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A B S T R A C T   

This study was conducted to investigate the usage of iron sand as composite reinforcement. The addition of 
carbon powder with variations of 15 wt%, 20 wt%, and 30 wt% is expected to enhance the interfacial bond 
between iron sand and epoxy matrix to be better. Physical and mechanical properties of the composite were 
investigated using a wear resistance test Pin on Disc method, shore-D hardness, bending test, X-ray diffraction 
(XRD), Fourier Transform Infrared (FTIR) and Scanning Electron Microscope (SEM). The results showed an in
crease in wear resistance and mechanical properties of composite due to the addition of carbon powder. This was 
confirmed by the fact that the HCP composite with 30 wt% carbon powder showed a good increase in wear 
resistance but a reduction in flexural properties and hardness values. Meanwhile, the LCP composite with 20 wt% 
carbon powder was recommended in terms of good flexural properties. The increased mechanical properties of 
composite were supported by composite crystallinity index value recorded to be 59.45 % from the XRD test. SEM 
analysis showed better dispersion and interfacial bonding for carbon powder and iron sand in the composite 
matrix. These results are expected to contribute to the new development of composite brake pad.   

1. Introduction 

Composite materials are discovered to be attractive for several rea
sons including their lightweight, high strength, corrosion resistance, and 
ease of formation [1]. This has led to their wide application in various 
industries such as aviation, production of household appliances, con
struction, infrastructure, automotive, transportation, corrosive envi
ronments, electrical components, energy, marine, and sports equipment 
[2]. In the field of railways, composite have also been used in some 
components such as railway bearings [3,4], interior of high-speed trains 
[5], and brake pads [6]. Moreover, carbon-based composite has been 
widely used in construction materials, marine, household appliances, 
and aerospace engineering [7,8]. Composite have also been used for 

reinforcement due to their high tensile strength, high specific strength 
[9,10], good elasticity [11], and dimensional stability [12]. 

The need for wear-resistant and heat-resistant polymer composites is 
currently continuing to increase, especially in the automotive, aviation 
and electronics fields [13]. Polymer composites are currently being 
developed with natural fibers as fillers because they improve the me
chanical properties of composites such as high specific modulus, low 
cost and lightweight [14]. Polymer composite development is also car
ried out using various techniques including the hand-lay method. This 
method has proven to be superior when compared to the resin transfer 
molding method [15]. 

Wear-resistant properties of carbon at high temperatures, light
weight, and stability in the environment [16,17] are also observed to 
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have led to the application of carbon-reinforced composite in the field of 
transportation, specifically in aircraft braking systems [18], cars, and 
high-speed trains [19]. This shows that carbon powder can improve 
mechanical properties of composite. According to De Costa et al., the 
addition of carbon powder increased the tensile strength, hardness, 
impact strength, flexural strength, and density of composite [20]. Zeng 
et al., also reported that the incorporation of carbon powder in cement 
composite improved the compressive strength and made the micro
structure denser [21]. 

Epoxy-based composite were also discovered to exhibit good me
chanical properties for applications in the automotive, construction, and 
aerospace industries. This was due to the good physical properties of 
epoxy resin, specifically in damp places as well as its lower shrinkage 
compared to polyester [22]. However, epoxy resin also has several dis
advantages, requires a long polymerization time, is susceptible to 
cracking and high price. The addition of carbon to epoxy-based com
posite was reported to have increased the interfacial bond between the 
fiber and the matrix, thereby improving mechanical properties of com
posite. In carbon-modified epoxy composite, the tensile strength 
increased by 21.9 % while wear rate decreased by 93.4 % [23]. 

Iron sand is quite abundant in different areas of Indonesia such as 
Java, Sumatra, Aceh, East Nusa Tenggara, and Papua. According to the 
Ministry of Energy and Mineral Resources of The Republic of Indonesia, 
iron sand reserves in the country were estimated at 2 billion tonnes in 
2022 and this was almost 1.7 % of the reserve in the whole world. It is 
currently mostly used to produce building materials or in the cement 
industry as a filler. Several studies have been conducted to develop the 
potential of iron sand for wider applications such as in magnetic mate
rials [24–27]. 

Iron sand was used as a filler in this study due to its high thermal 
resistance as well as the possibility of producing composite with high 
strength because of its ability to assist the matrix in resisting unwanted 
deformations [24]. It was also observed to have good wear resistance 
which was expected to complement the resistance of carbon to abrasion 
in order to produce materials with this properties [28]. Iron sand is a 
ceramic material that has high hardness. The addition of iron sand is 
expected to increase the hardness of the composite when compared to 
composites that do not have iron sand added. 

