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ABSTRACT: One of the most important factors which affect the mechanical properties of
fiber-reinforced composite materials is the interfacial shear strength (IFSS). The IFSS of glass
fiber and polycarbonate (PC)/styrene- co-acrylonitrile (SAN) blend system has been measured
by the single fiber fragmentation test (SFFT). SAN contents were varied up to 30 wt% and
the IFSS increased with the SAN contents. Styrene-co-maleic anhydride (SMA) was used as
the compatibilizer and the glass fiber was surface treated with organosilane coupling agents.
Addition of small amount of SMA in PC/SAN blend improved the IFSS by chemical bonding
between maleic anhydride and silanol. The optimum MA content was 0.4 wt% of total matrix
contents. Also, IFSS was greatly affected by the miscibility condition of SAN/SMA blends,
which depended on the copolymer composition of SAN and SMA. It was found out that,
higher IFSS could be obtained when the SAN/SMA blend was in miscible pairs. In case of
SAN/SMA miscible pairs, the IFSS depended on the MA content in total matrix, not on the
MA content in SMA.

Keywords. PC/SAN/SMA blend, interfacial shear stremgth, single fiber fragmentation test,
miscibility.
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Figure 1. Expected chemical bonding between silane
treated glass fiber and maleic anhydride.
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Figure 2. Miscibility map for the SAN/SMA blends.
Solid line is observed and dashed line is expected for
infinite molecular weight polymer system. Solid circles
indicate the combination used in this study.
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Table 1. Properties of SANs and SMAs
ANwt% MAwt% M, MWD T(T)

SAN24 24 - 53000 1.81 1129
SANZ27 27 - 91000 1.88 114.18
SAN41 41 - 65000 1.63 11459
SMA24 - 24 110000 24 160.66
SMAZ28 - 28 110000 24 16362
SMA30 - 30 110000 24 171.02
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3.

7|XI5X|S] B BN, AYo A" A9 )
A¥ S4& ASTM D638 Type Ve iz A=
§ A& "HsAlY7| (universal testing machine,
Shimadzu, AG-10TE)& AM-8}9 5 mm/sec?] &
=2 Fg3Ach BY £XE9 93 EHL ni =
A} @3 (differential scanning calorimeter:
DuPont 2910)8& AMgsted 24T}, i =i}
FHA = IndiumE o|§3lo] 259} dyg BAYH
¥, 10mg el ANBE AH3ld, FAEY7]A
20 C/ming] $£& £E& 200 C7AA L&A o
&, A8e 83 o|H& AAsnA 10837 gy
A FAR A HAALE ARSSl FYAD £ B
d¢ 2oz 23 #4 (second run)g 35
B4 EA& Fosn.

AHALE &3 4. 9oz fedse 2
ol & APFE PP ASTM D3379-75
A mWet FYEAch. AWML FUdd HAGY ko
& J Foldd RAMRE T 719Y dEA B
€ o) &3t nPAA AR, ol THsAIYY)
o] 2 RAANZ F Folwe PHE =3 0.2
mm/sec®] £5 2 QARCE 25N} o) W &
249 dele 10, 20, 40, 60, 80 mm=Z W34
A, Zt Zdolol th# 103 o) 4] d4¥e HA YT,
Zdzte] oo i@ AFREE AT A¥EAY
E25Y o AFZ=9} Zojol th ¥ semi-log 1
HEE T3 AAdoldlNe] AAJMIAZEE AL
st

AREYY £4& g0 2L SFFTEE AMe-3}
et $4 4549%7) (hot-presser) & o] &3] gF
2 F ke A UE 9L E, T B Alojd] {4

515



ol - FINE - ol %

%8 93 o 43498e] ASTM D638 type V
oA AT ABE VEU 2zke] AYZAGA 10
A olge] AEE Az, WrARAE oI, 0.
mm/sec] £E2 4% WS FU dYE F
Alge #38rl73 (Nikon Optiphot 2-pol) & o183
o Bl faAdHel Polg 2R3

A¥ge PCe PC/SAN Ed=, 281 PC/SAN
gd=d 2% SMAE A/hiE We) AREY
o Aol ZANR ¥, SMAS] Fe WAz
fedRote ARNAYY ) st 2RAAT. B
PCel gg 2] 2el® Bdl=d SMAE ¥l
o T PCEAIN ARARLel 8 SMAe)
g Avngrh AFHoz SMAYe MARF
3 SANWS AN®ZE 2] sl BA= W)
F2UA 2498 2 SAN/SMA BA=9) 484,
HlgAdol e AREYY 988 Anust.

