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Preparation and Characterization of Polyimide Resins Containing
In-chain and Terminal Alkynyl Crosslinking Sites

WANG Jin", LIU Jie, ZHONG Min, JIANG Qian, HUANG An-min, GAO Ji-ming
(Zhuzhou Times New Material Technology Co., Ltd., Zhuzhou 412007, China)

Abstract: A series of polyimide prepolymers with number of repeat units of 2 and different contents of in-
chain crosslinking active sites were synthesized in N-methyl pyrrolidone (NMP) by chemical imidization
using m-phenylenediamine (m-PDA) and 4,4'-(hexafluoroisopropylidene) diphthalic anhydride (6FDA)
as the diamine and dianhydride monomers, and 4,4’-(ethyne-1,2-diyl) diphthalic anhydride (EBPA) as the
main chain cross-linker in the presence of 4-phenylethynyl phthalic anhydride (PEPA) as the end-capping
agent. The structures and properties of these prepolymers were characterized and analyzed. The results
showed that the prepared polyimide prepolymers had good melt fluidity in a certain temperature range
attributed to the low molecular weight, steric hindrance as well as twisted molecular structures, and the
minimum melt viscosity (5.04—6.80 Pa-s) occurred at around 330-340 °C. With the raise of temperature,
both the in-chain and terminal alkynyl groups would undergo cure reactions. The polyimide resins cured at
370 °C for 2 h displayed high glass transition temperature (7,=353-380 °C), which increased gradually as
the rising of the contents of in-chain crosslinking active sites in prepolymers. After the post-cure at 380 °C
for 1 h, the T, of resins corresponding to prepolymers with in-chain alkynyl was improved by 6-11 °C
(up to 391 °C). The thermally cured polyimide resins had excellent heat stability with 5% weight-loss
temperature of 538-546 °C, 10% weight-loss temperature of 563—571 °C and the char yields at 850 °C
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exceeding 59%. Moreover, an effective method to remove residual organic impurities from the product

was provided by exploring the washing process of prepolymer powders.
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Table 1 Stoichiometric ratios of the reactants

Sample n(m-PDA) (mol) n(6FDA) (mol) n(EBPA) (mol) n(PEPA) (mol) Calc’d M, (g/mol)
Pre-1 0.300 0.200 0.000 0.200 1601
Pre-2 0.300 0.190 0.010 0.200 1589
Pre-3 0.300 0.180 0.020 0.200 1576
Pre-4 0.300 0.170 0.030 0.200 1563
Pre-5 0.300 0.160 0.040 0.200 1551

Q O
H,N NH,
) O

NMP

(6]

I H H ||
o= [

C—OH HO-C

I
] 5

Acetic anhydride
triethylamine

Pre-1 n(EBPA)/n(6FDA) = 0/100
Pre-2 n(EBPA)/n(6FDA) = 5/95

Pre-3 n(EBPA)/n(6FDA) = 10/90
Pre-4 n(EBPA)/n(6FDA) = 15/85
Pre-5 n(EBPA)/n(6FDA) = 20/80

1 SRV PR A B 1k
Figure 1 Synthesis of polyimide prepolymers
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Figure 2 FTIR spectra of (a) polyimide prepolymers and

(b) the corresponding cured polyimides
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Table 2 The ratio of the alkynyl to imide absorption peak areas

Sample Apnigem 41782 em™!
Pre-1 0.239
Pre-2 0.267
Pre3 0.278
Pre-4 0.293
Pre-5 0.310
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Figure 3 DSC curves of polyimide prepolymers
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Table 3 Thermal properties of polyimide prepolymers

Sample T, (°C) Ty (°C) T, (°C) AH (J/g)
Pre-1 192 332 378 179
Pre-2 190 348 384 185
Pre-3 189 346 386 191
Pre-4 190 346 384 205
Pre-5 190 347 384 207
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Figure 4 Complex viscosity curves of polyimide prepolymers
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Table 4 Complex viscosity and viscosity number of

polyimide prepolymers

Viscosity Minimum melt )
Sample L AT?(°C)
number (mL/g) viscosity
Pre-1 9 5.04 Pa-s at 330 °C 264-359
Pre-2 10 6.58 Pa-s at 335 °C 270-364
Pre-3 9 5.20 Pa-s at 336 °C 274-362
Pre-4 10 6.80 Pa-s at 333 °C 277-358
Pre-5 10 6.32 Pa-s at 336 °C 280-358

# Temperature range regarding to melt viscosity below 100 Pa-s.
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Figure 5 (a) TG and (b) DSC curves of the cured polyimides
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Table 5 Thermal properties of the cured polyimides

Sample T,(°C)  Ts59, (°C)  Tyge (°C) Char yield * (wt%)

PI-1-370 353 542 566 60.9
PI-2-370 355 540 567 61.5
PI1-3-370 368 539 565 62.2
PI1-4-370 372 546 571 62.2
PI-5-370 380 542 568 62.3
PI-1-380 353 540 563 59.5
PI1-2-380 366 538 563 60.9
PI-3-380 374 544 570 62.4
PI-4-380 381 542 568 61.8
PI-5-380 391 543 569 61.7

& Residual weight percentage at 850 °C in nitrogen.
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Figure 6 Residual organic impurities in every filter cake after
the product was washing with (a) water for three times or with

(b) ethanol for three times and water for one time respectively
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