
WWIt18 424 PRESSURE-INiPVCED PHASES IN R THERNOTROPIC POLVESTERM III
CONNIECTICUT MYI STORRS INST OF MATERIALS SCIENCE
U S HSIRO ET AL 30 JUL 87 TR-2 NftUI4-86-K-0772

UNCASSIFIED F/O 7/6 N.Emlhhhhi
Eu-....mom



&2 0 ~ *~

V--,7

~% %



~ ON FILEJ

(%J OFFICE OF NAVAL RESEARCH

CONTRACT NO. N00014-86-K-0772

W TECHNICAL REPORT NO. 2

Pressure-Induced Phases in a Thermotropic Polyester

by

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

Prepared for Publication in

Macromolecules

Liquid Crystalline Polymer Research Center
Institute of Materials Science, U-136 D T"C

The University of Connecticut E LECTE
Storrs, CT 06268 AUG 1 3W71

July 30, 1987 D

REPRODUCTION IN WHOLE OR IN PART IS PERMITTED FOR ANY
PURPOSE OF THE UNITED STATES GOVERNMENT.

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE
AND SALE; ITS DISTRIBUTION IS UNLIMITED.

11 u~1
1.,

- 811 7'tZ



hjflciassif ied
TV. lf CC~SS CAT'Of OF -S "ACE

REPORT DOCUMENTATION PAGE

II RPORTSECUITY LASSFCAT1N l RESIRiCTivE MARK(INGS

unclassified None
2.~~~~~~~~~~ SEUIYCAC~CTO uHRT iSTRiBuTiON' AvAILABILITY OF REPORT

2,4 ECUITYCLASIFIATIN ATHOITYApproved for Public Release,
?b 0ECLAS5SFICATION ,OOWNGRADiNG SCHEDULE Dsriu o n1m e

4 PERFORMING ORGANiZATiON REPORT NuMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

Technical Report No. 2

6. -NAME OF PERFORMING ORGANIZATION 60, OFFICE SYMBOL 74 NAME OF MONITORING ORGANIZATION

University of Connecticut (fpliae) Office of Naval Research

6c. ADDRESS (City, State, and ZiP Code) 7b ADDRESS(CiI'y. State. and ZIP Code)
Institute of Materials Science, U -136 800 North Quincy Avenue
97 North Eagleville Road Arlington, VA 22217
Storrs, CT 06268 _______

S.. NAME OF FUNDING ISPONSORING Bb OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NtiM8ER

ORGANIZATION (If a~pplicable)

Office of Naval Research ONR N0001486-K0772

8C. ADDRE SS (City. Staret, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

800 North Quincy Avenue PROGEM NO I NO TAS NOOR I CCS N

Arlington, VA 22217 EMNTOI NO OICE~CiN

I) TITLE (include Security Classification)

Pressure-Induced Phases in a Thermotropic PolyesterfUnclassified) '

12 PERSONAL AUTHOR(S)

B. S. Hsiao. M. T. Shaw and E. T. Samulski
11TYPE OF REPORT 13b TIME COVERED DATE OF REPORT (Year. Month, Day) 15 PAGE COUNT I

interim -_ I-FROMDjjJ_/ 07 31 19-87-07-30 1
16 SUPPLiMENTARY NOTATION

Prepared for publication in Macromolecul

17 COSATI CODES 18 SUBJECT WMS (Cont,n.,e on jie'se of necessary and dientiy by block nriisrbetI

FIELD GROUP SUB-GROUP Thermotropic Liquid7Crystal Polyester,
Thermal Analysis,
Pressure~tinduced mesomorphism

11 ABSTRACT (Conuint o ever$# it necessary and identify by block fumoerf

Studies of a copolyester of 20% hydroxybenzoic acid, 40%
isophthalic acid and 40% hydroquinone, a mesomorphic polymer,
were carried out Under pressure. The phase behavior was
characterized by the x)' ay 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 polymers which might exhibit liquid
crystallinity. (P /'Ir 1*

20 DiSTRB8UTiONIAVAILABILiTY OF ABSTRACT 21 A8STRACT SECURITY CLASSIiCATION

FOUNCLASSiFI[DUNLIMiTED (A SAME AS APT 0 DTIC USERS Unclassified
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYMBOL

2 Dr. Kenneth . Wynne (202) 696 -4410 ONR
00FRL3,84 MAR 8] APR ed,tiol firjy be vied ut't ejia~jsted S.fCURITY CLASSIFiCATiON of THIS _%G~E___

0 FO M1 7Al ohe edt~ors ie obiolell Unclassif ied - - - __

N V* % .~.% % ~



PRESSURE-INDUCED PHASES IN A TIIER.1OTROPIC POLYESTER

B. S. Hsiao, M. T. Shaw and E. T. Samuiski

Liquid Crystal Polymer Research Center
Institute of Materials Science

The University of Connecticut
Storrs, Connecticut 06268

ABSTRACT

Studies of a copoly-ester of 20% hydroxybcnzoic acid, 40% isophthalic acid

and 40%/ hydroquinone, a mcsoniorphic polymer, wvere carr'.ed out under pres-

sure. The 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 phas- dii,_ram. The finding of

pressure-induced mesomorphism confirms the possibifity of extending the range

of poly mers which might exhibit liquid crystallinity.
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INTRODUCTION

