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DEVELOPMENT OF POLYMER COMPOSITES FOR BUILDING 

MATERIAL APPLICATION 

 

ABSTRACT 

 

Construction is one of world’s largest polymer composite materials consuming sector. In 

this study, high density polyethylene (HDPE)-sand composites with high filler loadings 

was fabricated by using melt blending technique. The composite was characterized and 

tensile performance was tested. Energy Dispersive X-ray Spectroscopy (EDX) results 

indicated the elementary component in the sand consisted of Si and O, in the form of 

silicon dioxide (SiO2). Particle size analysis (PSA) was carried out to measure the range 

of sand particle size before melt blending with HDPE. Variety of alkanes and alkenes 

functional groups were found in the neat HDPE from Fourier Transform Infrared 

Spectroscopy (FTIR). When the composite filler loading increased to 60wt%, the intensity 

of functional group for HDPE significantly reduced and the pattern of the functional 

groups are similar with sand.  Melting temperature decreased as filler loading increased 

while no significant changes was observed on the crystallization temperature for the 

composites. Which indicates that the processing could be done at lower temperature. The 

degree of crystallinity for composites at 20wt% sand loading was the highest.  

Stabilization torque for composites are lower than neat HDPE which mean it was easier 

to process in melt blending technique. Melt flow index (MFI) results indicated that 20wt% 

sand loaded composites had the lowest viscosity and easy to flow. Thermal decomposition 

temperature at 10% decomposition increased 21˚C as filler loading increased up to 60 

wt%. The highest value of modulus was achieved at 40 wt% sand loading with increment 

of 62% compared to neat HDPE which mean it is the stiffest among all. At 60 wt% filler 
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loading the modulus decreases. Fracture surface of 60wt% filler loaded composites show 

brittle fracture with apparent voids and poor dispersion of filler in the matrix. The 

optimum loading for sand filler are between 20wt% to 40wt%. 

Keywords: HDPE; Sand; Composite; Thermal Properties; Tensile Properties 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

High density polyethylene (HDPE) is a linear polymer with superior physical properties 

than low density polyethylene (LDPE). Thus it can withstand the exposure to variety of 

solvents and exhibit rigid properties. Addition of filler into HDPE can improve the overall 

mechanical performance. The fillers are available in wide range such as inorganic or 

organic fillers, and will exert different properties in HDPE composite (Imai, 2014). 

Example for organic filler are cellulose, wood powder and coconut fibre while the 

example for inorganic fillers are silica, talc, calcium carbonate and clay. All these fillers 

are easy to get and most of them are cheap in cost. 

 

 HDPE hits 61.8 billion USD worldwide turnover at 2016 and it is projected to hit 

85.8 billion USD turnover by 2022. By now, Asia-pacific countries still the largest 

customer for the HDPE worldwide and believed to remain the biggest HDPE market in 

the future (Ceresana, 2015)
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 The specific modulus and strength of HDPE composite could be elevated to be 

comparable with other conventional building materials like brick masonry. Young’s 

modulus for brick masonry is 690 MPa (GoBrick, 1992).  Young’s Modulus for HDPE 

composite blend with polypropylene (PP) and wood powder in the ratio of 35:35:30 can 

go as high as 1346 MPa. The mechanical performance of composites with other loadings 

level are indicated in Table 1.1. From the table it can observed that the modulus for neat 

HDPE is only 881 MPa and at the optimum filler loading the stiffness has been increased 

by 52% (Dikobe and Luyt, 2017). In another research by Sarasini et al, the Young’s 

Modulus for pure HDPE was recorded as 1.1 GPa but upon addition of 40 wt% basalt 

fibre the value increase up to 6.5 GPa. This shows the promising improvement in 

mechanical properties for HDPE composites with addition of fillers. 

 

Table 1.1: Tensile properties of HDPE composites (Dikobe and Luyt, 2017) 

 

 

Construction sector is one of the world’s largest polymer composite materials 

consuming sector (Adarsh, Manikanta and Sha, 2016). In 2016, a Colombia architect, 

Oscar Méndez used recycle plastics, rubber and electronic wastes to be blended together 

and become a building block. The building block is “Lego” like and can withstand 

earthquake and fire retardant. By using the waste and recycle material to prepare the block, 
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it help to reduce the carbon dioxide emission, energy consumption and as well as lower 

building cost when compare with traditional building method. 

 

 Moulding the bricks into the Lego like shape is possible because of the flexibility 

and process ability of polymer composite. UK’s Poly-Care construction company 

innovated Modular Assembly System (MAS) which can produce large quantity of bricks 

enough to build 1200 40m2 houses with only 60m2 of factory place. This is due to the 

whole process for making Lego like bricks are simple and can be performed by an 

unskilled worker. Brick making machine invented by the company will mix up polyester 

resin with 90wt% of local sand and the whole process from raw materials preparation to 

ready use bricks will only take less than 24 hours. This is high efficiency and cost saving 

as compare with ordinary concrete which may need 2 weeks’ time for manufacturing 

(Mathijsen, 2016). 

 

1.2 Problem Statements 

 

Polymer composite has good potential to be used in the construction sector. Nowadays 

many constructer apply fiber reinforced polymer (FRP) in construction including bridge, 

masonry walls, tanks, foundations and buildings. They also applied FRP in repair and 

rehabilitation of traditional building material. These traditional building material includes 

concrete, steel, masonry and wood (Mosallam, 2014). 

 

 High performance mortar (HPM) can be filled with carbon fiber reinforced 

polymer (CFRP) to strengthen beam column reinforced concrete joints. The HPM/CFRP 

composites also use for retrofitted wall and concrete bridge to enhance their performance. 

By using HPM/CFRP composites, ultimate load of retrofitted wall is increased and 

improved the bridge collision protection (Mosallam, 2014). 
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 Humphreys (2003) stated that by using reinforced polymer composite (RPC), 

strength, stiffness, durability, fatigue performance, versatile fabrication of construction 

material can be improved. Hence these improvement also can lowered down the 

maintenance cost compare to traditional building materials.  

 

 HDPE-sand composite is one of the RPC that have large potential to be applied in 

construction sector. However in this, initial research the process ability, mechanical 

properties and thermal durability of the composites had to be evaluated first. This is 

because sand is a type of coarse and hard particle material. It may cause processing 

difficulties by affecting the flow ability of the composite melt and may require large 

energy for melting and mixing. Poor process ability will not only increase the cost of the 

composite but also will yield poor mechanical properties and low thermal durability. As a 

replacement for traditional building blocks, it need to be have enough thermal durability 

against adverse environment and in fire accident. The tensile and stiffness of HDPE-sand 

composites need to be comparable with other composites in literature.   

