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ABSTRACT

Research subject: This study investigates the effect of poly(butyl acrylate) (PBA)-based polymeric plasticizers on the performance of poly(vinyl
chloride) (PVC) films. The main objectives were the synthesis and evaluation of graft copolymer plasticizers, PVC-g-PBA, with varying PBA chain
lengths, and the examination of their impact on the microstructure, mechanical properties, and stability of PVC films.

Research approach: PBA chains with different molar percentages (40-80%) were grafted onto PVC chains via atom transfer radical polymerization
(ATRP). The microstructures of the synthesized copolymers were confirmed using Fourier-transform infrared spectroscopy (FT-IR) and proton nuclear
magnetic resonance (*H-NMR). These copolymers were then used as plasticizers (at 22 wt%) in the preparation of PVC films. The mechanical properties
(tensile strength and elongation at break), morphology (via wide-angle X-ray diffraction (WAXD)), plasticizer stability in the PVC matrix (extraction
test), and thermomechanical behavior (via dynamic mechanical thermal analysis (DMTA)) were evaluated.

Main results: Increasing the molar percentage of PBA in the copolymers reduced the yield stress from 53 to 10 MPa, while significantly increasing the
elongation at break from 9% to 162%, indicating enhanced flexibility of the PVC films. WAXD results revealed that at lower PBA contents (up to 63%),
chain ordering improved, whereas higher PBA incorporation (73%) led to a notable reduction in crystallinity due to the amorphous nature of PBA. The
extraction test confirmed the high stability of the synthesized plasticizers in the PVVC matrix after 24 hours. DMTA analysis indicated shifts in the glass
transition temperature between phases as the PBA content increased. Compared to the conventional plasticizer dioctyl phthalate (DOP), the synthesized
plasticizers exhibited superior mechanical performance and are proposed as a highly stable alternative for PVVC applications.
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Table 1 Molar ratio of reaction ingredients used for synthesis of
PVC-g-PBA copolymers

Molar ratio of reaction components* | THF | PVC | PMDETA | CuCl | NMP | BA Sample
[Monomer]:[Catalyst]:[Ligand] | (m) | (@) (] @ | (ml) | (ml)
55:1.71:1 30 0.5 40 0.01 45 2 PVC-g-PBA2
113:1.71:1 30 0.5 40 0.01 45 4 PVC-g-PBA4
17317141 30 0.5 40 0.01 45 6 PVC-g-PBAG
232:1.71:1 30 0.5 40 0.01 45 8 PVC-g-PBA8
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Table 3 Polymerization conversion and molar percentage of PBA
in PVC-g-PBA copolymers

Copolymer Molar percentage Polymerization
of PBA in the brush copolymer(/) | conversion (/)
PVC-g-PBA 2 43 26
PVC-g-PBA 4 63 27
PVC-g-PBA 6 73 30
PVC-g-PBA 8 80 35
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Figure 3 Evaluation of the plasticizer extraction from P\VC/PVC-
g-PBA film during time via FT-IR analysis
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Table 2 Integral of peaks appeared in *H-NMR

Copolymer | | In |h |

adc f.g e

PVC-g-PBA 2 1.45 1.27 1.03 0.45 0.55
PVC-g-PBA 4 5.37 5.26 3.93 0.75 2.05
PVC-g-PBA 6 10.09 9.91 7.59 0.92 4.23
PVC-g-PBA 8 1.36 1.61 1.36 0.11 0.66
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Table 4 Hansen solubility parameters of polymers and copolymers

[28]
Polymer Jy % O Orotal Rao s
(MPa%%) | (MPa®%) | (MPa®s) | (Mmpacs) | (MPa®®)
PVC 19.20 9.20 7.20 22.50 14.50
PBA 16.77 9.90 6.60 20.56 12.47
n-hexane 14.90 0 0 14.90 0
DOP 16.60 7.00 3.10 16.20 8.38
PVC-g-PBA4 18.03 9.64 6.82 21.56 13.04
PVC/PVC-g-PBA4 18.36 12.41 5.04 22.73 14.02
PVC/DOP 18.45 8.60 6.01 18.45 12.67
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Figure 4 Evaluation of the plasticizer extraction from PVC/PVC-
g-PBA film during time via FT-IR analysis
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Table 5 The dynamic-mechanical-thermal properties of PVC films

Sample Tor | Toz | Tes | AT, | E’ Weiqht percentage
(°C) | (°C) | (°C) | (oc) | (MPa) | of PBA in prepared films
PVC/PVC-g-PBA2 | 27 62 - 35 2900 14
PVC/PVC-g-PBA4 | 27 50 - 23 2300 19
PVC/PVC-g-PBA8 | 27 62 85 58 2300 24
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Figure 6 Figure of changes in the Tg difference of phases in films
containing brush copolymers as a function of PBA weight
percentage
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Table 6 Mechanical Properties of PVC films prepared in this

research
Sample Strain at Breaking Point (%) | Yield Stress (MPa) | Modulus (MPa)

PVC/PVC-g-PBA 2 9.0 53.0 53.0
PVC/PVC-g-PBA 4 38.0 38.0 19.0
PVC/PVC-g-PBA 6 105.0 10.0 5.0
PVC/PVC-g-PBA 8 162.0 23.0 115
PVC/DOP 182.0 3.0 0.1
PVC 5.0 51.0 51.0
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