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ABSTRACT

With the plethora of automobiles introduced in the last 2 decades, brake emissions have been a notorious
contributor to overall emissions. In the present work, the low-metallic friction material is developed (for
3 samples accounting for 10 different ingredients) to reduce non-exhaust emission. The friction materials
are manufactured by the compression molding method and various samples are required for physical,
mechanical and tribological characterization are prepared as per ASTM standards. The tribological
performance is tested by a 'pin on disc' apparatus. The tribological parameters such as speed, load and
sliding distance is selected by considering for the scooter application. Taguchi Design of Experiment
(DoE) is used to find optimal operating parameters. Additionally, ANOVA and regression analysis are
also done. Results reveal that the wear rate is minimum at the optimal operating parameters. The average
wear rate obtained from sample 3 is less than samples 1 and 2. The higher and lower wear rate and
coefficient of friction for sample 3 are 0.002 and 0.00033 mg/m and 0.462 and 0.301, respectively. The
morphological behaviors are studied with the help of SEM. Moreover, Thermo gravimetric analysis
(TGA) is carried out to explore the thermal behavior of friction material samples. Results illustrate that

sample 3 proves to be a potential substitute as a novel brake friction material.

doi:10.5829/ije.2024.37.03c.01

1. INTRODUCTION

Development of low metallic eco-friendly friction
material is a challenging task in front of researchers with
concern environment and health. The brake pad
composition contains several metallic and other
ingredients in the form of binder, filler, reinforcement,
abrasives, and lubricants (1-4). Some of the toxic
elements in brake friction material pollutes the
environment are Asbestos, Cu, Cd, Ni, Pb, Sh, Zn, etc.
and responsible for human diseases like lung cancer,
irritation to the respiratory system, kidney failure, liver
cells, and the tissues damage. Environmental agencies of
different countries in the world are found the bad effect
of brake pads emitted pollutants on plants, animals, and
human beings (5-7).

In non or low metallic and organic brake friction
materials natural organic fibers like cotton, kapok, jute,
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sisal, abaca, pineapple, sun hemp, oil palm, kenaf, coir,
banana, flax, wheat straw, bamboo, and inorganic fibers
such as metals, steel wool, man-made vitreous fibers
(MMVF) glass, carbon, ceramic fibers, etc. are
reinforced with modified resins and rubber. The other
constituents contain filler, abrasives and elastomer are
added to enhance hardness, wear resistance, coefficient
of friction, and shock-absorbing properties of friction
material. In low metallic friction materials some of the
binders used are phenolic, epoxy modified, COPNA,
cyanate ester, silicon modified resins, etc (8). The
researchers also made eco-friendly brake friction
material from seashell and aagricultural waste to reduce
non exhaust pollution (9, 10). The structural changes in
brake friction material also effects on performance
parameters (11).

Selection and deciding the percentage of ingredients
play a crucial role in the formulation of friction material.

Please cite this article as: Jadhav SP, Sawant SH. Dry Sliding Behaviour Study of Novel Low-metallic Friction Materials by using DoE-Taguchi
Method. International Journal of Engineering, Transactions C: Aspects. 2024;37(03):452-9.



mailto:spjadhav2112@gmail.com

S. P.Jadhav and S. H. Sawant/ IJE TRANSACTIONS C: Aspects Vol. 37 No. 03, (March 2024) 452-459 453

The trial and error method is generally obeyed for the
formulation of brake composition that depends on the
experience of the researcher. But a drawback of this
method is very time-consuming. A lot of iteration has to
be done for the formulation of the material. The
important tool employed to overcome this difficulty is the
design of experiment (DoE). Taguchi method is a design
of experiment tool that tests a pair of combinations such
as manufacturing and operating parameters instead of
testing all possible combinations like factorial design
(12). With DoE concern, design like Taguchi, factorial
and response surface are the tools used to obtain the rank
of influenced parameters on response. The combinations
of parameters that influence the response are also studied
in Taguchi design. ANOVA and multiple linear
regression analysis models for wear rate are obtained. An
optimum value of wear rate and coefficient of friction is
obtained from signal to noise ratio by considering smaller
is better and larger is the best quality criteria respectively.
Results showed that wear rate is a function of load but
decreases with an increase in speed. The percentage of
reinforcement is also a major factor in the coefficient of
friction (13, 14). The dry sliding behavior of composite
is studied by making specimen hand layup technique or
compression molding method. Most of the time authors
are selected sliding distance, load, speed, percentage of
reinforcement, and friction modifier as operating
parameters with their two or three levels. The outputs of
all experiments are to study performance parameters like
coefficient of friction, wear rate, and specific wear rate
(15, 16).

