
Journal For Innovative Development in Pharmaceutical and Technical Science (JIDPTS) 
Volume:3,Issue:01,January:2020 

(J I D P T S) 

ISSN(O):2581-6934 

 

   
  All rights reserved by www.jidps.com 

2 

Development of carbon-ceramic composites employing SiC and 

graphite as reinforcement with phenolic matrix 
________________________________________________________________________________________ 

 

Parth M. Kapatel 
1, 2 

,Rinkal Vaghasia
1 

1 
Department of Materials Science, Sardar Patel university, Vallabh Vidyanagar. 

2
Royal Castor Products Ltd, Siddhpur. Gujarat, India. 

 

 

Abstract :Efforts have been made for the development of carbon-ceramic composites utilizing silicon carbide (SiC) and graphite as 

reinforcement with phenolic powder as a matrix. These constituents were placed to ball milling for uniform particle size distribution 

at certain rpm speed. Subsequently, raw materials hot pressed, which compact raw materials in the desired shape under high 

pressure and high temperature, further carbonization proceeded. Using different composition ratios of the SiC-Pf and Graphite-Pf, 

the different type of composites have been fabricated and the behavior influenced by the reinforcement has been studied. 

Sophisticated instruments techniques like FTIR, SEM have been used to analyze the samples. A system with SiC(36gms) and Pf 

(24gms) is observed to be the best. 
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1. Introduction 

In modern-day technologies identifying for innovative 

materials with definite properties. Preferably, the structural 

materials should be sturdy, chemically as well as thermally 

stable and lightweight in nature. They should possess excellent 

mechanical properties and be comparatively inexpensive. 

Some composites can accomplish several of the named 

requirements but none disclose these properties altogether. 

Consequently, a substitution must take place. Combination of 

two or more materials at a microscopic scale and has 

chemically dissimilar phases defined as a composite material. 

Therefore, at a microscopic scale, the composite material is 

heterogeneous however statistically homogeneous at a 

macroscopic scale which achieving properties of both the 

constituents, otherwise which do not exist together [1,2]. 

Particulate composites have one or more material particles 

suspended in a binding matrix. In general, fibrous composites 

possess good fracture resistance, where in the case of 

particulate composites do not have high fracture resistance. 

Particles have a tendency to enhance stiffness of the materials, 

but they do not have a large amount of an effect on composite  

 

 

strength. In quite a few cases, particulate composites are 

utilized to increase performance at elevated temperatures. 

Carbon-ceramic composites introduce as an extraordinary 

class of carbon containing materials which encloses the most 

important negative aspect of carbon, predominantly its 

proneness to air oxidation, while essentially retaining its 

outstanding properties [3]. They are originate to possess a 

distinctive self-healing assets, which defend the material on or 

after air oxidation in the incident of accidental damage. 

Carbon-matrix composites have significantly lightweight high-

temperature structures [4]. Silicon carbide (SiC) is employed 

in combination with carbon to overcome the problem due to 

its superior oxidation resistance property. Employed SiC in the 

composites can be used as a part of the matrix or a part of the 

reinforcement. If planning to use such composites for 

extended life applications then the matrix of these composites 

requires to be tailored with Si, Zr, Hf or by multilayer 

deposition of Silicon-carbide, Silica, etc. to avoid oxidation 

[5]. These composites can be made by using thermosetting 

resin as matrix. Composites which contains resin as a matrix 
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have higher flexural strength, lower toughness, lower thermal 

conductivity. Carbon and silicon based composites can be 

used as nuclear reactor materials because of their low 

susceptibility to irradiation and non brittle fracture as well as 

high temperature stability. They can be also used as high 

temperature components in chemical reactors, Stirling 

engines, gas turbines, etc. They can be used in braking 

systems for the automotive sector and rapid train systems [6]. 