Carbon materials such as carbon black or Carbon Nano Tube (CNT) 
were observed to have been combined with carbonyl iron, ferrite, 
magnetite, and others in recent years to produce composite materials to 
be applied in the defense sector due to their good properties [29,30]. 
Iron sand/epoxy composite was reported to have some advantages 
including high mechanical strength and corrosion resistance while the 
weakness was linked to the relatively high weight [31]. Composite could 
also be degraded at high temperatures, thereby reducing its mechanical 
properties. 

Carbon powder was selected due to its high chemical stability and 
good processability [32]. The addition of carbon to iron sand/epoxy 
resin composite was based on the need to increase mechanical strength 
and reduce wear for subsequent application in the brake block material 
for railways. Moreover, the lightweight, thermal properties, and good 
frictional performance of carbon were expected to be useful in produc
ing composite brake blocks that meet the required standards [33]. This 
was necessary because the brake block composite materials were 
required to have some characteristics such as high mechanical strength 
to withstand friction during braking as well as good abrasion and heat 
resistance without experiencing significant degradation. Therefore, 
mechanical properties of composite produced were investigated with a 
focus on the hardness and bending properties. The intention was to 
ensure the hardness increased as more content of carbon powder was 
added. Furthermore, the physical properties and structure were also 
analyzed to determine the effect of carbon on the surface morphology 
and homogeneity. The specific wear value, which was one of the 
important factors of the material applied in the braking system, was also 
evaluated. 

2. Materials and methodology 

2.1. Material 

Epoxy matrix were supplied by PT. Justus Kimia Raya, Surabaya 
Indonesia. Iron sand powder was obtained from the South Coast of 
Pacitan district, Indonesia, and purified using the separation or extrac
tion process. In the first stage, iron sand was washed with water until it 
was clean and dried on a hot plate at 40 ◦C for 2 h. The second stage was 
to separate the dry sand using a permanent magnet and wash it with 
distilled water to remove dirt. In the third stage, sand was dried and 
sieved with 80-size mesh (Fig. 1) (see Fig. 2). 

While carbon powder made from coconut shell was obtained from PT 
Multi Chemical Indotrading, Tangerang Indonesia. The carbon powder 
material that has been formed is pulverized using a balmilling tool for 
24 h, then sieved with a particle size of 100 mesh. After that, the carbon 
powder was immersed in phosphoric acid solution with a concentration 
of 8 % for 24 h. Then, the carbon was washed using distilled water until 
the filtrate was neutral and filtered. The activated carbon formed was 
then dried using an oven at 100 ◦C for 1 h. 

2.2. Composite manufacturing process 

Composite specimens were produced using the closed mold Vacuum 
assisted-resin infusion (VARI) method [34]. The process focused on 
weighing each iron sand (IS), carbon powder (CP), and epoxy matrix 
(EM) according to the composition in Table 1. Composite material was 
placed in a mold according to the standards of each test as shown in 
Fig. 3, dried for 24 h, and heated in an oven for 2 h at 40 ◦C. The 
equipment used to produce composite based on the VARI method is 
presented in Fig. 3. The method was applied because it was considered 
economical and has the ability to provide better control for harmful 
volatiles emitted by the resin when compared to the open mold [35,36]. 
The principle of impregnation in the VARI method focused on flowing 
the mixture of iron sand/epoxy and carbon powder into the mold using 
vacuum suction to minimize the voids in composite. The mold was 
covered by a tight bag which was later vacuumed to ensure there was a 
difference in the air pressure on the outside and inside, thereby causing 
the bag to press evenly on composite product. 

2.3. X-ray diffraction (XRD) analysis 

XRD was applied to identify the crystalline phase in the materials by 
evaluating the lattice structure parameters to determine the particle size 
and single crystals. The x-ray pattern was obtained using XRD Philips 
X’pert MPD, USA with Cu-kα radiation of 30 kV at 17.5 mA, a step size of 
0.075◦, and a step scan of 2.5/s was used at approximately 10◦–110◦. The 
degree of crystallinity was determined as the CI (crystallinity index) using 
the following equation. 