The present work aims to develop novel friction
material from low metallic and more natural ingredients
that reduces toxic producer metallic ingredients at
sources and helps in reducing non-exhaust pollution. The
friction material is prepared by the compression molding
method and dry sliding tribological behavior is studied
by using a wear test. The optimal combinations of
operating parameters that have improved the
performance of friction material are found by using the
design of the experiment (Taguchi design). The S/N ratio
quality characteristics are considered for wear rate.
Regression analysis is used to prepare the model for a low
wear rate. Morphological and thermal behavior of
friction material is studied by scanning electron (SEM)
and Thermo gravimetric analysis (TGA) method.

2. MATERIAL AND METHODS:

Friction material composition is made by varying four
ingredients by volume percentage viz. Epoxy resin,
boron carbide, cashew dust, and human nail nevertheless
the volume percentage for vermiculate, sodium silicate,
rubber crumb powder, zirconium dioxide powder, steel
wool, and glass fiber ingredients are kept constant as

displayed in Table 1. The flow chart of manufacturing
method is shown in Figure 1.

The pin specimen of 12 mm diameter is fabricated by
preparing mold followed by crushing, sieving, mixing,
and compaction procedure. The compressive molding
technique is used to fabricate pin specimens. The
homogeneous mixture of all the ingredients is mixed and
poured into the mold at room temperature. The mold is
kept under a compression molding machine by
compressing the mixture with pressure 17 MPa. For the
post-curing, the mold is further kept in the furnace at
150°C for 6 hours. The pin is withdrawn from the mold
after 24 hours. To ready the pin for the test, the finishing
of the pin is done to remove bur or any foreign matter by
grit paper.

3. DESIGN OF EXPERIMENT

The Taguchi design of experiment (DoE) method is used
to optimize various parameters or factors by considering

TABLE 1. Volume % of three different samples

Name of Ingredients Samplel  Sample2  Sample 3
Epoxy resin 32 33 34
Cashew shell powder 31 26 21
Boron carbide 3 8 13
Human nail 3 2 1
Steel wool 3 3 3
Glass fiber 1 1 1
Vermiculate 12 12 12
Zirconium dioxide 5 5 5
Rubber crumb 3 3 3
Sodium silicate 7 7 7
Total 100 100 100

Ingredient )

l

I Crushmg and sieving I

l Raw MNatenial (Various J

Weighmg of raw materials
as per formulation

a g

Mixmg of 2ll mgredients
'

+

I Compaction I
I Curmg I

l

| Product I

Figure 1. Flow chart of friction material manufacturing
method
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@ (b)
Figure 2. a) Pin on disc wear test rig, b) Output monitoring
device

signal to noise ratio (S/N ratio). For the brake pad
application coefficient of friction should be high and low
wear rate. Signal-to-noise ratio considered for the
coefficient of friction is larger is best while smaller is
better is considered for wear rate. Equation 1 is used to
calculate the S-N ratio smaller is better for the wear rate
(17, 18).

S ratio = ~10logy, ~%(v?) @

where, n is the number of experiments and y denotes
response for wear rate The control factors and their levels
are shown in Table 2.

