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ABSTRACT 
Fly ash, a by-product of thermal power plants available in abundance, is not an eco-friendly 
material. If ways can be found to use this, it will serve the twin purposes of facilitating 
applications for the ash bearing materials and at the same time reduce pollution. One way to 
achieve this task is to make ash–bearing composites having polymer matrices.  
In this manuscript we have attempted to study the effect of untreated and treated fly ash on 
the properties of Polypropylene filled compositions, which is to make an effective utilization 
of the fly ash as a filler material by carrying out the surface modification of the filler prior to 
compounding. Coupling agents used for the following research are aminostearamide and 
polyisobutylene amine. Properties investigated on the filled polymers were tensile strength 
and impact strength, etc. Comparison of the properties of the composites filled with 
untreated and treated fly ash in Polypropylene established that prior surface treatment of fly 
ash leads to better mechanical properties. It was found that the treated fly ash filled 
Polypropylene compositions showed improvement in % Elongation and Impact strength and 
with marginal reduction in tensile strength as compared to untreated fly ash filled 
Polypropylene compositions. 
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INTRODUCTION 
Major environmental issues are now 

coming to the forefront in all parts of the 
globe with increased public awareness of the 
human health effects and the possible effects 
on our global environment. Coal-burning 
power plants that consume pulverized solid 
fuels produce large amounts of fly ash. These 
are the finely divided mineral residues 
resulting from the combustion of ground or 
powdered coal in electric power generating 
plant. The fly ash consists of inorganic, 
incombustible matter present in the coal that 

has been fused during combustion into a 
glassy, amorphous structure. This material is 
solidified while suspended in the exhaust 
gases and is collected by particulate emission 
control devices, such as electrostatic 
precipitators or filter fabric bag houses. Fly 
ash, often called pulverized fuel ash, is the 
largest produced industrial waste in the 
world, mainly due to the global reliance on 
the coal-fired power plants. Since the 
particles solidify while suspended in the 
exhaust gases, fly ash particles are mostly 
spherical in shape and range in size from 0.5 
m to 100 m. They consist mostly of 
mullite (3Al2O3. 2SiO2), quartz (SiO2), * Author for correspondence 
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aluminium oxide (Al2O3), hematite (Fe2O3), 
lime (CaO) and gypsum (CaSO4. 2H2O). As a 
result it possesses various physical, chemical 
and mineralogical properties, depending on 
the mineralogical composition of the used 
coal and on the combustion technology. 

About 75% of India’s energy supply is 
coal based and shall be so for the next few 
decades. There are about 82 utility thermal 
power stations to produce approximately 110 
million tonnes of fly ash per annum in the 
Country. Nearly 38% of the fly ash waste is 
utilized in the Country at present, in various 
fields including landfills, cement making and 
concrete product making such as bricks, 
blocks and tiles, in road making, in filling of 
the mines. Many investigations have been 
carried out towards the effective utilization 
of fly ash and with understanding of potential 
environmental and health impacts associated 
with its disposal by land filling.1 Due to 
environmental regulations, new ways of 
utilizing fly ash have to be explored in order 
to safeguard the environment and provide 
useful ways for its disposal.2 Attempts have 
been made earlier to utilize this fly ash waste 
in the polymer or rubber industry in making 
polymeric composites where fly ash is being 
used as inorganic particulate filler without 
much breakthrough. The utilization of fly ash 
is determined by their properties such as 
fineness, specific surface area, particle shape, 
hardness, freeze-thaw resistance, etc.3-12 
Hence increased ash utilization will not only 
solve the problems of disposal but also bring 
other environmental benefits.13 

Using fillers for composites has long 
been a practice in the plastic industry either 
to reduce the cost or to impart certain 
properties.14 However, the use of fly ash as a 
filler is still not widespread. The main 
reasons are the weak interfacial bonding 
between untreated fly ash and polymer, and 

the low whiteness value resulting in an 
undesirable appearance to the final product. 
To overcome these problems, a variety of 
surface modification technologies, involving 
addition of coupling agents followed by 
mechanical mixing, have been widely used to 
make properly tailored interface, which can 
leads to improved toughness without much 
affecting the strength.15  

