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Structures and Tensile Properties of Magnetically 
Oriented Liquid Crystalline Copolyesters 

TSUNEHISA KIMURA~, SVETLANA KOSSIKHINA~, TOSHIY uru 
SHIMODAa, EIKO IT@, and MASANORl KAWAHARAb 
aDepartment of Industrial Chemistry and bDepartment of Mechanical 
Engineering, Faculty of Engineering, Tokyo Metropolitan University, 1- 1 
Minami-ohsawa, Hachioji, Tokyo 192-0397, Japan 

Structures and tensile properties were investigated for magnetically oriented 
commercial thermotropic liquid crystalline copolyesters, Xydar and Rodrun. 
The orientation dependence and the magnitude of the tensile properties were 
similar between these two copolyesters. Companson was made with the 
results obtained for the mechanically oriented samples of these copolyesters. I t  
was found that the ultimate tensile strength and the elongation at break obtained 
for the magnetically oriented samples were different from those obtained for the 
mechanically oriented samples. Structure analyses conducted by means of 
polarizing microscope and X-ray diffraction showed that the two different 
orientation methods provide different structures on macroscopic as well as 
microscopic levels. The difference in the tensile properties could be attributed 
to the difference in structures. 

Keywords: liquid crystalline copolyesters; magnetic orientation; mechanical 
stretchng; mechanical properties; structural analysis 

INTRODUCHON 

Mechanical means including the elongation and the shear is commonly used for 
the chain orientation of the commercially available liquid crystalline 
coplyesters. A number of studies have been reported on the tensile properties 
of mechanically oriented liquid crysblline copolyesters[~~l and liquid 
crystalline copolyester-based blendsv-111. Along with these traditional 
orientation methods, magnetic fields could be an alternative means to achieve 
high degrees of chain orientation in these materials. Because of the flexibility 
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280 T. KIMURA Y I  (11. 

in controlling the direction and the strength and of its capability to penetrate 
through materials, magnetic fields would provide a new means of finely 
controlling the chain orientation of liquid crystalline polymers (LCPs). Thus, 
the magnetic field would be used as an additional means of processing of 
commercially available liquid crystalline copolyesters. Studies on the lanetics 
of the magnetic orientation, the oriented structures, and physical properties of 
LCPs have been reported in the l i t e r a t ~ r e [ ~ * - ~ ~ ] .  

This study reports on the structures and the tensile properties of the 
magnetically oriented thennotropic liquid crystalline copolyesters composed of 
p-hydroxybenzoic acid (HBA), terephthalic acid (TA), andp,  p'-biphenol (BP) 
(Xydar) and of HBA and ethylene terephthalate (ET) (Rodrun). The 
comparison is made with the results obmncd for the mechanically oriented 
samples of these materials. Structural analyses are conducted by means of X- 
ray diffraction and polarizing microscopy. 

EXPERIMENTAL 

Materrals 
Xydar (SRT 900, A m m o  Polymers, Inc.)f181 with Tm=346"C was supplied by 
Nippon Petrochemicals Co. Ltd. in the form of powder and uniaxially stretched 
film (80-90 pm). Rodrun LC-3OO0, composed o! 60 mol % p-hydroxybenmic 

acid and 40 mol % ethylene terephthalate was supplied by U m ~ k a  in the form 
of pellets and mechanically stretched film. 

Oriented Samples 
Powder of Xydar was dried in vacuum at 100°C for 10 h, then it was hot 
pressed at 360'C for 5 min, followed by cooling to room temperature. The 
film (90-1 10 pm) exhbited a slight chain orientation. This film was used for 
the tensile test. The powder was also pressed at 320°C for 5 min to obtain the 
film for the treatment in the magnetic field. This film exhibited no chain 
onentation. 

As received pellets of Rodrun were dried at 90°C under vacuum for 13 h, 
then they were hot pressed at 220°C for 5 min, followed by quenching in ice 
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STRUCTURES AND TENSILE PROPERTIES 28 I 

water, and dried at 90°C for 12 h to obkun a pressed film. The mechanically 
stretched film supplied by Unitika was elongated at 95°C in the tensile testing 
machine to obtain films of higher chain orientation. The dried pellet was 
melted at 280°C and elongated by rapid drawing by pulling it up with a glass 
rod to obtain the mechanically stretched film of the hghest orientation. 

M - eti4yOriented Samples 
An Oxford superconducting magnet of 6T was used. The experimental 
error of temperature control was ca. *So.  Xydar samples were prepared by 

heat-treatment of the pressed films at 380°C for 5 or 10 min, and then at 390°C 
for 60 min followed by slow cooling (about 40 min) in the magnet. The 
pressed film of Rodrun was also heat-treated and slowly cooled in the magnetic 
field. The heat-treatment temperature was between 231 and 351"C, and the 
heat-treatment time was between 15 and 120 min. 

