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ABSTRACT 

Montmorillonite (MMT) clay was disseminated into Unsaturated Polyester (UP) and Epoxy 

blend systems in diverse weight ratios namely, 0, 1, 2, 3, and 5% to prepare Epoxy/UP/ MMT 

clay composite. The specimen was characterized by thermal and chemical analysis. A 

homogeneous mixture of blended composites is obtained through mechanical stirring and 

ultrasonication processes. The testing of thermal and chemical properties was as per ASTM 

standards. Evidence acquired from the above tests indicates that Epoxy reinforced with UP and 

further strengthened with MMT clay enhanced the thermal and chemical properties of the 

composite to a considerable extent. The purpose of this study was to recognize an appropriate 

composite offering a stronger material with enhanced performance; that is suitable for diverse 

industrial uses. TGA data revealed that clay content does not affect the heat stability at 5 wt.% 

in comparison to pure and other combinations blends. With every rise of 10°C in degradation 

temperature 15% weight loss was noted; while a 4°C fall in Tg is seen in DSC analysis for 5 

wt. % clay combinations. The thermal properties of the clay-filled composite are perceived to 

increase gradually and are observed to be the highest at 5 wt. % in comparison to other variants. 

Keywords: Montmorillonite clay, epoxy, unsaturated polyester, thermal properties, Chemical 

properties. 

 

 

INTRODUCTION 

Polymer blending attained an appreciable market since they save by weight approximately 36-

40% of polymer consumption. Epoxy is a flexible, popular resin used for manufacturing state-

of-art composites since it has superior binding, thermal, mechanical and ageing characteristics 

[1, 2]. But for enhancement of impact attribute in state-of-art engineering uses, reinforcing 

epoxy is required. It can be improved through mixing with adaptable polymers and elastomers. 

Nevertheless, alteration of epoxy with elastomers enhances its toughness property beside a 

drop in few properties of epoxy at elevated temperatures [3-5]. Hence, an apt polymer is needed 

to improve the toughness of epoxy, by preserving stiffness, glass transition temperature, and 
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heat stability. It is accomplished by inter cross-linked polymer network of thermoset-thermoset 

blends [6-10]. 

A good range of commercial relevance to polyester resins is identified in areas like paints 

and surface coatings. Several merits of polyester are observed with the inclusion of flexibility 

in properties, reasonable cost and ease of use. But polyester possesses some demerits such as 

inferior resistance to alkalis and hardness. For overcoming the above-mentioned demerits, 

blending of polyester with suitable resins can be performed as it exhibits better compatibility 

with diverse resins. The technique of blending can be productively applied to eliminate the 

substandard properties of both components. Blended polymers provide superior composite 

from lesser superior components. 

The merits of nano-particles over conventional macro or microparticles are improved 

surface area and aspect ratio which could improve binding of nano-particles and polymers. 

Presently the most popular clay used for polymer-clay composites is MMT. Various studies 

were conducted on epoxy-clay composites (ECN) under different curing conditions. The 

exfoliated clay provides superior properties and offers advantages over other nanofillers in 

terms of cost and biodegradability [8-9]. This paper furnishes facts on the property’s analysis 

of the MMT clay reinforced polymer blended composites. This study intended to recognize a 

composite that offers better strength, providing better performance at minimum cost; applicable 

for diverse applications.  

Composites are influenced by chemical and thermal properties; thermal and chemical 

properties of materials play an equally important role as mechanical properties. Polymers are 

very vulnerable to changes in temperature. Plastics tend to become rigid and brittle at minimal 

temperatures. The portability of the polymer chain is greatly reduced at low temperatures, 

which is the reason for the above. The temperature and dimensions of solid increases as it 

absorbs heat. Further heating melts the solid. Thus, knowledge of the heat properties of 

materials becomes crucial for assessing the performance of polymers and their reaction to 

thermal changes. 

 

 

EXPERIMENTAL PROCEDURE 

 

Materials and Methods 

Epoxy (Araldite-LY 556 and Amine hardener HY-951; ratio-100:10) Unsaturated polyester 

(Ecmalon 9911; accelerator: 2% cobalt naphthenate, catalyst: 2% methyl ethyl ketone peroxide 

(MEKP) and promoter: 10% dimethylaniline (DMA) solution), are the resin materials. 

Exfoliated MMT clay treated with 25% trimethyl stearyl ammonium is the reinforcement 

material (product name: hydrophilic bentonite powder; Density: 600–1100 kg/m3; Size: 25 

μm). 

