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ABSTRACT 

Over the years, asbestos has been used as a reinforcement material in the production of friction lining but due to its 

hazardous nature, it has lost favour. As a result, there is need to find a possible replacement for asbestos. Many authors 

have carried a lot of work on the replacement of asbestos using different material with the aim of finding a possible 

replacement for asbestos. In this work, coconut shell was used as reinforcement material together with other materials 

(epoxy resin, graphite and barium sulphate) with the aim of finding possible replacement for asbestos. Experimental 

design was carried out in accordance with Taguchi L93
3 design technique using Minitab. Samples production was done 

using constant weight percent of 50% reinforcement, 30% binder, 12% abrasive and 8% friction modifier. The mechan-

ical, tribological and physical properties of the composite were also studied. The results showed that sample 7 produced 

with moulding pressure, moulding temperature and curing time of 12 MPa, 110 ˚C and 11 minutes respectively gave 

better results in terms of its mechanical, tribological and physical properties. Also, Analysis of Variance (ANOVA) and 

regression analysis (confirmatory test) results revealed that the percentage errors obtained for individual responses 

were below 10% which showed that the experimental procedures were conducted under minima noise effects and the 

developed regression equations can be adopted for prediction of the friction lining performance. In addition, the ther-

mogravimetric analysis (TGA) conducted on the sample 7 showed that the thermal properties of the best samples com-

pared well with commercial sample and can be applied in automobile whose temperature at brake do not surpass 322.3 
oC. 

Keywords:  Friction lining, coconut shell, Taguchi, mechanical, tribological, physical properties

1. INTRODUCTION 

Various materials for friction lining are used in the braking 

and transmission of various machinery and equipment such 

as aircraft, cars, motorcycles and other automobile systems. 

Their compositions keep on changing in order to meet up 

with the growing technology and requirements of the envi-

ronment (Yawas et al., 2016). Friction linings can be catego-

rized as metallic, semi-metallic, organic and carbon-based, 

depending on the composition of the constituent elements. 

Also, automobile mechanics are in most cases exposed to as-

bestos dust in several ways. Some of this ways include, when 

replacing brake pads or shoes, which requires the mechanic 

to grinds the face of the pad in order to increase the engage-

ment process, bevel the grinding wheel edges to reduce the 

noise when in use, and then drill holes for riveting (Abutu et 

al., 2018; Yawas et al., 2016). Sometimes, most manufactur-

ers recommend scoring the pad’s centre with a hacksaw. 

These processes often lead to the release of the particles of 

asbestos. Similarly, in a common brake or clutch repair work, 

accumulated dusts are always wiped off before the old pads 

or shoes are replaced using a brush. Any of this method can 

cause particles of asbestos to become airborne. If these old 

friction linings are still hard enough to be applied, mechanics 
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working on them often utilize a bench grinder to normalize 

the surface, or dissolve the oil and dirt of the lining.. The tight 

link between exposure of asbestos and pulmonary disease 

was not well known until the mid 1970s. People who have 

work on asbestos-inclusion friction materials and workers or 

supervisors working in the vicinity, could have inhaled as-

bestos fibers while carrying out their duty thereby putting 

them at risk of contracting diseases such as pleural, perito-

neal or pericardial  mesothelioma, asbestos related cancer 

and asbestosis (Anon, 2004; Norton, 2001). Mesothelioma is 

one of these diseases which has a wide latency period, as a 

result it can develop at a creeping rate; this can take up to 

thirty or forty years depending on the initial asbestos expo-

sure. The mesothelioma prognosis for victims of the disease 

has totally not been positive as up till date, no cure has been 

reported for mesothelioma. Therefore, efforts have over the 

years been geared towards replacing fibres of asbestos in 

friction linings. This was reported in the work of Nakagawa 

et al. (1986), where fibres of metals were utilized for inclu-

sion in the production of brake pads so as to counter environ-

mental pollution. 

Gabriel (2016) utilized periwinkle/palm shell as reinforce-

ment material using Taguchi experimental design and re-

ported that optimal performance of the developed friction 

material can be obtained using moulding pressure MP (140 

KPa), moulding temperature MT (150 ˚C) and curing time 

CT (10 minutes) as process parameter. Also, Abutu et al. 

