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2. DVS-BCB hydrolysis

Fig. 1 BCB-MQ reaction mechanism diagram

Tab. 1 Material ratio for synthesizing benzocyclobutene-based MQ silicone resin

n(DVS-BCB) n(TEOS) n(H,0) m(HCl) m( THF)
Samples M/Q

/mmol /mmol /mmol /mg /g
MQ4 0.4 12.7 31.8 76.5 116 5.8
MQ5 0.5 12.7 255 63.8 103 5.6
MQo6 0.6 12.7 21.2 55.2 94 5.4
MQ7 0.7 12.7 18.2 49.2 88 53
MQ8 0.8 12.7 15.9 44.6 83 52
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Tab. 2 Effects of solvent, feeding method and catalyst amount on the preparation of MQ silicone
Entry Solvent HCl Feed n(DVS-BCB) n(TEOS) n(H,0) Viscosity Appearance
/% mode /mmol /mmol /mmol /(mPa-s)
1 Toluene 1 B 6.3 10.6 27.6 Gel
2 n-Hexane 1 B 6.3 10.6 27.6 Gel
3 THF 1 B 6.3 10.6 27.6 Liquid
4 THF 1 A 6.3 10.6 27.6 260 Liquid
5 THF 1 B 6.3 10.6 27.6 2500 Liquid
6 THF 1 C 6.3 10.6 27.6 140 Liquid
7 THF 0.5 B 6.3 10.6 27.6 Liquid
8 THF 1 B 6.3 10.6 27.6 Liquid
9 THF 1.5 B 6.3 10.6 27.6 Gel
10 THF 3 B 6.3 10.6 27.6 Gel

note: A is cohydrolysis; B is TEOS pre-hydrolysis; C is DVS-BCB pre-hydrolysis

Tab. 3 Viscosity of BCB-MQ silicone resins with
different M/Q ratios

Samples Viscosity/ ( mPa-s) Appearance
MQ4 6530 Liquid
MQ5 3510 Liquid
MQ6 2505 Liquid
MQ7 2100 Liquid
MQ8 1550 Liquid

— cured MQ8 :: }
—uncured MQS8 \ ]
Y N » N AV A
— uncured MQ .

— cured MQ6

—cured MQ5
—uncured MQS
— cured MQ4 .
— uncured MQ4 150" 1475 2085
4000 3000 2000 1000

o/cm™

Fig. 2 FT-IR spectra of BCB-MQ silicone resins before and after

curing
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Fig. 3 (a) 'H-NMR spectrum of MQG6 silicone resin; (b) BC.NMR spectrum of MQG6 silicone resin
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Fig. 4 (a) DSC curves of cured BCB-MQ silicone resins and uncured MQS8; (b) thermogravimetric ( TGA) curve of uncured MQS8 silicone

resin
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Fig. 5 Curing mechanism of BCB-MQ silicone resin
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Fig. 6 (a) Thermogravimetric (TGA) curves of cured BCB-MQ silicone resins; (b) DTG curves of cured BCB-MQ silicone resins
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Fig. 9
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(a) Dielectric constant curves of cured BCB-MQ resins as a function of frequency; (b) dielectric loss curves of cured BCB-MQ resins as

Tab. 4 Dielectric, mechanical, and thermal performance data of cured BCB-MQ resins

T, max CTEx10° Elastic modulus Hardness D,
Samples B

/C /C /c /GPa /GPa (10 MHz)
Cured-MQ4 503.3 513.33 116.50 2.6 0.11 2.97
Cured-MQ5 483.1 503.15 101.80 2.8 0.14 2.85
Cured-MQ6 470.1 501.23 99.73 32 0.16 2.81
Cured-MQ7 464.7 499.67 88.26 35 0.17 2.76
Cured-MQS8 462.3 497.66 73.40 39 0.20 2.70
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Fig. 10 Contact angle and water absorption of BCB-MQ cured resins
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Tab.5 T,, and dielectric constant of some BCB resins

reported in the literature

Sample T,,/C D, at 10 MHz Ref.
AG-MQ 312 [12]
EG-MQ 347 [12]
Ph-MQ 400 [18]
C-FSi-BCB 453 2.60 [19]
MQ8 462.3 2.70 This work

Tab. 6 Mechanical and dielectric properties of BCB-MQ

and glass fiber composites

TS g, D, tan 8
Sample
/MPa /MPa (10 MHz) (10 MHz)
MQ-E 52.7 122.3 3.77 0.026

note; TS: tensile strength; o,: flexural strength; D,:

dielectric constant
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Preparation and Properties of Thermally Cross-Linked Benzocyclobutenyl
MQ Silicone Resin

Wei Yang', Yan Zhou', Jin Huang®, Yingiao Zhao®, Xian Li', Junxiao Yang'
(1. School of Materials and Chemistry, Southwest University of Science and Technology,
Mianyang 621010, China; 2. Zhongwu Materials Co., Ltd., Mianyang 621010, China)

ABSTRACT: In order to solve the problems of complex precursor preparation and cumbersome process in the
synthesis of functionalized MQ silicone resins, an efficient one-step synthesis strategy based on benzocyclobutene
(BCB) modification was developed in this study. Thermally crosslinkable BCB-MQ silicone resin was successfully
prepared by introducing BCB functional groups with low dielectric constant and high thermal stability directly onto
the silicon-silicon backbone through acid-catalyzed hydrolysis condensation reaction. The effect of the mole ratio
of DVS-BCB to ethyl orthosilicate (TEOS) on the properties of the cured resin was systematically studied. The
results show that when n (DVS-BCB) : n (TEOS) = 0.8, the cured resin exhibits the best overall properties, a
dielectric constant (D,, 10 MHz) as low as 2.70, a 5% thermogravimetric temperature (T, ) up to 462.3 C, and
an elastic modulus of 3.9 GPa. The short glass fiber-reinforced composite prepared by hot pressing further exhibits
excellent mechanical and dielectric properties, with tensile strength and flexural strength reaching 52.7 MPa and
122.3 MPa respectively, and a dielectric constant of 3.77. The BCB-MQ silicone resin has good compatibility with
silicone rubber/silicone resin and thermal cross-linking characteristics, and its performance is better than that of the
traditional silica filling system, and has broad application prospects in the field of high-end electrical insulation
materials and nuclear power equipment fields.

Keywords: MQ silicone; thermal stability; benzocyclobutene; low dielectric constant



