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ABSTRACT 

Full Name : Muhammad Jamal Khan 

Thesis Title : Characterization of Polyethylene/Fly Ash Composites and Impact of 

Surface Modification of Fly Ash on composite Properties 

Major Field : Chemical Engineering 

Date of Degree : June, 2010 

Mineral Fillers are commonly used in plastics to enhance the performance and reduce the 

cost of plastic resins. Uniform distribution of these fillers through the polymer matrix is 

one of the main considerations to achieve the desirable properties of composites. Oil Fly 

Ash (OFA) was used in this research project as filler in Low density Polyethylene 

(LDPE) and its effect on different properties was investigated. OFA was obtained as a 

by-product from the combustion of fuel in power plants, is cheap filler as compared to the 

other traditional fillers. Surface modification or functionalization of OFA by acid 

treatment was one of the main goals of this study. It is believed that the surface 

modification is an effective technique to achieve good dispersion of filler into the 

polymer matrix and hence final properties of polymer composites may be enhanced. 

Different parameters were used for OFA functionalization followed by optimization of 

these parameters. Fourier transforms infrared spectroscopy, Scanning Electron 

Microscopy/Energy dispersive spectroscopy and X-ray Diffraction crystallography of 

OFA was undertaken before and after the modification to observe the effect of surface 

modification. Also, the Polyethylene-grafted-Maleic Anhydride (PE-g-MA) was used to 

investigate the attraction of Maleic group with and without the functionalization of fillers. 

The effect of OFA on the rheological, morphological, mechanical and thermal properties 

was investigated. Different weight fractions of OFA were used in order to investigate the 

effect of filler content in the polymer matrix.  
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رسالةال ملخص  

 

 محمذ خان انكامم : جمالبسم لإا

ػهً اد انمخطاَش بانشماد انمخطاَش وأثش حؼذَم انسطح مشكباث انشم /   انبىنٍ إثُهُهدساست  ػىىان انشسانت : 

  انمشكب خصائض

 مجال انخخصض : انهىذست انكُمُائُت

 2010 َىوُى، انؼهمُت:حاسَخ انذسجت 

 

ٍ   انشاحىج   كهفتَ  وَ خفّض   الأداء   نخحَسُه انبلاسخُك   فٍ بشكم كبُش ََسخؼمم   انمؼذوٍ انحشى  انمىحّذ انخىصَغ. انبلاسخُك

 انىفط سماد. نهمشكّباث   انمشغىبت   انخىاص لإوْجاص انشئُسُت   انخحذَاث إحذي انبىنُمش َكىن  مصفىفت   خلال انحشى نهزا

 وحأثُشي انمىخفضت   انكثافت   رو  إثُهُهفٍ انبىنٍ  كمادة محشىة انبحثٍ انمششوع هزا فٍ أسخؼمم( أٌ إف. أو.) انمخطاَش

هْ  كىاحج ػشضٍ َخىنذ انىفط  انمخطاَش سماد. أَضا دسس فٍ هزا انبحث انمخخهفت   انخىاص ػهً  فٍ انىلىد   احخشاق م 

ٌ   انحشى مغ بانمماسوت مادة حشى سخُصت محطاث حىنُذ انطالت، بالإضافت إنً رنك فهى َؼخبش  انخؼذَم. اِخش   انخمهُذ

 الأهذاف   إحذي كَاوجْ  انحامضُت   بانمؼانجت   انىفط  انمخطاَش نشماد   أوَ إضافت احذ انمجمىػاث انىظُفُت  انسطحٍ

ٍَ  انخؼذَمَ  بأنّ  َ ؼخمَذ   فهى. انذساست   نهزي انشئُسُت     مصفىفت   فٍ نهمادة انمحشىة جُذ حىصَغ لإوْجاص فؼّانت   حمىُت   انسطح

 مخخهفت ػىامم انبىنُمش وبخانٍ فإن خىاص انىهائُت نمشكباث انبىنُمش انمخكىوت مه هزا انحشى سىف حخحسه.

أظهشث دساساث ػذَذة  .الأمثهُت بُىها بخحمُك   حَهجْ  انمخطاَش انىفط   نشماد   إسخؼمهخج لإضافت انمجمىػاث انىظُفُت

ٍ  ػهُها انخؼذَم   حأثُش   نم لاحَظتَ انخؼذَم   وَبَؼذ أجشَج نشماد انىفط انمخطاَش لبَمَ  أَضاً، دسسج إضافت مجمىػت . انسطح

انىفط   سماد   دسس حأثُشانمانُك  إنً انبىنُمش نكٍ َشي حأثُشها ػهً انحشى لبم وبؼذ إضافت انمجمىػت انىظُفت. 

كخم مخخهفت مه سماد انىفط . فٍ هزا انبحث وانمُكاوُكُت انحشاسَت ,انخىاص انخمُغ، حشكُبت انسطح ػهً  انمخطاَش

 مصفىفت انبىنُمش. فٍ انحشى محخىي حأثُشَ  َخَحشّي انمخطاَش اسخخذمج  نكٍ

 

 



1 

 

CHAPTER 1 

INTRODUCTION 

1.1. Fly Ash and LDPE Composites 

Fly ash is a residual or by-product generated by the combustion of coal and fuel. It is 

collected from the chimneys of coal-fired power plants and is different from the other ash 

which is collected from the bottom of the coal furnace called “bottom ash”. Fly ash and 

Bottom ash are collectively called “Coal Ash”. Oil fly ash (OFA) is a fine, grained, black 

powdery particulate type waste material (fig.1) and is collected by means of electrostatic 

precipitators or mechanical devices such as cyclones to control the air pollution. 

According to a survey conducted by American Chemical Society in 2009, more than 71 

million tons of fly ash is produced annually in United Stated by 460 coal-fired plants and 

45 percent of this quantity is re-used for different applications [1]. Mostly it is used as a 

replacement of Portland cement, as a filler in polymers, asphalt and cementitious 

materials, stabilization agent and also for solidification for wastage and sludge. A report 

published by C&EN in December 2009 estimates that 7% of global carbon dioxide and 

greenhouse gases are emitted by cement production which can be reduced by the use of 

fly ash [2]. In KSA, about 70 power plants consume 9.285 million metric tons of diesel 

fuel, 7,211 million metric tons of crude oil, 5.437 million metric tons of heavy fuel oil 

and 22,913 million m
3
 of gas and produced OFA as a by-product. This quantity must be 

disposed in an environment friendly manner. In many countries, fly ash is generally 

stored at coal power plants or placed in landfills. A big percentage of fly ash is recycled 
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to supplement cement in concrete production and black pigment for cementatious 

materials.  

OFA was mainly composed of unburned carbon black, residue ash and some amount of 

sulfur depending on the type of fuel oil used [3]. Some traces of toxic components may 

be present depending on the specific fuel such as arsenic, beryllium, boron, cadmium, 

chromium VI, cobalt, lead, manganese, mercury, molybdenum, selenium, strontium, 

thallium and vanadium [4-6]. Some other component like SiO2, Al2O3, Fe2O3 and Cao 

may also present in a very small amount.  

Polymer composite filled with inorganic mineral fillers have an attraction for industries 

for their wide ranging applications and low cost. Fillers are incorporated into polymers to 

improve various properties such as, mechanical strength, rheological behavior and 

thermal degradation. Uniform distribution of these tiny particles plays an important role 

in the enhancement of the properties. Clays, silica, mica, fly-ash and montmorrilonite are 

some common examples of mineral fillers [7-11]. Since the discovery of carbon 

nanotubes (CNT) in 1991, a remarkable enhancement has been done in the polymer 

composite industry. Carbon nanotubes having magnificent properties attracted the 

attention of engineers and scientists for use as filler material for polymer 

nanocomposites. But high cost of expensive synthesis and difficulties in bulk production 

has restricted the use of CNT for large scale composite production. As compared to CNT, 

fly-ash produced as a by-product by large scale power plant industry makes it 

inexpensive and very accessible. Surface modification by functionalization also enhances 

the dispersion of the fillers and hence improves the composites properties more 

effectively.   
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The object of the current research was to study the effect of OFA filler on the 

mechanical, thermal, rheological and morphological properties of the low density 

polyethylene. Surface modification of fly ash was undertaken in order to increase its 

dispersion in the polymer matrix and in an effort to enhance the properties of polymer 

composite.  

 

Figure 1.1: Fly ash grains at magnified view  

1.2. Motivation and Research Objective 

The main objective of this research work was to look into the possibility of improving the 

mechanical, rheological and thermal properties of low density polyethylene (LDPE) 

composites using inexpensive Oil Fly Ash (OFA) filler with and without surface 

modification, as compared to conventional expensive fillers such as CNT. The resulting 

composite adds high value to polyolefin as well as a makes good use of a by-product 
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produced by the fuel combustion processes of coal and fuel oil. A detailed investigation 

of the surface modification of OFA by acid treatment has been conducted. The 

parameters for surface treatment like acid composition and air oxidation were optimized 

in order to determine the optimum functionalization conditions for fly ash particles. 

Formulation of modified and unmodified fly ash withe polymer matrix was carried out 

followed by rheological, mechanical, thermal and morphological characterization of 

LDPE/OFA composites.   

This research has the following specific objectives:  

1. To perform surface treatment of OFA to attached functional group and also to 

enhance the surface properties of OFA  

2.  Characterization of OFA before and after surface modification 

3. To produce composites of LDPE with modified and un-modified OFA by Melt-

mixing  with and without PE-g-MA compatiblizer 

4. To determine the effect of OFA loading on  

a. the mechanical strength of LDPE by dynamic mechanical thermal analyzer 

b. the thermal stability of LDPE by modulated DSC equipment 

c. the rheological properties of LDPE by ARES Rheometer  

d. the morphological properties of the LDPE/OFA matrix by high resolution 

SEM  

The results of this project are expected to develop local expertise in surface modification 

and polymer composites. A schematic flow chart for the project design is shown in 

Figure 1.2. 
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CHAPTER 2 

LITERATURE REVIEW 

Polyethylene (PE) is a thermoplastic with a very simple structure, probably the polymer 

we see most in daily life. The variety of its application from simple shopping bags and 

children toys to bullet proof vests made it heavily used consumer product in chemical 

industry. Different types of fillers have been used to improve the properties of PE. 

Selection of fillers depends on the required enhancement in desirable properties and also 

on its economical production. Fly Ash is considered as a cheap filler material in 

construction industry because it is obtain as a by-product from the burning of fuel in 

power plants. Following literature describes the effect of fillers on the properties of PE 

and also the use of OFA as a filler in different applications. It is believed that up to 50% 

of the cement in concrete can be replaced by fly ash without compromising concrete 

performance [12]. 

 

 

Abu-Rizaiza and Daous [13-14] characterized the fly ash resulting from combustion of 

heavy fuel oil in the power generation plant of the Saudi Electricity Company in Rabigh. 

The chemical analysis of oil fly ash used is shown in Table 2.1. Also in a previous 

project, the Energy Dispersive X-ray Spectroscopy Analysis (EDX) was carried at the 
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Research Institute, KFUPM. Chemical composition obtained from this analysis is shown 

in Table 2.2.  

Table 2.1: Heavy fuel oil fly ash analysis 

Parameter Quantity 

pH @ 18 °C 2.8 

Moisture 0.33 wt % 

Unburned Carbon @ 700 °C 90.18 wt % 

Ash Content 9.82 wt % 

SO3 3.06 wt % 

Vanadium as V 4007 ppm 

Nickel as Ni 1021 ppm 

Iron as Fe 559.4 ppm 

Magnesium as Mg 1800 ppm 

 

Table 2.2: Elemental composition of OFA by EDX 

Element Weight, % 

Carbon 92.5 

Magnesium 0.79 

Silicon 0.09 

Sulfur 5.80 

Vanadium 0.61 

 

These analyses show that the fly ash used in this research work is mostly composed of 

carbon material with a very little amount of sulfur. Also the presence of some heavy 

metal is observed in traces. 
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Suryasarathi et al. [15] described the effect of fly ash on the mechanical, thermal, 

dielectric, rheological and morphological properties of Nylon 6. Fly Ash of an average 

particle size of 8µm and 60µm was used in 5, 10, 20, 25, 30, 35 and 40 wt% ratios. It was 

observed that as the percentage of the filler increased, tensile strength of the composites 

decreased and the effect was greater with larger particle size. It was observed that the rate 

of reduction of percentage elongation was higher in case of smaller particle size up to 

20% filler loading whereas; it was higher at higher filler loading in case of larger particle 

size fly ash. Although the flexural strength increased with increase in filler concentration 

in both cases but it started to decrease after 40% addition of large particle size.  The 

impact strength initially increased or remained almost same upto 25% addition of both 

particle sizes. Agglomeration of smaller particle sized is assumed and confirmed by 

higher increase in Young‟s Modulus as compared to larger particle size filler. Results 

show good dispersion of smaller particle size in case of low filler loading (upto 20%) as 

compared to larger particle size while it decreases in the case of higher filler loading due 

to agglomeration of smaller particle size and hence reduce strain mobility.  An increase in 

dielectric constant has been observed by addition of both particle size fillers. Heat 

distortion temperature also increased by the addition of both type of fillers. The extent of 

increment is higher in case of larger particle size for lower filler loading but the higher in 

case of lower particle size for higher filler loading (upto 40%) due to agglomeration. 

Addition of fly ash increased the shear viscosity of the composite but the slip of 

particulate filler occurred at 10 wt% concentration for larger particle size and at 20 wt% 

concentration for smaller particle size. This is due to the presence of hollow sphere in 

larger particle size. Scanning electron microscopy images of 30 wt% composites were 
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used to describe the surface morphology of the composite. It was observed that the 

polymer matrix is not sufficient to encapsulate the filler. Good separation of particles was 

observed for smaller particle size in case of lower filler loading as compared to larger 

particle size but agglomeration observed in higher filler loading for smaller particle size. 

