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Abstract

　In recent years, TriA-PI, ａ new phenylethynyl terminated addition-type a-BPDA/4, 4'-0DA with

PEPA imide oligomer, has been exploited as a high-performance materials with higher Tg， good

mechanical properties and lower melt viscosity. But a-BPDA is very ｅχpensive, limiting their

application. In this paper, new kinds of all-aromatic phenylethynyl-terminated imide oligomers were

prepared by the reaction of 3,3',4,4'ーbiphenylenetetracarboxylic dianhydride(s-BPDA)and isomeric

2,2',3,3'-biphenylenetetracarboxylic dianhydride (i-ＢＰＤＡ)ｗith4,4'-ODA and PEPA. The molar ration

ofi-BPDA and s-BPDA was 50/50 and designed the molecular weights of imide oligomers were about

1000, 2000, 3000, 5000g/mol (n＝l, 3, 5, 9). The Olig-5(n＝5)showed good tensile properties with

strength at break of 112MPa, modulus of 2.2GPa and 17.0% elongation. It also had excellent thermal

stability,the temperature of 5% weight loss was 558°Ｃin N2，the Tg of the cured polymer was 339 °C,

and the oligomer possessed low melt viscosity above 300 °C.Most of properties i.e.the mechanical

properties, the thermal stabilityproperties and the melt viscosity, were almost comparable with TriA-PI

having molecular weight of 2500g/mol. The thermal curing process of the oligomers was also

investigated by differential scanning calorimetry(DSC)by monitoring the change of Tg and the

exothermic peak. Melt viscosity, thermal and tensile properties of oligomers with different molecular

weight were also investigated.
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1｡Introduction

　Aromatic polyimides are well known as polymers with outstanding mechanical properties and high

temperature capabilities. They can be utilized forａ wide range of applications: such as matrices for

high-performance advanced composite materials, high temperature insulators for aircraftwire coatings.

and membranes for gas separation. However, most of them are difficult to process, because of their

insolubility in organic solvents as well as high glass transition and melt temperature. Therefore,

considerable efforts have been devoted to the synthesis of tractable polyimides that maintain ｅχcellent

combinations of properties [1-5]｡

　In recent years, more and more attention has been focused on the study of imide oligomers with

phenylethynyl terminated groups, because they demonstrated many advantages in both favorable

processability and good material properties, and could provide high-performance composites with broad

potential applications. [6-9]. For ｅχample, PETI-5 prepared from 3, 3',4, 4'ーbiphenylenetetracarboxylic

dianhydride(s-BPDA)and two diamines have been evaluated as adhesive and composite matriχΓesin.
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The cured resin has excellent mechanical properties ，good processability and thermo-oχidative stability,

but it has relativelylower Tg of sample at 270°C[10-11]｡

　Recently, TriA-PI, ａnew phenylethynyl terminated addition-type ａ a-BPDA/4,4' -ODA with PEPA

imide oligomer, has been exploited as a high-performance materials with higher Tg，good mechanical

properties and lower melt viscosity. But a-BPDA is very expensive, limiting their application [12-13]｡

　In thispaper. two dianhydrides(i-BPDA and s-ＢＰＤＡ)and4,4'-ODA with PEPA imide oligomers were

synthesized. And the series of imide oligomer had higher Tg, good mechanical properties, and low melt

viscosity. The properties of the cured oligomers were compared with TriA-PI having the molecular

weight of 2500g/mol. Oligomers with different molecular weight were prepared to study the

relationship between their structure and property･

2. Experimental

2.1. Materials

　2,2',3,3'-biphenylenetetracarboxylic dianhydride (i-BPDA)was synthesized according to the

literature, ｍ･p.272°C. 3,3',4,4'- biphenylenetetracarboxylic dianhydride (s-ＢＰＤＡ)frｏｍ Chriskev

Company Inc, ｍ･p.305-308°C; 4-phenylethynylphthalicanhydride (PEPA)from MANAC Corp･,Japan,

ｍ･p.l52°C; N,N-Dimethylacetamide(DMAc)was distilledunder reduced pressure before|use.

2｡2. Measurements

　Differential scanning calorimetry (DSC)was perfonned on ａ TA Instruments DSC QlOO thermal

analyzer atａheating rate of20 °C/min under ａnitrogen atmosphere, Each oligomer was scanned twice;

Dynamic mechanical analysis (DMA) was performed on ａTA instrument DMA Q800 atａheating rate

of 5°C/min and at a load frequency of 1 Hz in an nitrogen atmosphere; Thermogravimetric analysis

(ＴＧＡ)ｗａsperformed using TA Instruments Pyris Diamond TG/DTA thermogravimetric analyzer atａ

heating rate of 5 °Ｃ/min inａnitrogen and air atmosphere; Melt viscosity measurements were performed

on ａ Physica MCR300 dynamic rheometer at ａ ramp rate of 4°C/min in ａ nitrogen flow; Tensile

properties such as the tensile modulus, tensile strength and elongation of the films at break were

measured as the average using specimens on ａ Shimadzu AE-1 tensileapparatus, Sample average size:

3.00iiraix40.00mmx0.04mm. strainrate: 8nmi/min.

2．3．Polyimide synthesis

2.3.1. The synthesis of PEPA end-capped oligomers

　Scheme ｌ represents the experimental procedure used to prepare the oligomers and their cured

polymers, The molar ration of i-BPDA and s-BPDA is 50/50 and designed the molecular weights of

imide oligomers were about 1000, 2000,3000,5000g/mol(n＝l,3,5,9). For convenience, in thispaper, all

the samples are denominated in shortened forms. For ｅχample,“Olig-1" means the sample with an

oligomer degree of 1｡

　The amide acid oligomer was prepared by the slow addition of ａcalculated stoichiometric offset of

i-BPDA scurried with an electron stirredmiχture of the 4,4'-ODA and DMAc at room temperature for 4

h. Then slowly introduce s-BPDA (ns.BPDA＝ni.BPDA)，Stirredfor an additional 4 h. After then PEPA was
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added, the reaction solution was stirredfor 3 h and remained 30% (m/v)concentration[14].

