
*Corresponding author: saeb-mr@icrc.ac.ir 

available online @ www.pccc.icrc.ac.ir 

Prog. Color Colorants Coat. 10 (2017), 245-252 

 

 

Epoxy-based Flame Retardant Nanocomposite Coatings: Comparison 

Between Functions of Expandable Graphite and Halloysite Nanotubes 

 
M.R. Saeb

*1
, H. Vahabi

2
, M. Jouyandeh

2
, E. Movahedifar

3
, R. Khalili

4
 

1. 
Department of Resin and Additives, Institute for Color Science and Technology, P.O. Box: 16765-654, Tehran, Iran. 

2.
 Université de Lorraine, Laboratoire MOPS E.A. 4423, P.O. Box: F-57070, Metz, France. 

3. 
Department of Polymer Engineering, Amirkabir University of Technology–Mahshahr Campus, P.O. Box: 6351713178, 

Mahshahr, Iran. 

4.
 Kish International Campus, University of Tehran, P. O. Box 11155-4563, Tehran, Iran. 

 

ARTICLE INFO 
 

Article history: 

Received: 21 Oct 2017 

Final Revised: 20 Nov 2017 

Accepted: 21 Nov 2017 

Available online: 28 Nov 2017 

Keywords: 

Epoxy coating 

Flame retardancy 

Nanocomposites 

Expandable graphite 

Halloysite nanotubes. 

 

 

 

 

 

 

 
 
 

 
 

his work presents a study on the flammability of epoxy coatings 

containing two types of nano-scale fillers as potential flame retardants: 

expandable graphite (EG) and halloysite nanotubes (HNTs). Both 

nanocomposites are prepared by incorporation of the same amount of nanofiller 

into the epoxy resin for the sake of comparison. Fire retardant nanocomposite 

coatings are cured through a two-stage procedure in a mold and oven, 

respectively. The cone calorimeter test is performed to investigate the effect of 

using these flame retardants on the peak of Heat Release Rate (pHRR), Total 

Heat Release (THR), Total Smoke Production (TSP) and Time-To-Ignition (TTI). 

It was found that the thermal behavior of blank epoxy and epoxy/EG was quite 

different and loading EG leaded to a significant fall in pHRR. In the presence of 

EG, the thin layer of residue was formed at first stages of ignition, grown rapidly 

and became denser acting as a strong barrier against fire. This barrier could 

retard the burning and doubled the total time of burning. By contrast, HNTs 

could not affect as an efficient flame retardant in the epoxy-based coating. Even 

by high loading level of 9 wt.%, HNT could not influence pHRR, TTI and THR 

parameters. Prog. Color Colorants Coat. 10 (2017), 245-252© Institute for Color 

Science and Technology. 
 

 
  

  

  

  

  

 

1. Introduction 

Epoxy is well-known as one of the most applicable 

thermosetting polymers widely utilized in different 

industries such as adhesive, coating, laminating, 

casting, and electrical insulator [1-3]. Epoxy represents 

an acceptable hardness, flexibility, high chemical 

resistance and dielectric properties, the main 

advantageous features making the epoxy resin versatile 

[4-9]. Although epoxy resin has unique chemical and 

mechanical properties, it has some inherent 

shortcomings in thermal properties [2, 10]. Since epoxy 

burns easily, numerous approaches have been carried 

out to reach a flame retardant epoxy with improved 

thermal properties which can fit some applicable 

industries [11-13]. The corresponding mechanism of 

flame retardancy in composite material consists of the 

formation of protective layers on the surface of the 

polymer during the burning [14-17]. Addition of 

protective layered inorganic additives limits the heat 
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transfer to the pyrolysis surface [18, 19] and thereby 

reduces the transport of volatiles into the flame zone. 

The efficiency of flame retardancy is highly depended 

on the nature (chemical composition) and structure of 

the protective layer. A dense and compact layer of 

residue can make the effective protection [20]. 