Thermogravimetric analysis (TGA) and Differential scanning calorimetry (DSC-2010 

TA Instrument) were employed to assess the heat attributes of the epoxy/polyester/MMT clay 

blended composites [11]. The thermal degradation behaviour of the composite blend was 

investigated using TGA. TGA was performed on a 10 mg powdered sample to identify changes 

in weight to corresponding changes in temperature. The sample was placed in a thermocouple 

fitted oven for precise temperature measurement. An inert gas atmosphere was used to suppress 

unwanted reactions. The computer was used to monitor and control the entire process. Steadily 

enhancing sample temperature until 12000C, evaluation was performed. A graph of percentage 

weight vs temperature was plotted [12]. 

Evaluation of Glass transition temperature (Tg) of the material and assessment of thermal 

deterioration of polymers was carried out using DSC [13]. Studies were performed under an 

inert atmosphere at a 10°C/min scan rate and a temperature ranging from 30°C up to 600°C. A 
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10 mg powdered specimen was used for each run. Thermograms were plotted recording weight 

change with respect to temperature change. Weight change results from bond-forming or 

breaking at elevated temperatures. Throughout the experiment, identical temperatures were 

maintained for the sample and reference. Heat capacity over a span of temperatures was 

examined. When the sample undergoes a phase transition, heat was required to flow to it and 

the reference to sustaining them at similar temperatures. Suppose as a solid sample changes 

phase to liquid it needs more heat flow to enhance its temperature at the same pace as the 

reference. DSC can estimate the quantity of heat taken in and discharged in the sample and 

reference by perceiving variation in heat flow. DSC can also perceive a precise change of state, 

like glass transitions. It is extensively applied in industries as a quality checking instrument to 

estimate sample clarity and to observe the curing of polymers.  

To analyze the chemical resistance of the composites, ASTM 543-87 test methodology 

was employed. Standard reagents were applied to confirm outcomes. In the existing work, tests 

on epoxy/UP/clay composites were conducted to identify the resistivity to chemicals. The 

reaction of acids, alkalis and solvents on the composite was studied. In each case, pre-weighed 

specimens (5 x 5 x 3 mm) of 10 numbers were dipped into the respective chemical reagents for 

the twenty-four-hour duration. 

 

Thermal Properties 

The thermal properties analysis like TGA and DSC were performed on clay-filled epoxy/UP 

blended composite. The properties like degradation temperature and glass transition 

temperature were studied. In TGA, the heat stability of composite was studied as % weight loss 

vs. temperature.  

 

 

RESULTS AND DISCSUSSION 

 

Thermogravimetric analysis  

Heat stability of composites was analysed using TGA. Fig. 1 indicates the weight loss of five 

different samples. In pure blend, loss in weight was constant up to 200°C and degradation 

started at 400°C. As clay content was increased to 5 wt. % degradation temperature of the 

composite shifted upwards to higher temperatures. Until 350°C weight loss was constant for 5 

wt. %. The presence of moisture is the cause for a drop in weight for 1 wt. % sample. The 

degradation temperature of the composite shifted upwards to elevated temperatures, 

demonstrating enhanced heat stability for 5 wt. % clay [12-13]. The presence of inorganic 

materials like clay is the cause of improved heat stability. Similar results were reported in the 

works done by Sareh Mosleh (2012) [15] and Carola Esposito Corcione et al. (2012) [16]. 

 In comparison to pure blend 15% weight loss and a 10°C rise in degradation, the 

temperature was observed for 5 wt. % sample. The results indicated that better dispersion of 

polymer and clay are the reasons for higher heat stability [13]. 
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Fig. 1 TGA thermograms of poxy/polyester blends as a function of MMT 

 

Differential scanning calorimetry 

DSC investigates the thermal transitions of the pure polymer and the composites. A plot 

indicating glass transition temperatures for diverse clay weight percentages viz. for 0, 1, 2, 3, 

4 and 5 wt.% at 430, 432, 433, 433, 431 and 429°C respectively of the composite was presented 

in Fig. 2. A fall of 2oC glass transition temperature was noticed for 4wt%., whereas a fall of 

4°C was observed for 5 wt.% in comparison to 3 wt.%. Nil change was perceived for 2 and 3 

wt. % of samples. Previously, Sareh Mosleh (2012) [15] and Carola Esposito Corcione et al. 

