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Abstract— Polymer has a great scope in future for various 

applications. This paper includes the preparation of 

composite material by using materials which are mostly 

available in wastes. This is a great option to utilize wastes or 

for waste management. Also this paper helps to understand 

various aspects over the microstructure and their effects on 

characteristics of component. 
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I. INTRODUCTION 

Many of the engineers and researchers have done their 

research on composite materials and they found that the 

composite which is made from two different materials with 

different chemical and physical property that, when 

combined, produce a material with characteristics different 

from individual components. 

 In this project, we will use both artificial and 

natural fibers for the preparation of samples. We will make 

the sample from epoxy, bamboo, flax, glass fibers by using 

hand layup method. Then we have to perform a thermal test 

of fiber by performing thermo gravimetric analysis (TGA) 

and distortion temperature analysis (DTA). There are many 

processes to fabricate a composite material, such as hand 

lay-up, automated lay-up, spray-up, filament winding, 

pultrusion, resin transfer molding etc. but hand layup 

method is easy and cost-effective. We will use this process 

to fabricate this composite material. After fabricating the 

sample, you need to perform the tensile test and 

Compressive test by making standard specimens of sample 

in Universal Testing Machine. 

 There are number of applications of composite 

materials in day by day life. After carrying the tests we can 

finally conclude the area of application of this prepared 

specimen on the basis of obtained properties and 

characteristics. We are performing this analysis to define an 

alternative for existing materials. 

II. LITERATURE REVIEW 

X.Q. Pei, K. Friedrich, in Reference Module in Materials 

Science and Materials Engineering, 2016[1] Polymer 

composites have been found to have excellent friction and 

wear performance after being modified with functional 

fillers and reinforcements. This advantage makes them 

flexible in many industrial applications. The present article 

elaborates the friction and wear properties of polymer 

composites concisely, including the tribological 

modification of polymeric materials, wear mechanisms of 

fiber reinforced polymer composites and friction and wear 

properties of polymeric nano-composites. Closely related to 

each other, different issues on the friction and wear of 

polymer composites are focused in each part. Finally, open 

questions with high priority are pointed out. 

Ravi Shukla, Dharmendra Kumar Singh, Kamal 

Kanaujia, A. K. Srivastava [2] Hybrid composite materials 

are the great potential for engineering material in many 

applications. Hybrid polymer composite material offers the 

designer to obtain the required properties in a controlled 

considerable extent by the choice of fibers and matrix. The 

properties are tailored in the material by selecting different 

kinds of fiber incorporated in the same resin matrix. In the 

present investigation, the mechanical properties of Bamboo 

and flax mat reinforced epoxy hybrid composite were 

studied. The hand lay-up technique was adopted for the 

fabrication of hybrid composite materials. The thermal 

properties such as DSC, TGA of the hybrid composites were 

determined. The thermal properties were improved as the 

mat reinforcement content increased in the matrix material. 

C. M. Meenakshi A. Krishnamoorthy [3] stated that 

Composites are the materials of this century, among that 

fiber reinforced polymeric composites finds wider 

applications both in structural and nonstructural fields. In 

most of the cases of polymeric matrix composites, the 

reinforcement is glass fiber, which is undergoing severe 

review for its synthetic nature forcing the researchers to 

move towards non synthetic reinforcing fibers like natural 

fibers. Here in this work some of the natural fibers like Flax, 

Sisal, Kenaf and Aloe Vera are combined with Glass fiber in 

an epoxy matrix to form a hybrid fiber reinforced composite 

laminate and their mechanical properties like tensile, 

flexural and impact strength are compared. From the 

comparative study, it is understood that Kenaf/glass hybrid 

samples are having mechanical strength value 40–50% 

higher than that of other types of samples tested. 

Parmeet Singh Saluja, J.K.Tiwari, Gaurav Gupta [4] 

A new class of composite material is prepared by using 

titanium dioxide (TiO2) particles as a filler material in 

Thermoset polyester matrix. The effective thermal 

conductivity (Kef) results obtained from experiments are 

compared with other established models such as Rule-of-

Mixture (ROM), Maxwell’s model, Geometric Mean Model 

and Lewis Nelson model. For experimental analysis 

Titanium dioxide (TiO2) reinforced polyester composites 

are fabricated using hand lay-up technique and the thermal 

conductivity values are measured with the Unitherm TM 

model 2022 tester according to the ASTM standard E-1530. 

It is seen that the kef values obtained from theoretical model 

are in good agreement with the measured values for 

composites with TiO2 concentrations up to 25 wt%. This 

study shows that addition of TiO2 particles improves the 

effective thermal conductivity of Polyester-TiO2 

composites. Apart from enhancing thermal conductivity, 

incorporation of TiO2 results in improvement of glass 
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transition temperature (Tg) and reduction in coefficient of 

thermal expansion (CTE). 