The use of layered additives, even in small 

quantities, is an efficient way to overcome high heat 

release rate (HRR) of polymers [21]. One of the most 

effective layered carbon materials with unique 

mechanical, electrical and thermal properties as well as 

reasonable cost [22] is expandable graphite (EG), which 

is well-known for its flame retardant character [23, 24]. 

In each layer of EG, the carbon atoms are covalently 

bonded, while different layers of graphite are 

interconnected to each other with van der Waals 

interactions [22]. A number of studies have 

demonstrated that the use of EG as a flame retardant in 

polymers can reinforce the char and improve the thermal 

stability [18]. Moreover, EG has the ability to migrate to 

the surface of the polymer at the beginning of 

combustion process and acts as a physical barrier [23]. 

There is a general agreement that flame retardancy of 

epoxy can significantly be enhanced by introduction of 

carbon materials [1, 25], hence, it was decided to study 

the effect of EG on flame retardancy of epoxy resin. On 

the other hand, recent studies reveal that halloysite 

nanotubes (HNTs) can enhance thermal stability and 

flame retardancy of polymers [26]. HNTs are one-

dimensional nano-scale additives considerably used in 

nanocomposites because of their good thermal stability, 

mechanical strength and reasonable price [27, 28]. 

Chemically saying, HNTs are alumina-silicate clay-like 

structures having the formula (Al2Si2O5(OH)4.nH2O) 

similar to Kaolin [28, 29]. Thanks to their micro-tubular 

hollow structure with the inner diameter of 10-30 nm 

and the outer diameter of 50-70 nm, they are expected to 

retard flammability [30]. HNTs have a high aspect ratio 

because of their length changes in the range of 1-15 µm 

[30]. Previous studies have demonstrated that fire 

properties and flame retardancy of polypropylene, 

poly(vinyl alcohol), nylon 6 [31], low-density 

polyethylene [27, 32], ethylene propylene diene 

monomer [33],  polyamide [34] and epoxy resin [35, 36] 

could remarkably be enhanced with incorporation of 

HNTs in nanocomposites. From a mechanistic 

viewpoint, HNTs create a thermal insulation layer at the 

top surface of nanocomposite during combustion and act 

as a physical barrier which can at even double the total 

time of burning [26]. In addition, recent works of flame 

retardancy have demonstrated that HNTs can improve 

the thermal degradation of epoxy based intumescent fire 

retardant coatings [37].  

 In this study, the performances of HNTs and EG 

nano-scale additives on flame retardancy of epoxy have 

been discussed. It was attempted to provide a 

comparative angle over flame retardancy of epoxy/EG 

and epoxy/HNTs nanocomposite coatings by 

comparing their effectiveness with blank epoxy 

coating. The cone calorimeter test was used to 

investigate the effect of additives on the thermal 

stability and flame retardancy of epoxy coatings, as 

featured in changes in the peak of Heat Release Rate 

(pHRR), Total Heat Release (THR), Total Smoke 

Production (TSP) and Time-To-Ignition (TTI). Based 

on the obtained results, the effect of EG and HNT on 

the flame retardancy of epoxy was mechanistically 

explained. 

 

2. Experimental 

2.1. Materials 

Epoxy resin (diglycidyl ether of bisphenol A, 

EPON1001) and polyamidoamine hardener (NT-1541) 

were used to prepare epoxy coatings after complete 

cure. The solid content of the epoxy resin and the 

hardener were 80%, and 85%, respectively. 

Expandable graphite (EG) grade SFF was supplied by 

Chuetsu Graphite Works. According to the 

manufacturer data, the specific surface volume of EG 

was 180 cm
3
/g and its size was around 180 µm. The 

solvent used in this study was dimethylformamide 

(DMF) from Sigma Aldrich. Moreover, halloysite 

nanotube (HNTs) (having outer diameter 50 to 200 nm, 

internal diameter 15-70 nm, length 1-3 µm, specific 

surface area ca. 26.29 m
2
.g

-1
 and pore volume of 0.122 

cm
3
.g

-1
) was purchased from Hunan Province, China. 