Polypropylene’s attractive characters of 
low cost, low weight, heat distortion 
temperature above 100 0C, and extraordinary 
versatility in terms of properties, applications 
and recycling. The consumption growth rates 
have been high, with the material becoming 
widely used in various industrial areas for 
fibers, films and injection molding articles. 
Further modification of polypropylene by 
adding fillers, reinforcements, or blends of 
special monomers or elastomers can render it 
more flexible with a variety of other 
properties, and its competitiveness in 
engineering resin applications has greatly 
improved.16 
Objectives 

The objective of this work was to study 
the effects on the mechanical, thermal and 
fractured surface morphological properties 
due to addition of untreated and surface 
treated fly ash in the Polypropylene. The 
ultimate goal was to develop a solution that 
would ensure the continued successful 
application of fly ash as a filler in plastics by 
use of surface modification of the filler prior 
to compounding. 

MATERIAL AND METHODS 
Polypropylene (PP, IPCL/Reliance of 

Grade (M 0030) with MFI 10 gm / 10 min 
and density 0.905 gm / cm3) was used as the 
polymer matrix. Fly ash was supplied by 
DIRK India Pvt. Ltd. Nashik, India having a 
specific gravity of 2.3 gm / cm3, Specific 
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Surface Area 280 m2 / Kg, and average 
particle size below 45 m. 

Two types of coupling agents used were 
aminostearamide and polyisobutylene amine 
supplied by M/s. Yuvraj Chemicals Pvt. Ltd, 
Pune, India. 
Surface treatment of Fly ash  

10 wt % of coupling agent was mixed in 
n-Hexane and was dissolved completely. 
This coupling agent solution was then added 
to the fly ash and mixed thoroughly. The 
treated fly ash was then dried at 60-80ºC for 
2 hrs.  
Preparation of the composites  

The compounding of Polypropylene with 
various concentrations of 0, 10 20, 30, 40 
weight percent (%) of the untreated and 
treated fly ash filler were carried out on 
extruder. In this process, the temperature 
profiles in the barrel were: Zone 1- 190 0C, 
Zone 2-220 0C, Zone 3-230 0C, and die 
temperature- 240 o C and the screw rotation 
rate of 60 rpm was used and then extruded 
strands were then pelletized. The resulting 
pellets were injection molded to produce the 
Tensile, Izod Impact test specimens of PP 
composites. All the samples were 
conditioned for 24 hours prior to testing. The 
resulting samples were used for the study of 
mechanical and thermal properties.       
Procedure  

Tensile properties were measured using 
dumb-bell shaped specimens on a Tensile 
Testing Machine, Model No STS-248, India, 
(Praj Laboratory, Kothrud, Pune) according 
to ASTM D638 procedure at 100% strain 
rate (initial crosshead separation 5cm and 
crosshead speed 25mm/min). Izod impact 
strength values were evaluated on a Zwick 
Izod Impact tester (Digital), Model No: 
S102, Germany, (Praj Laboratory, Kothrud, 
Pune) according to ASTM D256 test 
procedure using notch samples.  

Thermal properties such as Vicat 
Softening Point (VST) of all samples were 

measured by using Davenport Vicat 
Softening Point Instrument, U.K. (Praj 
Laboratory, Kothrud, Pune) according to 
ASTM D1525. The specimen was dipped in 
silicon oil bath, which was heated at the rate 
of 50 – 120oC/min. the oil bath was 
continuously stirred and circulated to 
maintained uniform temperature. A load of 
64 psi was applied on the given sample 
through a pin (1 mm2) placed on the 
specimen. The test recorded the temperature 
at which the pin penetrated to depth of 1 mm. 
Each test was duplicated for other samples. 

