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Fig.1 Structures of (a)PSA and (b)BZ-BPA
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Tab. 1 Preparation of the BP resins

Resin m(BZ-BPA):m(PSA)
BP-1 1:5
BP-2 2:5
BP-3 3:5
BP-4 4:5
BP-5 5:5

FREUIE & 1 BP WG T3, 3% DL B RR P
T+ i [ AL - 180 C/1 h—200 C/1 h—220 C/1 h—
250 ‘C/2 h—280 “C/2 h—300 ‘C/2 h.
1.2.2 QF/BP & 3% 4 4 38 5% A & M 4+ 69 H) & %
# 10 BP LR A g v T O R o, 19 BRI, AR )R
B IR IR 8 emx12.5 cm [ L 47 44 b, =R T

BE24 h LIBR £ K14 EA R HETIRMAET
BRI B A, it in 2 MPa JE g, 4% B8~ FHR A2 7 i
1T 46 : 180 “C/2 h—200 ‘C/2 h—250 ‘C/2 h—280°C/
2 h—300 C/2 ho FF %2 %R 5 BB E 19 2 A 5%
2F 2 34 5 BP W AR 5 A MR (QF/BP) , % 8 & A R
FAR B IR T & 2 0N 30%~35% .
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Fig.2 Rheological curves of BP resins
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Fig.3 DSC curves of BP resins
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Fig.5 Curing infrared analysis of PB-3 resin
2.2.3  BP &5 69 B 4L 20 9 4 A7 2 DL BP-3 4 B 58
BP 3L A4 I 1) [ 46 4T O 5 Fig.5 Jv BP-3 B fii il 44 iod
2 AN [ iR RE B R 20 AR O 1% o [l Ak AL 41 4 A
2 Fp 25 R IE U H 0 B SR N 3300 em ! Ak R S £ R
FE P R IE W AT, 2230 em! Ab A SR FE A R AE TR
U, 2161 em™ &b Ay ik S48 AT PN 20 bk 2 FE & (1) 47 1IF T
WU, 950 em! AT 1503 em &b Sy M2 185 2R 1) K5 AiE W i
U, 1226 em™ b Sy C=0=C [ {# 45 ¥z 2h W& , 1 1 BP
LR B G b A PSA Al BZ-BPA JiT 45 3 [ 1 K5 1E T
WU o 2 [ b I BE SR 230 °C I, B B4 T 5 26 R i 0
H L AE 3420 em Ab, BB R FRRERE KA TR
J7 ;3300 em &b B £ ok AR AIE I ST 0 S R 9 55 5 6 W
LR A K53 MR 2 552161 em ! b 4



C=CH N ,
wgi—C= | | =C—sim
CHy 7 k) CHsy
HyC.
/H Or 3 \SI,:‘
si <" H
/7 C Y,
e TN 7

H~g|
?'*CHa

Fig.6 Thermal curing reaction process of modified silicon acetylene hybrid resin
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Tab. 2 TGA results of PSA,BP- 3 and BZ- BPA curing

compound
T/ C Mass retention/%
Sample
In air In N, In air In N,
BZ-BPA 506.0 502.6 19.3 71.8
PSA 597.0 738.2 30.4 93.0
PB-3 582.4 687.3 26.5 92.1
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Fig.9 Flexural strength of QF/BP composites at room temperature
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Fig.10 Interlaminar shear strength of QF/BP composites at room
temperature
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Fig.11 Flexural strength of QF/BP composites after heat treatment
301
(1400 C/2h
| 600 C/ismin
203 T 199 g5
20 Y]

—
o

Interlaminar shear strength/MPa

L 17.2
13.1
4.9 4.1
3.5 %’ 31| 34
. L 2 9

PSA BP-1 BP-2 BP-3 BP-4 BP-5

Fig.12 Interlaminar shear strength of QF/BP composites after
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Fig.13 DMA curves of QF/BP-3 composite
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Fig.14 Appearance change of QF/BP composite before and after thermal aging
(a): at room temperature; (b): 400 ‘C thermal ageing for 10 h

Tab. 3 Mass loss of QF/PB composites after thermal aging at 400 C for 10 h

Sample QF/PSA QF/BP-1

QF/BP-2

QF/BP-3 QF/BP-4 QF/BP-5

Mass loss/% 4.68 2.89

2.86

2.58 2.64 2.11

Fig.15 SEM images of(a) QF/BP-1 and (b) QF/BP-5 composites
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EZAHT, QF/PSA B &M KL H 4R (1, 5 Wl
A G BB AL, T QF/BP B &M AL 2RI H B4 &R
HeF, GERI B, I B BZ-BPA Wl 2 & 3R =
AR VR . 400 C AL 10 h J5 , QF/PSA & & 1 KB
R A WA GOk, BT 0 R 3N 4.68% ; QF/BP
A M B RTS8 O 35 28 €0 6 8 3, 3R T 6 B
AR 3, e U)W T AL e B S B RE R R R R
HAKT 3%, Ut B Bl 5 #0420 B AT , 2> 5 oK A 1)
BN & P L — D B AR T T B A MR i A
P, R UE T QF/BZ-BPA B & #1 kL B A R 47 1 fiif
A

