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ABSTRACT

l l ypothesis: A nanocomposite layer including graphene nanosheets could be

used to enhance the barrier properties of high density polyethylene through

a layer-by-layer assembly method. Planar graphene nanoparticles help to
decrease the gas permeability of polyethylene substrates by making a tortuous
pathway for gas molecules transmittance.
Methods: Two different methods were used to increase the barrier properties of
high density polyethylene and the results were compared with each other. In the first
method, a thin film of polymer nanocomposite including graphene oxide nanoparticles
and polyvinyl alcohol was coated on the surface of high density polyethylene film
using a film applicator. The effective variables in this method were the weight fraction
of graphene oxide particles in polyvinyl alcohol and thickness of the nanocomposite
layer. In the second method, a layer-by-layer assembly was used. Chitosan solution
Keywords: acted as a positive charge and graphene oxide suspension in water was utilized as a
negative charge.
Findings: In high density polyethylene samples coated by polyvinyl alcohol
nanocomposite (10 micrometers), the oxygen transmittance rate decreased drastically
to 3 ecm’m? bar. This decrease was expected due to the structure of polyvinyl alcohol
and its inherent barrier properties. By adding graphene oxide into polyvinyl alcohol,
the permeability values showed a slight decrease and reached 0.8 cm® m? bar.
Statistical analysis based on the surface response method for the layer-by-layer
method showed that permeability depends on pH, number of bilayers and graphene
concentration. At high pH, the graphene oxide sheets take on a smoother and more
stretched shape and are more likely to aggregate, which increases permeability.
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Table 1. Sample formulations for HDPE/Chitosan/Graphene oxide systems based on Box-Behnken method.

pH of graphene oxide Number of Concentration of graphene oxide
No. Sample code
suspension bi-layers suspension (mg/mL)
1 P3.5N9C0.3 3.5 9 0.3
2 P3.5N7C0.2 35 7 0.2
3 P2.5C5N0.2 25 5 0.2
4 P2.5N9CO0.2 2.5 9 0.2
5 P2.5N7C0.3 2.5 7 0.3
6 P3.5N7C0.2 35 7 0.2
7 P4.5N7C0.1 4.5 7 0.1
8 P3.5N5C0.1 35 5 0.1
9 P4.5N5C0.2 4.5 5 0.2
10 P3.5N5C0.3 35 5 0.3
11 P2.5N7C0.1 25 7 0.1
12 P4.5N7C0.3 4.5 7 0.3
13 P3.5N7C0.2 3.5 7 0.2
14 P3.5N9CO0.1 35 9 0.1
15 P4.5N9C0.2 4.5 9 0.2
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Scheme 1. The steps of sample preparation.
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Table 2. Gas permeability of graphene/chitosan films.

» Reduction in

Sample Code Gas Permeability comparison to
(cm?/m?.day.bar)
neat sample (%)

P3.5N9C0.3 294 71
P3.5N7C0.2 700 30
P2.5N5C0.2 654 35
P2.5N9C0.2 308 69
P2.5N7C0.3 361 64
P3.5N7C0.2 623 38
P4.5N7C0.1 354 65
P3.5N5C0.1 474 53
P4.5N5C0.2 747 26
P3.5N5C0.3 363 64
P2.5N7C0.1 820 19
P4.5N7C0.3 659 35
P3.5N7C0.2 605 40
P3.5N9CO0.1 264 74
P4.5N9C0.2 520 49
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Table 3. The presented mathematical model for permeability.

Mathematical equation of the
Response | R%(adj) R?
model

1/Sqrt (permeability) = +0.37590

+0.023852*pH
-0.015672*number
+0.048577* concentration
Gas
0.8282 | 0.9264 -1.32655E-003*pH*number
Permeability

-0.079762*pH* concentration
-0.012224*number* concentration

+1.83370E-003 *number?

+0.81180concentration’
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Fig. 2. Gas permeability of HDPE films as a function of pH

and graphene concentration, for three different number of

bilayers: (a) 5, (b) 7, and (¢) 9.
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Fig.3. SEM micrographs of the polymer nanocomposite: (a) P3.5N9CO0.1, (b) P2.5N7C0.1, (c) P2.5N5C0.2, (d) P4.5N5C0.2, (¢)
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