 Mechanical properties and surface Morphology of recycled HDPE filled with 

calcium carbonate and Fly Ash has been investigated by Atikhler et al. [16]. Authors 

investigated the effect of surface treated FA on the mechanical properties of HDPE as 

compare to conventional calcium carbonate filler. Fly ash was subjected to surface 

treatment with 3-amino propyl triethoxy silane. Tensile strength slightly increased by the 

addition FA as filler compared to conventional calcium carbonate. However, increment is 

much higher when modified FA was used especially, up to 30% filler content. At 40% 

loading, the increase in Young‟s modulus of the composites was 62.2%, 78.5% and 

88.0% for calcium carbonate, untreated FA and treated FA respectively. The decrease in 

elongation to break is higher for FA filled composites compare with calcium carbonate 

filled composites. This decrement slightly increased when treated-FA used as filler. SEM 

results showed a good interfacial adhesion between FA and HDPE matrix. Conclusively 

authors found FA as good replacement for CC.  

Fly Ash generated from heavy oil was characterized by Woo et al. [17] and compared to 

carbon black for use in cementious industry. Author described that heavy oil fly ash 

(HOFA) is mainly composed of carbon and with some contents of sulfur and residue ash. 

Heavy oil fly ash is composed of black amorphous carbon similar to carbon black with 

spherical shaped particle. The particle size distribution ranged from 10μm to 120 μm. The 

mortar test showed stable compressive strength with increasing heavy oil fly ash addition 
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which is attributed to the glass state inorganic substances such as SiO2, Fe2O3, Al2O3 and 

CaO in heavy oil fly ash contributed to the formation of hydrate cementious material that 

increase compressive strength. Results showed that fly ash has good physical and 

chemical properties like carbon black and can be replaced carbon black after some 

treatments in cementious material.  

Yang et al. investigated the surface modification of fly ash by use of isothermal heating 

and its effect on polymer properties [18]. Authors observed an increase in surface area 

and whiteness of fly ash particles after modification. Also the filling test showed an 

improvement in interface between polypropylene and fly ash after modification. Kishore 

et al. investigated the effect of surface treatment of fly ash by adhesion-increasing and 

adhesion-decreasing on impact behavior of polymer composite [19]. It was observed by 

results that adhesion-increasing modification (silane-acetone treatment) showed greater 

absorption of energy and maximum load while adhesion-reducing modification increased 

the Ductility Index. Effect of Si69 and NaOH treatment of surface of fly ash on the 

properties of Natural Rubber/Fly Ash composite was investigated by Thongsang et al. 

[20]. It was observed that by using various contents of bis-(triethoxysilylpropyl) 

tetrasulfane (Si69) for surface modification, the mechanical properties of composites 

increased up to 4% loading of filler, while NaOH solution showed no improvement in 

properties. Surface modification to improve the dispersion is not a new technique. It is 

observed that the attachment of carboxylic acids to the different carbon compounds (such 

as carbon nanotubes) not only enhanced the interface linking property of filler but also 

provides the reactive sites to attach a variety of functional groups [21-23]. 
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The rheological investigation of polyethylene oxide (PEO)/organoclay nanocomposites 

has been done by Hyun et al. [24]. Author used three different organoclays modified with 

the alkyl ammonium salts; the effect of surfactants on organoclay surfaces in 

polymer/organoclay nanocomposites was investigated. The internal structure analysis and 

rheological measurement of the nanocomposites was done by the author. Rheological 

properties of these nanocomposites show different behavior with different modifier 

concentrations and surfactant sizes (chain lengths). An increase in shear viscosity and 

power law behavior was observed with increase in organoclay concentration. Thermal 

stability and storage moduli also increased with increasing organoclay contents.  

 Dezhen et al. [25] investigated the influence of chlorinated polyethylene (CPE) on 

mechanical properties, morphology, and rheology of nanocomposites of poly(vinyl 

chloride) (PVC) and nano-metric calcium carbonate particles. Poly(vinyl 

chloride)/calcium carbonate nanocomposites were prepared by melt blending method and 

Chlorinated PE used as an interfacial modifier. Results showed that elongation to break 

and Young‟s Modulus increased with increase in concentration of CaCO3 nanoparticles. 

The use of CPE was more effective in increasing in Izod impact strength and author 

obtained a higher value of 745 J/m in the presence of CPE. Rheological study showed a 

remarkable increment in melt viscosity by the addition of CaCO3 nanoparticles in PVC 

while the viscosity decreased by the addition of CPE. TEM was used for the 

morphological study of the nanocomposite and results showed CaCO3 particles were 

dispersed uniformly through the matrix of PVC. Results showed that the nano CaCO3 

particles in the PVC matrix were encapsulated with a CPE layer.  
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Sombatsompop et al. [26] investigated the effects of untreated precipitated silica and fly 

ash silica as fillers on the properties of natural rubber and styrene butadiene rubber 

compounds. The effects of filler on the final properties were investigated for a range of 0 

to 80 phr loading. A progressive increase in cure time and minimum and maximum 

torque observed in NR system at precipitated silica (PSi) loading of 30-75 phr while no 

change or a relatively low cure time and viscosity observed in case of Fly Ash silica 

(FASi). For low concentration (0-30), vulcanization properties of both PSi and FASi were 

the same but it improved more for higher concentration in case PSi filler while it 

remained the same for FASi. Author suggested FA as filler in NR for low concentration 

loading (0-30 phr) to improve its mechanical properties but not for SBR except when 

improvement in tensile and tear properties required.  

Hwang described the beneficial uses of Fly Ash [27] in cementious, polymer and other 

different industries. Author investigated the effect of Fly Ash on the properties of 

Polypropylene, LDPE and HDPE as compared to traditional CaCO3 filler. The polymers 

were mixed with the fillers at filler contents of 0, 10, 20, 40 and 80 pph. Results showed 

that the  yield strength and Young‟s modulus of the materials increase, and elongation 

decrease, as the filler content increases. SEM images show good bonding of CaCO3 with 

HDPE and Fly ash with PP.  

Chen et al. [28] improved the interaction between poly (butylene succinate) (PBS) and a 

commercial organoclay, Cloisite 25A (C25A), using functionalization of clay by epoxy 

groups. Author grafted the epoxy group to C25A and produced a twice functionalized 

organoclay (TFC). Results showed an improvement of mechanical properties of 

composite in case of PBS/TFC as compared to PBS/C25A composite. XRD and TEM 
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analyses were used to study the morphology of the composites which showed an increase 

in interfacial interaction between PBS and TFC. It means that TFC enhanced the 

crystallization of PBS more effectively than C25A, and this indicated that TFC was more 

efficient for the nucleation than C25A. 

The rheological properties of polystyrene/layered silicate nanocomposites are 

investigated by Lim and Park [29]. Author showed that both storage and loss moduli 

increased with silicate loading at all frequencies and showed non-terminal behavior at 

low frequencies which shows the presence of non-homogeneous systems with ordered 

microstructures. The result showed that the rheological properties of polystyrene/layered 

silicate nanocomposite depend not only on the intercalation of polymers, but also on the 

alignment of silicate layers.  

Mcnally et al. [30], investigated polyethylene (PE) multiwalled carbon nanotubes 

(MWCNT‟s) composite with filler loading ranged from 0.1 to 10%. Author observed 

some degree of dispersion as well as agglomerations. Also the percolation threshold of 

the system was investigated. Author discussed the previous observation of (Potschke et 

al., 2004; Bhattacharyya et al., 2004; Mitchel et al., 2002) that the formation of a 

percolated system can be detected by characterising the complex viscosity (η*), storage 

modulus (G′) and loss modulus (G”) as a function of frequency (). It was observed that 

η*, G‟ and G” increases with the increase of the concentration of MWCNT. The 

increment was more dominant at lower frequencies as compare to higher frequency. Also 

the low frequency response is indicative of „pseudo-solid-like‟ behavior, and has been 

seen for a conventionally filled polymer with strong interactions between filler and 

polymer.  
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Ahmad et al. [31] investigated the thermal stability, mechanical and adsorption resistant 

properties of HDPE/PEG/Clay nanocomposites on exposure to electron beam where Poly 

ethylene glycol (PEG) was used as compatiblizer. These properties were investigated by 

TGA, Young‟s Modulus, tensile strength and hardness test. Author used the organically 

modified montmorillonite (OMMT) type of clay in this study.  Results showed that 

presence of PEG as a compatiblizer has improved the dispersion of clay layers into the 

matrix and enhanced the mechanical properties and thermal resistance of 

nanocomposites. 2M2HT was used as a swelling agent or clay modifier but the best 

intercalation was observed after the addition of PEG into the matrix. It means that the 

addition of PEG enhanced the dispersibility of clay layer into the polymer matrix to form 

a more homogeneous system by increasing the distance between the clay layers. Authors 

observed that a Maleic-anhydride group compatiblizer interact with the swelling agent to 

improve the penetration of clay layer into the polymer molecule more easily. It is 

observed that a significant decrease in thermal stability occurs as we eliminate the PEG 

compatiblizer from the polymer matrix. A satisfactory enhancement in the Young‟s 

modulus was observed after adding 5 wt% of clay that drops on further clay content but a 

satisfied improvement in tensile strength is not observed. But the enhancement in 

mechanical properties observed by improvement in cross-linking of polymer was linked 

to irradiation effect. It is also observed that the addition of PEG prevented the 

degradation of nanocomposites up to 100KGy of irradiation and significantly improved 

the tensile strength and Young‟s Modulus valued at 500KGy of irradiation. In this study, 

author used 15% of PEG as compatiblizer.  
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Bidkaret al. [32] investigate the possibility of partial replacement of active filler carbon 

black by cheaper fly ash as a co-filler for elastomer composites. Variable percentages of 

fillers have been used to optimize the best composition. Author investigated the effect on 

mechanical and morphological properties of the composite. Results showed an 

improvement in elongation and tensile strength when a composition of 20phr fly ash and 

10phr carbon black used as compare to other compositions. A decrease in these properties 

was observed beyond 20phr content due to change in crosslink density. On the other 

hand, modulus increased continuously as the percentage of fly ash and increased and 

hence the crosslink reaction progressed. A highest crosslink density was observed when 

the composition 20-10-100, fly ash-carbon black-SBR used. Similarity of the hardness 

value for all composition was observed either containing the pure carbon black or with 

fly ash ranging from 72 to 80 but better then gum vulcaniczate that is 57 only. SEM 

results showed that presence of de-bounded fly ash particles indicates poor polymer filler 

interaction while straight fracture path and rough surface showed higher polymer filler 

interaction in case of carbon black. Fracture surface of the formulation with 20phr of fly 

ash and 10 phr of carbon black is very similar to that of the composition, which contains 

only carbon black and hence gives the best results. 

Bing-Xing et al. [33-34] investigated the enhancement of the mechanical properties of 

polypropylene using poly-propylene-grafted multiwalled carbon nanotubes. Author used 

reactive blending process for grafting of PP onto the MWCNTs by using 0.6% maleic 

anhydride and amine-functionalized MWCNTs. Pristine MWCNTs was first acid treated 

to attach COOH group and then reacted with ethylenediamine to produce NH2-

MWCNTs. PP-MA and MWNT–NH2 then melt blended to produce PP-grafted-
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MWCNTs. The grafting was confirmed by using XPS. Results showed a considerable 

improvement in the mechanical properties of the composites as compared to addition 

with pristine MWCNTs. The composites with an grafted MWCNTs content of 1.5 wt%, 

its tensile strength, ultimate strain, toughness and Young‟s modulus were improved by 

141, 49, 287, and 108%, respectively as compared to PP. This improvement is much 

better as compare to pristine MWCNTs and clay as filler. The storage modulus of PP was 

increased by 38% and 83% by the addition of 0.5% and 1.0% PP-g-MWCNTs 

respectively. Author also noted that for composites containing PP-g-MWNTs, there is a 

decrease in mechanical properties when the effective MWNTs content was increased to 

2.0 wt%. SEM and TEM were used to study the morphology of the composites. Results 

showed that PP-g-MWCNTs were dispersed well into polymer matrix whereas bundles of 

pristine MWNCTs were observed in the PP-MWCNTs case. But it is still difficult to 

completely disperse PP-g-MWNTs in the PP matrix at higher PP-g-MWNTs contents.  
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CHAPTER 3 

EXPERIMENTAL SETUP AND MATERIAL PREPARATION 

3.1: Surface treatment of Fly Ash 

Functionalization of carbonaceous material or any other filler through surface 

modification has been an attractive proposition in research field for long time. 

Attachment of different functional groups to surface of carbon may increase not only its 

dispersion and attachment to the product but sometimes also affects its solubility. 

Functionalization also introduces the multi-functional-attachment property into the 

product. Two main techniques are generally used for surface modification of 

carbonaceous material (like CNTs). One is covalent attachment of functional groups and 

second is non-covalent attachment of molecules which is mainly based on van der Waals 

forces [35-36].  

In this research, surface modification of OFA has been done by functionalization with 

carboxylic acid group using acid treatment method. It has been thought that attachment of 

carboxylic group to the surface of fly ash may enhance the interaction between polymer 

and filler. The attached acidic group would be attracted by hydrocarbon backbone of 

polymer due to functional group interaction and effects the dispersion of filler into 

polymer matrix. We have used different parameters to see the effect on the surface 

modification and optimization of conditions. A mixture of sulfuric acid to nitric acid has 

been used for the oxidation of carbon ash. The volumetric ratio used for acid to fly ash is 
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2:1 while the concentration of nitric acid used in acid mixture ranging from 5-20%. Also 

the effect of oxygen flow to enhance the oxidization has been examined.  

The Oil Fly Ash (OFA) was received by Saudi Aramco by power generation plants of 

Saudi Electricity. Oil fly ash was in the form of black powder mainly composed of 

carbon and with some traces of metal oxide like magnesium, silicon, sulfur and 

vanadium. This analysis has been carried out in a previous project by Energy Dispersive 

X-Ray Spectroscopy analysis (EDX). Sulfuric acid and nitric acid have been received by 

Sigma Aldrich Company. Sulfuric acid has the purity greater than 95% and density 1.83 

gm/ml while nitric acid has the purity greater than 90% and density 1.48 gm/ml. The bulk 

density of OFA is close to 0.48-0.5 gram per cm
3
.  

