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By varying the level of graphene's surface oxidation in this paper, the thickness of the
interphase region was altered, and its influence on the conductivity was investigated.
Due to the similarity of water-based epoxy chemical groups with graphene oxide
oxygen groups, the interphase region was reinforced. Infrared spectroscopy and
thermal gravimetry were performed to evaluate the graphene oxide synthesis, and
Raman spectroscopy was also performed to investigate the structural defects on
graphene sheets. At first glance, based on the interphase region theory, it is expected
that by increasing the oxidation rate of graphene nanosheets, the electrical
conductivity of polymeric coatings will increase, and the percolation threshold will
decrease. On the other hand, due to increased oxidation, the structural defect on
graphene nanosheets increases, and the conductivity of the coatings is expected to
decrease. Due to the opposite effect of the two factors mentioned above, the
effectiveness of nanocomposite samples was studied, and the impressment of each
factor was investigated in this project.
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8- Ultrasonication
9- Spin coating
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1- In situ polymerization

2- Melt blending

3- Solution blending

4- Electrical conductivity

5- Graphene nanoribbon (GNR)
6- Graphene nanoplatelets

7- Interface region
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Figure 1: Image of intercalated graphite after expansion (Bottom:
digital image - Top: Optical microscope image).
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Figure 2: Oxidation of graphite (Right: chemical structure - left: digital image) [14].
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Table 1: Specifications of epoxy resin used in this research.

Epoxﬁ?;;‘t’a'em gllq 550700  ASTM D-1652
Viscosity cP 8000-19000  ASTM D-2196
Solid Content % 52-55 ASTM D-1259
Particle Size pum 0.2-0.7 SRC00033
Appearance - Milky Liquid -
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Figure 3: Schematic of oxidation, exfoliation of graphite and obtaining graphene oxide nanosheets [14].
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Table 2: Specifications of the used amine curing agent in this research.

ASTM D-2896 250-300 mg KOH/g Amine Value
Calculated 120 gleq Amine-Hydrogen Equivalent Weight
ASTM D-2196 6000-13000 cp Viscosity
ASTM D-1259 73-76 % Solid Content
ASTM D-1475 1.10 g/ml Density
ASTM D-1544 5 Gardner Color
- Clear to Pale Yellow - Appearance
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Table 3: Composition of the prepared epoxy-graphene oxide nanocomposite coatings.

Samole Graphe Oxide Epoxy Resin Hardener DI Water Graphene Gr%pi?e:fsgﬁlde
P Loading Level (%) (gr) (gr) (cc) Oxide (gr) (mg /mL)
Epoxy 0 2 0.3 3.53 0
EGO 0.5 % 0.5 2 0.3 2.65 0.006 0.883
EGO 1% 1 2 0.3 1.76 0.013 1.766
EGO1.5 % 15 2 0.3 0.88 0.019 2.65
EGO 2 % 2 2 0.3 0 0.026 3.533
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Figure 4: The graphene-epoxy film containing 1 wt. % graphene
oxide nanosheets.
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Figure 5: Thermal gravimetric analysis (TGA) of interlayer graphite
and expanded graphite.
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Figure 6: Thermal gravimetric analysis (TGA) of different graphene
oxide nanosheets synthesized with three, four and six equivalent

weight oxidizing agent.
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Figure 7: DTG graphs of different graphene oxide nanosheets synthesized with a) three, b) four and c) six equivalent weight oxidizing agent.
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Figure 8: XRD patterns of intercalated graphite (GIC) and expanded graphite (EG).
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Figure 9: SEM images of intercalated graphite (a and b) and expanded graphite (c, d, ¢, f).
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Figure 10: FTIR spectrum of synthesized graphene oxide nanosheets.
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Figure 11: Raman spectrum of different graphene oxide nanosheets

synthesized with three (a), four (b) and six (c) equivalent weight
oxidizing agent.
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Table 4: Characteristic peaks of the Raman spectrum of the synthesized graphene oxide nanosheets.
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