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Abstract 

Composite materials have become the most dominating and 

captivating engineering materials which are beneficial 

exceedingly for research. The use of composite materials in 

various cryogenic systems has become a trend now-a-days. 

The design of the interphase, matrix, and coating at the 

nanometer scale, in order topromote microcrack deflection 

and to enhance the oxidation resistanceThis paper emphasizes 

the review of employ of composites in cryogenics.   
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I. INTRODUCTION 

 Composite Materials are normally used for electrical, 

structural, thermal and environmental applications. The use of 

composite materials in most of the cryogenic systems has 

become indispensible. In aerospace science, the most 

important leading innovation is about increasing the payload 

carrying capacity and reducing the structural weight for this 

reason the materials with thermal stability and specific 

strength are chosen. Thus SiC/Al matrix composites are 

selected due to good compressive properties like hardness and 

corrosion resistance. This SiC/Al can be used as a structural 

material in the spacecraft. 

 Composite material is known for their mechanical 

and thermal properties and strength to weight ratio. Cryogenic 

tanks are used to store very low-temperature fluids in order to 

produce highly combustible liquids. Some tanks are provided 

with the lines and insulators. An uneven expansion is formed 

over the thickness of the wall. If this expansion is higher than 

the strength of materials it leads to crack. Recently NASA had 

tested the cryogenic propellant tank that is made up of 

composite materials. In aerospace science, the most important 

leading innovation is about increasing the payload carrying 

capacity and reducing the structural weight for this reason the 

materials with thermal stability and specific strength are 

chosen. Thus SiC/Al matrix composites are selected due to 

good compressive properties like hardness and corrosion 

resistance. This SiC/Al can be used as a structural material in 

the spacecraft [1 - 8]. 

 A rapid growth of usage of composite materials in 

many applications like automotive, aerospace, electrical due to 

their superior properties like low weight and high strength. 

The machining of composites is different from machining of 

conventional materials but still, some conventional metal 

cutting techniques are used to machine some composites 

materials. Conventional cutting fluid and cooling method are 

used to overcome and enhance the problem of machinability 

of the composite materials. Cryogenic cooling replaces 

conventional cooling due to the health and environmental 

problem of conventional cutting fluid [9 – 15]. 

II. LITERATURE REVIEW 

Naslain [1] reported about the mechanical properties 

of SiC/Al composites at cryogenic temperatures. In this 

method, pressure less in filter technique has been used to 

prepare Aluminum matrix composites. The mechanical 

properties and phase transformation of composites have been 

studied at various cryogenic temperatures. There is no phase 

change of composites as temperature decreases, but the 

mechanical properties were enhanced at different cryogenic 

temperature. The increase in elastic modulus is responsible for 

an increase in mechanical properties. Interphases for SiC/SiC 

composites with layered microstructure anisotropic 

pyrocarbon single-layer interphase is shown in Fig 1. 

 

 
Fig 1. Interphases for SiC/SiC composites with layered 

microstructure anisotropic pyrocarbon single-layer interphase 
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As the temperature decreases flexural strength is 

enhanced and fracture toughness was increased.  

Arunkumaret al. [2] have investigated on materials 

hardness and behavior of shear of Aluminium, Silicon 

Carbide, Graphite hybrid composite based on cryogenic 

treatment. This paper has been mainly based on how 

composite material hardness varies with the cryogenic 

temperature. The composite of Al6061 alloy is used as the 

matrix material having Graphite and SiC quantity. Stir casting 

was used for fabrication of the composites. In order to observe 

the phase change and composition XRD (X-ray Diffraction) 

and EDS (Energy Dispersive Spectroscopy) tests were 

performed. Surface morphological studieshave been 

performed to study the structure of composites based on 

cryogenic treatment and high temperature isolation (Fig 2).  

 

 

 
Fig 2. Typical example of composite material for high 

temperature isolation. 
 

Morkavuket al. [3] reported a comparative study on 

cryogenic machining process of carbon fiber reinforced plastic 

(CFRP) composites and the pertinent effects of cryogenic 

treatment on tensile properties. Carbon fiber gets damaged 

during machining due to the force acting on fiber and due to 

the heat generation and hence cryogenic machining reduces 

the damage of CFRP's due to the heat generation and hence 

cryogenic machining reduces the damage of CFRP's due to the 

heat generation. In cryogenic machining instead of 

conventional cutting fluid, the cryogenic liquid is used. The 

performance of machining has been evaluated based on 

delamination factor, cutting forces, surface roughness factor 

and damage. SEM (Scanning electron microscope) has been 

used to analyze the influence of cryogenic liquid on tensile 

properties.  

Islam et al. [4] investigated on woven composites as 

potential materials for cryogenic tank. In this paper, Kevlar 

and carbon fiber is woven composites have been tested and 

cryogenic tank materials for storage of fuel in Rocket or 

Spacecraft. The main intention is to investigate the impact of 

initial cryogenic revelation on the deprivation of composites. 

