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A B S T R A C T  

This research work focuses on the effect of Libyan Kaolin clay particle size on the reheological, 

surface and mechanical properties of high density polyethylene (HDPE)/clay nanocomposites. Three 

polymer clay nanocomposites (PCNs) using  2 wt.% clay with different particle size (< 75, 75-150 and 

150-300 µm) and 2 wt.% polyethylene grafted maleic anhydride (PE-g-MA) were prepared by melt 

processing method. The rheological (viscosity and melt flow rate), surface (wettability/hydrophilicity), 

and mechanical properties (tensile strength, elongation at break, Young’s modulus, hardness and 

impact strength) were investigated. The obtained properties of PCNs were compared with HDPE. A 

better enhancement in the rheological properties properties was observed when clay particle size of < 

75 µm was used. It was exhibited lower viscosity and higher MFR value, which provide better 

processing properties in comparison to HDPE and other PCNs. PCN with clay particle size of (75-

150 µm) had more wettability and/or hydrophilicity than HDPE and other PCNs. Mechanical 

properties results showed significant improvement only in the impact properties as compared to 

HDPE. In short, PCN made with Libyan kaolin clay with particle size 75-150 µm appears to has 

comparatively better overall properties in comparison to other PCNs.  

Keywords: polyethylene/clay nanocomposites, particle size, rheological properties, 
mechanical properties, Surface properties 

Introduction  
Polymer nanocomposites  (PNs) are termed as multiphase systems in which the nanofillers 

with at least one dimension in the nanoscale regime are dispersed in the polymer matrix [1]. 

One of the most promising PNs is the nanocomposites based on polymers and clay or clay 

minerals. This a special class of composites known as polymer/clay nanocomposite (PCN). 
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PCNs have attracted great interest, because they exhibit significant improvement in polymers 

properties when compared with virgin polymer or conventional micro- and macro-

composites [2]. Superior mechanical, thermal, electrical, rheological, barrier and optical 

properties are achievable with these nanocomposites [3-5]. PNCs are very promising 

materials for various applications and their demand increases in modern material industries 

such as aerospace, automobile, barrier materials, construction, and biomedical [6-7]. It is 

noteworthy, that the most important polymers that are employed in the PCNs are 

polyethylene, polypropylene, polyvinyl chloride, polyamide, polysulfone, polycarbonate, 

polyaniline, and poly(ethylene oxide). On the other hand, number of clay types have been 

used in PCNs include Kaolinite, Illite, Bentobite, Chlorite, and Montmonillonte. 

Although, Libya rich in clay, there is no attention has been paid to use local clay as 

reinforcing filler for PNCs. In our previous work [8], the influence of Libyan Kaolin clay on 

the impact strength properties of high density polyethylene (HDPE)/clay nanocomposites 

was investigated. In that study, the effect of clay loading, compatibilization, and clay particle 

size on impact properties of HDPE/clay nanocomposites was studied. We found that the 

addition of Libyan Kaolin filler has resulted in an improvement in the impact strength 

properties of HDPE. Maximum improvement in the impact strength properties was 

obtained at low clay loading (2 wt.%) using clay with particle size 75-150 µm and 2 wt.% PE 

grafted maleic anhydride (PE-g-MA) as a compatibilizer. To gain more understanding about 

the influence of Libyan Kaolin clay on PCNs properties, this study aims to investigate the 

effect of clay particle size on rheological, surface and other mechanical properties (e.g. tensile 

strength, elongation at break, Young’s modulus, and hardness) using HDPE/clay 

nanocomposites with 2 wt.% clay with different clay particle size and 2 wt.% PE-g-MA. As it 

was declared in our previous work [8], we hope that the obtained results will encourage 

Libyan scientists to start using of Libyan kaolin clay and other clays in the field of PCNs.   

Materials and Methods 

Materials  

HDPE was used as the matrix polymer (SABIC Saudi Arabia, HDPE F00952, melt flow 

index 0.05 g/10 min and density 952 g/cm3). PE-g-MA prepared in our lab according to 

reference [9], was used as a compatibilizer. Kaolin is supplied by Industrial Research Center 

Tripoli (collected from Jarmah Member, Sabha city in Libya). Kaolin was sieved to remove 

impurities and then passed through different sieves size to get particle size of (< 75, 75-150 
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and 150-300 µm). The plate thickness of this type of kaolin ranges from 26.5 to 40.5 nm 

[11]. p-Xylene (Alfa Aesar 99%) was used to melt HDPE before compounded process.  

Composite Preparation  

HDPE was used as received. kaolin was dried in an air circulating oven at 85 °C for 24 hr. 

