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Abstract: This work is aimed to study the mechanical and physical properties of  composite friction materials (CFMs) 
produced by using various fiber types (glass, carbon, and basalt) filled and unfilled Organic Juniperus Drupacea Cone Powder 
( JDCP). The CFMs were tested by using a pin-on-disc tribo-test-rig under dry contact conditions. The JDCP gradually 
reduced the density of  CFMs. The surface hardness of  the CFMs exhibited a decreasing trend with the addition of  JDCP 
filler. The presence of  JDCP within the CFMs considerably increased the water and oil absorption. The results showed that 
the JDCP filled and unfilled basalt fiber reinforced CFMs had higher friction coefficients than JDCP filled and unfilled glass 
and carbon fiber reinforced CFMs. In addition, the friction coefficient of  filled and unfilled carbon fiber reinforced CFMs was 
found to be the lowest. The tensile strengths obtained from the indirect tensile (Brazilian) test of  basalt, glass and carbon 
fiber reinforced test CFMs increased with JDCP filler. In addition, the tensile strength of  JDCP filled and unfilled carbon fiber 
reinforced FCMs proved to have better wear resistance than all other CFMs. The wear resistance of  basalt, glass, and carbon 
fiber reinforced CFMs decreased with the increase of  JDCP wt.% filler. Among JDCP filled and unfilled all CFMs, the highest 
wear resistance was detected in carbon fiber reinforced CFM. The minor wear resistance was seen in glass fiber reinforced 
CFMs than carbon and basalt reinforced samples.
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fillers in material groups [13, 14]. In many studies, bar-
ite was used as filler material, phenolic resin as the binder 
material, different fiber types as reinforcement material, 
cashew as friction adjuster, graphite and coke as a solid 
lubricant. Seashells [15], palm kernel shell [16], ulexite 
[17, 18] and pinus brutia [18] cone powder, ground cow 
bone, larch cones and cashew powder [19], periwinkle 
shell [20], rubber [13], banana peels [21], larch, red pine, 
scotch pine, pine and cones of cedar trees [22], red pine 
cones [23], cashew powder [24-26] mussel, bone, animal 
hoof and animal horn powders [27], cashew nut shell liq-
uid, flaxseed oil and palm kernel fibers [28] are organic 
fillers investigated for friction material.

Arman et al. examined the commercial CFM obtained 
by adding different agricultural wastes as an alternative 
to brake pads with asbestos. They stated that the perfor-
mance of these examined CFM is similar to that of asbes-
tos brake pads [29]. Binda et al. have produced slate parti-
cle reinforced phenolic composites, a new reinforcement 
for the CFM. They investigated the effect of the slate 

1. Introduction
Typical composite friction material (CFM) is produced 
by curing a polymeric binder, organic and/or inorganic 
components under heat and pressure[1-3]. The compo-
nents’ properties directly affect the mechanical, physical, 
and frictional performance of the final CFMs [4, 5]. As 
well as organic and inorganic fillers, the CFMs can be 
added with reinforcing materials such as basalt, carbon, 
glass fiber [2, 6, 7]. When the percentage by weight of 
the components used in producing such multi-compo-
nent composite materials is selected appropriately, the 
improved structural properties expected from the final 
product can be obtained [6, 8, 9]. 

There has been a great deal of research in the literature to 
produce the CFMs used in industrial applications from 
various ecological and biological materials. According to 
the literature, the CFMs may be divided into three ma-
terials groups: reinforcement, binder, and filler[10-12]. 
In addition, some studies also accept friction adjusters, 
colourants, abrasives, lubricants, cleaners, and metallic 
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ratio on the friction properties of the CFM. They stated 
that the friction coefficients of the composites produced 
are stable. In addition, they indicated that the 40 wt.% 
slate reinforced phenolic composite had tribological prop-
erties reaching those of commercial CFMs [30]. Finally, 
de Fazio et al. studied the abrasion resistance of hemp fi-
bers and compared it to glass and carbon fibre-reinforced 
composites. They have observed that natural fibers such 
as hemp fibers exhibit better abrasion behaviors than syn-
thetic fibers [7].

