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ABSTRACT

Research subject: Poly (vinyl chloride) (PVC) is non-biodegradable, and the widespread use of conventional plasticizers, particularly phthalates, in its
formulation poses significant risks to human health and the environment. In this research, various blends of PVC and poly (lactic acid) (PLA) with
different ratios were prepared in an internal mixer. The effect of PLA content, as well as the influence of various plasticizers including dioctyl phthalate
(DOP), dioctyl adipate (DOA), epoxidized soybean oil (ESO), and chlorinated paraffin wax, on the mechanical and biodegradability properties was
investigated. Furthermore, the role of a compatibilizer in improving the distribution of the PLA phase and increasing the compatibility between the
polymers was evaluated.

Research approach: Tensile testing and dynamic mechanical analysis (DMTA) were performed to study the mechanical behavior. Scanning electron
microscopy (SEM) imaging was used to examine the morphology and the distribution of the PLA phase. In addition, a biodegradability test was carried
out to analyze the degradation behavior of samples in the environment.

Main results: The results indicated that the PVC/PLA(90/10)-DOP blend exhibited a suitable distribution of the PLA phase within the PVC matrix,
whereas a poor distribution of PLA in PVC was observed in the PVC/PLA(80/20)-DOP blend. The addition of a compatibilizer to the PVC/PLA(80/20)-
DOP sample led to increased uniformity in the PLA phase distribution and improved tensile strength. Samples with higher PLA content showed greater
biodegradability behavior, suggesting the role of PLA as a degradability-enhancing agent. The comparison of different plasticizers indicated that several
of the ones used in this research exhibit properties comparable to DOP and may be considered as effective substitutes for it. The findings suggest that
the simultaneous use of PLA and appropriate plasticizers such as ESO, along with the application of a compatibilizer, is an effective method for producing
PVC samples with enhanced mechanical and biodegradability properties.
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Table 1 Materials were used in this study

Material Name Density (g/cc) Company Color
S65- Polyvinyl Chloride . . .
(PVC) 1.37 Ghadir Petrochemical White
Polylactic Acid (PLA) 1.25 Belgian Company White
(DOP) Dioctyl Phthalate 0.985 Ramafidar rad Shimi Colorless
(DOA) Dioctyl Adipate 0.93 Ramafidar rad Shimi Colorless
Spodiized Soyiee Ol 0.982 Sajou Haio China Light Yellow
(ESO)
Chlorinated Paraffin Wax 1.3 Ramafidar rad Shimi Light Yellow
Stearic Acid 0.948 Ramafidar rad Shimi White
Calcium-Zinc Stabilizer 13 Hamyar White
SEBS-g-MA 0.91 Shell Chemicals White
iz ladiges wo o o5 5 Y Jguar
Table 2 Various composition of samples
Sarmny PVC | PLA | DOP | DOA | ESO | Wax | Stabilizer Sgi"’i‘g'c SEBS-g-MA
ample (Phr) | (Phr) | (Phr) | (Phr) | (Phr) | (Phr) (Phr) (Phr) (Phr)
PVC-DOP 100 0 50 0 0 0 4 0.4 0
PVC/PLA(70/30)-DOP 70 30 35 0 0 0 2.8 0.28 0
PVC/PLA(80/20)-DOP 80 20 40 0 0 0 3.2 0.32 0
PVC/PLA(90/10)-DOP 90 10 45 0 0 0 3.6 0.36 0
PVC/PLA(80/20)-
DOP/ESO 80 20 35 0 5 0 3.2 0.32 0
PVC/PLA(80/20)-
DOP/Wax 80 20 35 0 0 5 3.2 0.32 0
PVC/PLA(80/20)-DOA 80 20 0 40 0 0 3.2 0.32 0
PVC/PLA(80/20)-
DOA/ESO 80 20 0 35 5 0 3.2 0.32 0
PVC/PLA(80/20)-
DOP/SEBS-g-MA 80 20 40 0 0 0 3.2 0.32 5
PVC/PLA(80/20)-
DOP/ESO/SEBS-g-MA 80 20 35 0 5 0 3.2 0.32 5




(PVCIPLA) slasllT 1S cysejl @l p PLA (i 31¥ Jguo
Table 3 Effect of PLA content on the tensile test results of

PVC/PLA blends
Sample E(MPa) | 6max(MPa) | Emax (%) W(kJ)
PVCIDOP 41:01 | 19805 | 366222 | 137%1
PVCIPLATORO) | 50101 6.740.2 88+32 | 1997 +656
PVCPLAGOZ0Y | 4105 | 105501 | 307%45 | 57152769
PVCIPLAGONO: | 42209 | 1812184 | 370:442 | 10150801
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Table 4 Tensile test results of PVC/PLA(80/20) samples in the
presence of different plasticizers

G max
Sample E (MPa €max (%0 W@
p (MPa) (MPa) ax (%0) Q)
PVC/PLA(80/20) 5715
48405 | 105+1 | 307 +45
-DOP + 769
PVC/PLA(80/20) 3834
43401 | 69103 | 328+2
-DOA +371
PVC/PLA(80/20) 4363
45402 | 85+0.3 | 311+ 10
-DOP/ESO + 284
PVC/PLA(80/20) 6025
43401 | 96106 | 372129
-DOA/ESO +765
PVC/PLA(80/20) 10.4 5764
484+ 0.2 325+13
-DOP/Wax + 0.5 + 417
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in the presence of different plasticizers
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samples in the presence of different plasticizers
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Table 6 Weight loss results for assessing the biodegradability of
samples in soil and waste milk

Weight Loss % Weight Loss % in
Sample in Soil Waste milk
PLA 8.48 9.01
PVC/DOP 0.55 0.63
PVC/PLA(80/20)-
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