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Synthesis and characterization of bismaleimide containing benzimidazole structure
ZHOU Zanmin, LI Genchen, KONG Guogiang, WANG Yishi, WANG Zhaoshuo , MA Haiting, YANG Chuanchao
(Shandong Nonmetallic Materials Institute,Jinan 250031, China)

Abstract : Aiming at the application requirements of high temperature resistance of structural composites, in order to improve
the properties of bismaleimide ( BMI ) resin matrix, the rigid benzimidazole ring structure was introduced into the main chain of the
monomer by molecular design method, and the bismaleimide monomer containing single benzimidazole structure ( BZ-BMI ) and
bismaleimide monomer containing o-benzimidazole structure ( OBZ-BMI ) were synthesized by azeotropic toluene method. The
structure of the intermediate product and the target product was characterized by nuclear magnetic resonance spectroscopy (‘H-
NMR ) and Fourier transform infrared spectroscopy (FTIR ). The curing behavior of the monomer and the thermal stability of the
cured product were studied by differential scanning calorimetry (DSC) and thermogravimetric (TG) analysis. The results of DSC
curves show that BZ-BMI and OBZ-BMI are crosslinked and cured in the temperature range of 210-370 °C, and the curing behavior
is greatly affected by the length of the segment, the regularity of the molecular structure and the interaction force. At the same time,
combined with the DSC curve, the curing process of the monomer is determined to be 200 °C/2 h + 250 °C/2 h + 330 °C/6 h. FTIR
analysis shows that this process can be completely cured. The results of TGA shows that the thermal decomposition temperature of P
(BZ-BMI ) and P ( OBZ-BMI ) are comparable to that of diphenylmethane bismaleimide (BDM), while the residual carbon rates of
P (BZ-BMI ) and P ( OBZ-BMI ) at 800 °C are 74.7 % and 70.4 % , respectively, which are much higher than the test value of P (
BDM )(48.3%), indicating that the introduction of benzimidazole structure effectively improves the thermal flame retardancy. The
OBZ-BMI copolymerization modification system maintains excellent mechanical properties, and the impact strength is 20 % higher
than that of the traditional diallyl bisphenol A modified BMI system, which broadens the application range of bismaleimide in the
field of high temperature resistant resin-based structural composites.

Keywords : benzimidazole ; bismaleimide ; synthesis ; polymer ; heat resistance
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XLEh Sf I IV i (BMIL) A g 5L 11 T 2R I I iz (PT)
WRE RS, J& T M A (P PEA A L 25 B PR REIL 5
BMI G He L ERE R B (EP) LM A4 Jin T BE L % PT
7% Hh B B E R T AR RE I 3 AN BEMCES
i K As L K | B 42T AUBR Ak T R S
FARGUR . BMIW AEHEA: F 20 tH 20 40 454X, H
MREMERER F THRARRY 73 F45090 . BMI LA H K it
PR A G B AT, AT HATACER , AT 5 B 2
IO GRS A AR Bl M BRI AR iR A LA
S A PITRERY . AL AR R R ] i (—R—)
FEBLLA TR TSR], 5 I A BAS R E PERE I B BE
RAB TR, AN B [ A i B
B BMI PR BE T 1 B 7R N gL T 204k, iF
— AR R LI R BE S Ty 2R R AR, R
FFWEE 5 Cardor 2547, M NE B IES LR 2K FFIEIEY |
ik il 5 2R R GE RO I K ek AR e A — R 37 L S
W2 HARTS .

RAIFoRme(PBI) & — 22 A L F A RE =
T35 RN R A T Al o 1 = R RE R B
H R 5 1 B B A AR TR (> 350°C) , A it 4514
ERERRE , FET A T R K [ By SN Tz
ORI BRI PRS2 PBI 55 Y AT BT, S — R R I
PEILEE TS 400, FEDRIE IR AE AL o TR (N—H ) ]
TE B 3F-[a) Uk, B ek Rl /E 0 1, L5 B3R i) o
L AH B S AR B AR T R A W LU
PR, FRSEEEAE R LA 3 A6 28 65 W) 0 TE LR AL 45
F 2R R A Y I E T, BRI Ik R 80,
HRAE AT F R 548 R A R PR R 8 F o TAE B
FRIAPLERE T, BTl £ 5 (R I Dk e - fo 7 je) ,
FECCE IR BRI RIS, B2 B R, $h R T PI
FESCAgR R AR FAS i PTIRNVE A BMI 5k
MRZERE A S B BT ST H A 4G

