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Abstract

　　Three novel fluorenyl Cardo Bismaleimides containing imide structurewere synthesized by reacting malejc

anhydride with fluorenyl Cardo diamine and differentdianhydride. These bismaieimides were characterized by

IR spectra(FT･IR), 'H-NMR and elemental analysis.Thermal cure of these fluorenyl Cardo bismaleimides was

studied.The thermal properties of these polymers were characterizedby differentialscanning calorimentry (ＤＳＣ)

and thermogravimetry analysis (TGA). The results show that the bismaleimides containing imide structure

improve the solubilityof cardo bismaleimides in organic solventswithout sacrificingthermal properties.
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　　　　　　　　　　　　　　　　　　　Introduction

　　In recent years, bismaleimide (BMI)resins as high-performance thermosetting resins have

been widely used as matrices for advanced composites. They possess many desirable properties,

such as high tensilestrength and modulus, ｅχcellentchemical ，corrosion resistance,and hot/wet

performance[1-41. The introduction of fluorenyl“Cardo" groups into polymers such as

polyimides[5-11], polyamides[12,13], polyquinolines[14]can endow with the specific properties:

(l)excellent heat resistance;(2)excellent solubility.The fluorenyl Cardo polymers were widely

used as matrices for advanced composites, microelectronic materials and processable polyimides.

　　The fluorenyl Cardo Bismaleimides have ｅχcellentheat-resistance,high char yield,high the

limited oxygen index(LOI)and good flameproofing[15]. But the bismaleimide prepared by

9,9-bis(4-amino phenyl)fluorene(BAFL)has poor solubilityin ａ majority of polar solvents such

as chloroform, tetrahydro万furan(THF),N-methyl-2:-:pyrrolidinone(NMP), N,N-dimethylacetamide

(DMAc)etc and this bismaleimide has a high melting point (＞300 ゜C).therefore,it has ａ poor

processabiliy.In the previous study [16], the bismaleimides containing imide structure have less

brittlecompared with those originalbismaleimides because of eχtended polymer chain without

sacrificingthermal properties.

　　In the present research,ａseries of novel fluorenyl cardo bismaleimides with imide structure

were synthesized and characterized by IR, 'H-NMR, elemental analysis･These bismaleimide

monomers have an excellent solubilityin various organic solvents.The thermal properties of the

cured products　of these bismaleimides　were　characterized by differential　scanning

calorimentry(DSC) and thermogravimetry analysis(ＴＧＡ).
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Experimental section

　　　　　　　　　　　　　　　　　　Regents and Solvents

　　　9,9-bis(4-aminophenyl)fIuorine (BAFL), 4,4'-oxydiphthalic anhydride (Shanghai Research

Instituteof Synthetic Resins), 3,3',4,4'-benzophenonetetracarboχylicdianhydride (obtained from

Daicel), maleic anhydride (Shanghai Shiyi Chemicals reagent Co., Ltd.,recrystallizedin acetic

anhydride before use),DMAc were dried in CaH2 for 2 days and distilledbefore use.

　　　　　　　　　　　　　　　　Bismaleimides synthesis

　　In a 250 ml four-necked flask with a nitrogen inlet, ａ thermometer, ａ condenser and ａ

mechanical stirrer, 17.4g (0.05mol)of 9,9-bis(4-aminophenyl)fluorene was dissolved in

N,N-dimethyIacetamide (DMAc), the solution of lOg (0.05mol)maleic anhydride in DMAc was

added dropwise with an ice bath and constant stirring. The solution was stirred for about 3hrs,

then 0.05mol dianhydride was added directly and carried out for about 3hr.then, ａ mixture of

acetic anhydride and potassium acetate was added at ambient temperature and carried out for lhr

and ６００Ｃfor 4 hrs. And the reaction solution was precipitated in ａlarge of waters. Bismaleimide

powder was obtained. (Fig.l)
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　　　　　　　　　　　　　　　　　Thermalcure of bismaleimides

　　　Four fluorenyl bismaleimides were cured by thermal: Bismaleimides II-IV were heated at

250 ゜C for 2hrs and then at 300゜C for 1.5hr (bismaleimide l : at 350 "c for 3hrs again).

　　　　　　　　　　　　　　　　　　　　Measurements

　　　IR spectra were recorded on a Nicolet 460, 'H-NMR spectra were obtained at 500MHz

using ａ Bruker Vance DSχ-500 in DMS0-d6 with tetramethylsilane as an internal standard.

Elemental analysis was performed on ａ Vario EL III. The thermogravimetriy analysis (TGA)

were made with TA TGA Q50 under N, atmosphere atａheating rate of 20 X /min. Differential

scanning calorimentry (DSC)was carried out using TA DSC QIO under N2 atmosphere at ａ

heating rate of１０°c/min.

