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Experimental research on carbon ceramic composites fabricated from carbon and organoclay had been conducted. Electrical
conductivity, specific wear rate, density and porosity, morphology, SEM EDX, and XRD were studied. The higher the content
of carbon powder, the higher the electrical conductivity produced. Likewise, the higher the sintering temperature of composite
increases the electrical conductivity of carbon ceramic composite. The higher the carbon powder content reduces the composite
wear rate. Carbon content can increase the hardness of carbon ceramic composites. Composite density tends to be relatively
stable with increasing sintering temperature. Increasing the content of carbon powder has shown to reduce composite density.
The composite is getting lighter. The higher the carbon content in the composite increases the percentage of porosity of carbon
ceramic composites, but it can still increase the electrical conductivity. Generally, carbon ceramic composites contain
macroporous.
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Introduction thin conductive films, electrothermal heaters, etc. are

made of conductive ceramic material [5]. Effect of ifon

This research utilized local and waste material. The clay (Ondo State, Nigeria), and phase sintering
study utilized organoclay from Purwakarta, West Java, temperature, and physical development of mullit-
Indonesia as a ceramic matrix and carbonized coconut carbon ceramic composites are investigated. Researchers
fiber waste as electrically conductive filler. Technologically, have used clay and graphite to make carbon ceramics
this study applied the ceramic sintering process with [6]. Composites were synthesized from the same Si3N4
the pyrolysis method in an airtight furnace. The ceramic powder mixture, but used two different
research has been conducted based on the study of sintering techniques: (1) Hot Isostatic Pressing and (2)
similar research articles that have been carried out by Spark Plasma Sintering [7]. Green ceramic composites
other studies. The study of articles is oriented primarily was consolidated with various starches and sintered at
on electrical conductive properties, composite wear different temperatures in the argon atmosphere. This
resistance properties, physical properties of density and carbon network produces porous composites that have
porosity, and composite elements. Clay is an important high electrical conductivity, which depends on the type
component in making ceramic mixtures, because of its of starch and the nature of its porosity [8]. The
plasticity, ease of use, strength and final properties composition of ceramic materials was prepared by
obtained by heat treatment [1, 2]. Ceramics have excellent incorporating waste into two types of clay, from
mechanical and thermal properties. This has been Argentina and Brazil. The raw materials used in this
widely used for tribological applications. Friction arises work are (a) steel furnace waste to combine and (b)
as resistance to movement when a solid surface moves two different types of clay functions as matrices. Raw
above another surface. Two-part surfaces rub against materials are characterized by mineralogical composition,
each other with high local pressure [3, 4]. Many functional chemical composition, and particle size distribution [9].
elements, for example, cell electrodes, chemical sensors, Ceramics from nanoscale hybrids formed from
organoclays during pyrolysis have been made. This

*Corresponding author: acts as a filler, amplifier, and binder for carbon/carbon
EZ; Igg 3%3%90833 composites. The heat pressing the organoclay forms
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electrical resistivity, flexural strength, modulus, and
low ductility [10]. The engineering of ceramic composites
with electrically conductive properties from Yb materials
treated with CeO, (Cerium oxide) nano powder
material was carried out. The composite samples are
heat treated at temperatures varying from 550 to
800 °C, and produce electrical conductivity [11].
Design of carbon-clay composites, which are activated
to decontaminate waste, made from clay and carbon
materials. In this study, Fluesorb B (Chemviron
Carbon) was chosen as an activated carbon, whereas a-
sepiolite is a magnesium silicate clay used as an
agglomerator to achieve the correct rheological
characteristics when mixed with activated carbon and
water to confirm the material in the form of monolithic,
solid or shaped tube [12]. Carbon-based composites are
known to have excellent tribo properties combined
with high temperature stability that can be met using
carbon-ceramic composites. In particulate composites,
calcined oil coke, fly ash, silicon carbide, and boron
carbide are used as reinforcement, while in the fibrous
composite category; carbon fiber is used as an additional
reinforcement. Comparison of carbon-based fly ash
composites, carbon-based carbon-ceramic composites,
and other carbon-ceramic particulate composites have
been studied [4]. A new type of conductive aggregate
is prepared for the first time by spreading ceramic
matrix and dispersed graphite powder. Conductive
aggregates are prepared in mortars containing carbon
fiber, and electrical resistivity and piezoresistivity
specimens are studied. The use of conductive aggregates
in the mortar significantly improves its electrical
conductivity [13]. Poly (e-caprolactone) (PCL) nano-
composites with carbon nanotube particles supported
by clay are made by melting mixing. The mechanical,
structural and thermal properties of nanocomposites
were studied. Clay is from sodium montmorillonite
(Zenith-N) from Milos, Greece [14]. The work of this
study is to compare the fatigue behavior and oxidation
resistance of CC composites derived from pitch with
CC/ceramic composites (carbon/ceramic) obtained by
impregnation of polysiloxane-based preceramic CC
composites and subsequent heat treatment. [15]. The
effect of carbon nanotube on the mechanical properties
and fire resistance of Homra / OPC mixtures has been
studied; Homra is solid waste produced from the clay
brick industry in Egypt. The compressive strength values
were determined for different cement/CNT mixtures at
each combustion temperature, in addition, the phase
composition, thermal analysis, and microstructure were

