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v
PRESSURE-INDUCED PHASES IN A THERMOTROPIC POLYESTER v

B. S. Hsiao, M. T. Shaw and E. T. Samulski y

Liquid Crystal Polymer Rescarch Center $
Institute of Matcrials Science
The University of Connecticut

Storrs, Connecticut 06268
b
ABSTRACT v

Studies of a copolyester of 20% hydroxybenzoic acid, 40% isophthalic acid
and 40% hydroquinone, a mecsomorphic polvmer, were carried out under pros- 4

sure. Thec phase behavior was characterized by the X-ray diffraction, thermal

analysis and high pressure DTA techniques. It was found that pressure induced
a new crystal habit in the solid and a new mesophase in this polymer. All thermal
transitions have been summarized in a proposed phase diagram. The finding of \
pressure-induced mesomorphism confirms the possibility of extending the range '

of polvmers which might exhibit liquid crystallinity.
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INTRODUCTION ) "
c:'
iyt
|.'
Y
Thermotropic liquid crystalline polymers (LCPs) are currently being inten- ;(
"
. o . . ¢
sively investigated because their ordered fluid phascs are precursors to high per- ::'
"
U
3 . . .-
formance polymeric solids ( fibers, films and injection-molded articles). In an N
effort to broaden the range of materials that might cxhibit liquid crystallinity, 'f
2o
we have examined the role of pressure on polymer melts. This work was moti- s
vated by observations that low-molccular-weight liquids may be transformed into >
mesophases at clevated pressures.! The subject of this study is a copolycster, 3.,
“H1Q-20",* whose composition lies just inside of the mesophase range. We find WY
» N
hy
that at clevated pressure, the proviously reported mesophase of HIQ-20 is '
[ §
\;
stablized as anticipated and morcover, a sccond mesophase is induced at high )<
temperatures. Additionally, we obscrve that cooling the mesophase into the solid '
Ly
state under modcrate pressures (= 300 bar) yields a morphology that differs »
x
: . . .
dramatically from that found in the solid produced at ambient pressure. This .
new pressure-induced crystal phase exhibits intrinsically superior mechanical !
properties. This observation is particularly noteworthy because the pressure re- o
f
quired for forming the new solid phasc is comparable to or less than pressures \;
)
employed in conveniional nrocessing techniques. S
:_-
EXPERIMENTAL N
~
.I
Phase Characterization "
\."
)
Differential scanning calorimetry (D3C) traces of HIQ-20 at ambient pres- .
) (
. . I 4
sures were measured by a Perkin-Elmer DSC Model 2 instrument. The higi ::
o
- ¥
2 N
N
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[} :'
:

pressure differential thermal analysis (DTA) thermograms and the pressure- "
o

(2

volume-temperature (P-V-T) relations were obtained with a Instron capillary f:
{

rhcometer modificd to opcrate at a maximum temperature of 380°C and a maxi- s
(O

]

mum pressurc of 6000 bar (6 GPa). A dctailed description of this apparatus has '.;
)

been given previously.’

3

Sample Preparation ,;“
The modificd Instron capillary rhcometer was used to prepare HIQ-20 speci- b
mens at various pressures. A Teflon rod, with a small cylindrical central cham- 7
ber, cncascd the polymer sample (about 1 g) in the rheometer barrel. The :
temperature was raised above the clearing temperature of HI1Q-20, whercupon :'
pressure was applicd to the Teflon-cncased sample. The temperature was then
rcduced into the mesophase and held for 1 hour. The sariple was subsequently
cooled under pressure to room temperature at a rate of 3 <C min. E
3

X-ray diffraction 3
Y

;

The recovered pressure-anncaled HIQ-20 snecimens we-» eraund into a fine ::
powder and loaded into 0.5-mm glass capillaries for wide a-:le X-ray diffraction E
cxamination. X-ray powder diagrams were obtained with a Daebye-Scherrer cam- :
era and by Ni-filtered Cu-Ka radiation. The 20-scans were derived from the ,‘
X-ray films by an Optronics Model 9000 densitomcter. Al 20 scans were nor- E
malized by dividing by the total intensity count on the film. é
iIKe

RESULTS AND DISCUSSION

B4 R SN N R




A rheological investigation and brief description of the synthesis of HIQ
copolyesters at various HBA compositions has been recently reported by Kiss.*
It was stated in his paper that if HIQ contained less than 25% HBA, the
mesomorphic behavior vanished. However, in this study, we confirmed by hot-
stage optical microscopy and DSC that HIQ-20 (20% HBA) system exhibits a
mesomorphic phase consisting of a mclting transition (crystalline to
mesomorphic) temperature of 324 ¢C and a clearing transition (mesomorphic to

isotropic) tcmperature of 342 °C.

The X-ray 20-scans of HIQ-20 prepared at different pressures are shown in
Figure 1. The 20-scans vary with the pressure, indicating that the structure in the
solid derived from annealed fluid phases changes with the applied pressure during
anncaling. At atmospheric pressure, the normally observed crystalline phase K|
is formed and K1 is independent of the thermal history 5. When the pressure is
increascd, K1 is Jost in favor of a new structure, a pressure-induced crystal form
designated K2. The X-ray powder diagrams for the low pressure (K1) form and
the high pressure (K2) form are shown in Figure 2. The minimum pressure re-
quired to convert from K1 to K2 is approximately 300 bar; the 20-scan is inde-

pendent of pressure between 300 bar and 2000 bar. At prossures between 1 bar

and 300 bar, the X-ray data indicates a mixture of K1 and K2 cryvstal habits.