The HDPE of desire amount was melt in small amount of xylene and then mixed with 2 

wt.% kaolin and 2% PE-g-MA in a separate bowl. The mixture then dried in an air 

circulating oven at 85°C for 24hr. Then the final mixing was carried out using twin screw 

extruder (Brabender) (L/D ratio 48) with screw speed of 70 r.p.m. at temperature from 140-

190 °C  (140 °C for zone1, 160 °C for zone 2, 170 °C for zone 3, 180 °C for zone 4, and 190 

°C for zone 5 and zone 6). The extruded composites were cooled in air and then granules to 

small pieces. Specimens for impact strength were prepared in an injection molding (Xplore 

12ml) at temperature 230 °C, and injection pressure of 14 bar. Details of the composites and 

codes are reported in Table 1.  

Table 1: Composites composition and codes 
No Composite name HDPE, wt. % Clay, wt. % Compatibilizer wt.% Clay's particle size µm 

1 HDPE 100 0 0 --- 
2 Composite 1 98 2 2 < 75 
3 Composite 2 98 2 2 75-150 
4 Composite 3 98 2 2 150-300 

 
Characterization 

Rheological properties  

Examples of desirable rheological properties may include: viscosity and melt flow rate 

(MFR). Thus, MFR and viscosity of the melt were studied using CEAST modular line melt 

flow models 7024 according to ASTM D 1238P. The tests were carried out at 190 °C  under 

specified load of 5.0 kg. 

Wetting properties and surface characteristics 

The measurement were carried out using Contact angle ramѐ-hart instrument co. model 200-

F4 at room temperature. 3 µl volume drops of water were deposited on the surface of the 

HDPE and the three PCNs with a syringe. Pictures of the water drops were acquired 

through a digital camera positioned on a static contact angle analyzer. The θ of the contact 

angle was measured automatically from the image setup. Each contact angel value is an 

average of 5 measurements.   

Mechanical properties 
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The tensile strength, elongation at break and young modulus were determined using SATRA 

tensile tester for HDPE and the three PCNs. Tensile test were performed at room 

temperature. Four specimens (73mm- 4mm-2mm) were tested for each sample under speed 

test (100mm/min). The hardness of molded HDPE and all composite materials were 

determined using a Shore D durometer RayRan in accordance with ISO 868:2003. Hardness 

value for each sample is an average of 8 measurements. The charpy impact test was carried 

out to determine the impact strength of the HDPE, and all composite materials using 

(CEAST Resil Impactor tester), with impact energy of 15 J. The specimens for impact test 

were prepared and notched according to ASTM (D256-87). Four specimens were tested for 

HDPE and each composite. 

Results and Discussion 

Rheological properties  

Results of rheological properties of HDPE and the three PCNs are presented in Figures 1 

(a,b). The obtained results indicate that the particle size of Libyan Kaolin clay clearly affects 

the rheological properties of PCNs. Generally, the PCNs performance depends on a number 

of nanoparticles features such as the size, aspect ratio, specific surface area, volume fraction 

used, compatibility with the matrix and dispersion [12]. As shown in Figures 1 (a,b), it is 

apparent that the addition of Libyan Kaolin to HDPE caused decrease of the viscosity and 

thus an increase of the MFR in comparison to HDPE. It is known from the literature [12] 

that the organically clay can undergo degradation, which cause radicals formation and result 

chain scission. This normally reduces the molecular weight and viscosity and increases the 

MFR. On the other hand, the decrease viscosity of PCNs in comparison to neat polymer can 

be due to the reorientation of the nanoclay [13]. It is important to know that the high 

viscosity means a high molecular weight polymer with low MFR. Low viscosity offers better 

processing properties, while high viscosity is recommended for better mechanical properties. 

It has been reported that the addition of small amounts of nanofiller can enhance the 

composite properties and reduce the processing problems [14]. Kerstin et. al. [11] declared 

that introducing nanoparticles into the polymer might be a solution to fulfill both 

requirements: mechanical stability and simple processability. Therefore, it is important to 

describe PCNs, not only mechanically and morphologically but also rheologically as well. 
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Figure 1: a) Viscosity for HDPE and the three PCNs, b) MFR for HDPE and the three PCNs. 

