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graft copolymer®] @#& single fiber composite (SFC) A& Al&5te] AR A es &4
3t Z ARSIt coupling agent-8 2 2, backboneq! isotactic polypropyleneol polyacrylamide
(PAAmM)E graftAj7] graft copolymer& $433lod, coupling agent?] ¥ z2]e} SFC AlH A
Zoll gt AHZUES AFsslyct. APADF T} Aol e oF 18% AR T7HE B2
W, e 2ol 1A AR G2 Fole & 60% AT 71 Eoh ol @Adfe fA ¥
712 coupling agent]o] PAAmMZES] AlHo|Ae] gst&el Agta, coupling agent?] back-
bene?l PP} matrixgl IPP&Le] AlHo ] FF 42712 45 AEE T3 inter-diffusionefl
%t A H7te] 7]eld@ Aoltt. w3k, FA =719 transcrystallinity T SFC Al#e] TFSSel
YA B3 B Atk A7+ "o

Abstract : The effect of synthesized graft copolymer as a coupling agent in carbon fiber/
isotactic polypropylene (iPP) systems were investigated through measurement of the interfa-
cial shear strength (IFSS) using single fiber composite (SFC) specimens. A graft copolymer
with isotactic polypropylene backbone grafted with polyacrylamide was synthesized as a
coupling agent. Optimal conditions for the coupling agent treatment and SFC specimens prep
aration were standardized. Improvement in IFSS showed about 18% under room temperature
condition, whereas improvement showed more than 60% under wet conditions, after 1 hour
boiling in water. It was because of chemical bonding in the interface between functional
groups in carbon fiber surfaces and PAAm in coupling agent, and inter-diffusion in another
interface between 1PP in coupling agent and matrix PP, respectively. In addition, spheru-

lite size and transcrystallinity seem to be correlated to intimately to IFSS of SFC specimens.

Keywords : single fiber composites (SFC), interfacial shear strength, durability, graft copoly-

mer, coupling agent.

Zajy A18% A5% 1994 99 783



A8

FAAR SRAEE 2 A2 #EES 7R
HAE Blud 7hg7] Wil &34 5 55 &
TR Hgte] ohuje}l dNF A FolE HAE 1
Fa7F BujEe] 7k FAle Atk FHIoe, &
FAge] AYe oygeE BsH7] YJsiAl ¥
dAsM o s RE, v5 HHYo] & Woxitk=
230 UARE Y7k AR A FHAR The
Zof o, FZol= PC (polycarbonate), PPS

(pélyphenylenesulfide), Pl (polyimide), 281l
PEEK (polyetheretherketone) 51} 722 a4
of & A7}AA FAe] Eetagel i ol el 4
goll Wik o] s AYPE 1 Us AAo
o

A BAEe] 71AH 845 2¥sh=nl A
A7} = (interfacial shear strength) = v]-¢ 8
3 Qlztolth, AlHAG A=/ UE 2 ol
matrix& F&to] dfol & HdEANt 2R
o] o]l A Felxo] 1o 2RE cracko]
Z Aagickes @yl itk o] whHA Y F e
ARSI R L £2]9 Bdjalole) Ajtedo] ¥
o ZA] FElA| 2 A0 Go] WA 5 Ee) <l
27+ & (tensile strength) 2} &4 & (modulus) £
AetE ZostAl Elth. 2ejAl, B R &&
Aol AWAGZA T AMEE = B4 whet 2uig)
(maximization) 7} oyl % A3} (optimization)
7} Q= A "ol

B Sege AVAgdeg sleh-
HHoE Afel 3HS AsAFI AU, plasma #
2] & st Byl FA71E =t df 1Y
HESA S Z7 A7) Y, = A2 matrixol
23 ARl e 83 coupling agentE
SYdhs T o 7EATE U 4 AT 78
AG EFA B, silane coupling agents”}
A2y 53 Fx7F & 2ddA BAlEY] 4
S A7) 9fste] Abgsol Mok shx|vh

o] silane coupling agent2] &3= F2]A ol A

784

AME BE
o e gtaAdFe wAdd 24z 45 254l
== TAE graft copolymerE& coupling agent

2 AMgEe 19 a9 sk

49 coupling agents®] ARG G Eol theh
a7E FYshes PHEEE pull-out ¥
gle fiber composites (SFC) AJ&® (fragmenta-
tion Algwolgtnre ¥),%%1° 381 microin-
dentation A|gHSo] 9loem 71 = pull-outAlyd
HE O A Y] B uPoll ol o] 851 gle
o, Adegel BEAE Qs dolxl datavt &
scattering & 7}xj= @& o] ¢li1, ojol H|s} SFC
AlgHe A BAo] tha oJH7)E kAR &
& o] Aoz fiber-matrix 79 4% LS
A shed R HRE 48 5 don, w3k
AR et o] fAE S A AT €Y
A ekl o] Wl Hxa Kelly?} Tysondl £
3l Mf/=24% BASAML AWAIGRTE F
a7) s A E A

2 A, B -t s single fiber composite
(SFC) AlgH o2 AlPADR T (interfacial shear
strength, IFSS)E ot B S AH&slg ). o)
SFC AlgHe +2 47334
2 AbgEdon 10 ed7ta Kol thek Aol e
e R gl Aget’ adgn, drhaydd
isotactic polypropylene (iIPP)& X2 o] &3}
etaMG 43 SgAEe] IFSSE Hél7] S8 &
Aeoll FAE coupling agente] EHAT] AME)
Zo) W 3¢t iPPWe) morphologyE -+
k. =3, F71E A9 @7 gk coup-
ling agentoll i3t J & L71Hs) ARTIH =
o] Wale xAETH