Ajay Sahu, Dilbag Singh Mondloe, Satish 

Upadhyay [5] Heat dissipations in electronic devices have 

become a challenge and area of research for thermal 

management. Thermal interface materials are used to 

improve the heat transfer in electronic devices. Epoxy resin 

is widely used as a thermal interface material because of its 

excellent property over other thermal interface materials. 

The past researches show that the incorporation of filler 

materials of high thermal conductivity improves the thermal 

conductivity of epoxy composites, consequently improves 

the heat transfer in electronic devices. In this review paper 

the need of thermal interface material and epoxy as a 

thermal interface material are discussed. The review paper 

also includes the various types of filler material used for 

thermal conductivity enhancement of epoxy composites and 

their effect on thermal properties of epoxy composites. 

III. RELEVANCE 

A. Composite Material 

Materials like Iron, Steel are better in tension but poor in 

compression, similarly Wood, Cast Iron is better in 

compression but poor in tension. To gain the benefit of 

having more such properties in one material we combine 

two or more materials in some arrangement. These types of 

materials are called composite materials. 

B. Fiber Reinforced Composites 

Fiber reinforced composites have been widely successful in 

hundreds of applications where there was a need for high 

strength materials. There are thousands of custom 

formulations which offer FRP a wide variety of tensile and 

flexural strengths. When compared with traditional materials 

such as metals, the combination of high strength and lower 

weight has made FRC an extremely popular choice for 

improving a product’s design and performance. 

C. Bamboo fiber 

Bamboo fiber is a regenerated cellulosic fiber produced 

from bamboo. The stretchy pulp is produced from bamboo 

stems and leaves through a process of alkaline hydrolysis 

and multi-phase bleaching. Further chemical processes 

produce bamboo fiber. 

Flex 

Natural fibers are subdivided into different classes with flax 

being a blast fiber. Blast fibers bear the potential for 

industrial use based on their toughness and structural 

contribution. It has outstanding mechanical properties plus 

local availability. This will be a great addition to the 

reinforcement phase of your composite. 

D. Glass fiber 

Glass fiber is also known as fiberglass. It is material made 

from the extremely fine fiber of glass Fiberglass is a 

lightweight, extremely strong, and robust material. This will 

help to strengthen the composite for desired application. 

E. Polyester 

The polyester materials, while less costly, have lower 

strength characteristics and are less heat and weather 

resistant. As such though, they are the most widely used in 

commercial products. The epoxy, phenol, and polyimide 

matrix materials exhibit superior mechanical properties and 

heat resistance qualities. 

F. Epoxy 

Epoxy is applied as a coating on the composite material to 

produce a hard chemical and solvent chemical finish. 

Another reason to use epoxy in the formation of composite 

is to obtain binding phenomenon of the different materials 

as well as to get desired shape and hardened surface. 

G. TGA 

Thermo Gravimetric Analysis or Thermal Gravimetric 

Analysis is a method of thermal analysis in which the mass 

of a sample is measured over the time as the temperature 

changes. This measurement provides information about 

physical phenomenon such as, phase transition, absorption, 

adsorption and desorption; as well as the chemical 

phenomena including chemisorptions, thermal 

decomposition, and solid-gas reaction.  

H. DTA 

Differential thermal analysis is thermo analytic technique 

that is similar to differential scanning calirometry. In DTA, 

the material under study and an inert reference are made to 

undergo identical thermal cycles, (i.e. same cooling or 

hating program) while recording any temperature difference 

between sample and reference. This differential temperature 

is then plotted against the time, or against temperature (DTA 

Curve or Thermogram). Changes in the sample, either 

exothermic or endothermic, can be detected relative to the 

inert reference. Thus, a DTA curve provides data on the 

transformation that have occurred, such as glass transitions, 

crystallization, melting and sublimation. The area under a 

DTA peak is the enthalpy change and it’s not affected by the 

heat capacity of the sample. 

IV. METHODOLOGY 

A. Scope: 

1) It will helpful to develop different material for thermal 

applications. 

2) Study of TGA and DTA in details. 

3) Basics of Metallography. 

4) Crystallography and thermal characterization of 

composites.  

B. General Steps for Implementation: 

1) To fabricate the composite first, you have to collect 

bamboo from your locality. Then you have to wash it 

thoroughly so that no impurities will be there. 

2) After completing the above process, you have to dry the 

Bamboo nearly a day to remove any moisture present in 

it. Then you have to perform alkali solution treatment to 

kill bacteria present in it. 

3) Then you have to cut alkali treated Bamboo into small 

fibers using the cutter. 

4) Make a square box with one side open, using wood or 

Cast iron with dimension 100*100*20mm. This box 

will be used as a mold for fabricating your composite. 
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5) Then use polyethylene at the bottom of the mold to get 

the good surface finish. 

