polymer

EL EVIE Polymer 41 (2000) 6213-6221

Synthesis and polymerization of trifluorovinylether-terminated
imide oligomers. |

Woon-Seop Choi, F.W. Harfis

Maurice Morton Institute and Department of Polymer Science, The University of Akron, Akron, OH 44325-3909, USA

Received 19 October 1999; received in revised form 19 November 1999; accepted 19 November 1999

Abstract

The objective of this research was the preparation of imide trimers, terminated with trifluorovinyl ether groups, that could be melt processed and
then polymerized to high molecular weight via the thermal dimerization of the trifluorovinyl ether moieties. The work was begun with the synthesis
of an aromatic amine end-capping agent containing trifluorovinyl ether functionality, i.e. 4-(trifluorovinyloxy)aniline (TFVA). Melt-préeessab
imide trimers were prepared from the end-capping agent andia[2-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride (BisA-DA) and 2,2
bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride (6FDA). The trimers underwent thermal cyclopolymerization to afford polyimides
containing perfluorocyclobutane (PFCB) rings. The DSC thermogram of the imide trimer prepared from TFVA and BisA-DA contained a
melting endotherm with a minimum of 183 and a polymerization exotherm with a maximum atZ20The thermogram of the trimer
prepared from TFVA and 6FDA had a melting endotherm with a minimum atC3®d a polymerization exotherm with a maximum at
24£C. The PFCB-containing polyimides obtained from the melt polymerizations had intrinsic viscosities of 0.63 and 0.31 dl/g, respectively.
The TFVA/BisA-DA polymer had arly of 186°C, while the Ty of the TFVA/6FDA polyimide was 20€. The coefficient of thermal
expansion of a thin film of the TFVA/BisA-DA polyimide was 87 10 %°C)"L. The film displayed a tensile strength of 88 MPa, a
modulus of 2113 MPa, and elongation at break of 6.5%. The water absorption of this polyimide was®.2890.Elsevier Science Ltd. All
rights reserved.
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1. Introduction merized [2]. This approach provides very processable
materials with low transition temperatures and good solu-
Aromatic polyimides (PIs) are known for their excep- bilities. The reactive end groups that have been used include
tional mechanical, thermal, and electrical properties. maleimides, nadimide, benzocyclobutenes, ethynyl, and
Because of this unusual combination of properties, they phenylethynyl groups [3,4].
are widely used in high temperature films, adhesives, and The incorporation of fluorine in polymers continues to be
molded parts [1]. Since many PlIs are insoluble in organic important in the development of advanced materials
solvents, they are solution processed in the form of their exhibiting high thermal and thermo-oxidative stability,
poly(amic acid) precursors, which are then converted in chemical resistance and superior electrical insulating ability
place to the polyimides. This is especially true in the case [5-7]. A relatively recent focus has involved the synthesis
of film and adhesive applications. Due to their high glass of partially fluorinated polyimides, where placement of
transition temperaturesT§s), thermoplastic Pls must be fluorine-containing segments or substituents within the
melt processed at elevated temperatures, where they oftemepeating unit has been used to enhance properties [8—12].
display limited melt flow. Although this has not precluded For example, dielectric constants have been decreased and
their use in molding operations, it has limited their utility in  thermal stability increased without sacrificing and
microelectronic and composite applications. One of the frequently improving processability [8,11,12].