As illustrated in Figures 1 (a,b) HDPE showed to has the highest viscosity and the lowest 

MFR values in comparison to the three PCNs. PCN with clay particle size of (< 75 µm) 

exhibited lower viscosity and higher MFR, which provide better processing properties in 

comparison to HDPE and other PCNs. Whereas PCN with clay particle size of (75-150 µm) 

showed higher viscosity and lower MFR in comparison to other PCNs. Strong interaction 

between filler particles and the polymer results in immobilized polymer chains on the surface 

of the filler, which leads to an increase in viscosity [15]. It seems that PCN with clay particle 

size of (75-150 µm) may have the strongest interaction between the clay and HDPE in 

comparison to other PCNs. Additionally, PCN with clay particle size of (150-300 µm) 

displayed viscosity and MFR values which are intermediate between the values of the other 

PCNs. These results are in fair agreement with literature because MFR showed to be 

inversely proportional to viscosity [16]. However, such a behaviour is explained by an 

increase in polymer chain mobility and more free volume obtained in the nanocomposites 

samples [17]. According to Agboola [18], rheological behaviors of PCNs are strongly 

influenced by the material structure and the interfacial characteristics. Mackay et al. [19], 

suggested that the decrease in viscosity can be related to the free volume introduced by the 

clay nanoparticles. The effect of the nanoclay particles on the free volume depends on the 

clay/polymer interactions [9]. According to Gholizadeh et al. [20], the addition of nanoclay 

decreases the free volume, while opposite tendency was observed by Yu et.al. [21]. To clear 

this contradiction further investigations on the effect of the addition of nanoclays to 

polymer matrices are required. 

Wetting properties and surface characteristics 

Wetting properties and surface characteristics of HDPE and the three PCNs were studied 

using contact angle measurements (CAMs). CAMs are often used as an empirical indicator of 

wettability and interfacial tension. For polymer production where particulates or fibers are 
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used for reinforcement, colorant, flame retardancy or stability, understanding the wetting 

phenomena has considerable value in relation to the material performance [22]. In practical, 

wettability and hydrophilicity are closely related phenomena. More wettability means more 

hydrophilicity. The results of the CAMs in Figure 2 revealed some information on the 

wettability of the HDPE and the three PCNs. Wettability and contact angle are inversely 

related: the lower the contact angle, the greater the wettability. The contact angle depends on 

several factors, such as surface energy, wettability of the surfaces, viscosity of the liquid, 

roughness, the manner  of surface preparation, and surface cleanliness [23,24].  

The HDPE represented more hydrophobicity behavior, which means less wettability 

property than the three PCNs because its contact angle above 90° and the water droplet was 

tended to ball up and run off the HDPE surface. HDPE is basically a hydrophobic polymer 

and thus the high value of contact angle is justifiable. A surface is hydrophilic if the value of 

the contact angle is less than 90°, whereas the surface is hydrophobic if the value of the 

contact angle is greater than 90° [30]. The contact angle of HDPE was decreased by the 

addition of Libyan kaolin clay in the three PCNs. This means that the wettability and/or 

hydrophilicity is increased for the HDPE. This is because the surface of each PCN contains 

some of the nanoclays [25]. 

The clay particle size has apparent effect on the contact angle. It decreased from 91.4 (for 

neat HDPE) to around 88.3  when clay with particle size of (< 75 µm) was added to the 

HDPE, while it decreased to about 85.2 when clay with particle size of (75-150 µm) was 

added to the HDPE. It decreased finally to approximately 85.9 when clay with particle size 

of (150-300 µm) was added to the HDPE. This indicates that PCN with clay particle size of 

(75-150 µm) had more wettability and/or hydrophilicity than other PCNs. On the other 

hand, PCN with clay particle size (< 75 µm) was exhibited lower wettability and/or 

hydrophilicity than other PCNs. In short, the ultimate enhancement in the wettability and/or 

hydrophilicity which observed when clay with particle size of (75-150 µm) means that the 

surface of HDPE became more polar in comparison to the other PCNs. This enhances the 

above finding and explanation. As declared above, strong interaction between filler particles 

and the polymer results in immobilized polymer chains on the surface of the filler, which 

leads to an increase in viscosity. Hence, the improvement in wettability and/or hydrophilicity 

of PCNs’s surface can be attributed to the enrichment of the HDPE surface with nanoclays. 

Good wettability is often a predictor of high quality adhesive bonding. Indeed, wettability is 
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of importance in adhesion, surface coating, water repellency, and waterproofing [26]. To our 

knowledge, the effect of clay's particle size on the wettability and/or hydrophilicity 

properties of PCNs has so far not been extensively studied.  
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Figure 2: Contact angle for HDPE and the three PCNs. 

Mechanical properties 

Table 2 shows experimental data obtained for some mechanical properties of the HDPE and 

the three PCNs. It is important to note that the standard deviations are given in parentheses 

next to the values of the mechanical properties. Experimental results in Table 2 proved that 

clay particle size can notably affect the mechanical behavior of HDPE matrix. It was found 

that tensile strength, elongation at break, Young’s modulus and hardness decreased, whilst 

impact strength increased with the addition of clay in all cases. 

