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Abslract

　　A series of new polybismaleixnide oligomeis with different molecular weight

iiave been synthesized ４ Diels-Alder(D A) reaction of 4,4'-(bisnialeiimdodiphenyl)

methane and bis(2-fuiylmethoxy)diphenyl silane at first,then aromatization of

above conesponding DA products. The prepared oligomers were characterized by

FDR, ^HNMR .and the aromatization conditiom were determined by FTIR and

DSC. Ｔｈｃsolubility of the aromatized oligomci^ was tested. The relationship

between aromatization time of Ihe oligomers and the thermal stabilityof their cured

resins was investigated。and the influences ofthe oKgomer molecular weight on the

thermal stabilityas well as the toughness ｏｆcured resins were also elucidated,

respectively. The resultsindicatedヽthatintroducing siliconeinto polybismaleimides

can improヽ/e the toughness of their cured resins, and the toughness is subjected to

the vaiiaiion of oligomer molecuiar wei^t Also the results revealed that both

aromatization degree and molecular wdgjit have influence on Hie thermal stability

of cured resins.
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INTRODUCTION

　　Many eflbrts[l～3] have ｂｅｅｎspent on modifying bismaleimides by introducing

siliconelinkages into the backbone in order to improve their toughness. Ａ wen available

way[4ヽ 5] of extending bii^nalemudes by siHcone monomer, i.e･,diphenylsilandiol，has

been investigated in ＆taiL Recently, it has been reported[6～7] that poly(siloxane-

imide)s with unique properties could be prepared by Diels･Aider intermolecular

polymerization of bismaleimides and bkfurans. Such polymers possess either the

outstanding dermal stabilityassigned to the forming of imide ring after aromatization, or

the enhanced processability attributed to the introduction of silicone linkages in the

polymer backbone and Ihe fonnation Off misyirnnetiical structure illsuch potyiiMi＆s･

Hence it should be万valuable/tosynthesize pofybismaleiimde oligomers/by thismethod for

improving theirprocessability and the toughness of their cured resins, moreover without

saciificjng the thermal stability.Because the molecular wei^t of pofybismaleimide

oligomers may have influence on the I≫'operdes of their cured resins, it merits

synlhesLdng suuh uligumcrs with dilTerenl moleoular weight and investigating (he

influence of molecular weight on Die properties of thdr cured resins, especially on the

toughness of them. Furthermore, the aromatization degree of such oligomers may also

have influence on the pFoporties of cured resins. This paper described the investigation

of synthesis of different molecular wcidit polybisinalcimidc oligomcrs bearing diphcnyl

silanelinkages and the properties of their cured resins.
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RESULTS AND DISCUSSION

Synthesis and Characterization of Polybismaleimide OUgomers

　　Polyhisnnjdemiide o≒umers were prq>ared ４ Diels･AWer inlainolecular ieactiun

of bismaleimide and tasfiiran at ａ moderate conditions, namely 72°Ｃ and nonnal

pressure. Neither of lhe reactants could undergo self-pofymedzation under such

conditions. Prepared o%omers were then aromatized in acetic anhydride for 4h to

eliminate HOi, poi^bisiiiahdirade oIigoinens(l)･(6)weie tl心i piqjaiTed Scheme l is the

synthesis procedure.

　　Pofybismaleimide o%omere(l)-(6)were characteiized by ＦＴＩＲand 'HNMR. Fig.l

represents the typical one of IR spectra of them. Fig.2 is the corresponding ^HNMR

spectra. As considered ihe m spectra, it was fouad that all the digomers showed

absurbance al 1770,niO,720cm'^ assigned lu imide siructure and absorbance　al

lOOOcm^ due to Si-O-C stretching. It was also observed that alt oligomcrs exhibited

abscsrption around 1660cm"' attributedto olefinicbond in maleimide ring and absorption

around 1123cm'^ derived from Si-Ph stretching. Compaiision万〇f the IR spectra before

and after aromatization revealed that absorption intensity of 1600c㎡^ ai^igncd to oUfinic

bond decreased afteraromatization， while the absorption band around 1283cm' due to

c-o-c stretching disappeared, iliis demonstrates that ttie aromatization reaction has

been completed. The ^HNMR spectra of the corresponding oli'gomens were in

accordance witi)&eir molecular structure, and the assignment'of e＼'er>'absorption was

marked in Fig.2. It could be observed that the absorption at the chemical shifts around

5.0～5.2ppm and 3.4~3.8ppm disappeared after tiie olkomers万were aromatized. This

evidence fiuiher demonstrates the cotimletion of aromaiization reaction.