most successful approaches to improving melt process- Recently, Babb and coworkers at the Dow Chemical
ability has involved the use of monomers and oligomers Corporation developed a new synthetic route to fluorine-
endcapped with reactive groups that are subsequently poly-containing polymers [13]. In this route, monomers and
oligomers are prepared that are terminated with trifluoro-
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rings. The dimerization provides a controllable, step-growth nance tH-NMR and *C-NMR) spectra were obtained
mode of polymerization without the production of by- with a Varian Gemini-200 spectrometer at 200 MHz with
products. Polyarylethers [13—17] and polysiloxanes [18— tetramethylsilane as the reference. Fluorine nuclear
21] containing PFCBs have been prepared by this route. magnetic resonancé’e-NMR) spectra were obtained with
The PFCB-containing polymers have low dielectric a Varian XL-400 spectrometer at 400 MHz witho,a-
constants, good thermal/oxidative stability, excellent trifluorotoluene as the reference. Intrinsic viscosities were
processability, and optical transparency. Thus, it was pos-determined on NMP solutions using a Cannon-Ubbelohde
tulated that PFCB-containing polyimides would also display No. 100 viscometer at 30+ 0.1°C. Melting points were
superior properties that would make them especially attrac- determined on a Mel-Temp melting point apparatus and
tive for microelectronic, optical and composite applications. were uncorrected. Elemental analysis were performed by
The objective of this research was the preparation of Galbraith Laboratories, Knoxville, TN. High-pressure
imide oligomers end-capped with trifluorovinyl ether liquid chromatogaphy (HPLC) analyses were performed
groups that could be melt processed and then thermallyon a Shimadzu Model SPD-6A equipped with a diode
dimerized to high molecular weight. The work was to array UV (254 mm) detector using a Micropak CH-18
begin with the synthesis of the end-capping agent, column (30x 4 mn?) with a 60/40 (vol/vol) acetonitrile/
4-(trifluorovinyloxy)aniline  (TFVA). Aromatic dian-  water mixture as the eluent. Gel permeation chromato-
hydrides were then to be treated with a greater than 2:1graphy (GPC) was carried out on a Waters 150-CV
excess of the end-capping agent to afford the correspondingequipped with a refractive index detector. Tetrahydrofuran
trimer. The oligomer molecular weight was to be minimized (THF) was used as the elution solvent. Differential scanning
in order to minimize the melt flow temperature and the melt calorimetery (DSC) data were obtained on a DuPont Model
viscosity. The dianhydrides 2;Bis[4-(3,4-dicarboxy- 2000 in nitrogen using a heating rate of ©min. Thermo-
phenoxy)phenyl]propane dianhydride (BisA-DA) and’2,2  gravimetric analysis (TGA) data were obtained in nitrogen
bis(3,4-dicarboxyphenyl)hexafluoropropane  dianhydride and air with a TA Hi-Res TGA 2950 thermogavimetric
(6FDA) were to be used because their flexible linkages analyzer using a heating rate of°@Imin. Coefficients of
were also expected to contribute to a minimum flow thermal expansion (CTES) were determined with thermal
temperature. A low flow temperature was sought to provide mechanical analysis (TMA) using a TA TMA 2940 thermo-
a melt “processing window” prior to the onset of the thermal mechanical analyzer with a tension mode. Mechanical prop-
dimerization of the trifluorovinyl ether groups. The trimers erties were determined on a Model 1130 Insfta@i room
were to be thermally cyclopolymerized to afford PFCB- temperature.
containing PIs, which were to be thoroughly characterized.