 

 Thus in this work, HDPE will be mixed with sand composite by using the internal 

mixer. This method is relatively easy and can be convert to industrial scale. The process 

ability of the composite will be studied. Overall performance for the HDPE-sand 

composite film will be tested in terms of mechanical and thermal properties.  
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1.3 Research Objectives 

 

The aim for this research is to work towards producing Lego like building block by using 

HPDE-sand composite material with a superior mechanical properties, ease of assembly 

and price cheaper than traditional building material. However as initial stage, in this work 

in particular the process ability of this composite and its mechanical and thermal durability 

properties had been studied. The objectives of the research are:   

 

i) To produce HDPE-sand composites with high filler loadings by using melt 

blending technique.  

ii)  To evaluate the process ability of the HDPE/Sand composite. 

iii) To test the tensile and thermal decomposition performance of the HDPE-sand 

composites.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 HDPE 

 

High density polyethylene (HDPE) is one of the most widely use plastic in the world. 

HDPE was invented by the Karl Ziegler in 1953 (Professor Plastic, 2015). HDPE is 

produced by the polymerization of ethylene monomer. HDPE is a type of thermoplastic 

with density around 0.940 to 0.970 g/cm3. The difference between HDPE and low density 

polyethylene (LDPE) is the crystalline region for HDPE is higher than LDPE. And this 

will affect the tensile strength and stress crack resistance of the final product (Gabriel, 

2010).According to Ryan (2008), HDPE are stiff, tough, can withstand  chemical contact 

and easy to process. Structure of HDPE is as shown in Figure 2.1 (Whisnant, 2000). Some 

comparison of physical and mechanical properties between linear low density 

polyethylene (LLDPE), LDPE and HDPE is shown in Table 2.1. 
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Figure 2.1: Structure of Polyethylene (Kumar Sen and Raut, 2015) 

  

Table 2.1: Physical Properties for LDPE, LLDPE and HDPE (Kim, Biswas and 

Choe, 2006) 

 

 

 Wide applications of HDPE lead to high market occupancy worldwide. As 2015, 

HDPE occupied 15% of total plastics demand in the world as shown in Figure 2.2 (Plastics 

Europe, 2016). 
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Figure 2.2: Polymer Market in 2015 (Plastics Europe, 2016) 

 

 HDPE could perform extremely well at low temperature and exhibit high 

resistance to abrasion. However, the usage of neat HDPE has been limited because of it is 

low heat distortion and lower modulus (Gao, Liu and Wei, 2011). HDPE can be used to 

produce heavy duty pipeline for liquid, gas and potable water delivery. According to Zeep 

Construction (2015), HDPE can be used in heavy duty pipeline because of it flexibility, 

long service life and durability. It can be bent without using any fitting and this has 

dramatically reduce the time, cost and labour needed. Hence, in many countries the old 

pipelines are already replaced with HDPE. The life span of the pipes are longer and thus 

the cost for maintenance is lower. 

 

 In addition, the most common usage of HDPE in our daily life is for packaging 

purpose. LDPE made film have a relatively clear look and soft feel while HDPE have 

opaque look and crisp feel. Hence, the HDPE is the most suitable polymer to be used for 

making food container (Shin and Selke, 2014). In a nutshell, the applications of HDPE 

2015, 269 Million Tonnes 
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either in industrial or daily life are important. The ease of recycle properties of HDPE also 

encourage the increase usage of HDPE in innovative green products. 

 

2.2 Sand 

 

Sand is the natural source of mineral that normally could be found at beach, riverbeds and 

deserts. It comes in loose granular shape that normally made up by silica, silicon dioxide 

or quartz or calcium carbonate (Castro, 2013). Sand can be classified as pit sand, river 

sand and sea sand depending on the origin. Beside from the sources, sand with the different 

grain size will have different usage. Sand with size smaller than 1.5875mm sieve size is 

classified as fine sand, 3.175mm as coarse sand and 7.62mm as gravelly sand. Fine sands 

are generally used for plastering, coarse sand used for masonry work and gravelly sand 

use for concrete work (Patnayaka, 2013). Sand is the major component in building 

materials like concrete, bricks and plaster due to it stiffness. The bricks made by sand 

mixed with clay is hard and has greater weight than traditional clay brick (Wang, Ling 

and Mohri, 2007). Besides, sand also suitable to act as mineral filler to polymer for 

building materials application.  Figure 2.3 shows the images for glass and quartz sand 

used as filler in ultra-high performance concrete.  
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Figure 2.3: SEM image for quartz sand and glass sand (Soliman and Hamou, 2017) 

 

 Besides of the high hardness properties, sand also provide bulk strength. Hence, it 

not only use for concrete and asphalt but also landscaping, sandpaper, glass manufacturing, 

metal cast moulding and etc. (Chethan, 2016).  

 

2.3 Composites 

 

Composite material is made of two types or more constituents, with different properties. 

The new composite produced will have new properties compared with old material. The 

composite material can be lighter weight, has high strength and corrosion resistance, show 

design flexibility, exhibit high-impact strength and dimensional stability (Aly, 2017).  

 

 The history of composite that had been used on building can be found around 4000 

years ago (Johnson, 2017). Ancient people use mud-straw mixture as composites material 

to build strong buildings. Ancient people also uses composite mixture in the building as 

concrete. They mix small stone or gravel together with cement and sand to become 
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concrete which has good strength than other building material. Researcher also found that 

ancient people applied the metal rod in the wall of building together with concrete to 

become reinforced concrete (Wong, 2006). This method still being use until now.  

 

 The biggest advantages of composites properties are being light and strong, so it 

can be used for application that need to operate under harsh environment. Although the 

price for the composites are higher, in industry it is still chosen because of the design 

flexibility. By using the suitable matrix and reinforcement material, a new composite that 

match the properties of traditional material can be form and normally can be moulded into 

complex shape or pattern (González et al., 2017).  

 

 Nowadays, composites materials have widespread use in different field of industry 

like automotive, construction, manufacturing and also aerospace (CompositesLab, 2016). 

This show the future possibility of composites because of its good performance when 

compared with traditional raw materials. 

 

 In United States of America, wood fiber-polypropylene composites were widely 

used in construction sector especially for decking. Alignment of natural fibre in the matrix 

is an important factor that will affect the tensile, flexural and impact properties of the 

composite. Aligned fibre in the polymer matrix can achieve an increment in strength up 

to 70%. In addition, sisal natural fiber is the best performance filler for the composites 

matrix among other natural fibres such as flax fiber and hemp fiber (Pickering, Efendy 

and Le, 2016). 