Thcrmotropic liquid crystalline polymers (LCPs) are currently being inten-

sively investigated because their ordered fluid phases are precursors to high per-

formance polymeric solids ( fibers, films and injection-molded articles). In an

effort to broaden the range of materials that might exhibit liquid crystallinity,

we have examined the role of pressure on polymer melts. This work was moti-

vated by observations that low-molecular-weight liquids may be transformed into

mesophases at elevated pressures.' The subject of this study is a copolyester,

"HIQ-20",: whose composition lies just inside of the mesophase range. We find

that at elevated pressure, the pi. ,iously reported mesophase of HIQ-20 is

stablized as anticipated and morcoer, a second mesophase is induced at high

temperatures. Additionally, we observe that cooling the mesophase into the solid

state under moderate pressures (' 300 bar) yields a morphology that differs

dramatically from that found in the solid produced at an bient pressure. This

new pressure-induced crystal phase exhibits intrinsically superior mechanical

properties. This observation is particularly noteworthy because the pressure re-

quircd for forming the new solid phase is comparable to or less than pressures

employed in conventional -rocessing techniques.
-.

EXPERIMENTAL

Phase Characterization

Differential ,canning calorimetry (DSC) traces of H IQ-20 at ambient pres-

sures were measured by a Perkin-Elhrcr DSC NoJel 2 inmtrument. The hi-h Az
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pressure differential thermal analysis (DTA) thermogramns and thc pressure-

v'olumc-tcmpcraturc (P-V-T) relations w~ere obtained with a Instron capillary

rhcorncter modified to operate at a maximum tcemperature of 380'C and a miaxi-

mum pressure of 6000 bar (6 GPa). A detailed description of this apparatus has

been given previously. 3

Sample Preparation

The modified Instron capillary rhcomctcr was used to prepare HIQ-20 speci-

mens at various pressures. A Tenlon rod, with a small cylndricil central chain-

bcr, encased the polymer sample (about I g) in the rh ,omcecr barrel. The

temperature was raised above the clearing temperature of HIQ-20, whereupon

pressure was applied to the Tcflon-encascd sample. The tomperature was then

reduced into the mesophase and held for I hour. The sar-.e' was subsequently

cooled under pressure to room temperature at a rate of 3 IC min.

X-ray diffraction

The recovered pressure-annealed HIO-20 ,ecirros wo- -round intio a fine

powder and loaded into 0.5-mm glass capillaries for wide -cX-ray diffraction

examination. X-ray powder diagrams w~ere obtained with a D.bvc-Scherrer cam- -

era and by Ni-filtered Cu-Ka radiation. The 20-scans w~cderived from the

X-ray Films by an Optronics Model 9000 densitorieter. All 20 scans were nor-

malized by dividing by thc total intensity count on the filmn.

RESULTS AND DISCUSSION
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A rheological investigation and brief description of the synthesis of IlQ

copolycstcrs 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. wc confirmed by hot-

stage optical microscopy and DSC that HIQ-20 (20/o HBA) system exhibits a

mcsomorphic phase consisting of a melting transition (crystalline to

mesomorphic) temperature of 324 OC and a clearing transition (mesomorphic to

isotropic) temperature 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 derivcd from annealed fluid phascs changes with the applied pressure during

annealing. At atmospheric pressure, the normally obser\ed crystalline phase KI

is formed and K I is independent of the thermal history 5. When the pressure is

increased, K I is lost in favor of a new structure, a pressurc-induced crystal form j"

designated K2. The X-ray powder diagrams for the low pressure (K I) form and

the high pressure (K2) form are shown in Figure 2. The minimum pressure re-

quired to convert from KI to K2 is approximately 300 bar; the 20-scan is indc-

pendent of pressure between 300 bar and 2000 bar. At pressures betwen I bar

and 300 bar, the X-ray data indicates a mixture of K I and K2 crystal habits.

The DSC traces of K I and K2 samples are shown in Figure 3. The First heat-

ing curve of the K2 sample exhibits an additional cndohc-rnic transition peak.

This peak disappears un the second scan which resembles that of K I. Corre-

spondingly, the X-ray diffraction pattern of this heated K2 sample shows a KI

pattern indicating that K2? has been conxerted to K I. Thus K I and K2 appear

4
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to be equilibrium phases, although not necessarily with each other. To separate

the K I and K2 transitions, MiQ-20 was melted under pressure with a high pres-

sure DTA device 3. Indeed, the DTA thermogram at high pressure (Figure 4B)

exhibits multiple transitions, the lowest of which is probably to be associatcd with

a K I to K2 transition, although we have ro other more direct evidence for this.