Table 1. Elements of organoclay.

investigated for selected samples [16]. This study tested
the volumetric properties of clay after compaction. An
experimental investigation was carried out to determine
the volumetric behavior of compacted expansive clay
collected from Nanyang, China during compression of
a constant water content [17]. This paper presents an
experimental investigation on tensile strength of
unsaturated clay, both in a reshaped and compacted
state [18]. This study focuses on the behavior of clay
from several deposits in the Metropolitan, Bernardo
O'Higgins and Maule Regions can help support the
important ceramics industry. Some clay deposits with
industrial applications have studied. The chemical
composition and clay mineralogy are determined by X-
ray fluorescence and X-ray diffraction [19]. This study
studied: 1. the possibility of using wastewater sludge
from industrial uniforms as raw material, combined
with kaolin clay for the production of white ceramics
with mechanical properties that meet the criteria set by
Brazilian technical standards; 2. Processes associated
with the formation of white ceramic structures during
sintering; 3. Development of new laboratory-level
composites and sustainable technologies to produce
white ceramics using hazardous sludge waste from the
washing industry [20]. This paper, carbon fiber with a
modified hydrophilic surface is added to the mortar
cement through ultrasonic treatment. Mechanical and
electrical properties of carbon fiber cement mortar
cement are test to determine the effect of carbon fiber
reinforcement. Adding carbon fiber to cement mortar
increases compressive strength, and decreases the
electrical resistivity of carbon fiber cement mortar [21].
Many studies have been carried out for the development
of composite matrix ceramics and ceramics for industrial
use because of their low density, high hardness, high
wear resistance, toughness, mechanical strength and
physical properties [6].

Experiments

Material preparation

Organoclay material was purchased from Purwakarta,
West Java, Indonesia. Element content of organoclay
was tested with the X-ray fluorescence Analyzer
TORONTECH TT — EDXPRT, the same thing was
conducted by other researchers [19, 22, 23]. XRF and
XRD test results show the elements contained in the
organoclay, as shown in Table 1, and Fig. 1. The same
techniques and results are also shown in other research
results [1, 24]. The coconut fiber wastes was carbonized

Elements Si Fe Al Ti Mn

Zr Zn Ni Cu Ga Pb Total

% weight 50.8 28.7 16.2 2.6 1.35
+% 1.3 1.9 1 0.15 0.11

0.21 0.08 0.03 0.03 0.01 0.01 100
0.03 0.01 0.01 0.01 0 0.01
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Fig. 1. X-ray Diffraction of organoclay.

at a temperature of 950 °C (absolute), with a temperature
speed of 2 °C/minute. The coconut fiber carbon density
are 0.45 [g/cm’], and the organoclay density is 1.14 [g/
cm’]. Density testing was carried out by the Archimedes
method, in a powder with 150-mesh.