Tensik Test 
Tensile tests were carried out on a newly developed tensile testing machine, a 
TMC-SOOL of Tokyo Koki Co. Ltd.[191 at the strain rate of 2 mm/min (Xydar) 
or 1 mm/min (Rodrun). The direction of tensile force was parallel to the draw 
direction of the films. The reproducibility was within 10- 15% for mechanically 
stretched films and 20-25 % for the magnetically oriented films. 

X-ray Riffraction 
A MAC Science MXF' system (40 kV, 250 mA) generating CuK, X-ray beam 

was used. The orientation degree (OD) was estimated by the equation, (180"- 
H")/18Oo, where Ip is the width at half-height of the peak at 28=19.6' (Xydar) 

and 20.0" (Rodrun) of the azimuthal scan. The equatorial direction is taken to 

be perpendicular to the orientation direction. 

RESULTS AND DISCUSSION 

Kmetics of the magnetic orientation of Xydar and Rodrun has been reported 
elsewhere[*0.211. The magnetically oriented films (1OO-130 pm) provide the 
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"intrinsic" tensile properties since the magnetic field penetrates uniformly into 
the material. Since the thckness of the mechanically stretched films used in 
this study was less than 100 pm, it could be expected that they did not exhbit 

shn-core structures either. Therefore, a uniform orientation is achieved 
throughout the film, also providing "intrinsic" tensile properties. We use the 
term "intrinsic" to indicate that the orientation degree is homogeneous 
throughout the film, and also to indicate that the tensile properties are 
dependent on, and hence intnnsic to, the orientation methods employed. 

Tensile ProDemes 
In Figs. la, b, and c are plotted the ultimate tensile strength, the elastic 
modulus, and the elongation at break measured at room temperature against the 
orientation degree (OD) for the magnetically and mechanically oriented Xydar 
and Rodrun samples. 

Data points for the mechanically stretched samples shown by open symbols 
fall on single curves irrespective of the copolyesters used here. Data points for 
the magnetically oriented samples (shown by filled symbols) also seem to 

exhbit the same tendency though the elastic modulus of magnetically oriented 
Rodrun is slightly higher than that of Xydar. The effect of the orientation 
methtd on the tensile properties is clearly observed for the ultimate tensile 
strength and the elongation at break. The samples prepared in the magnetic 
field exhibit lower ultimate tensile strength and their values of the elongation at 
break are almost constant o\'er the range of the degree of chain orientation 
studied here. 

Xydar exhibits higher elastic modulus when stretched by the mechanical 
means than by the magnetic field, whle Rodrun exhibits almost the same level 
irrespective of the method utilized. However, the mechanically stretched 
sample of Rodrun with the hghest OD shows an extremely high value of the 
elastic modulus in companson to the magnetically oriented sample with the 
almost same OD. Since a hgh aspect ratio o f  the elongated domain contnbute 
to the increase In the elastic modulus[221, it is speculated that the domam in the 
mechanically aligned sample with the highest OD is highly elongated in 
comparison to the domains In the mechanically aligned samples with lower OD 
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FIGURE 1 Onentation degree dependence of (a) ultimate tensile strength, 
(b) elastic modulus, and (c) elongation at break measured at room 
temperature for the magnetically oriented (. ) and mechanically stretched 
(0 ) films of Xydar, magnetically oriented 6 ) and mechanically stretched 
(0) films of Rodrun. 
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or to the domains in the magnetically oriented samples. 

Fig. 3 displays the micrographs of Xydar (left) and Rodrun (right) aligned by 
means of the magnetic field (a, b) and by the mechanical stretching (c, d). 
Both copoiyesters oriented in the magnetic field exhibit texture patterns 
charwteristic of nematic phase. In the case of Rodrun, dark spots are 
obsened, which are due to segregated regions rich in ply(ethy1cne 
terephthalate) as evidenced by microscopc IT-IR measurements[2~]. The 
segregation could occur during a prolonged heat treatment necessary to attam 
the magnetic orientation. 

Mechanically stretched samples exhbit band-like structures running 
parallel to the strekhed direction. Ttus structure is not the same as the banded 
structures of sheared liquid crystalline polymers[2-']. 

X-rav Diffraction 
Figures 3a and b show the equatorial scans of' the magnetically and 
mechanically oriented samples of Xydar and Rodrun, respectively. A main 
peak around 28 = 30" is observed for all samples. Less significant peaks 
around 28=32" and 38" (Xydar) and 28=23" and 28" (Rodrun) indicate low 

crystallinity for both materials. 
The position of the main equatonal peak can bc attributed to the mean 

interchain spacing in nematic phases[24. In the case of Xydar, the mean 

spacings for the magnetically onented films (OE0.83  and 0.77) IS 4.51 A and 
that for the unimially stretched film (OD=0.83) is 4.49 A .  Both are close to 
the value for the hot-pressed film (4.50 A). However, the half width of the 
main equatonal peak is narrow for the magnetically onented film (00=0.83) 
than that for the uniaxially stretched film, which indicates more regular lateral 
paclang in the former sample. The lateral correlation lengths determined by 
using the Scherrer equation were 99 A for the magnetically oriented and 91 A 
for the urnaxially stretched films. The difference between the structures on the 

chain level does not seem to explan the difference in the tensile properties 
between the magnetically oriented and the mechmcally stretched tilms. 
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STRUCTURES AND TENSILE PROPERTIES 285 

