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Abstract 

 
 There is the rapid increase in the application of ceramic materials in the industry. One area that is currently receiving 

significant attention from the scientific community is the different types of application of Ceramic Material Composite in the 

industry as well as in the Defence applications. The motivation to develop CMCs was to overcome the problems associated 

with the conventional technical ceramics like alumina, silicon carbide, aluminium nitride, silicon nitride or zirconia – they 

fracture easily under mechanical or thermo-mechanical loads because of cracks initiated by small defects or scratches. The 

crack resistance is – like in glass – very low. To increase the crack resistance or fracture toughness, particles (so-called mono 

crystalline whiskers or platelets) were embedded into the matrix. Ceramic Composite armour materials are currently being 

investigated by researchers to take the advantage of potential for improved performance and reduced by weight. Within the 

defence industry , advanced ceramics are at the heart of modern armour system due to their comparatively low weight and 

high performance during ballistic –scale impacts.  

Keywords: Ceramic matrix composites (CMCs), Gas turbines, High-temperature, Oxides, Strength.  

1.Introduction 

Ceramic matrix composites (CMCs) are a subgroup of composite materials as well as a subgroup of ceramics. They consist of 

ceramic fibres embedded in a ceramic matrix. The matrix and fibres can consist of any ceramic material, whereby carbon and 

carbon fibres can also be considered a ceramic material. Carbon (C), special silicon carbide (SiC), alumina (Al2O3) and mullite 

(Al2O3–SiO2) fibres are most commonly used for CMCs [1-3]. The various can be possessed by using different techniques to 

combat the problem of tribo-corrosion at high temperatures [4]. However, the materials like composites and cermets can 

provide high wear resistance at room temperature applications like WC-Co-Cr and Al2O3-TiO2 and these materials can also be 

helpful for high temperature applications [5]. There is another class of materials called Nickel based super alloys , which is 

widely used by the researchers for high temperature applications[6].  The matrix materials are usually the same, that is C, SiC, 

alumina and mullite. Recently Ultra-high-temperature ceramics (UHTCs) were  Investigated as ceramic matrix in a new class 

of CMC so-called Ultra-high Temperature Ceramic Matrix Composites (UHTCMC) or Ultra-high Temperature Ceramic 

Composites (UHTCC)[7-12]. The motivation to develop CMCs was to overcome the problems associated with the 

conventional technical ceramics like alumina, silicon carbide, aluminium nitride, silicon nitride or zirconia – they fracture 

easily under mechanical or thermo-mechanical loads because of cracks initiated by small defects or scratches. The crack 

resistance is – like in glass – very low[13-19]. To increase the crack resistance or fracture toughness, particles (so-called mono 

crystalline whiskers or platelets) were embedded into the matrix. However, the improvement was limited, and the products 

have found application only in some ceramic cutting tools. So far only the integration of long multi-strand fibres has drastically 

increased the crack resistance, elongation and thermal shock resistance, and resulted in several new applications. The 

reinforcements used in ceramic matrix composites (CMC) serve to enhance the fracture toughness of the combined material 

system while still taking advantage of the inherent high strength and Young’s modulus of the ceramic matrix. The most 

common reinforcement embodiment is a continuous-length ceramic fibre, with an elastic modulus that is typically somewhat 
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higher than the matrix[20-24]. The functional role of this fibre is to increase the CMC stress for progress of micro-cracks 

through the matrix, thereby increasing the energy expended during crack propagation; and then when thru-thickness cracks 

begin to form across the CMC at a higher stress (proportional limit stress, PLS), to bridge these cracks without fracturing, 

thereby providing the CMC with a high ultimate tensile strength (UTS). 

