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A Foundation Study on the Mechanical Properties of
Polypropylene/Glass Hybrid Fiber Composites.

Shin, Seok Jin

Department of Marine Equipment Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The uses of fiber-reinforced composite materials is increasing as substitutes
for metals and their research and development are active in aerospace,
shipbuilding/ocean, leisure and sports industries because they have large
specific strength and specific stiffness, excellent chemical resistance and
formability. However, their weak toughness, vulnerability to impact, and
deterioration by environmental conditions such as moisture need to be

improved and many studies are being conducted in this area.

In this study, polypropylene/glass fiber reinforced composite panel that is
weaved with a mixture of polypropylene fibers and glass fibers with such
characteristics as high elongation of short fibers, high ductility, anti-fouling,
and hydrophobicity by giving them directional property. Then mechanical and
environmental tests were carried out with specimens fabricated with this
composite panel and its applicability to shipbuilding and ocean leisure

industries was evaluated through a comparison with existing glass fiber
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reinforced composite materials.

Mechanical  tests  confirmed  that  specimens  fabricated  with
polypropylene/glass-mixed woven fibers had higher tensile strength and
3-point bending strength compared to the single glass-fiber specimen.
Environmental tests showed that the polypropylene/glass-mixed woven fiber
specimen had a higher water absorption, but a lower deterioration of
properties due to water absorption and better recovery of properties by

drying than the single glass-fiber reinforced composite material did.

The results of this experiment verified the excellence of the
polypropylene/glass-mixed woven fiber-reinforced composite material compared
to the existing glass fiber-reinforced composite material. However, the forming
process needs to be changed to improve the weak interfacial bonding, and
the properties of the composite material itself could be improved through
mixed weaving with other fibers after development. Maximizing of the
advantages of polypropylene fibers and overcoming their shortcomings will
improve their applicability to the shipbuilding, ocean leisure, and other
industries, and increase the value of polypropylene fibers in the composite

material market.

KEY WORDS: Composite £3%+z] &, Polypropylene Fiber Z#Z23#4 A4, Hybrid
Fiber &3#x A&, Mechanical test 7]A& EA, Water absorbtion 8 I,

Foundation Study 7]Z &+
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Table 1 Property of polypropylene fiber and inorganic fiber

Tensile Young’ s Elongtation
. Density d ! >
Fiber trengt Modulus
(gfem® ) Break
(MPa) (GPa) (%)
Polypropylene 0.84 667 15 9.5
E-glass 2.5 2000~3500 70 2.5
S-glass 2.5 4570 86 2.8
Basalt 2.8 3100~4840 85~95 3.15
Aramid 14 3000~3150 63~67 3.3~3.7
Carbon 1.7 4000 230~240 1.4~1.8
- 3 -
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2.1.1 Hand lay-up
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Fig. 2 Hand lay-up process
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2.1.2 Spray-up
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Fig. 3 Spray-up process
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2.1.4 SMC(Sheet Molding Compound)
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2.1.5 RTM(Resin Transfer Molding)
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Fig. 6 RTM process
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2.1.6 VARTM(Vacuum Assisted Resin Transfer Molding)
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Fig. 7 VaRTM process

_10_

Collection @ kmou

o]

il

3}
At} Fig. 72 VaRTMe] B2 =5 yE}



2.1.7 Autoclave
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Fig. 8 Autoclave process
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Fig. 11 Application of polypropylene fibers
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(a) Polypropylene fiber (Plain)
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(b) Polypropylene fiber (Plain)
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(c) Polypropylene/Glass hybrid fiber (Plain)
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(d) Polypropylene/Glass hybrid fiber (Plain)

-Continued-
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(e) Glass fiber (Plain)

(f) Glass fiber (Plain)

Fig. 12 Image of polypropylene and glass fibers
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Table 2 property of fiber for tests

Collection @ kmou

Tensile Elastic
Fiber (Den31ty Strength Modulus Elongation
g/lcm®") (MP3) (GPa) at Break (%)
Folypropylene 0.84 667 15 9.5
Plain) : '
Glass
(Plain) 2.5 3,450 75 4.70
Table 3 property of resin for tests
: Tensile Elastic :
Resin (Den813ty Strength Modulus Elongatloil
g/lcm® ) (MP3) (GPa) at Break (%)
RESOLTECH 1050 11 60 3.3 8.0~10.0
KFR 120 1.0~1.2 70~80 3.1~3.3 7.9~-8.1
LSP-8020 B 1.05~1.15 52 4.1 10.0~12.0
22 -




(a) Release coating (b) Fiber Lay-up & impregnation of resin

(e) Vacuum bagging (f) Oven cure

Fig. 13 Hand lay-up procedure
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(h) Oven cure

Fig. 14 VaRTM procedure
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Table 4 Type of specimens

No. Fiber Resin Method of process
Polypropylene/Glass

1 LSP-8020 B Hand lay up/Vacuum
hybrid fiber
Polypropylene/Glass

2 KFR 120 Hand lay up/Vacuum
hybrid fiber
Polypropylene/Glass

3 RESOLTECH 1050 | Hand lay up/Vacuum
hybrid fiber

4 Glass fiber RESOLTECH 1050 | Hand lay up/Vacuum
Polypropylene/Glass

5 LSP-8020 B VaRTM
hybrid fiber
Polypropylene/Glass

6 KFR 120 VaRTM
hybrid fiber
Polypropylene/Glass

7 RESOLTECH 1050 VaRTM
hybrid fiber

8 Glass fiber RESOLTECH 1050 VaRTM

- 25 -
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Polypropylene& Glass (Plain) Polypropylene (Plain)
Specimen
Glass (Plain) N/A
Stacking direction [0°, 90°]
Standard ASTM D 5766
Temperature Room temperature, dry
Test Speed 5 mm/min
2 w
6 4
l T
Unit : mm T L w R
Dimension 3 250 36 6