RET Bk, EFH N LG & KT
WRIEE5 R 5| A BMI E5E 1, (5 B LRI 35055 42 56
B 57 F (R S B R RRAE , DU s SRR L 15
£ BMI 5 PBIOLE M B SRR 31 T LT v il
N VG Rl o R FH S 2 08 e A WP b 5 A AR TRk
A 235 4 F A0 F ok S i 5./ (BZ-BMI, OBZ-BMI),
A ARG AR S (H-NMR) i B A8 2T A1
T (FTIR)AH EL AR UE B4 T 45 F4 R AE | A 22 /m 4 1
P (DSC) U FE T A ity [ Ak A7k, I F 4 R
(TG 5T T HAR RS PR RE DRI 5E T

BZ-BMI & OBZ-BMI 5 — J# N % XL A (DABPA)
ILIRAA R 1 A RE R Mg

1 &Ry

1.1 RA#

Lok R I | FOAA A 0 IR = AN T K LR
2PN T (O N ES NS P2 SO B b 3 Aok 37 /N
Al

N,N’ - H 3L H B (DMF) N, N’ - H 3L 2, ik
Je , ZH AR : 3 AT 4l , KT R TR AL T AR
ATIE

2-(4- IR IE)-5-F IR TR « 41 BE 99%, H
T G2 A R F

3,37 - EHOR N e Hr ek, B v L
PHEABR A

A4-FHRHWTR o3 pr o, B2 s AR A
PR F

LRI - 4l ¥ 85%, g2 e AL R A
PR

FROR oA, R B I AN A AL TR TR F

POIEEE S N {0 o TR (P N E A1 N A = 3w |
]

TR RE N A - 4ERE 84%, LT T A AR
F A A BR A W]

TR PR e AR SR BRIV Tk 4l P T
LR ABR A A
1.2 BBREKE

FTIR 1% : Nicolet™ iS20, 3& [ FEER K /R A F

"H-NMR {¥ : Ruker Avance-500, 7% [E ffi & 75/
Al

DSC /¥ : Netzsch DSC 204, 2 [ ifis 3t $443 Hr 2
Al

TG 23 MY : Netzsch STA 449C, 7 [ ffif B #5473
GIUNGIE

f] S IR IO AL : MZ-2054 , VT 058 B BRI IG HL
WA RA T .

1.3 ERIKRZGHE
1.3.1 & B R ok 454 W B K Bt T % (BZ-BMI)
A R

BZ-BMI ) {5 BUZE AN &1 1a TR | 45 55 ok iR i
(4.119 g, 0.042 mol)¥% T 50 mL () DMF, Jil A7 A
N, A B RNV RS 26 2 1Y) 250 mL — 1 8
L, 7E 60°CF 282 1% N T 50 mL DMF ) 2-(4-
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Fig. 1 Synthetic of BZ-BMI and OBZ-BMI

GAIEIRIL)-5-F FE IR IF DKM (4.485 g, 0.020 mol), 0.5
hig InZs o NPT CRAS AR N 2 he 458 1k S
JE Ve H B Z RS NIV EDE, B T A 15
F)7.178 g AR AR R IR e 45 ) L f P W
JEeR (BZ-BMIS)(0.017 mol), 7= %4 93.62%.

# BZ-BMIS (4.203 g,0.010 mol)iA 20 mL —
H AR R AT A N, AT R 8 Ak
B BEREE M 250 mL = AT, ZETHE R
100°C , H 233ty 7K, DA F LA R A 2 BR AN T
[l REAL S, B THIR 2 150°C, H 2R R AT K 5 h,
Iy IKSEA IR THIR Z 160°C , 78 R A P, 43 K 2%
DY BE TG ER H BB A S W 28 5 o TEZR MR A AR,
A KB T RV, R ZEZIRANE W U8 YRR
PRI 5% Rk R S AN TR 25 B F /K Pk i, DMF//K
ghihalifl, Bas T 12 h, 155 3.559 g kR R
AR BZ-BMI (0.009 2 mol), =% 92.86%.

1.3.2 440 5K I ok b 25 49 W D K Bt T % (OBZ-BMI)
A R

OBZ-BMI #y & L4 AN 16 7, & 4R 4 F
WK 25 4 — i (OBZ-EA)Z: R T & & STk 11 & Bl 7
Y, 155 7.599 g kB A AR OBZ-EA, J= N
79.36%.

B K FR T (2.549 g,0.026 mol)iA T 10 mL
AR R AR B N, A R 58 A 43K
Y EEREE Y 250 mL = B, 78 60°C T 2212 %
TNy F 20 mL — B L AR () OBZ-EA (5.000 g,
0.012 mol), 0.5 h il INZ5 3, 5 2e4b #1 5 BZ-BMI &
BCERVER], 15351 5.982 g K8 (A # A IR, 0BZ-BMI
(0.010 8 mol), 7 Z % 90.26%.