Table 2: Mechanical properties of HDPE and the three PCNs. 
Sample Tensile strength, 

MPa 
Elongation at 

break, % 
Young's modulus, 

MPa Hardness Impact strength,  
KJ.m-2 

HDPE 29.68 (3.13) 2.39 (0.16) 794.23 (2.40) 60.4 (1.34) 12.18 (1.57) 
Composite 1 19.45 (1.06) 2.30 (0.16) 734.21 (1.91) 58.20 (20.20) 25.03 (4.10) 
Composite 2 19.86 (1.03) 2.20 (0.05) 760.15 (1.17) 57.70 (0.28) 39.13 (5.34) 
Composite 3 22.11 (1.31) 2.28 (0.08) 599.79 (5.17) 52.70 (0.28) 38.85 (4.36) 

The tensile strength of HDPE decreased approximately 34% when clay with particle size of 

(< 75 µm) was used (composite 1), while it decreased about 33% when clay with particle size 

of (75-150 µm) was used (composite 2). The lowest decrease (about 25%) in the tensile 

strength of HDPE was observed when clay with particle size of (150-300 µm) was used 

(composite 3). In the case of PNs, most studies report the tensile properties as a function of 

clay content [27]. This is because the degree of crystallinity is dependent of the clay content 

[28]. This is important since the tensile properties are mainly dependent on the crystallinity 

of the polymer. Also, composite strength is very much dependent on the interface adhesion 

quality between the clay and polymer matrix [29].  
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Addition of Libyan kaolin clay caused a little reduction in the elongation at break of HDPE. 

The elongation at break for HDPE decreased approximately 4%, 8%, and 5% when clay 

with particle size of (< 75 µm), (75-150 µm) and (150-300 µm) were used, respectively. This 

is because nanoclay particles are stiff materials with no elongation properties; therefore, their 

addition can lower composites elongation [30]. Similar findings were reported by many 

studies [31,32]. According to Ahmadi et. al. [32], the reduction in the elongation at break 

may be attributed to the fact that ductility decreases when stiffness is increased by 

reinforcement.  

The experimental measurements of Young’s modulus (also known as the elastic modulus) of 

the three PCNs in Table 2 illustrates that the addition of Libyan kaolin clay caused a 

reduction in the stiffness of HDPE matrix. This is because Young's modulus is a measure of 

the stiffness of a solid material. Particularly, a stiff material has a high Young's modulus and 

changes its shape only slightly under loads. The decrease in the Young’s modulus in 

composite 1 and composite 2 was approximately 7.6% and 4.3%, respectively. More 

reduction in the Young’s modulus (about 24.5%) was observed when clay with particle size 

of  150-300 µm was used. It is well known that the elastic modulus "Young’s modulus" is a 

stiffness parameter which governs by the size and amount of the dispersed phase [25].  

Table 2 represents also the Shore D hardness results of pure HDPE and its nanocomposites. 

The hardness of HDPE decreases with incorporation of nanoclay. The average value of the 

Shore D hardness is observed to be ~ 60, 58, 57 and 52 for pure HDPE, composite 1, 

composite 2 and composite 3, respectively. This means that the hardness was deceased by 

3.6 % for composite 1, 4.5% for composite 2 and 12.7% for composite 3 as compared to 

pure HDPE. This indicates that the hardness showed to decrease with increasing the clay 

particle size. Hardness is found to be based on the clay loading [33].  

Impact strength properties in Table 2 was published and discussed elsewhere [8]. The results 

show that particle size has considerable effect on the impact strength properties of 

HDPE/clay nanocomposite. The three PCNs showed better impact strength properties than 

pure HDPE. Maximum impact strength value (39.125 KJm-2) for the composites was 

obtained at particle size of 75-150 µm (composites 2). Composite with particle size of 150-

300 µm (composites 3) exhibited impact strength value (38.851 KJm-2) close to that of 

composites 2. Proper particle size of kaolin at given filler content probably decreases the 

level of stress concentration in the composites with the resultant increase in impact strength. 
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However, the proper particle size cannot be predicted, it depends on the particle shape, 

matrix and particle/matrix adhesion [25]. However, quality dispersion of nanoparticles in 

matrix plays key role for an improvement of impact properties of nanocomposites [34]. 

