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Fig. 1 Molecular structures of PT-BMI, BIPB, BMI950 and
DCPDCE.

HHRAR, FARAE 54 690 nm.
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Table 1 BMI-Bs and BPT-Bs resin component content table.

Curing w(CE)*  w(BMI)® o(BMI)® w(BIPB)
system (Wt%) (Wt%) (Wt%) (Wt%)
PT-BMI-B 0 100 0 3
BMI950-B 0 0 100 3
BPT-BO 66.7 0 333 3
BPT-B1 66.7 8.3 24.7 3
BPT-B2 66.7 16.5 16.5 3
BPT-B3 66.7 24.7 8.3 3
BPT-B4 66.7 333 0 3

@ DCPDCE; ® PT-BMI; ¢ BMI950.
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Fig. 2 Schematic diagram of GF/BPTs composite material preparation.
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Fig. 3 (a) Electrostatic surface potential of BMI950; (b) Electrostatic surface potential of PT-BMI; (c) DSC curves of PT-BMI-B
and BMI950-B; (d) E, of curing reaction for PT-BMI-B and BMI950-B based on Starink model; (e) DSC curves of BPT-Bs;

(f) E, of curing reaction for BPT-Bs based on Starink model.

Table 2 Data on curing behavior characteristics of BPT950-
BIPB, PT-BMI-BIPB and BPT-Bs.
Curing T;® T,® E,° E, 4 E,°
system (°O) (°C) (kJ) () (9)]
BMI950-B 124 152 160 - -
PT-BMI-B 132 166 211 - -

BPT-B0 111 152 146 173 89
BPT-B1 113 154 146 170 89
BPT-B2 114 157 162 165 85
BPT-B3 115 158 151 182 78

BPT-B4 117 160 154 170 83

2 Onset temperature; ® Peak temperature; ¢ Based on Kissinger
model, the value is derived from the slope of the plot of In
(,B/sz) versus 1/T, for the first curing peak; ¢ The second
curing peak; ¢ The third curing peak.

FIHAT T 50~350 °CHY SR AL LLAM GIE IR (B 4(a)).
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MIBRERMN: kB 170 °CLlE, —OCN
B [ (R AR (2267 F112237 cm™) 5 690 cm™! By
RUBEARFAE UG [ 22 2203, FFBE 156 F1 1365 cm™ &b
WGE T I AR AU U Ty, b e R X I B AN T A
I, V)8 N1 2——OCN 3 [F] 5 MI [ 3L 5
N =B B: WRETEE 220 °CJE ., MI AR W
MR PR AR EE AT E, 1 —OCN i [ K¢ 1iF 0
(226 F12237 e )4k 2L FEAIC,  [R]I = BRFRRFAE
UG, X AR =N, B 4% 3——OCN
EHM A RE R, T FiADSC 5 FEM L 4hR
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Fig. 4 (a) BPT-B2 for 50-340 °C in situ-infrared local amplified temperature-wave number correlation 2D maps; (b) Stage-

by-stage process of the curing reaction.



S

RIS 730 PR P A A SR V. e — — W I 2 . S £ 4 783 A A R

1791

TESEF, AW H T BPT-Bs B g4 & 1 4 ]
PEALERBERL, Wl 4(b) o . #E— 25 o0 br R i,
bE% BPT-Bs /& & o PT-BMI EL 1 (38 11, 25—
TR ) W AEL IR S (T )RR E, 38 B EFHEaSS, iX &
ELH KT PT-BMI-B Y [ 44 3 14 IK T BMI950-B.
BPT-Bs #f 5 1) E, B #5 AR T = i B T R
BT, FRREE SRR B
BN ML A RS, 5B E IR T R
FEEERNMIE —OCN R F LR B, 2=
B EaZZ12 L7 —OCN R H R A .
2.2 BPT-Bs®AgRZTITH

KA AR AEAN A PT-BMI EL 431 () BPT-Bs
R AE IR FE AR AR R BE AR AL, 4B S(a) Pl
7~ . BPT-B1/2/3 B JIig 453 Ji& Bt A0 S P 9 2 12k e
BMI950 5 PT-BMI iR MA@l f5 , & R K1k i i
F AR, R IEAE 60 °CHY % K T 100 Pas.
T H R <100 Pass 1R B X 8] 8 SCAIN T &
1081, 2 MI LR T B ) BPT-Bs B I 75 b & 11
WAPGRIUARE B, BRI T8 iR IR R fg g
R (GHARIRFERE R (G"), NJE SN Tk Y4

