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Effect of trifluoromethyl-containing diamine monomers on properties of polyimide films
CHEN Xiaoling', WANG Jingyi', SHI Weizhang®, JI Shunfeng', CHEN Zheng', ZHUANG Qun'
(1. School of New Materials and Shoes & Clothing Engineering, Liming Vocational University, Quanzhou 362000, China;
2. Fujian Xufeng New Material Technology Co., Ltd.,Quanzhou 362000, China)

Abstract : Six kinds of trifluoromethyl-containing transparent polyimide (PI) films with different proportions of diamine
monomers were prepared through ternary copolymerization of two trifluoromethyl-containing diamine monomers including 2, 2'-bis
(trifluoromethyl) -4, 4'-diamino biphenyl (TFMB), 2, 2-bis[4- (4-aminophenoxy)phenyl] -1, 1, 1, 3, 3, 3-hexafluoropropane
(HFBAPP) with 4, 4'-biphenyl ether dianhydride (ODPA). The effects of the two diamine monomers, TFMB and HFBAPP, on the
structure, thermal performances, mechanical and optical properties of the PI films were studied. The results show that the thermal
imidization of PI films is completely finished and the fluorinated groups are introduced. The PI films have good thermal performanc-
es, the glass transition temperature of the films is 230.5—-245.2 °C, the 5% heat loss temperature is 480.9—503.7 °C, and the 10%
heat loss temperature is 517.3—534.0 °C, When the molar ratio of TFMB and HFBAPP is 8:2, the film has the best thermal perfor-
mances. The addition of TFMB can improve the tensile strength of the films. When the molar ratio of TFMB and HFBAPP is 6:4,
the film's tensile strength is the highest, up to 95.26 MPa, but the elongation at break is only 4.40%. All PI films have good optical
properties, the maximum transmittance in the UV-visible range is above 86.47%,and when the molar ratio of TFMB and HFBAPP is
5:5, the optical properties of the films are the best, and the transmittance at 450 nm is 87.28%, and the maximum transmittance in
the UV-visible range is 91.34%. The above results show that introducing TFMB into HFBAPP in moderation is beneficial to
improve the properties of PI films.

Keywords : polyimide film ; trifluoromethyl ; thermal performance ; transmittance ; tensile strength ; copolymerization
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Tab.1 Formulation of PI containing trifluoromethyl

Sample " remp) P arsare) " oppa)
PI-TO 0:10:10

PI-T2 2:8:10

PI-T4 4:6:10

PI-T5 5:5:10

PI-T6 6:4:10

PI-T8 8:2:10

Note: n is amount of substance of each component.

LA PI-TS il £ A 5], FRHL 1.599 1 g ODPA T
SHRM A KK ST A 112566 g
DMAC $if 1 2 58 2 7 i, Bl 5 ORI 1.3362 ¢
HFBAPP #10.816 9 ¢ TEMB $it £31: )2 I/ 4 h, il 157
B 1) SR B TR (PAA) R . F Ffs PAA 345
VR T T 0 v B AR L TR AR R 4R R
50 °C/0.5 h-80 °C/0.5 h-120 °C/0.5 h-150 °C/0.5 h-
200 °C/1 h-250 °C/1 h HATREF FHE AT Z 2401 fiefk
RS RIE AR B =R, 58 PLTS Mk, H
At 34 JE 11 R 45 7 0 5 PI-TS AR A, T2 45 i 7
25% , MR BE A (1043) wmo & =5 L PLAY A
RS anE 1 TR

F.C [} 0 CF,
e 4 &
oo CI T i DO 6 0L
CF. (} o mHN C CF, C NH,

vees e i
Bl & =5 5L PLAY A i 2k
Fig. 1  Synthesis route of PI containing trifluoromethyl
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Z~350 °C, FE 5 i A 5~10 mg.

(3) TG 73 #r « 1 BUR S, B A i 20
mL/min, ) 20 °C/min A9 33 R FHE , 3R T R A
% 1~800 °C.,

(4) UV-Vis 4387 : 75 190~1 100 nm 3% K 78 [ 4
AT

(5) 12 RE 3 HT - HEHE GB/T 1040.3—2006 HEF T
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10 mm/min,
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Fig. 2 FTIR spectra of PI containing trifluoromethyl
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Fig. 3 DSC curves of PI containing trifluoromethyl
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Fig.4 TG curves of PI containing trifluoromethyl
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Tab.2 TG data of PI containing trifluoromethyl

Sample T,,/°C T/ °C R /%0
PI-TO 493.9 517.3 54.50
PI-T2 495.7 5194 53.91
PI-T4 491.9 520.5 53.35
PI-T5 489.2 519.8 54.70
PI-T6 480.9 518.7 51.74
PI-T8 503.7 534.0 52.95

Notes: T, is 5% heat loss temperature; 7., is 10% heat loss

10%

temperature; R, is residual mass retention at 800°C.