RESULTS AND DISCUSSION 
Tensile properties 

The results of tensile tests were shown in 
Table 1. In general Yield Stress (σy), Yield 
Elongation (εy), and Breaking Strength (σb), 
Breaking Elongation (εb) values decreased 
with increasing filler content. Surface 
treatment of fly ash with the coupling agents 
aminostearamide and polyisobutylene amine 
had significant effect on all the above 
properties. The Yield Stress and Breaking 
Strength values of aminostearamide treated 
fly ash filled PP composites were marginally 
less than those with untreated one  
up to 20% concentration. However, at  
higher concentration (30%, 40%) of 
aminostearamide treated fly ash filled PP 
composites showed improvement in Yield 
Stress, Yield Elongation, and Breaking 
Strength, Breaking Elongation values as 
compared to untreated one. 

The Yield Stress, Yield Elongation and 
Breaking Strength, Breaking Elongation 
values of polyisobutylene amine treated fly 
ash filled PP composites were marginally 
improved at 20% concentration as compared 
to untreated and aminostearamide treated fly 
ash filled PP composites. However, at 30% 
and 40% of polyisobutylene amine treated 
fly ash loading in PP showed lower 
performance as compared to 
aminostearamide treated fly ash filled PP 
composites.  



Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009 
 

196 
 

Table 2 : Values of Relative Yield Stress and Relative Strain at Break of 
PP/fly ash composites 

 

Sample Composition Relative Yield Stress (σ c / σ p)  Relative Strain at Break (ε c / ε p)   

  (a) (b) (c) (a) (b) (c) 

PP (unfilled) 1 1 1 1 1 1 

PP+Fly ash 10 wt% 0.9 0.89 0.88 0.95 0.97 0.91 

PP+Fly ash 20 wt% 0.83 0.82 0.86 0.97 1.01 1.07 

PP+Fly ash 30 wt% 0.78 0.84 0.8 0.87 0.99 0.85 

PP+Fly ash 40 wt% 0.66 0.87 0.703 0.62 0.85 0.78 

Column (a) values with untreated fly ash; column (b) values with aminostearamide treated fly ash; 
column (c) values with polyisobutylene amine  treated fly ash. 

Table 3 : Values of Izod Impact Strength and Relative Izod Impact Strength of 
PP/fly ash composites 

Sample Composition Izod Impact Strength (J/m)  Relative Izod Impact Strength (I c / I p)   

  (a) (b) (c) (a) (b) (c) 

PP (unfilled) 30.02 30.02 30.02 1 1 1 

sPP+Fly ash 10 wt% 28.1 25.77 25.63 0.94 0.86 0.85 

PP+Fly ash 20 wt% 27.55 28.65 30.56 0.92 0.95 1.02 

PP+Fly ash 30 wt% 22.62 31.11 28.65 0.75 1.04 0.95 

PP+Fly ash 40 wt% 18.37 25.08 19.33 0.61 0.84 0.64 

Column (a) values with untreated fly ash; column (b) values with aminostearamide treated fly ash; 
column (c)values with polyisobutylene amine  treated fly ash. 
 
  

Table 1 : Tensile Properties of PP/fly ash composites 
 
Sample 
Composition 

Yield Stress 
σyx10-3 (Psi) 

Yield Elongation 
εy (%) 

Breaking Strength 
σbx10-3 (Psi) 

Breaking Elonagtion εb 
(%) 

  (a) (b) (c) (a) (b) (c) (a) (b) (c) (a) (b) (c) 

PP (unfilled) 4.64 4.64 4.64 6.24 6.24 6.24 3.56 3.56 3.56 11.98 11.98 11.98 
PP+Fly ash 10 

wt% 4.18 4.14 4.07 5.99 5.79 6.91 3.74 2.8 3.37 11.32 11.57 10.92 
PP+Fly ash 20 

wt% 3.83 3.81 3.97 5.99 6.18 6.84 3.43 3.29 3.6 11.64 12.11 12.89 
PP+Fly ash 30 

wt% 3.6 3.89 3.69 6.05 5.59 4.93 3.37 3.44 2.79 10.46 11.97 10.13 
PP+Fly ash 40 

wt% 3.05 4.05 3.27 4.77 6.97 5.26 2.9 3.79 3.04 7.37 10.13 9.34 

Column (a) values with untreated fly ash; column (b) values with aminostearamide treated fly ash; 
column (c) values with polyisobutylene amine  treated fly ash. 
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Fig. 1 : Variation in Relative Yield Stress (σ c / σ p) of PP/untreated fly ash (PPUFA); PP/ 
aminostearamide treated fly ash (PPTFA); PP/ polyisobutylene amine treated fly ash 

(PPT2FA) composites against ΦF. 
Dotted curves represents predicted behavior according to equation (1) indicated. 