 

 Reinforced concrete beam and column that used in building construction also can 

be bonded with fibre reinforced polymer composites (FRPC) for extra strengthening. The 

FRPC available in many shape like rod and sheet which are convenient for construction 

purpose. The polymer matrix can be epoxy, polyester thermosetting plastics or other 
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thermosets. The FRPC bonded with reinforced concrete beam increased shear strength by 

60%-120% compared to pure thermosets. 40% and 200% strength enhancement could be 

achieved for reinforced concrete beam with glass and carbon fibre respectively (Pendhari, 

Kant and Desai, 2008). Studzinski et al. (2014) mixed polypropylene (PP) with silica 

nanoparticles. To enhance the dispersion and compatibility of silica nanoparticles to the 

PP matrix, glycidyl methacrylate grafted ethylene/n-octene copolymer (EOC-g-GMA) 

was used as compatibilizer. The mechanical properties for neat PP and composites with 

different content of compatibilizer are tested and shown in Table 2.2.  

 

Table 2.2: Mechanical properties of PP and PP-SiO2 composites, differing in EOC-

g-GMA content (Studzinski et al., 2014) 

 

 

 PP-SiO2 composites tensile modulus increased compared with neat PP, however 

addition of EOC-g-GMA compatibilizer decreases the modulus. Another significant 

change for the mechanical properties is elongation at break. PP-SiO2 composites has 

higher elongation at break value compared to neat PP and it increased further by adding 

in the compatibilizer. The dispersion of filler in polymer matrix which is influenced by 

the compatibilizer  significantly affect the properties of the composites. 
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 Phosphogypsum is the by-product from phosphate fertilizer industry. It is not 

suitable for building construction material usage because of the high density and low 

flexural strength. To overcome this problem, Verbeek and Plessis (2005) mix the 

phosphogypsum and phenol formaldehyde resin to gain a useful product. By increasing 

the content of resin to be more than 50 wt% and the content of coarse phosphogypsum 

filler to be around 25 wt%, a low density and high strength composite could be formed. 

With the combination, the strength increased 40% and density decreased 10% compared 

to pure phosphogypsum. 

 

 Unsaturated polyester (UP) always act as the composite matrix for fiber and 

concrete because of the high performance and low cost. Jo, Park and Kim (2008) made 

the montmorillonite (MMT)-UP composite and test the mechanical properties and thermal 

properties of the composite. The results indicate that with 5wt% of nano-MMT filler 

loading, the tensile strength, Young’s modulus and glass transition value are optimum 

which caused by the good dispersion of filler to UP matrix. 

 

 PP based composite reinforced with quartz and extrude to film was researched by 

Pérez et al. (2015). Filler loadings of quartz are 1wt%, 2.5wt% and 5wt% respectively. 

The thermal properties of composites were shown in Table 2.3 and tensile strength test 

result was shown as Figure 2.4. 
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Table 2.3: Thermal properties of PP-quartz composites films (Pérez et al., 2015) 

 

 

 

Figure 2.4: Tensile strength of PP-quartz composites films (Pérez et al., 2015) 

 

 Table 2.3 show that the increment of quartz loading level does not affect much for 

the thermal properties and degree of crystallinity. Quartz loading level 1wt% with 

longitudinal direction illustrated the maximum tensile strength among all. Tensile strength 

increased in 30% for 1wt% quartz content compare with pure polypropylene. 
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2.4 HDPE composites 

 

Huang, et al. (2013) use the glass fiber or talc as filler and mixed with HDPE with different 

loading level to find out the performance for the composites material. The result show that 

increase the loading level for glass fiber can increase the tensile strength and flexural 

strength, especially at 30% of glass fiber loading. Next, the use of talc combined with 

glass fiber as filler can improve the recyclability and decrease the composite cost. In fact 

with increment of loading level, the linear coefficient thermal expansion (LCTE) values 

for the composites material reduced. 

 

 Besides of glass fiber, HDPE composites could also be formed with recycled fillers. 

Waste printed circuit boards powders (WPCBP) had been accumulated by millions of tons 

and may cause pollution to the environment. The recycled WPCBP could become filler 

for HDPE. The result show that incorporation of WPCBP into the HDPE-wood 

composites can increase the strength, water absorption rate, viscosity and decrease the 

oxidation induction time (Tian, et al., 2017). 

 

 Scientists also tried to use recycle material like recycled HDPE fiber as raw 

material to create a new green composite material. Pešić, et al. (2016) mixed the concrete 

with the recycle HDPE fiber. Their results are encouraging, although the elastic modulus 

of concrete were unaffected, but the tensile strength and flexural modulus were marginally 

increased between 3% and 14%.  

 

 Wood filler or sawdust can be improve the strength for HDPE-wood composite, 

however the incompatibility make the degradation of strength after certain loading. Hence, 

Tazi et al. (2015) use coupling agent, Maleic Anhydride grafted Polyethylene (MAPE) to 

the HDPE-wood composite to maximize tensile strength for the composite. The results 

show that tensile strength is at the maximum with 40wt% loading of wood flour into 
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HDPE matrix with 3% of coupling agent. 54% of tensile strength increment in this filler 

loading when compared with pure HDPE. 

 

 Organic material also can act as a filler for polymer composites. Pineapple fibre 

are mixed with HDPE to make HDPE-pineapple fibre composites. However, addition of 

pineapple fibre does not reinforce the tensile strength for the composites materials. The 

study show that the tensile strength will be drop linearly with the increase of filler loading 

(Bahra, Gupta and Aggarwal, 2017). The low tensile strength is caused by the 

delamination and breakage of the fiber. The tensile strength could be improved with pre-

treatment but the extra cost for pre-treatment need to be take into the consideration. 

 

 Badache, et al. (2018) had used 15wt% to 60wt% loading of recycle HDPE in 

mortar and immerse the composites in lime water for 28 and 90 days before conducting 

compressive strength test.  The results are shown in Figure 2.5. 

 

 

Figure 2.5: Relationship between compressive strength and density of mortar in the dry 

state (Badache et al., 2018). 
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 The result shows that by increasing the loading of HDPE, the compressive strength 

and density will decrease. Immersing the composite in the lime water for longer duration 

results in the increase of compressive strength but no effect on the density. 

 

 Kelnar et al. (2018) prepared composite of HPDE/Nylon with the graphite 

nanoplatelets (GNP). Young’s Modulus, maximum stress and elongation at break for the 

composites were increased up to 40% when compare with neat HDPE or neat Nylon. 

 

 Thermal properties for HDPE-jute composites and treated composite with MAPE 

were studied by Mohanty, Verma and Nayak (2006). TGA curve for composites is shown 

in Figure 2.6, from the curve, the main decomposition temperature was around 520°C. At 

this point, the residue drop dramatically and left less than 5%. Composites treated with 

MAPE (d) show better thermal stability them untreated HDPE-jute composite. 

