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ABSTRACT: The effects of addition of the 3rd component of thermotropic liquid crystal 
polymer (TLCP) on the mechanical properties and structure of Vectra A-reinforced poly(butylene 
terephthalate) (PBT) were studied. The 3rd TLCP was the copolymer based onp-hydroxybenzoate 
(PHB) and ethylene terephthalate, known as X-7G. PBT, Vectra A, and the third TLCP were 
blended in the molten state, the extrudate of which was cut and injection-molded. The mechanical 
properties of the blends were improved by the combination of the two kinds ofTLCP. The dynamic 
viscoelastic analysis indicated that the thermal endurance of the ternary blends were enhanced 
when Vectra A was used as a major TLCP reinforcement. SEM revealed that both the binary and 
ternary blends were phase-separated, and the introduction of the 3rd component of TLCP was 
profitable for TLCP to form finer fibrils at the skin part of the sample. X-Ray diffraction analysis 
showed that the orientation of Vectra A fibril in the blend was raised by the addition of the 3rd 
TLCP, resulting in the improvement of the mechanical properties of the ternary blends. The 
conclusions obtained in this paper agreed with those reported in our previous paper. 

KEY WORDS Poly(butylene terephthalate) / Thermotropic Liquid Crystal 
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In our previous paper, 1 we reported the 
effects of the 3rd component of TLCP on the 
mechanical properties of Vectra A (VA)­
reinforced polycarbonate (PC). The mechan­
ical properties of PC/VA binary blend were 
improved dramatically by addition of a small 
amount of the 3rd component of TLCP 
composed of PHB and PET, which was a X-7G 
type semi-aromatic TLCP, Rodlan of the trade 
name of Unitika Co. The effects were ascribed 
to the enhancement of orientation of TLCP ( 
mainly VA) in fibril, which was supported by 
the X-ray diffraction and the theoretical 

analysis based on a two-phase blend model and 
the SEM observation. 

In this paper, we continued to combine the 
both advantages of Vectra A and Rodlan and 
blended them with the matrix resin of poly­
(butylene terephthalate) (PBT), forming a 
ternary blend system. Kimura and Porter2 

reported the thermal properties and the 
dynamic mechanical measurements of the 
binary blend of PBT/X-7G prepared by a 
solution precipitation method and found that 
both components were compatible due to the 
molecular interaction between PBT and the 
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"flexible" low-Tg segment of X-7G. Kiss3 

studied the binary blends of Hoechst-Celanese 
Vectra with a series of engineering plastics 
including PBT prepared by a melt blending 
method, and found that liquid crystal domains 
of VA showed a "gnarled" appearance in 
PBT matrix by SEM. There were also other 
papers4 - 7 dealing with the PBT /VA or 
PBT/X-7G binary blend systems. From these 
papers, it was found that the binary blend of 
PBT/X-7G was partial compatible and the 
binary blend of PBT /VA was incompatible. 
Actually, judging from the criteria presented 
in our previous paper1 their mechanical 
properties and thermal endurance were not 
good. We expected in this paper that the 
mechanical properties of the binary blend of 
PBT /TLCP could be improved by use of the 
combination of two kinds of TLCP of Vectra 
A and Rodlan. 

EXPERIMENT AL 

Materials 
Poly(butylene terephthalate) (PBT) was 

supplied from Toray Co. A wholly aromatic 
TLCP (Vectra A 950, abbreviated by VA) 
based on copolycondensation of p-hydroxy­
benzoic acid (PHB) and 2,6-hydroxynaphthioc 

acid (HNA) was supplied by Polyplastics Co. 
The semi-aromatic TLCPs based on the 
copolymer of PET and PHB (Rodlan LC 3000 
and Rodlan LC 5000, abbreviated by R3 and 
R5, respectively) were supplied by Unitika 
Co. R5 had a higher content of PHB composi­
tion. Table I lists the characteristics of these 
materials. 