BT R T EENME . AT, HREMI
RN T8 R — MIK R B3R, HR
A ) 51~69 °CH#1 5 45 86~89 °C, 1E 120 °CH}, %
FEAEAS T 90 mPas. 1X — L G (4% 0 J5 R 7 T
DCPDCE #1 BMI950 4 & B A BARH A s,
5 PT-BMI [ 3475 1 FE A PR T L J A KB 11 71
Hep iy, HEmA SRR T R R R R
PR AR FAE A R I T AR E B S,
TE SRR RIFURTE B = 4EAT BRI 8 4510 R 250t
RIS B TR AT B S bR 4D 3] 4 s
WETE . WIES(0)~5(d) iR, AT i AR il 2 A
T 2RI G G2 R E BPT-Bs B IR It
fe i R EIR, BE% BPT-Bs /& & #F PT-BMI &
SN, B s R R R R R B X
— R 5 A S B A ALEE S AT — . PT-BMI (1 [#]
AIEAGREI R, X0 I ] 44 L F il FEE 2
1T A R et i EL S A i 1) =R A B
2.3 BPT-BsWiE REE&# IR LR

181 F TGA #4iF T BPT-Bs Bt JIig [El 46 0 72 <
525 TR AT N, a5 R & 6(a)fl16(b)

L (a) ?®  —e—BPT-BO |
800 \
i s —o—BPT-BI
ol | ——BPTR2
600 'L\ |  —o—BPT-B3
]
= |0 1 o BPTB4 r
£ 400 b o, o
* 5 \\ o I
= 0% ° @
H2% 9 N
200 PR% %
0t 2

1g(G") (Pa)

Fig. 5 (a) The viscosity changes with temperature of BPT-Bs resins;
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Fig. 6 (a) TGA curves and DTG curves under nitrogen atmosphere; (b) TGA curves and DTG curves under air atmosphere of
BPT-Bs resin. (¢) DMA tand and storage modulus curves; (d) Z-axis CTE and XY-axis CTE of GF/BPT-Bs composites.
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Fig. 7 (a) Flexural strength and flexural modulus; (b) Flexural strength-conformal curves; (c) Peel strengths of GF/BPT-Bs;
(d) The cross-sectional SEM image of GF/BPT-B1 after blending; (e) The surface morphology SEM image of GF/BPT-B1

copper clad laminates after peeling.
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Research Article

Study on Low-polarity and Bulky Bismaleimide—Triazine Resin with
Hierarchical Curing and Its Glass Fiber Reinforced Copper
Clad Laminates

Lin-yan Zhu'?, Wen-guang Zhang'-2, Li-shuai Zong'?*, Jin-yan Wang!2, Xi-gao Jian!*"
(!Department of Polymer Materials, School of Chemical Engineering, *Engineering Research Center of Advanced
Polymers and Composite Materials, Ministry of Education, Dalian University of Technology, Dalian 116024)

Abstract In this work, by adjusting the ratio of two maleimides with different structures, namely triphenyl-s-
triazine-containing bismaleimide (PT-BMI) and polyamine-type maleimide (BMI950), a series of bulky low-
polarity maleimide-triazine (BPT-Bs) resin systems were fabricated via stepwise curing with dicyclopentadiene-
type cyanate ester (DCPDCE) initiated by di-fert-butylperoxyisopropylbenzene (BIPB). The results revealed that
the stepwise curing process sequentially underwwent radical self-polymerization of maleimide, copolymerization
between cyanate ester and maleimide, and self-polymerization of cyanate ester. For the BPT-Bs systems modified
with combined PT-BMI and BMI950, the processing window was broadened to 89 °C with a minimum viscosity
as low as 90 mPa-s. The 5% weight loss temperature exceeded 398 °C, demonstrating excellent thermal stability.

* Corresponding authors: Li-shuai Zong, E-mail: zongls@dlut.edu.cn
Xi-gao Jian, E-mail: jian4616@dlut.edu.cn
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Copper-clad laminates (CCLs) were fabricated using glass fiber cloth-reinforced BPT-Bs resin composites. The
as-prepared composites exhibited outstanding comprehensive performances: the glass transition temperature was
higher than 280 °C; the minimum coefficient of thermal expansion (CTE) along the Z-axis and X/Y-axis reached
13.5 and 6.1 ppm-K~!, respectively; the dielectric constant ranged from 3.74 to 4.08, and the dielectric loss was in
the range of 0.0058-0.0090. Moreover, the flexural strength was above 521 MPa, the flexural modulus exceeded
31.1 GPa, and the peeling strength of CCLs was between 0.57 and 0.76 N-mm™'. Through the construction of
bulky low-polarity rigid conjugated structures and dense interpenetrating networks, this stepwise curing strategy
effectively balanced the processability, heat resistance, dimensional stability and high-frequency dielectric
properties of the resin. It provides a novel insight for the development of high-performance substrate materials of

copper-clad laminates applied in high-frequency IC substrates.
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