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Abstract

Vinyl chloride (VC), as an important industrial monomer, its homopolymer polyvinyl chloride (PVC)
is widely used in fields such as electronic packaging, automotive interiors, and communication engineering
due to its excellent chemical resistance, processability, and low cost. However, traditional PVC materials
also have some inherent drawbacks, such as the release of toxic gases during combustion, high brittleness,
and single functionality, which limit their application in high-end fields. Nitrogen-containing heterocyclic
monomers usually possess unique chemical properties and functional characteristics. Incorporating
nitrogen-containing heterocyclic monomers can enhance the functionality of polymers and meet different
application requirements. To expand its performance and application scope, in this thesis, different
nitrogen-containing heterocyclic monomers were selected to prepare vinyl chloride copolymers. The main
research contents are as follows:

(1) To address the poor thermal stability of PVC materials and the release of toxic gases during
combustion, this chapter obtained the copolymer P(VC-VK) of vinyl chloride (VC) and 1-vinyl carbazole
(VK) through suspension copolymerization, and studied the thermal performance, flame retardancy, and
mechanical properties of the copolymer under different VK addition amounts. The results showed that Tse,
increased from 232.9°C of pure PVC to 239.9°C, and T significantly increased from 266.9°C of pure
PVC to 295.1°C, demonstrating good thermal stability. Compared with pure PVC, the limiting oxygen
index increased from 22.8% to 24%, the ignition time increased from 9 s to 69 s, the total smoke release
decreased from 38.403 m? to 8.601 m? and the total heat release decreased from 11.027 kw/m? to 5.534
kw/m?, indicating a significant improvement in flame retardancy and smoke suppression. The volume
resistivity of P(VC-VK) film increased from 3.263x10"* Q-m of pure PVC film to 6.15x10'* Q-m, further
enhancing the insulation performance.

(2) To solve the poor mechanical properties of P(VC-VK) copolymer materials and improve the
conductivity of the material while maintaining flame retardancy to broaden its functionality, this chapter
obtained the copolymer P(VC-VIM) of vinyl chloride (VC) and 1-vinyl imidazole (VIM) through
suspension copolymerization, and studied the thermal performance, flame retardancy, and mechanical
properties of the copolymer under different VIM addition amounts. The results showed that Tso; decreased
from 232.9°C to 195.7°C, and T, decreased from 262.3°C to 225.8°C, indicating a decrease in thermal
stability. The tensile strength increased from 41.275 MPa to 92.51 MPa, and the elongation at break

decreased from 19.05% to 6.5%, enhancing the rigidity of the polymer material. The limiting oxygen index



increased from 24.5% to 27.1%, the ignition time increased from 16 s to 57 s, the total smoke release
decreased from 631.979 m? to 163.913 m?, and the total heat release decreased from 11.61 kw/m? to 9.18
kw/m?, significantly improving the flame retardancy and smoke suppression. Compared with pure PVC
film, the conductivity of P(VC-VIM) film increased from 1.927x10'* Scm™ to 5.14x10"'" Secm™!, reaching
the standard of conductive polymers.

(3) To further improve the smoke suppression performance of P(VC-VIM) polymer, this chapter
obtained the copolymer P(VC-VIM-DEVP) of vinyl chloride (VC), 1-vinyl imidazole (VIM), and diethyl
vinyl phosphate (DEVP) through suspension copolymerization, and studied the thermal performance, flame
retardancy, and mechanical properties of the copolymer under different DEVP addition amounts. It was
found that Tse¢; decreased from 232.9°C to 195.7°C, and T decreased from 262.3°C to 215.7°C,
indicating a reduction in thermal stability. The tensile strength dropped from 41.465 MPa to 19.524 MPa.
When the DEVP addition was 5 wt%, the elongation at break increased from 18.77% to the maximum
value of 35.67%, enhancing the plastic deformation capacity of the polymer material. The limiting oxygen
index rose from 22.8% to 25%, and the ignition time increased from 9 s to 69 s. When the addition was 5
wt%, the total smoke release decreased from 38.403 m? to 0.806 m2, while the total heat release increased
from 11.027 kw/m? to 20.537 kw/m?, significantly improving the smoke suppression performance.

Key words: Polyvinyl chloride; Suspension polymerization;Nitrogenous heterocyclic ring; Flame

retardancy; Smoke suppression performance
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Figure 1-1 PVC molecular structure formula, where n represents the degree of polymerization
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