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Abstract: Silicon-containing arylacetylene resin has excellent heat resistance and low-temperature curing properties. Its
main defects are the brittleness of the cured resin and poor interface adhesion with the reinforcement. Polyimide (PI) resin has
good thermal and mechanical properties, and excellent interfacial adhesion with reinforcement. The idea of copolymerizing PI
and silicon-containing arylacetylene resin is proposed aiming to develop a high-temperature resistant composite matrix resin

with excellent heat resistance and low temperature curing properties, and good adhesive property with the reinforcement.
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First, a highly heat-resistant acetylene-terminated polyimide (ATPI) was designed and screened by a material genome
approach (MGA). And then ATPI was synthesized by 3,4'-oxydiphthalic anhydride, 3,4-oxydianiline and 3-ethynylaniline.
The chemical structure was investigated by means of Fourier transform infrared spectrometer (FT-IR) and hydrogen nuclear
magnetic resonance ('H-NMR). By copolymerizing ATPI and poly(vinylsilylene ethynylenephenylenethynylene) (PSA)
resin, poly(silicon-alkyne imide) (PSI) resin was prepared. The thermal curing behavior of PSI resin was investigated by
differential scanning calorimetry (DSC), and the curing process was designed based on the result of DSC. The thermal
stability of the cured PSI resin was analyzed by thermogravimetric analysis (TGA). The results showed that the
decomposition temperature of 5% mass loss (7g4s) and carbon yield ratio at 800 °C (Y:g00) of the cured PSI resin were 573 °C
and 85.9% respectively in nitrogen. The mechanical property of the cured PSI resin was characterized by universal testing
instruments. The flexural strength of the cured PSI resin was up to 49.8 MPa, which was 1.5 times higher than that of PSA
resin. Next, quartz and T800 carbon fiber reinforced PSI composites were prepared by compression molding or heat pressure
tank molding process. The flexural strength and interlaminar shear strength (ILSS) of reinforced composites were measured
by universal testing instruments. The flexural strength and ILSS of T800 carbon fiber reinforced composite reached 1 553
MPa and 84.1 MPa, respectively. After 350 °C treated for 100 h, ILSS could remain basically unchanged. The T800 carbon
fiber composite material had good heat resistance and mechanical stability. The flexural strength and ILSS of quartz fiber
reinforced composite were 539 MPa and 37.6 MPa, respectively. The dielectric property of quartz fiber reinforced composite
was also studied. After 500 °C treated for 5 min, the dielectric constant of the material was basically unchanged compared
with that at room temperature. The dielectric property of the quartz fiber composite material was stable at high temperature.

Key words: material genome approach; silicon-containing arylacetylene resin; polyimide; composite; mechanical

property
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Jie, 4RSS N 12 he SO ESHT, B RBRAEIA 1 L & B FoK R UTiErs SR ), s 0T 25 8 7ok e ik 2 1k,
PR CBEPEE 1 R B A8 T B2 A, T 55 °C 1 T4 12 h, 13 28 KR4 ATPI 36.26 g,
FEH 92.6%.

A R PST A IR UN R - £F 250 mL B4 11 i R FRE 12 g ATPI, il A 40 mL /) DMF Jf-# 7 5235 ffi ATPI 7¢
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Fig.2 (a) Flow chart of main chain structure screening of highly toughness and heat temperature resistant polyimide; (b) Structure of the
screened ATPI
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Fig. 4 (a) DSC curves of resins, (b) TG curves of cured resins (inset is the relationship of Tys, Y;g00 and w(PSA))
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1 IR DSC 4551 LI ALY TGA 455R

Table 1 DSC results of resins and TGA results of the cured resins

Sample Tj/°C T,/°C T¢/°C AH/(J-g ™) Tgs/°C Yeg00/ %
PSA 207.5 2277 241.6 610.1 646 92.0
PSI 213.7 238.9 266.4 4528 573 85.9

ATPI 221.0 268.7 328.0 193.9 522 59.2

T;: Initial temperature of curing reaction; 7},: Peak temperature of curing reaction; 7 Terminal temperature of curing reaction
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Table 2 Mechanical properties of the fiber reinforced composites

Sample Flexural strength / MPa Flexural modulus / GPa ILSS / MPa

B-QF/PSI 407 £ 12 28.8+0.5 37.5+0.7
QW120/PSI 539+20 24.6+0.5 —

U8190/PSI 1553 +87 157+7 84.1+52

h 82.0 MPa, {3 51 284 97.5%, e TAL 1.1%, i P4

2.42 QWI20/PSI & &M A- b4k 58T QWI120/PSI & A A EHE 8~18 GHz HiR 542F F F4 ) vl H %k
(& 5Ca)) A P #E 7 (tan 6) (& 5(b) ) A9 ARFL Il 28 o oK 28 i i Ak 38 04 A4 B A L % 80K 3.7, tan 6 1
0.016~0.021, & &M EHE 500 °C 23545 H FALFE 5 min 5 HERENS A 12 TF, A B H %K 3.6, tan 6=0.011, X 2 H
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Fig. 5 Frequency dependence of (a) dielectric constant and (b) tan & of QW120/PSI composites
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