2. Manufacturing 

Composites (AMC) are reinforced by, Alumina (Al2O3) or silicon carbide (SiC) particles (particulate Composites) in amounts 

15-70 vol.%, Continuous fibers of alumina, silicon carbide, Graphite (long-fiber reinforced composites), Discontinuous fibers 

of alumina (short-fiber reinforced composites). Silicon carbide composites are attractive as structural materials in fusion 

environments because of their low activation, high operating temperature and strength. The physical properties of composites 

are generally anisotropic. Silicon carbide particles, ranging in size from about 12 to 38 microns, added to the standard 

aluminum alloys in volumes of 20 to 40 percent. 20% or 30% are more commonly specified to achieve the following 

advantages with lower density than other alloy alternatives. Cast metal matrix composites has achieve much success and 

expertise in casting of 20-40% silicon carbide and these alloys to the increased use of these alloys has numerous applications 

in the field of CMMCs. High Speed automated Precision machinery, Silicon wafer processing equipment, seals, bearings, 

heat exchangers, hot flow gas liners, robotics, high quality reflective mirrors, high performance bicycle junctions and 

components, Ball valve parts, fixed and moving turbine components, brake parts, optical and laser equipment, semiconductor 

manufacturing equipment. CMMCs materials satisfy these needs and requirements. The material is readily melted and cast 

into complex geometries utilizing our counter gravity casting techniques. Cast Silicon carbide metal matrix composites also 

can offer a lower cost alternative to high beryllium content alloy applications. Composite Parameters considered for a given 

matrix/dispersed phase system: Concentration, Size, Shape, Distribution and Orientation. 

2.1 Particle Reinforced MMCs 

Particles used for reinforcing include ceramics and glasses such as small mineral particles, metal particles such as aluminum, 

and amorphous materials, including polymers and carbon black. Particles used to increase the modulus of the matrix to 

decrease the permeability and ductility of the matrix. Particles are also used to produce inexpensive composites. Rein-forcers 

and matrices will be common, inexpensive materials and are easily processed. 

inexpensive materials and are easily processed. 

.  

Fig.1. Photo Micro-graphic image of Al-SiCP 

2.2 Short Fiber-reinforced MMCs 

 
MMCs made by dispersing a reinforcing material (SiC) into a metal matrix (Al) as shown in figure 1. The reinforcement 

surface will be coated to prevent a chemical reaction with the matrix. For example, carbon fibers are commonly used in 
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aluminum matrix to synthesize composites showing low density and high strength. However, carbon reacts with aluminum to 

generate a brittle and water-soluble compound on the surface of the fiber. To prevent this reaction, the carbon fibers coated 

with nickel or titanium boride. The matrix is the monolithic material into which the reinforcement embedded, and 

iscompletely continuous. 
 

Production rates for short-fiber composites (both aligned and randomly oriented) are rapid and intricate shapes formed which 

are not possible with continuous fiber reinforcement. The reinforcement material embedded into the matrix. The 

reinforcement does not always serve a purely structural task (reinforcing the compound), but is also used to change physical 

properties such as wear resistance, friction coefficient, or thermal conductivity. The reinforcement will be either continuous 

or discontinuous as shown figure 2 (a) and (b). 

 

Fig. 2. Short fiber reinforces composite (a) Aligned and (b) Random. 
 

Discontinuous MMCs will be isotropic, and worked with standard metalworking techniques, such as extrusion, forging or 

rolling. In addition, they machined by using conventional techniques, but commonly would need the use polycrystalline 

diamond tooling (PCD) [11]. Discontinuous reinforcement uses “whiskers", short fibers, or particles. The most common 

reinforcing materials in this category are alumina and silicon carbide. Short-fiber reinforced composites consist of a matrix. 

reinforced by a dispersed phase in form of discontinuous fibers (length < 100*diameter). Applications involving totally multi 

directional applied stresses normally use discontinuous fibers, which are randomly oriented in the matrix material. 

Consideration of orientation and fiber length for particular composites depends on the level and nature of the applied stress as 

well as fabrication cost. 

 

2.3 Long Fiber MMCs 
 

Long-fiber reinforced composites consist of a matrix reinforced by a dispersed phase in form of continuous fibers. 