　The solution of amide acid oligomer in DMAc was cast on ａ glass plate, and dried in an air oven at

80°C and 150°C for l h each, and then the material was imidized at 200°Ｃfor lh and 250°C for lh in a

vacuum oven, and finally ground to obtain yellow imide oligomer powder.

2｡3.2. Films

　The imide oligomers obtained were molded by using 6 cmｘ６ｃｍχ0.05cm polyimide film frame on ａ

20 cmx20 cm stainlesssteel plate with ＵＰＩＬＥχ-Sseparator films under 1.5 MPa by heating initiallyto

Ｔｇ＋600C for 20 min and subsequently to 370°C for lh. The dark red film-like specimens of６cmχ6 cm

ｘ0.05 cm thick were obtained.

3. Results and discussion

3.1. Synthesis oligomer and cured oligomer

　The imide oligomers with different molecular weight were prepared as shown in scheme 1. The amide

acid oligomers were made by reaction of calculated stoichiometeric ratios of s-BPDA; i-BPDA and

4,4'-ODA with PEPA in DMAc and subsequently cyclodehydrated by thermal imidization at 250°C to

obtain ａ series of phenylethynyl -terminated imide oligomers.

　The cured imide oligomers were obtained by compressive molding at 370°C for lh. The thermal

curing process of the oligomers was also investigated by DSC by monitoring the change ofTg and

exothermic peak. As shown in figure 1,ｅχothermic enthalpy (△H)decreased, and Tg increased with

cure time. When the cure time is 40 min, ｅχothermic enthalpy vanished.
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3。2. Properties of imide oligomers with different molecular weight

3.2.1.Thermal properties of imide oligomers

　The thermal propertiesof uncured imide oligomers and theirCUI･edoligomer films with different

molecular weight are shown in table1.

　The Tg values of imide oligomers with different molecular weight were measured by DSC. Figure 2

shows the firstheating run ofDSC thermp-grams up to 450°C for uncured imide oligomers. The initial

Tg values increased with the increase of molecular weight, and the ｅχothermic (Tex。)also shifted to

higher temperature, but the enthalpy of the exothermic peak decreased gradually｡

　Figure 3 shows the DSC curves of cured imide oligomers (the second scan), a higher Tg was observed

in the second heating run asａresult of phenylethynyl crosslinking in the course of the firstheating run.

And the Tg values decreased with the increase of molecular weight, because of lower crosslink density.

For example, the cured Olig-1 has a Tg of375°C, whereas the cured Olig-9 has ａTg of only 337°c.
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　Figure 2. DSC curves of uncured imide oligomer　　　Figure 3. DSC curves|ofcured imide oligomer

　The DMA curves of the oligomer films with different molecular weight were shown in Figure 4. The

data is listed in Table ｌ and consistent with the Tg values measured by DSC.

　All of the cured oligomer films with different molecular weight showed ｅχcellentthermal stability.

The temperatures of 5% weight loss. listedin table 1, are above 540 °Cin N, and 530"C in air.

3｡2.2. Rheological behavior

　The dynamic rheological properties of the imide oligomers are displayed in Figure 6. Olig-l,Olig-3,Olig-5,

Olig-9 exhibited minimum melt viscosity as low as 0.44 Pa.s (334°C), 20 Pa.s (353 °C),108 Pa.s (364°C)and

1420 Pa.s (375 °C),respectively. Obviously, decreasing the molecular weight of the oligomer led toａ sharp

decrease of the temperature at the minimum melt viscosity and ａwider processing window. Compared with

TriA-PI(1000 Pa. s(320°C)),the oligomers exhibited ａlower dynamic melt viscosity above 300 °Cand ａ

broader rang of temperature.
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3｡2.3.Tensile properties

　The room temperature tensileproperties of cured oligomer films were presented in table 2. The cured imide

oligomer films with lower molecular weight were easy to break due to higher crosslink density. In comparing

theirtensile properties. The Olig-5 showed the best tensile properties with strength at break of l 12MPa,

modulus of2.2GPa and ｌﾌ% elongation.

3。3. Comparison with TriA-PI

　According to the literature[13, 15], the properties of TriA-PI are given in table 3.

　In comparing the properties of cured oligomer films with different molecular weight, the Olig-5 having ａ

calculated molecular weight of about 3000 g/mol approximately ｅχhibitedthe best combination of properties

as listed in table 3.Most of properties,i.e.the mechanical properties, the thermal stabilityproperties and the

melt viscosity, were almost comparable with TriA-PI with molecular weight of 2500g/mol.

4. Conclusions

　Ａ seriesof phenylethnyl-terminatedimide oligomers consistingof s-BPDA ,i-BPDA and 4, 4'-0DA have
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been prepared by thermal imidization. The uncured oligomers with lower molecular weights ｅχhibitlower

initialTg, yet lower minimum melt viscosities atlow temperature, and their corresponding cured oligomers

have higher Tg. All the oligomers can be compressed into films, and the films exhibit excellent thermal

stabilityand good mechanical properties. The film ofOlig-1 has higher Tg but poor tensileproperties due to

higher crosslink densities. Among them, Olig-5 offers the best combination of properties, and most of

properties are almost comparable with TriA-PI.
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