A sample of 100g of OFA was mixed with a mixture of 200 ml of concentrated sulfuric 

and nitric acids in a 3 liter beaker.  The volume ratios of nitric to sulfuric acids were 

ranging from 5:95 to 20:80 vol./vol.%. The acids-ash mixture was then heated and stirred 

continuously to 160
o
C. At this temperature the mixture becomes slurry. At this stage, air 

was introduced through small capillary tube with constant flow rate of 5 ml/min for 

further oxidation of the ash. Heating was continued until acid gets evaporated and a black 

solid material was produced to indicate complete reaction of the ash. Further, this 

material was treated with 100 ml demineralized water which was added gradually to the 

mixture to enhance the activation of ash. Then, the produced material was cooled to 22±1 

o
C and washed several times with demineralized water to remove the remaining acids and 

until the pH of supernatant reaches 5. After washing, wet fly ash was dried into the oven 

at 105°C for 1.5 h and saved in closed vessels for uses. This procedure was repeated 

several times by varying the reaction parameters as shown in Table 3.1.  
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Table 3.1: Variation of reaction parameters for OFA 

Sample No. H2SO4 v.% HNO3 v.% Oxidation by air 

1 0 0 No 

2 95 5 No 

3 95 5 Yes 

4 90 10 Yes 

5 85 15 Yes 

6 80 20 Yes 

 

3.2: Characterization of Modified Fly Ash 

Surface modified Oil fly ash subjected to FTIR, SEM and XRD Analysis in order to 

observe the attached functional group to fly ash, morphological behavior, elemental 

analysis and also the different types of carbonate and oxides present in the samples  

3.2.1: Fourier Transform Infrared Spectroscopy (FTIR):  

The functional groups on the surface of the treated OFA were analyzed using FPC FTIR 

Perkin Elmer spectrophotometer. A weight of 1-2 mg of the OFA was mixed thoroughly 

with 1.0 g of fine dried powder of KBr. Then the resulting mixture was hydraulically 

pressed at 10 ton/m2 to obtain a thin transparent disk. The thin disk was placed in an 

oven at 110 oC for 4 hours to prevent any interference of any existing water vapor or 

carbon dioxide molecules. All the FT-IR spectra were taken in transmission.  
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3.2.2: Surface Morphology: 

Morphological behavior of the surface of fly ash particles was observed by JEOL JSM-

646LV Scanning Electron Microscope. The sample was initially dried, fixed with double-

side masking tape, and then gold-coated using a sputtering machine for 6 minutes in 

order to improve the conductivity of the sample. Once the gold coating was completed, 

the specimens were viewed on the SEM at different magnifications.  

3.2.3: XRD Analysis 

The XRD patterns of the samples were measured using a Shimadzu XRD-6000 

spectrometer.  Aluminum sample holder was filled by dried fly ash. The target element 

used in the instrument was Copper having λ of 0.154 nm. The samples were tested at 40 

kV and 30 mA and the spectra for all samples are obtained. 

3.2.4: BET Analysis and pore size distribution 

The BET surface area and pore volumes for the produced OFA were both determined 

using Micromeritics ASAP 2020 using nitrogen adsorption at 77.35 K.  A sample of 

0.3210 g was degassed and dried at 150 oC under vacuum for 6 hrs. The specific surface 

area was measured and calculated by a BET equation and a cross-section area of nitrogen 

molecule of 0.162 nm2 [37] was used. 
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3.3: Formulation of Fly Ash-Polymer Composite using Melt-

Blending method 

LDPE was supplied by Nova Chemicals, Canada. The LDPE has a weight average 

molecular weight of 99.5 kg/mol and a MWD of 6.5 and a melt index of 0.75 g/10 min 

and a total short branch content of 22 branches/1000 C as determined by GPC and NMR, 

respectively (Hussein and Williams) [38]. The PE-g-MA was received by Sigma Aldrich 

and it has a viscosity of 1400-1700 cP, a density of 0.925 g/cm
3
 and a melting point of 

105°C. 

Preparation of LDPE/OFA composites was performed in a Brabender Melt Mixer. The 

blender consists of three heating zones with independent temperature control systems. 

LDPE/OFA composite samples were prepared with four different OFA concentration (1, 

2, 5 and 10 %w). PE-g-MA was used as a compatiblizer to enhance the dispersion and 

compatibility between LDPE and OFA. Physical premixing of LDPE, OFA and 

compatiblizer is done into a beaker. Then the composites were fed to the Brabender Melt 

Mixer at a temperature of 190⁰C and a blending speed of 50 rpm. The time of melt 

mixing for each sample is 10 minutes. Sixteen composite samples were prepared with 

different compositions as given in Table 2. For the first four samples, the effect of filler 

concentration of unmodified OFA was examined while samples 5-8 will reveal the 

influence of the compatiblizer. On the other hand, samples 9-16 will show the impact of 

the modified filler (COOH-OFA) on un-compatiblized and compatiblized composites. 
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Table 3.2: Composition of LDPE/OFA Composites 

Sample 

No. 

LDPE 

(wt%) 

Fly Ash (wt%) 
MA-g-PE 

(wt%) Unmodified Modified 

1 99 1 - - 

2 98 2 - - 

3 95 5 - - 

4 90 10 - - 

5 97 1 - 2 

6 96 2 - 2 

7 93 5 - 2 

8 88 10 - 2 

9 99 - 1 - 

10 98 - 2 - 

11 95 - 5 - 

12 90 - 10 - 

13 97 - 1 2 

14 96 - 2 2 

15 93 - 5 2 

16 88 - 10 2 

 

3.4: Rheological Analysis 

For Rheological analysis, samples are prepared by using Carver press model showed in 

figure 3.4.1.  Small quantity of composite is placed between the steel plates having the 

hollow circles to shape the sample for rheological instrument. These plates are pressed by 

Carver press at a temperature of 190⁰C and increase in pressure with time. The pressure 
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applied is 0 ton for 3 minutes, 1 ton for 1, minute, 3 ton for 1 minute, 5 ton for 1 minute 

& 7 ton for 1 minute. So the total pressing time is seven minutes at a fixed temperature. 

After that, plates are allowed to cool for 5 minutes and samples are withdrawn between 

the plates and fine cutting has been done to make samples in a regular shape. 

For Rheological analysis, measurements were carried out by Advanced Rheometrics 

Expansion system (ARES) controlled strain rheometer as shown in figure 3.4.2. Dynamic 

shear tests were carried out using cone and plate geometry. Diameter of the sample was 

25mm, cone angle was 0.1 radians, gap was 0.048mm. Strain was 15%, temperature was 

190ºC and the frequency was varied from 100 rad/s to 0.1 rad/s under the 60 psi pressure 

of nitrogen gas. 

 

 

Figure 3.4.1: Carver Hydraulic Press 
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Figure 3.4.2: ARES Controlled Strain Rheometer 

3.5: Mechanical Analysis 

For Mechanical analysis, samples are prepared by using Carver press model showed in 

figure 3.4.1.  Small quantity of composite is placed between the steel plates having the 

square hollow to shape the sample for mechanical instrument. These plates are pressed by 

Carver press at a temperature of 190⁰C and increase in pressure with time. The pressure 

applied is 0 ton for 3 minutes, 1 ton for 1, minute, 3 ton for 1 minute, 5 ton for 1 minute 

& 7 ton for 1 minute. So the total pressing time is seven minutes at a fixed temperature. 

After that, plates are allowed to cool for 5 minutes and square sample sheet are 

withdrawn between the plates. The dog bone shaped samples are prepared from these 

square sample sheets by using hydraulic cutter. The dog bone samples are shown in 

figure 3.5.1. 
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Figure 3.5.1: Dog Bone Sample for Mechanical Analysing 

For Mechanical analysis, measurements were carried out by Instron Mechanical Testing 

Machine as shown in figure 3.5.2. The measurement of length, width and thickness of 

Dog bone sample is done by venire caliper. Dog bone samples have a fixed length of 15 

mm but the width and thickness varied for different samples. The data of each sample is 

putted into the machine software and sample analyzed for mechanical properties at a 

fixed strain rate of 40.00 mm/minute.  

 

Figure 3.5.2: Instron Mechanical Testing Machine 
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3.6: Thermal Analysis 

Thermal analysis is done by Modulated DSC equipment TA Q1000 as shown in Figure 

3.6.1. The equipment is calibrated from -80 to 190⁰C for melting and crystallization 

curves and heat of fusion by using pure Indium standard. Nitrogen at a flow rate 50 

ml/min was used to purge the instrument to prevent degradation of the samples upon 

thermal treatments. The composites samples are weighted between 5 to 10 mg and Non-

hermetic pans are loaded to DSC analyses by auto-sampler. Pure LDPE is also subjected 

to this analysis as a reference material. Heating-Cooling-Heating system is used for the 

analysis i.e. firstly the sample is heated up to 180⁰C, second the sample is cooled down 

up to -80⁰C and in the last sample is again heated up to 180⁰C. First heating is for the 

uniform dispersion of non-uniform shaped sample in to the non-hermetic pan after 

melting so that sample is subjected to uniform heat distribution. Second and third heating 

is used for the analyzing the peaks for crystallinity and melting point. The absolute 

crystallinity was calculated using the heat of fusion of a perfect polyethylene crystal, 290 

J/g by using TA Universal Analysis software. 
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Figure 3.6.1: Modulated DSC Equipment 

3.7: FE-SEM Analysis 

FE-Scanning Electron Microscopy of polymer composites was carried out to observe the 

surface morphology of LDPE/OFA composite and dispersion of fly ash into the LDPE 

matrix. For FE-SEM analysis, fresh surface of samples is prepared to remove any 

impurity or particle from the surface of sample. For this purpose, firstly the samples are 

dipped into the liquid nitrogen for one minute and then quickly broken from the mid so 

that a fresh surface of sample appeared. These samples were subjected to nano-scaled 

gold coating for charging effect of composite. The gold coating is done for 20 seconds by 

sputtering machine in Mechanical Engineering Department, KFUPM. FE-SEM analysis 

is done at different resolution ranging from 500x to 40,000x.  
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CHAPTER 4 

RESULTS & DISCUSSION 

CHARACTERIZATION OF SURFACE MODIFIED FLY ASH 

The chemical analysis of untreated of OFA is illustrated ion Table 2.2. It contains mainly 

92.5 wt% carbon and 5.8 wt% sulfur while the rest are traces of metal oxides. This 

material was initially soaked with sulfuric acid at room temperature where no effect was 

noticed on the mixture. Gradual addition of the nitric acid caused a rapid increase in 

solution temperature up to 150 
o
C. This jump in temperature was noticed within few 

minute as a result of exothermic reaction between the acids and the ash. Further external 

heating of the mixture has elaborated carbon monoxide, carbon and sulfur dioxide, and 

nitrous oxide. This treatment with acids results in several slufonation and nitrification 

reactions at the surface of the ash samples.  X-ray fluorescence (XRF) analysis of ash 

samples before and after treatment showed an increase of silicon content from 0.99 wt% 

to 7wt% with increasing nitric acid from 0 to 20% (Table 4.1 and Figure 4.1). This is due 

leaching out Mn, Ni and Zn from the solid sample.  Sulfur contents have increased from 

71wt% (untreated sample) to 82wt% for samples treated with 10 wt% nitric acids. Further 

increase of nitric acid has decreased this percentage to 77wt% (sample 6). This is due to 

the oxidation of some of organic sulfur to produce sulfur dioxide [39]. Moreover, sulfur 

in fly ash can exists in three main classes; pyritic, sulfates and the organic sulfurs where 

nitric acid dissolves sulfate and pyrite sulfur aggressively and attacks organic sulfur only 

mildly [40].  
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Table 4.1: XRF analysis of ash samples treated at different acid compositions (wt.%) 

with air oxidation 

H2SO4:HNO3 

Ratio 

Si S Ca V Mn Fe Ni Zn 

0 : 0 0.9914 71.27 7.79 13.14 0.0071 3.99 2.61 0.1861 

95 : 05 3.34 79.88 8.32 3.65 0 3.77 0.8069 0.1291 

90 : 10 3.55 82.22 6.98 2.29 0 0.819 0.3227 0 

85 : 15 6.04 78.22 8.51 4.35 0 1.45 0.244 0 

80 : 20 7 76.96 7.76 4.56 0 2.28 0.3004 0 

 

 

Figure 4.1: XRF analysis of untreated OFA sample. 
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4.1: FTIR Analysis for Functional group 

In order to identify whether a new functional group was attached to the surface of treated 

OFA, FTIR spectra of the samples were scanned from 500 to 4000 cm-1 wave length and 

the percentage of transmittance was observed.  

Figure 4.2(a) shows the FTIR spectra of untreated OFA compared to samples treated with 

95 wt%H2SO4 and 5 wt% HNO3 without injection of air. The spectrum of as-received 

sample shows two major peaks at 3400-3650 cm-1 which is due to O-H bond stretching 

of alcoholic groups [41-43]. Three minor peaks are observed at 3305, 2884 and 2541 cm-

1. These peaks are in the range of 2400-3400 cm-1 which is due to the hydrogen bonded 

O-H stretching of acidic groups [41]. Also, one peak is observed at 2194 cm-1 which 

shows the presence of C≡C bonding. The spectrum shows the presence of OH group and 

some carbon to carbon triple bonding. For the modified sample the peak at 3305 is shifted 

to 3309 cm-1. Also it shows the appearance of some more peaks in the region of 2400-

3400 cm-1. The peaks which were observed in the untreated sample were slightly 

increased after modification which illustrates the attachment of carboxylic group to the 

surface of fly ash. The peaks of C≡C bonding is shifted from 2144 to 2100 cm-1 but no 

increment is observed. However, one more small peak at 1585 cm-1 is observed which 

represents the presence of C=C bond [44]. It is observed that by air oxidation, peaks in 

the range of 2400-3600 cm-1 wave length increased which shows the increment in 

attached carboxylic group to the surface of fly ash. . Other than that, all other peaks such 

as C≡C bond and C=C bond peaks are also increased. It shows that the functionalization 

of fly ash increased with the oxidation due to injection of air.  
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Figure 4.2(b) shows the FTIR spectra of fly ash modified by different acid composition 

and oxidation by air. The sample that modified by the addition of 90wt% H2SO4 and 10 

wt% HNO3 shows some more improvements in the peaks. It is observed that in the range 

of 3400-3600 cm-1 there are three peaks that appeared at 3468, 3599 and 3521 cm-1, 

respectively. The peak which is observed at 2475 cm-1 is shifted to 2459 cm-1. In 

addition, two more peaks were appeared at 2550 and 2594 cm-1 and two small peaks 

were observed at 1720 and 1760 cm-1. This illustrates the stretching of C=O in the ester 

group. However, the peak of C=C is shifted to 1467 cm-1.  