(2012) [16] have reported similar results in their works. Similar changes in Tg are due to (i) 

better surface interaction strengthening the interface (ii) enhanced interfacial free volume due 

to the lower bulk crystallinity of polymer chains. It was also found that the Tg of the Epoxy/UP 

composite decreases at higher montmorillonite loading.  
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Fig. 2 DSC thermograms of epoxy/polyester blends as a function of MMT clay 

 

Resistivity to Chemicals 

ASTM 543-87 was employed to evaluate the chemical resistivity of the composite. In the 

present work, chemical resistivity tests on epoxy/UP/clay composites were conducted. In each 

case, ten specimens were tested. Pre-weighed specimens were dipped in chemical reagents for 

24 hours. They were then removed from the chemicals, cleaned in distilled water, and 

completely dried at room temperature using filter paper. The specimens are again weighed and 

the % gain/decrease in weight is ascertained as shown below. 

 

% gain/decrease in specimen weight = [(Original wt. – Final wt.) / Original wt.] * 100 

 

The chemical reagents used in the study were Acids (Acetic acid, Nitric acid and Hydrochloric 

acid), Alkalis (Sodium hydroxide, Sodium carbonate and Ammonium hydroxide), and Solvents 

(Benzene, Toluene, Carbon tetrachloride and Water). 

 

Chemical resistance measurement 

From Table 1 it is evident that the Epoxy/UP/MMT clay composite exhibits better resistivity 

to all chemicals considered for the study, except the solvents. In each case, the pre-weighed 

specimens were immersed in the chemicals, cleaned in distilled water and then dried. 

Nanocomposite blend specimens showed a weight reduction on treatment with solvents. This 

is understandable as UP, which is present in the blend, dissolves in the solvents under study. 

These composites proved to be having good resistance to attack from chemicals except 

solvents. The increase in weight of the composite is due to the penetration of the liquid 

chemical resulting due to swelling of the composite [14]. Shahryar Jafari Nejad (2007) [17] 

have reported related results from their investigations. 
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Table 1 Experimental values, showing percentage changes of Epoxy/UP/MMT clay 

composite  

Chemical 

used 

Clay (wt. %) 

0% 1% 2% 3% 4% 5% 

HCl (10%) +1.327 +0.925 +0.845 +0.455 +0.535 +0.576 

CH3COOH (5%) +1.256 +0.287 +1.348 +0.934 +0.457 +0.223 

HNO3 (40%) +1.978 +1.546 +1.656 +1.645 +1.698 +1.728 

NaOH (10%) +1.323 +1.625 +0.302 +0.785 +0.645 +0.575 

Na2CO3 (20%) +0.326 +0.320 +0.250 +0.167 +0.152 +0.144 

NH4OH (10%) +0.825 +0.676 +0.532 +0.440 +0.487 +0.532 

Benzene -2.450 -5.247 -5.420 -7.575 -7.897 -8.352 

Toluene -1.054 -2.926 -8.265 -14.956 -10.567 -8.345 

CCl4 -0.364 -0.956 -3.958 -17.256 -12.345 -8.745 

Water +0.909 +1.325 +9.352 +11.526 +10.457 +9.348 

 
 

CONCLUSIONS 

In the experimental analysis of thermal and chemical resistivity of MMT clay strengthened 

composite, the following conclusions were made. Using Thermo Gravimetric Analysis (TGA) 

it was observed that clay content does not affect the thermal stability at 5 wt.% in comparison 

to pure and other combinations blends. A weight loss of 15% and a rise of 10°C in degradation 

temperature were noticed in the TGA analysis, while 4°C falls in Tg was noticed in differential 

scanning calorimetry analysis for 5 wt. % clay combinations. The heat properties of the clay-

filled composite were perceived to increase gradually and were observed to be the highest at 5 

wt. % in comparison to other variants. The presence of clay, in the composite, improves the 

heat stability of the composites [11-13]. 

The composite blend specimens show a weight reduction on treatment with solvents. 

This is understandable as Unsaturated Polyester (UP), which is present in the blend, dissolves 

in the solvents under study. The composite has good resistance to attack from acids and alkalis. 

The enhancement in weight of the composite is due to the penetration of the liquid chemical in 

the composite; resulting in swelling [14].  

The epoxy/UP/clay composite can be used for applications like a) charge storage 

containers in vehicles (Nanoclay limits the diffusion of solvents into polymer) b) chemical 

containers (as the composite has good resistance to chemicals) and c) fireproof cables. 