w800
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Fig. 5 Stress-strain curves of PI containing trifluoromethyl
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Tab.3 Mechanical properties data of PI containing trifluoromethyl

Sample Tensile strength/MPa Elongation at break/%
PI-TO 75.04 7.74

PI-T2 68.73 8.55

PI-T4 71.04 6.26

PI-T5 80.90 4.88

PI-T6 95.26 4.40

PI-T8 44.62 5.26

2.4 RFEEESHT

P () 55 71~ 1T DL 3 T A&l 6 i, A
PR BARB AR TR 4. WFRATTLIEH, Brfi PI
WA AT R AP DGR P 450 nm Zb Y% %

Bl L 82.15% , 5 e 185 11 28 5 T 86.47% , ixX & A
5 TFMB FI HFBAPP ¥ 57 = HH 3, =gl AL 2
A LA M AT DU BRI P43 (] 1) LA A A5 2%
HER R E A PERE", {H TFMB F1 HFBAPP X
PUGAEPERE R SE M AN (], — 5 T TFMB Hp = 98U T
HESHEAME, B rh =®fPEHEZST
HFBAPP, T4 F| T3 /> B fof 55 8 2 A W1 (CTC)JE
B, 3858 PTAGAFE A B 5 53— J5 I, TEMB HUB R
SR EAT S A A B T TR B e A
AFITPLGPERE 4R & . S G M HEEN, Y
TFMB 5 HFBAPP ¥ Jii ¥ 5 b b 55 B, TS %)
EPER L, HofR = B it %5k 91.34%.
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Fig. 6 UV-visible spectrometry of PI containing trifluoromethyl
F4 B=FPEPUERIEF MR
Tab. 4 Optical data of PI containing trifluoromethyl

Sample T,s/% T /%
PI-TO 86.50 90.16
PI-T2 82.15 86.47
PI-T4 86.72 91.23
PI-TS 87.28 91.34
PI-T6 87.12 90.46
PI-T8 85.62 90.82

Notes: T, is transmittance at 450 nm; 7, is maximum transmit-

tance.
3 it

(1)24 TFMB 5 HFBAPP ¥ Jii () 1 Lt 4y 8: 2 i,
PI I A S BB R IR, T, 245.2 °C, 5% [ 4
2% R N 503.7 °C, 10% (0 A 2k R E N
534.0 °C,,

(2)24 TFMB 5 HFBAPP ¥ i () 1 L 4y 6: 4 1,
VI ) e B A S, M 95.26 MPa, I R4 (K R
%, 1 4.40%.

(3) 6 Fh 7 — U 5 Ly 1 BT R At
PEfE, 24 TEFMB 5 HFBAPP ¥ 1) & HL A 52 S B,
JIES B 2 1 RE S A, 450 nm Ab 13755 35 %y 87.28%,



PRIGERS , 455 - 7 = ST Rk — I B HAOUT SR I I e e S RE Ay 52 45

SHh- T WG B N Y e RZE i 50 91.34%

(1]

[2]

[3]

(4]

(3]

(6]

(7

(8]

[9]

& % X
by, Bk an , £L i, A5 EORARICIC SR B A (16 me S
AT TR, 2024, 52(7):64-69.
MA Shengqi, HE Hongru, KONG Guogiang, et al. Synthesis and
properties of thermal-induced shape memory polyimide[J]. Engi-
neering Plastics Application,2024,52(7):64-69.
SARTE L BAT KRN FE 5 T80 R I M ) ) B AR M B
FE[D]. A AR TGS, 2023,
WU Weilian. Preparation and gas separation performance of fluori-
nated polyimides with bulky benzene side groups[D]. Guilin:Guilin
University of Technology,2023.
DA 2L AR, A5 T WP BB DU AR R — I A JC i B
SR eI A ) £ S5 PR RE )], TR 20 1224, 2023, 54(7): 1 084~
1 094.
LUO Wei, LI Xiuting, YANG Yuxiao, et al. Preparation and proper-
ties of colorless transparent polyimide films based on rigid alicyclic
tetracarboxylic anhydride[J]. Acta Polymerica Sinica, 2023, 54(7):
1 084-1 094.
Hily, 2, S22, 4F L IR ] 4 2 RN RETIC (7375 W] SR
PPN N A RE ). D BE s 43 T4, 2022, 35(4):365-371.
HAN Long, LI Jingjing, DOU Yao, et al. Colorless and transparent
polyimide film with fluorene-containing large side groups prepared
by copolycondensation method[J]. Journal of Functional Polymers,
2022,35(4):365-371.
AR B, WA . =IO IR TC T 7 1532 W SR 0t W e 45 1
KAEREL. BACIRRIN T % 1, 2023, 35(4):12-15.
ZHANG Beiming, DAI Peibang, TIAN Lei. Synthesis and proper-
ties of ternary copolymerized fluorine-free aromatic transparent
polyimide[J]. Modern Plastics Processing and Applications, 2023,
35(4):12-15.
AR LT L I, 25 . KOLON I SKC 24 il 14375 1 588 Bt 1 e 7
[ RSP I]. a2 bR, 2023, 56(2):26-31.
ZHAO Kai, WEN Liping, ZHANG Kai, et al. Patent analysis of
transparent polyimide film from KOLON and SKCIJ]. Insulating
Materials,2023,56(2):26-31.
/N, 2520 IR o3 W M SR I S R R AR 9T
TolbAEHE D). AR, 2024, 38(7):120-137.
REN Xiaolong, LI Yi, SU Danni. Patented technology research and
industrialization progress in highly transparent polyimide films[J].
China Plastics,2024,38(7):120-137.
FIWL, VAR S ZRBEAE , 45 . SR Wb i W T 25047 I €037 1 2R
I 747 S ) ) 5 4 BB (V). 5 4 1 24, 2024, 55(10):1 393~
1.404.
BAI Fan, JJANG Yiwen, LI Xiuting, et al. Fabrication and charac-
teristics of bend-durable, colorless transparent polyimide films for
flexible display cover applications[J]. Acta Polymerica Sinica,
2024,55(10):1 393—1 404.
RCRA TR DT, W, A% Ve A (52 B SR IS e A e ) 5
AEL]. BUAEBAELIN T, 2022, 34(1):6-8,12.
ZHAO Ming, XU Yong, ZENG Wei, et al. Preparation and proper-

