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INTRODUCTION 

Aromatic polyimides are useful polymer which exhibit excellent thermal, electrical, and mechanical properties, and have been used widely in aerospace, microelectronics and advanced composite over the past three decades. They were developed for high temperature application, but high molecular weight polyimides are very difficult to process due to the insoluble and infusible nature and the very high viscosity [1-3]. For improving their processability, considerable efforts have been conducted without sacrificing thermal stability. It is well known that by reducing the molecular weight of a polymer its solubility increases. As a consequence the processability of an aromatic oligomer is better than that of the corresponding high molecular weight polymer. Such polymers are synthesized via the route of tetracarboxylic acid dianhydride and the aromatic diamine in the presence of a monofunctional endcapper. These are pre-imidized and crosslinked by reactive end group which control the molecular weight and the chemistry of the backbone structure. The thermal and mechanical properties are obtained after crosslinking of the end-capping group [4-6].


The maleimide end-capped oligomers belong to the family of thermosetting oligomer precursors of thermostable networks. There excellent processability, cheap cost, and balance of thermal and mechanical properties have been made them extremely popular in advanced composites and electronics [2].


In this study, oligomeric imides were prepared from 6FDA dianhydride, MDA diamine, and maleic anhydride end group by using the method of solution imidization. The oligomer synthesis, characterization method for crosslinking processes and properties of the networks obtained by thermal treatment were examined with FT-IR, DSC, GPC, DMTA, TGA, WAXD and prism coupler. Additionally, water sorption behaviors in thin films were gravimetrically investigated by using a Thin Film Diffusion Analyzer [7].

EXPERIMENTAL
Materials and sample Preparations


Dianhydride, diamine, solvents, and other chemicals were purchased from Aldrich Chemical Co. and Chriskev Chemical Co. 1,1’-(methylemedi-4,1-phenylene)bis-maleimide were obtained from Aldrich Chemical Co. 4,4’-(hexafluoroisopropylidene)bis(phthalic anhydride) (6FDA), diaminodiphenylmethane (MDA) and maleic anhydride(MA) were purified by sublimation under reduced pressure. N-methyl-2-pyrrolidinone (NMP) was vacuum distilled after drying over P2O5 before use. 

     The preparation of 6FDA-MDA/MA bismaleimide oligomer was performed by the following procedure. Amic acid precursors were synthesized from 6FDA dianhydride, MDA diamine and MA as calculated number average molecular weight at room temperature in NMP solution under nitrogen atmosphere. This solution was stirred and allowed to react for 24h, the amic acid precursor were then converted into the corresponding bismaleimide oligomer under nitrogen atmosphere by the solution imidization in 90/10 (w/ w) solution of NMP/ o-DCB at 10% (w/ w) solid contents for 24h. In this case, the drying tube used in the apparatus above was replaced with a reverse Dean Stark Trap. The thermal cyclization is improved using a solvent-water azeotropic distillation system at 130oC. Bismaleimide powders were obtained by precipitation into a large amount of methanol, filtered, and washed with methanol several times and dried in vacuum oven at 80oC for 24h. The synthetic scheme and the structures of the obtained polymers are presented in Figure 1. A concentrated solution (15wt% powder form of bismaleimide in NMP) was spin coated on silicon (100) substrates and then placed in forced-ventilation oven at 80oC for 4hr to allow gentle and complete evaporation of the solvent. For comparison the polyimide thin films were also thermally processed at 400oC during 60 min. 

Measurements


IR-spectra were recorded using a Genesis Series FT-IR spectrometer (ATI Mattson Co.). The DSC and TGA analyzer measurement were conduced on a Polymer Laboratories for the thermal analysis at a heating rate of 10oC/min under nitrogen atmosphere. Wide-angle X-ray diffraction (WAXD) patterns (transmission and reflection modes) were obtained for the bismaleimide thin film specimens on a Rigaku horizontal X-ray diffraction apparatus with nickel-filtered radiation. The CuK( radiation source ((=1.54Å) was operated at 40kV and 40mA. Reflective indices were measured using prism coupler (Metricon Company Model 2010) equipped with a He-Ne laser source of 632.8nm wavelength. For the cured bismaleimide films, water sorptions were also measured at 25oC in 100% relative humidity (R.H.) as a function of time by using the Thin Film Diffusion Analyzer (Cahn Instruments, Model D-200) [7]. 

RESULTS AND DISCUSSION

     Bismaleimide oligomer was prepared through amic acid using 6FDA, MDA and MA, and the water was removed from the reaction by azeotropic distillation with NMP/ o-DCB at 130oC. FT-IR spectroscopy is widely used to monitor the dehydration of amic acids. The imidization of the oligomer can also be confirmed by the appearance of characteristic imide band in the IR spectrum of the oligomer. The strong absorption at 1750 cm-1 (C=O in-plane), 1350 cm-1 (C-N-C) and 740 cm-1 (O=C-N) are typical imide absorption bands in Figure 2. The crosslinking behavior of bismaleimide was studied by DSC. At first, a exotherm of bismaleimide monomer (1,1’-(methylemedi-4,1-phenylene)bis-maleimide, Fig. 1(b)) was observed soon after the melting point at 150oC in Figure 3. These DSC measurements made us expect that bismaleimide backbone react to crosslink. In addition, The DSC analyses of the bismaleimide oligomer are shown in Figure 4. For the uncrosslinked bismaleimide, onset of the exotherm by crosslinking reactions was appeared at about 150oC, almost same temperature, and the amounts of exotherm were 34.92mJ/mg(n=1), 24.35mJ/mg(n=5), 17.22mJ/mg(n=10), 14.67mJ/mg(n=15), and 9.12mJ/mg(n=20) depending on the end-capped unit contents as shown in Table 1. The amount of exotherm increased with the increase of end-capped unit contents. The larger amount of exotherm in the case of the low molecular weight suggests that crosslink density is larger than that of high molecular weight. The crossslink density can be easily controlled by changing the ratio of maleic anhydride. Solubilities of bismaleimide oligomer powder prepared by solution imidization and that treated at 400oC after imidization were observed in organic solvents such as NMP, DMAc, DMSO, and THF. For imide powders prepared from solution imidization were soluble in solvents, films can also be prepared by casting the imide solution in NMP. However, their corresponding thermally treated films at 400oC were insoluble in all the tested solvents, which suggest that crosslink site react.
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Figure 1. (a) Synthetic schematic of soluble bismaleimides based on 6FDA dianhydride, 

          which were prepared by solution imidization
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Figure 1. (b) 1,1’-(methylemedi-4,1-phenylene)bis-maleimide 
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 Figure 2. IR spectra of bismaleimide powder prepared by using solution imidization 
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Tonset*(oC)
Tfinal(oC)
Amount of Exotherm

(cal/g)

6FDA-MDA/MA (n=1)
147
313
34.92

6FDA-MDA/MA (n=5)
145
311
24.35

6FDA-MDA/MA (n=10)
136
296
17.22

6FDA-MDA/MA (n=15)
155
288
14.67

6FDA-MDA/MA (n=20)
147
310
9.12

         *Temperature obtained by drawing tangent to the low-temperature side of the exotherm
Table 1. DSC analysis 6FDA-MDA/MA bismaleimide powders
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Figure 3. DSC of 1,1’-(methylemedi-


      4,1-phenylene)bis-maleimide





Figure 4. DSC of various molecular


       weight bismaleimide powder
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