The DSC truces of K1 and K2 samples arc shown in Figure 3. The first heat-
ing curve of the K2 sample cxhibits an additional endothermic transition peak.
This pecak disappcars un the sccond scan which resembles that of K1, Corre-
spondingly, the X-ray diffraction pattern of this heated K2 <ample shows a K1

pattern indicating that K2 has been converted to Kt Thus K1 and K2 appear




10 be equilibrium phascs, although not nccessarily with cach other. To scpar.atc
the K1 and K2 transitions, H1Q-20 was meclied under pressure with a high pres-
sure DTA decvice 3. Indeed, the DTA thermogram at high pressure (Figure 4B)
cxhibits multiple transitions, the lowest of which is probably to be associated with
a K1 to K2 transition, although we have ro other more direct evidence for this.
The pressurc-induced cndothermic transition in the high temperature region in
Figure 3 is attributed to a new mesophase, M2, as distinguished from the original
mcsophase, MI. The pressurc dependence of these transitions are summarized
in a proposed phase diagram of HIQ-20 shown in Figure 5. All data points are

obtained from the peak temperaturcs on DTA thermograms under high pressure.

The solid lines have been chec'i>d with the Clapeyvron equation 3 using P-V-T

data; the broken lines symbolize proposed phase boundarics.

It is suspected that in HIQ copolyesters, HBA rigidifies the polymer and con-
tributes to mesomorphism while 1A, HQ sequences are less ordered and promote
isotropic phases.* There is evidence that these two structurally different compo-
nents may drive micro-phase segregation, namcly, an HBA-rich mesomorphic
recgion and a HBA-dcpleted isotropic region might occur in similar copolyester
systems.S” If HBA-rich fomains scgregate out in HIQ-20, one might exrpect to see
an X-ray diffraction pattern characteristic of the HBA homopolymer. Howcever,
in the X-ray diffraction paticrns of both the KI and the K2 forms, there is no
cvidence for diffraction characteristic of the crystalline HBA homopolymer.5210
Thus ncither K1 nor K2 can be associated with micro-phase scparation of a
HBA-rich componcent and conscequently it is reasonable to assumed that HI1Q-20
is a random copolyester. This conclusion agrees with Blackwell's findings on the

HBA 2-hydrozy-6-naphthoic acid (HNA) copolyester system: a random primary
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structurc is propose.''*13 Furthermore, all thermal transitions observed in
HIQ-20 arc reversible, climinating thc possibility of substantial trans

esterification during sample preparation.'4!s

We arc not able to confirm with optical microscopy the naturc of MI, i.c.,
ncmatic or smectic. Smectic would imply long range latteral interactions among
chains that arc confincd to layers orthogonal to the chain axis. Our efforts to
quench M1 at atmospheric pressurc may support a morc translationally ordered
mcsophasc: specimens quenched from M1 in ice water (at = 100°C/ sec) always
viclded a K1 crystal structure, implying that there is minimal rcorganization of
chains on cooling M1. This is consistant with our optical observation; M1 is a
highly viscous mcsophase. The shear viscosity (n) in HI1Q-20 (20% HBA) at M1
temperatures is approximately 10,000 poise (extrapolated from Kiss’s report.'s)
As for the iderntification of M2, high pressurc analyvsis techniques such as

microscopy and X-ray will be necessary.

All of these observations suggest that at ambicnt pressures there may be spe-
cific latteral interactions between relatively dilute segments in HIQ-20 chains in
the mesophase M1 and on cooling. these interactions persist and drive the solid
into crystal habit K1. Such spccific interactions may be replaced by more general

ones at elevated pressure yiclding a sohid with the K2 habit.
CONCLUSION
The "HIQ-20" thermotropic polyester is a rather complicated polymorphic

system. It has high transition temperatures and narrow mesophase ranges. The
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most striking attribute of this polyester is its pressure-induceé mesophase at h'igh
temperatures and the pressurc-induced crystal phase. These fi-dings indicate that
it may be possiblc to broaden readily the range of mesogenic polymers: materials
ruled-out as candidates for liquid crystallinity at atmospheric pressures may, in
fact, be driven into ordered phases at elevated pressures. Morcover, as clevated
pressures arc routine during polymer processing, no addition:z! complications arc
requircd for practical application of this finding. Finally, the evidence of a
pressure-induced crystalline phase, confirmed by the X-rzyv, reveals that the

pressure dependent morphological changes in thermotropic copolyesters could be

very significant.
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FIGURE CAPTIONS

Figure 1. Room temperature x-ray scattering intensity vs. 20 of HIQ-20 sam-
ples subjected to different pressures and temperatures in the mesophase; all
samples were anncaled for | hour at the respective conditions: A, P = 1 bar
(330°C); B, P = 100 bar (333°C); C, P = 200 bar (335<C); D, P = 300 bar

(337 °C).

Figure 2. Wide angle x-ray powder diffraction patterns of the HIQ-20 low

pressure crystal form (K1) and high pressure crystal form (K2).

Figure 3. DSC traces of HIQ-20 K1 and K2 crystal forms, using a ..cating
rate of 10 °C/min. A, K1 (first run); B, K2 (first run); C, K2 (sccond run, af-

ter specimen was cooled at 10 °C min at [ bar).

Figure 4. High pressure (1000 bar) DTA traces of HIQ-20 at a heating rate

of 3¢C 'min. A, K1 and K2 mixture; B, K2 sample.

Figure 5. Proposed phase diagram for HIQ-20. Solid linc, phase boundaries
checked by Clapeyron equation; dotted line, proposed phase boundaries; K1,
low pressure crystal form; K2, high pressure crystal form: M1, mesophase 1;

M2, mesophase 2; 1, isotropic.
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