FIGURE 3 Polarizing micrographs of Xydar (left) and Rodrun (right) 
aligned by means of the magnetic field (a, b) and by the mechanical 
stretching (c, d). 
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1 0  1 5  2 0  2 5  30 3 5  4 0  1 0  1 s  2 0  2 5  3 0  3 5  4 0  

2 8  2 8  

FIGURE 3 WAXD patterns (equatonal scans) of (a) Xydar, 1: pressed 
film (00=0.65), 2: magnetically onented film (00=0.77), 3: magnetically 
onented film (OM.83) .  4: uniaxially stretched film ( O k 0 . 8 2 ) ;  and (b) 
Rodrun, 5: uniavially stretched film (OD=0.89), 6: pressed film (OD=O), 7: 
magnetlcally onented him ( O M . 8 8 ) .  

In the w e  of Rodrun, the spacing for the magnetically oriented film 
(Ok0.88) and the pressed film is about 4.50 A, while that for the uniaxially 
stretched film (OLk0.89) is about 4.44 A. In the case of Rodrun we could 
expect that the denser packmg observed in the uniaxially stretched film could 
be related to its higher elastic modulus. Probably, a smoother and more 
uniform mechanical alignment is possible in Rodrun due to the presence of 
ethylene units than the case for the wholly aromatic Xydar. 

The meridional profiles are shown in Fig. 4. In the case of Xydar, the 
peaks around 38 = 44" and 46' correspond to the one thwd of the length of 

the HBA repeating unit and the one eighth of the length of thc TPA-BP dimer 
unit [261. The peak positions are different depending on the samples. These 
difference could be attnbuted to the difference in the rcpeating unit (HBA or 

TPA-BP) and I or also to the difference in the conformation of these units. 
The peak intensity maxima seem to depend on the orientation degree: the peak 
intensity at 28 3' is dominant for the samples with higher orientation degree 

(OD = 0.93 for the magnetically oriented film. and OD =0.95 for the fiber), 
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2 0  2 5  3 0  3 5  4 0  4 5  5 0  2 0  2 5  3 0  3 5  4 0  4 5  5 0  
2 8  2 0  

FIGURE 4 WAXD patterns (meridional scans) of (a) Xydar, 1: 
magnetically oriented (Ok0.83),  3: magnetically oriented (00=0.93), 3: 
fiber (OD=0.95), 4: uniaxially stretched (OLk0.82) films; and (b) Rodrun, 
5 uniaxially stretched (Ok0.89)  films, 6: pressed ( O M ) ,  7: magnetically 
oriented ( O D S . 8 8 ) .  

while the intensity at 28=44" is dominant for the samples with lower 
orientation degree (Ok0.83 for magnetically and OD=O.82 for mechanically 
stretched films). 

In the case of Rodrun, the peak around 2844" is also attributed to the 

HBA repeating unit, and a slight difference in peak position could be attributed 
to the conformation of the HBA sequenceL231. In this case, the orientation 
degrees for the uniaxially and magnetidly oriented films are close to each 
other (0.89 and 0.88, respectively), but the 38 value of the peak position for 

the former is larger than for the latter. 

CONCLUSIONS 
The tensile properties and the structures of magnetically oriented commercially 
available liquid crystalline copolyesters, Xydar and Rodrun, were investigated. 
The results were compared with those obtained for the mechanically stretched 
samples in order to assess the "intrinsic" tensile properties attained by 
means of the magnetic field. Since the mechanically stretched films studied 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

23
 2

0 
A

ug
us

t 2
01

2 



288 T. KIMURA c't al 

in this work are thin, they are almost free from slun-core structures usually 
unavoidable in thick sheets and molds. Considering the ability of the magnetic 
field to penetrate into the material, the orientations in the interior and on the 
surface would not differ for the film samples prepared in the magnct. 

Therefore, the samples uscd in this study possess the orientation degree 
whch  is uniform throughout the samples, and hence enable the comparison of 
the "intrinsic" tensile propertles between magnetically and mechanically 
stretched samples. Though the "intrinsic" tensile properties for the samples 
prepared in the magnet are slightly inferior to thosc for the mechanically 
stretched samples, the magnetic field would have an advantage over the 
mechanical means when it  is applied to oriented thick sheets or mold of 
these copolyesters because the magnetic field can penetrate irrespective of the 
thickness of products 

Structure analyses of thc orientcd samples prepared by means of magnetic 
and mechanical orientation revealed that the structures ranging from the 
microscopic level (WAXD) to the microscope obsemation levcl arc highly 
dcpendent on the orientation method. The difference is attributed not only 
solely to the orientation means but also associated with the prolonged thermal 
hlstory required for the magnetic orientation. 
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