2.3. Preparation of end-capping agent
2. Experimental P pping ag
2.3.1. 4-(2-Bromotetrafluoroethoxy)acetamidobenzépe (
To a 500-ml, three-necked flask equipped with a mechan-
ical stirrer, a nitrogen inlet, a condenser, and a Dean-Stark

chloric acid, washed with water and acetone, and dried atazeotropic distillation assembly were added 4-acetamido-

100°C under reduced pressure for 2MrMethyl-2-pyrroli- phenol (75.6 g, 0.50 mpl), potassium hydroxide (28.1g,
dinone (NMP) and acetonitrile (Aldrich) were distilled 0.50 mol), 300 ml _Of dimethyl sulfomde,_ and_ 100 ml of
under reduced pressure after drying with phosphorous pem_m-xyl_ene. The ‘mixture was purged with nitrogen for
oxide (BOs) and magnesium sulfate (MggQrespectively. 30 min, and then heated to m“T‘er the rgduced pres-
2,2-Bis(3,4-dicarboxyphenyl)hexafluoropropane ~ dianhy- SU'® (ca. 200 mm Hg) for 48 h, during Wh'f:h time water was
dride (6FDA) (Hoechst Celanease Corp.) was dried at removed by dIS.'[I||atI0n. The dry salt solution was cooled to
150°C under reduced pressure and sublimated prior to use, 30°C and 1,2-dibromotetrafluoroethane (129.9 g, 0.55 mol)
2 2-Bis[4-(3,4-dicarboxyphenoxy)phenylpropane dianhy- WaS added dropwise over 1.5 h with constant cooling with
dride (BisA-DA) (General Electric Co.) was recrystallized an water path such that the temperature did not excewl 30
from acetic anhydride and dried at P&Dunder reduced The solution was stirred for 12 h at room temperature and

pressure. Isoquinoline (Aldrich) was distilled under reduced then heated for 10h at 35. The reaction mixture was

pressure prior to use. All of the other reagents and solventspou_red into 11 of wat'er. The product was coIIect'ed by f'l'_
were used as received. tration and washed with water. The product was dissolved in

methylene chloride and decolorized with charcoal. The

2.2. Instrumentation solvent was removed on a rotary evaporator. The light-

brown residue was collected by filtration and recrystallized

Infrared (IR) spectra were obtained with a Mattson from a mixture of hexane and ethanol to obtain 82.5 g (50%)
Galary Series FTIR 5000 spectrophotometer using neat orof white crystals: m.p. 99-10C; IR (KBr) 3100-3400
film samples. Proton and carbon nuclear magnetic reso-(—NH), 3000—3100 (Ar), and 1700 cr{(C=0); H-NMR

2.1. Reagents and solvents

Zinc (granular, Aldrich) was activated with 0.1 M hydro-
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(CDCl) & 7.2-7.8 (2d, 4H, Ar—H), 10.1 (s, 1H, NH), and (CDCl) d 139.0-151.2 (ddd GFCF,), and 129.4—

2.1 ppm (s, 3H, ChH 136.3 ppm (ddACF=CF,).
Anal. Calcd for GHgFNO: C, 50.80%; H, 3.20%.
2.3.2. 4-(Trifluorovinyloxy)acetamidobenze@g ( Found: C, 50.80%; H, 3.29%.

4-(2-Bromotetrafluoroethoxy)acetamidobenzene (30.3 g,
0.092 mol) was slowly added to the solution of activated 2.4. General procedure for the preparation of imide trimers
zinc (6.6 g, 0.10 mol) and 300 ml of acetonitrile in a 500- ) ) _ _
ml three-necked flask equipped with a reflux condenser, a 1he dianhydride (1 mmol) was added to a stirred solution
nitrogen inlet, a thermometer, a mechanical stirrer, and an©f the trifluorovinyl ether end-capping agent (2.2 mmol) in
addition dropping funnel at 8. After the mixture was ~ NMP (solids content 15 wt%) in a three-necked resin kettle
heated at reflux for 12 h, the salt was removed by filtration, €quipped with a mechanical stirrer and a nitrogen inlet at
and the filtrate was extracted several times with 200 m| of F00m temperature. After the solution was stirred under
hexane. The extract was evaporated to dryness on a rotaryitrogen at room temperature for 12 h, pyridine (3 mmol)
evaporator. The residue was recrystallized from a mixture of @nd acetic anhydride (3 mmol) were added. The resulting
hexane and ethanol to obtain 12.76 g (60%) of white Solution was stlrrgq over.nlght. at room temperature. The
crystals. The crystals were chromatographed on a basicp_rOdL_‘Ct was preC|p|_tated in stirred meth_anol, collected by
alumina column using hexane and ethyl acetate as the eluenfiltration, washed with methanol, and dried under reduced
to obtain pure white powder: mp 72-T3 IR (KBr) 1833  Pressure at 9€ for 6 h.