It is necessary to understand a CFM’s basic material 
properties that act its task under conditions of abrasive, 
forcible impact and exposure to liquid. On this basis, this 
study’s motivation is to investigate the usability of Juni-
perus Drupacea Cone Powder (JDCP), which is used to 
produce fruit concentrate in the food industry, as a fric-
tion material component. In the case of multi-component 
composites, it is known that the ratio of filler has a pro-
found effect on the mechanical, wear, and physical prop-
erties of composite materials. However, no studies relat-
ed to JDCP filled CFM in the literature except for the 
studies[2, 31, 32] that Aras was involved in. Therefore, the 
purpose of this study is to investigate the effects on den-
sity, hardness, liquid absorption, wear resistance, friction 
coefficient, the tensile strength of JDCP filled CFMs. 
Furthermore, their features, which it gains to CFM due 
to the heterogeneous structural complexity of JDCP, are 
difficult to predict. In addition, an indirect tensile test ap-
proach is proposed to determine the tensile properties due 
to the brittle characteristic of JDCP filled CFMs.

2. MATERIAL AND METHOD
2.1. Raw Materials
In this study, barite, phenolic resin, coke, three different 
(glass, carbon, basalt) fibers, Organic Juniperus Drupacea 
Cone Powder were used to investigate the CFMs. The bar-
ite (particle size 5 µm) and phenolic resin were supplied 

from Barite Mining Turkish Inc and Çukurova Chemical 
Industry Inc., Glass fiber from Glass Fiber Industry Inc, 
Basalt fiber from Yuniu Fiberglass Manufacturing (Hebei) 
Co. Ltd, and Carbon fiber from Spinteks was purchased. 
Coke was produced from the Konya Technical Univer-
sity Mining Engineering laboratory. Juniperus Drupacea 
Cones were collected as the sun-dried from the Sarıveliler 
region, Karaman city, Turkey. They were then ground in a 
rod mill to powder form. Afterward, the powder obtained 
was characterized using a sieve with mesh-size (1.0 mm) 
and resulted in powder size ≤ 1 mm. The production stag-
es of the Juniperus Drupacea Cone powder were given in 
Fig. 1. The density values of the components of CFM pro-
vided by the producer are given in Table 1.

Table 1. The density value of  the components used in the study

Components Density, g/cm3

Glass fiber 2.54
Carbon fiber 1.75-1.95
Basalt fiber 2.65-2.80

JDCP 0.906
Barite 4.25
Coke 1.4
Resin 1.18-1.23

2.2. Preparation of Composite Friction 
Materials
In order to produce the samples, the components specified 
in Table 2 were mixed in a double-blade mixer for 15 min. 
Then they were molded at 160 ºC, 100 MPa pressure for 
15 min in a hydraulic. These production parameters opti-
mized in the previous study [2] were employed in the cur-
rent study. In addition, more detailed information about 
the production steps of powder and the hot pressing pro-
cess was given in the previous studies [2, 32]. The images 
of the hydraulic press and the externally heated mold used 
in production, and the codes of CFMs produced are given 

Figure 1. Illustration of the production stages of Juniperus Drupacea cones powder
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in Fig. 2. The sample coding was carried out considering 
fiber type and JDCP filler ratio by weight.

Table 2. The components of  the CFMs (wt.%)

Sample 
Code

Fiber 
Type

JDCP Barite Fiber Resin Coke

GF00 GF 0

50 20 25 5

GF05 GF 5
GF15 GF 15
GF20 GF 20
CF00 CF 0
CF05 CF 5
CF15 CF 15
CF20 CF 20
BF00 BF 0
BF05 BF 5
BF15 BF 15
BF20 BF 20

GF:Glass fiber, CF:Carbon fiber, BF:Basalt fiber, JDCP: Juniperus Drupacea Cone 
Powder

Figure 2. The images of the externally heated mold and the samples

2.3. Mass changes
The water and oil absorption of JDCP filled and unfilled 
CFMs were conducted following ASTM D 5229. Before 
the absorption test, the weight of each sample was mea-
sured in high precision digital scale balance with a resolu-
tion of 0.001g. Three samples of each type of CFMs were 
immersed in distilled water and oil at room temperature. 
The residual water and oil on the samples were cleaned 
and dried before weighing samples exposed to the liquid 
environment. Next, the weights of the sample were mea-
sured, and the mass changes were calculated.  The mass 
measurements were taken frequently due to the relatively 
high absorption in the first 24 hours of the immersion pe-
riod. After 24 hours, mass measurements were measured 
once every 24 hours and continued until each of the sam-
ples reached saturation. The mass change was calculated 
using the Eq. (1):

   (1)
Where mi (g) and mf (g) are the mass of test samples be-
fore and after liquid immersion, respectively.

