Review Article ‘@@@@
d DOI: 10.22034/ijche.2022.315883.1154

This journal is an open access journal licensed under an

DOR: 20.1001.1.17355400.1401.21.124.5.3 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

Investigation of Curing Kinetics Modeling of Epoxy
Nanocomposites in the Presence of Nano Graphene Oxide:
A Review Study

M. H. Karami'?, M. R. Kalage**"
1- Ph. D. in Polymer Engineering, Department of Polymer Engineering,

Islamic Azad University, South Tehran Branch, Tehran, Iran

2- Nano Research Center, Islamic Azad University, South Tehran Branch

3- Associate Professor of Department of Polymer and Chemical Engineering,

Islamic Azad University, South Tehran Branch, Tehran, Iran

4- Associate Professor of Nano Research Center, Islamic Azad University,

South Tehran Branch, Tehran, Iran
E-mail: mohammad.kalaee@gmail.com
(mr_kalaee@azad.ac.ir)

(Karami & Kalaee)

Abstract

The process of curing the epoxy resins with hardeners leads to an Received: 19 November 2021
increase in crosslink density and the properties of the hardened resin are Accepted: 1 February 2022
affected, depending on the curing conditions. To improve the final Page Number: 71-83

properties of epoxy resins, the use of organic and inorganic nanoparticles
has been suggested. One of the recently attended nanoparticles is
graphene oxide and its derivatives. In this paper, various models
presented in the curing Kinetics of epoxy/ graphene oxide hybrid
compounds have been evaluated and the reasons for the deviation of

Investigation of Curing Kinetics Modeling of Epoxy ...
Iranian Chemical Engineering Journal — Vol. 21 - No. 124 (2023): 71-83

laboratory and experimental results with modeling results have been Keywords:
explained. Also, comparison of each of these models with experimental NanoGraphene Oxide,
results has shown that Sestak-Berggren and Kamal model has higher Epoxy Resin,
adaptation to experimental results than the other models and can be used Curing Kinetics,

as a reliable basis for describing the curing process of epoxy resins Sestak-Berggren Model,
containing graphene oxide nanoparticles. Kamal Model
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Figure 1. Epoxy resin structure [7].
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Figure 2. Morphological images of nano graphene Oxide (a). TEM and (b). SEM [8].
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Figure 3. Digital microscope images (a). Nanographene oxide (b). Epoxy resin / nano graphene oxide [8].
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Figure 4. Curing degree of diagram with temperature changes,

pure epoxy resin and epoxy nanocomposites containing graphene
oxide and modified graphene oxide [16].
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Table 1. Curing kinetics models [12-14].
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Figure 5. Curve of cuing reaction rate with temperature changes, samples of (a). Epoxy resin and
(b). epoxy resin and functionalized nanographene oxide[21].
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Table 2. Effect of nano graphene oxide and modified nano graphene oxide on the value of activation energy of epoxy resin.
Effect of nano on activation energy and

Epoxy nanocomposite components

Modified nano graphene oxide with branched polyester

Nano Graphene oxide modified with phenylenediamine

Nano Graphene oxide modified with polyamide

Nano Graphene oxide

Modified nano graphene oxide with aliphatic amine
group
Nano Graphene oxide modified with
hexamethylenediamine

Nano Graphene oxide modified with starch

Reduced nano graphene oxide

Modified nano graphene oxide with amine group

Nano Graphene oxide modified with polyether amine

behavior of epoxy resin Reference
decreasing (curing degree less than 0.4) [10]
decreasing [11]
Ineffective (similar Behavior to epoxy resin) [12]
Decreasing [13]
Increasing [14]
Decreasing [15]
Increasing [16]
Decreasing [17]
Increasing [18]
Decreasing (Low concentrations) [19]
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Figure 6. Heat flow curve of epoxy resin and epoxy

nanocomposites in the presence of nanographene oxide and
functionalized nanographene oxide[16].
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Table 3. Effect of nano graphene oxide and modified nano graphene oxide on modeling of curing Kinetics of epoxy resin.

Epoxy nanocomposite components

Modified nano graphene oxide with branched polyester

Nano Graphene oxide modified with phenylenediamine

Nano Graphene oxide modified with polyamide

Nano Graphene oxide

Modified nano graphene oxide with aliphatic amine group

Nano Graphene oxide modified with
hexamethylenediamine

Nano Graphene oxide modified with starch

Reduced nano graphene oxide

Modified nano graphene oxide with amine group

The model presented Refrences
Ozawa - isoconversional [15]
Starink [16]
Sistak Bergern-Kissinger [17]
Kamal [18]
Kissinger [19]
Sistak Bergern [20]
Ozawa—Frie:\c/ilr;ZE-Kissinger- [21]
Kamal with diffusion factor [22]
Kissinger [23]
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