Phenol formaldehyde (Pf) and Novolac resin, these phenolic 

resins are frequently used as a binder in friction materials. It 

can be of resole type, a novolac or even a modified version. It 

is the first industrially produced synthetic resin (1909, 

Baekland, Erkner/ Germany). Phenolic resins are typically 

mixed uniformly with additional constituents of friction 

material composites. For that reason, may be used in 

moderately high content. They resist up to temperature range 

of 250°C, and they produce high amount of carbon content in 

the form of char. They have superior fire resistance, long- 

term durability, and excellent resistance property to 

hydrocarbon and chlorinated solvents. Phenolics are also 

inherently brittle which is one of its limitation [7]. So, 

tougheners such as epoxy resin, rubber particles are added to 

increase flexibility and cashew nut shell liquid may use to 

minimize cracking of composite. Silicon Carbide (SiC) 

particles is a foremost material for machinery and devices 

operating at high temperature, high power. In various 

structural and tribological applications, micro-sized SiC 

particles and whiskers are usually applied as reinforcement 

materials for ceramics, metals and alloys [8]. Nowadays, the 

interest is grown in fabrication of SiC based composites due to 

its outstanding physical and mechanical properties. It has high 

mechanical strength, high hardness, low density, high thermal 

conductivity, low thermal expansion coefficient, large band 

gap and excellent oxidation and corrosion resistance [9]. 

Silicon carbide (SiC) is exceptionally stable up to 

temperatures ranges near 1,600°C in air and its decomposition 

temperature is 2,545°C. Graphite is utilized in the production 

area of frictional materials which intended for heavier 

(nonautomotive) vehicles [10]. Graphite is well known 

material for its efficiency to increase the lifetime of frictional 

materials as well as electrical and thermal conductivity, 

lubricity, hardness, resistance to corrosion and reduction of 

noise. Natural graphite has poor wettability with the liquid 

resin but it has high electrical conductivity. Synthetic graphite 

is prepared under high-temperature conditions of amorphous 

carbon materials, typically calcined petroleum coke and coal 

tar pitch utilized as a carbon source [11]. 

 Hence in the present work, efforts have been made 

for the development of carbon-ceramic composites employing 

SiC and graphite as reinforcement. Ball milling for graphite 

flakes and Pf resin was carried out for 18-20 hrs at 1000-1200 

rpm. Ball milling for SiC and Pf resin was also carried out for 

18-20 hrs at 1000-1200 rpm. After completion of milling 

process, raw materials mixed and then employed to the hot 

press, which compact raw materials in desired shape under 

high pressure and high temperature. This resulted in the 

formation of green composites. By utilizing these green 

composites, carbonization process was carried out in the inert 

atmosphere under specific heating rates and appropriate 

controlled gas flow to get final composites. Using different 

composition ratios of the SiC-Pf and Graphite-Pf, different 

type of composites have been fabricated. Comparative studies 

in terms of changes in mechanical properties, morphological 

study and physical properties of these composites have been 

carried out. 

2. Materials and Methods 

2.1. Materials 

Phenol formaldehyde Resin (Novolac) powder, SiC 

particles (85% purity), and Graphite flakes were purchased 

from chemovate, Bangalore, India. Sandpaper, acetone, 

Aluminium foil, Kerosene were obtained from Vijay scientific 

& chemicals, Gujarat, India. The Muffle furnace is provided 

by Om ceramics, New Vallabh vidyanagar, India. 

been obtained at the time of submission, please state that they 

will be provided during review. They must be provided prior 

to publication. 

2.2. Characterizations and methods 

Compressive strength of composites is the measure of 

compressive load per unit area. Universal Testing Machine 

(UTM) Shimadzu AG-100 kNG was used to measure 

compressive strength of the composites. Load cell of 150KN 

was used and crosshead speed were kept 0.05mm/min.  
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Scanning electron microscope, Model: ESEM EDAX 

XL-30, Make: Philips, Netherlands was used to analyze 

surface morphology of the samples. 

Digital Rockwell Hardness Tester, TRSDM was operated 

to measure Rockwell Hardness of the carbon-ceramic 

composites. These measurements were carried out on HRL 

and HRR Scale. In case of HRL, 1⁄4” steel Ball point indenter 

was indented on the surface of the composites with 60 kg load. 