The chemical structures of the used nanoparticles (EG 

and HNTs) are illustrated in Figure 1. 

 

2.2. Sample preparation 

First, epoxy resin was mixed with DMF solvent for the 

sake of dispersion enhancement. Then, EG was slightly 

added into the solution at room temperature under 

stirring at 750 rpm until the weight fraction of EG in 

epoxy matrix reached 9 percent by weight. Then, the 

speed of stirrer increased up to 1400 rpm, and mixing 

was continued for about 30 min (Figure 2). The 
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hardener with weight ratio 100/105 was added to the 

mixture. The mixture was poured into the preheated 

steel mold with Teflon coating at 100 °C for about 30 

min and then thermally cured for 6 h at 100 °C in an air 

convection oven (Figure 3). The samples were cooled 

to room temperature. These steps were followed for 

preparing epoxy/HNT nanocomposites, too. Also, the 

unfilled epoxy was prepared under the same condition, 

for comparison. The samples’ name and composition 

are given in Table 1. 

 

 

Figure 1: Chemical structure of the used nanoparticles. 

 

 

Ep 

 

EpEG9 

 

EpH9 

Figure 2: The mixture of specimens before curing. 

 

 

Ep 
 

EpEG9 

 

EpH9 

Figure 3: Prepared samples after curing. 

 

Table 1: Name and composition of samples prepared in this study 

HNT (wt.%) EG (wt.%) Epoxy Resin (wt.%) Sample Code 

0 0 100 Ep 

0 9 91 EpEG9 

9 0 91 EpH9 
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2.3. Instruments 

The flame retardancy of prepared nanocomposites and 

unfilled epoxy was measured with cone calorimeter test 

(FTT Company) according to ISO 5660 with the 

external heat flux of 50 kW.m
-2

 on a 100×100×4 mm
3
 

sheet. The samples were put on a load cell and a radiant 

electrical heater with a conical shape uniformly 

irradiated the sample. Various parameters such as Total 

Heat Release (THR), peak of Heat Release Rate 

(pHRR), Total Smoke Production (TSP), and Time-To-

Ignition (TTI) can be measured through cone 

calorimeter test. Also, the residual chars were observed 

by a digital camera to see the char surface and its 

integrity. The test was performed three times for each 

sample and the experimental error value is estimated to 

be around ±5%. 

 

3. Results and discussion 

One of the most important parameter for investigating 

the flammability of polymers is heat release rate. It 

shows the intensity of the fire and the ability of fire 

growth through the polymer [31, 38]. The heat release 

rate (HRR) of three prepared samples as a function of 

time is presented in Figure 4. Also, the obtained 

parameters from HRR curve are summarized in Table 2.  

The efficiency of each flame retardant material is 

characterized by its ability to decrease the peak of Heat 

release rate. As shown in Figure 4, by adding EG into 

the epoxy resin, the pHRR decreased remarkably. The 

pHRR of EpEG9 reaches to 152 kWm
-2

 and reduces 

about 85% in comparison with unfilled epoxy. 

According to Figure 2, the shape of HRR in unfilled 

epoxy and EpEG9 is completely different. This 

difference in their thermal behavior can be explained 

accordingly. At first step of ignition a thin layer of 

residue is formed on the surface of nanocomposites. In 

the case of EpEG9, the char grows and become denser 

and tougher and so does not break down in the 

combustion process. This thick layer of char, act as an 

insulating layer between the polymer and flame zone 

[39]. As a result, the heat transfers between these two 

regions become more difficult. So the rate of polymer 

decomposition reduces and makes the pyrolysis 

process slow. Thus, the role of EG in flame retardancy 

of epoxy is related to the insulating properties of its 

char, which reduce the mass and heat transfer to the 

flame zone [31]. However, the correlation between fire 

performance (such as pHRR) and the structure of final 

residue was challenging and if the layer of char 

develops at the first stages of the test it makes sense 

[19].  

