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Anna Lee, Jongchul Seo, Jongho Jeon and Haksoo Han

Dept. of Chemical Engineering, Yonsei University
INTRODUCTION 

Aromatic polyimides are high thermal and mechanical stable polymers and are becoming more and more attractive in microelectronic packaging, advanced composite and aerospace [1]. The insoluble and infusible nature of the polyimide in fully imidized forms, however, has been making processability very difficult. For improving their solubility, much effort has been conducted on the introduction of bulky substituents, flexible bridging units or the more asymmetric meta catenation along the rigid polyimide backbone to enhance the free volume of the main chain. The processable polyimide, however, would have drawbacks in lower solvent resistance and lower thermal stability. A prospect approach to this problem is   introducing crosslink site into the polyimide backbone or as a pendent group, which reacts to make the polyimide highly thermally stable and insoluble after processing [2-4].


A crosslinkable flexible polyimide has some advantages that cannot be obtained from a rodlike or semirigid polyimer. The acetylene-terminated oligomeric imide is known to exhibit excellent solubility and good interfacial adhesion, and the control of molecular weight and crosslink density is easily achieved by the ratio of introduced acetylene monomer, thus enabling the control of thermal and physical properties [5-7].


In present study, oligomeric imide were prepared from 6FDA dianhydride, 4,4’ ODA diamine, and 3-APA end group by using the method of chemical imidization. The characteristic properties, structure, molecular weight, and thermal properties, of soluble oligomeric imide powders and thin films were examined with FT-IR, GPC, DSC, DMTA and TGA. Additionally, water sorption behavior in thin films were gravimatically investigated by using a Thin Film Diffusion Analyzer.

EXPERIMENTAL
Materials and sample Preparations


Dianhydride, diamine, solvents, and other chemicals were purchased from Aldrich Chemical Co. and Chriskev Chemical Co. 4,4’-(hexafluoroisopropylidene)bis(phthalic anhydride) (6FDA) and 4,4’-oxydiphenylene diamine (4,4’ODA) were purified by sublimation under reduced pressure. 3-aminophenylacetylene (3-APA) and N-methyl-2-pyrrolidinone (NMP) were distilled. The preparation of 6FDA-4,4’ODA/APA polyimide was performed by the following procedure. Poly(amic acid) precursors were synthesized from 6FDA dianhydride, 4,4’ODA diamine and 3-APA as calculated molecular weight at room temperature in NMP solution under nitrogen atmosphere. After being stirred for 24h, the poly(amic acid) precursor were then converted into the corresponding polyimide at 80oC under nitrogen atmosphere by the chemical imidization with seven equimolar of acetic anhydride as a dehydrating agent and triethylamine as a base. Polyimide powders were obtained by precipitation into a large amount of water, 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 solutions (15wt% powder form of polyimide in NMP) were 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 Thermogravimetric 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 polyimide 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. For the cured polyimide 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) [8]. 

RESULTS AND DISCUSSION

     In order to detect the conversion of polymers, FT-IR method was used and the IR spectrum can be shown Figure 2. In the case of polyimide prepared by chemical imidezation at 80oC, the peaks appeared at 1780, 1375, and 720cm-1, which corresponds to imide group, and terminal alkynes absorption bands was observed at 2260cm-1. In comparison, the disappearance of absorption band at 2260cm-1 due to alkynes unit, indicate a crosslinking behavior after 400oC thermal treatment. The crosslinking behavior of the acetylene terminated polyimide was studied by DSC in Figure 3. These DSC measurements made us expect that crosslinking of acetylene in the backbone does occur. The onset of exotherm due to the reaction of acetylene units appeared at 250oC, almost same temperature, and the amount of the exotherm was 36.42mJ/mg (n=5), 19.38 mJ/mg (n=10), and 8.43 mJ/mg (n=20) depending on the acetylene unit contents. As the molecular weight was increased, the amount of exotherm was decreased. The larger amount of exotherm in the case of the low molecular weight suggests that crosslink density is larger than that of high moelcular weight. Solubilities of polyimides prepared by chemical imidization at 80oC and that treated at 400oC after imidization were observed in organic solvents such as NMP, DMAc, DMSO, and THF. Polyimides prepared from chemical imidization were soluble in solvents. However, their corresponding thermally treated films at 400oC were insoluble in all the tested solvents, which suggest that crosslink site reacted.

CONCLUSIONS


Acetylene terminated soluble polyimides were synthesized from 6FDA dianhydride, 4,4’ODA diamine, and 3-APA end group by chemical imidization. Their corresponding thin films were also prepared at 400oC. With measurements of FT-IR, GPC, DSC, DMTA, TGA, and Thin Film Diffusion Analyzer, the characteristic properties were examined.
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Figure 1. Synthetic schematic of soluble polyimide based on 6FDA dianhydride, which were   

       prepared by chemical imidization
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Figure 2. IR spectra of polyimides prepared by using chemical imidization and thermal

        treatment at 400oC

Figure 3. DSC of various molecular weight polyimides prepared by chemical imidization at 

       80oC 
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