(~CF=CF,), 3100-3400 (-NH), and 1700 cf{C=0):; _ -
IH-NMR (CDCL) & 6.9-7.5 (2d, 4H, Ar—H), 8.0 (s, 1H, 2.5. General procedure for the preparation of polyimides
NH), and 2.1 ppm (s, 3H, Ci}t *F-NMR (CDCk) 6 —119
(1F, dd,cissCF=CF,), —126.5 (1F, ddtrans CF=CF,), and
—136.3 ppm (1F, dd, —~GFCF,).

The trimer (2.0 g) was melted in a disk-shaped glass mold
25 mm in diameter and 20 mm deep under reduced pressure.
After complete melting, the mold was heated at I3for
2 h to remove any volatiles. The mold was back-filled with
nitrogen and heated to 220 for 12 h. The polymer was
obtained as a light yellow solid.

2.3.3. 4-(Trifluorovinyloxy)aniline (TFVA)
4-(Trifluorovinyloxy)acetamidobenzene (12.76 g, 0.055

mol) was added to a 10% aqueous hydrochloric acid

solution, and the solution was stirred and heated at reflux

for 2 h. The reaction mixture was allowed to cool to room 3. Results and discussion

temperature and neutralized to pH 7 with a 10% aqueous

sodium hydroxide solution. The solution was extracted 3.1. Synthesis of the end-capping agent

several times with 50 ml of methylene chloride. The 4-(trifluorovinyloxy)aniline 8)

combined extracts were washed twice with water, and the

solvent was removed on a rotary evaporator to yield 10.98 g The end-capping agent containing a trifluorovinyl ether

(95%) of a very light yellow liquid, which was chloromato- moiety () was prepared by the route shown in Scheme 1.

graphed on a basic alumina column with a mixture of This route began with the conversion of 4-acetamidophenol

hexane and ethyl acetate as the eluent to give 5.20 gto the phenoxide salt, which was dried, in situ, by azeotropic

(45%) of a clear liquid: bp 80—-8&/1.0 mmHg; IR (neat)  distillation. The salt was then treated with 1,2-dibromo-

1834 (-CFCF,), 3100 and 1508 (Ar), and 3300- tetrafluoroethane (DBTE) in DMSO at 35 to form 1.

3500 cm* (NH,); H-NMR (CDCly) & 3.6-3.7 (s, 2H, The reaction ofl with activated zinc granules in acetonitrile

NH,), and 6.6-7.0 ppm (2d, 4H, Ar—H):*F-NMR afforded compound2. The amine was deprotected with

(CDCly) 6 —121.9 (1F, ddgis-CF=CF;,), —128.9 (1F, dd, aqueous hydrochloric acid to afford TFVA)( which was

trans CF=CF), and —135.0 ppm(2d, —~CFCF,); *C-NMR purified by column chromatography on basic alumina using
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a mixture of hexane and ethyl acetate as the eluent. The strucacetic anhydride. The end-capped trimers were then isolated
ture of compound3 was ascertained by FTIRH-NMR, by precipitation in methanol or water. The structures of the
¥C-NMR, and'*FNMR. The presence of the trifluorovinyl  trimers were ascertained by FTIBJ-NMR, and**F-NMR.
functional group (—CECF,) was substantiated by the absorp- The FTIR spectra of the trimers contained absorptions at
tion peak at 1833 cit in the IR spectrum. It was also 1777, 1724, and 1361 cm, characteristic of aromatic
confirmed by the two doublets in three different regions imide compounds [1]. The spectroscopic analysis clearly
(—121.9,—128.9, —134.0 ppm) in the"’F-NMR spectrum showed that no amic acid moieties were present in the
[13]. products. The presence of the trifluorovinylether function-
The purification of3 was difficult because it was hard to  ality was confirmed by FTIR antiF-NMR. The FTIR spec-
remove the major by-product 4-(1,1,2,2-tetrafluoroethoxy)- tra contained an absorption at 1834 ¢incharacteristic of
acetamidobenzene that was formed in the first two steps ofthe trifluorovinylether group [13]. Thé®F-NMR spectra
the synthetic sequence. Proposed mechanisms for thecontained two doublets in three different regionsl@1.9,
formation of this by-product are shown in Scheme 2 [22]. —128.9,—143.0 ppm) [13].
The alkylfluorination is thought to follow an ionic chain
mechanism. The phenoxide ion is slow to attack DBTE in 3.3. Thermal properties of the imide trimers
the first step, but it reacts quickly with tetrafluoroethylene in

