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Abstract 

Industrial waste like fly-ash which is producing environmental problems, is mainly used as a construction material due to its low 
cost and easy availability. Disposal of such wastes is the major issue faced by the thermal power plant these days.But the main 
disadvantage of these bricks is its low strength. So, a lot of research is going on to increase the strength of these 
bricks.The present research work is carried out to develop a new systematic procedure to produce fly ash composite bricks 
through powder metallurgy route which will have higher compressive strength. Here the fly-ash is mixed with Cold setting resin 
at different proportions to find out a solution to the brick industry. Morphological changes, Wear behavior & Phase analysis of 
these compacts are characterized through Scanning electron microscopy (SEM), Ball on plate Wear tester & X-ray diffraction 
study (XRD). 
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troduction 

ossil fuel plays an important part in meeting the demand for power generation. Coal is considered to be one of 
orld’s richest and widely distributed fossil fuel. In order to meet the increasing challenging demands, many 

based thermal power plants have been constructed. As a result of which huge amount of combusted residue in 
orm of Fly ash (80%), and Bottom ash (20%) has been produced. It has been estimated that 75% of India’s total 
lled power is thermal of which the share of coal is 90%. About 600 MT of coal is produced worldwide every 
 with fly ash generation is 500 MT at (60–80%) 0f whole ash produced [1, 2]. Currently only 50% of the Fly ash 
ing profitably utilized in India [3].  The most common and feasible ways to utilize these industrial wastes 
ucts is to go for construction of roads, highways and embankments [4].  
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Nomenclature 

CSH Calcium Silicate Hydrate 
CASH Calcium Aluminate Silicate Hydrate 
FA Fly ash 

 
FA can also be known by its different name such as Coal ash, Pulverized Flue ash and Pozzolona [5] i.e., hard and 
cementing compound forms in presence of moisture.  
In addition FA possesses Pozzolona property which is characterized by its light weight, silicate glassy appearance, 
spherical in shape alkaline and refractory in nature. FA bricks show better mechanical and physicochemical 
properties which includes low dense structure with high strength, negligible porosity and shrinkage, excellent 
thermal stability and durability, high surface hardness fire and chemical resistance than conventional earthen bricks 
[6].    

In the present study the cold setting resin powder is mixed with the fly-ash at various percentages and its 
mechanical properties were evaluated. The SEM shows that FA particles are mostly spherical, messy, and irregular 
in shape and how the material erosion takes place. The XRD pattern reveals the formation of new CSH and CASH 
bond.  

2. MATERIALS AND METHOD: 

2.1 Fly Ash  

The Fly ash used in this project was collected from electrostatic precipitators of the captive power plant (CPP-II) in 
dry condition. The fine powders were oven dried at 110 oC– 160 oC and kept in air tight bottle for later use.  

2.2 Mixing   
Three different weight percentages of Fly ash and resin powder with (75%, 80% and 85%) and (25%, 20% and 

15%) were taken respectively. These compositions were mixed thoroughly by a mechanical vibrator (Abrasion 
Tester Model PEI-300), to get a homogenous mixture.   

 
2.3 Compaction  

Cylindrical die and punch having 15 mm diameter made of stainless steel was used to make cylindrical Fly ash 
compacts. Mixture of approximately 5 gm. was taken for each composition. Maximum of 6 tons of load was applied 
on it very slowly. Compact was ejected from the Die in the same direction as the compression and was kept in 
normal atmosphere for 1 day. The cold setting liquid (hardener) was applied on the surface of the compacted 
samples with the help of a dropper, so as to harden the newly made compacts. The amount of Hardener used was 
1/6th or 1/4th of the mixture. Hence in this way twelve samples for each composition were made. All the samples 
were dried for two days. 

3.0-Result and Discussion 

(A) Wear and Friction study 
 

Wear characteristics of FA compacts were carried out at different loads of 10N and 20N. Fig.1 (a) & (b) shows the 
plot between wear depth (μm) and time (s) of dry & wet compacts at load of 10N. For dry compacts, It can be seen 
that the wear resistance of 80 wt. % of FA composition is less as compared to the other two FA compositions. In 
Case of wet compacts, 75 wt. % FA compact is less resistant than other two. The wear depth decreases in case of 
wet sample to a value of (275-250 μm) and is lower than dry compacts (350-280 μm). Fig.1 (c) and (d) shows the 
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plot between wear depth (μm) and time (s) of dry and wet compacts at load of 20 N respectively. From figure (c), it 
can be seen that by applying load of 20 N the wear depth increases to a value of 350-450 μm which is comparatively 
higher than that of 10 N weared dry compacts. 
Since wet compacts are very much harder than the dry one hence by the application of 20 N load smooth curves 
appears as shown in fig. (d). The wear depth value in this case decreases little bit and this curve follows the trend of 
steady state. It can also be observed that for the 20 N applied load at a time of about 300 sec the wear depth becomes 
same irrespective of FA composition. At first it reaches to a value of 400 μm and then a follows constant horizontal 
saturated line. More over wear behavior can also be co-related with the help of wet density. 
Wear track along sliding direction at different magnifications is shown through the FESEM micrographs (Figure 
2(a)).  These pictures show that wear mechanism is basically delamination, turnover of the surface, development of 
micro cracks and rubbing of tribolayer. Figure 2 (b) shows that Micro cracks have been initiated in direction 
perpendicular to sliding distance which leads to wear of the surfaces. Figure 2 (c) shows the wear track of dry 
compacts (80% FA composition) at very low magnification. 