 

 

Figure 2.6: TGA curve for a) jute fiber, (b) virgin HDPE, (c) untreated composite, and 

(d) treated composite (Mohanty, Verma and Nayak, 2006) 
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Myristic acid (MA)-HDPE composites with nano-graphite and nano-Al2O3 were 

prepared for and studied the thermal properties (Tang et al., 2016).  The MA loading was 

maximize at 70wt% of composite, and the nano-addictive does not affected the Tm which 

are constant at around 50℃ for all sample. Furthermore, the thermal conductivity for the 

nano-graphite treated composites were better than nano-Al2O3 with same 12% mass ratio. 

The thermal conductivity is 0.3972 W/mK for nano-Al2O3 and 0.4503 W/mK for nano-

graphite. 

 

Next, the mica and wallastonite filler with HDPE composites were studied by 

Lapčík et al. (2018). Filler loading for both filler were set at 5wt%, 10wt% and 15wt% 

respectively. Figure 2.7 show the thermal analysis for the both HDPE composites. 

 

 

Figure 2.7:  Thermal analysis results of the studied HDPE-mica and HDPE-wollastonite 

composites (Lapčík et al., 2018) 
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 The analysis curves in Figure 2.7 show the crystallinity of HDPE-mica composites 

with 20wt% loading increase about 20% compared with neat HDPE, but decrease in 6% 

of crystallinity for HDPE-wollastonite composites with same filler loading amount. For 

both type of HDPE composites, they have similar thermal degradation rate which were 

about 460 °C, and the 15wt% filler loading show the best thermal stability among all filler 

loading. 

 

 HDPE-organically modified montmorillonite (OMMT) composites can be form 

high strength fiber. The research show that the highest modulus for the HDPE-OMMT 

composite can hit up to 38 GPa and 1.7 GPa of tensile strength with 6 wt% of OMMT 

loadings. Table 2.4 show the thermal properties and crystallinity for HDPE-OMMT 

composites with 6% OMMT loading and neat HDPE (Chantrasakul and Amornsakchai, 

2007). 

 

Table 2.4: Thermal properties for HDPE and HDPE with 6 wt% OMMT in as-

spun and drawn fibers (Chantrasakul and Amornsakchai, 2007) 
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 The results indicate there are no much different change in the peak melting 

temperature, which maintain around 130℃. Although increase the drawn fiber increase 

the crysyallinity for HDPE and HDPE-sand composite, but the different among them with 

same drawn ratio is no much diffenrent. 

 

2.5 Building Materials 

 

There are various type of materials that are suitable for use in construction. Traditional 

natural building materials include of wood, mud and clay, stone and so forth. Next, human 

start to invent hand-made or synthesis material for construction purpose like 

reinforcement concrete and metal to increase the durability and strength of the buildings. 

 

Concrete is the most common building materials nowadays. The concrete is weak in 

tension, and shrinkage of concrete causes crack development and strength loss (UKEssays, 

2013). Cracking surface of the reinforcement will cause water or moisture penetrate into 

the core and make the cracking severe and corrode the reinforcement steel bar. Curing 

time for concrete is long, it at least take 7 days to 28 days for concrete to cure and reach 

the required durability and strength (Kewalramani, 2014). 

 

 Hence, the idea of using polymer or recycle polymer and other sustainable material 

that suitable to employ in the building material had become popular. Kulshreshtha et al., 

2017 proposed the mixing of water with corn starch and sand to become a hardened 

concrete. Starch was used as the building material because starch is a natural polymer and 

renewable. The result show that, the concrete strength could be increased up to 26 MPa. 

However, the exposure to wet condition and moisture have limited the life cycle of 

concrete due to degradation.  



22 

 

 Wood sawdust, plastic waste and polystyrene were mix together to become 

composite material and used in the building industry. By recycling the plastic waste, it can 

help to clean up the environment. Table 2.5 shown only in Benin, a country in Africa, 

there are total of 8500 tons of plastic waste for landfill. Granular composition of the wood 

particles will affect the physical properties of the composites materials like density, 

modulus of elasticity, modulus of rupture, water absorption and thickness swelling. The 

results was tabulated in Table 2.6, wood plastic composites with 4 granular compositions 

size of mixture gross increased the modulus of elasticity up to 100% compared with other 

compositions sample. However the composites materials not suitable to produce building 

block but it can become the material for furniture (Chanhoun et al., 2018). 

 

Table 2.5: Quantity of plastic waste in the cities of Benin (Chanhoun et al., 2018) 
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Table 2.6: Physical and mechanical properties of wood composites plastic and 

polystyrene (Chanhoun et al., 2018) 

 

 

 Pešić et al. in 2016 use the recycle HDPE plastic fiber composites with the concrete 

for construction industry. HDPE fiber increase the post-cracking ductility and improved 

serviceability properties of the composites, reduce water permeability and shrinkage. The 

shrinkage crack of the concrete with different loading of fibers are shown in Figure 2.8. 
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Figure 2.8:  Plastic shrinkage cracks on the surfaces of: a) plain concrete, and b), c) and 

d) FRC with 0.40, 0.75% and 1.25% fibers, respectively with40× magnification (Pešić et 

al., 2016) 

The reinforced concrete with higher loading of fiber show the least crack. Addition 

of HDPE fiber to concrete can significantly reduce the water permeability up to 42%. Less 

water penetration to the concrete can improve the durability and strength. Hence the 

depletion of shrinkage crack is noticeable, more than 50% improvement by only 1.25% of 

fibres are added. 

 

2.6 Filler 

 

Filler is added into polymer in order to improve the physical and mechanical properties or 

to reduce the cost. There are variety of filler like organic, inorganic and natural filler. They 

also vary in shape and size; spheres, long or short fibres and irregular shape. Filler with 
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narrow particle-size distribution have worse packing in polymer matrix and increases the 

viscosity when compared with board particle-size distribution. Hence, broad particle-size 

distribution is normally recommended (Tsou and Waddell, 2004). 

 

 Wang et al. in 2017 tested the electrospun nanofibers as the filler for polymer 

composites. Different size of nanofibres; long and short fibre were used. Over loading of 

long nanofibers, about 0.3wt% in the polymer nanocomposite (PNC) will cause the 

decrement of mechanical properties. For short fibre, the optimum loading usually is higher 

because it cause less agglomeration at same loading level as long fibre. Increment of 

loading level for short fibre can go up to 40wt% and still maintain the mechanical 

performance for the composite.  

 

The most important factor the affect the mechanical properties of the composites 

is the strength of interaction between the polymer and filler particle and the structure of 

the filler surface (Feng, Venna and Hopkinson, 2016). The interaction between the 

polymer and filler particle could be changed from repulsive to attractive and can increase 

the polymer density and decrease the free volume fraction.  Hence the polymer becomes 

stronger. Ferdous et al., 2016 research was on the resin to filler ratio affect to the physical 

properties on the composite railways sleepers. The results showed that the fillers loading 

from the range of 30% to 50% show the optimum performance in term of durability and 

cost effectiveness.  