the propagation step. The by-product is formed in the ter- 1n€ imide trimers were subjected to DSC analysis in
mination step. Thus, DBTE is both a brominating agent and order to determine the difference between the trimer melting

a tetrafluorovinyl ether precursor. In the second step point and the temperature at which thermal dimerization of
2-bromotetrafluoroethyl ether is treated with zinc to produce the terminal trifluorovinyl groups began. This difference,
the trifluorovinyl ether functionality. The elimination reac- Which is commonly referred to as the “processing window”,
tion involves the abstraction of bromide followed by the loss 'S @ indication of the ease with which a reactive oligomer

of a fluoride ion. The conjugate base can also be attacked byc@" P& melt processed. The DSC thermogram of the imide
a proton to form the by-product [15]. Thus, it is critical that _fimer (4) prepared from BisA-DA and TFVA contained a

the salt solution be absolutely dry. Treatment of the by- Melting endotherm with a minimum at 1¥3and a thermal
product with strong base or heating to high temperature POlymerization exotherm that began near T7Qwith a
does not eliminate hydrogen fluoride to form the tri- maximum at 242C (Fig. 1). Thus, the processing window
fluoroolefin, as elimination of phenol seems to be preferred Was only about 1C. The exothermic enthalpy of the reac-
under these conditions [23]. The separation of the by- tion was about 35 kcal/mol. The analogous trimer prepared
product from the fluoroolefin is particularly troublesome from 6FDA (5) melted lower near 13€ and then under-
because of the similarity of the two-fluorocarbon structures. Went an exothermic reaction starting near I7gTable 1).
The end-capping agent could not be used in the preparationHence*_ the processing window was considerably larger, i.e.
of the trimers without removing the by-product, because the 2PProximately 38C. The enthalpy of the exotherm was
impurity would function as a chain-terminating agent that 3> kcal/mol, identical to that provided By
would limit the molecular weight during the subsequent
step-growth cyclopolymerization. The only effective
method for removing the by-product was column chromato- g jmide trimers were thermally polymerized as shown
graphy on basic alumina using a mixture of hexane and j, scheme 4. Thus, the trimer was placed in a mold and
?i::(}-:‘ll ;:;iﬁteeoszr;“i/igllgi?;ugxasgzﬁjigsrot;%kataeI)I/0ng heated to the melting temperature under reduced pressure.
10%' The by-product could easily be detected with After heating at 18(_)3 fo_r 2 h to remove any volatiles, the
o Y i mold was flushed with nitrogen and heated at"22for 12 h
H-NMR because of the characteristic three tripletsbat 1, complete chain extension. The structures of the polyimide
5.5-6.3 ppm. The purity of the end-capping agent was oqycts 6 and7) were confirmed by FTIR andF-NMR
confirmed by HPLC (acetonitrile/water: 6/4, UV detector, navses. The formation of the PFCB rings was ascertained
A =254 nm. by the appearance of the strong FTIR band at 961'ctn

the ®F-NMR spectra, the trifluorovinyl absorption bands
3.2. Preparation of imide trimers completely disappeared and several new major fluorine

. . . L ) peaks appeared that could be attributedci® and trans
Trifluorovinyl ether-terminated imide trimers were substituted PFCB rings [13].

prepared by a two-step method as shown in Scheme 3

The end-capping agent containing the trifluorovinyl ether 35 polyimide properties

group was treated with two aromatic dianhydrides, i.e.

