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Abstract 
Industrial waste like fly-ash which is creating environmental problems, is mainly used as a 

building material due to its low cost and easy availability. 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 which will have higher compressive strength. Here the fly-

ash is mixed with Cold setting resin at different proportions and water treated at different 

temperatures to find out a solution to the brick industry.  
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INTRODUCTION 
Fossil fuel plays an important part in meeting 

the demand for power generation .Coal is 

considered to be one of the world’s richest and 

widely distributed fossil fuel. In order to meet 

the increasing challenging demands, many 

coal based thermal power plants have been 

constructed. As a result of which huge amount 

of combusted residue in the form of Fly ash 

(80%), and Bottom ash (20%) has been 

produced. It has been estimated that 75% of 

India’s total installed power is thermal of 

which the share of coal is 90%. About 600 MT 

of coal is produced worldwide every year with 

fly ash generation is 500 MT at (60–80%) 0f 

whole ash produced [1, 2]. Currently only 50% 

of the Fly ash is being profitably utilized in 

India [3]. 

 

The most common and feasible ways to utilize 

these industrial wastes products is to go for 

construction of roads, highways and 

embankments [4]. FA can also be known by its 

different name such as Coal ash, Pulverised 

Flue ash and pozzolona [5] i.e., hard and 

cementing compound forms in presence of 

moisture. In addition FA possesses pozzolona 

property which is characterised 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 mechanical study shows very 

good results in hardness, compressive strength 

and other tests. 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. The 

FTIR analysis shows shifting of band 

attributed to the asymmetric vibrations of Si–

O–Si and Al–O–Si. 

 

MATERIALS AND METHODS 
Materials Used 

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 
o
C–

160 
o
C and kept in air tight bottle for later use. 

FA mainly consists of Silica (SiO2), Alumina 

(Al2O3), Calcium Oxide (CaO), and Iron 

Oxide (Fe2O3). The chemical composition of 

Fly ash is tabulated in Table 1. 
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Table 1: Compositional Analysis of Fly Ash. 
Compounds Composition (%) 

SiO2 54.5 

Al2O3 26.5 

CaO 2.1 

Mgo 0.57 

P2O5 0.6 

Fe2o3 - 

SO3 - 

K2O - 

LOI 14.18 

                                         

Cold Setting Resin Powder 
The resin powder and hardener used in the 

present study was supplied by Geosyn private 

Ltd. Kolkata. 

 

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. 

 

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 6tons 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 in open atmosphere for 2 

days. 

 

Water Treatment 

 Three samples from each composition were 

cured in water at 110 
o
C –180 

o
C for 48 h. 

 

MECHANICAL 

CHARACTERIZATION 
Hardness 

 Vickers hardness tester (LECO, LM 248AT) 

was used to find the hardness values of all the 

dry and wet samples using 20 gf Load for a 

dwell time of 15 sec. At least eight 

measurements were taken at different positions 

for each sample in order to get constant 

results. 

 

Compressive Strength 

 The tests were carried out in INSTRON 1196 

at room temperature (300 K) with a constant 

crosshead speed of 1 mm/min and the full 

scale range load of 50 kN. 

 

Wear Resistance and Friction 

 In this study computerized Ball on Plate Wear 

Tester (TR-208-M1) was used to  evaluate  the  

wear  performance  and  sliding contact  

resistance  of the  Fly ash  compacts. 

 

Thermal Conductivity 

 Thermal conductivity of Fly ash and resin 

powder mixture is measured in KD2 Pro 

analyser which follows ASTM Standard 

D5334-08. 