 

 Organic filler always used to mix with concrete to improve the strength. Fly ash 

and bitumen emulsion were added into the cement to improve the composite’s properties 

like compressive strength, density and water absorption (Bołtryk, Krupa and Pawluczuk, 

2018). Echeverria et al. in 2017 prepared hybrid wood-polypropylene bio-composite with 

60/40wt% loading, and particle size was 20 to 40 mesh respectively. Then, they added 

secondary bio-fillers to the composite at 10 and 20 wt% loading. As expected, the 
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performance of bio-composites in term of water absorption and thickness swell had been 

maintained below 28% and 0.6% respectively for composites. Physical and mechanical 

properties for the bio-composites are shown in Table 2.7. The performance in term of 

thickness swelling is remarkably below 21% of ISO requirement. Hence, the bio-

composite is also suitable for high-moisture environment applications. 

 

 

Table 2.7: Summary of physical and mechanical properties of Hybrid Wood-

Polypropylene Bio-composite (Echeverria et al. in 2017) 

 
 



 

 

CHAPTER 3 

 

METHODOLOGY 

 

3.1 Materials 

 

HDPE-sand composite was prepared to be used in construction industry in future. The 

HDPE was supplied by Azlon Plastics United Kingdom with density of 950 kg/m3 and 

7.17 g/10min MFI value. And the sand was obtained from the construction area of Agacia 

Land, Kampar. 

 

3.2 Preparation of HDPE-Sand Composite  

Collected sand was pre-dried in oven for 24 hours at 80oC to remove the moisture absorbed 

on the sand. Next, the dried sand was sieved using 150 µm mesh. Sand that pass through 

the 150 µm mesh was collected and used further. The composites were produced by melt 

mixing method in the Brabender® Plastograph® EC 815652 internal mixer. 50g of HDPE 

pellets were premixed well with sieved sand and loaded into the internal mixer with the 

operating temperature of 180oC. The rotor speed for the internal mixer was set at
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60rpm. The mixing process was allowed to take place for 8 minutes until the HDPE pellets 

and sand were mixed homogenously. Next, the torque and temperature profile for the 

mixing process was recorded. The loading of sand were fixed at 20, 40 and 60 wt%.   

 

 HDPE-sand composite samples for testing were fabricated by using hydraulic hot 

and cold press model GT-7014-A30C. The moulding temperature was set up at 180oC to 

press the HDPE-sand composite materials. Preheating was done for 10 minutes, followed 

by 5 minutes pressing and 2 minutes for cooling. The formulation for compounding is as 

listed in Table 3.1. 

 

Table 3.1: Weight of HDPE and Sand for Compounding 

Weight Percentage 

of Sand (wt%) 

Weight of HDPE 

(g) 

Weight of Sand (g) Ratio 

HDPE: sand 

0 50 0 1:0 

20 40 10 4:1 

40 30 20 3:2 

60 20 30 2:3 

 

3.3 Characterization 

 

3.3.1 Particle Size Analysis (PSA) 

 

Malvern Mastersizer 2000 PSA machine was used to analyze the particle size for sand. 

The analysis was to make sure the particle size of sand was smaller than 150µm. The 

refractive index used for the test is 1.4585. 
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3.3.2 Morphology Study 

 

Morphology for sand sample and the HDPE-sand composite under the magnification of 

x10,000 was observed using the Field Emission Scanning Electron Microscopy (FESEM) 

model JEOL JSM 6701F at the accelerating voltage of 2kV. Before proceed to the 

scanning process, the samples were placed on a disc and held by double-sided carbon tape. 

Then, the samples were coated with platinum particles to avoid charging effect. 

 

3.3.3 Fourier Transform Infrared Spectroscopy (FTIR) 

 

FTIR test was carried out using PerkinElmer Spectrum ex1 to identify the chemical bonds 

and functional groups in the sand and HDPE-sand composites. Sand sample which was in 

powder form was measured using Potassium bromide (KBr) method while the HDPE-

sand composites was analyzed using Attenuated Total Reflection (ATR) method. FTIR 

analysis was carried out at wavelength between 400 to 4000cm-1 with step scan 4 and 

resolution of 4cm-1 to measure the absorption band of the substances. The background of 

spectrum was captured before the samples were scanned to obtain the infrared intensity 

without sample. 
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3.3.4 Thermal Decomposition Study 

 

Thermal Gravimetric Analysis (TGA) was done using Mettler Toledo TGA SDTA851 e 

machine on the composite. The analysis was conducted from 25 to 800oC with the 

increment of heating rate at 10oC/min in nitrogen atmosphere. The normal curve and 

derivative curve for the TGA result were obtained. 

 

3.3.5 Thermal Properties Analysis 

 

Differential Scanning Calorimetry (DSC) for the research was done using Mettler Toledo 

DSC 1/500 machine. Melting behavior, crystallization and crystallinity of the HDPE-sand 

composites was characterized. The analysis was carried out by heating from room 

temperature to 250oC at heating rate of 10oC/min in air atmosphere for cooling and heating. 

 

 The crystallinity was calculated from Equation 3.2: 

 

𝑋𝑚
𝑐 =

(∆𝑯𝒎−∆𝑯𝒄)

∆𝑯𝒎°
 × 𝟏𝟎𝟎%                              (3.2) 

 

Where  

Xm
c = Degree of crystallinity (%) 

∆Hm = Heat of melting (J/g) 

∆Hc = Cold crystallization (J/g) 

∆Hm
° = heat of melting 100% crystalline HDPE, 231.86 J/g 
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3.3.6 Melt Flow Index (MFI) 

 

MFI was proceeded to measure the ease of flow for HDPE-sand composites in molten 

state. The machine used for MFI was Tinius Olsen Extrusion Plastometer model MP600 

and Procedure A of ASTM D1238 was employed for testing purpose. The total mass of 

HDPE-sand composites that were extruded from the die was weighted and calculated in 

g/10min. 

 

3.3.7 Energy-dispersive X-ray spectroscopy (EDX) 

 

The elemental analysis or chemical characterization of the sand filler was being confirmed 

by the Energy-dispersive X-ray spectroscopy (EDX) using JEOL JSM 6701F at the 

accelerating voltage 2kV. Three runs of scanning for the sand filler were done. 

 

3.4 Performance Test 

 

3.4.1 Tensile Test 

 

Tensile test was carried out in accordance to ASTM D638 standard under ambient 

condition. Tensile test equipment Tinius Olsen H10KS-0748 was used for this purpose. 

