
IJRMET Vol. 3, IssuE 2,  May - ocT 2013  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 188   InternatIonal Journal of research In MechanIcal engIneerIng & technology

Comparative Study on Physical, Chemical and Mechanical 
Properties of Cement Kiln Dust Filled 

Friction Composite Materials
1Brijesh Gangil, 2Tej Singh, 3Amit Joshi

1Dept. of Mechanical Engineering, HNB Garhwal Central University, Uttrakhand, India
2Dept. of Mechanical Engineering, NIT, Hamirpur, HP, India

3Dept. of Mechanical Engineering, GBPEC, Pauri-Garhwal, Uttrakhand, India

Abstract
The outstanding performance-to-cost ratio coupled with the 
amalgamation of waste material in friction composite formulations 
has stimulated the idea of exploring the possible incorporation 
of additional waste materials in such formulations. Thus, the 
viability of adding Cement Kiln Dust (CKD) to the friction 
composite formulation was investigated for physical, chemical 
and mechanical properties and the results are reported in this 
research monograph. The increase in CKD contents led to the 
increase in physical properties such as density, void contents, 
ash contents, water absorption and compressibility, whereas the 
mechanical properties such as hardness, tensile, flexural and 
compressive strengths get affected deleteriously with increased 
CKD contents.
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I. Introduction
Growth of novel friction materials such as brake pads by adopting 
sustainable approaches via utilization of industrial waste would be 
a solution not only to control the health hazards of industrial waste 
origin but also to reduce the extent of dependence on depleting 
natural resources such as forest and minerals [1-2]. The most 
important safety feature of an automobile is its braking system. 
The ability of brakes is to provide safe and repeatable stopping, 
which is related to safety of automobiles and human. Most of us 
only think about brakes when a panic stops occur ahead in traffic 
and all we see are brake lights and the undersides of cars. These 
near emergencies illustrate how important brakes are to our safety. 
In brake systems the rubbing elements include the friction material 
and a counter-surface. The friction material fixed on the sliding 
part is the sacrificial element, when pressed against the rotating 
component (disc or drum) fixed on the wheel, convert kinetic 
energy into heat energy due to frictional force during braking. 
Thus the friction material is the heart of a braking system, which 
is expected to continue its functioning reliably and efficiently for 
a long time in adverb operating conditions [3]. 
Extensive investigations concerning the role of fibres, binder, 
fillers, friction modifiers and nanofillers on various aspects of 
friction materials have already been comprehensively elaborated 
in many research and review articles [4-11]. The utilization of 
industrial waste such as flyash also tried in friction formulation 
successfully and reported to have given good results and could 
be cheap filler and reduce the burden on environment [1-2, 12- 
13]. The present work mainly focus on the influence of CKD 
an industrial waste on the physical, chemical and mechanical 
properties of friction materials.

II. Experimental

A. Fabrication of Composites
Four friction composites designated as FC-1, FC-2, FC-3 and 
FC-4 were fabricated using a formulation based on straight 
phenolic resin (5-20%), Kevlar pulp (5%), lapinus fiber (10%), 
barites (55-70%), graphite (5%) and alumina (5%) amounting to 
100% by weight were fabricated. The ingredients were mixed in 
a plough shear type of mixer to ensure mechanical isotropy of 
the composites. Detail of the processing conditions for composite 
fabrication is reported in our earlier publications [14-16].

B. Characterization Methodology
The density of the composites is obtained by the Archimedes 
principle of weighing small pieces cut from the friction composite 
samples first in air and then in water. Then, theoretical density 
of composite is calculated and compared with experimental 
density in order to calculate porosity of the composites. Acetone 
extraction of the cured powdered mix has been carried out to 
estimate the amount of uncured resin present in the composite. 
The ash content was determined by roasting the powdered sample 
at very high temperature 800 oC in a muffle furnace following 
industrial norms. The mechanical properties such as hardness as a 
measure of resistance to indentation under loads, cross-breaking/
shear strength for the characterization of composite integrity 
throughout the bulk and compressibility characteristics have 
been determined following standards conforming to industrial 
practice. The hardness values of the composites were measured 
on Rockwell-R scale. Hardness was measured on Digital hardness 
tester while shear strength was measured on Universal Testing 
Machine from Fuel Instruments and Engineering Pvt. Ltd. and 
compressibility test was conducted on compressibility machine 
from Hydro Plus, India. The tensile test is performed on flat 
composite specimens as per ASTM D 3039-76 test standards on 
universal testing machine (UTM) Instron 1195. The flexural test 
is conducted as per ASTM D2344-84 slandered using the same 
UTM. Water absorption was carried out according to ASTM D570-
98. Heat swelling was measured according to SAE J160 JNU 80 
standard.

III. Result and Discussion
The physical, chemical and mechanical properties of the fabricated 
friction composites are shown in fig. 1, fig. 6.

A. Physical Properties
Density and void content of the friction composite are shown in 
fig. 1. The knowledge of density and void content is desirable for 
estimation of the quality of the composites. It is understandable 
that a good composite should have fewer voids. 