On the other hand, the sample that is treated with 85 wt%H2SO4 and15 wt% HNO3 

shows a maximum increase in peaks count as compared to that treated with 90wt% 

H2SO4 and 10 wt% HNO3. For this sample, four more peaks are observed in the region 

of 2400-3600 cm-1 which shows a considerable stretching of O-H functional group of 

carboxylic acid. Also, the C=C peak disappeared whereas the peak for the ester groups 

shifted from 1760 cm-1 to 1716 cm-1 which is in the range of C=O of carboxylic group. 

A comparison between the spectra of the different samples shows that the maximum 

functionalization of carboxylic acid group was achieved with the addition of 15% HNO3. 

Nevertheless, further increase in nitric acid composition has decreased the attached 

functional groups. The spectrum of the sample that was treated with 80 wt% H2SO4 and 

20 wt% HNO3 shows a little decrease in the number of peaks in the region of 2400-3600 

cm-1 which is a clear evidence of the decrease in O-H group of carboxylic acid. Also, the 

peak of C=O is almost disappeared whereas three new peaks are observed in the region of 

1900-2000 cm-1. These peaks are either due to the presence of aromatics compounds or 

the formation of some unsaturated hydrocarbons.  
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Figure 4.2(a): FTIR spectra of as-received and modified fly ash with and without air- 

oxidation 

 

Figure 4.2(b): FTIR spectra of fly ash modified by different acid composition and  air- 

oxidation 
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4.2: SEM and Spot Analysis 

Surface morphology of the ash samples is shown in Figure 4.3(a-f). It is apparent that 

most of the ash particles are spherical in shape with high porosity. The size of these 

particles is in the range of 10-100 m.  

Spot analysis of modified and unmodified particles was performed to determine the ratio 

of carbon, oxygen and sulfur in these samples. Carbon to oxygen ratio in these samples 

illustrates the degree of oxidation before and after treatment. It is observed that oxygen to 

carbon ratio has changed according to the acid treatment method. It is also apparent that 

sulfur content decreases with increasing degree of oxidation which demonstrated the 

replacement of oxygen to sulfur on the surface (Table 4.2). The sample that treated with 

air, and 95 wt% H2SO4 and 5 wt% HNO3 showed an increase of oxygen functional 

groups compared to air untreated sample. In addition, the replacement of sulfur by 

oxygen has increased with increasing nitric acid which could be attributed to the high 

reactivity of nitric acid.  
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(a) Original Sample 

 

(b) Treated with 95wt% H2SO4 and 5wt% 

HNO3 without air oxidation 

 

(c) Treated with 95wt% H2SO4 and 5wt% 
HNO3 with air oxidation 

 

(d) Treated with 90wt% H2SO4 and 10wt% 

HNO3 without air oxidation 

(e) Treated with 85wt% H2SO4 and 15wt% 
HNO3 without air oxidation 

(f) Treated with 80wt% H2SO4 and 20wt% 
HNO3 without air oxidation 

Figure 4.3: SEM analysis of the ash samples 
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Table 4.2: Average weight percent of carbon, oxygen and sulfur on the surface of ash 

samples 

Sample wt% carbon wt% oxygen wt% Sulfur 

Untreated  53.82 24.07 22.11 

Treated with 95 wt% H2SO4 and 5 wt% 

HNO3 without air oxidation 

59.23 29.50 11.26 

Treated with 95 wt% H2SO4 and 5 wt% 

HNO3 With air oxidation 

54.41 

 

32.43 

 

13.16 

 

Treated with 90 wt% H2SO4 and 10 wt% 

HNO3 With air oxidation 

53.53 38.18 8.33 

Treated with 85 wt% H2SO4 and 15 wt% 

HNO3 With air oxidation 

56.83 

 

38.11 

 

5.06 

Treated with 80 wt% H2SO4 and 20 wt% 

HNO3 With air oxidation 

54.07 40.33 5.6 

  

4.3: XRD Analysis 

Evaluation of common and predominant phases within the ash samples during treatment 

was obtained using X-ray diffraction technique (Figure 4.4). In general, the XRD spectra 

of the samples illustrate the presence of carbon, zeolite, mullite, quartz, faujasite, 

cancrinite and sodalite [41]. Untreated fly ash demonstrated the presence of faujasite and 

zeolite X, P and NA at 11
o
, 16

o
 and 18

o
 2θ. A large peak of carbon and mullite is 
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observed at 25
o
 2θ which shows the high concentration of crystalline carbon as compared 

to other minerals. Very small peaks of faujasite, mullite, cancrinite and zeolite X, P were 

observed between 27
o
 and 33

o
 2θ. Also the peaks of mullite and sodalite are observed at 

42
o
 and 43

o
 2θ followed by small quartz peak at 77

o
 2θ. It is observed that after 

modification of fly ash surface with 95 wt % H2SO4 and 5 wt% HNO3 most of the little 

peaks have disappeared. The intensity of the carbon and mullite peak at 25
o
 2θ is 

increased to 143% whereas sodalite peak at 43
o
 2θ is also raised to 100% as compare to 

as-received fly ash. Moreover, a new peak of faujasite appeared at 37
o
 2θ and a small 

peak of quartz at 77
o
 2θ increased to about 130%. The modification of ash with 85 wt% 

H2SO4 and 15 wt% HNO3 resulted in increment of the large carbon peak to more than 

200% compared to the original one, while faujasite peak is increased by 45% only.  No 

considerable difference is observed in sodalite and quartz peaks. The surface 

modification of fly ash with 80 wt% H2SO4 and 20 wt%  HNO3 shows the reappearance 

of small peaks of faujasite, mullite, cancrinite and zeolite X, P observed between 27
o
 to 

33
o
 2θ. The carbon and mullite peak decreased to a similar level of unmodified fly ash. 

Also, the peak of quartz decreased and two very large thin peaks appeared which could 

be related to a noise.  



37 

 

 

Figure 4.4: X-Ray Diffraction Patterns for modified and unmodified Oil Fly Ash 

4.4: BET Analysis 

Figure 4.5 shows selected adsorption–desorption isotherms of N2 at 77 K for the 

produced chemically modified ash samples. This isotherm belongs to type I in the IUPAC 

classification. It represents characteristics of material made up of slit shaped pores where 

the pore size distribution is mainly in the microporous field.  The narrow and uniform 

micoporosity of this carbon is supported by overlapping the adsorption-desorption 

curves.  The BET surface area has increase from 7.36 m
2
/g for the original sample to 

157.76 m
2
/g for the sample treated with 85 wt% H2SO4 and 15 wt% HNO3 in the 
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presence of air. This value has decreased to 56.87m
2
/g with further increase in nitric acid 

concentration, which is attributed to disruption of the pore structure. The average pore 

diameter value is varying from  104.56 Å for the untreated sample to 23.56 Å for the 

sample treated with 20wt% HNO3 in the presence of air (Table 4.3).  

 

Table 4.3: Physical properties of the ash samples deduced from N2 adsorption 

H2SO4:HNO3 

Ratio 

BET  

Surface Area 
m

2
/gm 

Langmuir 

Surface Area 
m

2
/gm 

Average Pore 

width (4v/A)  

Å 

t-Plot micropore 

volume  

cm³/g 

0 : 0 7.35 10.23 104.58 0.000129 

95 : 05 26.03 35.81 47.69 0.002101 

90 : 10 71.13 99.55 36.45 -0.001823 

85 : 15 157.76 213.19 26.19 0.026528 

80 : 20 56.87 78.40 23.56 0.003716 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TH4-4PJCYKF-2&_user=1723672&_coverDate=04%2F15%2F2008&_alid=1235172945&_rdoc=1&_fmt=full&_orig=search&_cdi=5272&_sort=r&_st=4&_docanchor=&_ct=7964&_acct=C000052544&_version=1&_urlVersion=0&_userid=1723672&md5=20ac36b24420639f9a9154ba5bcc1a7f&artImgPref=F#tbl1#tbl1
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Figure 4.5: BET modified and unmodified Oil Fly Ash 
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CHAPTER 5 

RESULTS & DISCUSSION 

RHEOLOGICAL AND MORPHOLOGICAL BEHAVIOR OF 

LDPE/OFA COMPOSITE  

Rheological properties of Polymer composites have a vital importance for the 

understanding of their flow behavior, miscibility and processibility.  Influence of the tiny 

fillers on the rheological properties of polymers has been investigated for many decades. 

In this chapter, we investigated the effect of OFA loading as a filler on the rheological 

properties of LDPE. Also the effect of OFA functionalization by acid treatment and 

addition of Polyethylene-grafted-Maleic Anhydride as a compatiblizer is investigated. 

The results are compiled with morphological characterization of LDPE/OFA composites. 

The dispersion of fly ash particles into the polymer matrix is observed at high resolution 

microscopy.  

Rheological characterization of composite is investigated by ARES control strain 

rheometer. Different properties have been calculated as storage modulus, loss modulus, 

cross-over point and cross-over frequency. The morphological characterization is done by 

FE-SEM technique at different resolution. Gold coating of quenched fractured samples is 

done for charging the surface. The dispersion of filler with and without modification is 

observed at high and low magnification and results are compared with previous 

observation. 
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Part A: Rheological Behavior of LDPE/OFA Composite 

5.1: Effect of OFA on Storage Modulus of Composites 

5.1.1: Effect of OFA Loading: 

The storage modulus, G′, basically represents the stored energy of the elastic portion of 

viscoelastic materials. Figure 5.1.1(a) shows the effect of as-received OFA loading on the 

G′ of LDPE composite. G′ increased at all loadings and the increase is more dominant at 

low frequency [45, 46]. At low frequency, the G′ increased linearly for 1 and 2% OFA 

loading but dropped at 5 and 10%. This suggests a poor distribution or agglomeration of 

OFA at high loadings. However, at high frequency, the rheology of LDPE composite is 

insensitive to the OFA loading. 

Figure 5.1.1(b) shows the effect of acid-functionalized OFA (COOH-OFA) loading on 

the G′ of LDPE composites. As the concentration of COOH-OFA in the polymer matrix 

is increased, the G′ increased and the composite shows more solid-like behavior. The 

increase is more dominant at low frequencies. Also, at low frequency, 1 and 2% loadings 

of COOH-OFA show almost the same degree of improvement. The maximum increase is 

observed at 5% loading; however, a slight decrease was obtained at 10% loading. At high 

frequency, all loadings showed similar results similar to the previous results of as-

received OFA. 

The effect of the use of 2% PE-g-MA as a compatiblizer on G′ of LDPE composites with 

OFA and COOH-OFA is shown in Figure 5.1.1(c) and 5.1.1(d), respectively. For as-

received OFA, G′ increased linearly with the addition of filler upto 5% filler loading then 

it slightly decreased at 10% loading. The shift in the increase in G′ with COOH-OFA 
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loading from 2% to 5% suggests a positive role for the chemical modification. These 

results provide evidence of good distribution of OFA at low and moderate loadings. 

Whereas, poor distribution was obtained at high loading (10%) even in the presence of a 

compatiblizer. However, Figure-5.1.1(d) shows that the G′ increased with the increase in 

filler concentration even at high loadings in the case of COOH-OFA. For as-received 

OFA and PE-g-MA at all loadings almost similar results were observed with little 

improvement in G′ over pure LDPE (Figure 5.1.1(c)). On the other hand, COOH-OFA 

system (Figure 5.1.1(d)) showed more improvement in G′ of the composites as well as 

distinct increase in G′ with loading. The increment is more dominant at low frequency as 

reported earlier. 

 

Figure 5.1.1(a): Effect of OFA Loading on Storage Modulus 
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Figure 5.1.1(b): Effect of COOH-OFA Loading on Storage Modulus 

 

 Figure 5.1.1(c): Effect of OFA Loading with 2% PE-g-MA on Storage Modulus 
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Figure 5.1.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Storage 

Modulus 

5.1.2: Effect of OFA functionalization and PE-g-MA on Storage Modulus: 

A comparison of G′ for modified and unmodified OFA at 5% loading is shown in Figure 

5.1.2(a). The functionalized OFA showed higher values of G′ as compared to untreated 

OFA. This is clear evidence that the chemical modification of OFA resulted in good 

dispersion of OFA in the polymer matrix even at very high loading. This dispersion is not 

achieved in the case of as-received OFA. Similar results are obtained at 1, 2 and 10 %w 

loadings and the difference is getting more pronounced with the increase in filler 

concentration. The enhancement in elastic strength of LDPE composites is mainly at low 

frequency. The effect on 1, 2 and 10% filler loading is shown in Appendix A. 

The effect of PE-g-MA compatiblizer on G′ with OFA and COOH-OFA at 5% loading is 

shown in Figures 5.1.2(b) and 5.1.2(c), respectively. The addition of the compatiblizer 
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did not result in the increase in G′ of the composite in the case of unmodified OFA. 

However, the modified OFA showed increase in G′ at low frequency. Similar behavior is 

obtained at 1, 2 and 10% loadings. The effect of compatiblizer can be easily observed at 

almost the entire range of frequency and it is more pronounced in the case of COOH-

OFA. It is also observed that the difference is increased at high loadings as compared to 

low loadings in the case of COOH-OFA. These results suggest the impact of chemical 

modification of OFA on G′ dominates the influence of the compatiblizer as shown by 

Figure 5.1.2(c). The effect on 1, 2 and 10% filler loading is shown in Appendix A.  