In case of HRR scale 1⁄2” steel Ball point indenter was used 

with 60 kg load. 

 Density is mass per unit volume (V)-the ratio of 

amount of matter in an object compared to its volume  

Where in SI Units, D is the density of the substance, measured 

in gm/cc. M is the mass of the substance, measured in gm. V 

is the volume of the substance, measured in cc. Density is not 

the intrinsic property of the material. Samples were weighed 

and dimensions were measured by vernier calipers. Density 

was found out by Eq. (1). 

Volume of Sample = Length × Width × Thickness 

 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
Mass

Volume
                                     Eq. (1) 

 Weight loss of the carbon-ceramic composite was 

found out by considering weight of the green composite and 

carbonized composite. The formula for the calculation is given 

below in Eq. (2). 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠  % =
W0  –  W

W0

× 100             Eq. (2) 

Where, W0= Initial weight of sample, W = Final weight of 

sample 

 

 Shrinkage is defined as reduction in volume during 

process. Different shrinkage in length, thickness, width, 

volume was measured. Shrinkage was measured by following 

Eq. (3).  

𝑆ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒  % =
I0  –  I

I0

  × 100                           Eq. (3) 

Where, I0 = Initial dimension, I = Final dimension. 

   

 Kerosene porosity method was adopted for porosity 

measurement. The method mentioned as follows. Cut small 

pieces of the sample and polish the surface with sic paper, to 

open the pores, present on the surface of the sample. Clean the 

surface of the samples with ultrasonic cleaner to remove the 

fine particles from the surface of the sample and then allow it 

to dry for 15 minutes and measure the weight and dimension 

of the samples.  

Arrange the assembly and put the samples in the round bottom 

flask. Start the rotary pump to create vacuum of 10
-2

 to 10
-

3
torr. After attaining the desired vacuum in the flask, cut off 

the connection of pump with flask and allow kerosene to enter 

into the flask through necessary arrangement. Now measure 

the final weight of the sample and find out the porosity of 

samples by using the given Eq. (4).  

 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦  % =
Amount of kerosene absorbed

Density of kerosene – Volume of sample
   

× 100 Eq. (4) 

 

Density of kerosene = 0.79gm/cc,  

Weight of kerosene absorbed = Final weight of the sample – 

Initial weight of sample 

2.3. Different stages of the composite fabrication process  

2.3.1. Ball Milling 

 Ball-milling is a common unit operation for particle 

size reduction, particularly of whiteware bodies. Both plastic 

and non-plastic raw materials are finally ground and mixed in 

a ball mill. The cylinder is nearly half filled with the material 

to be ground and solid ground media. The grinding media used 

is ceramic balls in a porcelain cylinder. During operation the 

balls are carried up to a certain height depending on the speed 

of the mill, where they break contact with the wall and roll 

down to the bottom, to be picked up again and recycled. 

Grinding is achieved by the rolling of balls and not merely by 

impact on falling freely, which causes fast wear of the balls 

and contamination of the powder. When increasing the speed 

of rotation the balls are carried up further the side of the mill 

and ultimately when a critical speed is reached, the balls are 

carried over and at that condition, there is hardly any grinding 

action and the mill is said to be centrifuging. The mill 

diameter (D) is empirically related to the optimum operating 

speed (n), as follows according to Eq. (5). 
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𝑛 = 57 − 40 log 𝐷                     Eq. (5) 

Ball milling for graphite flakes and Pf resin was carried out for 

18-20 hrs at 1000-1200 rpm as well as for SiC and Pf resin 

ball milling was carried out for 18-20 hrs at 1000-1200 rpm. 

Excess material stuck on the balls was removed after every 

three hours, to ensure proper milling of the particles by the 

balls. After milling, container and balls were cleaned for the 

next batch. 

