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2 o Poly(p-hydroxybenzoate)(PHB)/polv(ethylene terephthalate) (PET) 8/2 2xY &
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88 2483, 55 C o-chlorophenol oA 2417t §<¢t 2AIQl PEN/PETRE & §&40 #, &
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ABSTRACT: Poly(p-hydroxybenzoate) (PHB)/poly(ethylene terephthalate) (PET) 8/2 ther-
motropic liquid crystalline copolyester, poly(ethylene 2,6-naphthalate) (PEN), and PET terna-
ry blend was spun to fiber by melt spinning process, and tensile properties of the fibers were
measured. The matrix of the fibers, PET and PEN, were dissolved in o-chlorophenol at 55 C
for 2 hours, and the liquid crystalline polymer fibrils were observed using a scanning electron
microscope. Halpin-Tsai equation for modulus calculation of short fiber reinforced composite
and the rule of mixture for continuous reinforcement composite were modified, and the ten-
sile modulus were calculated and compared with experimental modulus. To minimize differ-
ence between the theoretical and the experimental moduli, dimensionless viscosity constant
(K) was given and used to modify two equations. The theoretical tensile modulus using the
newly modified equations presentel a similar to the experimental tensile modulus of compos-
ite, and the modified equations presented a unique way to determine the tensile modulus of
the liquid crystalline polymer reinforced thermoplastic composites.

Keywords: liquid crystal polymer, PEN, PET, Halpin- Tsai equation, rule of mixture.
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Table 1. Composition Comparison Table of PHB/
PEN/PET with mol% and LCP/PEN/PET with wt%

mol% wt%

PHB PEN PET LCP PEN PET
10 45 45 8.1 52.5 394
20 40 40 17.0 49.0 340
30 . 35 35 26.8. 451 28.1
40 30 30 37.7 40.7 21.6

s AAAE7] (Instron  4465)&  AME-3l91,
gauge length= 20 mm, load cell® 10No& 3}
gon, AJEL 20 mm/ming FE2 AFAHL 3}
At
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Figure 1. Tensile modulus of PHB/PEN/PET mono-
filament with PHB content and winding speed.
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(d) PHB/PEN/PET (40/30/30) 500 m/min
Figure 2. SEM microphotographs of PHB/PEN/PET monofilament to the flow direction after dissolving matrix in

OCP at 55 'C; x2000.
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(h) PHB/PEN/PET (40/30/30) 1000 m/min

Figure 2. SEM microphotographs of PHB/PEN/PET monofilament to the flow direction after dissolving matrix in
OCP at 55 C; x2000.
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Table 2. Measurement of Weight Fraction for Continuous LCP Fibrils after Dissolving PEN/PET Matrix

in OCP at 55 °C for 2 Hours

before dissolved LCP weight of LCP before dissolved percent of dissolved out  percent of fibril
sample code ® (wt%) ® (®) (%) formed LCP (wt%)
10500 fibrous structure collapsed 8.68
20500 0.0945 17.0 0.0161 0.0082 51.0 18.43
30500 0.0331 26.8 0.0089 0.0061 68.8 29.27
40500 0.0762 377 0.0287 0.0223 77.6
101000 fibrous structure collapsed
201000 fibrous structure collapsed
301000 0.041 26.8 0.0110 0.0077 70.1 17.78
401000 0.0368 37.7 0.0139 0.0123 88.7 3342
Table 3. Dimensionless Viscosity Constants of
14 4 PHB/PEN/PET Monofilament
’ -m-- Halpin-Tsai eqn. L/D 10 /
R y composition in mole% _K -
5 1 ] 500 m/min 1000»m/ min
% / PHB/PEN/PET (10/45/45)  0.117 0214
‘g’ 8 PHB/PEN/PET (20/40/40)  0.059 0.224
3 PHB/PEN/PET (30/35/35)  0.104 0.093
§° 61 PHB/PEN/PET (40/30/30)  0.093 0.111
1 - -®
2] ¢ e - 2L
. . : EL 1+ —D’ K 7L Vf s
10 20 30 40 E, T— 7V, (3)
PHB content (mol%)
Figure 3. Experimental modulus of PHB/PEN/PET
monofilament as a function of PHB contents and cal- (_‘ -1
culated modulus using Halpin-Tsai equation at LCP fi- where, 7, = ——Lm 6)
bril L/ D 10. (}_?L +2(_I:)
: E, D
3o T3 Hmd A5 (K)E os 4 W) 2
ol Bejsigion, zzte) 247 AHSEAN Kol K& Hgst] WYY Halpin-Tsaidll L/De]
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Figure 4. Modulus of PHB/PEN/PET monofilament
as a function of PHB content using modified Halpin-
Tsai equation with the L/D ratio of (a) 500 and (b)
1000 m/min.
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Table 4. Tensile Modulus of PHB/PEN/PET
Monofilament Experimental Data and Theoretical
Data Using Equation (7)

composition in  theoretical value (GPa) experimental value (GPa)
mole% 500 m/min 1000 m/min 500 m/min 1000 m/min

PHB/PEN/PET
(10/45/45)
PHB/PEN/PET
(20/40/40)
PHB/PEN/PET
(30/35/35)
PHB/PEN/PET
(40/30/30)

1064 - 188 -
2123 2169 303 328

3309 3774 3.30 466
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Figure 5. Experimental modulus of PHB/PEN/PET
monofilament as a function of PHB contents and cal-
culated modulus using modified equation (a) 500 m/
min and (b) 1000 m/min.
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