2.4. Density Measurements
The densities of the CFMs were determined with the Ar-
chimedean principle. In density measurements of CFMs, 
A digital caliper with 0.01mm precision and Precisa XB-
220 precision balance were used. In order to avoid wa-
ter absorption by CFMs during density measurements, 
weighing operations were carried out within 15 s.

2.5. Hardness Test
For the hardness measurements of the CFMs, a universal 
hardness device was used. The hardness values of CFMs 
were taken in the Rockwell R scale (1/2 inch ball, 10 N 
preload, 60 N total load). The hardness measurements 
were repeated five times for each CFM.

2.6. The Brazilian Test
The Brazilian test is a simple indirect tensile test devel-
oped to determine the semi-static tensile strength of 
brittle material [33, 34]. In this test method, a cylindri-
cal sample is loaded as shown in Fig. 3, and stress (σyy) 
occurs in the vertical direction to the loading along the 
loaded diameter. The samples were loaded between two 
steel plates in a universal tensile tester. Herein, the load 
was formed along the X-axis with two symmetrical lines 
(F/B, per unit thickness). The stress field does not occur 
homogeneously in the loaded sample [35-37]. The σ values 
seen in Fig. 3 correspond to the σyy stress caused by the 
load (F) affecting the plane (y =0) in the sample centre. 
Actually, stress is much greater at points in this plane, ex-
cept for the points X =±R. During the test, final failure 
occurs vertically due to the direction of the tensile stress-
es [37]. The Brazilian test method, a quasi-static test, was 
preferred to samples to detect the response in the strength 
of CFMs exhibiting a brittle character. This method can 
be applied to the materials that behave completely elastic 
and present shear and compression strengths greater than 
their tensile strength. Brazilian tests performed were car-
ried out under compression load 1.0 mm/ min according 
to ISRM (1981) and TS 7654 (1989) standards [23, 34]. 
Eq (2) was used to calculate the indirect tensile strength 
(σy) of the samples:

    (2)

Where σy; the indirect tensile strength, F; load, D; diame-
ter of the test sample, B; width of the test sample.

2.7. Wear Test
Wear tests were carried out in a Pin-on-disc type tri-
bo-test machine with a rotary motion, as shown in Fig. 4. 
Considering the available studies in the literature [38-40] 
and TS 9076 standard, wear tests were employed at 700 
rpm, 1050 kPa pressure, and 10000 m sliding distance 
parameters. The abrasive disc used in the abrasion test is 
made of Gray cast iron and has an average diameter and 
hardness of 180 mm and 197 HB, respectively. Prior to 
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the test, different abrasive discs, which are ground, were 
used for each specimen. Before and after the abrasion test, 
the sample masses were measured using a precision scale, 
and the found mass change amounts (m1 - m2 = ∆m) were 
used to calculate the wear rates (Wa) of the samples. The 
wear tests were repeated three times for each sample. The 
average values obtained from the test results were used 
to calculate the wear resistance and friction coefficient. 
Thus, Eq (3) and Eq (4) were used to calculate the samples’ 
wear amount and wear resistance.

  
(3)

 
(4)

Wa; the amount of wear, Wr; wear resistance, m1; sample 
mass (g) before the test, m2; sample mass (g) after the test.

As shown in Fig. 4, the friction coefficient (µ) values were 

calculated with Eq. (5) by using the M2 load values trans-
ferred from the load cell on the test device to the comput-
er in the wear tests performed under the M1 load applied.

   
(5)

Where, µ; friction coefficient, L1; distance between mo-
ment center and load cell (mm), M1; applied load (g), L0; 
distance between moment center and applied load (mm), 
M2; load read from the loadcell. The wear resistance and 
amounts were calculated from Eq. (3) and Eq. (4) and pre-
sented in Table 3.

2.8. Scanning Electron Microcopy (SEM) 
Examination
All the samples and JDCPs were pinned on aluminium 
stubs, sputter-coated with gold (Cressington sputter coat-
er 108) at 5–7 nm thickness at 0.18 mbar, and observed 
under a scanning electron microscope (Zeiss Evols10) un-
der accelerating voltage of 30 kW.