Continuous reinforcement uses monofilament are large diameter (about 100-150 µm) wires or fibers such as carbon fiber or 

silicon carbide. Monofilament are much less flexible than multifilament’s, so they handled as single fiber, rather than 

bundles, and precautions are necessary to avoid causing damage by imposition of sharp curvature during handling. The fibers 

embedded into the matrix in a certain direction; the result is an anisotropic structure in which alignment of the material 

affects its strength. One of the first MMCs used boron filament as reinforcement. The term “multifilament” refers to 

relatively small diameter (about 5-30 µm diameter) fibers, which are flexible enough handled as tows or bundles. 

 
 

Fig. 3. Long fiber reinforced fiber. 
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woven, braided, filament wound. The material concerned includes carbon, SiC and various oxides. There has also been 

interest in carbon fiber reinforced zinc alloys, another system in which interfacial reaction are limited. While SiC has been 

successful in particulate MMCs, multi-filament SiC fiber suitable for incorporation into metallic matrices are not 

commercially available. Products on the market, under trade names such as Nicalon, tend to have high levels of free carbon 

and silica, leading to excessive reaction with most metallic matrices during processing. 

 
2.4 Structural MMCs 

 
The structural composites made up of sandwiches or laminated panels i.e. When a fiber reinforced composite consists of 

several layers with different fiber orientations, its multilayered (angle-ply) composite in layered form. In structural 

applications, the matrix is usually a lighter metal such as aluminum, magnesium, or titanium, and provides a compliant 

support for the reinforcement in high temperature applications, cobalt and cobalt-nickel alloy. The manufacturing processes 

usually hand lay-up and atmospheric curing or vacuum curing are used. Metallic forms have attracted interest recently – 

partly because processing advances have led to material becoming available at competitive cost and partly because attractive 

property combinations obtained, particularly in terms of specific stiffness and specific energy absorption. Several approaches 

are available to metallic forms. Some of these, particularly those generating closed cell structures, involve processing the 

metal in the liquid or semisolid state. A problem then arises from the low viscosity of liquid metals. Depending upon the 

processing methodology employed but this is commonly achieved by introducing dispersion of ceramic into the melt, either 

as oxide films or as ceramic particles, which raise its viscosity. 3. 

Ceramic Matrix composite can be manufactured by several ways. In this section, the various commonly used techniques have 

been elaborated to have some idea about the on-going research in this field. 

 
2.5 Spray Deposition 

 
Spray casting/deposition is a primary process of composite production whereby the metal sprayed onto a substrate. For 

composites, the reinforcement is either already incorporated in the sprayed melt (e.g., by stir-casting), combined during 

spraying with the metal, by injection of the reinforcement ingredient material into the sprayed metal droplet stream, or is co-

sprayed, i.e., sprayed at the same time as the matrix onto the substrate. Spray deposition techniques fall into distinct classes, 

depending whether the droplet stream produced from a molten bath, or by continuous feeding of cold metal into a zone of 

rapid heat injection. Adaptation to particulate MMC production by injection of ceramic powder into the spray has been 

extensively explored, although with limited commercial success. Droplet velocities typically average about 20-40 ms
-1

. A thin 

layer of liquid, or semi-solid, is normally present on the top of the ingot as it forms. MMC material produced in this way 

often exhibits inhomogeneous distributions of ceramic particles. Porosity in the as-sprayed state is typically about 5-10%. 

Thermal spraying is slower, but velocities are higher. Porosity levels are typically at least a few %. Unfortunately, it has very 

difficult to spray onto fiber arrays to produce MMCs with acceptably low void contents and there are also problem in 

maintaining uniform fiber distribution. 