Preparation of Blends 
All the materials were dried under vacuum 

at l00°C for at least 24 h before used. The 
blends were prepared by using a Mini Max 
Polymer Evaluation System of Custom Scien­
tific Instrument Inc. The blended samples were 
prepared by shearing followed by extrusion. 
The bar specimens for tensile testing were 
prepared by injection-molding. The tempera­
tures of the rotor and the spinning die for 
extrusion were 250°C and 310°C, respectively. 
The temperature of the cylinder and the mold 
for injection were 310°C and l00°C, respec­
tively. 

Test Procedures 
Tensile testing was conducted by a Tensilon 

STM-T50BP of Orientec Co. The elongation 
rate was kept at 10 mm min - 1 . The dimension 
of a bar specimen was 1 x 2.5 x 50mm. The 

Table I. Characteristics of polymers used in this paper 
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Materials 
(Supplier) 

Poly(butyleneterephthalate) 
(Toray Co.) 

Vectra A-950 
(Polyplastics Co.) 

Rodlan LC-3000 
(Unitika Co.) 

Rodlan LC-5000 
(Unitika Co.) 

Molecular structure 
(Symbol) 

0 0 
+c--<Q)--CO-E-CH 2}j-Ot;; 

(PBT) 

+~-t,,t0~7n 
(VA) 

0 0 0 
+o-@-c-t,,toCH2CH20-C-<Q>--C7n 

(R3) 
0 0 0 

+o-@-c-t,,tOCH2CH20-C-<Q>--C7n 
(R5) 

oc oc 

60 227 

274 

70 193 

70 202 
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same specimen was used to measure the 
dynamic viscoelasticity in a Rheovibron of 
Orientec Co. at 110 Hz over a temperature 
range from room temperature to 300°C. The 
morphology of the fractured surface of an 
injection-molded bar specimen (broken in 
liquid nitrigon) was examined in a Hitachi 
S-510 Scanning Electron Microscope (SEM). 
The X-ray diffraction was carried out in a 
Rigaku CN 2013 Diffractometer to compare 
the orientation of TLCP in the injection­
molded sample. The wide angle X-ray dif­
fraction (WAXD) pattern was taken by a 
flat-plate camera. 

RESULTS AND DISCUSSION 

Mechanical Properties 
The tensile mechanical properties of the 

binary blends of PBT with three kinds of 
TLCPs were firstly tested. The ultimate 
strengths and initial moduli vs. the weight ra­
tios of TLCP to PBT for the binary blends of 
PBT /VA, PBT /R5, and PBT /R3 are shown in 
Figures 1-a, 1-b, and 1-c, respectively. Judging 
from the criteria presented in our previous 
paper, 1 the mechanical properties of PBT/VA 
(Figure 1-a) were quite poor, being largely 
lower than the upper bound of modulus for 
the two-phase blend. For PBT/R5 (Figure 
1-b), the moduli-composition curve approched 
the upper bound and showed improved 
mechanical properties compared with PBT / 
VA. The mechanical properties of PBT /R3 
(Figure 1-c) surmounted the upper bound of 
modulus and showed an excellent case. 

The results above revealed that the affinity 
between PBT and TLCP exerted influence on 
the mechanical properties of their blends, 
depending on the chemical structure of TLCP. 
R3 possessed relatively higher content of 
flexible component (PET) and showed a 
stronger affinity to PBT, resulting in better 
mechanical properties of the blend. PBT /VA 
was a reversed case and PBT/R5 was situated 
between the above two cases. 
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Figure 1. Tensile strength and initial modulus vs. TLCP 
content (wt%) in the binary blends: (a) PBT/VA, (b) 

PBT/R5, and (c) PBT/R3. 

However, VA was hoped to be a main 
reinforcement in PBT because of its higher 
mechanical properties and thermal endurance 
than that of semi-aromatic R3 or R5. The 

955 



L.-M. SUN et al. 