3. RESULTS AND DISCUSSIONS
3.1. Water and Oil Absorption Properties
The fiber-reinforced polymer composites based on na-
ture fillers are sensitive to the liquid environment. So, the 
mechanical properties and dimensional stability of these 
composites are adversely affected by liquid contact. The 
mass changes in water absorption at different fiber and 
filler loading levels are given in Fig. 5 and Fig. 6. 

Among all test samples, the mass change in GF20, CF20, 
and BF20 samples increased gradually at the first 24 hrs 

Table 3. Wear resistance and amounts calculated from Equation 3 and Equation 4

Sample 
Codes

Wear resistance
Wr, x107

Wear amounts 
Wa, %

Sample 
Codes

Wear resistance
Wr, x107

Wear amounts 
Wa, %

Sample 
Codes

Wear resistance
Wr, x107

Wear amounts 
Wa, %

GF00 15.74 0.1359 CF00 20.49 0.0937 BF00 18.72 0.1248
GF05 15.26 0.1403 CF05 17.61 0.0978 BF05 16.05 0.1302
GF15 13.82 0.1332 CF15 16.43 0.1093 BF15 14.70 0.1314
GF20 12.63 0.1471 CF20 15.76 0.1132 BF20 13.80 0.1407

Figure 3. Illustration of the Brazilian test

Figure 4. Pin-on-disc type tribo-test machine[2] 
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Figure 4. Pin-on-disc type tribo-test machine[2] 

Figure 5. Mass changes in the water environment of JDPE filled glass, carbon, and basalt fiber reinforced polymer composite as a function of time

Fig. 6 Mass changes in the oil environment of JDPE filled glass, carbon, and basalt fiber reinforced polymer composite as a function of time
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of absorption and then tremendously increased until sat-
uration was reached after 124 hrs immersion in distilled 
water. The addition of JDCP within the glass, carbon, and 
basalt fiber reinforced polymer composite considerably in-
creased the water uptake. The mass change in the CF00 
sample remained in the range of 0-0.1%. Hence, it was 
determined that the CF00 sample was the most insensi-
tive to the water environment in the 124-hrs immersion 
period compared to the other samples. This suggests that 
CF00 has the resistance to water uptake than GF00 and 
BF00 due to the hydrophobic nature of carbon [41]. As 
the JDCP loading rate increases, water uptake of the glass, 
carbon, and basalt fiber reinforced samples has ascended, 
as shown in Fig. 5.

The mass changes in oil absorption at different fiber and 
filler-loading levels are presented in Fig. 6. In contrast to 
the aquatic environment, all test specimens reached sat-
uration after 48 hrs immersion in oil. In contrast to the 
water environment, GF20 and BF20 samples reached 
saturation at 24 hrs of oil immersion. The CF20 sample 
reached saturation 4 hrs after the immersion. Thus, the 
CF20 sample of water uptake rate was found to be higher 
than all samples in the oil environment. This can be asso-
ciated with the interfacial voids between the carbon fibers 
and the JDCP and the voids between the barite, coke, and 
resin, which can uptake the water.

Similar to the water environments, as the JDCP % load-
ing rate increases, oil uptake of the glass, carbon, and ba-
salt fiber reinforced samples has risen, as shown in Fig. 6. 
On the other hand, the mass change in the BF00 sample 
remained in the range of 0-0.5%. Thus, it was detected 
that the BF00 sample was more insensitive to the oil en-
vironment in the 4-hrs immersion period than the GF00 
and CF00 samples. Consequently, as the JDCP loading 
rate increased, the water and oil absorption increased sig-
nificantly. This can be attributed to the increased porosi-
ty rate, which is dependent on the decrease in density of 
JDCP filled composite materials, as shown in Fig 8a. In 
addition, these composites’ s water uptake of reason can 
be associated due to the high moisture capability of J. 
drupacea fruits [42]. These liquid absorptions, which in-
creased with the addition of different fiber reinforcement 
and filler, can be one of the biggest obstacles to expanding 
using polymer composites in industrial applications.