 

Scanning Electron Microscopy 
A JEOL 6480 LV Scanning Electron Micro-

scope was used to study the wear surfaces. To 

get the better image resolution, secondary 

electron imaging with accelerating voltage of 

15 KV was used. 

 

XRD Study 

 The mineralogical composition of Fly ash and 

the different phases present was determined by 

XRD analysis in a Philips X-pert multipurpose 

X-ray diffract meter using  Cu Kα 

(λ=1.5418 Aº) radiation. The patterns were 

examined by comparing the positions of peak 

and intensities of the samples with those in the 

(JCPDS) data files. The diffraction patterns 

were recorded in the scanning range of 20º–

80º with a step size of 2 
o
C per minute. 

 

FTIR Study 

 FTIR spectroscopic technique is used to 

understand the chemistry of surface for fly ash 

in thermally active state along with different 

state of mineral phases, H2O and –OH group 

on silica and alumina. Fourier transforms 

infrared radiation (FITR) spectrometer is used 

to calculate the transmission percentage of 

infrared. 
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RESULT AND DISCUSSIONS 

Hardness 

 The values of hardness are in the range of 

32.93 HV–44.08 HV for dry composites and 

39.78 HV–47 HV for wet composites, 

respectively. Table 2 shows various micro 

hardness values at different conditions. 

 

Table 2: Hardness Values of Different FA-

Resin Mix Compacts. 

Mix Composition (wt.%) 
Micro hardness value (HV) 

Dry Wet 

(FA)75%+ (RP)25% 32.93 39.78 

(FA)80%+ (RP)20% 38.26 43.04 

(FA)85%+ (RP)15% 44.08 47.37 

 

Figure 1 shows a comparison between the 

hardness values of dry and wet fly ash 

composites. It is evident from the Figure 1 that 

as we go on increasing the wt.% of FA, i.e., 

resin content decreases the hardness values of 

both the wet and dry compacts increases. 

Maximum hardness values in case of 85wt.% 

is achieved. 

 

 
Fig. 1: Variation in Hardness Values with 

wt. % of FA. 

 

It is also evident from the XRD analysis as 

shown in the Figure 9 (b) of water treated 

85wt.% FA compact that a Calcium Silicate 

Hydrate (C–S–H) and Calcium Aluminium 

Silicate Hydrate (C–A–S–H) phase appears 

which are responsible for the hardness 

improvement. Both these phases are formed by 

the reaction of Ca (OH) 2, SiO2 and H2O when 

treated in water at 110
o
C–180

o
C. 

Compressive Strength 

The compressive strength measurement of the 

cylindrical samples was done as per standard 

practiced. Test was conducted on three 

samples of each composition and the average 

value of all is evaluated. 

 

Table 3: Compressive Strength Values of 

Different FA-Resin Mix Compacts. 

Mix Composition (wt.%) 
Compressive Strength (MPa) 

Dry Wet 

(FA)75%+ (RP)25% 6.5 5.52 

(FA)80%+ (RP)20% 8.73 7.98 

(FA)85%+ (RP)15% 11.28 9.43 

 

Table 3 shows the strength values of different 

compositions of FA, both in dry and wet state. 

For dry composites, the compressive strength 

value lies in the range of 6.5 to 11.28 MPa. 

85 wt.% FA compositions have got the highest 

strength value while the lowest strength value 

of 6.5 MPa was gained by 75 wt.% FA 

composition. It can be seen from Figure 2 that 

the composition of (FA)85%+ (RP)15% has 

higher compressive strength than other two 

compositions. 

 

 
Fig. 2: Compressive Strength of Compacts at 

Different Fly Ash Compositions. 

 

It is found that with decrease in the resin 

percent with fly ash mix has increased the 

compressive strength. As it is evident from 

SEM micrographs that 75 wt.% FA mix 

composite possesses cracks which leads to 

decrement in compressive strength. As the 

percentage of FA is increased there is a good 

bonding between the interfaces which leads to 
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improvement in strength of the compacts. 

These observations confirm that addition of 

cold setting resin powder in excess to fly ash 

may not be beneficial. Here resin powder is 

only used as a binding agent. Water treatment 

shows a little bit negative impact on the 

strength of composite. 

