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Introduction

Aromatic polyimides are one of the families of high-performance specialty thermoplastics and have been widely applied in the aviation, automobile, aerospace, and electronic fields because of their good thermal stability, chemical resistance, and excellent mechanical and electrical properties. Much attention has been focused recently on the preparation of fluorine-containing aromatic polyimides because of their unique properties and high performance[1-5]. It is known that the increase in solubility, processability, and transparency, and the decrease in water absorption and dielectric constant, can be achieved by the incorporation of fluorine atoms in the polyimides[6]. In this study, fluorine-containing soluble polyimides were prepared from 6FDA dianhydride, and DAM diamine by using the method of one-step (O.S) and two-step (chemical imidization; C.I, solution imidization; M.X). To characterize polyimide thermal behavior, crystallinity, and molecular weight were examined. 

Experiment

Materials and Sample Preparations

     2,4-diaminomesitylene (DAM) were purchased from Aldrich Chemical Company. DAM were sublimated under reduced pressure at 100(C. 2,2’-bis(3,4-dicarboxyphenyl)hexafluoro propane dianhydride (6FDA) were purchased from CHRISKEV Company. 6FDA were used without purification. N-methyl-2-pyrrolidinone (NMP, Lancaster Co.), pyridine (PD, Junsei chemical Co.), and acetic anhydride (AA, Mallinckrodt Co.) were used without purification. Solvent used in solubility test also used without purification. Polyimides were prepared through a conventional two-step process and one-step process (Figure 1.).In case of solution polymerization, round-bottom flask equipped with mechanical stirrer was charged with 6FDA (10.35g, 23.30 mmol), DAM (3.5g, 23.30 mmol) and NMP (55.40 ml). In N2 atmosphere, The mixture was stirred for 12hr at 0(C(25(C. M-xylene (half of NMP) were added poly(amic acid) solution and the reaction was heated to reflux for 3hr. A Dean-stark trap was used to remove water (as a m-xylene azeotrope) from the reaction. Accepted polyimide was precipitated from NMP with methanol.  after filteration washed with methanol, and dried under vacuum at 100(C (two-step; solution imidization).   

Measurements

The IR-spectra were measured with a Genesis Series FT-IR spectrometer (ATI Mattson Co). In a typical experiment, an average of 16 scans per sample was made. Differential scanning calorimetry (DSC) data were obtained in a nitrogen atmosphere at a flow rate of 35 cm3/min and a heating rate of 10(C/min using a Polymer Laboratories differential scanning calorimeter. Thermogravimetric analysis (TGA) were performed with a Shimadzu DSC-50 thermal analyzer at a heating rate of 10(C/min in Nitrogen gas at a flow rate of 35 cm3/min. Dynamic mechanical thermal analyzers (DMTA) were performed with a Polymer Laboratories MKIII. at heating rate of 5(C /min from 50(C to 480-500(C in a frequency of 1HZ and a strain 0. A specimens were 25 mm in length, 10 mm in width, and approximately 15-25 (m in thickness was used. Wide-angle X-ray diffraction (WAXD) measurements were performed with film specimens about 100 (m thick on a Rigaku (D/MAX-2500H) X-ray diffractometer, using Ni-filtered CuK((λ=1.54 Å) radiation (40 kV, 40 mA). The scanning rate was 0.4(/min.

Results and Discussion 
fluorine-containing soluble polyimdes were synthesized by one-step, two-step polymerization method using DAM and 6FDA. The identifications of fluorine-containing soluble polyimdes were carried out by employing IR spectroscopies (Figure 2.). Poly(amic acid)s Absorption peaks are identified as 1517cm-1(N-C-O: stretching), 1659 cm-1(C=O: amic acid carbonyl group), and 2900-3350 cm-1(OH: amic acid hydroxy group), while polyimides peaks were shown as 1787 cm-1(C=O: in-plane), 1731 cm-1(C=O: out-of-plane), 1361 cm-1(C-N-C: stretching), 724 cm-1(C=O: bending). Polyimides prepared were soluble in common organic solvent (NMP, DMAc, DMF, THF etc.). Glass transition temperatures were 387.5(C (one-step imidization), 386.5(C (two-step imidization; m-xylene), and 381.5(C (two-step imidization; chemical imidization), respectively, in DSC experiment (Figure 3.). in case of DMTA, those were 431.2(C, 431.0(C and 429.7(C , respectively (Figure 5.). The 10% weight loss was 542.2(C (one-step imidization), 536.0.(C (two-step imidization; m-xylene) and 541.8(C (two-step imidization; chemical imidization) in TGA experiment (Figure 4.). The results from thermal analysis were shown very excellent thermal stability. Incorporation of methyl groups in positions ortho to an imide ring increasingly inhibits rotation around the bond between the phenyl ring and the nitrogen, resulting in more rigid chains which in turn increase Tg [7].

Conclusions

 Soluble polyimides (6FDA/ DAM) were synthesized by one-step, two-step method (chemical imidization, solution imidization). Polyimides have good solubility  in common organic solvent (NMP, DMAc, DMF, THF etc.). The 10% weight loss was about 540(C in TGA analysis. Tg of polyimides were in range of 381.5-431.2(C. Without regard to synthesis method, properties of polyimide were similar. 
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Figure 1. Synthetic scheme of soluble polyimide based on 6FDA dianhydride, prepared by one-step and two-step (chemical imidization, solution imidization) method
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Figure 4. TGA curve (6FDA/DAM;              Figure 5. DMTA curve (6FDA/DAM;


C.I, M.X, O.S) at 10(C/min                    C.I, M.X, O.S) at 5(C/min 





        (C.I, MX, O.S) at at10(C/min 





Figure 2. FT-IR spectra of  polyimides           Figure 3. DSC curve (6FDA/DAM;


 C.I, M.X, O.S) at 10(C/min
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