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Preparation and properties of hollow silica/PVC in-situ polymerization resin
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DING Guojun'?, WANG Heyun***,YU Erlei"***, HUANG Dong'
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Shihezi University,, Shihezi 832003, China; 3. Key Laboratory of Green Chemical Process of Xinjiang Corps, Shihezi 832003, China;
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Abstract : PVC has the advantages of oil resistance, corrosion resistance, and good chemical stability , and accounts for a large
proportion of applications in the entire wire and cable industry. However, due to the defects of polyvinyl chloride such as low impact
strength and high dielectric loss, its application is limited. Therefore, in order to solve these problems, PVC/HNs resins were synthe-
sized by in-situ suspension polymerization with the hollow silica nanoparticles (HNs) modified by vinyl triethoxysilane coupling
agent (VTES) and vinyl chloride, then the stabilizers and lubricants were added into the resins to prepare composites. The dielectric
properties and mechanical properties of polyvinyl chloride (PVC) composites were enhanced by modified HNs nanoparticles, and the
effects of modified HNs nanoparticles on their properties were explored. The results show that with tthe increase of the addition
amount of modified HNs nanoparticles, the dielectric loss of the PVC/HNs composites reaches the lowest at 3 wt% without affecting
the dielectric constant of the PVC composites, which is 0.053; Volume resistivity of PVC/HNs composites first increases and then
decreases, which is 2.9x10™ Q) *m when mass fraction of 3% is added. From the perspective of mechanical properties, with the

increase of modified HNs, the impact strength first increases and then decreases, which is the highest at a 1% mass fraction, which is
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ZHAO Zhonghua, XU Cong, YANG Jian, et al. Preparation and properties of hollow silica/PVC in-situ polymerization resin[J]. Engineering
Plastics Application, 2025,53(11): 17-25.



18 AR

2025 4F, 465 53 4,45 11 11

2.8 kJ/m’, and the tensile strength is higher than 53 MPa. DSC test results show that the modified HNs improve the thermal stability

of PVC molecular chains, and the glass transition temperature increases from 79.5 °C to 89.3 °C, an increase of 10 °C. In summary,

VTES modified HNs can effectively improve the volume resistivity, impact strength and thermal stability of PVC.

Keywords : polyvinyl chloride ; vinyl silicane coupling agent ; hollow silica nanoparticles ; dielectric property ; mechani-

cal property
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#1 PVCKPVC/HNs E&H#IE A
Tab.1 Formulations of PVC and PVC/HNs composites

phr
Samples Resins Orge%n.otin Steari‘c acid
stabilizers lubricant
PVC PVC resin 3 0.6
PVC/HNs-1% PVC/HNs-1% resin 3 0.6
PVC/HNs-3% PVC/HNs-3% resin 3 0.6
PVC/HNs-6% PVC/HNs-6% resin 3 0.6
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Fig. 3 SEM photos of PVC and PVC/HNs resins
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Tab.2 Molecular weight and primary particle parameters of PVC

and PVC/HNs resin
Number-aver- Radius Particle size
Samples age molecular R
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PVC resin 67725 110 1.53
PVC/HNs-1% resin 69 440 127 1.64
PVC/HNs-3% resin 70 110 130 1.68
PVC/HNs-6% resin 68 031 130 1.67

AL, i B HNs URE 9 I A T 5 295 19 5 A 52 i)
L

PVC J PVC/HNs & & # R KT TH 9 SEM 4
Pl 4R, RfiZ HNs I A3, Wi 8o £
FER AR TIPS I, 2E A I 53 0CR 3% B
R AR, RSN ] R HNs 138 S 80 802
PIPE TR BTDULER R , 43O HNs BRI AR 7E 1
pm ZE AT AR A B, RHB A PVC IR R &

=

10 um

(a) PVC (b) PVC/HNs-1%

10 um 10 pm

(c) PVC/HNs-3% (d) PVC/HNs-6%
4 PVC S PVC/HNs & &1 RHNT I SEM IR A
Fig. 4 Cross-section SEM photos of PVC and PVC/HNs composites
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PVC/HNs composites
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Fig. 6 Volume resistivity of PVC and PVC/HNs composites
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Fig. 7 TG and DTG curves of PVC and PVC/HNs composites
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Tab.3 Thermal stability data of PVC and PVC/HNs composites

Samples 7,/°C  T,/°C T, /°C  R(600°C)/%
PVC 2755 290.6 4653 10.60
PVC/HNs-1% 2724 2874 4707 13.59
PVC/HNs-3% 2798 2955 4658 15.62
PVC/HNs-6% 282.5 2953 4578 24.11

Notes: 7, is temperature at which the main decomposition reaction
of the material initiates; T,, is temperature at 5% mass loss; T}, is termi-

nal decomposition temperature; R (600 °C) is char yield at 600 °C.
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