 

2.6 Matrix deposition from a gas phase 

Chemical vapour deposition (CVD) is well suited for this purpose. In the presence of a fibre preform, CVD takes place in 

between the fibres and their individual filaments and therefore is called chemical vapour infiltration (CVI)[25-32]. One 

example is the manufacture of C/C composites: a C-fibre preform is exposed to a mixture of argon and a hydrocarbon gas 

(methane, propane, etc.) at a pressure of around or below 100 kPa and a temperature above 1000 °C. The gas decomposes 

depositing carbon on and between the fibres. Another example is the deposition of silicon carbide, which is usually conducted 

from a mixture of hydrogen and methyl-trichlorosilane (MTS, CH3SiCl3; it is also common in silicone production). Under 

International Journal of Management, Technology And Engineering

Volume IX, Issue I, JANUARY/2019

ISSN NO : 2249-7455

Page No: 2311

https://en.wikipedia.org/wiki/Chemical_vapour_deposition
https://en.wikipedia.org/wiki/Chemical_vapour_infiltration
https://en.wikipedia.org/wiki/Argon
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Propane
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Trichlorosilane
https://en.wikipedia.org/wiki/Silicone


defined condition this gas mixture deposits fine and crystalline silicon carbide on the hot surface within the perform. This CVI 

procedure leaves a body with a porosity of about 10-15%, as access of reactants to the interior of the perform is increasingly 

blocked by deposition on the exterior. 

 

2.7 Matrix forming via pyrolysis of C- and Si-containing polymers 

Hydrocarbon polymers shrink during pyrolysis, and upon out gassing form carbon with an amorphous, glass-like structure, 

which by additional heat treatment can be changed to a more graphite-like structure[33-37]. Other special polymers, where 

some carbon atoms are replaced by silicon atoms, the so-called polycarbosilanes, yield amorphous silicon carbide of more or 

less stoichiometric composition. A large variety of such SiC-, SiNC-, or SiBNC-producing precursors already exist and more 

are being developed. To manufacture a CMC material, the fibre preform is infiltrated with the chosen polymer. Subsequent 

curing and pyrolysis yield a highly porous matrix, which is undesirable for most applications. Further cycles of polymer 

infiltration and pyrolysis are performed until the final and desired quality is achieved. Usually five to eight cycles are 

necessary. 

 

2.8 Matrix forming via sintering 

This process is used to manufacture oxide fibre/oxide matrix CMC materials. Since most ceramic fibres cannot withstand the 

normal sintering temperatures of above 1600 °C, special precursor liquids are used to infiltrate the perform of oxide fibres[38-

40]. These precursors allow sintering, that is ceramic-forming processes, at temperatures of 1000–1200 °C. They are, for 

example, based on mixtures of alumina powder with the liquids tetra-ethyl-orthosilicate (as Si donor) and aluminium-butylate 

(as Al donor), which yield a mullite matrix. Other techniques, such as sol-gel chemistry, are also used. CMCs obtained with 

this process usually have a high porosity of about 20%. This method is also termed as thin film deposition technique. The 

schematic diagram for performing this experiment is shown in Fig. 4. The material to be deposited on the base material was 

ejected from the target in the form of vapour. The atoms sputtered from the target have a high energy distribution and inert 

gas of closer atomic weight to the target is used for efficient momentum transfer. The types of sputter deposition techniques 

are Ion-beam sputtering and Ion-assisted deposition. This process has certain disadvantages that it is difficult to control the 

atoms movement, which further lead to contamination problems. However, this technique can be utilized to produce thinnest 

layer on the surface of the material. The composite materials can be formed into thin sections by using sputtering technique to 

enhance the surface properties of the material. 

 

 

Fig.4.Conventional sputtering process [4] 
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2.9 Matrix formed via electrophoresis 

In the electrophoretic process, electrically charged particles dispersed in a special liquid are transported through an electric 

field into the preform, which has the opposite electrical charge polarity. This process is under development, and is not yet used 

industrially. 

3. Applications 

Heat shield systems for space vehicles, which are needed during the re-entry phase, where high temperatures, thermal 

shock conditions and heavy vibration loads take place. 