(2019a) utilized similar experimental procedure adopted by 

Abutu et al. (2018) and replacing the seashell used with co-

conut shell as reinforcement material, reported that optimum 

multi-response performance of the coconut shell-based fric-

tion material can be obtained using 5 hours heat treatment 

time, 8 minutes curing time, 140 ºC moulding temperature 

and 14 MPa moulding pressure. In addition, Lawal et al. 

(2016) also utilized Taguchi experimental technique to de-

veloped a rubber-based friction materials and found that the 

wear rate and friction coefficient of the developed friction 

materials are greatly influenced by moulding pressure (MP). 

Similarly, Bashar et al. (2012) utilizes coconut shells as rein-

forcement material to produce friction material with the aim 

of finding a replacement for asbestos and found that higher 

percentage of coconut powder results to brittleness while Ya-

was et al. (2013) developed an asbestos–free friction material 

using periwinkle shell as reinforced material with varying 

sieve sizes and revealed that the hardness, compressive 

strength and density of the formulated friction material in-

creases as the particle size of periwinkle shell decreases from 

710 to 125 μm while the oil absorption, wear rate and water 

absorption rate decreases as the particle size of the periwin-

kle shell decreases 

In order to tackle the problems highlighted above, The pre-

sent work intend to use a design of Experiment technique 

(Taguchi design method) to develop an environmentally 

friendly frictional material of better performance in terms of 

its mechanical, tribological, physical and thermal properties. 

The properties investigated will be used to obtained optimal 

process parameters for individual responses using Minitab 17 

statistical software. This will help in investigating the com-

bination of process parameters that will produce the optimum 

performance when applied as friction lining material. Also, 

Analysis of variance (ANOVA) will be use to study the per-

centage contribution (significant effect) of each process pa-

rameter (MP, MT, CT) on the performance of the frictional 

composite. Consequently, in this study, locally sourced co-

conut shell was used as reinforcement material along with 

other constituents to develop an environmentally friendly 

friction lining samples using design of experiment technique 

(Taguchi design method). The optimum performance of the 

developed samples was investigated by examining its me-

chanical, tribological, physical and thermal properties.  
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2. MATERIALS AND METHODS 

2.1 Materials 

The materials used in the production of the friction linings 

are presented in Table 1. 

 

 

Table 1: Production materials 

S/N Material Function Source 

1 Coconut 

shell 

Reinforce-

ment 

Coconut trader in Kawo mar-

ket (Fig. 1a) 

2 Graphite  Friction 

modifier 

Used 1.5 volts batteries (Fig. 

1b) 

3 Barium 

sulphate 

Abrasive Commercial chemical shop 

in Kaduna 

4 Epoxy 

resin 

Binder Commercial chemical shop 

in Onitsha 

 

 

Fig. 1: Reinforcement and friction modifier used 

2.2 Method 

Production of friction linings include preparation of lo-

cally sourced coconut shell and graphite powder, experi-

mental design using Minitab, compression moulding, test-

ing of samples and analysis of results. 

2.2.1 Materials preparation 

Coconut shells obtained from Kawo market was prepared 

by washing using soap and detergent, removing the fibres 

on the surface of the shells, drying in the sun for 24 hours, 

crushing using mortar and pestle, grinding using a grind-

ing machine situated in Samaru Zaria-Nigeria and sieving 

using a mesh size of 150 µm while the graphite powder 

obtained from used 1.5 volts batteries was prepared by re-

moving the graphite rod from the used batteries, washing 

of the graphite rods using soap and detergent, drying in 

the sun for 24 hours, crushing of the dried rod using mor-

tar and pestles, grinding using a grinder and sieving using 

a mesh size of 150 µm.  

2.2.2 Design of Experiment using Taguchi Technique 

Design of experiment was conducted using the experi-

mental design technique (Taguchi L933 ) adopted by 

Ibhadode and Dagwa, (2008). This technique involves the 

use of Minitab 17 statistical software by specifying the 

factor level of experimental design (Table 2) which pro-

duced the orthogonal array and layout as shown in Table 

3. As presented in Table 2, the factor levels selected in-

clude moulding pressure MP (8-12 MPa), moulding tem-

perature MT (110-130˚C) and curing time CT (9-11 min). 