CI = 1 −
I 101
I 002

. 100  

%Cr =
I 002

I 001 + I 002
. 100  

where, CI is the crystallinity index, Cr indicates crystallinity, while I101 & 
I002 are the maximum crystalline intensity peaks and amorphous parts, 
respectively. I002 relates to the Miller index (002) which is in the range 
of 2θ = 22–23◦ while I101 is linked to the Miller index (001) at approx. 
2θ = 18◦

2.4. Fourier Transform Infrared (FTIR) analysis 

FTIR test was used to determine the changes in the composition of 
composite with carbon powder using Shimadzu, IRPrestige-2, Japan. 
This was achieved by mixing 5 g of composite powder with 95 % KBr and 
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inserting the mixture into the disk of the FTIR machine. The test was 
conducted by scanning each spectrum 32 times at a spatial resolution of 
500–4000 cm− 1 wavenumbers. 

2.5. SEM analysis 

Scanning Electron Microscopy (SEM) analysis was conducted to 
determine the morphology and topography of the specimen surface after 
fracture. The observations were made using HITACHI FlexSEM 1000, 
Japan to produce high resolution in high vacuum mode using an 
accelerated voltage of 20 kV Energy. It was conducted in the Environ
mental Laboratory of Institut Teknologi Sepuluh Nopember Surabaya 
and the samples were coated using Au–Pd before the test. 

2.6. Wear test analysis 

Composite wear analysis was conducted using the pin-on-disc 
method through the application of Oghosi High-Speed Universal Wear 
Testing, OAT-U Type, Japan. Moreover, the specimens used were pro
duced at a dimension of 30 mm length, 20 mm width, and 10 mm height 
based on the ASTM G99 standard. The flat surface of the specimen was 
mounted on a holder (pin) and a pressure of 2.12 kg was applied on the 
rotating disc. The disc material used was made of DIN X 153 CrMoV 12 
steel with a hardness of 54 RC. Furthermore, the friction test was con
ducted directly using the load cell on the machine based on the distance 
traveled. The process was applied to each specimen twice to collect test 
data and wear value was later calculated using the following equation. 

Ws=
B × b3

8 × r × P0 × l0
=
(
mm2 /Kg

)

where, Ws is the specific wear value (mm2/kg), B is the width of wear 
plate (mm), b3 is the width of wear on the specimen (mm), r is the radius 
of wear plate (mm), p0 is the compressive force during wear process (kg), 
and l0 is the distance traveled (mm). 

Fig. 1. Separation process for iron sand used as composite reinforcement material.  

Fig. 2. Preparation process of carbon powder.  

Table 1 
Compositional variations in iron sand/epoxy composite modified with carbon 
powder.  

Sample Iron Sand Carbon Powder Epoxy Matrix 

LCP (Low Carbon Powder) 15 % 15 % 70 % 
MCP (Medium Carbon Powder) 15 % 20 % 65 % 
HCP (High Carbon Powder) 15 % 30 % 55 %  
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2.7. Hardness test 

The first step after composite had been printed was to prepare 
specimens at a dimension of 50 mm length, 50 mm width, and 5 mm 
thickness. The specimens were later placed in a room with a temperature 
of 23OC and Relative Humidity (RH) of 50 % for a minimum of 40 h. This 
was followed by the Shore-D penetration test using GS-720 N Teclock 
Durometer, Japan with a load of 5 kg (49 N). Data were recorded at a 
range of 1 s and 15 s, the test was repeated five times, and the average 
value was determined. 

2.8. Flexural strength test 

A bending test was conducted to determine the flexural strength 
value of composite based on ASTM D790 standard procedures. This was 
achieved using a specimen that was 152 mm long, 25.4 mm wide, and 6 
mm thick. A Universal Testing Machine, TARNO GROCKI, UPH-100 kN, 
was used using three-point bending with a speed of 2 mm/s and a dis
tance of 60 mm between the supports [37]. The bending strength was 
calculated using the following equation. 

b=
3.P.L

2. B.H2  

where, σb is the flexural strength value from the bending test, P is the 
load (N), L is the length of the span between the fulcrums (mm), B is the 
width of the specimen (mm), and H is the thickness (mm) 

3. Results and discussion 

3.1. XRD analysis 

The diffractogram of carbon-reinforced iron sand/epoxy composite 
material is shown in Fig. 4. The amorphous peak in the LCP specimen 
was found at an angle of 2θ = 20◦-600 with an intensity of 762 while the 
MCP had 2θ = 21.080 with 663 and HCP had 2θ = 22.340 with 366 
respectively. This showed that the HCP produced the lowest intensity 
because composite was not filled with carbon evenly, thereby leading to 
the absence of a perfect bond between carbon and the epoxy resin. The 
peak was associated with the basic constituent material, carbon powder, 
which was reported to have the highest peak at approximately 2θ = 20◦- 
300 [38,39] (see Fig. 5). 