#@n 9 @

7IXiXle 7|AIH, 8F BN BN HHe A
A7He R3] 98] PC/SAN/SMA Edc=e
EAA ) W torque AT R AAEUAEE T
ngaxe] Wag AwEgic. Edo z7de =
2  torquegt® Heolu, Edol X3gd ug
torquegke] Folx|i 158 Foll= 1 gto] ¢4A3g
& ¢ F AT =P ZE2R 9 FAIME %7]
9] Akt Aol ERAZe] /1 gt #4t
Are) =7I7b Fobg o, 158%d = #Aibate 37)
7t A A, BAEr Edens £ AT A
= PC/SAN/SMA &dA71E& 15822 AAs9
t}.
SANZ= 9] s} (10, 20, 30 wt%)ol we
Z gY9co] $3-8% AF& Figure 39 =A3I%
t}. PCE $5% ZAU4E, SANFAE £ @4
& Jehllon SANGA 9 @eErldl uzt PCo
AF A5 Yejol A SANS] AFd] A1 e
2 JAAH oz Wsiyc}. =8 PC/SAN EI=d|
2% A7ld SMAY} Bd=9] 71AA EAd v A&
FHe AT 8= e SAN ¥R
qg JAE Asn 93¢He] WAAFE Figure
49 el e, AVZEY $4S 48 4239

516

Stress {kg,/mm?)

j
/ .

o e SAN 10wt% blend
——=— SAN 20wt% blend
— - SAN 30wt% blend
—— SAN

0 i 1 | 1 / L
0 5 10 15 20 25 35 40

Strain (%)
Figure 3. Stress-strain curves of each polymer and
PC/SAN blends with SAN contents.
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Figure 4. Percent elongation and tensile strength for
blends of PC with SAN27 and SAN27/SMA24.
SMAZ24 content is fixed to 1.6 wt%.
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Figure 5. T, shift of SAN27/SMA24 blends with
SMAZ24 contents. Solid circles are experimental data
and line is linear regression.
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Table 2. T, Sift of PC/SAN27 Bends with PC
Contents

SAN content (wt%) 10 20 30
T, of PC(C) 154.05
T, of PC rich phase (C) 153.99 15397 152.97

T, of SAN27 rich phase () 11618 11596 114.97
T, of SAN27 (C) 11418

Table 3. T, Shift of PC/SAN27/SMA24 Blends

with PC Contents (SMA24 content is fixed at
1.6 wt%)

SAN content (wt%) 10 20 30
T, of PC(C) 154.05
T, of PC rich phase

in ternary blend () 152.59 152.45 151.47

T, of [SAN27/SMA24] rich

phase in ternary blend (C)

T, of SAN27/SMAZ24 blend
___ in binary blend (C)

120.21 11826 11641

119.14 116.80 115.94

150

Tensite strength (kg,/mm?)

L.

50 1 1
2 4 6 8
Length (cm)

Figure 6. Tensile strength vs. length of E-glass fiber.

o] AHAAIR 1 o] de] AFAME= 1] o] A
Do) WARR Qoo 4% WP A 2
o7} EAgE ¢ + Urh

ARAFE g3 SMAS] HA g RAME)Y
98t s kel SMAE PC/SAN27AI9 &
dsle] ANAY S ZABIAL SANS e
7} 10 wt% 4o MA<] ezl w& 7]x) 1k
Az ob 2l A Alole] ARE Y] WalE Fig

517



SBEREETES

(a) 0% strain

(b) 3% strain

PR

(c) 3.5% strain

(d) 4% strain

(e} 4.5% strain
Figure 7. Optical micrographs of the glass fiber in
the PC matrix after specimen being strained.
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Figure 8. IFSS vs. MA contents for SFCs with PC/
SAN27 /SMA24 blends. SAN content is fixed to
10 wt%.
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Figure 9. IFSS vs. SAN contents for SFCs with PC/
SAN27, PC/SAN27/SMA24 blends. SMA24 content is
fixed to 1.6 wt%.
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Figure 10. IFSS for PC/SAN/SMA blends with vari-
ous SMAs. MA content in total matrix is fixed to
0.4 wt%.
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Figure 11, IFSS for PC/SAN/SMA blends with vari-
ous SANSs.
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