The flame retardant mechanism of EG/epoxy 

composite is shown in Figure 5. As mentioned, when 

fire applied to the composite, the external graphite 

expanded fast into a low-density materials, and the 

volume of this intumescent flake graphite increased 

even more than 200 times. This structure could barrier 

the heat penetration, limit the oxygen diffusion and 

prevent mass transfer from epoxy nanocomposites 

matrix to the heat source, thus restrict the matrix from 

further degrading. 

 
Figure 4: Heat Release Rate (HRR) curves of unfilled epoxy, graphite-epoxy and HNTs-epoxy composites, irradiance: 

50 kW.m
-2

. 
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Figure 5: Flame retardant mechanism of EG/epoxy composites. 

 

 

 

Table 2: Cone calorimeter data of blank epoxy and epoxy/EG and epoxy/HNTs composites at 9 wt.% cured during 6 h at 100 °C. 

Sample code 
TTI 

[s] 

pHRR 

[kW.m-2] 

THR 

[MJ.m-2] 

TSP 

[m2] 

Residue 

[%] 

Ep 5 986 113 34 0 

EpEG9 10 152 110 59 9.6 

EpH9 5 969 110 36 4.3 

 

 

 

While EG has a positive effect on pHRR, it has no 

influence on THR. Also, the TTI of unfilled epoxy is 

doubled by incorporation of 9 wt.% EG. Such 

significant increase of TTI can be considered as the 

second positive effect of EG in epoxy resin. Another 

important parameter which is considered in this study 

is total smoke production. As the smoke increases the 

risk of suffocation and can be significantly fatal. As 

shown in Table 2, the TSP of unfilled epoxy is 

increased by addition of EG, indicating the smoke 

suppression is deteriorated in presence of EG. 

Comparison between the shape of HRR curve of 

unfilled epoxy and HNT-epoxy nanocomposite, reveals 

that their behavior during burning is relatively similar. 

By incorporation of 9 wt.% HNTs in epoxy resin, the 

pHRR slightly decreased but the influence was not 

obvious. It can be deduced that a thin layer of char is 

formed on the surface of composite which is not 

condensed enough to withstand against volatile gases 

and break down easily. So addition of HNT couldn't 

significantly reinforce the char and in comparison with 

unfilled epoxy, just the amount of residue increased. 

Also, other obtained results in Table 2 show that 

incorporation of HNTs has no influence on TTI, TSP, 

and THR. Maybe better performance achieve on 

loading much more HNTs. 

The images of remaining char after cone 

calorimeter test are presented in Figure 6. Unfilled 

epoxy burned without any remaining residue. Two 

types of residue could be observed for two filled- 

specimens. In the case of epoxy/HNT nanocomposite, a 

thin and brittle layer of residue was formed. But for 

epoxy/EG sample, the char was somehow thick, dense 

and smooth which indicated that the char forms at the 

first stage of ignition, grow and become tougher. Much 

higher amount of residue in EpEG9 was reported in 

Table 2 which proved that presence of EG considerably 

promoted the formation of char residue. 

The comparison of the results demonstrated that EG 

performs much better on enhancing the flame 

retardancy parameters of epoxy resin than HNTs. This 

fact can be attributed to the thicker char layer and 

prevention against heat and mass transfer to the flame 

zone during burning and improving the barrier effect.  
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 Ep EpEG9 EpH9 

Figure 6: Unfilled epoxy, Graphite-epoxy and HNTs-epoxy composites remaining char after cone calorimetric test. 