Sample fabrication

Carbon powder of coconut fiber 150-mesh was mixed
with 150-mesh clay, with variations in composition of
10:90, 20:80, and 30:70% by weight, adding enough
water to form mixed plastic properties. Moldings of
green compact composite were conducted by hydraulic
machines, with a pressure of 200 bars in tablet molds,
with sizes of £ 40 mm x 10 to 15 mm thick. The amount
of each composition ratio was of 50 specimens, as
shown in Table 2. Sintering was to convert green compact
composite, a mixture of carbon and organoclay into
electrically conductive ceramics. Clay will harden and
become ceramic, while carbon powder becomes an
electrical conductor. The sintering process was carried
out in airtight reactor tubes at temperatures varying
from 850; 900; 950; 1000; 1050°C. Temperature speed
of 2 °C/minute.

Electrical resistance test

The measurement of the electrical resistance of
carbon ceramic composite was conducted to determine
the electrical conductivity of the composite material.
Measurements were made by the two-point probe

Table 2. Number of specimens.

Composition Sintering temperature, °C
ratio 850 900 950 1000 1050 Total
10:90 10 10 10 10 10 50
20:80 10 10 10 10 10 50
30:70 10 10 10 10 10 50

Total 150

method, with a copper plate electrode. Electrical
conductivity measurement followed ASTM D257
standards. Measurements were made on electrical
resistance, specimen thickness, and cross-sectional area
of specimens for electricity. Electric static resistance
was calculated by the equation,

_RxA4
[

[25] (1)

The magnitude of electrical conductivity were
determined by the equation,

[25] (2)

Note: r = static electricity resistance [Qm]; R =
electrical resistance [€2]; A = cross-sectional area of
composite specimens [m?]; / = current path length [m];
o = electrical conductivity of composite specimens [1/
Qm] or [S/m].

Specific wear rate testing

The wear resistance test was carried out to determine
the resistance of carbon ceramic composite materials to
the friction mechanical load; the test was carried out by
the disc wear tester method. This test follows the
ASTM C1243-93 (2015) standard. Specific wear rates
were calculated by equations,

2
Wy = —2—| X e sin| 2= Lo - 1)| [26]
LxP| 180 2r) 2
3)

Note: Wy = specific wear rate [mm’/Nm]; b = trace
length [mm]; L = distance traveled [m]; P = load used
[N]; r = the radius of the disc [mm]; B = trace width
[mm]; h = trace depth [mm].

Density testing

Density testing was carried out to determine the
density of carbon ceramic composites. The test was
carried out experimentally using the Archimedes
method based on the ASTM D792 standard. The
measurement of the density of carbon ceramic
composites were calculated by the equation,

WA
Peeramic composite — X P distillation water (4)
WB - WC

Notes: Tcomposite = composite density [g/em’]; T water
distillation = Water distillation density 0.992 [g/cm’]; W4 =
dry weight in air [gram]; Wg = weight of saturated
water in air [gram]; W¢ = weight of saturated water in
water [gram].

Porosity testing
Porosity testing follows the ASTM C20 - 00 (2015)
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standard. Visible porosity, P - The apparent porosity
states as a percentage of the relationship of the open
pore volume in the specimen with the exterior volume.
Porosity was calculated as follows,

Porosity = (%W;WAJ x100% 5)
C

Morphology testing

The scanning electron microscope test was carried
out by scanning electron microscopic Hitachi SU 3500,
to determine the appearance of the bond morphology
between the carbon powder and the organoclay ceramic
matrix. To see the possibility of forming cavities in
composites and interface bonds between clay and
carbon powder.

EDX SEM Testing

The test was carried out with the Hitachi SU 3500
SEM machine, to determine the elements contained in
bulk carbon ceramic composites. The test was carried
out in conjunction with SEM morphology testing.

X-ray Diffraction Testing

X-ray Diffraction (XRD) testing was carried out to
complete the elemental content testing carried out with
SEM EDX, to find out the shape of the mixed crystals
of carbon composite ceramics.

Results and Discussion

Electrical conductivity

The purpose of measuring electrical conductivity is
to determine the highest electrical conductivity of
carbon ceramic composites composition. The results of
the measurement of electrical resistance, cross-sectional
area, and length of electric current flow are calculated
by equation (1), and electrical conductivity is calculated
by equation (2). The highest electrical conductivity of
ceramic carbon composites was produced by a
composition ratio of 30:70, at sinteringp temperatures
of 1050°C, with an electrical conductivity value of 9.04
[S/m].