2.3.2. Hot pressing  

 The hot pressing technique was used to compact raw 

materials in the desired shape under high pressure and high 

temperature. Mixed raw material weighed about 60grams. The 

rectangular mould was be cleaned with sandpaper and then 

with acetone which helps to remove previously applied wax or 

lubrication layer surface impurities, dust, rust, etc. Aluminium 

foil was applied to the connecting parts of the mould. A fresh 

layer of wax of negligible thickness was applied on the foil. 

The particle mixture was filled and pressure applied with a 

spatula. The mould was then kept on the hot press which was 

properly insulated with bricks and glass wool. For graphite 

flake and Pf resin composite pressure of 95-100 Kg/cm
2
 and 

temperature of 135-140°C was applied using the hot press. 

The temperature was applied using joule heating technique. 

The temperature of green composite raises up to +5 to 10°C 

due to the hotness of mould and it was held at that temperature 

for one hour. Thermocouple used to observe temperature 

throughout the fabrication process of the green composite. For 

SiC and Pf resin composite pressure of 100 Kg/cm
2
 and 140°C 

was provided for proper consolidation and one hour standing 

time at that temperature was given. If pressure was not 

maintained, it would affect the density of composite samples. 

Hence care was taken for maintaining appropriate pressure. 

 

2.3.3 Carbonization process  

 Carbonization is the process of heating of 

carbonaceous material in the inert atmosphere [12]. In 

developed green composite, Pf was used as the matrix, as it 

forms char it yields high carbon content which ultimately 

results into formation of carbon ceramic composites. In the 

process of carbonization, inert gas (nitrogen gas) filled in 

furnace and green composites were heated to 1000°C. 

Heating/holding/cooling time necessary to be precise to avoid 

bending, chipping of composite. Therefore, heating rate of 

60°C/hour from room temperature to 200°C was kept, then a 

slower rate 30°C/hour to 600°C was proceeded and then 

followed by 50°C/hour rate to 1000°C, holding for 1 hour. 

After completion of heating process, cooling was done by 

reducing the temperature at 40°C/hour to room temperatures. 

Sudden change in temperature might lead to cracks formation 

in the composite. After carbonization, the phenolic resin 

molecules form an amorphous (glassy) carbon material that 

bonds the SiC particles together. Flow chart diagram for the 

development of carbon-ceramic composites utilizing SiC and 

graphite as reinforcement and Pf as a matrix is demonstrated 

in Figure 1. Specifications for combination of different 

reinforcements with matrix and their composition ratio to 

develop composites are mentioned in Table 1

 

 

Figure 1. Flow chart diagram for the development of carbon-

ceramic composites utilizing SiC and graphite as 

reinforcement 

 

Table 1. Specifications for combination of different 

reinforcements with matrix and their composition ratio to 

develop composites. 

 

Systems Combination of 

different 

reinforcements and 

matrix to develop 

composite 

Composition 

ratio of raw 

materials 

PR-1 SiC  +Pf 36gms + 24gms  

PR-2 SiC  +Pf 24gms + 36gms  

PR-3 Graphite + Pf 48gms + 12gms  

PR-4 Graphite + Pf 12gms + 48gms  
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3. Results and Discussion 

3.1. Compressive strength  

 The composites were prepared from SiC with Pf and 

graphite with Pf by varying composition ratios. The sample 

with silicon carbide particles 36gms and Pf with 24gms has 

the highest compressive strength which is indicated in Figure 

2. Contrastively, the sample with graphite content of 12gms in 

the composite has the lowest compressive strength. Figure 2 

shows the effect of varying constituents with the different 

amount present in Carbon - Ceramic composites on the 

compressive strength of the composites. Generally, the 

mechanical behavior of a composite is affected by the 

presence of reinforcement particles distributed in matrix 

material [13]. Adding SiC in larger quantity results in higher 

strength due to its strong bonding with carbon matrix. It is 

worth noting, at this stage, that the lowest values of 

compressive strength is achieved with a composite material 

produced from the higher amount of the matrix in both kind of 

reinforcement i.e. SiC and Graphite based composites. 