 

Wear Resistance and Friction 

Wear characteristics of FA polymer 

composites were carried out at different loads 

of 10N and 20N. Figure 3 (a) shows the plot 

between wear depth (μm) and time (s) of dry 

composite at load of 10N.  

 

 
Fig. 3: (a) Comparison between Wear Depth 

and Time for Dry Samples at 10N. 

 

It can be seen that the wear resistance of 75 

wt.% of FA composition is less as compared to 

the other two composites. It can also be 

correlated from the results of hardness value 

mentioned in Table 1. For dry compacts, 75 

wt.% FA possesses less hardness value than 

the other two. Similar trend in wear behaviour 

was observed in both the cases.  

 

 
Fig. 3: (b) Comparison between Wear Depth 

and Time for Wet Samples at 10N. 

In this case too, 75 wt.% FA compact is less 

resistant than other two. Since the hardness 

value of this is lower than the other two 

compositions. The only difference is that the 

wet compacts became harder in presence of 

moisture which in turn the wear depth 

decreases to a value of (275–250 μm) and is 

lower than dry compacts (350–280 μm). 

Figure 3 (c) and (d) shows the plot between 

wear depth (μm) and time (s) of dry and wet 

compacts at load of 20 N respectively. 

  

 
Fig. 3: (c) Comparison between Wear Depth 

and Time for Dry Samples at 20N. 

 

From Figure 3 (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 wear 

dry compacts. 

 

 
Fig. 3: (c) Comparison between Wear Depth 

and Time for Wet Samples at 20N. 
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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 

Figure (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. Moreover wear behaviour can also be co-

related with the help of wet density. 

 

 

 
Fig. 4: Material Loss w.r.t Time (a) At 10N, 

(b) At 20N. 

 

Figure 4 (a and b) shows the variation in 

material loss (gm.) vs. time (sec). It is found 

that material loss decreases with increase in 

sliding time implies the reduction in wear rate 

with time. The weight loss is more in case of 

dry samples than water treated samples. There 

is not much variation with applied load. In 

literature it is suggested that spines in the 

frictional behaviour of the composites 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 [7].  

 

Figure 5 (a and b) shows that FA particles are 

mostly spherical and messy .Cracks at the inter 

particle boundary seems, pore type of interface 

periphery. 

 

 

 
Fig. 5: Morphology of FA.  

 

Figure 6 shows the FESEM micrographs of 

wear track along sliding direction at different 

magnifications. These images show that wears 

mechanism is basically delamination, 

ploughing of the surface, formation of micro 

cracks and rubbing of tribolayer. 
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Fig. 6: (a and b) Micro Cracks Perpendicular 

to Sliding Distance (c) Wear Track of Dry 

Compacts (80% FA composition). 

 

Thermal Conductivity 
Thermal Conductivity is the property of a 

material depicting its capacity to exchange 

heat. The Thermal Conductivity of the Fly ash 

–Resin Powder mix were determined through 

Hot wire method using KD2 pro analyser .It 

was reported that the conductivity of FA-resin 

powder mix decreases with increase in FA 

content. 75 wt.% of FA composition displayed 

the maximum thermal conductivity value with 

an average of 0.0552 W/mK. Only FA powder 

shows a conductivity value higher than other 

three compositions. The thermal conductivity 

of clay is around 0.82 W/mK which is very 

much higher than FA. Hence it can be 

concluded that FA can be used as a substitute 

material instead of clay. 

 

 
Fig. 8: Thermal Conductivity of FA-Resin 

Powder Mix at Different Compositions. 

 

An important result can be drawn from the 

graph that by adding the resin powder, 

conductivity value decreases to some extent. 

The low thermal conductivity of FA is 

desirable for making several electronic 

insulating devices. Tests were carried out to 

assess the insulation capability of the resin 

added FA mix, shown in Figure 8. It is found 

that the thermal conductivity of FA increases 

with increase in temperature, whereas in case 

of resin powder FA mixes, the conductivity of 

composite decreases with increase in 

temperature. 