BisA-DA and 6FDA, in NMP at room temperature to The BisA-DA-based polyimidé displayed limited solu-
yield the corresponding amic acid precursors. These amicbility, while the 6FDA-based7 was soluble in several
acids were converted to the trifluorovinyl ether-terminated common organic solvents (Table 2). The intrinsic viscosities
imide trimers by chemical imidization with pyridine and of the polymers in NMP at 30 = 0.1°C were 0.63 and

3.4. Polymerization of the imide trimers
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1. Ether formation
Initiation : ArO- + BrCF2CFBr ——» ArOBr + -CF2CF2Br

Propagation : - CF2CF2Br —> CF2=CF2 + Br-
ArO- + CF2=CF2 —> ArOCF2CFy-

ArOCF2CF2- + BrCFaCFBr —> ArOCF2CF2Br + -CF2CF2Br

Termination : ArOCF2CF2- + 'H' golvent ——> ArOCF2CF2H

2. Elimination
ArO CF2CF2Br + Zn — . ArOCF2CF2- + ZnBr+ '_F'. ArOCF=CF2 + ZnBrF

l 'H' solvent
Ar O CF2CF2H

Scheme 2.

0.31dl/g, respectively (Table 3). The number-average speculated thatthese values are high. The thermal cyclodimer-
molecular weightMn) and weight average molecular weight  ization of 4,4-bis(trifluorovinyloxy)biphenyl previously gave
(Mw) of 6 were determined to be 76,000 and 224,000, respec-a polyarylether with aiiMw) of 112,400 [16].

tively, using GPC with polystyrene standards. However, itis  The Tgs of 6 and 7, which were determined with DSC,

o
2 HZN—<<:>>—OCF=CF2 +
Ac,0
CF, = CFO NH—C C—OH EECN
pyridine

OCF = CF,

0
J
o N—@—OCF = CF,
Ar
i )
|
0

o
~O-LO-~
CH,

CF, = CFO

4
TFs
5 Ar= —C—
|
CF;

Scheme 3.
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Fig. 1. DSC thermogram of TFVA-endcapped imide trirBer

were 186 and 20€, respectively (Table 3). The polymers tensile stress to release any internal stress that may have
displayed good thermo-oxidative and thermal stabilities. developed during film preparation and to provide a uniform
The BisA-DA-based6 underwent 5% weight losses at thermal history. The films were then subjected to various
553C in air and 563C in nitrogen when subjected to stresses (1-6 MPa) and heated at a rate 8/0in. TheT,
TGA. The 6FDA-based” was slightly less stable under- at each stress level was taken as the temperature at which a
going 5% weight losses at 585 in air and 519C in nitro- dramatic change in slope of the plot of film dimension
gen. The intrinsic viscosity measurements suggested thatversus temperature occurred. The in-plaieof the film
this polymer had lower molecular weight, which may showed a linear dependence upon the applied tensile stress.
have contributed to the reduced stability. Increasing the tensile stress resulted in a lowWgr This

Polymer6 was cast from NMP solutions into tough, flex- phenomenon has been attributed to increased free volume
ible light brown films. The in-plan&gs and CTEs of the thin  associated with stress [8]. A linear extrapolation of e
films were determined with TMA utilizing a tension mode. values to zero stregs = 0) gave &l of 194°C (Fig. 2). This
Before the measurements were performed, each film wasvalue is in good agreement with tfigof 186°C determined
heated to slightly above the polymdg under 0.1 MPa by DSC analysis of a powder sample.