(a) Condition of tensile test and dimension of tensile specimen

-Continued-
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Polypropyleneé& Glass (Plain) Polypropylene (Plain)
Specimen
Glass (Plain) N/A
Stacking direction [0°, 90°]
Standard ASTM D 2344
Temperature Room temperature, dry
Test Speed 1 mm/min
[ L ]
W
;Iﬂlql F]. J'.".*l,i
| |
w
+
1 J
Unit : mm w L T
Dimension 6 18 3

(b) Condition of short-beam test and dimension of short-beam specimen

-Continued-
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Polypropylene& Glass (Plain)|  Polypropylene (Plain)
Specimen
Glass (Plain) N/A
Stacking direction [0°, 90°]
Standard ASTM D 6110
Temperature Room temperature, dry
v LY DIRECTION OF
T -——
+ COMPRESSION
MOLDING
L g fews
Unit : mm L W T
Dimension 125 10 127

(c) Condition of impact test and dimension of impact specimen (Charpy)

Fig. 15 Condition and dimension of each test specimens
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(b) Compressor test

-Continued-
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(d) Charpy Impact Test

Fig. 16 Images of method for each test
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Fig. 17 SEM apparatus
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Fig. 18 Moisture absorption test
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Tensile Test
250

E

=

i
a
=

A

S

Tensile Strength
{MVIPa)

=f=Hand lay-up

100 =@=VaRTM

50

0

PP/Glass + Resoltech  PP/Glass+ KFR120  PP/Glass +LSP-80208 PP+Resoltech Glass + Resoltech
(a) Comparison of tensile strength for each process
3 Points Short Beam Test
0
% %

5 4m_§§ 5
.Eﬂ 3 /ﬁ\
c ¥
0 \\ // %zs
s B %
Ul g \\ // =f=Hand lay-up
E S * \W e lalTH
2™~
- 1
‘5 10
£
0w g

0

PP/Glass + Resoltech PP/Glass +KFR120  PP/Glass + LSP-80208 PP +Resoltech

Glass + Resoltech

(b) Comparison of short beam strength for each process

-Continued-
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Impact Test

5

5 =
z
—
=

=f=Hand lay-up
= VaRTM

)

=
=

Impact Energy

PP/Glass + Resoltech PP/Glass+ KFR120  PP/Glass + LSP-80208 PP +Resoltech Glass + Resoltach

(c) Comparison of impact energy for each process

Fig. 19 Comparison of mechanical property for each process
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250
200
%
5 o~ 150
= 0
B
02
—= =100
0
g
-
50
0 T r ; T T
PP/Glass + Resoltech PP/Glass + KFR 120 PP/Glass +L5P-80208 PP + Resoltech Glass + Resoltech
VaRT™M
200
-En 150 =
c
40
P2
02
= '
7
g
= 50
0 : T
PP/Glass + Resoltech PP/Glass + KFR 120 PP/Glass + LSP-80208 PP + Resoltech Glass + Resaltech
Hand lay-up

Fig. 20 Result of the tensile test
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Short Beam Strength

w

3
3
5
—
1]
% 20
L
15
10
0 |

PP/Glass + Resoltech PP/Glass + KFR 120 PP/Glass + LSP-8020B PP + Resoltech Glass +Resoltech
VaRTM
40
35
£
B o
c
g
5 =
cd
20
T2
D
@ 5
Fe]
ju
0
£
7]
5
0
PP/Glass + Resoltech PP/Glass + KFR 120 PP/Glass + LSP-80208 PP + Resoltech Glass +Resoltech
Hand lay-up

Fig. 21 Result of the short beam test
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Impact Energey
8

1
12
10
3
6
1
2
0 . . ‘ ;

PP/Glass + Resoltech PP/Glass + KFR 120 PP/Glass + 1SP-80208 PP + Resoltech Glass +Resoltech
VaRTM
18
16
14
@ 12
¢ =~
o : 10
P>
2
6
£
14
2
0 T
PP /Glass + Resoltech PP/Glass + KFR 120 PP/Glass + LSP-8020B PP + Resoltech Glass +Resoltech
VaRTM
Fig. 22 Result of the charpy impact test
- shew B Ay
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SE_M HV: 15.0 kV WD: 10.00 mm MIRA3 TESCAN
SEM MAG: 500 x Det: SE
KMU

(a) Polypropylene/Glass + Resoltech

SEM HV: 15.0 kV WD: 10.70 mm MIRA3 TESCAN
SEM MAG: 500 x Det: SE

KMU

(b) Polypropylene/Glass + KFR120

-Continued-
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il
SEM HV: 15.0 kV MIRA3 TESCAN
SEM MAG: 500 x

KMU

SEM HV: 15.0 kV WD: 28.32 mm MIRA3 TESCAN
SEM MAG: 500 x Det: SE

KMU

(d) Polypropylene + Resoltech

-Continued-
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MIRA3 TESCAN

KMU

(d) Glass + Resoltec

Fig. 23 Micrographs of tested specimens
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Fig. 24 Relationship between water content and immersion time
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b) Effect of immersion time on glass specimen’ s tensile strength

Fig. 25 The tensile strength behavior by the moisture-absorption and recovery
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Fig. 26 The rate of the diminution of tensile strength by the
moisture-absorption and recovery
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