 

Figure 5.1.2(a): Effect of OFA-functionalization at 5% loading on Storage Modulus 
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Figure 5.1.2(b): Effect of PE-g-MA at 5% OFA loading on Storage Modulus 

  

Figure 5.1.2(c): Effect of PE-g-MA at 5% COOH-OFA loading on Storage Modulus 
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5.2: Effect of OFA on Loss Modulus of Composite 

5.2.1: Effect of OFA Loading on Loss Modulus: 

The Loss modulus is directly related to the dissipated energy of the material as it is the 

amount of energy lost due to viscous flow of material. Figure 5.2.1(a) shows the effect of 

OFA loading on the loss modulus, G″, of LDPE composites. It is shown that the G″ 

increased in each case of OFA loading. The increase is more pronounced at low 

frequency as compared to higher frequency [45, 46]. All composition showed similar 

increase in G″, i.e. the OFA loading had no influence on G″ for untreated ash. However, 

for modified the 1 and 2% OFA loadings showed similar results. Also, the 5 and 10% 

loadings showed similar results but higher than those of 1 and 2%. It is suggested that the 

poor distribution of OFA at such high loadings is the reason behind these observations 

similar to the previous results of G′. 

Figure 5.2.1(b) shows the effect of COOH-OFA loading on the G″ of LDPE composites. 

The results show that the G″ increased with the increase in the concentration of filler into 

the polymer matrix. The increment rises linearly with the OFA loading. Almost similar 

results are obtain at 1 and 2% loading and reach to maximum enhancement at 5% filler 

concentration. A very slight decrease is observed at 10% loading. The results of G″ 

support the previous findings from G′.  

Figure 5.2.1(c) shows the effect of OFA and PE-g-MA as compatiblizer on G″ LDPE 

composites. No considerable change is observed in the values of G″ in the case of OFA 

loading in the presence of the compatiblizer. When functionalized OFA was used with 

PE-g-MA, the increase in properties is observed at low frequency. The effect of 
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functionalization on the properties is shown in Figure 5.2.1(d).  Again, there is no effect 

for the compatiblizer on filler dispersion at very high filler loadings.  

 

Figure 5.2.1(a): Effect of OFA Loading on Loss Modulus 
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Figure 5.2.1(b): Effect of COOH-OFA Loading on Loss Modulus 

 

Figure 5.2.1(c): Effect of OFA Loading with 2% PE-g-MA on Loss Modulus 
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Figure 5.2.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Loss Modulus 

5.2.2: Effect of OFA functionalization and PE-g-MA on Loss Modulus: 

A comparison of G″ modified and unmodified OFA at 5% filler loading is shown in 

Figure 5.2.2(a). Results show that the functionalization of OFA has a clear impact on the 

enhancement of G″. At each loading, COOH-OFA gives higher values and the difference 

is more pronounced with the increase in the concentration of OFA. It is a direct result of 

good dispersion of COOH-OFA as proved by FE-SEM results discovered earlier. These 

results are obtained even at higher loading which is not the case for as-received OFA. At 

high frequency, very minor decrease in G″ is observed in the case of COOH-OFA which 

suggests improved flow behavior of polymer composite [45, 46]. Similar results are 

obtained at 1, 2 and 10 %w filler concentration.  

The effect of the compatiblizer with as-received and acid-functionalized OFA at 5% filler 

loading is shown in Figures 5.2.2(b) and 5.2.2(c), respectively. The addition of 



51 

 

compatiblizer resulted in a decrease in G″ of the composite in both cases due to the low 

viscosity of compatiblizer as compare to pure LDPE. The effect of compatiblizer can be 

easily observed at the entire range of frequency. The effect of compatiblizer is more 

dominant in the case of functionalized OFA and the difference is more obvious at high 

filler loading as compared to low loading. At high frequency, G″ for the compatiblized 

COOH-OFA was lower than G″ for pure LDPE. So, increase in G″ was observed at low 

frequency and a drop in G″ at high frequency. This observation indicates that the COOH 

functionalization is acts as reinforcement but leads to slight shear thinning at high 

frequency. The synergistic effect of the compatiblizer and the functionalization is good 

for the processing of these composites. Similar behavior is observed at 1, 2 and 10% filler 

loading. The effect on 1, 2 and 10% filler loading is shown in Appendix A. 

 
Figure 5.2.2(a): Effect of OFA-functionalization at 5% loading on Loss Modulus 
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Figure 5.2.2(b): Effect of PE-g-MA at 5% OFA loading on Loss Modulus 

 

Figure 5.2.2(b): Effect of PE-g-MA at 5%COOH-OFA loading on Loss Modulus 
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5.3: Crossover Point and Crossover Frequency: 

Crossover point Gc is the intersection point of G′ and G″ curve when plotted against 

frequency. The frequency at which this intersection occurs is called crossover frequency, 

ωc. Crossover Point defines the separation of elastic and viscous behavior of the material 

[47-49]. At this point, ωc represents the homogeneity of the composite material. The low 

value of Gc and ωc represents that material is more homogenous due to fine dispersion 

[49]. In the case of as-received OFA, Gc and ωc increased with the increase in filler 

loading for modified fly ash as shown in figure 5.3.1. It shows the poor distribution of 

filler within the polymer matrix and phase separation at higher loading due to 

agglomeration of filler particles. However in the case of COOH-OFA, Gc and ωc 

decreased with the addition of modified ash. The slight increase in Gc at 10% loading is 

consistent with our previous observations from Cole-Cole plot that showed slight drop in 

the curve for the 10% OFA loading. This suggests the fine and constant degree of 

distribution of COOH-OFA in the polymer matrix. The effect of filler loading on Gc and 

ωc can be described more precisely by Figures 5.3.1 and 5.3.2. In Figure 5.3.1, with the 

addition of compatiblizer the distribution of as-received OFA has improved and the value 

of Gc and ωc decreased at each loading. Whereas no considerable improvement is 

observed in the case of COOH-OFA loading except at 5% filler concentration as shown 

in Figure 5.3.2.  In each case except 5% loading, the value of Gc and ωc for 

compatiblized composites is slightly higher with compatiblizer. So, in the absence of 

functionalization the compatiblizer tends to reduce Gc and ωc, which suggests 

improvement of dispersion. However, in the case of functionalized OFA, the role of the 

compatiblizer is, in general, not significant or negative (see Figure 5.3.2).  
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Figure 5.3.1: Effect of OFA Loading on Crossover Point and Frequency 

 

Figure 5.3.1: Effect of COOH-OFA Loading on Crossover Point and Frequency 
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5.4: Degree of dispersion by Cole-Cole Plot 

The relaxation behavior of polymer composites can be represented by Cole-Cole plots 

which depend on the degree of dispersion of the filler. It is a plot of imaginary viscosity, 

η″, vs real viscosity, η′. Higher the degree of dispersion shows the high longer relaxation 

time [45-47]. Figure 5.4.1 shows the Cole-Cole plot of LDPE/OFA composites at 

different filler loading. For 1 and 2% filler loading, the degree of dispersion increased 

with filler concentration but at 5 and 10% loading, it again decreased. It means the 

agglomeration may occur at higher filler loading in case of as-received OFA. Also, two 

relaxation mechanisms at high filler loading show the two-phase system because of non-

homogeneous behavior [45]. Figure 5.4.2 shows the Cole-Cole plot of LDPE/OFA 

composite with 2% PE-g-MA. The degree of dispersion of OFA has improved in the 

presence of the compatiblizer and maximum relaxation time observed at 5% filler 

loading. Also the two phase system which is observed without compatiblizer by two 

slopes in Cole-Cole plot has disappeared. 

The Cole-Cole plot of COOH-OFA and LDPE polymer composite is shown in Figure 

5.4.3. It is observed that in each case, the relaxation time increased with the addition of 

filler. The highest degree of dispersion is observed at 5% loading which is a little 

decreased at 10% loading. No variation is observed in relaxation behavior of 

LDPE/CHOOH-OFA composites which shows the homogeneity of the system. Also, the 

high relaxation time as compared to OFA shows a good dispersion of filler due to 

functionalization. The effect of PE-g-MA compatiblizer on the degree of dispersion of 

functionalized OFA is shown in Figure 5.4.4. A slight improvement is observed after the 

addition of PE-g-MA at high loading. 



56 

 

 

Figure 5.4.1: Cole-Cole plot for LDPE/OFA composite 

 

Figure 5.4.2: Cole-Cole plot for LDPE/OFA composite with PE-g-MA 
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Figure 5.4.2: Cole-Cole plot for LDPE/COOH-OFA composite 

 

Figure 5.4.2: Cole-Cole plot for COOH-OFA and LDPE polymer composite with PE-g-

MA 
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Part B: Morphological Characterization of LDPE/OFA Composites 

The FE-SEM analysis of Pure LDPE sample is done as a reference as shown in Figure 

5.5.1. The dispersion of OFA at 2 and 5% loading is shown in Figures 5.5.2(a-b) and 

5.5.3, respectively. It is observed that the OFA particles are distributed well in the 

polymer matrix. However, some agglomeration of particles is also observed as shown in 

Figures 5.5.2(b). The dispersion of surface modified fly ash particles at 2 and 5% loading 

is shown in Figures 5.5.4(a-b) and 5.5.5(a-b), respectively. A better dispersion of fly ash 

particles is observed after the surface modification as compare to unmodified OFA. A 

well dispersed COOH-OFA particles were observed at high and low magnification. The 

degree of dispersion is improved by acid functionalization of OFA as reflected in the 

reduction of the size of agglomeration. A comparison of results for 2% OFA shown in 

Figures 5.5.2(a) and 5.5.4(b) suggests a reduction of particle size by a factor of at least 2. 

Similarly, a comparison of Figures 5.5.5(b) and 5.5.3 suggests improved dispersion at 5% 

OFA loading as a result of surface modification. All of these comparisons were made for 

images of the same magnifications. However, the COOH modification of OFA did not 

eliminate the agglomeration but rather reduced its size as shown in Figures 5.5.2(b) and 

5.5.4(a). Similar results are observed when PE-g-MA was used as compatiblizer.  
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Figure 5.5.1: SEM for pure LDPE at 5µm scale 

 

Figure 5.5.2(a) SEM for LDPE/OFA composite at 2% loading and 5µm scale 
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Figure 5.5.2(b) SEM for LDPE/OFA composite at 2% loading and 10µm scale 

 

Figure 5.5.3: SEM for LDPE/OFA composite at 5% loading and 5µm scale 
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Figure 5.5.4(a) SEM for LDPE/COOH-OFA composite at 2% loading and 10µm scale 

 

Figure 5.5.4(b) SEM for LDPE/COOH-OFA composite at 2% loading and 5µm scale 
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Figure 5.5.5(a) SEM for LDPE/COOH-OFA composite at 5% loading and 5µm scale 

 

Figure 5.5.5(b) SEM for LDPE/COOH-OFA composite at 5% loading and 4µm scale 
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CHAPTER 6 

RESULTS & DISCUSSION 

MECHANICAL AND THERMAL BEHAVIOR OF LDPE/OFA 

COMPOSITE  

It is believed that the enhancement in the polymer‟s thermal properties can be achieved 

by fillers loading which have better strength and heat flow or resistance characteristics. In 

this chapter, we investigated the effect on OFA loading as a filler on the mechanical and 

thermal properties of LDPE. Also the effect of OFA functionalization by acid treatment 

and effect of Polyethylene-grafted-Maleic anhydride addition as a compatiblizer is 

investigated.  

Part A: Mechanical Behavior of LDPE/OFA Composite 

Mechanical behavior of LDPE/OFA composite is observed by tensile testing on Instron 

Mechanical Analyzer. Different properties have been calculated as Young‟s Modulus, 

Elongation to break, Toughness, Yield Strength and Ultimate strength. 3 specimens for 

each composite are analyzed and average values are compared with pure LDPE. 

Comparison between modified and unmodified OFA loading is done and also the effect 

of PE-g-MA is observed. Solid lines with empty and filled box marker show the OFA 

without and with compatiblizer respectively. Dash lines with empty and filled circle 

marker show the COOH-OFA without and with compatiblizer respectively. 
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6.1: Effect of OFA on Young’s Modulus: 

6.1.1: Effect of OFA Loading on Young’s Modulus 

Young‟s Modulus is the measure of the stiffness of an isotropic elastic material. Table 6.1 

shows the results of Young‟s Modulus analysis at 4% strain for 1, 2, 5 and 10 wt% OFA 

loading. Also the %increase in values are calculated and reported in the table. Table 

shows that Young‟s Modulus is linearly relates to the loading of OFA. In each case, the 

Young‟s Modulus increased as we increase the percentage of OFA in the composite.  

Table 6.1: Effect of OFA loading on Young’s Modulus 

Composite 
OFA Loading 

  0% 1% 2% 5% 10% 

LDPE/OFA 

Value (MPa) 112.50 121.57 127.40 141.25 156.90 

% Increase 0.00 8.06 13.24 25.56 39.47 

S.D.  3.80 9.19 8.34 1.63 0.75 

LDPE/COOH-OFA 

Value (MPa) 112.50 129.07 132.00 139.37 157.77 

% Increase 0.00 14.73 17.33 23.88 40.24 

S.D.  3.80 2.19 2.62 3.19 3.35 

LDPE/OFA + PE-g-MA 

Value (MPa) 112.50 130.67 133.17 142.77 166.27 

% Increase 0.00 16.15 18.37 26.91 47.80 

S.D.  3.80 1.02 6.00 3.29 1.54 

LDPE/COOH-OFA + PE-g-MA Value (MPa) 112.50 127.73 133.17 151.90 165.20 
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% Increase 0.00 13.54 18.37 35.02 46.84 

S.D.  3.80 4.17 3.94 3.83 2.69 

Results showed that about 8.06-16.05% increase in Young‟s modulus achieved by only 

1% addition of filler whereas 13.24-18.37% increment achieved by only 2% addition of 

filler. At higher loading, 23.88-35.02% increment achieved by 5% addition while 39.47-

47.80% increment is observed at 10% filler loading. As the three specimens are used for 

each composite sample, standard deviation of three specimens‟ results is also reported. 

