4l i B
FEBRAAEBS i T AS-1 1 SiVO JTRMAFTE. SO & B e s 1 QF RIMAY N TR FERE T |
IR R g 2 [ A 7R A5 AR T 4 3 T 7 R ik B O 1 B 58 4x 5B QEF R AY 1)

# 4 QF KMICR A

Table 4 Distribution of various elements on the quartz fibers surface

Composition/ %

Sample
Cis Nis O Sizp
QF-UT 63.22 5.32 25. 20 6.25
QF-EX 38. 57 9.02 37. 41 14. 76
QF/AS-1 61.43 5.35 24.49 7.79
QF-EX/AS-1 44,72 6. 00 34.85 13. 35

X Co FEAT A3 W b R, 285 BN 26 5 AR 4 T s, 284. 6 eV AbBRIE Ty bR . F# B £F 4 F i fE £ C—C Fl
C—H.285.4~285.8 eV Abf{i 3 Jy C—N 4,286, 0~286. 4 ¢V FHE JE K (C—OH) . BFE (C—0O—
C),287.0 eV [t FE HIRIL(C=0),27. 8~288.7 eV H I Y F T L I (COOH 5f COOR) , 1j 289. 2 eV
N QF FR 1 Yy H W B A K SRh g X S0, QF SR B — S S S S A ORI T LR
FIA QF il £ b 72 b ) S0 4E s N ST 3R 0 Hh B 32 R 3R T 1 R0 rh i 2 B S A BN A AL O HL A Y T B
PREFYESS o bR v i BRI A R A g S R A (5 S e e L U S A W TE A AT SR T I TR
B T 5 L AR T A S 2 G A R TLSS S8 ny R . PN B AL PR S kB AR M S R N W ER T
QF T FH B 25 R A B A /b, QF R A Si—OH AHXT & &I B, mA AS-1 5, R 5 & 5
T R e R W R e K A L b2 W AR R 4R SR TR L Si—O—C

%5 QF MY C AL L5 B

Table 5 Curve fitting results for C,, spectra of quartz fibers

QF-UT QF-EX QF/AS-1 QF-EX/AS-1
Component peak

BE/eV RC/% BE/eV RC/% BE/eV RC/% BE/eV RC/%
C—C(H) 284.62 60. 76 284. 40 41.75 284.65 56. 28 284. 41 48.73
C—N / 285.43 23.17 285.77 30. 36
C—-0O—-C/C—OH 286. 30 30. 00 286. 45 21. 20 286.00 40. 50 286. 45 10. 60
C=0 287.10 7.11 287.00 1. 89 287. 80 10. 31
COOR / 288. 14 13. 89 288.72 1.33 287. 80 10. 31

Physisorbed H, O 289.2 2.13

BE: Binding energy; RC: Relative content

Sio, FEAT 3 WAL B A S5 R ANEE 5 FR o MRS B IS B 5,102, 31 eV Ab Y 1 Sl EER
M T QF R MW T2 P Bk o0 SR 4R T Sioe R 5 WM KIZ T Si—O §#.103. 17 eV 4Ky 2 S i
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FERAHEARL SIO, ffE iy Si—O #, [& 5h) B R 75 2 N B4R AL R R 1 5% 22 RA
Wi 2 S 2% . K 5 (o R LAEF] 101,59 eV AR BLRY 3 Sl X R W] QF fE2d AS-1 AbHR . 3%
THT ) Si 0 2 A IR A SR AR T T Si—O—Si . K 5(DAE 104, 26 eV BT I BLRY 4 50 &

QF wiy Si—O #E T # Si—O—Si g,
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Fig. 4 Curve fitting of C,, spectra
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2.7 EEMBHRAERS

S BT T AN TR SR AN 6 R . R 2 AR PR QF LB L BB AR AR e B D . TR Ak
P - 21 e S IR E) B 25 B AR N HEA F AR . N RN SR AL B2 AS-1 AR RS A 4E S RIS R R
— AR LAY SRR T R A . 5 WL QF 25 b fe ab PR S L 5 IR B B AR A B
JE B A3 ALY AT R 0 28 WA AE L 2 G AR BT U0 4R v N R PR ik SR A BT T AS-1 A BER LQF 5

(al) (a2)

$4800 1.0kV-D 9.0mm x3.00k SE(M;LA0)

54800 1.0kV-D 7.9mm x4.00k SE(M,LAQ)

a—QF-UT; b—QF-EX; ¢ QF/AS-1; d—QF-EX/AS-1
Kl 6 QF-PSA & & b kM # I (Z2) #1# W () SEM [
Fig. 6 SEM images of QF-PSA composite cross (left) and profile section (right)
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RS i F) 28 48 AR S e e P LSR5 B A BT U0 5 2 e

Zi LPTIR N E 4R QF BR 2545 4 R 1w iR o0 19 L HGR] L A 2 0 Si—O HEVE IR G W) R ERTELT YR

I FEINA AS-1JE  FESSRRME 558 N S 4R 4E LY Si—O S MK 46 & A= i Si—O—SiL, M iR 2 9 Si—O—Si
LIS AR LT AR R . AS-1 Z5H P BREE 5 T R IR AS B 4 R T PR A I A SR [ AL TR
BERVIREE A . ARk T PSA 5 QF Z g S A, AS-1 VR FIHLERHE T DL 7.

R
o N HO— Si—OH-~HO— Si—OH
| Hydrogen bonding
X—Si—X M’HO—Si—OH—> ) o) _—
/\ /\
x o A
(0] O
Si Si
Quartz fiber surface
R R
| /H\
HO—Si—OQ O—Si—OH
Ny
| H |
O O |
H/ \H H/ \H —Si— 0—Si—O0
| | Dehydration | |
_ >
0 o O O
— p— Si Si
Si Si
B 7 AS-1 {ELR A3 QF 2 m tL 3
Fig. 7 Diagram of surficial modified QF fiber by AS-1 coupling agent
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& it

(1) AS-1 b4 e £F e 10 B HE A5 AF - NI A S A B AT S 27 2 A0 8 h DL B (] m (AS-1)/m (QF) =

2% ~3% M AS-1 4bFR QF A, Ab 3 A K S 19 pH F 4. 5~5.5,110~180 C4bEE 15~130 min, ffET
A T AT A 1 S Tk T B G A2 S AR G B D 5 B A R AL BR TR TE T 25. 3%,

(2) NHEfh$E 5Bk QF Fem L5 WL R g 1 £F 4 R im i) Si—O SRR AR T AS-1 A - i 55

T Si—OH 524k Si— OH K4 5B Si—O—Si . AS-1 25 rp i e 3 5 55 1 57 B IS AR B 9 bk
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