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ABSTRACT Polyimide (PI) foam has excellent performances of heat resistance and flame retardance, so it is
widely applied in fields like aerospace, aviation, transportation, wind power generation, etc. This paper discussed
performances of heat resistance and flame retardance of PI foam with benzophenone tetracarboxylic acid
dianhydride (BTDA), diaminodiphenyl methane (MDA), diaminodiphenyl ether (ODA) and diaminodiphenyl
sulfone (DDS) as the main raw materials, methanol and tetrahydrofuran (THF) being the mixed solvents by using
the esterification method. The flame retardance and heat resistance of PI foam were characterized by vertical
combustion test, limiting oxygen Index (LOI) , differential scanning calorimetry (DSC) and thermogravimetic
analysis (TGA) . The research results show that the glass transition temperature (T,) of PI foam is more than 240
C; 5% weight loss temperature (Tys) is above 420°C, limiting oxygen index (LOI) is over 40%. Meanwhile,
comprehensive analysis shows that heat resistance and flame retardance of PI foam perform best when BTDA and

MDA being the reacted monomer.
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Preparation of PI foam

PI foam is prepared by the following steps: firstly, a certain amount of BTDA was put into the mixture solution of
THF and methanol, dialkylester diacid was formed after refluxing for 2 hours at 70°C, then the equimolar
amounts of MDA was added into the solution and stirred at 80°C for 3 hours to form polyester ammonium salt
(PEAS) precursor solution; secondly, the PEAS precursor solution was heated so as to remove the extra solvent,
the PEAS precursor powder would be obtained by using pulverizer; finally, the PEAS precursor powder was
spreaded out evenly on the mold and kept the mold in the oven for 3 hours at about 260°C for foaming, thus Plgm

foam is prepared. The preparations of Plpo foam and Plgp foam are as above.

RESULTS

Heat resistance

1 Pl,,
-4.04 2 P,
3 Plg,

4.5

heat flow(W/g)

S
3 T— [ —

504 ]
254, 40°C

6.5

Tt T T T T
80 100 120 140 160 180 200 220 240 260 280 300 320 340
Temperature (C)

Fig. 1. DSC curves of PI foams
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Fig. 2. TGA curves of PI foams
As shown in figs. 1 and 2, glass transition temperature (Tg) and 5% weight loss temperature (Tsq) of three different
kinds of PI foams are all over 240°C and 420°C respectively. among which the T, and Tsg of Plgy are the highest.

Flame retardance

Tab. 1. Flame retardance of PI foams

Foam LOI Vertical combustion

variety /% Burning time /s Burning length /mm dropping
Plam 46 0 5 None
PIBO 43 0 7 None
PIBD 41 0 11 None

(@)

(b)

Fig. 3. Vertical burning test of PI foam
(a) pre-combustion  (b) post-combustion
Tab. 1. shows that those three kinds of PI foams extinguish immediately while being away from the fire without
any flaming dropping, of which LOI are all over 40%. Fig. 3. shows that Plgy has the best flame retardance

performance.

CONCLUSION

In this paper, PI foam was successfully prepared based on dianhydride and diamine as the main raw materials
by adopting esterification. The glass transition temperature (T,) of prepared PI foam reaches up to 240°C, 5%
weight loss temperature (Tys) is above 420°C, limiting oxygen index (LOI) is more than 40%. Meanwhile, heat

resistance and flame retardance of PI foam perform best when BTDA and MDA being the main materials.
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Therefore, PI foam is a highly-performanced foam with excellent heat resistance and flame retardance which is

widely used in fields like aerospace, aviation, transportation, wind power generation, etc.

REFERENCES

[1] Zhao Y H, Zhang G C, Zhang Y Z, et al. Synthesis of polyimide foams with esterification process[J]. China

Synthetic Resin and Plastics, 2008, 25(6): 33-36.

[2] Bessonnov M I, Zubkov V A. Polyamic acids and polyimides, synthesis, Transformation, structure{M]. CRC
Press, 1993:107.

[3] Hui-Juan Chu, Bao-Ku Zhu, You-Yi Xu. Preparation and dielectric properties of polyimide foams containing
crosslinked structures [J]. Polymers for Advanced Technologies, 2006, 17(5): 366-371.

[4] You-Yi Xu Polyimide Foams with Ultralow Dielectric Constants [J].Journal of Applied Polymer Science,
2006, 2(15):1734-1740

[S] Weiser E S. High temperature polyimide foam for aerospace vehicles[J].Journal of High performance

Polymers.2000,12 (1): 1-12.

[6] Long Y J, Zhang G C,Chen T, et al. Synthesis route and preparation technology of polyimide foam[J]. China

Synthetic Resin and Plastics, 2007, 24(6): 68-73.

[7] Camilo I C, Erik S W, Thein K, et al. Polyimide foams from powder: Experimental analysis of competitive
diffusion phenomena[J].Polymer, 2005, 46(22):9296-9303.

[8] Zhang Y Z, Zhang G C, He Z, et al. Visualization Study of Solid Poly(Ester-amine Salt) Precursor Foaming
Process{J]. Cellular Polymers, 2010, 29(1): 45- 57.

[9] Hshieh F Y, David B. H and Harold D. B. Ignition and combustion of low-density polyimide foam[J]. Fire
and Materials, 2003,27(3):119-130

[10] Williams M. K, Melendez O, Holland D. B, et, al. Aromatic polyimide foams: factors that lead to high fire
performance [J]. Polymer Degradation and Stability, 2005, 88(1):20-27

(continuing fromp175)
[1].Satoshi Ebisawa;Junichi Ishii;Moriyuki Sato;Leonid Vladimirov;Masatoshi Hasegawa
European Polymer Journal 2010,46 ,283-297
[2].Shuang Wang;Hongwei Zhou;Guodong Dang;Chunhai Chen Journal of Polymer Science:Part A Polym
Chem 2009,47,2024-2031
[3].D Bhaumik; W J Welsh;H H Jaffe;J E Mark Macromolecules 1981,14,951-953
[4].Nobuyuki Sensui; Junichi Ishii;Aya Takata;Yoko Oami; Masatoshi Hasegawa High Performances
Polymers 2009,21,709-728
[5]. Masatoshi Hasegawa; Nobuyuki Sensui;Yoichi Shindo;Rikio Yokota Macromolecules
1999,32,387-396
[6]. Masatoshi Hasegawa High Performances Polymers 2001,13,593-S106

Proceedings of the 9th Chfﬁg—Japan Seminar on Advanced Aromatic Polymers





