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INTRODUCTION 

Polyimides synthesized from aromatic monomers are a class of representative thermally stable polymers and are becoming more and more attractive in aerospace and electrical/electronic applications [1]. Unless carefully designed, polyimides are often insoluble and intractable in fully imidized forms, inducing serious processing difficulties. Also, the thermal treatments of polyimide precursor (poly(amic acid)) into polyimide are performed under high temperature (above 350oC), which might give bad effects on the other materials in electronic devices. To improve their solubility and consequent processing characteristics of polyimides, much effort has been conducted on the incorporation of the flexible bridging units, bulky side-groups or the more asymmetric meta catenation into the rigid polyimide backbone [2-5]. 


Of the soluble polyimides developed in present time, polyimides prepared from monomers containing hexafluoroisopropylidene groups, such as 4,4’-(hexafluoroisopropylidene)bis(phthalic anhydride) (6FDA), are attractive materials because of their low dielectric constant, high transparency, low moisture absorption, good solubility, and resistance to photochemical degradation. Above all, 6FDA is simple and widely commercialized monomers, which put on importance on the possibility and easiness of practical application.

 
In present study, polyimides were prepared from 6FDA dianhydride and four diamines, 4,4’ODA, 3,4’ODA, 1,4PDA, BAPP by using the method of chemical imidization. In comparison, the corresponding polyimide thin films by the method of thermal imidization were also prepared. The structure, solubility, molecular weight, and thermal properties of the obtained polyimide thin films were examined with FT-IR, viscometer, DSC, and TGA. The characteristic properties in soluble polyimide powders and thin films by using the method of chemical imidization, which includes dielectric properties, thermal properties, molecular weight, and water sorption, were compared with that prepared by using the method of thermal imidization.

EXPERIMENTAL

Materials and Thin Film Preparations

Starting materials, solvents, and other chemicals were obtained from Aldrich Chemical Co. and Chriskev Chemical Co. All the monomers were purified by sublimation under reduced pressure or recrystallized. The soluble aromatic 6FDA-ODA polyimide powders were synthesized with the chemical imidization of the poly(amic acid) precursors. First, poly(amic acid)s solution derived from 6FDA dianhydride and 4,4’ODA diamine were prepared by solution condensation at room temperature in NMP solution under nitrogen atmosphere [1]. After being stirred for 5h, the poly(amic acid) precursor were then converted into the corresponding polyimide at 70oC under nitrogen atmosphere by the chemical imidization with seven equimolar of acetic anhydride and triethylamine. After a reaction of 24h, 6FDA-4,4’ODA were precipitated by methanol, recovered, and filtered. Subsequently, 6FDA-4,4’ODA were washed with methanol several times and dried in vacuum oven at 100oC for 24h. The powder form of polyimide was transformed into films by the following procedures. A concentrated solution (15wt% polyimide in NMP) was first cast at room temperature on a cleaned Si wafer and then placed in a forced-ventilation oven at 100oC for 4hr to allow gentle and complete evaporation of the solvent. The above procedures were repeated so as to obtain a desirable final thickness. The details of this synthesis are described elsewhere [2-5]. After cooling to room temperature, these films were removed from wafer. The polyimide thin films were also prepared by a polycondensation of diamine with 6FDA followed the thermal curing process at 400oC during 60min. The synthetic scheme and the structures of the obtained polymers are presented in Figure 1.

Measurements


Inherent viscosity was determined in 0.5g/dL NMP solutions in a Ubbelohde viscometer at 25oC. IR-spectra were recorded using a Genesis Series FT-IR spectrometer (ATI Mattson Co.). Solubility of polyimide film was carried out at room temperature in a variety of solvents (see Table 1). 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. Thermogravimetric analyzer and DSC (Polymer Laboratories) were used for the thermal analysis at a heating rate of 5oC/min. For the fully cured polyimide films, water sorptions were also measured at 25oC in 100% relative humidity (R.H.) as a function of time by using Thin Film Diffusion Analyzer (Cahn Instruments, Model D-200)[6]. 

RESULTS AND DISCUSSION

     Several soluble polyimide films were prepared by solution polycondensation followed by the chemical imidization. In comparison, their corresponding polyimide films by the thermal imidization were also prepared. To examine structures of polymers, FT-IR spectras of 6FDA-4,4’ODA prepared from chemical imidization and thermal imidization were depicted in Figure 2. The imide peaks appeared at 1780, 1375, and 720cm-1. From the FT-IR results, it was confirmed that poly(amic acid)s were converted to their corresponding polyimides by using chemical imidization and thermal imidization. Solubility characteristic of polyimide in various solvents were observed and listed in Table 1. As shown in Table 1, most of polyimides prepared from chemical imidization were dissolved easily in various organic solvents such as NMP, DMAc, DMSO, and THF. However, their corresponding polyimides prepared from thermal imidization were insoluble in all the tested solvents. Thermal stability was estimated with TGA and the initial decomposition temperatures of polyimide films prepared by chemical imidization were about 500oC. For the polyimide films prepared from 6FDA dianhydride, WAXD patterns showed these polymers are amorphous. For the fully cured polyimide films, water sorptions were measured at 25oC in 100% relative humidity (R.H.) as a function of time and summarized in Table 2.

CONCLUSIONS


Polyimide powders and their corresponding thin films were prepared from 6FDA dianhydride and four diamines, 4,4’ODA, 3,4’ODA, 1,4PDA, BAPP by using the method of chemical imidization. In comparison, the corresponding polyimide thin films by the method of thermal imidization were also prepared. Properties were characterized with FT-IR, viscometer, DSC, TGA, dielectric measurement apparatus, and Thin Film Diffusion Analyzer.
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Figure 1. Synthetic schematic of soluble polyimide based on 6FDA dianhydride
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Figure 2 IR spectra of polyimides prepared by using chemical imidization and thermal

  imidization 

Table 1 Solubility behavior of polyimides in various organic solvents

Solvent
6FDA-1,4’PDA
6FDA-4,4’ODA
6FDA-3,4’ODA
6FDA-BAPP


C.I.
T.I.
C.I.
T.I.
C.I.
T.I.
C.I.
T.I.

NMP
O
X
O
X
O
X
O
X

DMSO
O
X
O
X
O
X
O
X

THF
X
X
O
X
O
X
O
X

DMAc
O
X
O
X
O
X
O
X

Table 2 Diffusion coefficients and uptakes of water in polyimide thin films prepared by

       using chemical imidization and thermal imidization


6FDA-1,4’PDA
6FDA-4,4’ODA
6FDA-3,4’ODA
6FDA-BAPP


C.I.
T.I.
C.I.
T.I.
C.I.
T.I.
C.I.
T.I.

Thickness ((m)
14.10
11.72
11.90
13.63
12.42
10.10
12.80
10.07

D(10-10xcm2/sec)
12.0
10.5
9.3
15.2
11.5
6.4
10.8
8.7

Uptake (wt %)
3.69
3.29
2.62
2.42
2.01
2.02
1.62
4.75
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