The observation was further supported by the results of the SEM test 
explained in the next section. It was discovered that the peaks produced 
by all the specimens did not have sharp edges and the broadness indi
cated the amorphous nature of carbon composite [40,41]. The results 
showed that HCP produced wider peaks and lower crystallinity than the 

other specimens and this meant it was more amorphous than the LCP 
and MCP. The XRD peak was observed to generally shift to the right as 
the content of carbon in the mixture increased and this was associated 
with the addition of amorphous carbon which led to the overlapping of 
the previous diffraction peaks. 

The crystallinity index of the LCP, MCP, and HCP composite is pre
sented in Fig. 4. The results showed that carbon powder content in 
composite influenced the structure, crystallinity, and properties of 
composite [42]. The increase in diffraction intensity of each specimen 
indicated the increasing number of crystals contained in composite. The 
crystallinity index value for the LCP composite was 46.92 % while MCP 
had 59.45 % and the HCP had 45.08 %. The high values recorded were 
observed to have confirmed the better mechanical properties reported 
for each composite. The increase in the crystallinity index was discov
ered to be due to the increment in the crystal size and the loss of 
amorphous properties in composite. MCP with 20 wt% carbon powder 
had a higher value compared to the HCP with 30 wt% and this was 
possibly due to the high content of carbon added which made the ma
terial to be amorphous. It could also be because the atoms were disor
dered and did not have a clear crystal pattern, thereby making the 
material lose its crystalline characteristics. Therefore, it is important to 

Fig. 3. VARI composite manufacturing method (a) tools and materials (b) specimen molding process composite.  

Fig. 4. The diffractogram of iron sand/epoxy composite modified with car
bon powder. 
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consider the concentration of additional ingredients such as carbon in 
the process of developing composite to ensure the crystalline structure is 
maintained and the desired mechanical properties can be achieved. MCP 
composite with 20 wt% carbon powder was recommended to produce 
composite for several applications. 

3.2. FTIR analysis 

The three spectra of composite formed by adding different wt.% of 
carbon are presented in Fig. 6 and they were all observed to have a 
similar peak pattern. The FTIR results showed that the only difference 
observed was in the absorption intensity. Moreover, the peaks identified 
at 653 cm− 1 indicated C–H bending while those at 775 cm− 1 were ar
omatic C––C. The stretching frequencies of the C–O produced peak at 
1051 -1301 cm− 1 indicating the C–O bond stretching of the epoxy and 
alkoxy groups and explaining the presence of epoxy groups in composite 
[43,44]. Meanwhile, 1124 cm− 1 was classified as C–O stretching vi
bration from epoxy [45], 2310 cm− 1 was C––O stretching, the region 

around 1517 cm− 1 was aromatic C––C bonds with graphite as the 
principal bond [38], those close to 2717 cm− 1 were aldehyde group, and 
2964 cm− 1 were due to aromatic C–H groups. These were found to be the 
characteristic peaks of epoxy resin in forming composite structure with 
carbon powder [46]. 

3.3. SEM analysis 

The morphology of each composite with carbon powder is presented 
in Fig. 7. The SEM observations showed that carbon powder was 
dispersed effectively and relatively uniform in the LCP composite. 
However, the surface had a slight crack which had the ability to reduce 
the flexural strength. The cracking could be due to the higher percentage 
of matrix compared to reinforcement. The matrix generally had weaker 
properties and could be damaged under a load by cracking, delaminat
ing, or peeling from the reinforcing material. 

The MCP composite was observed to have a dense and uniform 
structure with carbon powder distributed effectively in the epoxy matrix 
to provide significant structural reinforcement. The surface showed a 
good bond between iron sand, carbon powder, and epoxy matrix, and 
the SEM images indicated there was no slightest crack. The results 
proved that composite was able to bond well and this contributed to the 
bending resistance. 

The distribution of carbon powder in the epoxy matrix of HCP was 
not homogeneous. Carbon powder tended to form agglomerations or 
clumps and this led to a non-uniform structure in composite. This made 
the bond between carbon powder and the epoxy matrix weaker, leading 
to a significant reduction in the resistance of composite to bending 
strength. The addition of a high volume of carbon powder could trigger 
the initial failure of composite due to the hard nature of carbon and the 
presence of large pores. SEM observations also showed that HCP com
posite tended to be brittle and cracked or broke easily. However, the 
addition of wt% carbon powder improved the hardness and wear 
resistance of HCP composite despite these weaknesses. 