 
 
 
 
 
 
 
 
 
 

Fig. 2 : Variation in Relative Strain at Break (ε c / ε p) of PP/untreated fly ash (PPUFA); PP/ 
aminostearamide treated fly ash (PPTFA); PP/ polyisobutylene amine treated fly ash 

(PPT2FA) composites against ΦF. 
 
 
 
 
 
 
 
 

Fig. 3 : Variation in Relative Izod Impact Strength (I c / I p) of PP/untreated fly ash (PPUFA); 
PP/ aminostearamide treated fly ash (PPTFA); PP/ polyisobutylene amine treated fly ash 

(PPT2FA) composites against ΦF. 
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It was observed that due to surface 
treatment of fly ash filler by 
aminostearamide the value of Breaking 
Elongation of PP filled composites was 
improved at all the filler loadings, although 
Yield Elongation and Breaking Elongation 
values of polyisobutylene amine treated fly 
ash filled PP composites showed marginal 
improvement up to 20% concentration. 

It was also observed that as the 
concentration of untreated fly ash filler 
increased the Yield Stress and Breaking 
Elongation values decreased continuously. 
The rate of reduction of the Yield Stress and 
Breaking Elongation was higher in case of 
untreated fly ash filled PP composites as 
compared to treated fly ash filled PP 
composites. The above observations were in 
good agreement with the importance of 
surface modifications of fillers and the extent 
of adhesion with polymer matrix. 

The Yield Stress of both treated and 
untreated fly ash filled PP composites 
decreased with increase in filler content. 
Table 2 depicts the variation in Relative 
Yield Stress (σ c / σ p) and Relative Strain at 
Break (ε c / ε p) of PP filled with untreated 
and treated fly ash composites. The 
dependence of the Relative Yield Stress (σ c / 
σ p) (ratio of the yield stress of the 
composite, subscript c, and of the non filled 
polymer, subscript p) on the volume fraction 
of the filler ΦF was shown in Fig. 1.  

The yield stress data were compared 
using the following equation:17 

3/21/ Fpc K       (1) 

where the parameter K indicates extent of 
adhesion between the filler and the polymer. 

For spherical shaped fillers K equals 0 
for perfect adhesion and 1.21 for no 
adhesion. The data for untreated fly ash 
particle filled PP composites showed a good 
fit with the curve with K==0.95. While for 
aminostearamide treated fly ash filled PP 

composites showed a good fit with the curve 
with K=0.6 and for polyisobutylene amine 
treated Fly ash filled PP composites showed 
the data lies in between K=0.6-0.95. This 
suggests a better adhesion of treated fly ash 
than the untreated fly ash with PP. The 
aminostearamide treated fly ash showed 
much better adhesion than polyisobutylene 
amine treated fly ash with PP. 

This was also supported by the trend of 
variation of Relative Strain at Break (ε c / ε p) 
of PP filled with untreated and treated fly ash 
as shown in Table 2. Fig. 2 represents the 
variation in Relative Strain at Break of PP 
filled with untreated and treated Fly ash.  

Impact strength 
Table 3 showed the values of Izod 

Impact Strength and Relative Izod Impact 
Strength of PP/fly ash Composites. From the 
Table 3, the Relative Impact Strength (Ic / Ip) 
of the untreated fly ash filled PP composites 
decreased with increasing filler content. 
While the impact performance of the treated 
fly ash filled PP composites showed 
significant improvement as compared to 
untreated filled compositions beyond 10% 
and at higher filler concentration the 
aminostearamide treated fly ash filled PP 
composites showed much improved 
performance to that with polyisobutylene 
amine treated fly ash filled PP. The above 
results also support the improvement in 
adhesion of aminostearamide treated fly ash 
with PP matrix as compared to 
polyisobutylene amine treated fly ash with 
PP matrix. 