The effect of OFA loading is described more efficiently by Figure 6.1.1(a-d). Figure 6.1.1 

(a) and (b) shows the result of as-received and acid-functionalized OFA loading without 

PE-g-MA compatiblizer respectively while the figure 6.1.1 (c) and (d) shows the result of 

as-received and acid-functionalized OFA loading with PE-g-MA compatiblizer 

respectively.  

 

Figure 6.1.1(a): Effect of OFA Loading on Young’s Modulus 
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Figure 6.1.1(b): Effect of COOH-OFA Loading on Young’s Modulus 

 

Figure 6.1.1(c): Effect of OFA Loading with 2% PE-g-MA on Young’s Modulus 
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Figure 6.1.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Young’s 

Modulus 

6.1.2: Effect of OFA Functionalization on Young’s Modulus 

Effect of OFA functionalization with and without PE-g-MA compatiblizer on Young‟s 

Modulus of composites is shown in figure 6.1.2(a-b). Figure 6.1.2(a) shows the effect of 

functionalization without PE-g-MA compatiblizer. It is observed that at lower loading i.e. 

1 and 2 wt%, functionalized fly ash shows good improvement as compare to as-received 

fly ash whereas at higher loading i.e. 5 and 10wt%, both type of fly ash gives almost 

same results.  
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Figure 6.1.2(a): Effect of OFA functionalization without PE-g-MA on Young’s 

Modulus 

 

Figure 6.1.2(b): Effect of OFA functionalization with 2% PE-g-MA on Young’s 

Modulus 
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Figure 6.1.2(b) shows the effect of functionalization in the presence of PE-g-MA. It is 

observed that at lower loading i.e. 1 and 2 wt%, modified and unmodified fly ash gives 

the similar results whereas at 5 wt% loading, a considerable improvement is observed. It 

means that the compatiblizer enhance the dispersion of fly ash into the polymer matrix. 

At 10 wt% fly ash loading, both type of fillers gives the similar results which means that 

optimum condition in this case of functionalization is 5 wt% loading. 

6.1.3: Effect of PE-g-MA Compatiblizer on Young’s Modulus 

Effect of Polyethylene-grafted-Maleic Anhydride with and without OFA surface 

modification on Young‟s Modulus of composites is shown in figure 6.1.3(a-b). Figure 

6.1.3(a) shows the effect of PE-g-MA compatiblizer with unmodified fly ash. It is clearly 

observed that at each loading, the Young‟s Modulus of composites increased by the 

addition of PE-g-MA. It shows that compatiblizer created a good interlink between filler 

and polymer matrix. Figure 6.1.3(b) shows the effect of PE-g-MA with modified fly ash. 

It is observed that at lower loading i.e. 1 and 2 wt%, both type of fly ash gives the similar 

results while at higher loading i.e. 5 and 10 wt%, a considerable improvement is 

observed. The effect of compatiblizer is not observed at lower loading because the 

functionalization already improved the dispersion and improvement reached to it 

optimized condition. But at higher loading, when the more agglomeration may possible, 

the PE-g-MA effects and improved the dispersion more with attached functional group of 

fly ash. 
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Figure 6.1.3(a): Effect of Compatiblizer with OFA Loading on Young’s Modulus 

 

Figure 6.1.3(b): Effect of Compatiblizer with COOH-OFA Loading on Young’s 

Modulus 
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6.2: Effect of OFA on Elongation to Break 

6.2.1: Effect of OFA Loading on Elongation to Break 

Elongation to break is basically the maximum strain or deformation of material before 

rupture. Table 6.2 shows the results of Elongation to break for 1, 2, 5 and 10 wt% OFA 

loading. Also the %decrease in values and standard deviation of 3 specimens‟ results is 

calculated and reported in the table. Table shows that percent Elongation to break is 

linearly relates to the loading of OFA.  

Table 6.2: Effect of OFA loading on Elongation to Break 

Composite 
OFA Loading 

  0% 1% 2% 5% 10% 

LDPE/OFA 

Value % 735 549 492 078 059 

% Decrease 0.00 25.31 33.06 89.39 91.97 

S.D. 1.35 0.19 0.15 0.32 0.03 

LDPE/COOH-OFA 

Value % 735 556 489 154 076 

% Decrease 0.00 24.35 33.47 79.05 89.66 

S.D. 1.35 0.25 0.59 0.54 0.01 

LDPE/OFA + PE-g-MA 

Value % 735 550 479 143 055 

% Decrease 0.00 25.17 34.83 80.54 92.52 

S.D. 1.35 0.10 0.44 0.47 0.09 

LDPE/COOH-OFA + PE-g-MA Value % 735 583 539 128 066 
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% Decrease 0.00 20.68 26.67 82.59 91.02 

S.D. 1.35 0.18 0.14 0.24 0.02 

 

In each case, the Elongation decreased as we increase the percentage of OFA in the 

composite. This is due to reason that by addition of filler, composite becomes more brittle 

and stiff. So, as we increase the OFA concentration, the plasticity of the material 

decreased and it breaks soon. Results shows that a decreases in elongation from 20.68%-

25.31% is observed by only 1% addition and 26.67%-34.83% is observed by 2% addition 

of filler. At higher loading, a large decrement in elongation is observed i.e 79.05%-

89.39% by 5% loading and 89.66%-92.52% by 10% loading. The effect of OFA loading 

is described more efficiently by Figure 6.2.1(a-d). Figure 6.2.1 (a) and (b) shows the 

result of as-received and acid-functionalized OFA loading without PE-g-MA 

compatiblizer respectively while the figure 6. 2.1 (c) and (d) shows the result of as-

received and acid-functionalized OFA loading with PE-g-MA compatiblizer respectively.  
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Figure 6.2.1(a): Effect of OFA Loading on Elongation 

 

Figure 6.2.1(b): Effect of COOH-OFA Loading on Elongation 
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Figure 6.2.1(c): Effect of OFA Loading with 2% PE-g-MA on Elongation 

 

Figure 6.2.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Elongation 
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It is observed by each figure that at initial loading, the decrease in elongation is very 

small as compared to high loading. At 5% OFA loading, the elongation reduced to more 

than 80% which is huge effect. It shows that OFA is dispersed into the polymer matrix, 

reduce its plastic behavior and enhanced the brittleness. The difference between 5-10% 

loading is not very much as compare to 2-5% due to two possible reasons. First is that, 

the optimum condition of dispersion is achieved at 5% loading and secondly, the decrease 

in elongation is reached to such a high value that no more big decrement is possible. It is 

observed the highest standard deviation is obtained in case of pure LDPE because it is 

most amorphous material as compare to composite. As we introduce the OFA filler, the 

crystallinity of the material increased and system becomes more organized and deviation 

in results decreased.  

6.2.2: Effect of OFA Functionalization on Elongation to Break 

Effect of OFA functionalization with and without PE-g-MA compatiblizer on Elongation 

to break of composites is shown in figure 6.2.2 (a-b). Figure 6.2.2(a) shows the effect of 

functionalization without PE-g-MA compatiblizer. It shows that at lower loading i.e. 1 

and 2 wt%, functionalized fly ash shows no improvement as compare to as-received fly 

ash and gives the same decrement. At 5% filler loading, the elongation to break is a little 

increased by functionalization as compare to unmodified fly ash. At 10% loading, 

improvement is observed but less as compare to 5% loading. This is because of 

enrichment of filler particles into the matrix. As the compatiblizer added to the system as 

shown in figure 6.2.2(b), it effects the functionalization more at lower concentration so 

better improvement is achieved at low filler loading with compatiblizer. At higher 

loading, both types of fillers give the same effect with compatiblizer. 
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Figure 6.2.2(a): Effect of OFA functionalization without PE-g-MA on Elongation 

 

Figure 6.2.2(b): Effect of OFA functionalization with 2% PE-g-MA on Elongation 
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6.2.3: Effect of PE-g-MA Compatiblizer on Elongation to Break 

Effect of Polyethylene-grafted-Maleic Anhydride with and without OFA surface 

modification on Elongation to break of composites is shown in figure 6.2.3 (a-b). Figure 

6.2.3(a) shows the effect of PE-g-MA compatiblizer with unmodified fly ash. It is clearly 

observed that no improvement is achieved in elongation by the addition of compatiblizer 

except at the 5% filler concentration and hence gives the optimum condition at 5% 

loading. Figure 6.2.3(b) shows the effect of PE-g-MA with modified fly ash. It is 

observed that at lower loading i.e. 1 and 2 wt%, a very little improvement is achieved but 

at higher concentration, no enhancement is observed by PE-g-MA. So we can conclude 

the compatiblizer doesn‟t affect more on elongation and little difference is due to affect 

on dispersion by compatiblizer. 

 

Figure 6.2.3(a): Effect of Compatiblizer with OFA Loading on Elongation 
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Figure 6.2.4(b): Effect of Compatiblizer with COOH-OFA Loading on Elongation 

 

6.3: Effect of OFA on Toughness 

6.3.1: Effect of OFA Loading on Toughness 
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toughness decreased as we increase the OFA loading in the composite.  
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Table 6.3: Effect of OFA loading on Toughness 

Composite 
OFA Loading 

  0% 1% 2% 5% 10% 

LDPE/OFA 

Value (MPa) 75.33 52.19 47.84 6.32 5.02 

% Decrease 0.00 30.72 36.45 91.61 93.34 

S.D.  14.23 8.34 4.27 2.77 0.24 

LDPE/COOH-OFA 

Value (MPa) 75.33 52.63 45.01 13.38 7.79 

% Decrease 0.00 30.13 40.25 82.24 89.66 

S.D.  14.23 2.78 11.23 4.82 0.05 

LDPE/OFA + PE-g-MA 

Value (MPa) 75.33 53.73 46.90 14.06 5.46 

% Decrease 0.00 28.67 37.74 81.34 92.75 

S.D.  14.23 2.30 4.79 4.66 0.94 

LDPE/COOH-OFA + PE-g-MA 

Value (MPa) 75.33 62.14 58.53 13.52 6.88 

% Decrease 0.00 17.51 22.30 82.05 90.87 

S.D.  14.23 2.39 1.78 2.75 0.27 

As the toughness is the Amount of energy per volume that a material can absorb 

before rupturing, so it depends on the elongation of material. It can be calculate by 

evaluating the area under the curve of stress-strain plot. As we have seen in the table 6.2 

that by increasing the OFA loading in the filler, elongation to break decreases, so the 

toughness is also decreases. At lower loading, 17.51-30.72% and 22.30-40.25% 

decrement is observed by 1 and 2 wt% filler loading. While at higher loading, 81.34-

91.61% and 89.66-93.34% decrement is found by 5 and 10 wt% OFA loading. The effect 
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may describe more efficiently by Figure 6.3.1 (a-d). Figure 6.3.1 (a) and (b) shows the 

result of as-received and acid-functionalized OFA loading without PE-g-MA 

compatiblizer respectively while the figure 6.3.1 (c) and (d) shows the result of as-

received and acid-functionalized OFA loading with PE-g-MA compatiblizer respectively. 

It is observed by each figure that at initial loading, the decrease in toughness is very less 

as compare to high loading. At 5% OFA loading, the toughness reduced to more than 

80% which is huge effect. It shows that OFA is dispersed into the polymer matrix, strain 

hardening and hence the plasticity and enhanced the brittleness. The difference between 

5-10% loading is not very much as compare to 2-5% due to two possible reasons. First is 

that, the optimum condition of dispersion is achieved at 5% loading and secondly, the 

decrease is toughness is reached to such a high value that no more big decrement is 

possible. The same phenomenon is observed in case of elongation to break. It is observed 

the highest standard deviation is obtained in case of pure LDPE because it is most 

amorphous material as compare to composite. As we introduce the OFA filler, the 

crystallinity of the material increased and system becomes more organized and deviation 

in results decreased. 
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Figure 6.3.1(a): Effect of OFA Loading on Toughness 

 

Figure 6.3.1(b): Effect of COOH-OFA Loading on Toughness 

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11%

T
o

u
g

h
n

e
ss

 

%OFA 

OFA (AR)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11%

T
o

u
g

h
n

e
ss

 

%OFA 

OFA(COOH)



82 

 

 

Figure 6.3.1(c): Effect of OFA Loading with 2% PE-g-MA on Toughness 

 

Figure 6.3.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Toughness 
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6.3.2: Effect of OFA Functionalization on Toughness 

Effect of OFA functionalization with and without PE-g-MA compatiblizer on toughness 

of composites is shown in figure 6.3.2 (a-b). Figure 6.3.2 (a) shows the effect of 

functionalization without PE-g-MA compatiblizer. It shows that at lower loading i.e. 1 

and 2 wt%, functionalized fly ash shows no improvement as compare to as-received fly 

ash and gives the almost same decrement. At 5% filler loading, the toughness is increased 

by functionalization. At 10% loading, improvement is observed but less as compare to 

5% loading. This is because of enrichment of filler particles into the matrix. As the 

compatiblizer added to the system as shown in figure 6.3.2(b), it effects the 

functionalization more at lower concentration so better improvement is achieved at low 

filler loading with compatiblizer. At higher loading, both type of fillers gives the same 

extent of decrement with compatiblizer. 

 

Figure 6.3.2(a): Effect of OFA functionalization without PE-g-MA on Toughness 

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11%

T
o

u
g

h
n

e
ss

 

%OFA 

OFA (AR)

OFA(COOH)



84 

 

 

Figure 6.3.2(b): Effect of OFA functionalization with PE-g-MA on Toughness 

6.3.3: Effect of PE-g-MA Compatiblizer on Toughness 
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Figure 6.3.3(a): Effect of Compatiblizer with OFA Loading on Toughness 

 

Figure 6.3.3(b): Effect of Compatiblizer with COOH-OFA Loading on Toughness 
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6.4: Effect of OFA on Yield Strength 

6.4.1: Effect of OFA Loading on Yield Strength 

The Yield strength may be defined as the stress at which a material begins to deform 

plastically and deform permanently. Before this point the material deforms elastically and 

regains its original shape when the applied stress is removed. Table 6.4 shows the results 

of Yield strength for 1, 2, 5 and 10 wt% OFA loading. Also the %increase in values and 

standard deviations are calculated and reported in the table.  