The selection of this range of factors was prompted by the 

earlier reports of Abutu et al. (2019b) and Matthew (2012)  

who reported that moisture desorption of coconut shells 

takes place between 25 and 150 °C while at 150 °C, the 

degradation of sclerenchyma cells, which are responsible 

for holding water in coconut shell occurs.  

Table 2: Factor level of process parameters  

Factor MP (MPa) MT  (oC) CT (min) 

Level 1 8 110 9 

Level 2 10 120 10 

Level 3 12 130 11 

 

(a) Crushed coconut shells 

(b) Extracted graphite rods 
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Table 3: Taguchi Experimental Design Matrix 

S/N MP (MPa) MT (oC) CT (minute) 

1 8 110 9 

2 8 120 10 

3 8 130 11 

4 10 110 10 

5 10 120 11 

6 10 130 9 

7 12 110 11 

8 12 120 9 

9 12 130 10 

2.2.3 Samples production  

Sample production was carried out using production 

method adopted by Ibhadode and Dagwa {2008) using 

compression moulding machine situated at Federal Col-

lege of Chemical and Leather Technology (FCCLT), 

Samaru, Zaria (Polymer workshop). The compression 

moulding process involved pouring and mixing epoxy 

resin and hardener (catalyst) in the ratio of 2:1 as recom-

mended by the product manufacturer, followed by the ho-

mogenous mixing of the additives (coconut shell, graphite 

and barium sulphate powder) in a separate container. 

Thereafter, the mixture of the additives and binder is thor-

oughly stirred together and poured into the mould cavity 

filled with total mixture. This is then followed by the with-

drawal of cured samples from the moulding machine, 

cooling of samples and removing of the cooled samples 

from the mould. In addition, production of sample was 

carried at constant composition but with varying process 

parameters as specified in Table 3. The percentage com-

position used for sample production include 50% coconut 

shell (reinforcement), 30% epoxy resin/hardener (binder), 

8% graphite (friction modifier) and 12% barium sulphate 

(abrasive) while the produced samples are shown in Fig. 

2. 

 

Fig. 2: The produced coconut shell-based samples  

2.2.4 Testing of samples 

Produced samples were tested in order to evaluate the ten-

sile strength, compressive strength, impact strength, fric-

tion coefficient, wear rate, hardness, and water and oil ab-

sorption. These tests were carried out using standard test-

ing procedure outlined in literatures. Wear rate was con-

ducted using Martindale Abrasion Testing Equipments 

(SATRA TECHNOLOGY, S/N: 11884, STM: 105, Sup-

ply-230-1-50) and performed in accordance with ASTM 

D4966-98 standard which specified a specimen size 

38mm diameter. Also, coefficient of friction  (was con-

ducted in accordance with the test procedure outlined by 

Standard Organization of Nigeria (S.O.N) using an In-

clined plane (Model No. 14678; NORWOOD Instrument 

Ltd.) while tensile strength test was conducted in accord-

ance with ASTM D638 using a Tensometer (MON-

SANTO; Serial No-05232). In addition, hardness test was 

carried out using a Brinell hardness tester (Model SE 

B3000J) using ASTM E10 standard while impact test was 

conducted in accordance with ASTM E23 using a Charpy 

impact tester (Norwood instrument, model No: 412-07-

0715269C). Similarly, ccompressive strength test was per-

formed in accordance with ASTM D695 testing procedure 

using Universal testing machine (ENERPAC P391: Cat. 

Nr. 261, Norwood Instruments Ltd) while water and oil 

absorption test were conducted in accordance with ac-

cordance to ASTM D570 standard using distilled water 

and brake/clutch fluid (BENDIX; B 03202). 
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3. RESULTS AND DISCUSSION 

3.1 Experimental Results 

Table 4 presents the average results of the mechanical, 

tribological and physical properties examination per 

formed on the developed friction lining samples.