 

XRD Analysis 

Figure 7 (a) shows that Fly ash particles 

primarily consists of Silica and Alumina. 

Figure 7 (b) Shows the XRD analysis of water 

treated compacts. 

 

It has been found that in the presence of 

moisture, pozzolona 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). 
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Fig. 7 (a): XRD Analysis of Fly Ash. (b) XRD 

Analysis of Water Cured Compacts. 

 

FTIR 
Figure 8 shows the Fourier transforms infrared 

radiation (FTIR) spectrometer plot of 100% 

FA along with 80% FA + 20% RP mix. It can 

be seen that for 80% FA mix the (%) 

transmittance is getting decreased with respect 

to 100% FA. 

 

 
Fig. 8: Infrared Spectra of Fly ash Resin 

Powder Mix. 

With comparison of FTIR spectrum phase 

transformation of FA and FA mix can be 

recognized. The most characteristic difference 

between the FTIR spectrums of these two is 

the shifting of band attributed to the 

asymmetric vibrations of Si–O–Si and Al–O–

Si. The broadness in band appeared to be 

around 1250 cm
-1

 in the FTIR spectrum, which 

became sharper as compared to FA mix. Then 

after these bands starts shifting towards low 

frequencies at around (950 cm
-1

) indicating the 

formation of a gel like phase named alumina 

silicate which is connected with the suspended  

fly ash in the strong alkaline activating 

solutions. Stretching vibration of Si–O–Al 

appeared at around 600 cm
-1

. The wide band 

groups showed up in both IR spectra in the 

area of 3500 cm
-1

 are assigned  to stretching  

(–OH) and bending  (H–O–H) vibrations of 

bound water atoms, which are surface 

consumed or entangled in the huge 

depressions of the polymeric skeleton [8, 9]. 

This broadness indicates the presence of 

strong hydrogen bonding [10]. 

 

As a conclusion, water content is a crucial 

synthesis parameter that affects their 

mechanical strength. Peaks appeared around 

2400 cm
-1

 attributed to O–H stretching. The 

gradual decrement in the intensity and 

broadness in the band confirms the loss of 

water. Peak at 3000 cm
–1

– 2000 cm
–1

 could be 

assigned to C–H stretching vibration of 

organic contaminants which may be 

introduced during sample handling or some 

hydrocarbon present in fly ash [11]. 

 

CONCLUSIONS 
Water treated compacts shows positive effects 

on the hardness values. Out of all dry 

compacts, FA with 85 wt. % possesses a 

higher hardness value of 44.08 HV. Much 

improvement in the hardness value is achieved 

when the composites are treated in water at 

110
 o
C–180

 o
C and this value rose to 47.37 

HV. This increment in hardness value is due to 

the presence of CSH and CASH in the 

presence of moisture as obtained from XRD 

analysis. With an increase in polymer addition 

(resin powder), the compressive strength of 

dry compacts decreases to a lower value of 6.5 

MPa. Composition of 75 wt. % FA shows 

lower value. No significant reduction in 
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Compressive strength is achieved in the case 

of wet compact. Wear study of different 

composites 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. 

 

Thermal conductivity of FA increases with 

increase in temperature, whereas in case of 

resin powder FA mixes, the conductivity of 

composite decreases with increase in 

temperature. A much lower conductivity value 

is obtained and hence can be used as a 

substitute material with respect to clay. 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. XRD analysis revealed 

that FA particles mostly consist of Silica and 

alumina with less percentage of Fe2O3, Cao 

and others. 

 

The Fly ash –resin powder composite 

produced in the present study seem to be 

appropriate for use as construction material. 

The production of this type of composite will 

certainly contribute to the use of fly ash for 

value added products. On the other hand, the 

reduction in clay usage for the production of 

conventional clay bricks will help to protect 

the environment. 
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