4.DRY SLIDING WEAR TEST

Pin-on disc wear and friction monitor apparatus are
shown in Figure 2 (a) and (b). (Ducom Instruments,
Bangalore, India) is used to study dry sliding behavior of
a sample pin according to ASTM G99 standard. The
machine has a split hard jaw for clamping 3, 4, 6, 8, 10,
and 12 mm cylindrical pins. The disc rotation range is
between 200 rpm to 2000 rpm and the load range is 1 N
to 200 N. The wear measurement capacity of tribo-tester
is 2000 micrometers. In this study, a 12 mm diameter
friction material pin is rubbed against a cast-iron disc
having a diameter of 165 mm and 8 mm thickness. To
uniform contact of the pin with the disc, the pin was
ground with a SiC paper of 500 grits before starting the
experiment. The time duration of each test is different
according to sliding speed and sliding distance. The
range of 900 rpm to 1300 rpm speed is selected by

TABLE 2. Control factors and levels

Factors Sliding
Levels Load (N)  Speed (rpm) Distance (m)
1 9.81 900 1000
2 19.62 1100 2000
3 29.43 1300 3000

considering the friction material used for moped or
scooter application having average speed of 30 to 40
Km/h. Before starting and after completing the
experiments weight of each specimen is recorded by
electronic balance up to 4 decimals. Weight loss is noted
to obtain wear rate by the Equation 2 (19, 20). Also,
specific wear rate of material is calculated by calculating
wear volume.

‘Wear rate =% 2

where,

Wear rate in mg/m

Aw - Difference in weight of pin sample before and after
test in mg

S - Sliding distance in meter

5. RESULT AND DISCUSSION

5. 1. Density Test Samples experimental density is
found by ASTM D792 standard by Archimedes principle.
The digital balance is used to measure the dry weight of
the friction specimen and volume is measured by the
water displacement method. The results showed that
among the 3 samples, the high density obtained from
sample 2 is 2.246 g/cm? are shown in Table 3.

5.2.Friction and Wear Test The results obtained
from the pin on disc wear and friction monitor revealed
that for sample 1, at low speed 900 rpm and high level of
load 29.43 N the wear observed is 53 microns while at

TABLE 3. Comparative properties of three different pin
samples (21)

Sample Sample Sample Commercial

Properties 1p 2p P friction
material

Density (g/cm®) 1.566 2.246 1.735 1.89

Water absorption

test (%) 5.7 4.07 4.99 NA

Oil absorption

test (%) 6.4 5.12 5.74 NA

Rockwell

hardness test 61 80 89 101

(HRB)

0.0003-  0.0003  0.0003-
Wear rate (mg/m) 0.006 -0.003 0.002 3.8

0.29- 0.30 - 0.30 -
CoF 045 045 o046 0304
Specific wear rate  0.014-  0.007- 0.006-
* 1012 0.130 0.045 0.057

TGA at 200°C
weight loss (%)

NA

9 8.76 9.05 NA
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low level of load and speed 9.81 and 900 rpm,
respectively, it is 46.03 microns. At a load of 9.81 N and
speed of 900 rpm, 1100 rpm, 1300 rpm, and sliding
distances of 1000 m, 2000 m and 3000 m the average
coefficient of friction value is 0.91 whereas at 19.62 N
and 29.43 N for the same speeds and sliding distances the
average value of coefficient of friction is 0.45 and 0.30,
respectively. This reveals that as speed and load
increases, the coefficient of friction decreases. This is
because at higher speed only higher asperities are contact
between a pin and disc that reduces contact area. The
same behavior was observed in the case of sample 2, the
average wear value is less as compared to sample 1 due
to increase in boron and epoxy volume percentage.
Sample 3 showed the average coefficient of friction 0.9
at 9.81 N load, 900, 1100, 1300 rpm speed and 1000,
2000, and 3000 m sliding distances whereas at 19.62 N
and 29.43 N load for the same speeds and sliding
distances the average coefficient of friction is 0.455 and
0.31, respectively. The average coefficient of friction
values in sample 1 at the load of 19.62 and 29.43 is found
0.459 to 0.298, respectively while samples 2 and 3 show
aslight increase in coefficient of friction 0.304 and 0.459
and 0.301 to 0.462, respectively are shown in Table 3.

5. 3. Taguchi Experiment The DoE is carried out
using the Taguchi method of optimization the levels and
quality characteristics are shown in Table 2 and Equation
1. The design of the experiment is conducted using
Minitab 17, the orthogonal array L27 is selected. The
results showed that sliding distance is the dominant factor
are shown in Table 4, having significant p-value of 0.001
whereas the speed and load are not significant illustrating

in Table 5. For the optimal operating parameters, 29.43
N load, 1100 rpm speed, and 1000 m sliding distance, the
low wear rate obtained in 1, 2, and 3 samples are 0.006,
0.003, and 0.002 mg/m, respectively are shown in Table
6. The main effect plot for means and the main effect plot
for the S-N ratio are shown in Figure 3. The regression
equation for the wear rate is shown in Equation 3.