Table 4: Experimental results of sample characterization 

Run 

No 

Coefficient of 

friction (µ) 

Wear rate 

(mg/m) 

Ultimate Tensile 

Strength (N/mm2) 

Compressive 

Strength (N/mm2) 

Impact 

energy (J) 

Brinel Hardness 

Number (BHN) 

Oil Ab-

sorption 

Water 

absorp-

tion 

1 0.772 0.001310 21.88 3.310 5.43 32.07 0.1583 0.1587 

2 0.661 0.000655 31.25 5.039 8.14 25.67 0.1577 0.3075 

3 0.697 0.000655 2.50 3.976 9.49 14.83 0.0573 0.3069 

4 0.675 0.001310 31.25 5.425 10.85 21.02 0.0567 0.1580 

5 0.580 0.001310 37.50 5.164 10.85 41.2 0.0573 0.2614 

6 0.492 0.000655 18.75 3.766 5.43 32.07 0.2593 0.3087 

7 0.626 0.001310 37.50 6.483 13.56 44.09 0.1087 0.1148 

8 0.561 0.002619 18.75 3.195 6.78 30.26 0.1121 0.3609 

9 0.657 0.000655 31.25 3.770 8.14 168.94 0.2104 0.2617 

 

From the experimental results presented in Table 4, it can 

be observed that the ultimate tensile strength (UTS), com-

pressive strength, impact energy and hardness varies from 

2.50-37.50 N/mm2, 3.310-6.483 N/mm2, 5.43-13.56J and  

14.83- 168 BHN respectively. The friction coefficient and 

wear rate varies from 0.492– 0.772 and 0.000655-

0.002619 mg/m respectively while the oil and water ab-

sorption varies from 0.0573-0.2593 and 0.1148-0.3609 re-

spectively. In addition, the highest UTS (37.5N/mm2), 

compressive strength (6.483 N/mm2), impact energy 

(13.56J) and the lowest water absorption (13.56) value were 

obtained using MP (12MPa), MT (110˚C) and CT 

(11minutes) while the highest friction coefficient (0.697) 

and lowest wear rate (0.000655mg/m) as well as oil absorp-

tion (0.0573) using MP (8MPa), MT (130˚C) and CT 

(11minutes). These results are in good agreement with the 

earlier work of Abutu et al. (2019a) who reported an opti-

mal friction coefficient, wear rate and compressive 

strength of 0.0.788, 0.0066mg/m and 5.309 MPa respec-

tively using coconut shell as reinforcement matgerial. 

Therefore, the performance of the developed friction lin-

ing possess good mechanical, physical and tribological 

properties are are in close agreement with results reported 

in literature. 

3.2 Analysis of Experimental Results 

3.2.1 Signal-to noise analysis 

Signal to noise ratio values for friction coefficient, hard-

ness (BHN), impact energy, ultimate tensile (UTS) and 

compressive strength presented in Table 5 were calculated 

using larger the better quality characteristics (Eqn. 1) 

while that of wear rate, water and oil absorption were cal-

culated using smaller the better quality characteristics 

(Eqn. 2). Also, the main effects plots for the properties of 

the friction linings were obtained using Minitab 17 soft-

ware and are shown in Fig. 3 (a-g). 
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Larger-the better: S/N = -10log
1

𝑛
( 1/y i

 2) --- (1) 

Smaller-the better: S/N = -10log
1

𝑛
( y i

 2) -- (2) 

Where; y = response value and n = number of experi-

mental trials 

Table 5: Signal-to-noise (S/N) for responses 

Run 

No 

Coefficient of 

friction (dB) 

Wear rate 

(dB) 

UTS (dB) Compressive 

Strength (dB) 

Impact en-

ergy (dB) 

BHN (dB) Oil Absorption 

(dB) 

Water absorp-

tion (dB) 

1 -2.250 57.656 26.801 10.397 14.696 30.122 16.013 15.988 

2 -3.595 63.677 29.897 14.046 18.212 28.189 16.046 10.243 

3 -3.141 63.677 7.959 11.989 19.545 23.423 24.844 10.260 

4 -3.408 57.656 29.897 14.689 20.709 26.453 24.936 16.030 

5 -4.728 57.656 31.481 14.260 20.709 32.298 24.844 11.656 

6 -6.167 63.677 25.460 11.518 14.696 30.122 11.726 10.209 

7 -4.069 57.656 31.481 16.236 22.645 32.887 19.279 18.801 

8 -5.021 51.636 25.460 10.089 16.625 29.617 19.008 8.853 

9 -3.650 63.677 29.897 11.528 18.212 44.555 13.539 11.646 
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Fig. 3: Main effect plots of responses

3.2.2 Analysis of Variance (ANOVA)  

ANOVA was conducted on the experimental response in 

order to study the percentage contribution of individual 

parameter. This analysis was carried out using confidence 

level of 95 % and significance level of 5 %. ANOVA table 

shown in Table 6-13 consist of degree of freedom (DOF), 

sum of square (SS), mean square (MS), f-value and per-

centage contribution (P %) 

