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Preparation and properties of copolyimide films
containing pyridine ring structures

LI Pinru, LU Yunhua, LEI Min, XIAO Guoyong, ZHAO Hongbin, HU Zhizhi
(School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: Firstly, a Y-shape diamine monomer 4-(4'-tertbutyl)phenyl-2, 6-di(4’-aminophenyl)pyridine (TPAPP) containing
pyridine ring structure and tertbutyl group was synthesized. Then, it was polymerized with 2, 2-bis(3-amino-4-
hydroxyphenyl)hexafluoropropane (6FAP) and 4, 4'- (4, 4'-isopropyldiphenyloxy)bis(phthalic anhydride) (BPADA), and a
series of copolyimide (PI) films were prepared by thermal imidization. The structure and optical, mechanical, and thermal
properties as well as solubility of the PI films were investigated by infrared spectroscopy, X-ray diffraction, UV visible
spectra, tensile tests, dynamic thermo-mechanical analysis, thermogravimetric analysis, and solubility tests. The results show
that as the molar ratio of TPAPP increases, the optical transparency and glass transition temperature of the copolyimide films
exhibit an increasing trend. When the molar ratio of diamine and dianhydride is 5:5, the copolyimide film shows the best

mechanical properties, with the tensile strength of 144.9 MPa, the Young's modulus of 3.4 GPa, and the elongation at break

0f 9.3%. In addition, these copolyimides demonstrate good solubility in aprotic polar solvents.

Key words: pyridine ring; copolyimide; optical properties; mechanical properties; thermal properties
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Fig.2 Preparation route of PI(6-T-B) copolymer films
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Fig.4 FTIR spectra of PI(6-T-B) copolymer films
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Table 1 Molecular weight of PAA

i H¥nvREWM,) EHSTERM,) 2TRIAm

PAA(6-T-B)-10:0 128 947 178 234 1.348 2
PAA(6-T-B)-7:3 114 382 148 828 1.3395
PAA(6-T-B)-5:5 94 621 115983 1.330 8
PAA(6-T-B)-3:7 82174 95 879 1.328 4
PAA(6-T-B)-0:10 66 206 87314 1.318 8
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Fig.5 XRD patterns of PI(6-T-B) copolymer films
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Fig.6  UV-vis spectra of PI(6-T-B) copolymer films
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Table 2 Optical, mechanical, and thermal properties of
PI(6-T-B) copolymer films

e 2o Ty T, JufbHRfE MR Wi

mm /%  /C /MPa  H/GPa K%/%

PI(6-T-B)-10:0 378 80.7 253 101.742.0 2.8+0.2 7.240.2
PI(6-T-B)-7:3 376 81.7 271 122.5+1.0 2.8+0.1
PI(6-T-B)-5:5 384 82.8 275 144.9+1.0 3.4+0.2 9.3£0.1
PI(6-T-B )-3:7 383 84.1 276  143.7£2.0 3.1+0.1
PI(6-T-B)-0:10 386 85.3 288 104.7£2.0 2.7+0.2 8.3+0.1

8.6%0.1

8.9+0.2
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Fig.7 DMA curves of PI(6-T-B) copolymer films
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Fig.8 TGA and DTG curves of PI(6-T-B) copolymer films
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Fig.9 Stress-strain curves of PI(6-T-B) copolymer films
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Table 3 Solubility properties test results of
PI(6-T-B) copolymer films

P DMF DMAC DMSO NMP . THF 2.
PI(6-T-B)-10:0  ++ ++ ++ ++ +- +- —
PI(6-T-B)-7:3  ++ ++ ++ ++ +- +- -
PI(6-T-B)-5:5  ++ ++ ++ ++ +- +- —
PI(6-T-B)-3:7  ++ ++ ++ ++ +- +- —
PI(6-T-B)-0:10  ++ ++ ++ ++ +- +- -

VE FUEIK N 10 mg/mL ; SR AT s ++, IIEAT I 5+, Ik
Ay AT A AN . —

3 g

(DA T — M A e Ry 27 %
BAAR 44— BT F) R I -2,6- (4 F FE IR L) L g
(TPAPP), 3 5 —Jlit 6FAP 1 —Jif BPADA JL 5, & #k
T V. Jie A4 J5 4 1) 3 20 R Tk IV i o FBE A R o X 4
KB, PI(6-T-B) L SR Wi L 1) R T iE T 28544, HLH
T TPAPP [¥1 5| N, RELH KW d 1A

(2) i TPAPP £ /K 53 % 1) 386 0, P1(6-T-B) 3% 5%
V) L AE 450 nm Ab 1 3% % % 80.7% Y I F
85.3% , PRI FE AR IR JBE T, 1 253 C 4t 1 31 288°C .

(3O ILT ST, WA B 77 2 Y B A A [A) 72
JE W TF, Ho i PI(6-T-B)-5: 5 () 1 22 ML RE B iF, i
H5RE N 144.9 MPa, 1 IRAR ik 5] 3.4 GPa, W 2
KR TIL 9.3%.

(4) It A5 PI(6-T-B) L 58 4 o s /2 A Jot 7~ A %k ¥
) 35 22 B MR AT U R L AR T G i T
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