Addition of graphite instead of SiC as a reinforcement 

observed which decreases the bonding between reinforcement 

and matrix and tends to the formation of porosity hence 

eventually results into the decrement in compressive strength. 

Therefore, it concludes that with decreasing volume 

percentage ratio of reinforcement in the composite leads to the 

reduction in the compressive strength. The decrement in the 

amount of reinforcement appears to be responsible for the 

weak bonding with carbon matrix which leads to the 

formations of voids in the composites. Ultimately, these 

unwanted voids present in composites appear to loosens its 

strength. 

 

Figure 2. Compressive strength of the carbon - ceramic 

composites. 

 

3.2. Rockwell hardness  

 The hardness of a specific sample refers to its 

resistance of being broken or shape changed enduringly when 

the load is applied to it. When the sample is subjected to a 

sudden impact, hardness is an indication of the composite to 

resist crack propagation. The deepness or size of the resulting 

pockmark is measured, which is appears in term of the 

hardness number. If the material is soft then the indentation 

may large and deeper, which consequences into the lower 

hardness index number. The Rockwell analysis is the most 

frequently used method to measure hardness. As it is so simple 

to perform and require no special skills and sample 

preparation to perform the test. numerous varieties of scales 

used as of probable combinations of different indenters and 

special loads, which allows the testing of all materials 

practically. Spherical and hardened steel ball type indenters 

having diameters of in. 1/2, 1/4, 1/8, 1/16 used. By way of 

preferring this system, a hardness number is found out by the 

differentiation in depth of penetration. Use of a minor load 

increases test accuracy. The developed composites are consists 

of different hardness containing phases. Resulting carbons 

from the phenolic resin are glassy carbons and are hard in 

nature. On the other hand, silicon carbide is a hard material 

and graphite is comparatively soft. For that reason, the 

bonding between matrix; reinforcement and distribution plus 

the amount of reinforcing materials affects the hardness of the 

resulting composite. It also depends on the type and percent of 

porosity present in the composite. [14]. The SiC- Pf 

composites show hardness value in the range 117.91 to 124.16 

HRL. The graphite-Pf show hardness value in the range of 70-

90 HRL. This leads to the formation of voids in the composite 

having graphite flakes resulting in poor bonding between 

reinforcement and matrix during carbonization process. 

Samples PR-1 and PR-2 have SiC as a reinforcement which 

results in the higher hardness value compare to PR-3 and PR-4 

samples. 

3.3. Morphological study using scanning electron microscope 

(SEM)  

 The morphology of the hot-pressed samples were 

examined by scanning electron microscope (SEM). The 

images are illustrated in the Figure 3. Images are distinguished 

with different color arrows and round shape to differentiate 
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presence of voids, crakes, Pf phase, SiC and graphite flakes. 

PR-1 system is consist of SiC (36gms) – Pf (24gms), which 

originated together to form a composite. Figure 3 (a) shows 

that particles had non uniform size distribution. After ball 

milling, the average mesh size obtained was 0.063 mm. There 

is less voids appear compare to the PR-2 system. Which 

indicates that there is proper mixing is occurring between SiC 

reinforcement and Pf matrix. In the case of second system PR-

2, decreasing amount of SiC reinforcement and increasing 

amount of Pf matrix, the voids are observed in higher number 

(Fig. 3 b). This may result into the poor performance of 

mechanical properties. System PR-3 is made up of the 

graphite flakes (48gms) – Pf (12gms). It shows the surface 

morphology of the composite (Fig. 3 c). At this point, the 

voids appear in higher amount contrast to SiC based 

composites however, a lesser number of voids observed then 

PR-4 system. It shows a uniform distribution of graphite 

reinforcement in the glassy matrix formed by the carbonized 

Pf resin matrix. The image illustrates the surface morphology 

and interfacial bonding amongst constituents of the 

composites. Among the four systems, highest porosity is 

observed in the PR-4 system (Fig. 3 d) which is formed by the 

constituents of graphite flakes (12 gms) – Pf (48 gms). This 

proves that by decreasing a certain amount of reinforcement in 

the composite, porosity will appear due to the weak bonding 

between reinforcement and matrix. Which tends to pitiable 

properties of composites. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 3. SEM images of Carbon-ceramic composites of (a) 

