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Figure 1 Chemical structure of the polyimide forms
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Figure 2 Rheological behaviors of the oligoimide powders
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Figure 3 TGA curves of the oligoimide powders
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Table 1 Thermal properties of the polyimide foams

R X i I e TGA DSC DMA TMA
O i B Ts/°C T /C T ,./C E onset/C Tandpeu/C CTE(1076/°C)
10/0 191 558 353 345 374 44
7/3 152 529 357 342 372 52
6/4 452 527 356 347 376 32
5/5 452 522 358 345 377 41
4/6 450 520 354 338 369 40
3/7 450 519 355 339 371 45
0/10 450 519 355 339 372 39
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Figure 4 Thermo-gravimetric analysis curves of the polyimide foams
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Figure 5 Dynamic mechanical analysis curves of the polyimide foams
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Table 2 Compression properties of the polyimide foams

TR AT PRI 4 4 B/ JE#i B it/ MPa JE 4558 i (MPa, 10 % R 78 )
R A B E it 300°C Fifk 300°C

10/0 37+7.1 23+3.1 1.340.2 0.7£0.1

7/3 35+2.8 1642.9 1.240.1 0.6+0.1

6/4 28+1.9 19+2.5 1.0+0.1 0.5+0.1

5/5 36+5.4 1645.6 1.440.1 0.7£0.1

4/6 41+5.9 20+2.5 1.54+0.2 0.7+0.1

3/7 32+4.4 14+3.1 1.1+0.1 0.5%0.1

0/10 25+2.9 13+1.0 0.94+0.1 0.440.1
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Table 3 Mechanical properties of the polyimide foams
T R B e s / P fi P g 4 it fE

TR R B Bt /MPa R /MPa W7 B 3/ 00 itk /MPa 3% )% / MPa
10/0 27+£2.6 0.9640. 1 4.6+0.5 20+4.2 1.240.2
7/3 1942.1 0.940.2 6.3+£0.5 134+4.2 1.140.2
6/4 20+2.4 0.940.1 5.940.5 14+1.0 1.0+0.1
5/5 26+5.8 1.024+0.2 5.941.0 2446.2 1.7+0.3
4/6 15+2. 6 0.740.1 5.8+0.1 21+5.8 1.6+0.3
3/7 17+2.3 0.740.1 6.3+1.0 8+0.9 0.8+0.1
0/10 16+2.5 0.440.2 3.0+0.3 15+5.3 0.8+0.1

a3 A P 2 A 2 e A A8 T R ) BT 5 DT WA AT it o A 7 7 s A R e A R R R SR A AR S T
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Figure 6 Scanning electron microscopic photographs of the polyimide foams
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Figure 7 Closed-cell content of the polyimide foams

B I A BE B A AN FRER IR S5 M 19 PT A 32485 b, v A3 R0 v P L PT o UK A9 5 B A 1
Horp PIF-5/5 MR o o 2 — % B T 4 B A8 4l A X FRIER 25 M0 B9 P IRHE 28, 3%, H 3B & — 2K H i
ZERI) PT L IR R =5 96. 6 Y0 1y oo B AR o Sk BF S °F [, [A] sk 475 B A 0 S5 Tt # b 6

%% W

[ 1] Cellular Materials Encyclopedia of Polymer Science and Technology. New York: Wiley, 1965, 80~130.

[ 2] Weiser ES, St Clair T L, et al. High Perform Polym, 2000, 12(1):1~12.

[3] Williams M K, Holland D B. Polym Degrad Stab, 2005, 88(1):20~27.

[ 4] Resewski C, Buchgraber W. Material-wiss Werkst, 2003, 34(4): 365~369.

[ 5] Lavin E, Serlin I. USP 3483144. 1969.

[ 6] Weiser ES. Synthesis and characterization of polyimide residuum, friable balloons, microspheres and foams. Virginia, VA: The
College of William and Mary, 2004.

[ 7] Gagliani J. NASA Technical Report, NAS-9-15050, 1977.

[ 8] Barringer ] R, Broemmelsiek H E, Lanier C W, Lee R. USP 5096932, 1992.

L9 Ak REEWMIEHK. dbat. EE TRk 2010, 17,

[10] Chu HJ, Zhu BK, Xu Y Y. Polym Adv Technol, 2006, 17: 366~371.

[11] Wang L L, et al. High Perform Polym, 2013, 25(8): 956~965.

The Structure and Property of Rigid Closed-Cell Polyimide Foams

LI Shu-shu, HU Ai-jun, YANG Shi-yong”
(Laboratory of Advanced Polymer Materials s Institute of Chemistry s Chinese Academy of Sciences ,
Beijing 100190, China)

Abstract: Through regulating the content and proportion of biphenyl carbonyl and unsymmetrical biphenyl segments in
polyimide resin backbone, polyimide precursor solid resins with different carbonyl content were prepared. These precursor
resins have good meltability, when heated to 320~330°C , PI resin completely melted, resulting in low melt viscosity resin,
as the temperature increased further, the melt viscosity increases rapidly due to the crosslinking reaction. The precursor
resins were heated and foamed. forming the thermosetting rigid closed-cell PI foams which have high closed-cell rate (>
86%) and high thermal properties (T, >>353°C, Ty, >519°C). The study found that the introduction of the biphenyl
carbonyl segment into the PI resin main chain could obviously improve the PI foam toughness without sacrificing its
mechanical strength and modulus.

Key words: Polyimide; Rigid closed-cell foams; Copolymerization; Heat resistance; Mechanical property
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