The CTE of the films was taken as the mean of the dimen-

Table 1 sional change between %D and 150C at each applied
Thermal properties of imide trimers endcapped with TFVA stress. As the applied stress was increased, the CTE
Trimer  Tpn?(°C)  Tonset (°C)  Tmac (°C)  — AHy” (kcal/mol) Table 2
4 153 170 245 35 Solubilities of polyimides contain.irjgl PFCB (solubility: =" denotes less
5 136 175 244 35 _than 2-3 g/l dissolved in solvent;+ " is for more than 2—3 g/l dissolved

in solvent)

& Minimum in melting endotherm on DSC thermogram obtained with a
heating rate of 1T/min. Pls Acetone THF DMF DMAc NMP CHGI

® Onset of polymerization exotherm on DSC thermogram.

¢ Maximum of polymerization exotherm.

4 Determined from area under exothermic peak.

6 - - - - + -
7 + + + + + +
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Scheme 4.

increased linearly in the stress range of 1—-6 MPa. An extra- poly(aryl ethers) (0.04%). This is probably due to the
polation of the CTE values to zero stress gave a CTE of more polar imide linkages. The water absorption displayed
57.1x10°%cC)"! (Fig. 2). Other fluorinated polyimides by 6 is lower than that displayed by most fluorinated poly-
have been shown to display CTEs between 6 andxXl33 imides (0.1-3.8%) [9].
10°%cc) 1 [8,9].

Dynamical mechanical analysis (DMA) of thin films 6f 4. Summary and conclusions
was carried out at a frequency of 1 Hz. The behavior of the
loss modulus&') and the loss factor (tad) suggested that The amine end-capping agent TFVA was synthesized

only one relaxation process was prevalent. The only relax- from 4-acetamidophenol and DBTE. Imide trimers were
ation (attributed toTy) occurred at 194, which is an

excellent agreement with the TMA results. There was no Table 3
B relaxation observed even when the frequency was variedPolyimide properties

from0.01t0 10Hz. _ . Polyimide mltdig) TS (C) TGA® (°C)

The thin film mechanical properties and water absorption
of 6 were determined by ASTM methods as shown in Table Air N2
4. The films exhibited a tensile strength of 88 MPa, a modu- 0.63 186 553 563
lus of 2110 MPa, and an elongation at break of 5.9%. ThUS, 7 0.31 206 505 519

this polyimide displayed better mechanical properties than
Fhose (ifl_lll(n?al;jpFCtIB-(t:Oﬂtalnlrlgt poly(laryl leth.eI;S) [1::’] Thl.s ® Mid point in the change in slope on the DSC thermogram obtained with
IS MOS .I gy ue to stronger intermolecular |n. eractions In a heating rate of T&/min.

the polyimide. However, the Pl water absorptions (0.08%) ¢ Temperature at which samples lost 5% of their weight when subjected
were slightly higher than those of the PFCB-containing to TGA with a heating rate of 2C/min.

2 Determined in NMP at 30 =+ 0.1°C.

Table 4

Thin film properties of polyimideé

Tensile strength(MPa) Modulu$ (MPa) Elongation At Break(%) Water absorptich(%, 24 h)
88 2113 59 0.08

2 Determined by ASTM D 882-91.
® Determined by ASTM D 570-81.
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Fig. 2. Dependence df; and CTE on applied stress for PFCB-containing polyintde

prepared from the end-capping agent and BisA-DA and
6FDA. The trimer based on BisA-DA melted near 163
and underwent thermal polymerization starting nearrC70
The trimer based on 6FDA melted near 136nd under-
went thermal polymerization starting near 1€5The 39
processing window displayed by this trimer should allow it

to be melt processed prior to chain extension. The PFCB-

containing polyimides obtained had intrinsic viscosities of
0.63 and 0.31 dl/g an@i,s of 186 and 20%, respectively. A
thin film of the BisA-DA based polyimide displayed an in-
plane CTE of 571X 10°%°C)™, a tensile strength of

88 MPa, a modulus of 2110 MPa, an elongation at break

of 5.9%, and a water absorption of 0.08%. Thus, the

material appears to be suitable for high-performance

composite and microelectronic applications.
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