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Fig. 1 Synthesis route to BPM.
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Fig. 2 Photo of BPM.

Table 1 Formulations of bismaleimide resins.

Molar ratio

Bismaleimide resin

BPM BDM DABPA
Formulation 1 1 - 1
Formulation 2 2 1 3
Formulation 3 1 1 2
Formulation 4 1 2 3
Formulation 5 - 1 1

MK FH Mettler Toledo DSC 822¢ Bl 7R ZE 49 i &
PAOHTAL AN IR, N 50 mL/min,
FHIEIE 2R 10 °C/min,  F4 78 Fl N 25~400 °C. it
25 [ 4k A6 A 4 K F Anton Paar Gmbh MCR
302, ARG, MR HR G, ] R AR
1%, [E5EMASZE N1 rad/s, FHEEZE N4 °C/min,
IR iR 9 ) Ay 25~250 °C. #4EE 43 T (TGA) I
K H] Netzsch STA449F5 #73 HrAL, N, f£47,
Ui J# 50 mL/min, J¥E# 2% 4 10 °C/min, 4
3 4 30~800 °C. Bl 7 FAM L it (DMA) I ik
K il NetzschDMA242E 7 #T4%, N, 4R Hl, i
50 mL/min, FHiRHZ A S °C/min, 35 HE N
25~400 °C. i R FH AR T S A A A PR
2\ F) LT SR RIS LR, R e TR
FHRFE, FEEST 80 mm x 10 mm x 4 mm, 15
FEN 60 mm, REGEE R 10 UM . 25 s AN
25 R Instron5567 J72EVEREIRRACGIAR, £
2R~ 880 mm x 10 mm x 4 mm, #2FEN 60 mm,
TRIGEE RIS YO IE . phlsoim B, 25 o o
A5 45 2 bRl GB/T 2567—2008122,

2 GRS

2.1 ZEHRAE
AL GRS, X BPM BAAK R 2 T 4584
HIE G T RAE, HE R A3 . §=1.03,

1.34, 1.67 (9H, 3Me); §=2.23~2.26, 2.44~2.47
(QH, CH,): 0=7.12~7.16 (4H, MI); 7.19~7.31
(7H, PhH)23),

&)

11 43 [0]
s S \ 7
A
el N / 473 g 7
b 200, CH,
9 10

1011
9

DMSO
8Tol

8 6 4 2 0
0
Fig. 3 'H-NMR spectrum of BPM.
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Fig. 4 FTIR spectrum of BPM.
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Fig. 5 DSC thermograms of BPM and BDM.

Table 2 Data on curing behavior characteristics of BPM
and BDM.

BMI T,° T;® T,* AH ¢
monomer (°C) (°C) (°C) J/g)

BPM 74 233 273 63

BDM 160 207 238 162

2 Melting temperature (7,,); ° Initial curing temperature (7});
¢ Peak curing temperature (7,); ¢ Enthalpy of curing per unit
mass (AH).

LS A 2 B i HF T LA . BPM AR
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W05 TRV, B 3 [ B A PR I I A M
m o Har b R SR DA SR U A B T T
PR GE M, SR T TR, FRAK T 2014k
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Fig.6 The viscosity change with temperature of bismaleimide

resins.
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Fig. 7 TGA thermograms of cured bismaleimide resins.
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Fig. 8 DMA curves of cured bismaleimide resins.

Table 3 Thermal performance data of cured bismaleimide

resins.

DMA TGA (N,)
Cured resin T,° Ty, Cy©
(O O ()

BPM:DABPA=1:1 280 406 24
BPM:BDM:DABPA=2:1:3 303 407 23
BPM:BDM:DABPA=1:1:2 300 404 25
BPM:BDM:DABPA=1:2:3 308 413 26
BDM:DABPA=1:1 287 404 26

* Glass transition temperature (7,); ® Temperature at 5%
weight loss (75s,); ¢ Char yield at 800 °C (Cy).
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Fig. 9 The impact strength of cured bismaleimide resins.
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Fig. 10 The flexural property of cured bismaleimide resins.

W B 9 FOEL 10 1 5 Tl X0 LG A% R (1) ) 2 F 4 571
T#% 4. h#& 47 %, BPM/DABPA 1k & 5% Huik
% BDM/DABPA [ ph i s BEAH Y, JUF-TEZE 5.
BPM/BDM/DABPA = Jifk &+, i BDM & &
(R 3G, ] Ak A 1 o ok i R O T 38 K . BPME:
BDM:DABPA=1:2:3 B i K i g, A
28 kJ/m?. BPM:DABPA=1:1 [{25 i % 4 104 MPa,
ISR 3.3 GPa, LT Z A% BDM:DABPA=
12144 2210725 53 ) 143 MPa #1725 i 4 5 4.2 GPa.
BPM/BDM/DABPA = itk &, 1% BDM & &
3, 25l s R BT K, L BPM:BDM:



11 4] LR B ORI U B i ] 4% 55 1k BERIT T 2047

Table 4 Mechanical data of cured bismaleimide resins.

Cured resin Impact strength (kJ/m?)