 

 

4. Conclusion  

Expandable graphite (EG) and halloysite nanotube 

(HNT) were used to prepare flame retardant epoxy 

composite. By introduction of EG into the epoxy 

coating, the pHRR decreased remarkably. This 

significant reduction in pHRR is probably attributed to 

the thick char formed onto the surface of epoxy 

coating. The strong interfacial interaction between 

different carbon atoms increased the char layer 

thickness and improved the barrier effect as well. It is 

believed that such a thick layer of residue could 

withstand against pressure caused by volatile gases and 

wouldn’t break down. Furthermore, EG delays ignition 

due to its high thermal conductivity but it has no 

significant effect on THR of epoxy resin. In 

comparison, incorporation of HNTs has no influence 

on pHRR, TTI, THR and TSP due to formation of thin 

layer of char which couldn’t act as an insulating 

barrier. Maybe much more HNTs were needed to 

achieve better performance.  
 

 

 

 

 

5. References 

1. Y. Guo, C. Bao, L. Song, B. Yuan, Y. Hu, In situ 

polymerization of graphene, graphite oxide, and 

functionalized graphite oxide into epoxy resin and 

comparison study of on-the-flame behavior, Ind. Eng. 

Chem. Res., 50(2011), 7772-7783. 

2. C. L. Chiang, S.W. Hsu, Novel epoxy/expandable 

graphite halogen-free flame retardant composites− 

preparation, characterization, and properties, J. Poly. 

Res., 17(2010), 315-323. 

3. K. Wu, L. Song, Y. Hu, H. Lu, B. K. Kandola, E. 

Kandare, Synthesis and characterization of a 

functional polyhedral oligomeric silsesquioxane and 

its flame retardancy in epoxy resin, Prog. Org. Coat., 

65(2009), 490-497. 

4. S. A. Kumar, T. Balakrishnan, M. Alagar, Z. Denchev, 

Development and characterization of 

silicone/phosphorus modified epoxy materials and 

their application as anticorrosion and antifouling 

coatings, Prog. Org. Coat., 55(2006), 207-217. 

5. G. Das, N. Karak, Thermostable and flame retardant 

Mesua ferrea L. seed oil based non-halogenated epoxy 

resin/clay nanocomposites, Prog. Org. Coat., 

69(2010), 495-503. 

6. Z. Ranjbar, S. Ashhari, A. Jannesari, S. Montazeri, 

Effects of Nano Silica on the Anticorrosive Properties 

of Epoxy Coatings, Prog. Color Colorants Coat., 

6(2013), 119-128. 

7. Z. Ranjbar, S. Montazeri, M. Jalili, Optimization of a 

Waterborne Epoxy Coatings Formulation via 

Experimental Design, Prog. Color Colorants Coat., 

2(2009), 23-33. 

8. M. Rashvand, Z. Ranjbar, Cathodic electrodeposion of 

nano titania along with the epoxy based coating and 

evaluation of its anticorrosion properties, Prog. Color 

Colorants Coat., 7(2014), 1-5. 

9. M. R. Saeb, F. Najafi, E. Bakhshandeh, H. A. 

Khonakdar, M. Mostafaiyan, F. Simon, et al., Highly 

curable epoxy/MWCNTs nanocomposites: an 

effective approach to functionalization of carbon 

nanotubes, Chem. Eng. J., 259(2015), 117-125. 



Epoxy-based flame retardant nanocomposite coatings: � 

   Prog. Color Colorants Coat. 10 (2017), 245-252  251 

10. M. Nonahal, M. R. Saeb, S. Hassan Jafari, H. Rastin, 

H. A. Khonakdar, F. Najafi, F. Simon., Design, 

preparation, and characterization of fast cure 

epoxy/amine‐functionalized graphene oxide 

nanocomposites, Polym. Composite, DOI: 

10.1002/pc.24415. 

11. C. Martin, G. Lligadas, J. Ronda, M. Galia, V. Cadiz, 

Synthesis of novel boron‐containing epoxy–novolac 

resins and properties of cured products, J. Polym. Sci. 

A: Polym. Chem., 44(2006), 6332-6344. 

12. Y. L. Liu, G. P. Chang, C. S. Wu, Halogen‐free flame 

retardant epoxy resins from hybrids of phosphorus‐or 

silicon‐containing epoxies with an amine resin, J. 