PBT:50wt% PBT: 50wt% 
100 5 100 

(a) (b) 

"' 0.. 
80 "' 0.. 

80 4 

::E "' ::E "' 0.. 0.. 

------
c., 

------
c., 

..c: 60 3 
------

..c: 60 3 
------.µ .µ 

"" "" C C 

"' ::, "' ::, ... -cl ... -cl 
.µ 

40 2 0 .µ 
40 2 0 rn e rn e 

-;; "' rn 
20 

.µ rn .µ 
C C 20 1 ·-"' C "' ..:: .... .... 

0 0 0 0 
0 10 20 30 40 50 (VA) 0 10 20 30 40 50(VA) 

(R3)50 40 30 20 10 (R5)50 40 30 20 10 0 
(wt%) (wt%) 

Figure 2. Tensile strength and initial modulus vs. TLCP content (wt%) composed of Rand VA in the 
ternary blends for the PBT content wt%= 50%: (a) PBT/R3/VA and (b) PBT/R5/VA. 

combination of VA with R3 or R5 as a re­
inforcement in a ternary system was expected 
to be a possible way for achieving both better 
mechanical properties and higher thermal 
endurance. Thus, it was necessary to survey the 
compatibility of two kinds of TLCP, V A/R3, 
or V A/R5, which had been studied in our 
previous paper1 . It was shown that the blend 
of V A/R5 was better to follow the volume 
additivity of modulus than V A/R3, although 
the moduli in both case were lower than the 
upper bounds of the moduli. The results were 
reasonable as R5 possessed more aromatic 
nature than R3, and resulted in strong affinity 
to the wholly aromatic TLCP of VA. 

For the ternary blends, the content of PBT 
was kept at 50 wt% and the ratio of VA to R3 
or R5 was changed. Figures 2-a and 2-b show 
the ultimate strenghs and initial moduli of the 
ternary blends vs. the ratios of VA to R3 and 
R5, respectively. The mechanical properties of 
the ternary blend of PBT/R3/VA (Figure 2-a) 
did not show a remarkable variation over a 
wide range ofR3/VA at 50 wt¾ ofTLCP. On 
the other hand, for the PBT /R5 /VA ternary 
blend, the improved mechanical properties 
were found over a wide range of ratios of R5 
to VA, especially at PBT/R5/VA= 5/0.5/4.5. 
Apparently, R5 was more effective than R3 
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Figure 3. Tensile storage modulus vs. temperature: (a) 
PBT, (b) PBT/VA=5/5, (c) PBT/R3=5/5, (d) PBT/R5= 
5/5, and (e) PBT/R5/VA= 5/0.5/4.5. 

to improve the mechanical properties of TLCP 
reinforced PBT. The reason for it might be 
that R5 had a balanced affinity to both PBT 
and VA. 

Dynamic Viscoelasticity 
Figure 3 shows the dynamic storage moduli 

of binary and ternary blends in which the 
content of TLCP were kept at 50wt%. For 
comparison, the dynamic storage modulus of 
PBT is also shown in Figure 3 (curve a). 
Corresponding to the result of tensile testing, 
the modulus of binary blend of PBT /VA ( curve 
b) was quite low. On the other hand, at room 
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temperature the modulus of binary blend of 
PBT/R3 (curve c) was high, but it decreased 
gradually toward the high temperature side and 
remarkably fell around 70°C. The transition 
region around 70°C was apparently associated 
with the primary relaxation of PET segment 
of R3. The same trend was also observed in 
PBT/R5 binary blend (curved), although the 
relaxation became mild and the decrease of the 
modulus toward the high temperature side was 
not so rapid as that of PBT /R3. For the ternary 
blend of PBT/R5/VA= 5/0.5/4.5 (curve e), the 
modulus was almost the same with that of 
PBT/R3 = 5/5 at room temperature, but with 
the increasing temperature, the former showed 
a slower change, and after 70°C it maintained 
a higher value than the latter. Thus, it could 
be concluded that the combination of VA and 
a small amount of RS was useful for the 
improvement of modulus and thermal en­
durance in comparison with the binary blend 
of PBT/VA. 