SiC (36gms) – Pf (24gms) composite (b)SiC (24 gms) – Pf (36 

gms) composite (c) graphite (48gms) – Pf (12gms)composite 

(d) graphite (12 gms) – Pf (48 gms)composite 

 

3.4. FTIR analysis of phenol-formaldehyde powder 

 The FTIR spectra of phenol-formaldehyde powder is 

shown in Figure 4 and obtained data are mentioned in Table 2. 

The characteristic peaks of particular functional groups are 

also mentioned for the reference purpose on the basis of 

appropriate literature [15].  As shown in Figure 4, the 

characteristic peaks of OH group appear at 3387 cm
-1

, C=C 

aromatic ring confirms through the presence of peak at 1615 

cm
-1

 , in phase stretching vibration of -CH2- alkane appears at 

2977 cm
-1

. Detailed interpretation of the peaks according to 

reference is given in Table 2. 

 

 

 

Figure 4.FTIR spectra of phenol-formaldehyde powder 
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Table 2.Functional groups and Literature as well as obtained 

details of functional groups appear at specific wavenumber in 

the phenol-formaldehyde. 

 

Functional group  

 

Literature details 

of functional 

groups appear in 

the PF 

(wavenumber, 

cm
–1

) 

Obtained 

functional groups 

details in the 

presently used PF  

(wavenumber, 

cm
–1

 ) 

OH 3400 3387 

in phase stretching 

vibration of -CH2- 

alkane 

2925 2977 

out of phase 

stretching vibration 

of -CH2- alkane 

2850 2860 

C = C aromatic ring 1610 1615 

C-H aliphatic 1470 1467 

OH in plane 1390 1384 

asymmetric stretch 

of phenolicC-C-OH 

1237 1247  

 

C-O stretch 1153 1152 

single bond C-O 

stretching 

vibrations of -

CH2OH group 

1045 1076 

aliphatic hydroxyl 1000 1010 

1,2,4-substituted 

benzene ring 

976 954 

CH out-of-plane, 

para-substituted 

835 814 

adjacent 5H 694 680  

 

3.5. Physical characterization 

3.5.1. Weight loss and volume shrinkage 

 Percentage weight loss (reduction) (Figure 5 a) and 

percentage volume shrinkage (Figure 5 b) study of carbon-

ceramic composites based on SiC and graphite flakes 

reinforcements are observed from before and after 

carbonization process. The weight loss of the composites is 

mainly owing to carbonization of the phenolic resin because 

during heat treatments of the composites, carbonization of 

phenolic resin matrix engages up to 1000°C. Therefore, 

pyrolysis of the phenolics takes place in different temperature 

precinct mainly underneath 700°C. Beyond, 700°C, formation 

of carbon chains in phenolic chars takes place. In the 

beginning at around 200-400
o
C temperature, volatiles releases 

from the composite material. Volatiles may be evolve are 

unreacted phenols, CO2, H2O vapors, CO etc. This outcomes 

as a shrinkage of the composite. There is a sudden weight loss 

may possible between the temperature range of 400-600°C. 

Within this temperature range, hydrocarbon molecular chains 

experience thermal cracking and recombination, subsequent to 

the rearrangement of the molecular chains take place which 

consequences in further shrinkage [16,17]. During 

carbonization, cracks may appear in the structure of the 

composites, if this rearrangement step is not controlled 

appropriately. Also, the SiC used was only 85% pure, so the 

impurities with the coefficient of thermal expansion and 

different heat capacity results in to the chipping of the 

composites. Therefore, slow heating /cooling rates should be 

applied during carbonization to avoid bending, eruption, 

chipping of the composites. In both types of reinforced 

composites i.e. SiC and graphite flakes, the sample with less 

amount of phenolic matrix show less bending and cracks. 