2.4.3 QF/BP & 4 #t# &9 SEM % #7 : Fig.15 7 %l A
(a) QF/BP-1 1 (b) QF/BP-5 & & # k| Z 8] # 3K J5 1
PO B3 . BT LA 2, QF/BP-1 H B i A 4F 4
(6] A7 72 50K 25 B, W AR A0 25 2 B ¥, 57 T 12k e 4
%, N A MR 1 S PR B 2 . QF/BP-5 H A
fEEAF 4l & 5%, 4RI M IR BB 2,
TR T 3 50 IR R RS 42 )2, R B BZ-BPA W IR & &
(1 B2 v A5 A% i 5 2 4 R T (0 45 4 Re AR aE, B R
S0 S MEBE . QF/BP-5 A MR J1 S HERE AL T
QF/BP-1.

3 4ie

K H BZ-BPA B0 PSA, il % 1 oo Ak e 2% 1k A3
Jig (BP) Je Ho A7 e 247 e 3 s A Mk BP A IR 2300
B — [ [ AL AR UG, [ 4k I B BE BZ-BPA W IR & &
1 1 I ifg BE AR, B PSA K & £ JR KR B 65 i 4 BZ-
BPA 15U EE (1 [ £k, fif U T BZ-BPA B i At LA 1k
SE A ) R . [ A AR R R PR T BE L R B
FSCR S AN R 1) B e 4G SR S . BP-3 3L IR M i [F 4L



7

WIAE N, FZS S 1) Tos 33 75 1 580 °C, N, 11000 °C
BRI T 90%, AR TN, PSA S
BZ-BPA B iE #H 75 14 R 47, BP W Jig 55 £F 4k 8] (1) S i
PERE 13 2 5035, QF/BP 524 M ORH I 25 il 58 & M 153.5
MPa #& /5 %2 300.4 MPa, J22 [A] BY 1] 5% & )\ 21.6 MPa
15 %2 35.6 MPa, /7%= R 2 1 s SEM 7- AT K B, BP B
fEHAF4EmAARIFM AL S 1. QF/BP-3E G
A RE R 35 38 4K % A2 T B v T 500 C, H 400 C AR
10 W IR FFEUE 45 5 B & @b, i EH kA
AR T 3%, F A 5 1 T 241 A 243210 1

AL T — i 1 A ot R b 2R A i S AE
PR AR S I A PR RE O SR al B3R T MR,
W& T ke 4 A0 B R TE TR L S K 25 A A k) 453
1 82 FH 3 B

S 3

[11  Zhou C, Guo K K, Qi H M, ef al. Synthesis and characteristic of
borazine- silicon- containing arylacetylene resin[J]. Advanced
Materials Research, 2015, 1120-1121: 550-553.

[2] Gao G R, Zhang S Q, Wang L Q, et al. Developing highly tough,
heat- resistant blend thermosets based on silicon- containing
arylacetylene: a material genome approach[J]. Applied Materials
& Interfaces, 2020, 12: 27587-27597.

(3] RAHA, TR, AL, A, IR I - S R MR T e PR R R A

PG B LA MR BEL]. S MBEE AR, 2020, 37(11): 2718-
2725.
Shu C P, Wang M Y, Zhou Q, et al. Properties of silylene hybrid
resins modified with benzoxazine- amino diluents and their
composites[J]. Acta Materiae Compositae Sinica, 2020, 37(11):
2718-2725.

[4] HF2, MSRple, Az, AR SR 5 T 07 MRt IR SR PRI 9L
[7]. EEMEERES TR, 2016(7): 63-68.

Jiang X J, Deng S F, Du L. Investigation of blending modified
poly (silylene-arylacetylene) with different groups[J]. Composites
Science and Engineering, 2016(7): 63-68.

[5] HulJ, HuY, Deng S F, et al. Synthesis and properties of a novel
silicon- containing phthalonitrile resin and its quartz- fiber-
reinforced composites[J]. High Performance Polymers, 2020, 32:
1112-1121.

[6] He XY, Wang T, Pan Z C, et al. Curing characteristics, kinetics,
and thermal properties of multifunctional fluorene benzoxazines
containing hydroxyl groups[J].
Science, 2021, 138: 50131-50143.