3.4. Composite wear analysis 

The addition of carbon powder to iron sand composite and epoxy 
matrix was observed to have affected wear rate as presented in the re
sults presented in Table 3. This was indicated by the reduction in the 
specific wear of composite when carbon powder volume was added. The 
LCP composite was discovered to have a specific wear value of 1.81 ×
10− 6 mm2/kg, MCP had 1.58 × 10− 6 mm2/kg, and HCP had 8.63 ×
10− 7 mm2/kg. The reduction in wear rate could be associated with 
mechanical properties of carbon powder such as its high levels of wear 
and hardness. The particles in carbon powder acted as a filler to fill in 
the gaps between the epoxy matrix and iron sand in order to produce a 
solid composite with a high hardness value as shown in Table 2. 
Meanwhile, this hardness value was closely related to the specific wear 
as indicated by the fact that composite with harder resistance to friction 
had better wear. This was associated with the results of a previous study 
that good wear-resistance properties of composite could be influenced 
by the hard and abrasion-resistant properties of carbon powder [47]. 
The result also agreed with the findings of [48] that the coefficient of 
friction (CoF) for the glass-epoxy composite was reduced due to the 
addition of carbon. Moreover, the presence of carbon was also reported 
to have decreased the CoF in composite to 31 % due to its function as a 
solid lubricating material [49]. The CoF and wear levels were further 
discovered to be low in composite with a combination of carbon and 
epoxy [50]. This was linked to the ability of carbon structure to improve 
the tribological properties of composite based on its self-lubricating 
attribute (see Table 4). 

3.5. Hardness value and flexural properties 

Fig. 8 shows the hardness value for all the specimens with different 

Fig. 5. X-ray crystallinity Index of iron sand/epoxy composite modified with 
carbon powder. 

Fig. 6. FTIR spectra of iron sand/epoxy composite modified with car
bon powder. 
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volumes of carbon and the trend indicated an increase in the hardness 
value as the content of carbon added to composite increased. This was 
observed from the 75.43 HD recorded for the LCP composite, 77.33 HD 
for the MCP, and 81.33 HD for the HCP. The information presented in 
Table 2 also confirmed this trend after the conversion of the value to 
HRR. Meanwhile, this hardness was believed to have been formed due to 
several factors including the usage of the epoxy resin, iron sand, and 
carbon powder as the materials for composite. The high hardness value 
of carbon was reported to have provided the dominant impact on the 
hardness recorded for composite [51]. The addition of a high amount of 
carbon increased the density of its particles in composite and this further 
enhanced the hardness [40,52]. Moreover, carbon powder was assumed 
to have filled the gap between the fiber and the matrix to produce a 
denser composite. This was linked to the reduction in the voids by filling 
the hollow nature of carbon with an epoxy matrix [53,54]. The increase 

in the hardness was also attributed to the homogeneous distribution of 
the mixture of carbon powder, iron sand, and epoxy resin as proven in 
the SEM test observations. This homogeneity improved the surface bond 
between the matrix and the reinforcement, thereby increasing the 
hardness of composite. The addition of foam from carbon powder 
significantly increased the Brinell hardness value of composite when 
compared to those produced from pure epoxy [55]. Urszula Szeluga et., 
al. (2020) also reported that the hardness increased by up to three folds 
and a similar trend was reported by Bal (2009) where carbon addition 
improved the hardness of the epoxy matrix up to 62 % with 0.75 % 
weight [56,57]. 

The flexural strength and modulus values for composite are pre
sented in Fig. 9. The average for flexural strength for LCP was recorded 
to be 116.29 Mpa, MCP was 238.51 Mpa, and HCP was 126.33 Mpa 
while the flexural modulus was found to be 2531.4 Mpa, 2560.81 Mpa, 

Fig. 7. SEM micrographs of iron sand/epoxy composite modified with carbon powder.  
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and 1018.05 Mpa respectively. This showed that the highest values for 
both were in the MCP composite with 20 wt% carbon powder and a 
similar trend was reported for the study on the Polyester-CHF composite 
where the addition of 10 % coconut shell powder had a higher flexural 
strength value compared to 5 % [58]. 