Meanwhile, the lowest value was produced by
composites with a composition ratio of 10:90, with
sintering temperatures 850 to 1050 °C, all sintering
temperatures with the composition ratio showed very
low electrical conductivity values, from 0.00008 to
0.002 [S/m], as shown in Fig. 2.

The graph shows that the higher the content of
coconut fiber carbon powder, the higher the electrical
conductivity produced by the composite. Likewise, the
higher the sintering temperature of the composite, the
higher the electrical conductivity of the composite. This
is shown in Fig. 3. In comparison, other researchers
showed measurements of the same electrical conductivity
[2,27-29].
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Fig. 2. Electrical conductivity vs sintering temperature vs
composition ratio.
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Fig. 3. Electric conductivities vs sintering temperature.

Specific wear rate

Wear rate testing is carried out with a disc wear tester
machine, by measuring wear depth, wear trace length,
wear trace width, while load, rotational speed, and
distance traveled are constant. The measured wear rate
is a specific wear rate, calculated by equation (3). The
purpose of carbon ceramic composite wear rate testing
is to determine the wear resistance value of carbon
ceramic composites. The higher the sintering temperature
reduces the composite wear rate. In addition, the higher
the carbon fibers content of coconut fiber, the lower the
composite wear rate. This proves that carbon ceramic
composites with a composition ratio of 30:70 and
higher sintering temperatures, more friction resistant,
carbon ceramic composites are getting harder. The
lowest value of specific wear rate is shown by carbon
ceramic composites with a composition ratio of 20:80,
at sintering temperatures of 950 °C, with a wear rate of
0.000025033162 [mm*/Nm]. This composite has high
wear resistance, at a load of one [N] and a distance of
one [m], the composite will wear out at 0.000025033162
[mm®]. The highest specific wear rate is produced by
composites with a composition ratio of 20:80, with
sintering temperatures of 850 °C, with a wear rate of
0.000941903786 [mm?/Nm], as shown in Fig. 4.
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Fig. 4. Specific wear rate vs sintering temperature vs composition
ratio.
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Fig. 5. Specific wear rate vs composition ratio.

The sintering process at 850 °C, at all composition
ratios results in a high wear rate, meaning that the
carbon ceramic composite is brittle against friction
loads. Thus, this process does not produce hard and
wear-resistant carbon ceramic composites.

The higher the carbon powders content, the lower the
composite wear rate. This also proves that carbon
content can increase the hardness of carbon ceramic
composites, as shown in Fig. 5.

Composite density

Density will affect the electrical conductivity and
composite wear resistance. This is the reason why
composite density testing is needed. Composites
density were calculated by equation (4). The highest
density is produced by carbon ceramic composites
with a composition ratio of 10:90, with a sintering
temperature of 1050 °C, with a density value of 1.59
[g/cm’®]. In general, an increase in sintering temperature
can change the composite density. Composite density
tends to be higher towards increasing sintering
temperature, although the increase is not high.

The lowest density is produced by the composition
ratio of 30:70, at the sintering temperature of 850 °C,
which is 0.87 [g/cm’]. As shown in Fig. 6. Increasing
the content of carbon powder has been shown to reduce
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Fig. 6. Densities vs sintering temperature vs composition ratio.
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Fig. 7. Densities vs sintering temperature.

composite density. This condition shows that the
composite is getting lighter. The higher the carbon content,
the lower the density of carbon ceramic composites, as
shown in Fig. 7. This proves that consistently organoclay
has a higher density than carbon. The coconut fiber
carbon density test results are 0.45 [g/cm’], and the
organoclay density before sintering process is 1.14 [g/
cm’]. In comparison, other researchers also investigated
the density of mullite-carbon ceramic composite [6,
22].

Composite porosity

The effect of increasing pyrolysis-sintering temperature
on carbon ceramic composites is not the same for each
composition ratio. Carbon ceramic composites with a
composition ratio of 10:90, when the sintering temperature
of pyrolysis is increased from 850°C to 1050 °C,
composite porosity tends to decrease, as shown in Fig.
8, whereas these composites tend to be denser, meaning
the density increases, as shown in Fig. 9. Meanwhile,
in carbon ceramic composites with a composition ratio
of 20:80, the percentage of porosity tends to be relatively
more stable, when the temperature is increased.