5. 4. Taguchi Confirmation Test Taguchi
confirmation test is conducted for sample 3 with optimal
operating parameters 29.43 N load, 1100 rpm speed and
1000 m sliding distance. From the regression equation
predicted wear rate of 0.021 is calculated. After the
experiment, the wear rate for sample 3 is 0.002 mg/m.
The percentage error between predicted and
experimentation 4.76 is obtained. The results are shown
in Table 7.

5. 5. Regression Equation

Wear rate = 0.00534 + 0.000001 Load - 0.000002 @)
Speed - 0.000001 Sliding Distance

TABLE 4. S /N ratio response table for wear rate

Level Load Speed Sliding Distance
1 58.15 57.02 51.76

2 60.89 61.54 61.42

3 58.95 59.43 64.81
Delta 2.74 4.52 13.05
Rank 3 2 1

TABLE 5. ANOVA result table showing significance levels of different parameters

Source DF Adj SS Adj MS F-Value P-Value level Significant
-Regression 3 -0.00002 -0.000007 5.47 0.005 Significant
Load (N) 1 0 0 0.98 Not Significant
Speed (rpm) 1 -0.000002 -0.000002 2 0.17 Not Significant
Sliding distance (m) 1 017-0.000 017-0.000 14.4 0.001 Significant
Error 23 -0.000028 -0.000001

Total 26 -0.00004

TABLE 6. Optimal operating parameters for wear rate

Parameters Load Speed ) Sliding Wear rate
(N) (rpm) Distance (m) (mg/m)
Sample 1 29.43 1100 1000 0.006
Sample 2 29.43 1100 1000 0.003
Sample 3 29.43 1100 1000 0.002

5. 6. Optimal Combination Results Graph The
combined behavior pattern of coefficient of friction
versus time and wear in micron versus time are shown in
Figure 4. (a) and (b) at 29.43 N load, 1100 rpm speed and
1000 m sliding distance respectively. In Figure 4 (a), the
slightly fluctuation in the coefficient of friction is
observed due to stick and slip phenomena between tribo-
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Figure 3. Main effect plot of means and Main effect plot of
S-N ratio

TABLE 7. Taguchi experiment confirmation test result
Test Taguchi confirmation test results

Sample Optimal

No. operating Wear rate Wear rate Error
parameter  (experimentally) (predicted) %
test
Samplel 2943 N, 0.0022 0.0021 -4.76
1100 rpm
Sample 2 and 1000 0.0019 0.0021 9.52
Sample 3 m 0.002 0.0021 4.76

pair. The wear in sample 3 is lower as compared to
sample 1 and 2 is shown in Figure 4(b). This is due to
increase in percentage of boron carbide (13%) and epoxy
resin (34%) as compared to sample 1 and 2. Also hard
particles of boron carbide increases primary plateaus that
reduces rate of wear. Also at high speed 1300 rpm, the
less asperities of tribo-pair are in contact that is
responsible to reduce wear rate and coefficient of friction
simultaneously.

5. 7. TGA Analysis Thermo gravimetric analysis
(TGA) of samples 1, 2 and 3 is shown in Figure 5. All
samples show an average weight loss of 9 % at 200°C that
is linear weight loss with temperature. From 200°C to
370°C, progressive weight loss is found. The weight loss

rate increased in all three samples that are noted 30% in
progressive weight loss region. After 370°C, the sample
1, 2 and 3 lines differ and show a complete combustion
region at temperatures 750°C, 800°C and 980°C
respectively (22).