Result and discussion

　　　　　　　　　　Synthesis and Characterization of Bismaleimides

　　　Four fluorenyl Bismaleimides were prepared according to the reaction sequences shown in

Fig.l. These novel biamaleimides were characterized by FTIR, 'H-NMR, elemental analysis

(Table 1).

　　　The solubilityof these biamaleimides was studied in various organic solvents. The results

show that the incorporation of imide structureinto bismaleimide can improve their solubilityin

organic solvents(Table 2).

　　　　　　　　　　　　　　　Thermal cure of bismaleimides

　　The same as usual bismaleimide, these novel bismaleimides can be cured by addition-type

self-polymerization of maleyl double bonds while they were heated to desirable temperature.

The curing behavior of bismaleimides was investigated by DSC. In all bismaleimides, it was

found that there is　multi-peaks of exothemi and endotherm, and thatthere eχistmore than one

type of reaction. Broad exothermic peaks|were observed in the temperature range of 203-435 °c.
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Tl＝Temperature of which firstenergy release could be detected;

T2=Temperature ofｅχothennicpeak position;

T3= Temperature ofｅχothermicpeak position

　　　　　　　　　　　　　Thermal stability of curing resins

　　Curing of bismaleimides I-IV according to the procedure described in the experimental

section afforded the respective crosslinked resins PI-PIV. To discuss thermal stabilityof curing

resins, the　initial　decomposition　temperature(Tid), the　maximum　decomposition

temperature(Tniax),the char yield (Yc)at 800 X and the onset temperature corresponding to 5%

(T5)weight loss of the system were measured by TGA under nitrogen atmosphere (Table 4). The

initialdecomposition temperature (Tid)obtained by extrapolation. All cured samples showed

stable up to 400 °C(theinitialdecomposition temperature: 439 "C to 478 °C), undergoing 5%

weight loss in the temperature range of 453°C and 500°C and char yields of 57%-65% at 8000C

under nitrogen atmosphere.

 

ポリイミド･芳香族系高分子 最近の進歩 2007 



　　　　　　　　　　　　　　　　　　　　　Conclusion

　　　Ａseries of novel fluorenyl cardo bismaleimides with imide structure were synthesized and

characterized by IR, 'H-NMR, elemental analysis.DSC observed broad ｅχothermic peaks in the

temperature range of 203-435 °c. All cured samples showed stable up to 400 °c.The results

show that these bismaleimides containing imide stmcture improves the solubility of cardo

bismaleimides in organic solvents without sacrificingthermal properties.

References

1.　Stenzenberger, H. D. Br Polym J 1988,20,383.

2.　Zahir, S･; Chaudhair, M. A.; King, J.Makromol Chem Macromol Symp 1989, 25,141.

3.　Chaudhair, Ｍ･; Galvin, T.; King, J.SAMPE J 1985, July/August, 17-21

4.　Jianyong Jin,Juncui, XiaolinTang, Shanjun Li etc.,Journal of Applied Polymer science, Vol.

　　2001:81,350-358.

5. Korshak vv, Vinogradova SV, Vygodski YS. J Macromol Sci Rev Macromol Chem 1974;

　　cu:45.

6.　Reddy TA, Srinivasan M. J Polym Sci: PartＡ: Polymer Chemistry, 1989; 27:1419-1427.

7. Hasio SH,Li CT. J Polym Sci: Part A: Polymer Chemistry, 1999; 37:1403-1412.

8.　Michinori Nishikawa Poly. Adv. Technol. 2000; 11:404-412.

9.　Nathakie Biolley, martine Gregoire, Thierry Pascal, Bernard Sillion Polymer 1991:

　　32:3256-3261.

10. E. Said-Galuiev, Ya.Vygodskii etc.J. of SupercriticalFluids 2003 ;27: 121-130.

11. L. Dutruch, T. Pascal etc.Poly. Adv. Technol. 1996; 8:8-16.

12. A.D.Sagar, R.D.Shingte, P.P.Wadgaonkar, M.M.Salunkhe. European Polymer Journal 2001;

　　37:1493-1498.

13. P.R.Srinivasan,V.Mahadevan, M.Srinivasan. Journal of Polymer Science: Part Ａ: Polymer

　　Chemistry edition,1989:19: 2275-2285.

14. StilleJK, Harris RM, Padaki SM. Macromolecules 1981; 14:486-493.

15. I.K.Varma,G.M. Fohlen, J.A.Parker. Journal of Polymer Science: Part Ａ: Polymer Chemistry

　　edition, 1982:20: 283-297.

16. J.A. Mikroyannidis, P.Anastasios. Journal of Polymer Science: 1988; 36:691-702.

 

ポリイミド･芳香族系高分子 最近の進歩 2007 