SEM 
Figure 4 shows the SEM morphology of the 

core part of the injection-molded sample of 
PBT/VA=5/5. The domain of VA was not 
well developed and showed a shape of elon­
gated sphere. VA could not play a role of 
reinforcement in such a state, resulting in poor 
mechanical properties (refer to Figure 1-a). 
Skin-core structure could not be discriminated 
in this sample. 

Figure 5 shows the SEM morphology of the 
injection-molded sample of PBT/R5=5/5 at 
core part. The long fibrils lower than 5 µm in 
diameter were found orientating along the flow 
direction. It could be observed in the fractured 
surface that the TLCP fibrils were pulled-out 
and broken. Skin layer was well developed for 
the PBT /RS compared with PBT /VA perhaps 
due to the increase of interfacial affinity be­
tween PBT and RS. The mechanical prop­
erties of such a system as PBT/R5 were im­
proved (refer to Figure 1-b). 

Figures 6-a and 6-b show the SEM 
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100 µ m 

Figure 4. SEM morphology of fractured surface of 
injection-molded sample of PBT/VA = 5/5 at core part. 

20 µ m 

Figure 5. SEM morphology of fractured surface of 
injection-molded sample of PBT/R5 = 5/5 at core part. 

morphologies of the injection-molded sample 
of PBT/R3 = 5/5 at the skin and core part, 
respectively. In the skin part, the TLCP formed 
long and fine fibrils (diameter was about 
0.5 µm), which packed regularly and oriented 
well along the flow direction. That meant an 
excellent reinforced structure. But in the core 
part, no fibril could be observed, showing a 
quite different feature. Thus, it was reasonable 
that the skin part of the injection-molded 
sample played a more important role in giving 
a better mechanical properties of the blend 
(refer to Figure 1-c). 

Figures 7 and 8 show the SEM morphologies 
of the injection-molded of PBT/R3/VA = 
5/0.5/4.5 and PBT/R5/VA= 5/0.5/4.5 at the 
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20 1-1 m 

50 1-1 m 

Figure 6. SEM morphologies of fractured surfaces of 
injection-molded sample of PBT/R3=5/5: (a) at skin part 
and (b) at core part. 

skin part, respectively. There were well­
developed skin layers in both cases, but the 
TLCP fibrils formed in the latter case were 
longer in dimension and higher in orientation 
than that in the former case. However, the 
TLCP in the core part showed an irregular, 
layered structure in both cases. Comparison of 
Figure 8 (PBT/R5/VA=5/0.5/4.5) with Figure 
4 (PBT /VA= 5 / 5) explained the improvement 
of the mechanical properties in the ternary 
blend. We discussed in our previous paper that 
the effects of combination of VA and Rodlan 
on the mechanical properties were ascribed to 
the reduction of the interfacial energy through 
formation of finer fibrils. Similarly the inter­
facial energy between PBT and the TLCP re­
inforcement was reduced, resulting in longer 
and finer TLCP fibrils under a high shear stress 
during injection-molding and improved me-
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200 1-1 m 

Figure 7. SEM morphology of fractured surface of 
injection-molded sample of PBT/R3/V A= 5/0.5/4.5 at skin 
part. 

500 1-1 m 

Figure 8. SEM morphology of fractured surface of 
injection-molded sample of PBT/R5/V A= 5/0.5/4.5 at skin 
part. 

chanical properties. 