133 BREMAF A

¥ BZ-BMI 5 OBZ-BMI 4% B 5 g 43 5l % T 20

mL DMF H', 7 180°C /il #ACtR 24 F il .25 30 min Jiit

BRI, Bl b L A% 2048 S, 76 S iR B4R
200°C/2 h+250°C/2 h+330°C/6 h 1) T. 2 F2 A7
BB T2 AP A7 B4k, 45 20k Btk [ 4k 9 P
(BZ-BMD)#1P (OBZ-BMI),
1.3.4 BMI/DABPA #£ % 4y J 3 3% #% (R By 41 &

B0 T 3 WUy A (DABPA)7EHEAE ok 2
130°C , 43 5% BZ-BMI K OBZ-BMI /-4t A Hi
bk BR R N LRI — B IR, DA S G
RHEHT DSCIHRA ., Bl H 2218 be A4 571k
PRGBS I TR A AR L o | 76 90 18 AU 1) I
25 WA B 30 min, AR5 5 18 180°C/2 h+210°C/
2 h+250°C/6 h i T- 2347 [ 4k , K s [ Ak 4T 1%
JEASBIARERE A
1.4 miX5 & AIE
1.4.1 'H-NMR 4 #r

% JH 'H-NMR {¥ %} PABZ , BZ-BMIS, BZ-BMI,
OBZ-EA Fl OBZ-BMI # 47 ik . %5 7]~ 1A%
DMSO, W5 TMS.
142 FTIR 447

% M FTIR {Y %} PABZ, BZ-BMIS, BZ-BMI,
OBZ-EA, OBZ-BMI, P (BZ-BMI)#l P (OBZ-BMI)i}f
P, SR B S H AR, 3% 4 em ™, LU
KBr & il FE , S R 400~4 000 cm ™'
1.43 DSC 47

¥ H DSC Y %} BZ-BMI, OBZ-BMI, BZ-BMI/
DABPA #i1 OBZ-BMI/DABPA # 17l i . HX 5~10
mg FE &, M I B g 50~380°C, THEHE E K 5, 10,
15,20°C/min, N, it 4 30 mL/min,
144 TG4

K H TG 43 B3k BZ-BMI Al OBZ-BMI 34 7ll
Ko HU3~10 mg A, M3 B2 50~800°C , il
R K 10°C/min, N, i34 4 60 mL/min.



JRRERS A5 R IRIM A4 XD AT MV I 115 5 AR 135

1.4.5 o M Ak K

$5 I8 GB/T 2567—2021 I3, Te ik LR RSy
80 mmXx10 mmx4 mm,
2 #ER5iE
2.1 'H-NMR 5 #7

BZ-BMIS, BZ-BMI, OBZ-EA 5 OBZ-BMI
i) 'H-NMR 3% & 4 & 2 i o

ﬁﬁ@;

b
c d
i §]
e ]
f D
C
gﬁﬁ?d N e 1 i
HO IO q
n H O'OH a h
& i
g ll
L Il Il 1 1
14 12 10 8 6

(a) BMIS and BZ- BMI

d N 9 c,e
O e H e ﬁ-(:}-h;;l
aﬁ%” 0 a
g
A

L s Q-G
HN@! oY
2 N f

(b) OBZ-EA and OBZ-BMI

%2 BZ-BMIS #il BZ-BMI }2 OBZ-EA Fll OBZ-BMI ) 'H-NMR [%|
Fig.2 'H-NMR spectra of BZ-BMIS and BZ-BMI and OBZ-EA and
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BZ-BMIS T 4 [-—COOH " H 4k & 1) 6 Ky
10.56 5 10.62, CH=CH "' H {1} Ik 8 2} 6.34 55 6.52,
BRIEER | N—H o H 58 R 13.09. it LG ,
BZ-BMI iif &l 1 —COOH H} & i1 2%, ILHi/EH T,
CH=CH " HAb2~ i B (E 3, #E 6k 7.22 R, 13
HIFRENE K 584> . OBZ-EA 4% F—NH, H H H i
84 5.60, BKIEFR [ N—H 1 H Hi 166 4 12.48, itV
At )5 , BZ-BMI i [l i —NH, I35 25, 766 4 7.56
Ak R BRI, HOH & S b s CH=CH 'h H, HIf-JC
—COOH " H e, BB K 58 42 3R 4 F
AW E A R RR S5 Fy |, FLRRIEER 1) C=N