Journal of Applied Polymer

(7

[8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A, NS, IR, A RIENERR DI READ R BT FTE R (D). W
TAPRRL S TR, 2018, 34(1): 184-190.
Feng Z J, Zeng M, Liu C, et al. Preparation and applications of
functionalized benzoxazine-based materials[J]. Polymer Materials
Science & Engineering, 2018, 34(1): 184-190.
Ghosh N N, Kiskan B, Yagci Y. Polybenzoxazines- New high
performance thermosetting resins: Synthesis and properties[J].
Progress in Polymer Science, 2007, 32: 1344-1391.
TR, PRI I LR AR B AVSIC p HE 2 AP RESE
WA FL[D]. b i Ad R, 2007.
Zhang H X. Study of the effect of thermal cycling process on the
electrical and thermal properties of high volume fraction Al/
SiC_p [D]. Shanghai: Shanghai Jiaotong University, 2007.
FIFE, AU, AL, 5. SR (TR) — L 20 R AU b ) LR
FERIFUEER I A ILIR AR R AL ATy S LR R 1 RERT T (0], b
AL L RZEZEAR(E B, 2019, 46(3): 54-60.
Lu D, Shu C P, Zhou Q, et al. Curing behavior and their heat
resistance properties of poly(m-  diethynylphenyl-
methylhydrosilane)/acetylene- containing benzoxazine resin [J].
Journal of Beijing University of Chemical Technology (Natural
Science Edition), 2019, 46(3): 54-60.
Hill, ALVER], IR0, A5 A RE DT B /& RE AR IR R L
VB AR AV RE S R [0]. 4E 2R AL 2016(10): 24-28.
Tong Y, Du F K, Yuan Q L, et al. Properties and applications of
silicone aromatic resin/functional group-containing benzoxazine
blended resins[J]. Insulation Materials, 2016(10): 24-28.
Itoh M, Iwata K, Ishikawa J I, et al. Various silicon-containing
polymers with Si(H)-C C units[J]. Journal of Polymer Science
Part A:Polymer Chemistry, 2001, 39: 2658-2669.
TR, T, BRI, S SRR R 1 st K B AR
PERELI]. i TAPRMRL S 5 0%, 2019, 35(11): 35-40.
Wang C C, Cui F X, Yuan Q L, et al. Modification of silicon-
containing arylacetylene resin and properties of carbon fiber
reinforced composites[J]. Polymer Materials Science &
Engineering, 2019, 35(11): 35-40.
Ma M, Li C, Liu X, et al. Synthesis and Properties of a silicon
containing arylacetylene resin with 2,6- diphenoxypyridine unit
[J]. ChemistrySelect, 2020, 5: 1146-1152.
Jiang D, Zhou Q, Fan Q, et al. Curing behavior and thermal
performance of cyanate ester resin modified by poly(methyl-
benzene diethynylbenzene)Siliane[J]. Polymer Bulletin, 2015,
72:2201-2214.
Xu M, Ren D, Chen L, er al. Understanding of the
polymerization mechanism of the phthalonitrile- based resins

containing benzoxazine and their thermal stability[J]. Polymer,

2018, 143: 28-39.



Curing Behaviour and Properties of Silkyne Resins Modified with BZ-BPA

Zhide Wang', Zeyu Li* , Xiaotao Bai’ , Yuxiang Jia’ , Wenjie Hu* , Quan Zhou’
(1.Beijing Aviation Materials Research Institute, Beijing 100095, China, 2. Key Laboratory of Specially
Functional Polymeric Materials and Related Technology (Ministry of Education) , School of Material Science and
Engineering , East China University of Science and Technology , Shanghai 200237, China)

ABSTRACT: A series of BP resins were prepared by modifying poly(m-diethynylbenzene monomethylhydrosilane)
(PSA) with benzoxazine (BZ-BPA) containing cyano and acetylene group. The curing behaviour of the BP blended
resins was analyzed by Fourier transform infrared spectroscopy (FT-IR), rotational rheometry, differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA).The results show that the reactive groups such as oxazine
ring, silicone hydrogen bond, terminal acetylene group, internal acetylene group and cyano group were involved in
the curing reaction. The 5% thermal mass loss of the BP-3 blended resin in N, and air (7) and mass retention at
1000 C are 687.3 ‘C, 92.1% and 582.4 C, 26.5%, respectively. The mechanical and thermal properties of the quartz
fibre reinforced BP resin composites (QF/BP) show that the flexural strength of the QF/BP composites is increased
from 153.5 MPa to 300.4 MPa and the interlaminar shear strength increased from 21.6 MPa to 35.6 MPa; the
mechanical strength retention of the QF/BP composites is higher than 60% after 2 h of thermal oxidation at 400 C;
the glass transition temperature (7,) of QF/BP-3 exceeds 500 C. These results indicate that the BP blended resin and
its composites have excellent thermal properties and improved mechanical properties.

Keywords: poly(m-diethynylbenzene monomethylhydrosilane); benzoxazine; curing behaviour; mechanical properties