Flexural strength (MPa) Flexural modulus (GPa)

BPM:DABPA=1:1 2142
BPM:BDM:DABPA=2:1:3 23+2.3
BPM:BDM:DABPA=1:1:2 2542.5
BPM:BDM:DABPA=1:2:3 28+1.5

BDM:DABPA=1:1 22+42.1

104+4.7 3.3+0.1
132+5.7 3.4+0.1
143+£12.5 3.440.1
149+11.8 3.6£0.2
143+10.5 4.240.4

DABPA=1:2:3 1k 2 %5 il 58 5 5t K, N 149 MPa,
2 A &N 3.6 GPa.

WG A S SR RSB B T
SERINIE A OG, R EZAER R EN R
. \DMA 25 R m] DL i, BPM/DABPA 1k
% 5%tk % BDM/DABPA H. A 8L I 58 1 3%
FE 5 BT LAG3-45 F T 2 5 T v R 5 O R
E =R R P R Sl W AT AN B LY A
RS T R BB B0 S R R R S ), FENIPE L
550290, F5 A Bl 5 A 1 0 AT BE AR A8 Bk AR
WEAAEAER N 1 > TREBNIg 3Re 1), i
TEZ BN HAT I8, 7 PHREBCE A 5y R AR # UiE

B, DT FEAE 7 A% i [ 4 A7 4D 25 o i B 00, 2R ER
BT HP AN SR RS, A5 R AR AL
HAERS ARt meRE, X6 TRRE
IEUE RO R 8 B 28 2548, T 38 vy 25 it 5
B . BrLL, 7£ BPM:BDM:DABPA = ik &1,
b6 BDM =136 K, AR 058 B FB & 35 A
[FIFE P 4 =
2.6 BPMERSEMIMNEARAEERERT EL

SR BV AT A EL A TR R R R 25 B M RE
% 5% 4 7 BPM/BDM/DABPA # JI§ 14 & 5 H 4
&b i 78 35 ) BMI A i (5245C. 4503, QY8911.
QY9511 I EPERE S 413133,

Table 5 Comparison of key properties for BPM/BDM/DABPA resins and commercial BMI resins.

Resin T,® Tso, ® Impact strength Flexural strength Flexural modulus
(°C) (°C) (kJ/m?) (MPa) (GPa)
BPM/BDM/DABPA 308 413 28 149 3.6
5245C 200-220 - 10.4 145 33
4503 265 425 8.9 88 -
QY8911 - 380 - 76 -
QY9511 265 406 - 131.9 4.7

@ Glass transition temperature (7}); ® Temperature at 5% mass loss (7ss,).

FHR S AL, S0 TR R TR #OR ) 2 14 R
77 T % ELRR (% . BPM/BDM/DABPA #4 lE 44 £ f e
o IR B T R T 5245C M14503; 45 il 9 R RE R
AR, BRI T 4503, QY8911 F1QY9511;
PR A R FE AN By L AR T S S e R AR
/K. #2, BPM/BDM/DABPA W JIE & Bt AR,

SO TR .
3 #it

SR PGS R S Bl R VR ) 6 17 5 e 45 A 11

A_l

i

hu|

BPM Hi4k, i A% IR S A 2L AN e
T H AT . LA DABPA el 7, il 4 T e
PEXUE i, 45301 BPM/DABPA i {4 &
A R 9 L D4R RN AERR
AR TR Ak BE 5 b PEBE, 24 HC 7y BPM:BDM:
DABPA=1:2:3 It} , W fEZARRIH B AL L35
PERE, BIALFARRE SRS T 7%, iR
w1 1 27%. BT NIT R BB R i
re P LK i TR AR S i R e it 1 — 2%
WKL .
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Fabrication and Property Evaluation of Indane-containing
Bismaleimide Resins

Ru-fei Ma!, Hao-tian Ding?, Ya-ting Zhang?, Ying Guo?, Xiao-biao Zuo3, Cheng-yuan Shang?,
Kun Zheng?, Heng Zhou?*
(!Chengdu Aircraft Design & Research Institute, Chengdu 610041)
(’Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(3derospace Research Institute of Material & Processing Technology, Beijing 100076)

Abstract: Bismaleimide resin (BMI) is an important structural thermoset renowned for its exceptional thermal
stability. However, achieving simultaneously enhancements in thermal resistance and mechanical performance
without compromising processability remains an open challenge in advanced BMI technology. To address this
issue, we designed and synthesized a novel bismaleimide monomer (BPM) containing an indane structure and
prepared BPM resin using diallyl bisphenol-A (DABPA) as a modifier. This work systematically investigated the
effect of the indane architecture on the resin’s processibility, thermal endurance, and mechanical behavior.
The results show that the melting point of the BPM monomer is only 74 °C, 53.7% lower than that of the
diphenylmethane-type bismaleimide (BDM, 160 °C), thereby expanding the processing window of BPM resin
from 110-140 °C to 90-195 °C and significantly improving processability. Resins containing BPM monomers
exhibit superior heat resistance compared to those without BPM, increasing the glass transition temperature (7,)
by up to 7% (from 287 °C to 308 °C) and improving impact strength by 27% (from 22 kJ/m? to 28 kJ/m?). These
advancements arise from the asymmetric rigidity of the indane moiety, which enables synergistic optimization of
thermal stability, processibility, and mechanical performance.
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