As shown in Figure 3, PCN made with Libyan kaolin clay with particle size 75-150 µm 

appears to has comparatively better overall mechanical properties in comparison to other 

PCNs. It can be noted from the above results that the addition of 2% of Libyan kaolin clay 

with different particle sizes to HDPE did not cause improvement in the mechanical 

properties, such as strength, elongation at break, Young’s modulus and hardness. On the 

other hand, it has resulted in an improvement in the impact strength properties of HDPE. 

The properties of PCNs not only depends on the adhesion and compatibility of the 

organoclay with the matrix, but also on other factors such as processing conditions and clay 

loading. For example, George et. al. [35] studied the effect of kaolin clay particles on the 

mechanical, morphological and processing features of kaolin clay reinforced PS/HDPE 

blends and found that the tensile strength and tensile modulus of PCNs was increased with 

2% clay loading, while the impact strength was increased at 3 % of clay loading.  

Generally, better interfacial bonding imparts better properties to a PCN, such as tensile 

strength, hardness and high modulus, as well as resistance to fatigue, tear, corrosion and 

cracking. Since, the mechanical properties of PCNs can be altered by various factors: 

properties of the polymer matrix, clay particle size and morphology, particle loading and 

distribution, interfacial adhesion between clay and matrix, etc.. According to this it seems 

that the addition of 2% of Libyan kaolin clay seems to be not enough to produce the 

expected reinforcement in the PCNs. For example, in the case of biodegradable PCNs, most 

studies report the tensile properties as a function of clay loading, as mentioned above. This is 

because clay content effects the crystallinity which have an effect on the tensile properties. 

Moreover, Libyan kaolin clay appears to need special treatment to obtain clay in nanometer 

dimensions with narrowed particle size distribution. It is important to reveal here that 

nanoclays with smaller particle size distributions exhibit better dispersion in the polymer 

matrix. This because smaller particles have a higher surface area for a given particle loading. 

High surface area means more contact area available, and therefore have a higher potential 

to reinforce the polymer matrix. Therefore, the preparation of PCNs by using clay with 

smaller and more uniform particle sizes can lead to nanocomposites with better properties.  
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Figure 3: Comparison between the mechanical properties of HDPE and the three PCNs. 

Conclusions 

PCNs were produced using HDPE, 2% Libyan kaolin clays with different particle sizes (< 

75, 75-150 and 150-300 µm) and 2% PE-g-MA as a compatibilizer. PCNs were prepared by 

melt-mixing technique using mini-twin-extruder. The effects of the kaolin clay particle size 

on the rheological, wetting and mechanical properties PCNs were studied. PCN made with 

Libyan kaolin clay with particle size 75-150 µm appears to has comparatively better overall 

properties in comparison to other PCNs. The effects of the kaolin clay particle size on some 

desirable rheological properties such as viscosity and MFR was studied. HDPE showed to 

has the highest viscosity and the lowest MFR values in comparison to the three PCNs. PCN 

with clay particle size of (< 75 µm) exhibited lower viscosity and higher MFR value, which 

provide better processing properties in comparison to HDPE and other PCNs. Whereas 

PCN with clay particle size of (75-150 µm) showed higher viscosity and lower MFR in 

comparison to other PCNs. Additionally, PCN with clay particle size of (150-300 µm) 

displayed viscosity and MFR values which are intermediate between the values of the other 

PCNs. 

Wetting properties and surface characteristics of HDPE and the three PCNs were studied 

using CAMs. The contact angle of HDPE decreased by the addition of Libyan kaolin clay in 

the three PCNs, which resulted in an improvements in the wettability and/or hydrophilicity. 

PCN with clay particle size of (75-150 µm) had more wettability and/or hydrophilicity than 

other PCNs. On the other hand, PCN with clay particle size (< 75 µm) exhibited lower 

wettability and/or hydrophilicity than other PCNs. the improvement in wettability and/or 

hydrophilicity of PCNs’s surface could be attributed to the enrichment of the HDPE surface 

with nanoclays. 
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Mechanical characterization tests including tensile strength, hardness and impact strength 

tests have been performed. The results showed that the addition of 2% of Libyan kaolin clay 

with different particle sizes to HDPE did not cause improvement in the mechanical 

properties, such as strength, elongation at break, Young’s modulus and hardness. On the 

other hand, it has resulted in an improvement in the impact strength properties of HDPE. 

According to these results, it seems that the addition of 2% of Libyan kaolin clay not enough 

to produce the expected reinforcement in the PCNs. Moreover, Libyan kaolin clay appears 

to need special treatment to obtain clay in nanometer dimensions with narrowed particle size 

distribution. In this regard, more attention will be given to study the effect of clay loading 

and optimizing the clay particle size and distribution on the properties of HDPE/clay made 

by Libyan kaolin clay in future. 
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