Table 6.4: Effect of OFA loading on Yield Strength 

Composite 
OFA Loading 

 
0% 1% 2% 5% 10% 

LDPE/OFA 

Value (MPa) 9.21 9.37 9.37 10.02 10.49 

% Increase 0.00 1.74 1.74 8.79 13.90 

S.D. 0.62 0.74 0.59 0.07 0.03 

LDPE/COOH-OFA 

Value (MPa) 9.21 9.75 9.84 10.14 12.09 

% Increase 0.00 5.86 6.84 10.10 31.27 

S.D. 0.62 0.13 0.07 0.13 0.16 

LDPE/OFA + PE-g-MA 

Value (MPa) 9.21 10.11 10.77 11.43 12.13 

% Increase 0.00 9.77 16.94 24.10 31.70 

S.D. 0.62 0.42 0.08 0.07 0.06 

LDPE/COOH-OFA + PE-g-MA Value (MPa) 9.21 10.70 11.44 12.25 12.65 
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% Increase 0.00 16.18 24.21 33.01 37.35 

S.D. 0.62 0.51 0.11 0.27 0.49 

 

Table shows that Yield strength is linearly relates to the loading of OFA. In each case, the 

Yield strength increased as we increase the percentage of OFA in the composite. Results 

showed that about 1.74-16.18% increase in Yield strength achieved by only 1% addition 

of filler whereas 1.74-24.21% increment achieved by only 2% addition of filler. At higher 

loading, 8.79-33.01% increment achieved by 5% addition while 13.90-37.35% increment 

is observed at 10% filler loading. As the three specimens are used for each composite 

sample, standard deviation of three specimens‟ results is also reported. The effect of OFA 

loading is described more efficiently by Figure 6.4.1 (a-d). Figure 6.4.1 (a) and (b) shows 

the result of as-received and acid-functionalized OFA loading without PE-g-MA 

compatiblizer respectively. It is observed that at initial loading i.e. 1 and 2 wt%, the yield 

modulus is slightly increased but considerable improvement is achieved at higher loading 

i.e. 5 and 10 wt%. On the other hand, figure 6.4.1 (c) and (d) shows the result of as-

received and acid-functionalized OFA loading with PE-g-MA compatiblizer respectively. 

These figures shows that good enhancement in Yield strength starts even at lower loading 

i.e. 1 and 2 wt% and it continuously increased as we increased the OFA concentration 

into the polymer matrix. 
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Figure 6.4.1(a): Effect of OFA Loading on Yield Strength 

 

Figure 6.4.1(b): Effect of COOH-OFA Loading on Yield Strength 
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Figure 6.4.1(c): Effect of OFA Loading with 2% PE-g-MA on Yield Strength 

 

Figure 6.4.1(d): Effect of COOH-OFA Loading with 2% PE-g-MA on Yield Strength 
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6.4.2: Effect of OFA Functionalization on Yield Strength 

Effect of OFA functionalization with and without PE-g-MA compatiblizer on Yield 

Strength of composites is shown in figure 6.4.2 (a-b). Figure 6.4.2(a) shows the effect of 

functionalization without PE-g-MA compatiblizer. It is observed that at lower loading i.e. 

1 and 2 wt%, functionalized fly ash shows good improvement as compared to as-received 

fly ash. At 5% loading, a very small increment is observed whereas at higher 10 wt%, 

loading, remarkable improvement is achieved. It shows that functionalization creates a 

good interlinking between filler and polymer matrix and make it more hard enhanced its 

elastic properties. 

 

Figure 6.4.2(a): Effect of OFA functionalization without PE-g-MA on Yield Strength 
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Figure 6.4.2(b): Effect of OFA functionalization with PE-g-MA on Yield Strength 
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interlink between filler and polymer matrix. Figure 6.4.3(b) shows the effect of PE-g-MA 

with modified fly ash. Similar to previous result, improvement in Yield Strength is 

observed by addition of PE-g-MA. The effect of compatiblizer is more clear at 1,2 and 

5% loading but the difference is decreased at 10% OFA loading because the 

functionalization already enhanced the elastic strength by creating good interlinking 

between polymer matrix and filler and improvement reached to it optimized condition. 

This condition is not appeared in case of unmodified OFA because there was no 

functional group attached with the surface of fillers.  

 

 

Figure 6.4.3(a): Effect of Compatiblizer with OFA Loading on Yield Strength 
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Figure 6.4.3(b): Effect of Compatiblizer with COOH-OFA Loading on Yield Strength 
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Table 6.5: Effect of OFA loading on Ultimate Strength 

Composite 
OFA Loading 

  0% 1% 2% 5% 10% 

LDPE/OFA 

Value (MPa) 13.87 11.68 10.98 10.17 10.73 

% Decrease 0.00 15.79 20.84 26.68 22.64 

S.D.  1.69 1.05 0.35 0.07 0.03 

LDPE/COOH-OFA 

Value (MPa) 13.87 11.61 10.83 10.21 12.28 

% Decrease 0.00 16.29 21.92 26.39 11.46 

S.D.  1.69 0.23 0.91 0.12 0.20 

LDPE/OFA + PE-g-MA 

Value (MPa) 13.87 11.81 11.32 11.51 12.45 

% Decrease 0.00 14.85 18.39 17.02 10.24 

S.D.  1.69 0.49 0.50 0.13 0.11 

LDPE/COOH-OFA + PE-g-MA 

Value (MPa) 13.87 12.80 12.89 12.40 12.85 

% Decrease 0.00 7.71 7.07 10.60 7.35 

S.D.  1.69 0.64 0.10 0.28 0.37 

 

We have observed that in case of more amorphous structure, the material shows the strain 

hardening in second phase of stress-strain graph and the maximum stress is obtain in this 

plastic portion. Whereas, when the material becomes more crystalline or brittle, the strain 

hardening starts decreasing and maximum stress obtain at yield strength point or in 

elastic region. As we know that pure LDPE is more amorphous material as compare to 
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composite so it shows maximum strain hardening and hence we obtain highest value of 

Ultimate strength. So by low filler loading, maximum stress value decreased and moves 

towards elastic portion due to diminishing of strain hardening. At higher loading, it 

increased due to hardening effect of filler in elastic portion. The effect may describe more 

efficiently by Figure 6.5.1 (a-d). Figure 6.5.1 (a) and (b) shows the result of as-received 

and acid-functionalized OFA loading without PE-g-MA compatiblizer respectively while 

the figure 6.5.1 (c) and (d) shows the result of as-received and acid-functionalized OFA 

loading with PE-g-MA compatiblizer respectively.  

 

 

Figure 6.5.1(a): Effect of OFA Loading on Ultimate Strength 
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Figure 6.5.1(b): Effect of COOH-OFA Loading on Ultimate Strength 

 

Figure 6.5.1(c): Effect of OFA Loading with 2%PE-g-MA on Ultimate Strength 
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Figure 6.5.1(d): Effect of COOH-OFA Loading with 2%PE-g-MA on Ultimate 

Strength 

6.5.2: Effect of OFA Functionalization on Ultimate Strength 

Effect of OFA functionalization with and without PE-g-MA compatiblizer on Ultimate 
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modified filler and compatiblizer, better results are obtained as compare to others 
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Figure 6.5.2(a): Effect of OFA functionalization without PE-g-MA on Ultimate 

Strength 

 

Figure 6.5.2(b): Effect of OFA functionalization without PE-g-MA on Ultimate 

Strength 
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6.5.3: Effect of PE-g-MA Compatiblizer on Ultimate Strength 

Effect of Polyethylene-grafted-Maleic Anhydride with and without OFA surface 

modification on Ultimate Strength of composites is shown in figure 6.5.3 (a-b). Figure 

6.5.3(a) shows the effect of PE-g-MA compatiblizer with unmodified fly ash. It is 

observed that at initial loading i.e. 1 and 2 wt%, the Ultimate Strength of composites is 

similar by the addition of PE-g-MA. At higher loading, 5 and 10 wt%, as the PE-g-MA 

enhanced the dispersion and increased the strength, so better results are obtain with 

compatiblizer. Figure 6.5.3(b) shows the effect of PE-g-MA with modified fly ash. It is 

observed that at each loading, a considerable improvement is observed when PE-g-MA is 

used. It shows good interlinking between functionalized OFA and polymer matrix with 

compatiblizer. At 10% loading, as the functionalization already enhanced the elastic 

strength, so the effect of compatiblizer is less as compare to other loading. 
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Figure 6.5.3(a): Effect of Compatiblizer with OFA Loading on Ultimate Strength 

 

Figure 6.5.3(b): Effect of Compatiblizer with COOH-OFA Loading on Ultimate 

Strength 
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Part B: Thermal Behavior of LDPE/OFA Composite: 

Thermal behavior of LDPE/OFA composite is observed by DSC QA-1000 instrument 

and the results are calculated by TA Universal Analyzer. Different properties have been 

calculated as Melting Point, Percent Crystallinity, Crystallization Peak and On-set 

Temperature. 2 specimens for each composite are analyzed and average values are 

reported. Comparison between modified and unmodified OFA loading is done and also 

the effect of PE-g-MA is observed.  

6.6: Effect on Melting Point: 

The DSC endothermic melting curves of LDPE/OFA composites at different loading with 

and without compatiblizer are shown in figure 6.6.1 (a) and (b) respectively. It is 

observed that the melting curves of pure LDPE and its composites are quite similar. 

There is no considerable effect of fillers is observed on melting point. All variation in the 

results is in the range of 1.4°C. The results of melting point are shown in table 6.6.  

Table 6.6: Effect of OFA loading on Melting Point 

Composite 
OFA Loading 

 
0% 1% 2% 5% 10% 

LDPE/OFA °C 110.9 110.4 110.6 111.2 111.1 

LDPE/COOH-OFA °C 110.9 110.2 110.3 110.7 110.6 

LDPE/OFA + PE-g-MA °C 110.9 110.7 110.9 110.6 109.8 

LDPE/COOH-OFA + PE-g-MA °C 110.9 110.6 111.1 110.6 109.9 
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Figure 6.6.1(a): Endothermic Melting curves of LDPE/OFA composite without 

compatiblizer 

 
Figure 6.6.1(b): Endothermic Melting curves of LDPE/OFA composite with 

compatiblizer 
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The melting point of modified fly ash composites is slightly less as compare to 

unmodified fly ash composite. The results are more precisely demonstrated by figure 

6.6.2. The effect of PE-g-MA compatiblizer on the as-received and acid-functionalized 

fly ash loading is shown in figure 6.6.3 (a) and (b), respectively. It is observed that at low 

loading, the melting point increased slightly however it decreased at higher loading. It 

may be due to agglomeration of fillers at higher loading so that the compatiblizer affects 

more on LDPE. As the PE-g-MA has low melting point as compare to pure LDPE, so the 

melting point of composite decreased. At lower loading, the compatiblizer affects more 

on filler so the effect of low melting point PE-g-MA decreased or remains almost same.  

  

 

Figure 6.6.2: Effect of functionalization of OFA on Melting Point 
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Figure 6.6.3(a): Effect of compatiblizer with OFA loading on Melting Point 

 

Figure 6.6.3(b): Effect of compatiblizer with COOH-OFA loading on Melting Point 
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6.7: Effect on %Crystallization: 

Polymer crystallinity is the arrangement of its molecule into a regular structure. Pure 

LDPE is a semi-crystalline material having crystallinity between 33%-53% [49]. In this 

research, Universal Analysis software is used to calculate Percent Crystallinity based 

upon 293 J/g for the 100 % crystalline material. It is observed the percent crystallinity 

increased by addition of oil fly ash. The results of percent crystallinity are shown in table 

6.7. The increment in percent crystallinity is relates with the dispersion of filler into the 

polymer matrix. Higher degree of crystallinity is achieved by with high dispersion which 

enhances the arrangement of molecules. Whereas the agglomeration of the fillers hinders 

in the arrangement of polymer molecules results in low crystallinity. As we observed the 

high degree of dispersion in achieved in case of modified fly ash which results in 

achievement of maximum crystallinity.  

Table 6.7: Effect of OFA loading on %Crystallinity 

Composite 
OFA Loading 

 
0% 1% 2% 5% 10% 

LDPE/OFA % 41.62 42.99 42.42 43.15 42.70 

LDPE/COOH-OFA % 41.62 43.62 41.14 53.46 45.84 

LDPE/OFA + PE-g-MA % 41.62 46.54 49.36 44.79 43.64 

LDPE/COOH-OFA + PE-g-MA % 41.62 48.95 45.41 54.21 46.71 
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Figure 6.7.1 shows the effect of functionalization on percent crystallinity. At initial 

loading, as both type of fillers showed almost similar dispersion, therefore similar percent 

crystallinity observed at 1 and 2% loading. As the modified fly ash showed high 

dispersion at 5% loading which results in maximum crystallinity. At 10% loading 

crystallinity decreased due to some agglomeration. It shows the optimum conditions are 

achieved at 5% modified fly ash loading. There is no considerable change is observed in 

case of as-received fly ash. Figure 6.7.2 (a) and 6.7.2 (b) shows the effect of PE-g-MA on 

percent crystallinity with unmodified and modified fly ash, respectively. It is observed 

that in both cases, the % crystallinity increased because of some improvement in degree 

of dispersion. The enhancement is more at lower loading as compare to high loading in 

both cases.  

 

Figure 6.7.1: Effect of functionalization of OFA on %Crystallinity 
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Figure 6.7.2(a): Effect of compatiblizer with OFA loading on %Crystallinity 

 

Figure 6.7.2(b): Effect of compatiblizer with COOH-OFA loading on %Crystallinity 
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6.8: Effect on On-Set Temperature: 

On-set temperature is the temperature in cooling curve from where the polymer starts 

developing its crystalline structure. Figure 6.8.1 (a) and (b) shows the cooling curves of 

LDPE/OFA composite at different loading with and without compatiblizer, respectively. 