29.43 N Load, 1100 rpm Sliding distance and 1000 m Sliding distance

Sample 1
—— Sample 2
0.320 A,_u_’_’_,_,./—\_/—’_‘— Sample 3
0.315 <M
CoF ()
0.310 4
0.305
0.300 T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (Sec)
(a)
29.43 N Load, 1100 rpm Sliding distance and 1000 m Sliding distance
120 4
1104 —— Sample 1

50

—— Sample 2

1007 —— Sample 3
90
80
70
60

Wear (micron)

40
304

204

0 T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (Sec)
(b)
Figure 4. Optimal combination graph of sample 1, 2 and 3
a) Plot of coefficient of friction against time, b) plot of wear
against time
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(Average 20%)

< 70

g

& 60 + Complete combustion A2 o
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Figure 5. Thermo Gravimetric Analysis (TGA) of sample 1,
2and 3
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5.8.SEM Analysis SEM are done for the wear test
having operating parameters load, speed and sliding are
shown in Figures 6-8(a) and (b) respectively. Scanning
electron microscope (SEM) is used to study the wear of
samples pin surface morphology of the friction material
before and after the wear test. The micrograph reveals a
wear debris pattern and the nature of surface appearance.
The SEM is operated under high vacuum mode by
providing grounding for earthling with carbon tape. On
SEM image 4 nm resolution can be obtained. Two types
of layers are formed, one is a loose granular type and
another is a dense layer type. The primary plateaus are
produced and served to adhere to fibers and flakes of
ingredients that arrest fine wear debris in the tribe-pair
interface. The primary Plateaus have a high load-bearing
capacity and support the secondary plateaus. In the
operation pin-on-disc test as the load increases, the load
is first taken up by primary plateaus and then it is
transmitted to secondary plateaus. Mostly loosely
trapped hard particles of ingredients between pin and disc
form the third body and are responsible for the generation
of micro cracks. In the present work, hard particles of
abrasive material such as boron carbide create a third
body between the disc and pin surfaces and plough the
material from the pin surface and form wear debris and
pits on the contact surface of the pin. Also, there is a
generation of active and passive debris, active debris is
responsible for the supplementary wear mechanism that
entrapped between tribe-pair surfaces and causes micro-

'3

(b)
Figure 6. (a) SEM image before test (sample 1), (b) SEM
image after test (sample 1)

(b)
Figure 7. (a) SEM image before test (sample 2), (b) SEM
image after test (sample 2)

“Direction of

et «
= debris o o |+

(b)
Figure 8. (a) SEM image before test (sample 3), (b) SEM
image after test (sample 3)

cutting. At high speed, only a few asperities are contacted
between the tribe-pair that generates small debris. In all
three samples 1, 2 and 3, the wear of the pattern is clearly
shown by yellow marks which are in the sliding direction.
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6. CONCLUSION

The dry sliding behavior of three samples of friction
materials is studied on wear and friction monitor pin on
disc apparatus. By conducting experiments with the help
of the Taguchi method, the findings reveals that 29.43 N
load, 1100 rpm sliding speed, and 1000 m sliding
distance, are the optimal operating parameters possesses
the least wear rate (0.002 mg/m). The S/N ratio response
table reveals sliding distance is dominant parameters
among three operating parameters. From ANOVA p-
value is 0.005 and 0.001 which are significant by
considering confidence levels of 95 %. Sample 1
possesses highest average-wear-rate whereas sample 3
has lowest average-wear-rate (0.00033 - 0.002 mg/m).
The average coefficient of friction obtained in sample 3
is 0.301 to 0.462. The properties of parent friction
materials are compared with commercial friction material
and find better results. With morphological behavior
concerns, all samples shows wear debris accumulated
over the surface after wear test. Some chatter marks also
observed in the sliding direction. The thermo gravimetric
analysis has recorded 9 % average weight loss at 200°C
of all three samples. The complete decomposition
temperatures for all 3 samples were 750°C, 800°C and
980°C, respectively. With low metallic concern it is
possible to develop brake friction material for low duty
applications that helps to reduce non toxic pollution.