Al 5 N—H 5 —NH, J& i3 ¥ 8] ZU5 , —NH, 58 N—
SER G TT e BRI B, S BT Rt

It 6 i B bR PR ZE A AT A P BT
2.2 FTIR o #F

PABZ, BZ-BMIS, BZ-BMI, OBZ-EA F1 OBZ-
BMI A9 FTIR %% & 40 /& 3 fr s o B &l 3a o] UL, 76
1455~1590 cm™" i B 2R BB 42 1 9 3l M S 0
1 635 cm ' A BKMRER C=N 45 IR shi%, 3 350 cm ™' iy
KIS IR N—H 45 R sh0% . 1314 em ™' C—N #1454
PR hI& , 1710, 1779 em™ Sy C=0 fif 45 ¥z 3h %,
3104 cm™' 1796 cm™ 43 4| =C—H i 45 iz sl 1§ F1
25 PRSI , C=C 5 C=N FHE W W e 78 AH [ {57 -
HBL, DA U Y S BT S R Sk Bk IV i B A 9
Ao 3378 om! Ab—NH, WS U6 1) 91 2K i B T IP i
Wit K S 584 . HIIRL 3b A WL, 76 1 452~1 593 cm™!
PR R JR AR S W IS0 . 1 663 cm iy KA BR
C=N 45 HR 35 , 3 387 cm™' My Bk IR N—H 1 45 4%
. 1294 cm ' K C—NHZ4aHR 4%, 1 710,1 771
cm ' H C=0 45 g sl , 3 102 cm ' #1787 cm ' 43
B A=C—H MZ4afiR s S iR shid, C=C 5 C=

PABZ
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Fig.3 FTIR spectra of PABZ,BZ-BMIS and BZ-BMI, OBZ-EA and
OBZ-BMI
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N AREAUE R AT A )47 8 H0 R, DA e g S 5
XUEL SRR e B A B . OBZ-EA F24i% Hh bk 4
() N—H 5 C=N n[JE & F [RS8, [FIAA AR5 1
[i1] 235 A1, 5 BCH G 1] v —NH, AU A 0 5 N—H
Wl B, YA S0 . ER, B A RH SE
7% JT DK M 285 44 fr XL 55 ok 1 I i B4R BZ-BMI
OBZ-BMI,
2.3 BARBEIMAT A 5T

BZ-BMI 5 OBZ-BMI £ F i # 2% 4 10°C/min
() DSC £k an & 4 Fras , W 0 AR T AR, ooy
HFE 99 °C 5 86 °C it B Fill Mz #40 , 7F 210~370 °C
TR P, B — 2 R AR | Xia ORI 5 T
TIRZERE BMI ) [ 401 T A A 2R B G B, mT S
g PR [EIAL BN . BMI BRI A D) i 55|
KM S, LB AN S B, BREEAE N B b A
T ST e B o (8 U H P2 4, AT L T 45
WS A 3k, 5 R EER K RN, 7E SR T Ty
R, i AR [E AR, OBZ-BMI Y I (L il
J& 55 F BZ-BMI, H:J5 PR 0] B2 Ji % B b 05 4294
B FE T, L BRI BV T g R A o e I
P, A B ] =5 7 91 8% 8l OGS T i85 5 1T
—J7 I, BEBCRK RN H LA 25 R AR R AH B
YEF 11 RA , 3 OBZ-BMI (1944 54X T BZ-BMI,

e T HINT 1.

271.1°C

— BZ-BMI

%14 BZ-BMI and OBZ-BMI () DSC £k
Fig. 4 DSC curves of BZ-BMI and OBZ-BMI
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Fig. 5 Thermal initiation of free-radical homopolymerization in
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2.4 FREANRIEHR
B g 0 [ 4L T2 A R — R B XS 4k
BOPERE = A S, AR PR A [R] A LR 2T 79 DSC Rl

2 I A R AH I Y S, DI R S d p AL T 20,
RN ZEETEREOU S AL o e S ierh, —
L (T)- T il 18 =R (B) SMfE L K Bl 2 [ AL T 252
$. 1A 2 5050 BZ-BMI 5 OBZ-BMIFEAF]
B T DSC #hZk Ay S NRFAEIETRLIE , B [ AL AR i
F1 AEFRZEZET BZ-BMI K DSC 4k _FR4FIEIEEE
Tab.1 The characteristic peak temperature on the DSC curve of
BZ-BMI at different heating rates

°C
B/(K-min") T T, T,
5 218.5 253.3 352.1
10 222.3 271.1 363.3
15 227.6 288.7 370.6
20 233.1 297.6 378.1