Meanwhile, HCP with 30 wt% carbon powder was observed to have 
the lowest was due to the non-uniform size and shape of carbon powder 
which led to unstable stresses and subsequently lower flexural strength 
and modulus. It is possible that there are fairly even voids. These voids 
result in fewer cohesive bonds between materials in the composite, 
thereby reducing the material’s strength in facing pressure and resulting 
in a significant decrease in flexural strength. The carbon content is more 
dominant so that the epoxy resin is not too strong in binding carbon, 
thereby weakening the mechanical properties of the composite. Apart 
from that, during the mixing process, uneven mixing may occur. 
Another possible reason was the poor compatibility between the fiber 
and the matrix because of the high content of carbon powder used. This 
was linked to the hydrophilic properties of carbon powder as well as the 
hydrophobic attribute of epoxy [1]. The addition of 30 wt% carbon 
powder increased the hydrophilic properties of the mixture and limited 
the ability of the resin to bind perfectly. These results were confirmed in 
the photos obtained through SEM. Previous studies have also shown that 
the flexural strength and modulus produced by carbon/epoxy resin 
composite were better than pure epoxy resin [59]. This was associated 
with the reaction between carbon hybrid functional groups and the 
epoxy resin that strengthened the interfacial bond between these com
pounds [60]. The bond subsequently transmitted the stress from the 
matrix to the filler, thereby improving the flexural properties of the 
epoxy composite [61]. Another study by Chandramohan (2020) also 
showed an increase in the flexural strength of epoxy composite produced 
using the Vacuum Assisted Resin Infusion Molding (VARIM) method by 
12 % due to the addition of 0.3 wt% carbon [62]. 

4. Conclusion 

In conclusion, the factors that could be used to improve wear per
formance and mechanical properties of iron sand/epoxy composite 
modified with carbon powder have been discovered. The hardness value 
of the HCP composite with 30 wt% carbon powder increased by 81.33 
HD or 102.66 HRR with significant specific wear of HCP 8.63 × 10− 7 

mm2/kg but its flexural properties decreased. The results also showed 
that the LCP composite with 20 wt% carbon powder was recommended 
due to its high flexural strength of 238.51 MPa and modulus of 2560.81 
MPa. The increase in mechanical properties was supported by the 
crystallinity index value of 59.45 % in the XRD test and the absence of a 
highly significant difference in the absorption intensity from the FTIR 
analysis. The results showed that the epoxy resin formed composite 
structure with carbon powder. This was further confirmed through the 
microstructural observations using SEM where carbon powder was 
observed to have better dispersion and interfacial bonding in composite 
matrix. Further studies are recommended to serve as a contribution to 
the development of industrial materials with high wear resistance per
formance and mechanical properties. 
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Table 2 
Vibrational modes of functional groups in iron sand/epoxy composite modified 
with carbon powder.  

Wavenumber (cm− 1) Functional group 

LCP MCP HCP  

653.87  C–H Bend 
777,31  775.38 Aromatic C–H 
839,03   C––C 
1051,2 1051.2 1049.28 C–O Stretch  

1124.5  C–O Stretch 
1259,52 1259.52 1259.52 C–O Stretch 
1303,88 1303.88 1301.95 C–O Stretch  

1517.98  Aromatic C––C 
2071,55 2067.69  N––C––S 
2310,72  2308.79 C––O Stretch 
2546,04 2594.26  S–H 
2717,7 2729.27  Aromatic C–H 
2872,01 2872.01 2870.08 Aromatic C–H 
2966,52 2964.59 2964.59 Aromatic C–H 
3034,03 3034.03  C–H Stretch  

3057.17  C–H Stretch  

Table 3 
Composite-specific wear of iron sand/epoxy composite modified with carbon 
powder.  

specimen b3 (mm) B 
(mm) 

r 
(mm) 

P0 

(kg) 
l0 

(m) 
Specific Wear (Ws) 
(mm2/kg) 

LCP 2.03 ±
0,314 

3 13.06 2.12 66 1.81 × 10− 6 

MCP 1.68 ±
0,900 

3 13.06 2.12 66 1.58 × 10− 6 

HCP 1.61 ±
0,076 

3 13.06 2.12 66 8.63 10− 7  

Table 4 
Hardness value.  

Specimen Hardness (HD) Hardness (HRR) 

LCP 75,43 ± 0,196 90,88 ± 0,386 
MCP 77,33 ± 0,884 94,66 ± 1766 
HCP 81,33 ± 1761 102,66 ± 3524  

Fig. 8. The hardness value of iron sand/epoxy composite modified with car
bon powder. 
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