7. REFERENCES

1. Vasiljevi¢ S, Glisovi¢ J, Stojanovic B, Stojanovic N, Grujic L.
Analysis of influencing factors on brake wear and non-exhaust
emission with reference to applied materials in brake pads.
Mobility and  Vehicle  Mechanics (MVM).  2021.
https://doi.org/10.24874/mvm.2021.47.02.0

2. Kumar N, Bharti A, Goyal H, Patel KK. THE EVOLUTION OF
BRAKE FRICTION MATERIALS: A REVIEW. Materials
Physics & Mechanics. 2021;47(5).
https://doi.org/10.18149/MPM.4752021_13

3. Kumar M, Kumar A. Thermomechanical analysis of hybrid
friction composite material and its correlation with friction
braking performance. International Journal of Polymer Analysis
and Characterization. 2020;25(2):65-81.
https://doi.org/10.1080/1023666X.2020.1746543

4. Mawuli SE, Anthony S, Akintunde DO. A Conceptual Review of
Automobile Disc Brake Friction Materials. European Journal of
Applied Sciences. 2022;10(6):492-505.
https://doi.org/10.14738/aivp.106.13535

5. Ciudin R, Verma P, Gialanella S, Straffelini G. Wear debris
materials from brake systems: environmental and health issues.
WIT Transactions on Ecology and the Environment.
2014;191:1423-34. https://doi.org/10.2495/SC141202

6. Park S-H. Types and health hazards of fibrous materials used as
asbestos substitutes. Safety and health at work. 2018;9(3):360-4.
https://doi.org/10.1016/j.shaw.2018.05.001

7. Maiorana S, Teoldi F, Silvani S, Mancini A, Sanguineti A,
Mariani F, et al. Phytotoxicity of wear debris from traditional and
innovative brake pads. Environment international. 2019;123:156-
63. https://doi.org/10.1016/j.envint.2018.11.05

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Adekunle A, Okunlola M, Omoniyi P, Adeleke A, Ikubanni P,
Popoola T, et al. Development and analysis of friction material
for eco-friendly brake pad using seashell composite. Scientia
Iranica. 2023;30(5):1562-71.
https://doi.org/10.24200/sci.2022.59835.6454

Mgbemena CO, Esigie RU, Mgbemena CE, Ata CM. Production
of low wear friction lining material from agro-industrial wastes.
Journal of Engineering and Applied Science. 2022;69(1):74.
https://doi.org/10.1186/s44147-022-00130-3

llie F, Cristescu A-C. Tribological Behavior of Friction Materials
of a Disk-Brake Pad Braking System Affected by Structural
Changes—A Review. Materials. 2022;15(14):4745.
https://doi.org/10.3390/mal15144745

UNALDI M, Recai K. The determination of the effect of mixture
proportions and production parameters on density and porosity
features of Miscanthus reinforced brake pads by Taguchi method.
International Journal of Automotive Engineering and
Technologies. 2018;7(1):48-57.
https://doi.org/10.18245/ijaet.438047

Uvaraja V, Natarajan N, Rajendran |, Sivakumar K. Tribological
behavior of novel hybrid composite materials using Taguchi
technique. Journal  of tribology. 2013;135(2):021101.
https://doi.org/10.1115/1.4023147

Saurabh A, Joshi K, Manoj A, Verma PC. Process Optimization
of Automotive Brake Material in Dry Sliding Using Taguchi and
ANOVA  Techniques for Wear Control. Lubricants.
2022;10(7):161. 10.3390/lubricants10070161

Chavhan G, Wankhade L. Optimization of test parameters that
influence on dry sliding wear performance of steel embedded
glass/epoxy hybrid composites by using the taguchi approach.
Tribology in Industry. 2020;42(4):556.
https://doi.org/10.24874/ti.863.03.20.09

Kalhapure V, Khairnar H. Taguchi method optimization of
operating parameters for automotive disc brake pad wear. Appl
Eng Lett J Eng Appl Sci. 2021,;6:47-53.
https://doi.org/10.18485/aeletters.2021.6.2.1

Rochardjo H, Nawangsari P, Waskito A. Friction Modifiers
Optimization on Tribological Properties of Non-asbestos Organic
(NAO) Brake Pad by DoE-Taguchi Method. Tribology in
Industry. 2021;43(2):310.
https://doi.org/10.24874/ti.1044.01.21.04

Lee PW, Lee L, Filip P. Development of Cu-Free Brake
Materials. SAE Technical Paper; 2012. Report No.: 0148-7191.