 

 

 

 

(a) Friction coefficient (b) Wear rate (c) UTS 

(d) Compressive strength 
(e) Impact strength (f) Hardness 

(g) Oil absorption (h) Water absorption 
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Table 6: ANOVA for Friction Coefficient 

Fac-

tor 

DOF SS MS F P (%) 

MP 2 0.0283 0.0142 8.9145 52.0483 

MT 2 0.0161 0.0081 5.0823 29.6736 

CT 2 0.0068 0.0034 2.1305 12.4394 

Er-

ror 

2 0.0032 0.0016  5.8386 

To-

tal 

8 0.0544 0.0068  100.0000 

 

Table 7: ANOVA for wear rate 

Factor DOF SS MS F P (%) 

MP 2 0.000001 0.00000050 25.00 32.89 

MT 2 0.000001 0.00000050 25.00 32.89 

CT 2 0.000001 0.00000050 25.00 32.89 

Error 2 0.00000004 0.00000002  1.32 

Total 8 0.00000304 0.00000038  100.00 

 

Table 8: ANOVA for UTS 

Fac-

tor 

DOF SS MS F P (%) 

MP 2 285.7000 142.8500 2.4054 28.0023 

MT 2 358.7000 179.3500 3.0200 35.1572 

CT 2 257.1000 128.5500 2.1646 25.1991 

Er-

ror 

2 

118.7750 59.3875  11.6415 

To-

tal 

8 

1020.2750 127.5344  100.0000 

Table 9: ANOVA for compressive strength 

Factor DOF SS MS F P (%) 

MP 2 0.9900 0.4950 1.0439 9.9304 

MT 2 2.5890 1.2945 2.7299 25.9695 

CT 2 5.4420 2.7210 5.7381 54.5870 

Error 2 0.9484 0.4742  9.5131 

Total 8 9.9694 1.2462  100.0000 

 

Table 10: ANOVA for impact strength 

Fac-

tor 

DOF SS MS F P (%) 

MP 2 5.3070 2.6535 3.2721 8.969 

MT 2 7.7640 3.8820 4.7870 13.121 

CT 2 44.4800 22.2400 27.4248 75.17 

Er-

ror 

2 

1.6219 0.8109  2.741 

To-

tal 

8 

59.1729 7.3966  100.0 

 

Table 11: ANOVA for hardness 

Factor DOF SS MS F P (%) 

MP 2 7158.00 3579.00 4.54 40.25 

MT 2 4530.00 2265.00 2.87 25.47 

CT 2 4519.00 2259.50 2.87 25.41 

Error 2 1577.00 788.50  8.87 

Total 8 17784.00 2223.00  100.00 

Table 12: ANOVA for oil absorption 

Factor DOF SS MS F P 

(%) 

MP 2 0.004748 0.00237 1.351 11.45 

MT 2 0.013036 0.00652 3.710 31.44 

CT 2 0.020170 0.01009 5.740 48.64 

Error 2 0.003514 0.00176  8.5 

Total 8 0.041468 0.00518  100.0 

Table 13: ANOVA for water absorption 

Factor DOF  SS MS F P 

(%) 

MP 2 0.000378 0.000189 0.1059 0.656 

MT 2 0.049971 0.024986 13.994 86.73 

CT 2 0.003695 0.001848 1.0348 6.413 

Error 2 0.003571 0.001785  6.198 

Total 8 0.057615 0.007202  100.0 

 

 

https://www.bayerojet.com/


                                                                                                                                                          

ISSN: 2449 – 0539  

    BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.15 No.3, AUG, 2020  PP 15-27 

Also available online at https://www.bayerojet.com             23 

 

