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ABSTRACT: In order to investigate the effects of different polymer processing methods on
the mechanical properties of fiber reinforced thermoplastic polymers, PP/GF composites have
been prepared using a pultrusion resin impregnation apparatus developed in our laboratory
and compared these with the composites prepared using a twin-screw extruder. The compos-
ites manufactured by pultrusion resin impregnation apparatus were superior to short fiber re-
inforced plastics prepared by extrusion with regard to various mechanical properties. The rea-
son for the superiority was ascribed to the reinforcement of resin by long fibers and to high
dispersion of the fibers in the matrix. To improve adhesions of fiber surfaces and polymer ma-
trix, maleic anhydride (MA) has been introduced in the PP matrix chain as a compatibilizer.
It was found that MA did indeed improve surface adhesion between fibers and polymer ma-
trix and that, as a result, various mechanical properties were markedly enhanced.
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9] =g Tg) 2 (prepreg) wAH WX & A =3}
EHNE Az T3 vRE 3 SRR A=
&3] o)§He o|F4E FXE AT 2R 23l
PP Zgzgas Az #edf 23t PP E3
Aax AzsHch. £, {9 71AA4Q PP
Fx] Alole] HAHE YAAA JAA F=g 571
A1717] 915t PP 422§ ¥-5%# 4t (maleic anhy-
dride, MA)2 2 18lZEA|F] PP-g=MAE A X%
F, ol& A43Alz Ag-sx

o #

FXo} HZMR. B dFMe Zeixzzdd
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o, £83 FX WA 713d& $INF7] A3
o FelZ2dgd ¢X 9 FEE MVl 600] HESF
AN7VEstd ALg-3ldct 3= Bl ERE ALY {24
5 38 ez 93] felds 2F3 PP B
ARE A3k A" PP A {2l dh9
A zAR} 4EH L Table 19 7]&8d 3, PPe 7]
2EA L Table 2o Jehl it

Feldfret PP 19 B9 ZA3dEE A7)
f8le] PP 4% 100 g7 Frdefiatat A4 4
ZY B A}o]= (benzoyl peroxide, BPO, Fluka
Co)E Z47} 1g9 HI&E FHdlH & He v A
el 7td ¥9E Z= o]%4E FA| (Haake Co.)
olA] 140, 180, 200 C& ZiZte] wld 2= & 17

Table 1. List of Raw Materials

material  description suppliers comments
PP H320 LG-caltex matrix polymer
R099 Hankuk roving
s fibe 2200 P122 Vetrotex ltd. diameter : 24pm
glass fiber
CHO9 Hankuk ‘;:i‘;tpid ;t:;d
2200 P122 Vetrotex ltd. diameter: 17 am
Table 2. Properties of Polypropylene
porperty PP
melting point (C) 165
MI (melt index, g/min) 2
density (kg/m3) 900
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A
A Screw extruder
B Fiber roving package
C Pultrusion resin impregnation apparatus
D water cooling apparatus
E Take up spool for impregnation rovings E

Figure 1. Schematic of the apparatus of extruded
resin impregnation by pultrusion.

Table 3. Extrusion Processing Conditions

.. ingle-screw twin-screw
position sing ©

extrusion  extrusion
feed section 175 175
temperture transition section 200 185
() melting section 205
die 190° 190
screw speed 150 2.0
(rpm)
take up speed 15 10
(m/min)

¢ Temperature at the pultrusion resin impregnation apparatus.
® Temperature at the T-die and round-die.

PP=0.004) 3}¥c}. o] &3] (Haake Co.)oll
T-died %33l %7 09~11mme o=
(sheet)d BRABE AZF o, A8 Adr|8
o] g3l 1Al Wae] A AEE AREHYL, 3
3mm¢] round dieE o]&3t U4HAY FA ]
£317] 19 ddg Az, 3 TE Y
u2} Az EPAREL WA Table 4449} 2
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Table 4. List of Reinforced PP Composites

l PP Resin—l [Chopped Fiber]

designation description

1. GFPPE Chopped Glass Fiber+ PP Resin by
Extrusion + PP

2. GFPPME GFPPE + PP-gMA by Extrusion

3. GFPPRI Roving Glass Fiber+ PP Resin by
Pultrusion Resin Impregnation Ap-
paratus (6 mm Cutting)+ PP

4. GFPPMRI GFPPRI+PP-gMA by Extrusion

Table 5. Compositions of GF/PP and GF/PP/

PP-g¢MA

GFPPRI

GFPPE

GFPPMRI GFPPME

PP GF PP GF PP GF PP-gMA PP GF PP-gMA
{wit) (wi%) (wi%) (i) (wi%) (wt%)  (wi%)  (wi%) (wi%) (wi%)

100 00 - 100 - - 100 - -
% 10 % 10 53 10 k1 53 10 3
o 2 & 0 4 2 3 LY B
S0 M N £ X P 2 % 28
60 40 60 4 B 4 % B 4 2

[:’P Resiq lier Roving I
| |

1

l Resin Impregnation Die

Dry Blend ]

B!

l Extrusion |

|

o] WP o, o|F EHMEY ZPYEL Table 5
o} ot fEldf @3 uet AxE dYe 23 9
33 BA4E& ZARP] H438le, dde] 150150 mm
ol SN 7FELE 200 €, ¢4 200 kgf/cm? R
AZAIZE 5 min, YZ4A|1ZE 10 mine g &4 8t
%7 3mme] PP ERAE +o|EE AF34ct
ol Aol AT AR FHEL Fig. 29 eI
t}.
HelSty By, 2 FAFH A L olF ¢F
FxE T3 Az fEHdHF 23 PP E¥A 59
9 EAE A ¥, 2 AdEE Fo2 AYsE
o ZFApH A0 (SEM, model XL-30, Philips
Co.) o2 Qetty §4& AP

J1AH /M. 9EA8A1 7] (universal testing
machine, Model SFM-20, United Calibration Co.)
& o231 AL FAYRY AA| & o] A2 AAE
3o AlFd feEldf 23 PP E¥AR AJHEHe
AAE=E F3390. 9F Y FHA cross
head speed= 5 mm/min2 st 3 54L& ¢
498 F3d AxE 54 3mme AHEE 100
x10mm=z G F, HFABAY/E AHR-E o
cross head speed 10 mm/min2 &7 3%t}
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Figure 2. Process flow sheet on the manufacturing of
glass fiber reinforced polypropylene.
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Figure 8. Scanning electron micrographs for the
manufactured prepreg by pultrusion ( x 200) : {a) Cross
section perpendicular to the flow direction and (b)
cross section parallel to the flow direction.
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Figure 4. Scanning electron micrographs for tensile fractured surface of composites at the 40 wt% glass fiber: (a)

GFPPR], (b) GFPPE, (c) GFPPMR], and (d) GFPPME.
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Figure 5. Tensile properties as a function of GF con-

tent : (a) Tensile strength and (b) tensile modulus.
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Figure 6. Flexural properties as a function of GF con-

tent : (a) Flexural strength and (b) flexural modulus.
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