3.2. Friction and Wear
The friction coefficient is affected by temperature, pressure 
(load), and sliding velocity [43]. Therefore, these param-
eters were pegged constant in friction tests. During the 
wear test, the effects of JDCP filler rates on the friction 
coefficient according to distance were given in Fig. 7. In 
addition, the value of friction coefficients during the wear 
tests is given in Table 4 at various sliding distances such as 
250 m, 1000 m, 5000 m, and 10000 m. Among the 0 wt. 
%, 5 wt. %, 15 wt. %, 20 wt. % JDCP filled samples; the 
average friction coefficient was the highest in the samples 
with basalt fiber and the lowest in the samples with car-
bon fiber. The decrease in the friction coefficient of car-
bon fiber reinforced CFMs as the JDCP ratio increases 
can be attributed to the presence of lipid in JDPC. Akinci 
et al. [38] investigated the nutritional properties of Juni-
perus drupaceous fruits and reported that the fruit con-
tains about 4.3% lipid. It is well known that carbon-based 
filler materials act as solid lubricants in CFM. Therefore, 
the friction coefficient of filled and unfilled carbon fiber 
reinforced CFMs is lower than the other samples can be 
explained by the lubricating effect of the carbon fiber and 
the lipid.

The found results are not consistent with the wear test re-
sults of 75 wt.% glass and 25 wt.% carbon fiber reinforced 
friction material conducted by Demir et al.[14]. The reason 
for this difference may be the coke and barite contained in 
the samples. On the other hand, our result is consistent 
with the average friction coefficients of CFMs made of ba-
salt fiber, glass fiber, barite, and graphite produced by Mo-
ses et al. [44]. The friction coefficient increased slightly in 
glass, basalt, and carbon fiber reinforced samples as the 
ratio of JDCP increased. The tough JDCPs in CFMs may 
cause more extensive plastic deformation during sliding 
due to surface roughness-morphology and hardness inter-
action.  The reduction of the adhesion between the ma-
trix and the particle reduces the friction coefficient, but 
in this study, the friction coefficient of CFMs increased 
as reported in Ref [45]. Thus, JDCP filler may be used as 
friction-enhancing material in commercial CFMs. A con-
stant and high coefficient of friction is required for the use 
of CFMs in commercial implementations [46].

Table 4. Average values for the friction coefficient and sliding distance

Sliding dis-
tance (m)

Friction coefficient

GF00 GF05 GF15 GF20 CF00 CF05 CF15 CF20 BF00 BF05 BF15 BF20

250 0.18 0.18 0.18 0.18 0.16 0.16 0.17 0.17 0.18 0.18 0.18 0.20

1000 0.18 0.18 0.20 0.20 0.15 0.14 0.15 0.15 0.18 0.20 0.19 0.23

5000 0.17 0.19 0.18 0.20 0.13 0.11 0.12 0.13 0.18 0.21 0.20 0.21

10000 0.14 0.17 0.17 0.19 0.14 0.11 0.11 0.11 0.17 0.19 0.21 0.17
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When different cones were added to 8 wt. % copper, 5 
wt.% brass shavings, and 5 wt.% aluminum filled CFMs 
investigated in Ref [22], the friction coefficients were 
found between 0.26-0.31. In addition, Aras [47] stat-
ed that the friction coefficient of JDCP doped CFMs 
increased to 0.3 with the addition of 10 wt. % bronze 
powder. We suggest that the main reason for the increase 
in the friction coefficient in CFMs to 0.28 is not due to 
cones but from various metal powder additions. In addi-
tion, the absence of metal powder in the CFMs examined 
in this study is the main reason for the friction coefficient 
lower than about 0.3.

3.3. Density and Hardness
The densities of JDCP filled CFMs are given in Fig. 8a. 
The average density of the JDCP is 0.906 g/cm3. As ex-
pected, the density of CFMs produced decreased due to 
the low density of the JDCP. Also, It was observed that as 

the JDCP ratio increased, the density of CFMs decreased 
gradually. The surface hardness of CFMs is shown in Fig 
8b. A decreasing trend was detected in the hardness of all 
CFMs. However, compared to the carbon and glass fiber 
reinforced samples, it was observed that the percentage 
of hardness decrease was more remarkable as the rate of 
JDCP increased in basalt fiber reinforced samples.

3.4. Brazilian Test 
Stress-strain curves for JDCP filled samples were present-
ed in Fig. 9. Indirect tensile test results used for brittle 
materials are given in Fig. 9.  The tensile strength of JDCP 
unfilled (Coded GF00, CF00, and BF00) CFMs was 
higher than all JDCP filled samples. For all fiber types, 
the tensile strength decreased as the JDCP ratio increased. 
These results may be explained by the relatively low tensile 
strength of JDCP, considering mechanical properties ob-
tained on 1 wt.%, 5 wt.% and 10 wt.% JDCP filled epoxy 

Figure 7. The friction coefficient-distance curves of JDCP filled samples; (a) glass fiber (GF), (b) basalt fiber (BF), (c) carbon fiber (CF)

Figure 8. The density (a) and hardness (b) variations depending on JDCP content in the CFMs
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composites produced by Tasyurek and Aras [31]. The ef-
fects of fiber types on tensile strength in all JDCP filling 
ratios are given in Fig. 10b. Compared to glass and carbon 
fiber reinforced samples, the tensile strength of carbon fi-
ber reinforced samples was the highest. The lowest tensile 
strength was obtained in glass fiber reinforced samples.