It is shown that the cooling curves of LDPE and its composites are quite similar. It is 

observed that On-set temperature increased by the addition of OFA. The results of the 

On-Set temperature are given in table 6.8.  

Table 6.8: Effect of OFA loading on On-Set Temperature 

Composite 
OFA Loading 

 
0% 1% 2% 5% 10% 

LDPE/OFA °C 98.2 99.7 99.8 99.4 99.7 

LDPE/COOH-OFA °C 98.2 99.8 99.6 99.1 99.3 

LDPE/OFA + PE-g-MA °C 98.2 99.9 99.5 99.2 98.9 

LDPE/COOH-OFA + PE-g-MA °C 98.2 99.7 99.3 99.3 99.3 

Results showed that there is no considerable difference is achieved in On-Set temperature 

by increase in filler loading. Figure 6.8.2 shows the effect of functionalization on On-set 

temperature. At lower filler concentration i.e. 1 and 2% loading, both type of fillers gives 

almost same results. At 5% loading, the On-set temperature of functionalized fly ash is 

less and this difference decreased again at 10% loading. Also the addition of 

compatiblizer didn‟t make any change in the values of On-set temperature. The effect of 

compatiblizer on unmodified and modified fly ash is shown in figure 6.8.3 (a) and (b), 

respectively.  
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Figure 6.8.1(a): Exothermic Crystallization curves of LDPE/OFA composite without 

compatiblizer 

 

Figure 6.8.1(b): Exothermic Crystallization curves of LDPE/OFA composite with 

compatiblizer 
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Figure 6.8.2: Effect of functionalization of OFA on On-set temperature 

 

Figure 6.8.3(a): Effect of compatiblizer with OFA loading on On-set temperature 
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Figure 6.8.3(b): Effect of compatiblizer with COOH-OFA loading on On-set 

temperature 

6.9: Effect on Crystallization Peak: 

Crystallization peak is the maximum temperature observed in the exothermic cooling 

curve in cooling cycle. A random effect on crystallization peak is observed by the 

addition of OFA as a filler. In case of as-received fly ash, it increased by the filler loading 

and become almost constant. Whereas by the Acid functionalized fly ash loading, initially 

it increased but again decreased at higher loading. LDPE/OFA composites with PE-g-MA 

compatiblizer shows more uniform results for some extent as compare to composites 

without compatiblizer. The results of the Crystallization peak temperature are given in 

table 6.9 
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Table 6.9: Effect of OFA loading on Crystallization Peak 

Composite 
OFA Loading 

 
0% 1% 2% 5% 10% 

LDPE/OFA °C 94.34 95.71 95.75 95.36 96.26 

LDPE/COOH-OFA °C 94.34 96.06 95.79 93.88 95.32 

LDPE/OFA + PE-g-MA °C 94.34 96.41 95.49 95.48 96.05 

LDPE/COOH-OFA + PE-g-MA °C 94.34 95.56 94.69 95.17 95.89 

 

Figure 6.9.1 shows the effect of functionalization on the crystallization peak. At lower 

loading, both type of fillers showed the same results. However, at higher loading, the 

crystallization peak reduces in case of modified fly ash. Effect of PE-g-MA with 

unmodified and modified fly ash on the crystallization peak is shown in figure 6.9.2 (a) 

and (b). At 1% loading, the as-received fly ash shows a very slight increase in 

crystallization peak by the addition of compatiblizer but no considerable change is 

observed at other loadings. In case of modified fly ash, compatiblizer shows a decrement 

in the crystallization peak temperature but it increased at high concentration of filler as 

shown in the figure.  
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Figure 6.9.1: Effect of functionalization of OFA on Crystallization Peak 

 

Figure 6.9.2(a): Effect of compatiblizer with OFA loading on Crystallization Peak 
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Figure 6.9.2(b): Effect of compatiblizer with COOH-OFA loading on Crystallization 

Peak 
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CHAPTER 7 

CONCLUSION AND RECOMMENDATIONS 

7.1. Conclusion: 

The effect of fillers on the properties of polymers has been investigated for several 

decades. The most common particles which got the interests of scientists and engineers 

are carbon nanotubes, nanofibers, nanosphers, clays and metallic nanorods. The addition 

of these particles produces a dramatic enhancement in polymer composites. One of the 

big challenges of this field is the production of cheap, commercial level fillers to affect 

the polymer properties on cost effective basis. In this study, oil fly ash is used as a filler 

to improve the Low density Polyethylene performance. Surface modification of fly ash 

was done by acid treatment method in order to enhance the polymer-filler interaction. 

Optimization of different parameters is one of the major challenges of the research work. 

LDPE/OFA composites were prepared by melt mixing method and rheological, 

morphological, mechanical and thermal properties were investigated. Also the effect of 

Polyethylene-grafted-Maleic Anhydride (PE-g-MA) as a compatiblizer was observed. 

 Following conclusions are made by this research work: 

 The functionalization of OFA surface is achieved by H2SO4:HNO3 acid mixture 

with different composition and also the effect of air-oxidation is observed. 

 FTIR results shows that the injection of air for oxidation during the surface 

modification method enhanced the functionalization of fly ash.  Also it is 

observed that the attachment of carboxylic group to the surface of fly ash 
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increased with increase in the concentration of nitric acid into the acid mixture 

upto 15%. After that, decrement in attached acidic functional group and 

attachment of some unsaturated groups is observed. 

 Spot Analysis shows that the carbon to oxygen ratio increased by the surface 

modification of fly ash. Percent content of oxygen is more in case of air oxidation 

method. Also the carbon to oxygen ratio increased with increase in nitric acid 

concentration in acid mixture. 

 XRD analysis shows the increment in carbon crystalline structure by surface 

modification of fly ash. The improvement is increased by air oxidation and also 

by increased in nitric acid concentration into the acid mixture upto 15%.  

 Rheological characterization of LDPE/OFA composites is done by ARES 

rheometer and properties are calculated by TA Orchestrator software. 

 An increase in storage modulus and loss modulus is observed by the addition of fly 

ash. 

 In case of as-received fly ash, good dispersion is achieved at 1 and 2% filler 

loading but some agglomeration is observed at 5 and 10% loading. However, the 

acid functionalized fly ash shows remarkable results even at high loading. It 

shows that the polymer-filler interaction increased by surface modification of 

filler and hence the dispersion increased. The optimum results are obtained at 5% 

loading of surface modified fly ash. 

 Cross over point and cross over frequency increased with filler loading in case of 

as-received fly ash while it decreased after surface modification of filler. It is the 

clear evidence to better dispersion of acid-functionalized fly ash. 
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 Cole-Cole plot shows two phase system due to agglomeration of fillers at 5 and 

10% loading of as-received fly ash. However, no such type of observation is 

observed in case of modified fly ash.  

 Addition of PE-g-MA enhanced the dispersion of both modified and unmodified fly 

ash. However the properties of composites slightly decreased due to low viscosity 

of PE-g-MA itself.  

 FE-SEM analysis is done to observe the distribution fly ash in the polymer matrix. 

Results shows that particles are more distributed in case of modified fly ash as 

compare to unmodified fly ash. A slight agglomeration is observed in as-received 

LDPE/OFA composite images.  

 Mechanical analysis of LDPE/OFA composites is done by Instron Mechanical 

testing machine. Young‟s Modulus, Elongation to break, Toughness, Yield 

Strength and Ultimate Strength is calculated. 

 The Young‟s Modulus of the polymer composite increased with increased in filler 

concentration. Also the PE-g-MA enhanced the results more by improving the 

dispersion of fillers. Maximum increment of 47.80% and 46.84% is observed with 

PE-g-MA at 10% unmodified and modified fly ash loading, respectively. 

 The elongation to break and toughness decreased with increase in filler 

concentration. This shows that the polymer becomes stiffer by the addition of 

filler and its plasticity decreased. A dramatic change is observed from 2% to 5% 

loading. Modified fly ash and compatiblizer shows some good improvement as 

compare to unmodified fly ash. 
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 The yield strength of polymer composite an increase with increased in OFA 

concentration. It is observed that the modified fly ash shows better improvement 

as compared to unmodified fly ash. Also the PE-g-MA increased the modulus by 

an increase in the degree of dispersion of filler. Maximum increment of 37.35% is 

observed in case of modified fly ash with compatiblizer.  

 Thermal analysis of LDPE/OFA composites was done by DSC QA-1000 

instrument and results are calculated by TA Universal Analyzer. Melting Point, 

percent crystallinity, crystallization peak and on-set temperature is calculated. 

 An increase in percent crystallinity of composite is observed by addition of filler. 

The increment is related to the degree of dispersion of filler. However, no 

considerable change in melting point and on-set temperature is observed. A 

random effect on crystallization peak is observed by increasing the filler 

concentration. 

 Melting and crystallization curves of LDPE composites showed the similar trend as 

observed in Pure LDPE. 

Form the above results, it is concluded that OFA can be used as a filler to enhance the 

properties of LDPE and reduce the amount of polymer in the composites. Finally, the use 

of chemically modified oil fly ash proved to be very useful for the improvement of the 

properties of polyethylene composites up to 10% by weight. The use of such waste 

material in expected to reduce the amount of polymer composite and reduce its impact on 

environment. 
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7.2. Recommendation: 

In the light of above research work, we recommend the following future work for further 

investigation of this field: 

 Different types of techniques can be used to attach different types of functional 

groups for the modification the OFA surface. 

 The effect of OFA on the extensional rheology of the polymer can be investigated. 

 The OFA can be used with different type of polymers to see the effect on different 

polymer structures. 
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A-1: FTIR Spectra of as-received OFA 

 

A-2: FTIR Spectra of OFA modified by 95%-H2SO4:5%-HNO3 acid mixture without 

air-oxidation 
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A-3: FTIR Spectra of OFA modified by 95%-H2SO4:5%-HNO3 acid mixture with air-

oxidation 

 

A-4: FTIR Spectra of OFA modified by 90%-H2SO4:10%-HNO3 acid mixture with Air-

oxidation 
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A-5: FTIR Spectra of OFA modified by 85%-H2SO4:15%-HNO3 acid mixture with Air-

oxidation 

 

A-6: FTIR Spectra of OFA modified by 80%-H2SO4:20%-HNO3 acid mixture with Air-

oxidation 
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A-7: Effect of OFA-functionalization at 1% loading on Storage Modulus 
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A-8: Effect of OFA-functionalization at 2% loading on Storage Modulus 
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A-9: Effect of OFA-functionalization at 10% loading on Storage Modulus 
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A-10: Effect of PE-g-MA at 1% OFA loading on Storage Modulus  
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A-11: Effect of PE-g-MA at 2% OFA loading on Storage Modulus  
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A-12: Effect of PE-g-MA at 10% OFA loading on Storage Modulus  
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A-13: Effect of PE-g-MA at 1% COOH-OFA loading on Storage Modulus  
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A-14: Effect of PE-g-MA at 2% COOH-OFA loading on Storage Modulus  
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A-15: Effect of PE-g-MA at 10% COOH-OFA loading on Storage Modulus  
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A-16: Effect of OFA-functionalization at 1% loading on Loss Modulus 
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A-17: Effect of OFA-functionalization at 2% loading on Loss Modulus 
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A-18: Effect of OFA-functionalization at 10% loading on Loss Modulus 

 



136 

 

 

A-19: Effect of PE-g-MA at 1% OFA loading on Loss Modulus 
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A-20: Effect of PE-g-MA at 2% OFA loading on Loss Modulus 
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A-21: Effect of PE-g-MA at 10% OFA loading on Loss Modulus  
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A-22: Effect of PE-g-MA at 1%COOH-OFA loading on Loss Modulus 
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A-23: Effect of PE-g-MA at 2%COOH-OFA loading on Loss Modulus 
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A-24: Effect of PE-g-MA at 10%COOH-OFA loading on Loss Modulus 
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A-25: Stress-Strain Curve of as-received LDPE 
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A-26: Stress-Strain Curve of LDPE/OFA composite at 1% unmodified fly ash loading 

without compatiblizer 
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A-27: Stress-Strain Curve of LDPE/OFA composite at 2% unmodified fly ash loading 

without compatiblizer 
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A-28: Stress-Strain Curve of LDPE/OFA composite at 5% unmodified fly ash loading 

without compatiblizer 
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A-29: Stress-Strain Curve of LDPE/OFA composite at 10% unmodified fly ash loading 

without compatiblizer 
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A-30: Stress-Strain Curve of LDPE/OFA composite at 1% unmodified fly ash loading 

with compatiblizer 
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A-31: Stress-Strain Curve of LDPE/OFA composite at 2% unmodified fly ash loading 

with compatiblizer 
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A-32: Stress-Strain Curve of LDPE/OFA composite at 5% unmodified fly ash loading 

with compatiblizer 
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A-33: Stress-Strain Curve of LDPE/OFA composite at 10% unmodified fly ash loading 

with compatiblizer 
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A-34: Stress-Strain Curve of LDPE/OFA composite at 1% modified fly ash loading 

without compatiblizer 
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A-35: Stress-Strain Curve of LDPE/OFA composite at 2% modified fly ash loading 

without compatiblizer 
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A-36: Stress-Strain Curve of LDPE/OFA composite at 5% modified fly ash loading 

without compatiblizer 
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A-37: Stress-Strain Curve of LDPE/OFA composite at 10% modified fly ash loading 

without compatiblizer 
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A-38: Stress-Strain Curve of LDPE/OFA composite at 1% modified fly ash loading 

with compatiblizer 
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A-39: Stress-Strain Curve of LDPE/OFA composite at 2% modified fly ash loading 

with compatiblizer 
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A-40: Stress-Strain Curve of LDPE/OFA composite at 5% modified fly ash loading 

with compatiblizer 
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A-41: Stress-Strain Curve of LDPE/OFA composite at 10% modified fly ash loading 

with compatiblizer 
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