Renukappa N, Suresha B, Devarajaiah R, Shivakumar K. Dry
sliding wear behaviour of organo-modified montmorillonite filled
epoxy nanocomposites using Taguchi’s techniques. Materials &
Design. 2011;32(8-9):4528-36.
https://doi.org/10.1016/j.matdes.2011.03.028

Saindane U, Soni S, Menghani J. Friction and wear performance
of brake pad and optimization of manufacturing parameters using
grey relational analysis. International Journal of Engineering,
Transactions C: Aspects. 2022;35(3):552-9.
https://doi.org/10.5829/ije.2022.35.03C.07

Saindane U, Soni S, Menghani J. Dry sliding behavior of carbon-
based brake pad materials. International Journal of Engineering,
Transactions B: Applications. 2021;34(11):2517-24.
https://doi.org/10.5829/ije.2021.34.11b.14

Idris U, Aigbodion V, Abubakar I, Nwoye C. Eco-friendly
asbestos free brake-pad: Using banana peels. Journal of King
Saud  University-Engineering  Sciences. 2015;27(2):185-92.
https://doi.org/10.1016/j.jksues.2013.06.006

Narasimha Reddy P, Ahmed Nagash J. Experimental study on
TGA, XRD and SEM analysis of concrete with ultra-fine slag.
International Journal of Engineering, Transactions B:
Applications,. 2019;32(5):679-84. 10.5829/ije.2019.32.05b.09


https://doi.org/10.24874/mvm.2021.47.02.0
https://doi.org/10.18149/MPM.4752021_13
https://doi.org/10.1080/1023666X.2020.1746543
https://doi.org/10.14738/aivp.106.13535
https://doi.org/10.2495/SC141202
https://doi.org/10.1016/j.shaw.2018.05.001
https://doi.org/10.1016/j.envint.2018.11.05
https://doi.org/10.24200/sci.2022.59835.6454
https://doi.org/10.1186/s44147-022-00130-3
https://doi.org/10.3390/ma15144745
https://doi.org/10.18245/ijaet.438047
https://doi.org/10.1115/1.4023147
https://doi.org/10.24874/ti.863.03.20.09
https://doi.org/10.18485/aeletters.2021.6.2.1
https://doi.org/10.24874/ti.1044.01.21.04
https://doi.org/10.1016/j.matdes.2011.03.028
https://doi.org/10.5829/ije.2022.35.03C.07
https://doi.org/10.5829/ije.2021.34.11b.14
https://doi.org/10.1016/j.jksues.2013.06.006

S. P.Jadhav and S. H. Sawant/ IJE TRANSACTIONS C: Aspects Vol. 37 No. 03, (March 2024) 452-459 459

COPYRIGHTS ®
©2024 The author(s). This is an open access article distributed under the terms of the Creative Commons m

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long
as the original authors and source are cited. No permission is required from the authors or the publishers.

Persian Abstract

PR LS

oS @ 5a5 3 6l oS s Sl slge ol IS 53 i a3 S LS s pby belse 51 S a5 (SaVTaxddS ans 2 53 0l b me slassst 3 Al L
Sl il Sladsad 5 Lsd o 5 (55Ld (5,8 ngy 4 Sasl sl ge ol 0l 0313 axe 5 55581 8 Laml LralS sl (Loas o K25 1) il osle 10
Sl bl 2sd o bl S 5 " oK g (S5 0 Shes Sl 5l 255 ASTM slas bl G (S5 55 5 (S8 Sz o 5
ot Glbos bl 8L $1DOE) ) (o S1 bl (m b i (o Sl Sl s 8 (sl 88 55 b B Aol 5 ke e il (S5 sn 5
ole ol Bl gy Slles gla melsl 3 il 25 oS as o OLES el 35 oo plandl 3 050 S o 5 o s ANOVA (ol oo 558 oo eslinu
5Mg/m 0.00033 50.002 55 43 wsad lr Fomb 5 SV SWhol i 5 Jbe 55l 2 5 1 slatisal 51 208 3 el Sl edelomse (hle 5
Sl sy s S ATGA) S35 LS o 5 a0 onl pesdle 6,8 o 13 anlllas 5,50 SEM s L 550550 lasls, .ol 0.301 5 0.462

el ol 23Sl bt a5 SISl esle G Ol 003 8500 S s e DL il 35 el SISasl 3l g0 (sladi pa