IJRMET Vol. 3, IssuE 2, May - ocT 2013

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 189

 ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

FC-1 FC-2 FC-3 FC-4
2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9
 

 Density-Experimental
 Density-Theoretical
 Void Content

Composition

D
en

si
ty

 (g
/c

c)

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

V
oi

d 
C

on
te

nt
 (%

)

Fig. 1: Density and Porosity as a Function of Composition

The composites under the present investigation possess very less 
voids and can thus be termed as good composites. It may be noted 
that the composites density values calculated theoretically from 
weight fractions not same with the experimentally determined 
values. The density of the composites was in the range of 2.08-
2.35 g/cm3 and increases steeply whereas the void content of the 
composites increases steeply as the proportion of CKD increases 
followed by complementary decrease in phenolic resin.
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Fig. 2: Water Absorption and Heat Swelling as a Function of 
Composition

The chances of agglomeration of micro-sized CKD content at 
higher concentration leads to improper distribution leading to 
increased void content.  Further, it was noticed that water absorption 
(Fig. 2) of the composites increases with increase in CKD content 
with corresponding decrease in phenolic resin may be attributed 
to the increased void contents. Heat swelling as shown in fig. 2, 
did not show any regular trend with the composition. The ash 
content (Fig. 3) of the composites increased with increase in CKD 
content having higher thermal stability as compared to decreased 
phenolic resin. 
Chemical Properties: The acetone extraction as shown in fig. 3, 
increases with increase in phenolic resin in the composition and 
its values in between 0.95-0.1.76 % and in the range of prescribed 
industrial norms.

FC-1 FC-2 FC-3 FC-4
0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8
 

 Acetone Extraction
 Ash Content

Composition

A
ce

to
ne

 E
xt

ra
ct

io
n 

(%
)

53

54

55

56

57

58

59

A
sh

 C
on

te
nt

 (%
)

Fig. 3: Acetone Extraction and Ash Content as a Function of 
Composition

Mechanical Properties: The hardness (Fig. 4) increased with the 
decrease in the CKD content and with increase in phenolic content. 
It remains in the range of 108-114 on HRR scale. This may be 
attributed to the fact that with the increase in the Kevlar fiber 
content the micro-packing of the CKD in the cured and cross-
linked phenolic resin is promoted by the formation of network 
like structures where the cross-linked networks cause mechanical 
compaction of the CKD. The order in hardness was as follows:

Hardness (Rockwell R): FC-1>FC-2>FC-3>FC-4• 

FC-1 FC-2 FC-3 FC-4
108

109

110

111

112

113

114
 

 HRR
 Shear Strength

Composition

H
ar

dn
es

s

1100

1150

1200

1250

1300

1350

1400

1450

1500

Sh
ea

r 
St

re
ng

th
 (k

gf
)

Fig. 4: Hardness and Shear Strength as a Function of 
Composition

The shear strength (Fig. 4) does not show any regular trend. 
The other mechanical properties degrade with the increase in 
CKD contents in the formulation. The order of performance for 
mechanical properties was as follows:

Tensile Strength: FC-1>FC-2>FC-3>FC-4• 
Flexural Strength: FC-1>FC-2>FC-3>FC-4• 
Compressive Strength: FC-1>FC-2>FC-3>FC-4• 
Compressibility: FC-4 > FC-3 > FC-2 > FC-1• 

At low CKD content, it finds easy to disperse uniformly in the 
matrix owing to its micro-size while at higher concentration 
chances of agglomeration makes the composite more prone to 
inherent structural discontinuities owing to lesser amount of resin 
that ultimately detoriates the mechanical properties viz. tensile 
and flexural strength of the friction composites (Fig. 5).
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Fig. 5: Tensile Strength and Flexural Strength as a Function of 
Composition
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Fig. 6: Compressibility and Compressive Strength as a Function 
of Composition

Decrease in compressive strength (Fig. 6) may be attributed to the 
fact that with the increase in the CKD content the micro-packing of 
the fibers in the cured and cross-linked phenolic resin is increased 
and also agglomeration of higher contents of CKD content leads 
to improper distribution in the matrix increase the void contents 
of the composites and hence increase in compressibility (Fig. 6) 
of friction composites.

IV. Conclusion
Cement kiln dust filled friction composites have been fabricated 
and characterize for their physical, chemical and mechanical 
properties. The following conclusions have been drawn from the 
study.

The inclusion of CKD content increases the density when 1. 
adequately balanced with phenolic resin content in the friction 
formulation.
The increase in CKD content led to the increase in bulk 2. 
physical properties such as void contents, ash contents, water 
absorption and compressibility when adequately balanced 
with phenolic resin content in the friction formulation.
The acetone extraction increases with increase in phenolic 3. 
resin in the friction formulation.
The presence of higher phenolic resin content in combination 4. 
with lower CKD enhances the mechanical properties viz., 

hardness, tensile, flexural and compressive strength of the 
friction composites.
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