Appl. Polym. Sci., 102(2006), 1071-1077. 

13. Y. Zheng, K. Chonung, X. Jin, P. Wei, P. Jiang, Study 

on the curing reaction, dielectric and thermal 

performances of epoxy impregnating resin with 

reactive silicon compounds as new diluents, J. Appl. 

Polym. Sci.,107(2008), 3127-3136. 

14. B. Dittrich, K.A. Wartig, D. Hofmann, R. Mülhaupt, 

B. Schartel, Flame retardancy through carbon 

nanomaterials: carbon black, multiwall nanotubes, 

expanded graphite, multi-layer graphene and graphene 

in polypropylene, Polym. Degrad. Stabil., 98(2008), 

1495-1505. 

15. B. Schartel, M. Bartholmai, U. Knoll, Some comments 

on the main fire retardancy mechanisms in polymer 

nanocomposites, Polym. Adv. Technol., 17(2006), 

772-777. 

16. B. Schartel, A. Weib, H. Sturm, M. Kleemeier, A. 

Hartwig, C. Vogt, R.X. Fischer, Layered silicate 

epoxy nanocomposites: formation of the inorganic‐

carbonaceous fire protection layer, Polym. Adv. 

Technol., 22(2011), 1581-1592. 

17. H. Rastin, Z. Ahmadi, M. R. Saeb, K. Formela, 

Microstructure, mechanical properties, and flame 

retardancy of nanoclay‐incorporated polyurethane 

flexible foam composites, J. Vinyl Addit. Technol., 

22(2016), 415-422. 

18. G. M. Wu, B. Schartel, H. Bahr, M. Kleemeier, D. Yu, 

A. Hartwig, Experimental and quantitative assessment 

of flame retardancy by the shielding effect in layered 

silicate epoxy nanocomposites, Combus. Flame, 

159(2012), 3616-3623. 

19. H. Vahabi, A. Raveshtian, M. Fasihi, R. Sonnier, M. 

R. Saeb, L. Dumazert, Competitiveness and synergy 

between three flame retardants in poly (ethylene-co-

vinyl acetate), Polym. Degrad. Stabil., 143(2017), 

164-175. 

20. T. Kashiwagi, F. Du, K. I. Winey, K. M. Groth, J. R. 

Shields, S. P. Bellayer, Flammability properties of 

polymer nanocomposites with single-walled carbon 

nanotubes: effects of nanotube dispersion and 

concentration, Polymer, 46(2005), 471-481. 

21. S. S. Rahatekar, M. Zammarano, S. Matko, K. K. 

Koziol, A. H. Windle, M. Nyden, Effect of carbon 

nanotubes and montmorillonite on the flammability of 

epoxy nanocomposites, Polym. Degrad. Stabil., 

95(2010), 870-879. 

22. S. Kim, M. Poostforush, J. Kim, S. Lee, Thermal 

diffusivity of in-situ exfoliated graphite intercalated 

compound/polyamide and graphite/polyamide 

composites, Express Polym. Lett., 6(2012), 476-484.  

23. A. Laachachi, N. Burger, K. Apaydin, R. Sonnier, M. 

Ferriol, Is expanded graphite acting as flame retardant 

in epoxy resin?, Polym. Degrad. Stabil., 117(2015), 

22-29. 

24. L. Zhang, M. Zhang, Y. Zhou, L. Hu, The study of 

mechanical behavior and flame retardancy of castor 

oil phosphate-based rigid polyurethane foam 

composites containing expanded graphite and triethyl 

phosphate, Polym. Degrad. stabil., 98(2013), 2784-

2794. 

25. G. Beyer, Carbon nanotubes as flame retardants for 

polymers, Fire Mater., 26(2002), 291-293. 

26. D. Rawtani, Y. Agrawal, Multifarious applications of 

halloysite nanotubes: a review, Rev. Adv. Mater. Sci, 

30(2012), 282-295. 