1 8 gin-

[e;
A

epoxy”’} matrix

I

Aot B AE. Bigoz PE AZWE carbon
=

fiber(TZ~-307)= B A7de] 7.34um, B% 1.8g

Polymer(Korea) Vol. 18, No. 5, September 1994



Carbon Fiber/iPP9] AHHd7d = =71

Jem® o1, sizing agentE A A3sH7) 9)8ted, ac
etoneol] 30%3F MAZF Foff FF QA 80T
Z 1A =9t AFxsle] ARSI I8]1, ma-
trix-8-2] isotactic polypropylene(iPP)+= thsl &
HF) dF HFY FAE 0.2mm, YE7} 0.
9g/cm® o™, B-xjgfo] 149kl sheetFE o] RS
A1251 0™, coupling agent §48 IPP [th3h
F8H(F) )& powdere] HENZ Ex}go] 207k
g AHgsied. AjislEl PET(polyethylene
terephthalate) sheeti= o]@ o) £x2 AL23IY
o},

844 Coupling Agent® 47 & H
o] FHAHE)., Toluene 100mlol 0.05% 2 {3}
Aol Tween #8031} &4 50mlo] 1/8 moled)
AAm7} g3l" AAm F£8HE 713 & 400rpm
© 2 587t pre-emulsification A]7] 3 o] 84S
8.4g2] IPPE toluene 140mlel] &8fA]7] Loz}
E3tste] <A 400rpmo 2 E‘ﬂ»é}cﬂ emulsion ©.
Z B AfEHd 9sll inverse emulsion
gt 3 88°ColA 10mlel toluened] Lai%
benzoyl peroxide (BPO)& %9)éle] %3S #al
ARt ol B Tl Fig. 1o Yepd 74

Inverse Emulsion
Graft Copolymerization

(Precipitation of polymers with methanol, and then
removal of Tween #80 and acrylamide by methano!
soxhlet)

Untreated IPP +
Homo PAAm + IPP-g-PAAM

(Removal of homo PAAmM with aq. 40% CaCl; 2H0
solution containing 60 vol. % methanol)

v
Unreacted IPP +
IPP-g-PAAm

(Treatment with 100 ° C p-xylene)

Y
p-xylene solution Residue : WDGP

(Precipitation by cooling)

Fig. 1. Experimental seperation procedure of graft
copolymer by inverse emulsion method.
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Fig. 3. (a) Dogbone-shaped single fiber composite
specimen; (b) Graphic representation of the ev-
olution of failures and the corresponding stress
profiles in the embedded fiber during SFC test.
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Carbon Fiber/iPP2] Al@Hw 7w =7}

Table 1. Tensile Strength of Carbon Fiber Coated
with Various Concentration of WDGP

WDGP  Number  Diameter . oTo
conc.(%) of specimen () Strength

(MPa)
0 38 7,46(0.49)7  3489(851)
0.01 37 748(0.36)  3589(823)
0.05 41 7,44(0.32)  3538(793)
0.1 39 747(0.35)  3545(756)
0.5 38 750(0.29)  3532(699)

1) Standard Deviation

Table 2. Optimized Conditions of SFC Specimens
for Various Holding time on the Hot Plate, and
Their IFSS

Holdi Fib

(.) H]l)g Thickness ' er. IPP matrix  IFSS

Time (rm) shaped in it (MPa)
ndition

(min) spc  omae ¢

5 0.80(001)"  straight  not melted R

15 0.76(0.04) straight melted 6.5(0.89)
30 0.71{0.03)  straight melted 7.3(1.05)
45 0.60(0.03) straight melted 7.3(0.77)

60 0.32(0.02) curved too melted -

1) at 220C
2) Standard Deviation
3) Cannot measured
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Fig. 4. Optical microscopic photograph of SFC speci
men under tension machine: (a) quick cooling
by dipping in cold water; (b) slow cooling for
2hrs.
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Fig. 5. Stress-strain curve of PP dogbone-shaped

specunens using two different cooling methods.
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Fig. 6. Opitical microscopic photograph with pola-
rized-light attachment showing transcrystalli-
nity around carbon fiber in 1PP matrix.
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Fig. 7. Lognormal distribution of aspect ratio of
SFC specimen of carbon fiber/iPP under dry
and wet conditions.
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Table 3. Effect of Concentration on IFSS in Carbon
Fiber/1PP SFC Specimens for Untreated and Coup-
ling Agent Treated Under Dry and Wet Conditions

Conc. (Dry) IFSS(SD)  (Wet) IFSS (SD)

(%) (MPa) (MPa)
Untreated 7.95(1.98) 3.38(0.92)
0.01 9.41(2.51) 5.50(0.85)
0.05 8.73(2.39) 4.26(0.67)
0.1 8.17(2.78) 3.78(0.69)
0.5 6.40(1.54) 3.20(0.38)

* holding time: 30min.
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Fig. 8. Improvement% of IFSS by using WDGP
coupling agent under dry and wet condiuons.
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Fig. 9. Schmatic figure showing possible ways of

chemical bonding contributing to interfacial
adhesion between fiber and 1PP matrix using

WDGP coupling agent.
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