Hence, it concludes that weight loss and shrinkage increases 

as the amount of carbon matrix precursor increases. The 

maximum shrinkage was observed in the sample having 

maximum Pf resin i.e. 48gms Pf in 12gms of graphite 

composite. This is observed in the system PR-4, which has 

30% of shrinkage and 21 % of percentage weight loss. In 

system PR-1, 18 % of volume shrinkage is obtained. 

 

 

(a) 

(b) 

Figure 5. Data of the carbon-ceramic composites based on 

SiC and graphite flakes reinforcements (a) %weight reduction 

(loss) (b) % volume shrinkage  
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3.5.2. Porosity and density 

 Void spaces in a material is measured by the porosity 

experiment. Using the formula equation.4 absorbed quantity of 

kerosene, percentage porosity is determined which is obtained 

in between 0-100 (%) percent. It significantly influences the 

mechanical, electrical, water absorption and gas permeation 

properties of the composites. The types of reinforcements and 

matrix, content of reinforcement and curing condition like 

temperature, pressing pressure, time are greatly affects the 

percentage porosity of composite. As mentioned in Table 3, a 

small piece of the sample was taken for measurement of 

porosity and density of the both, green and final carbonized 

composites. Weight and volume of the samples are given in 

Table 3. During porosity measurement, the highest amount of 

kerosene absorbed in the PR-4 sample, which is also shown a 

decrement in density among all the other systems which result 

into the maximum presence of porosity with respect to other 

three samples. The inclusion of high amount of SiC in the 

composite increases the density of the composite. After 

carbonization, there is occurs release of volatiles from the 

composites which leads to the formation of voids in the 

composites. But if the bonding between reinforcement and 

matrix is made properly, it will result into the higher value of 

dense composite. Porosity of composite with graphite as 

reinforcement ranges from 0.259% to 1.8 % whereas, in the 

composite with SiC reinforcement, the porosity ranges 

between 0.465 % and 0.731 %. The density of the carbonized 

composite is greater than the green composites which are 

observed in the entire systems. 

 

Table 3. Porosity and density data of the green composites 

and final composites. 

 

 

4. Conclusion 

 The carbon ceramic composites having desired 

mechanical properties can be obtained by using silicon carbide 

and graphite powder as reinforcements in the carbon matrix. 

Both get distributed uniformly and well bonded with the 

carbonaceous polymeric precursor (phenolic resin), and hence 

it gives composite with good mechanical properties on heat-

treatment at 1000°C. Addition of higher quantity of silicon 

carbide increases physical properties and mechanical 

properties like hardness and compressive strength of the 

composites. Pf, when present in large quantity shows 

maximum porosity and after carbonization % shrinkage also 

weight loss observed maximum. To avoid bending and 

chipping of the composite the heating rate must need to keep 

slow. Due to the volatile evolution, the density of composites 

increased after the carbonization process. In Hot pressing, the 

pressure during pressing is required to keep high enough to 

decrease the overall porosity of the composites so that the 

matrix and reinforcement can bind properly. PR-1 system is 

observed to be the best from all of the analysis and 

measurements, which contains SiC(36gms) and Pf (24gms). 
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Systems Composition of 

the piece  

Weight of 

the piece 

(gm) 

Volume of 

the piece 

(cm
3
) 

Amount of 

kerosene 

absorbed (%) 

Porosity (%) Initial density  

(Green 

composite) 

(gm/cm
3
) 

Final density  

(gm/cm
3
) 

PR-1 SiC (36gms) + Pf 

(24gms)  

0.4243  0.2524  

 

0.25  

 

0.465 

 

1.599  1.947  

PR-2 SiC (24gms) + Pf 

(36gms)  

0.4657 0.2771  0.38  

 

0.731 

 

1.681  1.835  

PR-3 Graphite (48gms)  

+ Pf (12gms)  

0.7182 0.4857 0.10 0.259 

 

1.672  

 

1.769  

 

PR-4 Graphite (12gms) 

 + Pf (48gms)  

0.7985 0.5402 0.45 1.800 1.262 1.513 
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