As shown in Table 6, it can be observed that MP 

(52.0483 %) has most effect on the coefficient of friction 

of the developed friction material while curing time gave 

the least significant effects with percentage error of 

5.8386 %. Also, Table 7 showed that all the process pa-

rameters (32.89%) contributed similar effects on the wear 

rate of the developed friction material. The percentage er-

ror obtained was 1.32% while Table 8 indicates that MP 

(35.1572%) has most effect on the UTS of the developed 

friction material while CT (25.1991%) gave the least sig-

nificant effects with percentage error of 11.6415 %. In ad-

dition, Table 9 revealed that curing time (54.5870 %) has 

more effect on the compressive strength of the developed 

friction material while MP (9.9304 %) gave the least sig-

nificant effects with a percentage error obtained was 

9.5131 %  and Table 10 indicates that CT (75.1696%) has 

most effect on the impact strength of the developed fric-

tion material while MP (8.9686%) gave the least signifi-

cant effects and produced a percentage error obtained was 

2.7409%. In addition, from Table 11, it can be observed 

that MP (40.25%) has most effect on the hardness of the 

developed friction material while MT (25.47 %) gave the 

least significant effects and percentage error obtained was 

8.87 % while Table 12 showed that CT (48.640%) has 

most effect on the oil absorption of the developed friction 

material and MP (11.45%) gave the least significant ef-

fects with a percentage error of 8.473387 %. Finally, Table 

13 indicates that MT (86.733 %) has most effect on the 

water absorption of the developed friction material while 

MP (0.656081%) gave the least significant effects with a 

percentage error of 6.197711 %. The percentage errors ob-

tained for all the responses were found to be below 10 % 

which indicates that the experiment produced less noise 

effects. 

3.2.3 Contour plots  

Contour plot was obtained using the experimental results 

with the aim of studying the effect of variation in two pro-

cess parameters on a response when the other parameter is 

kept constant. The plots were obtained using Minitab 17 

software. The contour plots for all the responses shown in 

Fig. 4. 
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Fig. 4: Contour plots of responses

As shown in Fig. 4, it can be observed that while keeping 

the CT constant, Fig. 4(a) revealed  that a coefficient of 

friction of greater 0.75 can be obtained using MP of 8 MPa 

and MT of 110 ̊ C while Fig. 4(b) indicates that a wear rate 

of less than 0.001 can be obtained using MP of 11 MPa 

and MT of 127 ˚C and Fig. 4(c) showed that UTS of 

greater than 25 N/mm2 can be obtained using MP of 10 

MPa and MT of 115 ̊ C. Also, Fig. 4(d) showed that a com-

pressive strength of greater than 6 N/mm2 can be obtained 

using MP of 11.5 MPa and MT of 110.2 ˚C while Fig. 4(e) 

revealed that a impact strength of greater than 18.5 Joules 

can be obtained using MP of 11.5 MPa and MT of 110.5 

˚C and Fig. 4(f) indicates that a hardness of greater than 

150 HBN can be obtained using MP of 12 MPa and MT 

of 130 ˚C. In addition, Fig. 4(g) showed that a oil absorp-

tion of less than 0.1 can be obtained using moulding pres-

sure of 11 MPa and moulding temperature of 115 ˚C while 

Fig. 4(h) revealed that a water absorption of less than 0.15 

(b) Wear rate (c) UTS 

(e) Impact strength (f) Hardness 

(g) Oil absorption (h) Water absorption 
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can be obtained using moulding pressure of 12 MPa and 

moulding temperature of 110 ˚C. 

3.2.4 Regression analysis 

Regression equations were obtained using the experi-

mental data presented in Table 4, with the aim of predict-

ing the value of the investigated experimental responses. 

These regression equations for all the responses are shown 

in Equ. 3-10. Also, confirmatory tests were conducted us-

ing the factor level combination for the optimal sample 

(sample 7) with MP (12MPa), MT (110˚C) and CT 

(11minutes) and the results along with their individual 

percentage errors are presented in Table 14. 

i. Coefficient of friction (µ) =  

0.199 - 0.0238 MP - 0.00380 MT + 0.0130 CT--- (3) 

ii. Wear rate (mg/m) = 

0.00534+ 0.000164MP- 0.000033MT -0.000218CT--- 

(4) 

iii. UTS(N/mm) =  

45.1+ 2.66 MP- 0.635 MT + 3.02 CT --- (5) 

iv. Compressive Strength (N/mm2) =  

2.01 + 0.094 MP - 0.0618 MT + 0.892 CT  --- (6) 

v. Impact energy (N) =  

-9.32 + 0.452 MP - 0.1130 MT+ 2.710 CT ---   (7) 

vi. Hardness (BHN) 