In contrast, carbon ceramic composites with a
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composition ratio of 30:70 produces porosity which
tends to increase when the sintering temperature is
increased. This shows an increase in water absorption,
or more porosity. The increase in carbon content shown
in the composition ratio tends to increase the percentage
of porosity of carbon ceramic composites, as shown in
Fig. 9.

This occurs in all temperature sintering variants. This
shows that the carbon content increases water uptake in
carbon ceramic composites. At the same time, it also
shows that carbon is more porous than organoclay,
which acts as a ceramic matrix. The porosity of mullite-
carbon ceramic composite has also been investigated
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Fig. 9. Porosities vs sintering temperature.

by other researchers [6].

Relationship of composite density and porosity
This section explains the relationship between porosity
to composite density. As shown in Fig. 10. Analysis
was carried out on all composition ratios; increasing
temperature affected the physical properties of composite
density and porosity. At a composition ratio of 10:90,
when the sintering temperature is increased, the
porosity decreases, and the density increases, as shown
in Fig. 10(a). High clay content increases composite
density when sintering temperature increases. In this
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Fig. 10. Relationship of densities to porosities based on sintering temperature.
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process, this results in a heavier, denser composite. In
composites with a composition ratio of 20:80, when the
temperature is increased, porosity increases, followed by
an increase in composite density. As shown in Fig.
10(b).

Composites with a composition ratio of 30:70 increase
in porosity faster and higher than other composition
ratios. Meanwhile, the density also increases, when the
sintering temperature is increased, as shown in Fig.
10(c). Increases in density and porosity occur polynomially,
and occur at all composition ratios, when the sintering
temperature is increased. In general, composite density
decreases when the composition ratio shows an enhanced
carbon content, and the clay content is lowered. This
results in increased porosity, as shown in Fig. 11(a)-
(e). Increased carbon content will increase the cavities
formed in ceramic composites, and conversely make
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ceramic composites lighter. As a comparison, it was
shown in a 2014 study by other researchers [8, 28, 30].

Relationship of electrical conductivity and composite
porosity

Increased carbon content in ceramic composites has
increased composite porosity, but also increases the
electrical conductivity of these composites. This occurs
at sintering temperatures from 850 to 1050 °C. Increased
porosity does not inhibit electrical flow in general. This
is shown in Fig. 12(a)-(e).

This fact shows that the carbon content increases
porosity, meaning that the number of cavities increases,
so that it decreases the density and makes the
composite lighter, but it can still increase the electrical
conductivity of carbon ceramic composites. Investigation
of the relationship between electrical conductivity and
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Fig. 11. Relationship of densities to porosities based on composition ratio.
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porosity was also carried out by other researchers, as
shown in the reference article [28].

Composite morphology

The test was carried out by scanning electron
microscopic Hitachi SU 3500. The purpose of this test
was to look at the morphological state of carbon
ceramic composites. To see the possibility of cavity
formation in the composite and interface between
organoclay and carbon powder. The cavities formed in
the composite will weaken the electrical conductivity
and resistance of the composite wear rate. Micro
photographs of microscopic scaning electron testing
cannot distinguish morphology based on the composition
ratio, and based on sintering temperature. Fig. 13(a)
with a magnification of 500 x shows the morphology

of carbon and ceramics from organoclay, this is indicated
by the morphology of carbon ceramic composites with
a composition ratio of 30:70% weight, 200 bar
compaction and sintering temperature of 850 °C. The
appearance of coconut fiber carbon is seen in
longitudinal black in the form of elongated fibers.
While the appearance of the ceramic matrix is in the
form of irregular granules, which surround and bind to
carbon. The same is shown in Fig. 13(b); this image is
the morphology of carbon ceramic composites with a
composition ratio of carbon and organoclay 30:70%
weight, a sintering temperature of 1050 °C. In general,
based on morphology, the binding appearance of the
ceramic matrix to carbon is a mechanical bond, this is
formed because the organoclay geometry and carbon
ceramic particles are irregular, so that every gap,
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Fig. 14. Morphology of mechanical bonding of carbon ceramic
composite 30:70, 950 °C.

contour, cavity and basin is filled, and interconnects
and locks. This is shown in Fig. 14, with a magnification
of 5000 x. This image is the morphology of carbon
ceramic composites with a composition ratio of 30:70,
sintering temperature of 950 °C.