ties of colorless transparent polyimide material with high thermal

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

resistance[J]. Modern Plastics Processing and Applications, 2022,
34(1):6-8,12.
FEDUR, 8, WU L 45 VW in T BRI 7 B 5 9 R
POETE U 1y 1) 76 S5 PERERITTE (0], 28 2% B1 KL, 2022, 55(10):6-13.
WANG Hanli, WU Lin, ZHI Xinxin, et al. Preparation and proper-
ties of solution-processable transparent fluoro-containing poly-
imide films with low thermal expansion[J]. Insulating Materials,
2022,55(10):6-13.
AT R L RS, A5 S ] X R T IV g i 5 R A FL
BEMISZIR[I]. S AR, 2024, 41(5):2 425-2 435.
ZHAO Wei, SONG lJixiang, CHEN Hao, et al. Effect of fluorine-
containing groups on the corona resistance and dielectric proper-
ties of polyimide[J]. Acta Materiae Compositae Sinica, 2024, 41
(5):2 425-2 435.
7 1, SR, AR, S5 ATV S IR BRI 1945 5 PR RE BT 50
[9]. B AT, 2024, 53(8):1 8431846, 1852.
YANG Chenggiang, ZHANG Shuai, LIU Gen, et al. Synthesis
and properties of soluble fluorinated polyimide[J]. Applied Chemi-
cal Industry,2024,53(8):1 843-1846,1852.
BB IR, ARPE S, A5 S UM BN F) SR8 I S0 JHie B e 4 1)
B WAL 5 53 TRRL% 5 TR, 2022, 38(1):19-26.
XIONG Bing, XU Min, ZHU Zhehao, et al. Preparation and char-
acterization of polyimide containing fluorine and benzene ring
side group[J]. Polymer Materials Science and Engineering, 2022,
38(1):19-26.
SR, 5 A M, B SO, A AT SR ARG Ak 2 SRR I A A
B IS PEREBT L], R K222l (F AR R, 2023, 54(5):
1713-1719.
ZHOU Runkai, CHAO Zisheng, YI Wenjun, et al. Synthesis and
properties of UV curable fluorinated polyimide resin[J]. Journal of
Central South University(Science and Technology), 2023, 54(5):
1713-1719.
T I, HAEE A IR e WA S A AR e T
ST E o PRI 5 TR, 2024, 40(8):155-164.
WANG Jing, YANG Shuang, XIAO Cunyong, et al. Progress on
research of thermal oxidation stability of polyimide films[J].
Polymer Materials Science & Engineering, 2024 ,40(8):155-164.
fATER B, A T R , 4 0 538 W SR I e 14 i #6151k i
WEFELI. BRI TR H L 2024, 36(4):17-20.
JIAN Lingfeng, LU Zhiyu, TAN Wanyi, et al. Investigation on
colorless polyimide with good thermal stability[J]. Modern Plas-
tics Processing and Applications,2024,36(4):17-20.
%, TR, BT, 45 LR PERETC (27 W 2R G M v e
Bl 0. B 4 T2 41,2023, 54(8):1 219-1 228.
FENG Xin, WANG Yuhui, ZHAO Yuxiao, et al. Preparation of
colorless transparent polyimide films with high comprehensive
properties[J]. Acta Polymerica Sinica,2023,54(8):1 219—1 228.
FTE, BT R IE A5 AR I ORIV e N A o K
PERE[T]. TASIE I, 2022, 50(7):35-39.
WANG Yuxuan, HOU Yu, CHENG Zhiyuan, et al. Preparation
and properties of polyimide films with low yellowness index[J].

Engineering Plastics Application,2022,50(7):35-39.