Elastic modulus, elongation at break and ultimate tensile strength of the composites were 

obtained. Test sample was pre-cut by using dumbbell press cutter. The load cell for the 

machine was set at 500N with crosshead speed of 50mm/min. Length, thickness and width 

for the sample gage were measured. Seven samples were used in each formulation set to 

get a valid result. FESEM images was taken on the tensile fracture surface.   
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3.5 Flow Chart 

 

Flow of the research work is summarized in Figure 3.1.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 3.1: Flow chart of methodology
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CHAPTER 4 

 

RESULTS AND DISCUSSIONS 

 

 

4.1 Characterization of Sand Filler    

 

Physical, chemical and morphology of the sand filler was characterized using FTIR, SEM-

EDX and FESEM images. 

 

4.1.1 Fourier Transform Infrared Spectroscopy (FTIR)  

 

FTIR was carried out to identify the functional groups of sand. Figure 4.1 shows the IR 

spectrum of sand and Table 4.1 summarizes the absorption frequency regions for the 

relevant functional groups in sand.  
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Figure 4.1: FTIR spectra of sand 
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Table 4.1: Functional Groups and Absorption Frequency Regions 

Absorption 

Frequency (cm-1) 

Functional Group 

Sand 

3450 O-H Stretching 

1107 C-O Stretching 

1031 Si-O Stretching 

1008 C-O Stretching 

912 Illite Group 

757 Symmetric Si-O Stretching 

473 Asymmetrical Si-O Bending 

 

 

 1031 cm-1, 757 cm-1 and 473 cm-1 peaks are the common quartz IR peaks that can 

be found in the spectra (Müller et al., 2011). These peaks represent Si-O stretching, 

symmetric Si-O stretching and asymmetrical Si-O bending. Next, O-H group also form 

intense peak at 3450 cm-1. This peak is observed due to surface bound water or moisture 

on the sand (Ellerbrock and Gerke, 2004). 1107 cm-1 and 1008 cm-1 peaks show the 

functional group of C-O stretching in the spectra. These peaks show phosphate or nitrate 

impurities in sample that caused by fertilizer-originating phosphate or nitrate (Bernier et 

al., 2013). Another notable peak from the spectra is 912 cm-1 which represent illite group. 

Illite is non-expanding micaceous mineral that form under weathering and hydrothermal 

environments which is commonly found in soil and sedimentary rock. (Chandrasekaran 

et al., 2015). 
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4.1.2 Energy-dispersive X-ray spectroscopy (EDX) 

 

Elemental analysis or chemical characterization of the sand filler was being confirmed by 

the Energy-dispersive X-ray spectroscopy (EDX). Three runs of scanning were done and 

the results were summarized in Table 4.2.  

 

Table 4.2: Summary of EDX spectrum in wt% 

Spectrum C O Al Si K Ca Cu Mo 

Spectrum 1 19.16 58.08 1.99 20.41 0.09 - 0.26 - 

Spectrum 2 22.74 53.45 2.28 21.53 - - - - 

Spectrum 3 28.85 53.01 2.36 14.95 0.11 0.13 0.26 0.34 

 

 Table 4.2 shows that sand has high weight percent of silicon (Si) and oxygen (O) 

and carbon (C) element. Other elements from EDX spectrum are commonly found in 

fillers from mineral source. Sand filler sample is mainly made up by silicon dioxide (SiO2) 

and carbon. The high level of C in the spectrum is because of carbonate content carbonate 

normally origin from continental shelf sea (Fioravante, Giretti and Jamiolkowski, 2013). 

The EDX spectrum summary for the test is shown in APPENDIX A. 

 

4.1.3 Morphology Study 

 

The morphology of sand filler was examined using FESEM. Flake like shapes of sand 

fillers were observed in Figure 4.2. This was similar with the morphology reported by 



37 

 

Manoharan et al. (2018). Higher content of SiO2 will result to more flakes shape 

morphology due to elimination of voids between the particles. 

 

 

                                (a)                                                                   (b) 

 

                    (c)                                                                   (d) 

Figure 4.2: SEM images of sand at (a) 1000x, (b) 5000x, (c) 10000x and (d) 20000x 

magnification 
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4.1.4 Particle Size Analysis 

 

 

Figure 4.3: Particle size distribution for sand 

 

Before the melt blending process to mix the sand with HDPE, the sand was send to sieve 

using  mesh of 150 µm to ensure the internal mixing is easier and less wear and tear to the 

machine. Figure 4.3 shows that the mean of particle size distribution is around 33 µm, 

while the overall particle size was ranging from 120 to 200 µm which is in the acceptable 

range compared to previous works. In work by Subaşı, Öztürk and Emiroğlu (2017), waste 

ceramic powder was used as filler with self-consolidating concrete to improve the 

mechanical performance of composite. Ceramic powder with particle size of 125μm has 

induced good fresh state properties, strength and durability in the composites. In another 

research, Roman and García-Morales (2018) had used mineral fillers with particle size 

from 10-50 μm together with polyethylene-bitumen mastics. In addition, the specific 

surface area for sand filler sample in this study is 0.253 m2/g based on particle size analysis 

report which shown in APPENDIX E. 
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4.2 Processing Characteristics of HDPE-Sand Composite 

 

Figure 4.4 shows the temperature profile for pure HDPE and its composites with time 

from internal mixer. For neat HDPE, the processing time is 8 minutes but the composites 

are processed for 10 minutes to provide better mixing.  

 

 

Figure 4.4: Temperature profile for neat HDPE and HDPE-sand composites 

 

 From Figure 4.4, the temperature profile demonstrate that temperature required for 

neat HDPE reach stability in term of processing torque is slightly higher than composites. 

Energy absorbed by HDPE with 60wt% sand filler is lower than neat HDPE due to 

reduction in melting temperature (Tm) with increasing of sand loading as shown by 

Differential Scanning Calorimetric results in Section 4.3.2. According to literature thermal 

conductivity of sand in dry condition is 2.05 W/m/K (Hamdhan and Clarke, 2010) while 

thermal conductivity of HDPE is approximately around 0.49 W/m/K (Abee et al., 2014). 

0

50

100

150

200

250

00:00 02:00 04:00 06:00 08:00 10:00

T
em

p
er

a
tu

re
 (

°C
)

Time (mins)

0 wt%

20 wt%

40 wt%

60 wt%



40 

 

High thermal conductivity of sand will lead to better absorption of heat energy at the 

processing time provided thus the processing temperature observed for composites are 

lower than the processing temperature for neat HDPE.   

 

 Figure 4.5 shows the stabilization torque for all the composites are lower compared 

to neat HDPE, with the largest decrement in stabilization torque experienced by HDPE 

filled with 20 wt% sand filler. It has 27% stabilization torque lower than neat HDPE and 

this is due to good dispersion of filler in the composites. The well dispersed filler can lead 

to better shearing during processing, generate heat, reduce viscosity of the melt, reduce 

resistance to rotor rotation and enhance process ability. In general, stabilization torque can 

be used as a direct measurement for the viscosity of HDPE melt mixture in dynamic 

conditions in processing equipment (Ling, Ismail and Bakar, 2016).  