£2 FEFHEEZET OBZ-BMI H DSC Bk R4 FIEEE
Tab.2 The characteristic peak temperature on the DSC curve of

OBZ-BMI at different heating rates

°C
B/(K-min™") T T, T,

5 2072 2723 3502

10 2124 2847 366.1

15 2187 291.6 3733

20 2254 300.4 381.2

FE(T) AR UEAR IR (T,) AL 2 fOR U (T) . ik
A%, BZ-BMI 5 OBZ-BMI ft) 32 5 [ £k 16 ) 1 3 2
Bt T AR A s 1] RS Bl . 1R 6 SR A IR
HIE T, T, TX B TERMERL A IFEE R . 2B=0
i, BZ-BMI 1 T, T, T, 51 7l 24 210, 241, 342 °C,
OBZ-BMIW T, T,, T, 4 198,261,339 °C, BZ-
BMI 5 OBZ-BMI it B i 1. 2 280 22 L)L, 45
A5, WA AR R AR TR B9 [ 46 T-22 20 200 °C/2
h+250 °C/2 h+330 °C/6 h.
2.5 BEMCARE 5T

5 1% 200 °C/2 h+250 °C/2 h+330 °C/6 h T.Z;
LB J5 BZ-BMI 5 OBZ-BMI 4 FTIR [&l3i% 40 & 7 fir
TNo 796 cm™ Fl1 787 em ™ &b SRy Ik i 34 Hh C=C—H
XU A AE T 3R sh W IS4, 3 104 cm™ A3 173 em ' Ab
h=C—H PR a iR a0 , 15 P A W e 24 L 0
I, U A IR e 2R Fp ) XU EL 28 4 2 5 al [ 4
SV, BMI A 7 3R S 0 58 4 o
2.6 #MofRMAE

4k P (BZ-BMI) 5 P (OBZ-BMI)7E FH i %
k10 °C/min [ 82 TG {128 an &l 8 i , AH W £ s
W2 3, HAN IR 3 IR 430 R 411.4 °CHI1377.1°C,
7E 800 °CHA%E 5 %K1 74.7% F170.4 °C, i Fp [E L4
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Fig. 6 The fitting line diagram of BZ-BMI and OBZ-BMI curing char-

acteristic temperature and
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3173 787
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Fig. 7 FTIR spectra of BZ-BMI and OBZ-BMI before

and after curing
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WA B4 5 AT RCPRAIE 1 G [ A ) T A P RE AN e

A% 5 RIS, 0[] U5 9 A7 LA R A B I B35 T v
o F 3 FHE P R m L IRAE R T o e
(R RE I B, F— P4 & T B A e . P
(BZ-BMI)#4> fift 1L 5 T P (OBZ-BMI) ) Jit A 2
H# 53T 85 B, B AR P i s o i A 45 H o
2%, P EUCH AT 00 £ FlE B3 i M o v i
REWT R T 53 o TER iR BEA S A B R L P
(BZ-BMI) 5 P (OBZ-BMI) 1 5% 7% ik 7 T 48 —
A GE BB ok [T i (BDM) [l {64 P (BDM) 3
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Fig. 8 TG curves of P(BZ-BMI) and P(OBZ-BMI)
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Tab.3 Thermal stability parameters of the different

cured BMI resin

Samples 7,/°C T,/°C Y /%(800°C)

P(BZ-BMI) 478.8 562.8 74.7

P(OBZ-BMI) 431.8 4983 704
P(BDM)" 508.5 521.2 48.3

Note: 1)P(BDM): the parameters are taken from Ref [10].
2.7 ER AT A5

BZ-BMI/DABPA 5 OBZ-BMI/DABPA 3t 3 {&
Z M DSC HIZR & 9 firas , R A 2 19 [ A0t 1 A
oL, T A ok R v 8 o R R 0 P 2 T A 3l
139.2 °C 5 226.9 °C }2 113.4 °C 5 245.4 °C, 1EAK I
B B, 0 A A W R 35 AT FH 28] T ST e 3 v ) L
b O EA R O NS M S TR L U R
A= “Ene” BUG IS , A2 MG A 0 R P v ) 5 £
B I8 B T, RN TR LA SO B B, R Y R
(] {4 5 B S e B v 1 WUERE % 2 Diiels-Alder [z i , A
I SR FE W MR I A R A, 5 Sk b T 4
& BDM/DABPA #} fli5 1A 5 4647 —31, B,
Z: HE T3 DSC il 45 () R AIF 1 (E IR 5 BDMY/
DABPA L RA R EEAHLIAYE L T2, B 180°C/2
h+210°C/2 h+250°C/6 h.
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