Based on the shape and dimensions of morphology,
the outline shows macroporous, because the size of the
cavity looks larger than mm?75.

Carbon ceramic composite element

Elements contained in carbon ceramic composites are
detected by testing EDX. Spectrum of EDX testing
points for composites 30:70 and sintering 850°C are
shown in Fig. 15(a). The results of EDX testing show
an uneven distribution of elements. Each spectrum
point shows different percentage weights, and types of
the elements, even though the specimens are tested in
one bulk form of carbon ceramic composites. Results
of the elemental weight percentage analysis are shown
in Table 3. Point 1 of spectrum test in Fig. 15(a) shows

-

_C.nq-t_po"sffrﬁn r'a‘tk':p 30:70, si p'thering el

the black area, and the dominant element of that point
is carbon 90.28% weight, and oxygen 9.72% weight.
Carbon and oxygen elements are relatively evenly
distributed, spectrum testing shows that at all points
there are carbon and oxygen elements, even though the
weight percentages are not the same. Point 3 spectrum
shows the distribution of Fe element as the highest,
which is 30.86% weight, then 29.21% O. Meanwhile,
at other spectrum points it is low, even 0% Fe, as
shown in Table 3. Each spectrum test point shows the
content of different elements, both types and percentage
weights. Relatively even distribution and dominant
elements are carbon and oxygen, at all test points there
is a content of these two elements. Carbon ceramic
composite elements with a composition ratio of
30:70% weight, and 900 °C sintering temperature
shown in Fig. 15(b), also show the same thing. The
weight value percentage of each element is shown in
Table 4. Point 5 of the spectrum test, in Fig. 15(b),
shows a carbon content of 82% weight, according to
the point indicated by the dark black feature. Point 1 of
the spectrum test shows the content of variations in the
types of elements that are richer, at this point there are
C, O, Al, Si, K, Ca, and Fe. While other spectrums test
points, do not show the same content as point 1
spectrum test. Even in point 2 of the spectrum test, the
highest element content was indicated by 46.37% O,
then 28.26% Si. Point 4 of the spectrum test shows the
amount of the element with the order of 42.52% O,
then 36.66% Fe.

This shows that the distribution of elements
contained in this carbon ceramic composite is uneven.
The result of this uneven distribution of elements is the
mechanical properties, physical properties, and
electrical properties, which also will not be the same at
each of these test points.

Carbon ceramic composite elements with sintering
temperature of 950°C, in EDX testing also showed
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Fig. 15. Spectrum of EDX test for composite 30:70, 850 °C.

Table 3. Elements of carbon ceramik composite, 30:70, 850.°C.

ELEMENT C (0] Na Al Si K Mn Fe TOTAL
Spectrum 1 90.28 9.72 0 0 0 0 0 0 100.00
Spectrum 2 75.59 24.41 0 0 0 0 0 0 100.00
Spectrum 3 9.98 29.21 0.9 8.94 13.25 4.65 222 30.86 100.01
Spectrum 4 30.03 36.51 0 2.98 22.92 1.41 0 6.15 100.00
Spectrum 5 93.16 6.84 0 0 0 0 0 0 100.00
Spectrum 6 42.78 35.85 0 3.98 9.17 1.27 0 6.95 100.00
Ave % Weight 56.97 23.76 0.15 2.65 7.56 1.22 0.37 7.33 100.00

+% 34.35 12.82 0.37 3.54 9.41 1.80 0.91 11.97




Effect of sintering temperature on the relationship of electrical conductivity and porosity characteristics of 343

Table 4. Elements of Carbon ceramic composite, 30:70, 90 0°C.