 = -354 + 14.23 MP + 1.98 MT + 1.0 CT--- (8) 

vii. Oil Absorption =  

0.237+ 0.0048 MP + 0.00339 MT - 0.0511 CT--- (9) 

viii. Water absorption =  

-0.391- 0.0030 MP+ 0.00743 MT- 0.0242 CT---(10) 

Table 14: Confirmatory test for responses 

S/N Properties Exp. 

value 

Cal. 

value 

% error 

1 Coefficient of fric-

tion  

0.626 0.6274 

0.224 

2 Wear rate (mg/m) 0.001310 0.00128 2.290 

3 Ultimate Tensile 

Strength (N/mm2) 

37.50 40.39 

7.707 

4 Compressive 

Strength (N/mm2) 

6.483 6.152 

5.106 

4 Impact energy (N) 13.56 13.484 0.560 

5 Brinel Hardness 

Number (BHN) 

44.09 45.56 

3.334 

6 Oil Absorption 0.1087 0.1054 3.036 

7 Water absorption 0.1148 0.1241 8.101 

 

The confirmatory test results presented in Table 14 re-

vealed that that the percentage errors obtained for each re-

sponses fall below 10% and the experimental results 

shows a close agreement with the calculated results.This 

indicates that the developed equations are reliable to a rea-

sonable extent, therefore, can be utilised in the prediction 

of performance variables. 

3.3 Thermal Analysis of friction materials 

Based on observation of the experimental data obtained 

from the examination, it was found that compared to the 

other samples, sample 7 produced with moulding pressure, 

moulding temperature and curing time of 12 MPa, 110 ˚C 

and 11 minutes respectively gave a better results in terms 

of its mechanical, tribological and physical properties. 

Therefore, the thermal resistance of the optimal sample 

(sample 7) was studied along with commercial based sam-

ple (Toyota car) using thermogravimetric analyser (Pyris 

TGA 1, Perkin Elmer) operating at a maximum tempera-

ture of 800oC under Nitrogen environment and situated at 

the Centre for Genetic Engineering and Bio-Technology 

(STEP B) in Federal University of Technology, Minna. 

The Thermogravimetric Analysis (TGA) and Derivative 

Thermogravimetric (DTG) results are shown in Fig. 5 and 

Fig. 6 respectively. 
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Fig. 5: TGA profile for coconut shell based and commer-

cial friction materials 

 

Fig. 6: DTG for coconut shell based and commercial 

friction materials 

As shown in Fig. 5 and 6, it can be observed that the ther-

mal stability of the optimal coconut shell based sample 

compared favourably with commercial based friction ma-

terial. Though, the commercial sample showed better ther-

mal properties compared to the formulated sample which 

may be due to the presence of the “giant compound” 

known as asbestos which has been proven by several re-

searchers to be carcinogenic and required to be replaced 

with another materials like coconut shell (Blau, 2001). 

Also, the DTG plot presented in Fig. 6 revealed that the 

onset thermal degradation of the coconut shell based com-

posite begin at a temperature of 322.3oC while that of 

commercial sample begin at 514.8 oC. This indicates that 

the coconut shell based friction material possesses good 

thermal properties and can be applied in automobile 

whose braking temperature does not exceed 322.3 oC.  

4. CONCLUSIONS 

From the results obtained, the following conclusion can 

be drawn; 

i. Changes in experimental factors affects the prop-

erties of the developed friction linings as all the 

samples produced with varying parameters gave 

different performance characteristics. 

ii. From the experimental results obtained, it can be 

concluded that sample 7 produced with moulding 

pressure, moulding temperature and curing time 

of 12 MPa, 110 ˚C and 11 minutes respectively 

gave the optimal performance since it gave better 

mechanical, tribological and physical properties 

compared to the other samples. 

iii. Also, Analysis of Variance (ANOVA) and re-

gression analysis (confirmatory test) results re-

vealed that the percentage errors obtained for in-

dividual responses were below 10% which indi-

cates that the experimental procedures were con-

ducted under minima noise effects and the devel-

oped regression equations can be adopted for pre-

diction of the properties of the friction linings. 

iv. The thermogravimetric analysis (TGA) con-

ducted on the optimal samples (sample 7) indi-

cates that the thermal stability of the developed 

optimal sample compared favourably with the 

commercial sample and can be applied in a auto-

mobile whose braking temperature do not exceed 

322.3 oC. 
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