 

 

Figure 4.5: Stabilization torque for neat HDPE and HDPE-sand composites 
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4.3 Characterization of HDPE-Sand Composites   

  

4.3.1 Fourier Transform Infrared Spectroscopy (FTIR) 

 

FTIR was carried out as a qualitative measurement on the functional groups of neat HDPE 

and HDPE-sand composites. Base on the spectra for HDPE, alkanes and alkenes 

functional groups have been observed (Kumar and Singh, 2011). All the frequencies and 

functional group were tabulated in Table 4.3. 

 

Table 4.3: Functional Groups of HDPE to Peaks in IR Spectra 

Frequency (cm-1) Functional Group 

2947 Alkane C-H stretch 

1463 Alkane CH2 bend 

1367 Alkane CH3 bend 

1305 Alkenes C-H in-plane bend 

966 Alkenes C-H bend (disubstituted - E) 

888 Alkenes C-H bend (disubstituted - 1,1) 

721 Alkane CH2 bend (4 or more) 

 

 Figure 4.6 shows that when increasing the filler loadings, peak of alkenes and 

alkanes functional groups in HDPE composites become harder to observe.  At the filler 

loading of 60wt%, IR spectra curve is almost same with the sand’s spectra.  However 

indication of formation of any chemical bonds or interaction between HDPE and sand was 

not observed. Thus in this work we proposed physical adsorption and interlocking of 

polymeric chain on the surface of sand filler rather than chemical interaction.  This is 

mainly due to the hydrophobic nature of HDPE polymer matrix.  APPENDIX B shows 

the IR spectra for each samples.
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Figure 4.6: FTIR spectra for HDPE-sand composites
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4.3.2 Thermal Properties of the HDPE-sand composites 

 

DSC analysis can record the transitions or phase change of material with temperature. 

Melting temperature (Tm) and crystallization temperature (Tc) of neat HDPE were 

determined through the curve. Tm of neat HDPE is 135℃ and Tc is 117℃. From Figure 

4.7, the Tc for composites with all filler loadings are almost similar which indicates that 

the cooling temperature for the composites during moulding could be set as the same as 

pure HDPE.  Tm slightly decrease with the increment of filler loadings which implies that 

the composites could be melted at lower temperature compared to HDPE during 

processing. All the data are shown in the APPENDIX C. 

 

 From Table 4.4, the most significant difference between all samples are the degree 

of crsytalinity (Xm
c). X

m
c for 20 wt% sand loaded composite is higher than neat HDPE. 

High degree of crsytalinity could be attributed by good dispersion of filler. Well dispersed 

filler cause better nucleation for the polymer.  Previous research by Lapčík et al. (2018) 

using mica as filler for HDPE showed increment in crsytalinity by 20%. Similar finding 

was also reported by Sarasini et al. (2018) in HDPE filled with hemp fibre, where the 

crsytalinity increases 15% compared to pure HDPE. However the crsytalinity decrease as 

the filler loading increases more than 20 wt%. Degree of crsytalinity for composites with 

60wt% sand loading had dropped to 2.14%. This might be due to agglomeration of filler 

which cause disturbance in the growth of crystal groups (Shao et al., 2018). 

Agglomeration at loading more than 20 wt% sand were also evidenced from the torque 

reading in Figure 4.5.  Lowest torque was achieved at 20 wt% loading while as the loading 

increases, the torque value increases which is an indication to the increment of resistance 

to the rotor rotation due to agglomeration. 
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Figure 4.7: DSC Curves for HDPE-sand composites with different loading 

 

 

Table 4.4: DSC results of pure HDPE and composites 

Sand Loadings 

(wt%) 

Tm(oC) ΔHm (J/g) Xm
c Tc (

oC) 

0 135.4 193.65 5.76 116.8 

20 130.4 151.48 9.51 117.4 

40 129.9 107.22 4.55 118.0 

60 129.8 75.23 2.14 117.4 

 

 Where, 

  Tm = Melting temperature 

 ΔHm = Melting heat 

 Xm
c = Degree of crystallinity 

 Tc = Crystallization temperature 
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4.3.3 Melt Flow Index (MFI) 

 

Melt flow ability of neat HDPE and composites were obtained by studying the MFI values. 

The results were compiled in Table 4.5. 

 

Table 4.5: MFI Values of pure HDPE and composites 

Sand Loadings (wt%) MFI(g/10min) 

0 7.17 

20 15.78 

40 5.06 

60 1.28 

 

 

 

 HDPE-sand composites with 20wt% sand loading endows the best flow ability 

among all. This is caused by the well dispersion of sand filler in the composite matrix. In 

addition, better flow ability mean better process ability because of the ease of flow. The 

flow ability of composites with 40wt% and 60wt% are lower than neat HDPE. 

Agglomeration of large amount of filler will produce large energetic barrier for the 

movement of polymer chains and increase the activation energy for polymer to flow 

(Barus et al., 2010).  

 

In general the decrement in stabilization torque is expected to yield higher MFI 

value. However the MFI value for composite filled with 40 and 60 wt% filler is lower 

compared to neat HDPE even though the stabilization torque value is less. This is due to 

the nature of flow in both equipment. Shear in dynamic condition in internal mixer will 

provide extra heat energy for polymer to melt, but in MFI the heat is supplied only by the 



46 

 

barrel wall of MFI equipment.  Polymer is a very bad thermal conductor, thus it takes 

more time to melt and flow in MFI.   

 

4.3.4 Thermal Decomposition Study 

 

Thermal decomposition for neat HDPE and HDPE-sand composites were tested by using 

TGA under nitrogen atmosphere at a heating temperature from room to 800℃. From 

Figure 4.8, it could be observed that neat HDPE and all its composites showed one step 

decomposition where the mass-loss centred at temperature around 410- 510 ⁰C. Hence, 

addition of sand does not alter the decomposition pathway for the composites. According 

to Kumar and Singh (2018), 50 wt% thermal decomposition for neat HDPE was reported 

to happen around 460℃. Increment of sand loading level, increases the thermal 

decomposition temperature and also increases the char formation. The composites become 

more stable hence more resistance against fire.  The data was summarized in Table 4.6 

and the raw curves for all samples are shown in APPENDIX D. 