ELEMENT C (0] Al Si K Ca Fe TOTAL
Spectrum 1 25.81 40.59 5.59 13.36 1.18 1.36 12.11 100.00
Spectrum 2 25.37 46.37 0 28.26 0 0 0 100.00
Spectrum 3 26.67 33.09 1.65 34.1 0 0 4.49 100.00
Spectrum 4 17.37 42.52 1.28 2.16 0 0 36.66 99.99
Spectrum 5 82.61 17.39 0 0 0 0 0 100.00
Spectrum 6 42.84 36.25 4.06 10.29 0 0 6.56 100.00
Ave % Weight 36.78 36.04 2.10 14.70 0.20 0.23 9.97 100.00
+% 23.94 10.26 2.27 13.82 0.48 0.56 13.84
Table 5. Elements of carbon ceramic composite, 30:70, 950 °C.
ELEMENT C (0] Na Al Si Ti K Mn Fe TOTAL
Spectrum 1 13.29 38.02 0 2.67 2.58 18.67 0 1.39 23.37 99.99
Spectrum 2 60.21 18.23 0 2.7 5.76 0 0 0 13.11 100.01
Spectrum 3 88.06 7.16 0 0 0 0 0 0 478 100.00
Spectrum 4 5.27 52.1 1.37 8.2 24.7 0 6.89 0 1.47 100.00
Spectrum 5 10.12 58.9 0 4.59 26.39 0 0 0 0 100.00
Spectrum 6 51.5 32.03 0 3.98 9.3 0 0 0 3.19 100.00
Ave % Weight 38.08 34.41 0.23 3.69 11.46 3.11 1.15 0.23 7.65 100.00
+% 33.59 19.68 0.56 2.72 11.36 7.62 2.81 0.57 8.96
Table 6. Elements of carbon ceramic composite, 30:70, 1000 °C.
ELEMENT C (0] Na Mg Al Si K Fe TOTAL
Spectrum 1 28.25 20 0 0 1.2 1.41 0.14 49 100.00
Spectrum 2 12.03 56.11 0 1.09 12.67 15.79 231 0 100.00
Spectrum 3 11.38 48.68 0.7 9.19 25.24 481 0 100.00
Spectrum 4 29.71 4332 0 1.94 25.03 0 0 100.00
Spectrum 5 92.18 7.82 0 0 0 0 0 100.00
Spectrum 6 53.63 31 0 4.13 9.02 0 222 100.00
Ave % Weight 37.86 34.49 0.12 0.18 4.86 12.75 1.21 8.54 100.00
+% 30.75 18.33 0.29 0.44 5.02 11.15 1.99 19.84

different distribution of element types and weight
percentages at each spectrum testing point. The test
spectrum point is shown in Fig. 15(c). Point 3 of the
spectrum test shows a solid black feature; it shows high
carbon content, namely 88.06% C, then followed by
7.16% O, and 4.78% Fe.

Meanwhile, the other spectrum points show different
types and quantities of elements. As shown in Table 5.
EDX testing of carbon ceramic composites with a
sintering temperature of 1000°C is shown in Fig. 15(d)
and Table 6.

The highest carbon content is indicated by point 5 of
spectrum test of 92.18% weight, and 7.82% weight is
oxygen. At this point, there are only 2 elements, namely
carbon and oxygen. Other elements, such as Na, Mg,
Al, Si, K, and Fe are scattered in other spectrum points,
unevenly. At one point of the test spectrum showed the
highest content of the element is Fe, 49% weight,

followed by the elements C 28.25% weight. At points
2, 3, 4 and 5 of the spectrum test do not show the
presence of Fe elements.

Si elements are spread in almost all test spectrum
points, except in point 5 of the spectrum test. The
highest content of oxygen elements is shown in points
2, 3 and 4 of the spectrum test, sequentially at 56.11,
48.68, and 43.32% weights. Then followed by carbon
elements, as the second largest element. Testing the
distribution of elements from carbon ceramic composites
with sintering temperatures of 1050 °C is shown in Fig.
15(e) and Table 7. The highest content for all spectrum
points is the carbon element. The second largest content
is oxygen, and this is found in all points of spectrum
test. The highest carbon content is indicated by point 5
of spectrum test, amounting to 88.16% carbon weight.
Elements Na and Mn are not present in carbon ceramic
composites sintered to temperatures of 1050 °C, but
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Table 7. Elements of carbon ceramic composite, 30:70, 1050 °C.