 

 

REFERENCES 

[1]  Li J., Jian G. Z.: Influence of Polyethylene-Polyamine Surface Treatment of Carbon 

Nanotube on the TPB and Friction and Wear Behaviour of Thermoplastic Polyimide 

Composite. Polymer-Plastics Technology and Engineering, 50,996–999 (2011)  

[2]  Chinnakkannu K. C., Muthukaruppan A., Rajkumar J. S., Periyannan G.: Thermo-

Mechanical Behaviour of Unsaturated Polyester Toughened Epoxy–Clay Hybrid Nano-

composites. Journal of Polymer Research, 14, 319–328 (2007) 

[3]  Uday K., Gautam D., Niranjan K.: Mesua ferrea L. Seed Oil Based Highly Branched 

Polyester/Epoxy Blends and Their Nanocomposites, Journal of Applied Polymer 

Science, 121, 1076–1085 (2011)  

[4]  Guo J., Han-Xiong H., Zhao-Ke C.: Rheological Responses and Morphology of Poly-

lactide/Linear Low-Density Polyethylene Blends Produced by Different Mixing Types. 

Polymer-Plastics Technology and Engineering, 50, 1035–1039 (2011)  



Journal of Polymer Science and Technology 6(1) 2021:29-35                               

ISSN: 2550-1917 
 

35 
 

 [5]  Song Z., Li. Z., Yan-Ying W., Yi. Z., Shi-Bo G., Yu-Bao L.: Fabrication of 

Hydroxyapatite/Ethylene-Vinyl-Acetate/ Polyamide 66 Composite Scaffolds by the 

Injection-Moulding Method. Polymer- Plastics Technology and Engineering, 50, 1047–

1054 (2011)  

[6]  Jha A., Bhowmick A. K.: Mechanical and Dynamic Mechanical Thermal Properties of 

Heat and Oil Resistant Thermoplastic Elastomeric Blends of Poly (Butylene 

Terephthalate) and Acrylate Rubber. Journal of Applied Polymer Science, 78, 1001–

1008 (2000)  

[7]  Colakoglu M.: Damping and Vibration Analysis of Polyethylene Fiber Composite Under 

Varied Temperature, Turkish Journal of Engineering and Environmental Sciences, 30, 

351–357 (2006)  

[8]  Vijaya Kumar K. R., Sundareswaran V.: Mechanical and Damping Properties of Epoxy 

Cyanate Matrix Composite under Varied Temperatures. Journal of Engineering and 

Applied Sciences, 5, 106–111 (2010) 

[9]  Alam N., Asnani N. T.: Vibration and Damping Analysis of Fibre Reinforced Composite 

Material Cylindrical Shell. Journal of Composite Materials, 21, 348–361  (1987) 

[10]  Erian A. A., Chandra R., Singh S., Gupta K.: Experimental Evaluation of Damping of 

Fiber-Reinforced Composites. Journal of Composite Technology and Research, 25, 1–

12 (2003) 

[11] Chow W. S.: Tensile and Thermal Properties of Poly (butylene Terephthalate/Organo-

Montmorillonite Nanocomposites, Malaysian Polymer Journal, 3, 1-13 (2008) 

[12]  Bakare I.O., Okieimen F.E., Pavithran C., Abdul Khalil H.P.S., Brahmakumar M.: 

Mechanical and thermal properties of sisal fibre-reinforced rubber seed oil-based 

polyurethane composites. Materials and Design, 31, 4274-4280 (2010) 

[13]  Jayaramudu J., Jagadeesh D., Varada R. A., Guduri B. R.: Tensile and Thermal 

Parameters of Natural Fabrics and Polymer Coating Effect on Hildegardia Fabric. Journal 

of Reinforced Plastics and Composites, 29, 1664-1668 (2009) 

[14]  Varada R. A., Rao G. B., Reddy R. L.: Chemical resistance and tensile properties of 

epoxy/polycarbonate blend coated bamboo fibres. Journal of Reinforced Plastics and 

Composites, 20, 50-56 (2001) 

[15]  Sareh M. S., Kamal J.: Study of processing and mechanical behaviour of pp/clay 

nanocomposites prepared by melt blending. International Journal of Modern Physics: 

Conference Series: Nanocomposites Open Access, 5, 536-544 (2012)  

[16]  Corcione, C. E., Frigione, M.: Characterization of Nanocomposites by Thermal 

Analysis. Materials, 5, 2960–2980 (2012) 

[17]  Shahryar J. N., Seyed J. A., Hossein A., Ahmad M.: Thermal Stability, Mechanical 

Properties and Solvent Resistance of PP/clay Nanocomposites Prepared by Melt 

Blending. Journal of Applied Sciences, 7, 2480-2484 (2007) 

 