6) Then start adding one layer of polyester and upon 

which put fibers layer by layer. Keep repeating this 

step, until you get desired thickness. 

7) After this apply equal pressure throughout the mold so 

that both the material mixes together to form an 

effective composite material. 

8) Then wait for few hours so that the mixture in the mold 

dries down and your composite is ready for tasting 

purpose. 

9) Then make a few sample specimens for performing the 

various test. 

10) After the sample is made to perform thermo gravimetric 

analysis (TGA) and distortion temperature analysis 

(DTA). 

11) In Thermo gravimetric analysis measures the amount 

and rate of change in the weight of your composite 

material as a function of temperature or time in a 

controlled atmosphere. Perform this test at 200°C, 

400°C, 600°C, and 1000°C. 

12) Then perform the surface test on the sample using SEM 

(Scanning Electron Microscopy) and EDX (Energy 

Dispersive X-ray) test. SEM is performed to get high-

resolution images of the sample and EDX is performed 

to get element identification and quantitative 

compositional information. 

13) At the end compare your experimental result with the 

thermal strength of parent materials and observe the 

change in property. 

C. Processing: 

Hybrid composites were fabricated with the help of 

detachable closed mold of mild steel using hand lay-up 

technique. The silica gel was applied to the inner surface of 

mold plates to avoid sticking of polymer with the steel 

plates during curing. Epoxy resin and hardener were 

properly mixed to reduce the air bubbles present in the 

liquid of resin and hardener. A wooden frame of above 

dimension was prepared. Flax and bamboo mat were washed 

with 10 % Sodium Hydroxide (NaOH) solution for 30 min 

and was cleaned with normal water until normal pH was 

attained .Now these fibers were dried by keeping them in 

sunlight for 8-10 hours. The liquid matrix was then 

uniformly spread on the inner surface of the mold and the 

resin was rolled by the steel roller to achieve the equal 

thickness of resin layer over the surface of the mold. Fiber 

mats were cut in equal size as of Frame cavity and placed 

over the layer of resin. Roller was again rolled over to 

remove any air bubble trapped within the layer. This process 

was repeated again and again till the pre-decided 

specifications. For each type of developed composite, the 

weight fraction of fiber was 28%.Load is applied with the 

help of C- Clamp. Composite is left for curing for 48 hours 

at room temp with humidity 55%. 

D. TGA & DTA Testing: 

Thermo gravimetric analysis or thermal gravimetric analysis 

(TGA) is a method of thermal analysis in which changes in 

physical and chemical properties of materials are measured 

as a function of increasing temperature (with constant 

heating rate), or as a function of time (with constant 

temperature and/or constant mass loss).  

TGA is commonly used to determine selected 

characteristics of materials that exhibit either mass loss or 

gain due to decomposition, oxidation, or loss of volatiles 

(such as moisture). Common applications of TGA are 

materials characterization through analysis of characteristic 

decomposition patterns, studies of degradation mechanisms 

and reaction kinetics, determination of organic content in a 

sample, and determination of inorganic (e.g. ash) content in 

a sample, which may be useful for corroborating predicted 

material structures or simply used as a chemical analysis. It 

is an especially useful technique for the study of polymeric 

materials, including thermoplastics, thermosets, Elastomers, 

composites, plastic films, Fibers, coatings, and paints. 

 
Fig. 1: Thermo Gravimetric Analyzer 

 Thermo gravimetric analysis (TGA) relies on a 

high degree of precision in three measurements: mass 

change, temperature, and temperature change. Therefore, the 

basic instrumental requirements for TGA are a precision 

balance with a pan loaded with the sample, and a 

programmable furnace. The furnace can be programmed 

either for a constant heating rate, or for heating to acquire a 

constant mass loss with time. 

 Though a constant heating rate is more common, a 

constant mass loss rate can illuminate specific reaction 

kinetics. For example, the kinetic parameters of the 

carbonization of polyvinyl butyric were found using a 

constant mass loss rate of 0.2 wt. % min. Regardless of the 

furnace programming, the sample is placed in a small, 

electrically heated furnace equipped with a thermocouple to 

monitor accurate measurements of the temperature by 

comparing its voltage output with that of the voltage-versus-

temperature table stored in the computer’s memory. A 

reference sample may be placed on another balance in a 
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separate chamber. The atmosphere in the sample chamber 

may be purged with an inert gas to prevent oxidation or 

other undesired reactions. A different process using a quartz 

crystal microbalance has been devised for measuring smaller 

samples on the order of a microgram (versus milligram with 

conventional TGA). 

V. CONCLUSION 

The fabrication of this product includes number of 

components which may be easily available from the waste, 

so it will be the great option to reutilize the wastes & for 

waste management. Also it founds that the microstructure 

has a direct impact on characteristics of the component. 
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