ELEMENT C O Al Si K Ca Fe TOTAL
Spectrum 1 8.98 30.75 0.8 1.58 0 0 57.88 99.99
Spectrum 2 28.4 28.21 0 1.1 0 0 423 100.01
Spectrum 3 57.16 23.26 4.58 12.98 2.01 0 0 99.99
Spectrum 4 38.75 28.36 5.99 15.14 7.01 1.29 3.45 99.99
Spectrum 5 88.16 10.3 0 1.54 0 0 0 100.00
Spectrum 6 549 32.05 4.1 8.95 0 0 0 100.00

Ave % Weight 46.06 25.49 2.58 6.88 1.50 0.22 17.27 100.00

+% 27.25 8.03 2.62 6.32 2.81 0.53 25.93

80
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Fig. 16. Main content of the carbon ceramic composite, 30:70.

there are elements of Ca, in point 4 of the spectrum
test. The values of element weights are shown in Table
7. This composite shows a unique thing. At point, 1
and 2 the spectrum test shows the highest element
content is Fe, which is 57.88%, and 42.3% weight. At
these points, the highest content is not carbon, as
shown in composites with other sintering temperatures.

The main content of carbon ceramic composites with
a composition ratio of 30:70% weight is shown in Fig.
16 and Table 8. The results shown are the average of
spectrum testing points, so it can be said to be an
element of the whole test specimen of carbon ceramic

Intersity {cos)

Intensity {cps)

Inbansity (cps)

20 40 &0
(a) 2-4heta (deg)

Fig. 17. Diffractogram of carbon ceramic composite, 30:70.

Table 8. Analysis of the main content of carbon ceramic
composite, 30:70.

Sintering . Total %
temperature, °C C 0 Al Si Fe Weight
850 56.97 23.76 2.65 7.56 733 9826
900 36.78 36.04 2.10 1470 9.97 99.58
950 38.08 3441 3.69 1146 7.65 9528

1000 37.86 3449 486 12.75 854  98.49
1050 46.06 2549 258 688 1727 9828

composites, while also providing information about the
main content of the specimen. In sequence, the largest
main content is elements C, O, Si, Fe, and Al. Except
for composites with sintering temperature of 1050 °C,
with C, O, Fe, Si, and Al sequences. Based on the
EDX test results, it is evident that the distribution of
elements of carbon ceramic composites is uneven, and
this occurs in all composition ratios, and sintering
temperatures of carbon ceramic composites.

X ray - diffraction of carbon ceramic composites
Diffractometric graphs of XRD test results for carbon
ceramic composites with a composition ratio of 30:70,
and sintering temperatures of 850 °C, is shown in Fig.
17(a). Broadly speaking, fractography shows the state
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Fig. 17. Continued.

of amorphous carbon ceramic composites, cannot show
the actual crystal state of the mixture of organoclay and
carbon or amorphous. Some d spacing is located at 20°
to 40° in Fig. 17, indicating the presence of organoclay;
the rest is carbon and oxygen, according to the results
of EDX testing. This happened to all carbon ceramic
composites with sintering temperatures 850, 900, 950,
1000 and 1050°C. As a comparison of research studies
with kaolin material which is a clay group also shows
the same angle [6, 22, 23,27, 31-33].

Conclusion

Carbon ceramic composites from local materials
from carbonized coconut coir waste with organoclay
matrix have been successfully fabricated, with a
hydraulic pressure of 200 bars. The higher the content
of carbon powder, the higher the electrical conductivity
produced. Likewise, the higher the sintering temperature
of composite increases the electrical conductivity of
carbon ceramic composite. The higher the carbon
powder content reduces the composite wear rate.
Carbon content can increase the hardness of carbon
ceramic composites. Composite density tends to be
relatively stable with increasing sintering temperature.
Increasing the content of carbon powder has shown to
reduce composite density. The composite is getting
lighter. This proves that consistently clay or organoclay

2-1heta (deg)

has a higher density than carbon. The higher the carbon
content in the composite increases the percentage of
porosity of carbon ceramic composites, but it can still
increase the electrical conductivity. Generally, carbon
ceramic composites contain macroporous.
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