The difference in tensile strength between the JDCP 
filled and the 10 wt.% lipid existence can explain unfilled 
CFMs in the JDCP filler. The lipid-induced connection 
weakness between in-active JDCP and CFM components 

is thought to reduce the tensile strength of JDCP filled 
CFMs compared to the samples coded GF00, CF00, 
and BF00. With the increase in the JDPC ratio, the coke 
content of CFMs decreased from 5 wt.% to 4 wt.%. The 
decrease in the coke additive in the CFMs content, as 
shown in Table 2, may be expressed as other reasons for 
the decrease in tensile strength. In a further study, micro-
structural characterization can be implemented to com-
prehend better the effect mechanism of JDCP filler on 
the strength development of CFMs.

                  Figure 9. Indirect tensile (Brazilian) test results

         Figure 10. The indirect tensile strength of samples versus (a) fiber types, (b) JDCP filler ratio
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3.5. SEM Examinations
Fig. 11 shows  SEM images of the 20 wt% JDCP filled 
CFMs at 500x and 100x magnifications after the wear 
test. The homogeneous distribution of fibers was deter-
mined from the SEM images. In the SEM images pre-
sented in Fig. 11b, Fig. 11d and Fig. 11f, wear marks that 
indicate the adhesive wear on the worn surfaces of the 
CFMs were detected. The worn surface of GF20 samples 
was significantly disrupted due to lower wear resistance 
(Fig. 11a). The heat generated during the wear test weak-

ens the bond between fiber/phenolic resin [48]. In Figures 
11a, 11c and 11e, it was observed that there were broken fi-
bers and pull-out. The pits and hills formed on the contact 
area during the wear formed the dominant topographic 
appearance. The accumulation of broken fibers and JD-
CP-containing wear debris in these pits can lubricate the 
worn interface, resulting in a relatively lower coefficient 
of friction.  In addition, any cracks were not observed in 
SEM images of CFMs. The possible a crack can grow into 
the wear surface; thus, it may cause spalling failure during 

Figure 11. SEM images of the worn surfaces of CFMs at various magnifications of 20 wt. % JDPC filled glass fiber reinforced (a and b), carbon fiber 
reinforced (c and d) and basalt fiber reinforced (e and f )
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the wear.

4. Conclusions
In this study, the effect of Juniperus Drupacea Cone Pow-
der (JDCP) on mechanical and physical properties of 
composite friction materials (CFMs) produced by using 
various fiber types (glass, carbon, and basalt) has been ex-
perimentally studied.

The density of CFMs decreased gradually with the ad-
dition of JDCP. It was found that as the JDCP loading 
rate within CFMs increased, the water and oil absorption 
increased significantly. The friction coefficients of the 
CFMs obtained with the addition of  JDCP increased 
slightly with the addition of JDCP. The friction coeffi-
cient of CFMs used in basalt fiber is higher than that of 
carbon and glass fiber. It was observed that the stability 
of the friction coefficient of JDCP filled CFMs enhance 
compared to unfilled CFMs. As the JDPC ratio increased, 
the surface hardness of CFMs containing glass, carbon, 
and basalt fibers decreased. In applications where the low 
hardness of CFMs is aiming, the JDCP can be employed 
to reduce their hardness. The wear resistance and tensile 
strength decreased with the addition of JDCP. It was de-
tected that there is a parallelism between the wear resis-
tance and tensile strength. The SEM studies revealed the 
wear failures in the wear surface of the CFMs. Except for 
low wear resistance, the usage of JDCP as filler in CFMs 
presents the combination of desired properties of CFMs. 
Thus, it indicated the considerable potential to replace 
the commercially used fillers. In addition, the laborato-
ry-scale powder preparation showed the cost of produc-
tion of the JDCP would be reasonable. However, in-depth 
works must be planned to make cost study in industrial 
conditions.
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