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ABSTRACT

l lypothesis: Considering the detrimental impact of conventional thermal

stabilizers for polyvinyl chloride (PVC) on the environment, this research

proposes a novel green multi-mechanistic thermal stabilizer for PVC. This
stabilizer is synthesized from a combination of zinc arginine stearate (ZnArgSt) and
layered double hydroxide (LDH). The study aims to investigate the combined effects
of these components on the thermal stability and mechanical properties of PVC.
Methods: The ZnArgSt was synthesized through the reaction of zinc acetate and
arginine, while LDH was synthesized from aluminum nitrate-nonahydrate and
magnesium nitrate-hexahydrate. The effects of each component individually, as well
as their combination, were compared regarding their influence on PVC properties.
The impact of these materials on the thermal stability and mechanical performance
of PVC was assessed using various tests including the following: visual color
change assessments in an oven at 180 °C to evaluate the color durability of PVC;
Keywords: thermogravimetric analysis (TGA); Congo Red test to determine the release of HCI
gas during degradation; UV-Vis spectroscopy to quantify the formation of unsaturated
bonds resulting from HCI elimination; differential scanning calorimetry (DSC);
Shore-A hardness; and tensile testing.
Findings: The results obtained from the tests indicated that this stabilizer exhibits a
high capacity for absorbing HCI gas generated from the degradation of the polymer.
PVC samples containing LDH+ZnArgSt demonstrated improvements of 34% in
toughness, 11% in modulus, and 3.5% in hardness compared to PVC with LDH alone.
Furthermore, compared to PVC containing only ZnArgSt, enhancements of 20%,
33%, and 3.5% in mechanical properties were observed, respectively.
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Pure PVC 5+0.05 -

LDH 17.15+0.17 3

ZnArgSt 13.11 £ 0.19 3
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C Ca/Zn stab 6.34+ 0.09 3
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Fig. 1. FTIR spectra of (a) zinc stearate, (b) arginine zinc, (c) arginine stearate, (d) andcalcium stearate.
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Fig. 4. Comparative evaluation of PVC sample stability at

180°C based on color change delay time in Congo red test.
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Fig. 5. Comparative evaluation of color change rate in vari-

ous PVC films Vs. time at 180°C.
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Table 2 . Thermal stability data of different PVC samples according to the TGA analysis.

Counpond e | €1 felt | RS | 1y o | Ti0va 0 | Pt | Lo (O
Pure PVC 6 877 260 272 75/19 302/448
LDH 3 960 269 277 76/21 293/454
ZnArgSt 21 1003 246 259 61/18 285/453
LDH + ZnArgSt 13 1039 257 265 70/17 282/457
LDH + ZnSt, 10 1093 247 254 71/19 274/457

“The temperature at which 5% weight loss was recorded by TGA., ** The temperature at which 10% weight loss was recorded by TGA, *** The time duration

between the first and the second stages of PVC degradation.
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Fig. 6. TGA thermograms (left) and DTG curves (right) of different PVC samples (Pure PVC:A, LDH + ZnSt2:B, LDH +

ZnArgSt:C, LDH:D, ZnArgSt:E) from 25 °C to 600 °C .
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Table 3. Thermal stability data of different PVC samples according to the DSC analysis.

Compound name T1, . (CO* | T2, (CO)** | Residence time (s) Heat /Heat , (J/g)***
Pure PVC 262 424 568 295/81
LDH 266 439 654 238/36
ZnArgSt 220 444 742 227/48
LDH + ZnArgSt 260 447 808 242/30
LDH + ZnSt, 234 451 847 238/17

* Onset temperature of the first stage of reactions. ** Onset temperature of the second stage of reactions. "“Heat of different interactions and reactions of the first

and second stages; respectively.
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Fig. 7. DSC curves of different PVC samples.
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Fig. 8 . UV-Vis spectra of different PVC samples (Pure PVC:A, LDH + ZnSt,:B, LDH + ZnArgSt:C, LDH:D, ZnArgSt:E) after

heating for 15 min at 170°C from 200 to 900 nm. Curves at 1, 2, and 3 represent the magnified spectra of the triene region, the

tetraene to nonaene region, and the visible range, respectively.
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Fig. 9 . UV-Vis spectra of different PVC samples (Pure PVC:A, LDH + ZnSt :B, LDH + ZnArgSt:C, LDH:D, ZnArgSt:E) after

heating for 60 min at 170°C from 200 to 900 nm. Curves at 1, 2, and 3 represent the magnified spectra of the triene region, the

tetraene to nonaene region, and the visible range, respectively.
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Table 4 . Data of the mechanical properties of different PVC samples based on the tensile and hardness tests.

Compound name Stress (MPa) Strain (%) Elastic modulus (MPa) | Toughness (J) Shore A

Pure PVC 1.77 £ 0.01 25.34 +0.50 8.33+£0.74 15.17£0.01 81 +0.81
LDH 1.68 £ 0.01 19.23£0.13 8.95+0.13 10.55+0.20 77.60 + 0.94
ZnArgSt 1.68 £0.04 23.36 £ 0.84 7.47+0.21 13.35+0.02 77.60 +1.24
LDH + ZnArgSt 1.76 £0.02 24.13 +£0.77 9.94+£0.24 16.03 +1.39 80.33 £0.46

LDH + ZnSt, 1.80 £ 0.01 25.59+£0.39 7.76 £0.18 15.43 £0.06 78 £0.81
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Fig. 10 . Schematic represention of the hydrogen bonding network interactions among the PVC, LDH, and Arg moiety in ZnArgSt

witch resulting in the highest elastic modulus, hardness and toughness and LDH stabilizer agglomeration in PVC matrix.
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released HCI, ZnCl, and AICL,.
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