The trend in variation in Relative Izod 
Impact Strength of PP filled with untreated 
and treated fly ash against volume fraction of 
fly ash was presented in Fig. 3. 

Thermal properties 
Values of Vicat Softening Point or 

Temperature (VST) for all untreated and 
treated fly ash filled PP composites were 
shown in Table 4.  Vicat Softening Point 
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Table 4 : Values of Vicat Softening Point or Temperature (VST) of  
PP/fly ash Composites 

Sample Composition Vicat Softening Point or Temperature (VST)  

  (a) (b) (c) 

PP (unfilled) 152 152 152 

PP+Fly ash 10 wt% 153 153 153 

PP+Fly ash 20 wt% 155 155 154 

PP+Fly ash 30 wt% 158 157 156 

PP+Fly ash 40 wt% 160 157.5 157 
Column (a) values with untreated fly ash; column (b) values with aminostearamide treated fly ash; 
column (c) values with polyisobutylene amine  treated fly ash. 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 : Variation in Vicat Softening Point or Temperature (VST)  of PP/untreated fly ash 
(PPUFA); PP/ aminostearamide treated fly ash (PPTFA); PP/ polyisobutylene amine treated 

fly ash (PPT2FA) composites against ΦF. 

may be taken as the material ultimate use 
temperature for a short period of time. From 
the Table 4, it was observed that the values 
of VST increased with increase in filler 
content and the values for aminostearamide 
treated fly ash filled composition showed 
much better improvement than 
polyisobutylene amine treated fly ash filled 
PP composition. But at higher loadings of fly 
ash, the stiffening effect of PP was more in 
untreated filled composites than treated 

composites, which supports the better 
adhesion, and proper distribution of treated 
fly ash in PP at higher loading of the fly ash. 
The trend in VST of all filled compositions 
also supports the variation in Breaking 
Elongation values of the untreated and 
treated fly ash filled compositions. Fig. 4 
showed the variation in VST of PP filled 
with untreated and treated fly ash as a 
function of filler content. 
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CONCLUSION 
Following conclusions could be drawn 

from this study: 
 The aminostearamide and 
polyisobutylene amine both can act as a 
coupling agent for the fly ash filled 
polymeric composites.  
 The addition of untreated fly ash in PP 
leads to reduction in Yield stress and 
Breaking Elongation values drastically at 
higher lading, whereas upto 10% loading 
gives comparable performance as that of PP 
matrix. Surface treatment of fly ash with the 
aminostearamide leads to improvement in 
Yield stress and Breaking Elongation values 
at higher concentration (30 %, 40 %) and 
surface treatment of fly ash with the 
polyisobutylene amine leads to marginal 
improvement in Yield stress and Breaking 
Elongation values at 20 % loading as 
compared to untreated fly ash filled 
compositions. 
 Untreated fly ash particle filled PP 
composites showed a good fit with the curve 
with K=0.95. While for aminostearamide 
treated fly ash filled PP composites showed a 
good fit with the curve with K=0.6 and for 
polyisobutylene amine treated fly ash filled 
PP composites showed the data lies in 
between K=0.6-0.95. 
 The effect of the surface treatments leads 
to significant improvement in the Relative 
Impact Strength value as compared to 
untreated filled compositions beyond 10% 
and at higher filler concentration the 
aminostearamide treated fly ash filled PP 
composites showed much improved 
performance to that with polyisobutylene 
amine treated fly ash filled PP. The values of 
VST also showed the improvement with 
increase in the fly ash content.  
 The improvement in all the properties 
was due to the better adhesion of treated fly 

ash than the untreated fly ash with PP and 
uniform dispersion in PP. Further, the 
treatment of filler resulted in incorporating 
the filler in composites to a higher extent 
without compromising for quality. 
 The aminostearamide treated fly ash 
showed much better adhesion than 
polyisobutylene amine treated fly ash with 
PP. 
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