The pressure-induced endothcrmic transition in the high temperature region in

Figure 3 is attributed to a new mesophase, M2, as distinguished from the original

mesophase, Nil. The pressure 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 temperatures on DTA thermograms under high pressure.

The solid lines have been chec'" with the Clapeyron equation I using P-V-T

data; the broken lines symbolize proposed phase boundaries.

It is suspected that in HIQ copolyesters, HBA rigidifies the polymer and con-

tributes to mesomorphism while IA HQ sequences are less ordered and promote

isotropic phases.' There is c\ idence that these two structurally different compo-

nents may drive micro-phase segregation, namely, an H BA-rich mesomorphic

region and a HBA-depleted isotropic region might occur in similar copohyester

systems.6 . If HBA-rich domains segregate out in H 10-20, one .i__ht cxrlect to See

an X-ray diffraction pattern characteristic of the HBA homopolymer. Howcver,

in the X-ray diffraction patternF of both the K I and the K2 forms, there is no

e\idence for diffraction characteristic of the crystalline II BA homopolymer."', 10

Thus neither KI nor K2 can be associated with micro-phase separation of a

HBA-rich component and conseq..iently it is reasonable to asumed that HIQ-20

is a random copolyester. This concluion agrees with Blackwell's findins on the

tIBA 2-h.dio\y-6-naphthoic acid (IINA) copolyester systcm: a random primary
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structure is propose. 'IX,3t Furthermore, all thermal tranctions observed in

HIQ-20 arc reversible, eliminating the possibility of substantial trans

esterification during sample preparation."".

We are not able to confirm with optical microscopy the nature of Ml, i.e.,

nematic or smectic. Smectic would imply long range latteral interactions among

chains that are confined to layers orthogonal to the chain axis. Our efforts to

quench M! at atmospheric pressure may support a more translationally ordered

mesophase: specimens quenched from M! in ice water (at :z IO0°Ci sec) always

yielded a K I crystal structure, implying that there is minimal reorganization of

chains on cooling Mi. This is consistant with our optical observation; M l is a

highly viscous mesophase. The shear viscosity (-n) in HIQ-20 (20% HBA) at M!

temperatures is approximately 10,000 poise (extrapolated from Kiss's report.' )

As for the identification of M2, high pressure analysis techniques such as

microscopy and X-ray will be necessary.

All of these observations suggest that at ambient pressures there may be spe-

cific latteral interactions between rclatively dilute segments in HIQ-20 chains in

the mesophase Ml and on cooling, these interactions persist and drive the solili

into crystal habit K I. Such specific interactions may be replaced by more general

ones at elevated pressure yielding a solid with the K2 habit.

CONCLUSION

The 'HIQ-20' thcrmotropic polyester is a rather complicated polymorphic

system. It has high transition temperatures and narrow mc-ophase ranges. The

6
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most striking attribute of this polyester is its pressure-induced mesophase at high

temperatures and the prcssurc-induccd crystal phase. These f.-dings indicate that

it may be possible to broaden readily the range of mesogcnic polymers: materials

ruled-out as candidates for liquid crystallinity at atmosphcr,: pressures may, in

fact, be driven into ordered phases at elevated pressures. Moreover, as elevated

pressures are routine during polymer processing, no additionxJ complications are

required for practical application of this finding. Finally, the evidence of a

pressure-induced crystalline phase, confirmed by the X-r.-.v, reveals that the

pressure dependent morphological changes in thermotropic copolyesters could be

very significant.

i

.1.

• .

7 'a,



ACKNOWLEDG EM ENT

The authors are grateful to Cclanesc Co., Summit NJ., for their donation of

the HIQ-20 specimens. Financial support for this research was partially through

Celanese Grant AGRMT-011885 and partially by DARPA,'ONR Contract

#NO014-86-K-0772.

14

i-

_ p;



FIGURE CAPTIONS

Figure 1. Room temperature x-ray scattering intensity vs. 20 of lIQ-20 sam-

ples subjected to different pressures and temperatures in the mesophase; all

samples were annealed for I hour at the respective conditions: A, P = 1 bar

(330 OC); B, P = 100 bar (333 OC); C, P = 200 bar (335 °C); D, P = 300 bar

(337 C).

Si,N

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

pressure crystal form (K I) and high pressure crystal form (K2).

Figure 3. DSC traces of HIQ-20 KI and K2 crystal forms, using a ;,-ating

rate of 10 °C/'min. A, K I (first run); B, K2 (first run); C, K2 (second run, af-

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

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

of 3cCrnin. A, K I and K2 mixture; B, K2 sample.

Figure 5. Proposed phase diagram for HIQ-20. Solid line, phase boundaries

checked by Clapeyron equation; dotted line, proposed phase boundaries; 1!,

low pressure crystal form; K2, high pressure crystal form: %1l, mcsophase 1:

N12, mesophase 2; 1, isotropic.
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