 Gas Turbines  Components for high-temperature gas turbines such as combustion chambers, stator vanes and turbine 

blades. 

 Components for burners, flame holders, and hot gas ducts, where the use of oxide CMCs has found its way. 

 Brake disks  brake system components, which experience extreme thermal shock (greater than throwing a glowing part 

of any material into water). 

 Components for slide bearings under heavy loads requiring high corrosion and wear resistance. 

 Defence Technology Ceramic armour system were found to be capable of stopping bullets and other projectiles while 

being more lightweight than other material. 

 Ballistic Testing   it is generally acknowledged  that hardness, Toughness and fracture strength are the key material 

properties to consider when selecting the Ceramic material .e.g influences the erosion /blunting of the projectile ,and 

toughness improves the Multi hit capabilities[41-43]. 

3.1 Developments 

3.1.1 Application of oxide CMC in burner and hot gas ducts 

 Oxygen-containing gas at temperatures above 1000 °C is rather corrosive for metal and silicon carbide components. Such 

components, which are not exposed to high mechanical stress, can be made of oxide CMCs, which can withstand temperatures 

up to 1200 °C. The gallery below shows the flame holder of a crisp bread bakery as tested after for 15,000 hours, which 

subsequently operated for a total of more than 20,000 hours[44].  

3.1.2 Developments for gas turbine   

The use of CMCs in gas turbines permit higher turbine inlet temperatures, which improves turbine efficiency. Because of the 

complex shape of stator vanes and turbine blades, the development was first focused on the combustion chamber. In the US, a 

combustor made of SiC/SiC with a special SiC fibre of enhanced high-temperature stability was successfully tested for 15,000 

hours.[28] SiC oxidation was substantially reduced by the use of an oxidation protection coating consisting of several layers of 

oxides. he engine collaboration between General Electric and Rolls-Royce studied the use of CMC stator vanes in the hot 

section of the F136 turbofan engine, an engine which failed to beat the Pratt and Whitney F-135 for use in the Joint Strike 

Fighter. The engine joint venture, CFM International is using CMCs to manufacture the high temperature turbine shrouds. 

General Electric is using CMCs in combustor liners, nozzles, and the high temperature turbine shroud for its upcoming GE9X 

engine. CMC parts are also being studied for stationary applications in both the cold and hot sections of the engines, since 

stresses imposed on rotating parts would require further development effort. Generally, development continues of CMCs for 

use in turbines to reduce technical issues and cost reduction[45]. 
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 3.1.3 Development in Defence 

Composite applications in the defence industry include helicopter rotor blades, ballistic protection plates, control surfaces, 

radomes, doors, and fuselages. The major growth drivers for this market include the increasing use of lightweight and high-

performance materials in defence programs, as well as the growing need for lightweight materials in ballistic protection 

solutions. Emerging trends with a direct impact on the dynamics for composites in the defense industry include the adoption of 

nanotechnology in ballistic protection materials and a growing focus on stealth technology for military aircrafts. Military 

aircraft is expected to remain the largest segment, while body armor is expected to witness the highest growth during the 

forecast period due to growing demand for lightweight and high-strength ballistic protection materials. By reinforcement type, 

carbon fibre composite is expected to remain the largest segment over the forecast period[46]. Ceramic matrix composites 

(CMCs) are expected to witness the highest growth due to their high-temperature performance, better wear resistance and good 

compressive strength[47]. 

4. Conclusion 

From the numerous types of Ceramic composites material, this paper discusses the various application of ceramic composites 

in the industry and in the defence system. And also discuss its manufacturing methods or fabrications methods to be used in 

the ceramics matrix composite. CMC has many other application like in marine and ship building fields. The advanced 

ceramics developed during the last three decades were initially found to have some favourable properties which prompted 

intensive work for their use as high temperature structural part in process in heat conversion devices .they failed by 

catastrophic brittle fracture. Although high temperature, resistance to  corrosion ,Strength retention , stress rupture and 

resistance to corrosion is very good. 
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