27. Z. Jia, Y. Luo, B. Guo, B. Yang, M. Du, D. Jia, 

Reinforcing and flame-retardant effects of halloysite 

nanotubes on LLDPE, Polym. Plast. Technol. Eng., 

48(2009), 607-613. 

28. R. Berahman, M. Raiati, M. M. Mazidi, S. M. R. 

Paran, Preparation and characterization of vulcanized 

silicone rubber/halloysite nanotube nanocomposites: 

Effect of matrix hardness and HNT content, Mater. 

Design, 104(2016), 333-345. 

29. S. Paran, G. Naderi, M. Ghoreishy, XNBR-grafted 

halloysite nanotube core-shell as a potential 

compatibilizer for immiscible polymer systems, Appl. 

Surf. Sci., 382(2016), 63-72. 

30. M. Liu, B. Guo, M. Du, X. Cai, D. Jia, Properties of 

halloysite nanotube–epoxy resin hybrids and the 

interfacial reactions in the systems, Nanotechnology, 

18(2007), 455703. 

31. D. Marney, L. Russell, D. Wu, T. Nguyen, D. Cramm, 

N. Rigopoulos, The suitability of halloysite nanotubes 

as a fire retardant for nylon 6, Polym. Degrad. Stabil., 

93(2008), 1971-1978. 

32. J. Zhao, C. L. Deng, S. L. Du, L. Chen, C. Deng, Y. Z. 

Wang, Synergistic flame‐retardant effect of halloysite 

nanotubes on intumescent flame retardant in LDPE, J. 

Appl. Polym. Sci., 131(2014),150-159. 

33. S. Azarmgin, B. Kaffashi, S. Davachi, Investigating 

thermal stability and flame retardant properties of 

synthesized halloysite nanotubes (HNT)/ethylene 

propylene diene monomer (EPDM) nanocomposites, 

Int. Polym. Proc., 30(2015), 29-37. 

34. A. Hao, I. Wong, H. Wu, B. Lisco, B. Ong, A. 

Sallean, Mechanical, thermal, and flame-retardant 

performance of polyamide 11–halloysite nanotube 

nanocomposites, J. Mater. Sci., 50(2015), 157-167. 

35. T. Zheng, X. Ni, Loading an organophosphorous 

flame retardant into halloysite nanotubes for 

modifying UV-curable epoxy resin, RSC Adv., 

6(2016), 57122-57130. 

36. Y. Dong, B. Lisco, H. Wu, J. H. Koo, M. Krifa, Flame 

retardancy and mechanical properties of ferrum 



 M.R. Saeb et al 

 

252  Prog. Color Colorants Coat. 10 (2017), 245-252  

ammonium phosphate–halloysite/epoxy polymer 

nanocomposites, J. Appl. Polym. Sci., 132(2015), 275-

287. 

37. Q. Fatima Gillani, F. Ahmad, A. Mutalib, M. Ibrahim, 

E. Syahera, Thermal Degradation and Char 

Morphology of HNTs Reinforced Epoxy Based 

Intumescent Fire Retardant Coatings, Key Eng. 

Mater., 701(2014), 83-88. 

38. S. Levis, P. Deasy, Characterisation of halloysite for 

use as a microtubular drug delivery system, Int. J. 

Pharmace., 243(2002), 125-134. 

39. D. Porter, E. Metcalfe, M. Thomas, Nanocomposite 

fire retardants-a review, Fire Mater., 24(2000), 45-52. 

 

 

 

 

 
 

 

How to cite this article: 

M.R. Saeb, H. Vahabi, M. Jouyandeh, E. Movahedifar, R. Khalili, Epoxy-based Flame 

Retardant Nanocomposite Coatings: Comparison Between Functions of Expandable 

Graphite and Halloysite Nanotubes. Prog. Color Colorants Coat., 10 (2017), 245-252. 
 

 

 

 

 

 

 

 


