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ABSTRACT

l l ypothesis: Polyolefin elastomer (POE) improves flexibility by increasing free

volume and chain mobility; however, it simultaneously reduces melt viscosity

and strength, which can impair cell stability during the foaming process.
Conversely, nanoclay is hypothesized to create numerous nucleation sites through a
nucleating mechanism and increase interfacial melt viscosity by acting as a physical
barrier and restricting chain mobility. The present study focuses on developing an
optimized base formulation of LDPE suitable for foam applications rather than the
direct fabrication of foam structures.
Methods: To investigate the synergistic effects of nanoclay and polyolefin elastomer,
low-density polyethylene was mixed with varying concentrations of both components.
In this regard, “Design of Experiments” software was employed by considering
the adjustable ranges of polyolefin elastomer and nanoclay based on the literature.
Samples with different material compositions were compounded using a twin-screw
Keywords: extruder and then injection-molded into dumbbell-shaped specimens. Melt flow
index, differential scanning calorimetry, and tensile tests were subsequently carried
out. The interaction effects of polyolefin elastomer and nanoclay concentrations
on the melt flow index, melting temperature, modulus, and tensile strength of low-
density polyethylene were further analyzed using three-dimensional plots generated
by the employed software.
Findings: The results indicate that within the investigated concentration range,
the effect of polyolefin elastomer concentration on the melt flow index of low-
density polyethylene was independent of the presence of nanoclay. In other words,
increasing the polyolefin elastomer amount led to higher melt flow index at both
low and high nanoclay loadings. Also, the maximum melting temperature (117°C),
modulus (19.3 MPa), and tensile force-at-break (151 N) of low-density polyethylene
were achieved at the highest nanoclay (0.2 phr) and polyolefin elastomer (5 phr)
concentrations.
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Table 1. .Independent variables and their levels for investigating the combined effect of nanoclay and POE concentrations on the

properties of LDPE.
) Limits and variables level
Independent variables
—o -1 +1 +0l
POE (phr) 0.17 1 3 5 5.82
Nanoclay (phr) 0.018 0.05 0.125 0.2 0.23
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Table 3. Mass of polyolefin elastomer and LDPE/nanoclay/
PE-g-MA blend used in the injection molding process (based on
500 g of LDPE) according to the compositions listed in Table 2.

sample | POE (g) | LDPE/Nanoclay/PE-g-MA (g)
1 5 10
2 25 10
3 15 11.5
4 15 6.25
5 29.1 6.25
6 0.85 6.25
7 15 6.25
8 15 6.25
9 25 2.5
10 15 6.25
11 15 0.9
12 15 6.25
13 5 25
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Table 2. Suggested concentrations of polyolefin elastomer
and nanoclay in LDPE, determined by design of experiment

(DOE) software.

Sample Nanoclay (phr) POE (phr)
1 0.2 1
2 0.2 5
3 0.23 3
4 0.125 3
5 0.125 5.82
6 0.125 0.17
7 0.125 3
8 0.125 3
9 0.05 5
10 0.125 3
11 0.018 3
12 0.125 3
13 0.05 1
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Fig. 1. DSC curves of low-density polyethylene (LDPE) samples containing polyolefin elastomer (POE) and nanoclay, prepared

according to the compositions proposed by the Design of Experiments (DOE) software: (a) samples 1 to 7; (b) samples 8 to 13.
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Fig. 2. Tensile test curves for LDPE/POE/Nanoclay nanocomposites at various weight percentages proposed by the Design of

Experiments (DOE) software: (a) samples | to 7, (b) samples 8 to 13.

V&€ Sddawl—gpoig F 0)losb ainiad 9 w0 JUw ol SI9d9iSS 9 pole (sole dlxo zAf



- Ulgieds PSS Gliloh golgd 22 gn)gil 9 pogiseVl (il 33l 31

/ oyl sl o s I oS ST (sladi god 23S 5 Jsls i il S e e 0L et slad g3l s —F Jsdr
003l b 5l 5 s (53555 laesls Ol peas sddeslizal s 5U

Table 4. Results of melt flow index, differential scanning calorimetry, and tensile tests for LDPE containing polyolefin elastomer/

nanoclay, as input to the design of experiments software

Sample Factor 1 Factor 2 Response 1 Response 2 Response 3 Response 4
A:Nanoclay (phr) B:POE (phr) MEFT (gl10min) T (C) Module (MPa) Force (N)
1 0.2 1 2.02 116.0 16.75 137.90
2 0.2 5 2.14 117.6 19.35 151.05
3 0.23 3 2.08 115.4 18.50 157.60
4 0.125 3 2.08 114.5 17.00 140.00
5 0.125 5.82 2.15 113.0 15.00 139.00
6 0.125 0.17 2.03 114.1 20.00 146.00
7 0.125 3 2.08 114.2 17.70 141.00
8 0.125 3 2.06 114.5 17.00 140.00
9 0.05 5 2.14 113.2 16.68 148.90
10 0.125 3 2.04 114.1 17.50 140.50
11 0.0189 3 2.08 113.9 16.50 135.00
12 0.125 3 2.07 114.8 17.60 139.00
13 0.05 1 2.02 113.8 18.21 156.5
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Fig. 1. Three-dimensional plot of the interactive effect of
nanoclay and polyolefin elastomer concentrations on the melt
flow index of LDPE (g/10 min), generated using design of

experiments software.
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clay and polyolefin elastomer concentration on the melting
temperature of polyethylene generated using design of ex-

periments software.
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