 

 



47 

 

 

Figure 4.8: TGA curves for HDPE-sand composites 

 

 

Table 4.6: Temperature weight loss at 50wt% and 10wt% 

Sand loadings (wt%) Temperature (oC)  at 10wt% 

weight loss 

Temperature (oC)  at 50wt% 

weight loss 

0 441 472 

20 441 475 

40 450 484 

60 462 NA because the weight loss 

is below 50% 
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4.4 Performance Tests of HDPE-Sand Composites   

  

4.4.1 Tensile Test 

 

The mechanical properties of HDPE-sand composites were studied by tensile test. Figure 

4.9 to 4.11 provide the trend of Young’s Modulus, tensile strength and elongation at break 

of neat HDPE and HDPE-sand composites. All the mechanical properties for the samples 

had been summarized in Table 4.7. Young’s modulus indicate the stiffness of the material; 

higher Young’s modulus mean more stiff samples. The tensile strength is the maximum 

stress that the sample can bear before break. Elongation at break also known as fracture 

strain, is the changed of length after the sample broke.  

 

 HDPE-sand composites at 40wt% sand loading has the highest Young’s modulus, 

1509 MPa hence it is the stiffest composites among all. To relate back to the problem 

statement, tensile result from this study is being compare with other research and tabulated 

in Table 4.8.  Increment in Young’s Modulus value of 62.25% recorded from this research 

work is comparable with others research in Table 4.8 for polymer composites developed 

for use as building materials. While the optimum tensile strength obtained, 26.50 MPa at 

40 wt% sand filler loading is far more higher than the tensile strength required for mud 

bricks (1.9 MPa) and clay-fired brick (14 MPa) (McIntosh, 2014).  
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Figure 4.9: Young’s Modulus of HDPE-sand composites 

 

 

Figure 4.10: Tensile strength of HDPE-sand composites 
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Figure 4.11: Elongation at break of HDPE-sand composites 

 

 

Table 4.7: Mechanical Properties of HDPE and HDPE-sand composites 

Sand Loadings 

(wt%) 

Young’s Modulus 

(Mpa) 

Tensile Strength 

(Mpa) 

Elongation at 

Break (%) 

0 930 30.97 410.57 

20 1314 28.45 5.82 

40 1509 26.50 2.45 

60 1195 19.29 1.84 
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Table 4.8: Comparison of tensile test results 

Researched by Composition Young’s 

Modulus 

(Mpa) 

Tensile 

Strength 

(Mpa) 

Elongation at 

Break (%) 

 HDPE/40wt% 

sand 

(+62.25%) 

1509 

(-14.43%) 

26.50 

(-99%) 

2.45 

(Cao et al., 2016) HDPE/10wt% 

peat ash 

(+64.34%) 

1276 

(+8.78%) 

32.44 

Not Available 

(Igarza et al., 

2014) 

PP/30wt% fly 

ash 

(+24.87%) 

2450 

(-38.62%) 

24.27 

(-62.5%) 

3.00 

(Lokuge and 

Aravinthan,2013) 

Polyester/20wt% 

fly ash 

(+68.83%) 

1300 

(-45.45%) 

6 

Not Available 

 

 The fracture surface of HDPE and HDPE-sand composites after the tensile test 

were observed using FESEM to analyse the nature of the failure, Figure 4.2. For the neat 

HDPE, the elongation or stretching of the material can be found at the fracture side. At 20 

and 40wt% filler loading, filler cannot be observe clearly at the fracture surface because 

it is well dispersed and no void was found. The fracture surfaces for both composites are 

more brittle without any matrix stretching. HDPE-sand composite with 60wt% sand 

loading shows excessive tearing of matrix, with fillers and voids observed on the surface. 

This indicates poor dispersion of filler in HDPE matrix at 60 wt% loading.  
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             (a)               (b)  

  

          (c)                                                              (d) 

Figure 4.12: SEM Images of HDPE-sand composites with (a) neat HDPE (b) 20wt% 

sand (c) 40wt% sand at 3500X and (d) 60wt% sand at 350X

Stretching 

Filler 

Void 



 

CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

 

HDPE-sand composites with high filler loading had been successfully fabricated by 

effective melt blending. Sand can be used as filler and the composite could be processed 

by melt blending method although the particle size is large and may form agglomeration. 

EDX result indicated the elementary component in the sand consisted of Si and O, in the 

form of SiO2. PSA analysis showed that the particle size of sand is in average of 33µm. 

Variety of alkanes and alkenes functional groups were found in the neat HDPE from FTIR. 

When the composite filler loading increased to 60wt%, the intensity of functional group 

for HDPE significantly reduce and become more similar with sand. Tm decreases as the 

filler loading increases while Tc was not affected by filler loading. Degree of crystallinity 

for composites at 20wt% sand loading is the highest. Besides, the stabilization torque for 

composites are lower than neat HDPE which mean it is easier to process in melt blending 

technique. MFI also indicate that 20wt% of sand loaded composites has the lowest 

viscosity and ease to flow. TGA curve show that the thermal decomposition temperature 

increases as filler loading increases. Mechanical performance of composites are tested by 

tensile test and the morphology was studied through SEM. Highest value of Young’s 

modulus was obtained at 40 wt% filler loading which mean it is the stiffest among all. 
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Composites with 60wt% filler loading show brittle fracture surface with  many voids and 

poor dispersion of filler in the matrix, 20 -40 wt% sand loading has the best morphology 

with good dispersion of filler and no void was found. Thus based on these results HDPE-

sand composites has the potential to be developed as building construction material due 

to its ease of processing, high thermal decomposition durability and comparable tensile 

properties with others work.  

 

5.2 Recommendation  

 

This study has indicated the enhancement of mechanical and physical properties of HDPE-

sand composites. The promising development of HDPE-sand composites for construction 

sector has been proven. There are some steps that can be taken to optimize the process 

and properties of the HDPE-sand composites. 

 

 Sand filler loading could be varied between 20 to 40wt% to find out the 

optimum loading for the HDPE-sand composite to maximize the 

mechanical and physical performance. Sand loading over 40wt% will 

cause the composites to become brittle.  

 

 To study the mechanical properties of HDPE-sand composites better 

through impact and compression test.  

 

 Coupling agent can be added into the mixing process to have better mixing 

properties and study the difference with or without coupling agent.  
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APPENDICES 

 

APPENDIX A: Energy-dispersive X-ray spectroscopy 

 

(a) EDX Spectrum Summary for Sand Filler 
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APPENDIX B: Fourier Transform Infrared Spectroscopy 

 

(a) Sand 

 

 

(b) Neat HDPE 
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(c) HDPE/20wt% Sand 

 

 

(d) HDPE/40wt% Sand 
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(d) HDPE/60wt% Sand 
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APPENDIX C: Differential Scanning Calorimetry 

 

(a) Neat HDPE 

 

 

(b) HDPE/20wt% Sand 
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(c) HDPE/40wt% Sand 

 

 

(d) HDPE/60wt% Sand 
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APPENDIX D: Thermal Gravimetric Analysis 
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(c) HDPE/40wt% Sand 

 

 

(d) HDPE/60wt% Sand 
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APPENDIX E: Particle Size Analysis Report 
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