Aromatization Time and Its irdluence on Thermal Stabilityof Cured Resins

　　Fig3 is the IR spectra of o]禰)mers after dififerentaromatization time. It could uc

observed that the absorption band in 1283c㎡^ derived from c-○-c stretchins decreased

gradual^ when the aromalization time increased. It fina】lydisappeared when the

aromatization time reached 4h 。In/addition ,thc

oii&iic bond in maleitnide bridge ring structure reduced with the increasement of

aromatization time. Itiiswas attributed to the disappearance of olifinicbond in bridge

Proceedings of the 2nd China-Japan Seminar on Advanced Aromatic Polymers



ring during aromatizalion reaction.

　　Fig. 4血0ws the DSC traces of the oligomers treated under different aromatization

lime. II could be found thalihe cum^ peak shiAed lu hMier lempnrdlurc. This may be

due to the formation of the chaige transfer complex between maleixnide ring and bridge

ring which could increase the reaction activityand lower the curing temperature. The

olifinicbond in maleimide ring is electron･poor double bond, while it is electron･rich

double bond in bridge ring due to the p～n conjugated ei5Fectｏｆbridge oxygen and

olifinicbond.lTie p-πconjujgated structure in the bridge ring bestows more shared

electrons on the olifinicbond and leads to the properties of olifinicbond being similar

with that of vinyl ether compounds. It was well documented [8] that maleimide ring and

vinyl ether could form weak charge transfer complex and could copolyniieiize in the

control of charge transfer copolymetization. The fonnation of charge transfer complex

in WsmaleimideAinyl ether compund resins could lower their cming temperature[9,10].

This phenomenon may also occur for the cure of non-aromatized polybismaleiinide

oligomersイWith the increasement of aromatizafion time, the bridge 向^ gradually

decreased, thus such complex concentratton decreased, until disappeaied when fhc

aromatization time reached 4h. This resulted in the DSC traces sliifted to hidtier

temperature. The curing enthalpies of oligomers are -218.8 J/g,-l73.3 J/g,-l56,6J/g,-

156.2J/g corresponding to difierent aromadzation time of 0,2,4,6h,respecth死ly, lliiisthe

aromatization degrｅｅcan be calculated as 0％, 72.7%, 99.4% and 100% accordingh'｡

　　Table l lislsIhc TGA data of cured resins dtχivedIrom (be oligomers with (肛ercni

aromatization time. The results indicated that the ffaermal stabilityｏｆcured resins

increased witfiincreasement of aromatization time, and it tended to become constant

when the aromalizaiion time surpassed 4h. The fhermsA stabilityof cured resins after

aromadzation was higher than that, bcfc』rearomatizadon. Iliis demonstrates that

increas^nent of aromatic imide structure can elevate the thermal stabilityof the cured

resins.

Solubility ufPolybismaleimi＆with Different Molecular Weight

　　Siχ solvents were selected to test die solubili^ of oligomers with different

molecular weight. Table 2 is fhe dctennining results.It was found that the oligomers

could dissolve in low boiling point solvent, such as acetone or tetrahydronforan. This

demonstrates thatintroduciion of siliccmelinkase and unsvmmetrical imide structure can

Proceedings of the 2nd China-Japan Seminar on Advanced Aromatic Polymers



improve the solubilityｏｆoligomers. It could also be observed that the solubility of

oligomeF(2)and (3)is Hie best out of six o%omers. This was perhaps due to the

combined ejlects of idlicone conlenl and moiecular wdghl in 血fSStioligomcTs. The

increasement of molecular weight would decrease the solubilityof the oligomers in low

boiling point solvents, whfle血e increasement of silicone content would do in an opposite

way. In addition, all the oligomers showed better solubility than 4,4'-

(bisnialeimidodiphei:iyl)methane, tliisfmilier demonstrates that mtroduction of siHcoiie

linkage and rnisymmetrical imide structure can elevate solubilityof oligomers.