X-Ray Diffraction 
Figures 9-a, 9-b, and 9-c show the WAXD 

patterns of the skin part of the injection-molded 
sample bars of PBT/VA=5/5, PBT/R3/VA= 
5/0.5/4.5, and PBT /R5/V A= 5/0.5/4.5, respec­
tively. For comparison, Figures 9-d and 9-e 
show the WAXD patterns of PBT/R5=5/5 
and PBT /R3 = 5 / 5 for the samples prepared 
by the same injection molding conditions, 
respectively. The intensity of the equatorial 
diffraction of (110) for the injection-molded bar 
of VA was selected to evaluate the orientation 
of TLCP in the fibril. The width of half 
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Figure 9. WAXD patterns of injection-molded sample at skin part: (a) PBT/VA=5/5, (b) 
PBT/R3/VA=5/0.5/4.5, (c) PBT/R5/VA=5/0.5/4.5, (d) PBT/R5=5/5, and (e) PBT/R3=5/5. 

Table II. Orientation parameter (Q¾) 

Sample VA 

Q/% 71.1 

PBT/VA= 
5/5 

65.5 

PBT/R5= 
5/5 

71.7 

maximum intensity was evaluated from an 
intensity curve scanning along the circum­
ferential direction by use of a photodensitom­
eter. The conventional orientation parameter 
Q was obtained from the width of half 
maximum 0 according to the following 
equation: 

Q=[(180-0)/180] X 100% (1) 

The results are shown in Table II. 
For the binary blends of PBT /VA, PBT /R5, 

and PBT/R3, the order of orientation pa­
rameters corresponded to the order of the 
mechanical properties, that is, if the degree 
of orientation was high, for example, for 
PBT/R3 = 5/5, the mechanical properties were 
also high (refer to Figure 1-c). Comparing 
PBT/VA=5/5 with PBT/R5/VA=5/0.5/4.5, 
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PBT/R3= 
5/5 

75.6 

PBT/R3/VA= 
5/0.5/4.5 

75 

PBT/R5/VA 
5/0.5/4.5 

75.6 

the degree of orientation of VA was enhanced 
remarkably, resulting in the improvement of 
the mechanical properties. In the ternary 
blends, R5 was more effective to enhance the 
orientation of VA than R3. Following the 
diagramming method to evaluate the modulus 
of TLCP in the two-phase blending system 
presented in our previous paper1, the moduli 
of TLCP in the binary and ternary blends for 
PBT content= 50% were obtained. In the 
binary blend of PBT/VA=5/5, the extrap­
olated modulus of VA was only 2.5 GPa, 
largely lower than that of unblended VA, 
9.5 GPa. On the other hand, in the ternary 
blend of PBT /R5/V A= 5/0.5/4.5, the extra­
polated modulus ofTLCP was 5.0 GPa, which 
was close to the value of unblended TLCP, 
6.0 GPa and one time higher than that of VA. 
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From the results above, it could be concluded 
that the introduction of the 3rd component of 
Rodlan was profitable to raise the orientation 
and the mechanical properties of TLCP in VA 
fibril in the blend. This presented another 
example of the 3rd component of Rodlan 
TLCP playing a role of "orientation providing 
component." 

CONCLUSIONS 

Various characterization techniques were 
employed to clarify the features of the ternary 
blends of PBT, Vectra A, and a 3rd component 
of TLCP of X-7G. The mechanical properties 
of PBT /VA blend were improved by the 
addition of a small amount of X-7G TLCP 
as a 3rd component. Both the mechanical 
properties and the thermal endurance for the 
ternary blends of PBT /RS/VA were superior 
to those of the binary blends of PBT /VA or 
PBT/X-7G judging from the dynamic viscoe­
lasticities over a wide temperature range. 
SEM revealed that all the blends studied were 
phase-separated, but the morphologies of the 
TLCP were quite different in different parts of 
the blend samples. The combination of the two 
kinds of TLCP, VA, and X-7G, was useful to 
develop regular and longer fibrils with high 
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orientation in the skin part of the injection­
molded samples. The analysis of the W AXD 
indicated that the introduction of the 3rd 
component of X-7G TLCP enhanced the 
degree of the orientation of VA in PBT matrix, 
and improved the mechanical properties. The 
results of this study well accorded with the 
conclusions obtained in our previous paper, 
where PC was used as a matrix resin. 
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