The interlaminar shear strength, tension and flexure tests were 

conducted. 

Lyneet al. [5] evaluated ionic liquid epoxy carbon 

fiber composites in a cryogenic environment. The ionic liquid 

epoxy (ILE) has been used to fabricate the carbon fiber 

composite disc which then undergoes biaxial strain testing 

inLN2.At cryogenic temperature ILE shows a higher strain to 

failure compared to commercial epoxy.Weiwei Wuet al. [6] 

experimented on the role of cryogenic temperature on the 

mechanism of strengthening of SiCw-Al2O3 composites. The 

flexural strength of Si-Al composites was measured at 

temperature 77K which was found to be 29% higher than that 

of 293K. SiCw-Al2O3 acts as a promising material at various 

fields of cryogenics. 

Y. Yildiz et al. [7] performed cryogenic machining of 

composites. This paper mainly illustrates the development of 

cryogenic machining of the composite materials and this 

general evaluation of cryogenic machining of the composite 

material is presented. Experimented on the consequence of 

deep cryogenic treatment on composite material for 

automotive AC systems. In a refrigerator, the heat exchanger 

like condenses and evaporator are placed in a compact manner 

[8]. The major problem of the heat exchanger is leakage of 

refrigerant due to the corrosion which leads to the impairment 

of the surface. James Tuttle et al. [9] experimented on 

candidate material for their cryogenic thermal conductivities 

in space. Composites applications come a large way even for 

equipment’s used in space. Some of the materials are not even 

characterized; a proper precise technique has been 

characterized for testing the composites. 

Horiuchiet al. [10] studied the cryogenic properties of 

composite material in an urge to create an alternative for metal 

application which is structurally, economically and thermally 

efficient. Organic composite materials are currently an option 

in replacement for metals storage cryogen and assist structures 

at cryogenic temperatures for its properties namely high 

strength and low thermal conductivity.Kimet al. [11]analyzed 

the thermally induced in the composite/aluminium candidate. 

The study for the comparison of aluminium specimen with 

carbon fiber specimen is made where the properties at a 

temperature of -150°Chas been observed, followed by tensile 

tests and mechanical loading cycles. Inside ply cracking of 

composite material for very high temperature is shown in Fig 

3. The research aims to study cryogenic effects on a composite 

linear structure on which circular rings are made of epoxy and 

carbon fiber.  

 

 
Fig 3. Inside ply cracking of composite material for very high 

temperature 
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Kasenet al. [12] studied mechanical and thermal 

behaviour of filamentary reinforced structure composites. 

Composites comprising of glass reinforcement are studied for 

their various mechanical and thermal behaviour within the 

cryogenic temperature range. The aim is the need to achieve 

increased reliability, low weight and increased efficiency.Kim 

et al. [13] experimented and analyzed the damages caused in 

composite laminates and its development. The formation of 

microcrack and interlaminar delamination eventuates within 

the laminates under thermal and mechanical loads. Here a 

carbon fiber reinforced specimen is used for the testing and 

the results were compared with analytical predictions using 

maximum stress criteria. 

Fesmireet al. [14] experimented on the layered 

composite thermal insulation system meant for cryogenic 

applications. The main problem in cryogenic propulsion test 

and space launch application is to provide suitable thermal 

insulation for complex cryogenic tanks, pipes which cannot be 

vacuum jacketed. To overcome this problem layered 

composite insulation can be provided for the non-vacuum 

application. Grugelet al. [15] experimented of carbon fiber 

composite fabricated using ionic liquid-based epoxies for 

cryogenic fluid applications. The tanks which are fabricated 

from carbon fiber can be used for storage of cryogenic fluid 

like liquid hydrogen and liquid oxygen. 

III. FINDINGS 

 Experimental investigations have reported 

that,SiC/Al can be used as a structural material for remote 

sensing satellites with having long duty cycles. It has been 

observed that, mechanical properties of the composites can 

beaugmented as the temperature decreases and as the 

temperature decreases elastic modulus was increased due to 

binding energy. The fracture toughness can also be enhanced 

at cryogenic temperature. The properties of composites like 

hardness can be enhanced up to 6-8% after cryogenic 

treatment and shear strength of the material had also 

increased. It has been observed for the experimental 

investigations that, the salient properties viz., hardness, tensile 

strength, toughness, flexural strength can be certainly based on 

cryogenic machining and cryogenic treatment processes.    

IV. CONCLUSIONS 

 Composite materials have become the most 

dominating and captivating engineering materials which are 

beneficial exceedingly for research. The use of composite 

materials in various cryogenic systems has become a trend 

now-a-days. Certainly, the use of composites in cryogenic 

systems will help to enhance the performance characteristics. 
It can be improved with multilayered self-healing matrices and 

coatings, based on the formation of fluid healing oxides. The 

oxidation resistance is degraded in wet 
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