 
(B) Friction Study  

 
The frictional behavior of Fly ash compacts has been shown in Fig.3.The average μ value of all the compacts has 
been reported to be (1.1-1.4). Chapman et.al, Suggested that spines in the frictional behavior of the compacts could 
be related with the flaw generation from the edges of the material. They estimated that spines in the value were 
accompanied with an elevated pitched noise [29]. 
From our study as shown in Figure 3, it is observed that initially there is a slight increase of co-efficient of friction 
(μ) , but just after few seconds the μ value follows  linear trend throughout the further time of testing. It can also be 
seen that co-efficient of friction decreases with an increase in FA composition.  
 
(C) Microstructural Analysis  
Microstructure of the compacts with 75, 80 and 85 wt. % FA plus resin powder mix was studied by the SEM at 
different magnifications. Particle size of FA powder was also determined. It has been found that the particle size of 
FA lies in the range of 9.63- 47.6 μm. 
From the SEM micrographs Figure -4(a & b), it has been observed that FA particles are mostly spherical, messy and 
irregular in shape.Coagulated junks appears on the surface of the FA particles. In case of 75 wt. % FA composition 
as shown in Figure- 4 (c) (e) (f) the cracks at the inter particle boundary seems, pore type of interface periphery. 
With decrease in polymer addition i.e. increase in Fly ash amount it is seen that the interface bonding becomes 
better and less amount of cracks at the interfaces. With further decrease in resin addition, although there is good 
compaction but elongated cracks/cavities are found along the boundaries as it can be seen from figure (g) . 
 
(D)Phase Analysis by XRD  
Chemical Composition of Fly ash and the mineralogical composition of FA was determined by XRD analysis and is 
tabulated in table 1. It shows that FA particles mainly consist of Silica and Alumina. The result of XRD analysis has 
been shown in Fig.5 
 
Table-1 Fly ash composition 

 
Compounds SiO2 Al2O3 Fe2O3 CaO Mgo SO3 K2O 

Composition 
(%) 

62.5 28.5 6 2.1 - - - 
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Fig 5 Shows the XRD analysis of water treated compacts. It has been found that in the presence of moisture, 
pozzolanic reaction occurs that leads to the formation of new phase i.e. calcium silicate hydrate (CSH) and calcium 
aluminate silicate hydrate (CASH) .These phases are responsible for solidification of unfired compacts and hence 
creating strong structures, excellent inter particle bonding with improved mechanical properties like hardness etc. 
CSH and CASH are considered to be an initial reaction product which changes in to a semi crystalline solid phase 
called Tobermorite (C5S6H5). 
 

                                                   (a)                                                                       (b) 

 
 

                     (c)                                                                                                                   (d) 
 

Figure - 1 Wear behavior of FA compacts at different loads 
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Fig. 2 (a-c) FESEM image of wear track at different magnification 

 

 
Fig.3  Variation in co-efficient of friction with FA composition 

 
Figure.4. (a, b) Particle size distribution of FA powder at different Magnification 
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Fig.4.(c,d,e,f,g) Morphology of Fly ash compacts with different composition and magnifications 
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Figure.5  XRD analysis of water cured compact& of Fly ash powder 

Conclusions   

The Fly ash compacts produced in the present study seem to be appropriate for use as construction material. The 
production of this type of compacts will certainly contribute to the recycling of the fly ash and hence minimize the 
negative impact of the fly ash landfills on the environment. On the other hand, the reduction in clay usage for the 
production of conventional clay bricks will help to protect the environment. On the basis of present study following 
conclusion can be drawn: 

1)Wear study of different compacts can easily be correlated with the hardness value. In both the dry and wet state, 
FA with 85 wt. % composition shows better resistance to wear than other two compositions. Wear resistance 
increases with increase in FA content. The co-efficient of friction decreases with increase in FA percentage and 
follows a linear trend throughout the time of testing. Cracks developed due to the presence of cavity at the inter 
particle boundary and wear track of compacts along with Sliding distance is shown through FESEM. 

2)SEM analysis revealed the morphology of FA particles that are mostly spherical in shape. With decrease in 
polymer addition i.e. increase in FA content the interface bonding becomes better and less amount of cracks were 
found at the interfaces. 

3)XRD analysis revealed that FA particles mostly consist of Silica and alumina with less percentage of Fe2O3, Cao 
and others. Strengthening of compacts due to the formation of CSH and CASH in the presence of moisture can also 
be observed through XRD analysis. 
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