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High Performance Polymer Composite by Using Thermotropic Liquid
Crystalline Polymer
II. Mechanical Properties of Carbon Fiber / Liquid Crystalline Polymer Composite

Chul-Rim Choi* and Jyong-Sik Jang™*

ABSTRACT

For the fabrication of high performance polymer composite using thermotropic liquid crystalline
polymer, liquid crystalline polyester was grafted on the surface of carbon fiber effectively. In
order to improve the adhesion of carbon fiber/liquid crystalline polymer interface, carbon fiber
surface was treated by plasma etching method.

Mechanical performance of carbon fiber/liquid crystalline polyester composite was strongly
dependent on the surface treatment of carbon fiber. In the case of untreated carbon fiber,
mechanical properties of liquid crystalline composite increase with increasing the volume fraction
of carbon fiber. From the data of mechanical properties for plasma treated liquid crystalline
polymer composites, maximum values of flexural and tensile properties have been occurred
at 7.5 min of plasma treatment time.

As the plasma treatment time of carbon fiber increases gradually, thermotropic liquid crystalline
polyester has grafted onto the carbon fiber surface increasingly and total amount of grafted
polyester also increases.
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m . slop of the tangent to the initial straight
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A) Untreated B) Dichloromethane treated
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C) 1 min plasma treated D) 2 min plasma treated

E) 3 min plasma treated F) 5 min plasma treated

G) 7.5 min plasma treated H) 10 min plasma treated

Fig.1. SEM Micrograph of Fractured Surface in Liquid Crystalline Polymer Composites.
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Table 1. Tensile Properties of Thermotropic
Liquid Crystalline Polyester Compo-
site

Carbon Fiber | Tensile Tensile
g;e:(;irgsgt Volume Strength | Modulus
fraction(%) | (MPa) (GPa)
Untreated 5.0 91.7 0.91
Untreated 10.0 103.5 1.09
Untreated 15.0 117.2 1.26
Dichloro- 10.0 110.4 1.19
methane
treated

Fig. 29]‘ 3 o
glA] Gubd A wR gl
gl go] Zelzmel Ael Azl uf & odgkg el 3
o} 7187 control)-& & 2]
7o) BgAlge] BAS veRiH, 7
Felxel AHeE oy AAE -

N
2
4

3
ol
fa
o
I O
o
N
Oy
t



W54, W1, 1992.6 DA NP 2EAE o]

48 24F FERed] B 7D 79

2rhke AL @ 4 Utk WRE B B4
Felzsl AAe] ARALE Frkstel 75
A97h Aelg ek, el thae g
A% 2eiFT sleh. ok Feizs} Aelel 3

Sais Zde] JPTEAS WT ¢ e 2

oA

180 . . , . '
o]

Emo - fe ’\ B
= o
£
=
o
5
£140 - ]
o o
&
&
}_..

120 k- N

100 ! 1 ! ) )

0 2 4 6 8 10 12

Treatment time (min)

Fig. 2. Tensile Strength of Thermotropic
Liguid Crystalline Polyester Composite
as a Function of Plasma Treatment
Time.
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Fig. 3. Tensile Modulus of Thermotropic
Liquid Crystalline Polyester Composite
as a Function of Plasma Treatment
Time.

Table 2. Flexural Properties of Thermotropic
Liquid Crystalline Polyester Compo-

site
Carbon Fiber | Flexural Flexural
'ége: ;E;ggt Volume Strength | Modulus
fraction{%) (MPa) (GPa)
Untreated 5.0 32.5 6.14
Untreated 10.0 34.4 7.03
Untreated 15.0 36.8 7.32
Dichloro- 10.0 35.4 7.18
methane
treated
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Fig.4. Flexural Strength of Thermotropic Fig. 5. Flexural Modulus of Thermotropic
Liquid Crystalline Polyester Composite Liquid Crystalline Polyester Composite
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Time. Time.
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Table 3. Tensile Properties of Thermotropic Liquid Crystalline Polyester Composite by Plasma

Treatment
Plasma treatment Tensile strength % Improvement Tensile Modulus % Improvement
time(min) (MPa) (GPa)
Control 103.5 - 1.08 -
1.0 133.6 29.1 1.39 27.5
2.0 138.9 34.2 1.48 35.8
3.0 149.1 44.1 1.64 50.5
5.0 ] 160.5 55.1 1.71 56.9
7.5 173.4 67.5 1.92 76.1
10.0 152.8 47.6 1.63 48.5
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Table 4. Flexural Properties of Thermotropic Liquid Crystalline Polyester Composite by Plasma

Treatment
Plasma treatment Flexural strength % Improvement Flexural Modulus % Improvement
time(min) (MPa) (GPa)
Control 34.4 - 7.03 -
1.0 39.7 15.4 8.52 21.2
2.0 41.9 21.8 9.08 29.3
3.0 47.3 37.5 9.83 39.8
5.0 54.1 57.3 12.66 80.1
7.5 58.7 70.6 13.92 98.0
10.0 51.0 48.3 11.95 70.0
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