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ABSTRACT

ypothesis: Due to the limited thermal stability of poly(vinyl chloride) (PVC),
che development of multifunctional additive systems capable of simultaneously
enhancing its thermal stability and mechanical performance has attracted
considerable attention. The main hypothesis of this study was that the combination
of two components including an organometallic thermal stabilizer with a phosphorus-
containing nanostructured flame retardant could synergistically improve the thermal
performance of PVC without compromising its mechanical properties.
Methods: Accordingly, a zinc Schiff base complex (ZSC) was synthesized as a
thermal stabilizer, while magnesium hydroxide nanoparticles (MDH) modified with
a DOPO-based dicarboxylic acid (DMMH) were prepared as a flame retardant.
These additives were incorporated individually and in combination into the PVC
matrix. PVC nanocomposite films were fabricated by the solution casting method
using tetrahydrofuran (THF) as the solvent. The chemical structures and successful
synthesis of the additives were confirmed by Fourier transform infrared spectroscopy
(FTIR), nuclear magnetic resonance spectroscopy (NMR), X-ray diffraction (XRD),
scanning electron microscopy (SEM), and elemental analysis. The thermal behavior
thermal stability, and flame-retardant performance of the nanocomposites were evaluated using
thermogravimetric analysis (TGA) and the limiting oxygen index (LOI) test, while
their mechanical properties were assessed by tensile testing.
magnesium hydroxide, Findings: The results demonstrated that the simultaneous incorporation of ZSC and
schiff-base complex DMMH, compared to neat PVC, increased the temperature corresponding to 50%
weight loss by 7.5%, enhanced the char yield by 50%, and improved the LOI value by
3%. Furthermore, the optimum additive formulation increased the tensile strength and
Young's modulus by 40% and 47%, respectively, relative to neat PVC. These findings
demonstrate that the proposed synergistic additive system provides an effective
strategy for producing safer PVC materials with enhanced thermal stability, flame
retardancy, and mechanical performance.
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Table 1. Percentage composition of PVC thin film samples.

Sample | PVC (wt.%) | ZSC (wt.%) | DMMH (wt.%)
PVC 100 0 0
PC2 98 2 0
PD2 98 0 2
PCD2 98 1 1
PCD4 96 2 2
PCDI10 90 5 5
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Fig. 1. (a) FTIR spectrum and (b) "H-NMR spectrum of IDA.
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Table 2. Elemental analysis results of IDA and ZSC.
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Table 3. Thermal parameters extracted from TGA analysis under nitrogen.

Samples T, (°C) T, (°C) T, (°C) T .CC) Ccy! T :(°C)
PVC 254 292 270 462 10 70
PC2 241 316 279 466 8 -
PD2 259 306 275 465 14 -

PCD2 256 299 272 462 12 -
PCD4 265 314 285 463 13 72
PCDI10 259 304 275 462 15 74

~bTemperature at 10% and 50% mass loss, ¢ Main mass loss temperature, d CY: Char yield (%), Mass percentage of material left after TGA analysis at a maximum
temperature of 700°C, e Glass transition temperature was recorded by DSC at a heating rate of 10°C/min in N2, f Not measured.
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Table 4. Thermal parameters extracted from TGA analysis

under air.
Samples | T *(°C) | T,°(°C) | T_ (°C)| CY¢
PVC 163 286 261 1
PCD2 176 290 268 2
PCD4 188 299 279 3
PCD10 179 301 275 5

@-® Temperature at 10% and 50% mass loss, ' Main mass loss temperature,
@ CY: Char yield (%), Mass percentage of material left after TGA analysis at
a maximum temperature of 700°C.
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Fig. 10. (a) Thermogravimetric analysis (TGA) curves and (b) derivative thermogravimetric (DTG) curves of the nanocomposite

films in air.
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Table 5. Limiting oxygen index (LOI) results.

samples LOI (%)
PVC 26.5+0.1
PC2 -
PD2 -
PCD2 -
PCD4 27.2+0.3
PCD10 29.4+0.2

2 Not measured
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Table 6. Mechanical parameters obtained from the tensile test.
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Samples Tensile strength (MPa) Young’s modulus (GPa) | Elongation at break (%) | Toughness (MJ/m?)
PVC 4445+ 1.84 2.02+0.19 3.30+£0.74 0.81+0.03
PC2 38.21+£2.34 1.99+£0.21 4.02 £0.58 0.82+£0.04
PD2 58.47+2.39 2.49+0.28 6.67 +0.63 2.27£0.05

PCD2 48.98 £ 1.90 2.72+£0.25 2.73+£0.46 0.86 £0.02
PCD4 55.82+3.37 2.14+0.32 3.76 £0.79 1.28 £0.05
PCD10 62.73 £2.08 2.97+023 3.29+0.41 1.16 £0.03
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Fig. 11. Stress-strain curves of the PVC samples.
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Scheme 4. The schematic structure of PVC nanocomposite.
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