Thermal Stability of Cured Resins from Polybismaleimide Oligomers with Different

Molecular Weight

　　Table 3 exhibits the TGA data of different oligomers after cunns. The TGA data

presented that oligomer(4)cured resin showed the best thennal stability,and the thermal

stability'from oligomer(l)to (4) cured resins showed Ihe increasing trend. but it dropped

from oligoinei'(4)to (6)cured resim. Because tltediennal stabilityof cuied msins k

associated with the crosslinking density and the thermal stable structure content ，thus

with the increasement of molecular wei^t the crosslinkiiig density abated from

oligomer(6) to (1) cured ｒｅsin,while the aromatic made structure which is thermal stable

unit increased, this combined efFect of two factors resulted in above variation of the

Ihcnnai slabilily.II is worthy nodng fhal ｄ Ihe cured resins from oligomcr(l)lo (6)

exhibited better thermal stable than that of 4,4'-(bisinaleiinidodiphenyl)methane. This

demonstrates that synthesizing polyhismaleimide oligomers ^da Diels-Alder re万actionis a

feasible way to obtained outstanding thermal stable resins。

Impact Strength of Cured Resi郡jr）m Oligomers in Different Molecular Weight

　　The Chaipy impact strength v&. reactant molecular ratio of bismaldmide and

bisfuran isillustratedin Fig.5. The results showed that a皿cured resins possessed higher

toughness than that of BML and the impact strength of the highest one could attain

about 4 times as much as that of BMI/cured resin. This elucidated that such molecular

design by tntroducing silicone linkage and increasing aromatic imide structure was ａ

available way to iimn-ove the toughness of bismaleimide cured resins. It was also

observed from Fig.5 that there e^ted ａ maximum for impact strenが. This con&皿ed

that the molecular weight of the oligomers_had an important role on the万toughness of the
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cured resins，but increasement of oligomers molecular weight didn't not always ｅ】evate

the toughness of them.

　　For further elucidating above toughness variation, the fracture morphology of

cured resins from oligomei(l) to (6)was observed/by SEM. Fig.6 depicts Ihe SEM

observation. The impact fracture of/cured resin of oligomer(5) showed conspicuous

blittｌｅfracture, while it exhibited partial ductile fracture for that of oligomer(4).

However the fracture morphology turned into ductile fracture for the omxid resin of

oligomer(3) and it presented yielding flow to some extent for that of oligomer(2).The

variation of fracture surface for cured resins of血e oligomers with di:fferentmolecular

weight matched that of impact strength when the feed molecuJar ratio of bisfuran and

bismaleimide was less than 2:3. It was interesting to observe that there existed many

　　　　　　　　　　　　　　　ヽimcrocravations in Ihe ｎ･a。Uiresurface when ihe feed molecular radu reached l，3:4.

These pre-existed microcravations were perhaps derived from the high viscosity of

melted oligomers ＼>^ch prevent the air in them fixjm escaping. The pre-existed

microcravations may cause stress remained in Hie matrix, which yielded the drop of the

impact strength.
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CONCLUSIONS

　　Based on the view of molecular design,ａ series of new polybismaleitnide oligomers

bearing siliconelinkage and unsymmetrical aromatic imide stTWctiirewere synthesized by

Diek-Alder intermolecular reaotioa of bkmaldimde and bisfiiran. Such synthesis

procedure introduced both silicone linkage and aromatic imide structure into

polybismaleunide oligom万ers万andcould either improve the solubiUty of them or万modify

the toughness of their cured resins. The oligomer cured resins exhibited outstanding

thermal stabilityas compared with pure BMI cured resin. The molecular weights of the

oligomeiB have great influence in &^ properties of Iheir corresponding cured resms.
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Figures legend:

Fig.I The IR spectra of polybismaleimide oligomer(4)

　　　Where:(a)before aromatization; (b)after ai'omatization

Fig.2 The 'hnmr spectra of polybismaleimide oligomer(4)

　　　Where:(a)before aromatization; (b)after aromatization

Fig.3 The IR spectra of polybismaleimide oligomer(4)in different

　　　aromatization time

　　　Where the aromatization time is:(ａ)O hr; (b)2 hr; (c)4^hr;(d)6hr

Fig.4 The DSC traces ofpolybismaleimide oligomer(4)in different

　　　aromatization time

　　　Where the aromatization time is:(ａ)O hr; (b)2 hr; (ｃ)4 hr;(d)6 hr

Fig.5 The impact strength vs. the feed molecular ratio of bisfuran and

　　　bismaleimide

Fig.6 The fracture morphology of cured resins

　　　Where the cured resins are derived from: (a)oligomer(5); (b)

　　　oligomer(4); (c)oligomer(3);(d)oligomer(2)

Scheme ｌ The synthesis procedure of polybismaleimide oligomers

　　　　　Where the feed molecular ratios of bismaleimide and bisfuran

　　　　　are: (1)1:1; (2)4:3; (3)3:2; (4)2:1; (5)3:1; (6)4:1, the

　　　　　molecular weight decreases from oligomer(l)to(6)
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