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20 mL/min DSC 20 K/min TGA

TMA 10 K/min DMA 5
K/min.
R R,
7C36
. LKI-1
100 MHz 23°C.
1.2
1.2.1 3FONA
63.0 g
2- -4- 30.5¢
38.5¢ 200 mL.  DMAc.
120°C 16 h.
10%  NaOH
95% 68.5 ¢

82% .mp 90 ~ 91°C 'H-NMR DMSO-d, & 8.42
~8.46d 2H 6.99~7.02 d 2H 6.88~6.91
d 2H 6.65~6.68 d 2H MS EI
mle % 298 M+ 100
CsH,F;N, 0, C 52.36% H 3.04% N
9.39% C52.33% H3.10% N9.36%.
1.2.2 3FODA
65.0¢g
2- -4- -4'- 150 ¢
250 mL 50%
12 mL 30 mL 50%
2 h. 12 mL
300 mL
100 ml.
400 mL

400 mL

0.5 h.
0.5 h.

1000 mL

50°C 52.5¢g 2- -4 4'-
89.8% . mp 110 ~ 112°C MS EI
mle % relative intensity 268 M+ 100 .
Cs H; KN,0 C 58.21% H
4.13% N 10.44% C 58.16% H
4.10% N 10.28% .
1.3 PMR
1500 3000
PMR 3FODA-PI-15  3FODA-PI-
30 3FODA-PI-15

3FODA-PI-30 3FODA-PI-15

27.2 g 0.0845 mol BTDA 45 mL

2 h BTDE
16.4 ¢ 0.1000 mol NA 30 mL
4 h NE
36.0g 3FODA 0.1343 mol 45 mL
BTDE
NE . 6 h
60C
4h 120°C/2 h 200°C/2 h
1.4
270C
290C
0.5~1 MPa 320°C
2 h 200°C
100 mL/min
320C 10 h.
10 mm X 10 mm x 1.5
mm
2
2.1
1
. 2- -
4- 2- -4-
-4'- 3FONA Fe/HCI
2- -4 4'-
3FODA .
FT-IR 'H-NMR
2  3FONA  3FODA

1

Table 1 Characterization of 3FONA and 3FODA

FTIR cem™!
3395 s N—H NH, 3105 w Ar—H
1600 1597 1510 1484 s aromatic ring C=C
1523 s Vo,
1633 1500 1455 S aromatic ring C=C
3423 3401 3304 3208 s N—H NH
3078 3054 w Ar—H

Monomer

3FONA

3FODA

3FODA
3FONA
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Fig. Synthesis of diamine 3FODA
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S
5 80
Q Table 2  Characterization of monomer resin solution
<
‘E 60 Monomer resin Molecular Resin content  Apparent viscosity
§ 40 solution weight wt% mPa s 25°C
= 20 3FODA-PI-15 1500 43 24 ~26
3FODA-PI-30 3000 44 28 ~33
0
1 1 1 1 1 1
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Fig. 2 FTIR spectra of 3FONA and 3FODA 78 . 4
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Fig. 4 TGA curves of 3FODA-PI-15 samples
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Fig. 3 "H-NMR spectrum of 3FODA
2.2
1 1 1 1 1 1
3FODA 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Fig. 5 FTIR spectra of 3FODA-PI-15 samples
2 a 60C b 120C c 200C
40% ~ 45% 24 ~

33 mPa s
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300°C 5% 200°C DSC
. 220°C
1782 em™! 320 ~
380°C NA
200°C 1850 em™! 0
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’ 7
2.4 8
PMR
350
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Fig. 6 DSC curves of 3FODA-15

Time (min)

Fig. 7 Thermal curing process of PI resin

0 F;C 0 0 0 F;C 0
0 0 O 0

Fig. 8 Chemical structure of 3FODA-PI resin
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9 TGA
NPC  3FODA-PI-15  3FODA-PI-30
532C 566C 5% 480°C

500°C PC 3FODA-PI-15  3FODA-PI-
30 514°C  571C 5%

481°C  571C. 3FODA-PI-30

3FODA-PI-15
3FODA-PI-15 NA
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Fig. 9 TGA curves of PI resin

377°C



19

1
1010 0 39°C. 3 3FODA-PI-30
F——— 40.8
o T 3FODA-PI-15
= 1
3 we\re 1065 3FODA-PI-15 " .
3 g
= 10° - =
b1 —40.4
=
107 - NPC e 702 5.0 mm x 5.0 mm x
i —= L 0.0 1.5 mm. 3FODA-PI-15  3FODA-PI-30
50 150 250 350 450
Temperature (°C) 300 h
3FODA-PI-15 8% 3FODA-PI-
Fig, 10 DMA curves of 31“0DA—15 resin 30 5 % 3FODA_PI_3O
Table 3 Thermal properties of PI resin 3FODA-PI-15.
T - 316°C
DSC DMA ! ? . 3FODA-PI
NPC_ PC NPC  PC_ NPC* NPC 316°C 11 13
3FODA-PI-15 314 326 377 379 532 514
3FODA-PI-30 304 325 323 336 566 571
*NPC no postcure  PC postcure 4
5 mm 50mm GB1034-86
FyC Q F;C Q
\ \\ 0—O0
O,
I/ I/
O O
F,C Q
3 \\
// 0—0"
O
Fig. 11  Thermal degradation of PI resin
Table 4 Characterization of PI resin . PMR
Vol Surfac
oume nace Dielectric Water uptake 1500 3000
Sample resistance resistance
constant wt%
Q em Q
3FODA-PI-15  1.3x 10" 2.6x 10" 3.28 1.08
3FODA-PI-30  1.2x 10" 2.4 x 10" 3.30 1.05 336 ~ 379°C
50 mm 3409 mm S00°C 3FODA-PI 320C
23C 24 h. 300 h >%
44
2 4 40
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SYNTHESIS AND CHARACTERIZATION OF
TRIFLUROMETHYL-CONTAINING POLYIMIDES

CHEN Jiansheng YANG Shiyong FAN Lin LI Zhongxiao ZUO Hongjun TAO Zhigiang
Laboratory of Advanced Materials  Institute of Chemistry — Chinese Academy of Sciences  Beijing 100080

Abstract A new fluorine-containing diamine of 2-trifluoromethyl-4 4'-diaminodiphenyl ether 3FODA  which has
good solubility and high reactivity was synthesized. Two calculated molecular weight PMR polyimide resins were
synthesized with 3FODA instead of methylene dianiline MDA in the first generation PMR polyimide KH-304 and
PMR-15.The results showed that the monomer resin solution has high concentration low viscosity and good stability
under room temperature . The imidization process of the resin was investigated by TGA and FTIR and the molding
powder exhibited good processibility. The molded resins possessed high glass transition temperatures T, in the
range of 336 ~ 379°C and the decomposition temperature in the range of 536 ~ 566°C . 3FODA-PI-15 resin exhibited
high glass transition temperatures and low decomposition temperature compared to 3FODA-PI-30 because of its low
molecular weight. In addition both 3FODA-PI-15 and 3FODA-PI-30 resin showed good thermo-oxidative stability at
320°C and 3FODA-PI-15 resin has lower weight loss because of lower content of nadic anhydride.3FODA-PI resin
exhibited excellent electrical properties and low water uptake. The combined properties suggested that this kind of
polyimide resins can be used as matrix resin in aviation and space industry.

Key words Fluorinated polyimide PMR Thermal property Glass transition temperature





