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Abstract: Now a day in day to day life the application of Nano composite material is very high. Based on their high utilization more 

types of Nano composite hybrid materials are fabricated. In this project we are going to analyse the mechanical properties and give the 

optimum results for it and differentiate the defects between sawdust carbon fiber polymer hybrid composites and carbon fiber which 

are used in real time application devices. Here we fabricate the Nano composite laminate with Sawdust as the filler material. Different 

compositions are been made to get the optimum solution. And test the mechanical properties of that laminate is been tested. With that 

results we are going to suggest the economical and mechanical behavioural differences between the existing material in real time and 

the laminate done in this project.  
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1.INTRODUCTION 
In this process the primary task is to select the type of carbon fiber. There are different types of carbon fibers available 

in the present market like Natural fiber, Synthetic fiber, etc., which gives us the good results. Selection of this fiber is 

more important for getting the optimum result. For the better result here we used E-Glass fiber which is commercially 

available in the market. As the main ingredient in the preparation of Nano composite laminates there are n no of 

materials available, but as per the economic concerns I have selected sawdust (wood dust). This saw dust is easily 

obtained, economically better when compared with other natural ingredients and also high strengthened material. As the 

adhesive material Epoxy resin is used and the laminates are prepared as per their requirement. The preparation of 

laminates is done in the hand layup process, further the obtained material is sent for the mechanical testing process and 

the study of thermal properties of the Nano composites. 

 

2.LITERATURE REVIEW 
[1] Prashanth Banakar H.K. and Shivananda. (2012): has studied the effect of fiber orientation of laminates. And 

experimentation was performed to determine property data for material specifications, the laminates by hand layup 

process. The laminates were cut to obtain ASTM standards. The investigation deals with the testing of tensile and 

flexural strength on a universal testing machine. The graphs that are obtained from the tests were documented. This 

research indicates that the mechanical properties are mainly dependent on the fiber orientation of laminated polymer 

composites. [2] Shenghu Cao and Zhis WU (2009): studied the performance of fiber reinforced polymer (FRP) 

composites at high temperatures is a serious concern that needs investigation before the incorporation of these 

composites into important engineering structures. This article presents an experimental study on the tensile properties of 

carbon fiber reinforced polymer (CFRP) sheets, hybrid carbon/glass fiber reinforced polymer (C/GFRP) sheets and 

hybrid carbon/basalt fiber reinforced polymer (C/BFRP) sheets at different temperatures. The specimens of FRP sheets 

were tested at temperatures ranging from 16 to 200°C, while corresponding dry fiber sheets (without resin impregnation) 

were tested at 16°C as a reference. The test results show that the tensile strength of carbon fibers in different FRP sheets 

decreases significantly with increasing temperature, and remains almost stable at an ultimate value (3000 MPa) after the 

polymer exceeds its glass transition temperature (T g), which is higher than the tensile strength of the non-impregnated 

fiber sheets at room temperature. At elevated temperatures, the hybridization of fibers can reduce the scatter of the tensile 

strengths of CFRP composites. Additionally, the tensile strength of CFRP sheets with different dimensions is 

significantly different, but size dependence is independent of temperature. Furthermore, elevated temperature also 

influences the failure modes of FRP composites. 

 

3. RESEARCH METHODOLOGY 
3.1 MATERIAL & ITS PROPERTIES 

Glass Fiber: 

E-Class Glass fiber which consists of 5-10µm in diameter and are mostly composed of carbon atoms which also have 

good mechanical strength 

Sawdust: 

It is the by-product of cutting, grinding, drilling, sanding of wood with a saw or other tool. It is also a by-product od 

certain animals, birds and insects which live in woods such as woodpecker and carpenter ants. 
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3.2 EXPERIMENTAL PROCEDURE 
 Hand layup process: 

Hand lay-up technique is the simplest method of composite processing. The infrastructural requirement for this 

method is also minimal. The processing steps are quite simple. First of all, a release gel is sprayed on the mould 

surface to avoid the sticking of polymer to the surface. Thin plastic sheets are used at the top and bottom of the 

mould plate to get good surface finish of the product. Reinforcement in the form of woven mats or chopped strand 

mats are cut as per the mould size and placed at the surface of mould after Perspex sheet. Then thermosetting 

polymer in liquid form is mixed thoroughly in suitable proportion with a prescribed hardener (curing agent) and 

poured onto the surface of mat already placed in the mould. The polymer is uniformly spread with the help of 

brush. Second layer of mat is then placed on the polymer surface and a roller is moved with a mild pressure on the 

mat-polymer layer to remove any air trapped as well as the excess polymer present. 

 
 

       The process is repeated for each layer of polymer and material, till the required layers are stacked. After 

placing the plastic sheet, release gel is sprayed on the inner surface of the top mould plate which is then kept on 

the stacked layers and the pressure is applied. After curing either at room temperature or at some specific 

temperature, mould is opened and the developed composite part is taken out and further processed. The schematic 

of hand lay-up is shown in figure above. 

 

The laminates are prepared in the glass moulds by using the hand layup process. The glass moulds are made 

according the ASTM standard (ASTM D638, ASTM D618) dimensions (100mmx20mmx3mm). 

In that glass moulds carbon fiber, epoxy resin and the sawdust are added according to the compositions which we 

have considered (compositions are mentioned in the table.1) and left for 24 hours to cure in room temperature. 

 

Sl.no Epoxy(%wt.) 
Carbon 

fiber(%wt.) 
Sawdust(%wt.) 

1 100 0 0 

2 60 40 0 

3 60 30 10 

4 60 20 20 

5 60 10 30 

6 60 0 40 

Practical work specimen Photographs are listed as per above given values: 

1. Specimen No 1: Epoxy 100wt.%+ 0 wt.% CF +0wt.% SD 

 

              . 

2. Specimen No 2: Epoxy 60wt.%+40 wt.% CF+ 0wt.% SD 
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STUDY ON MECHANICAL, THERMAL, MORPHOLOGY PROPERTIES OF POLYMER 

COMPOSITES: 

 

 Tensile Test: 

The obtained specimens are cut in the dumbbell shape for tensile and flexural tests. These tests are done in Kalpak 

060601 Universal Tensile Testing Machine. 

 
 

       Before the tensile test is commenced two permanent marks are marked on the specimen at the appropriate distance 

to mark the original gauge length. When it comes to procedure, specimen is placed between the surfaces of the 

compression tool, ensuring that the ends of the specimen are parallel with the surface of the compression tool. The test is 

commenced by lowering the movable crosshead at a specified speed over the specimen. The maximum load carried by 

specimen during test is recorded. The stress strain data is also recorded either by recording load at corresponding 

compressive strain or by plotting a complete load deformation curve with an automatic recording device. Compressive 

strength is calculated by dividing the maximum compressive load carried by the specimen during the test by the original 

cross-sectional area of the specimen 

 

 The results of the tensile tests are tabulated below: 

 

Sample 

Tensile 

strength  

(MPa) 

Tensile 

modulus 

(MPa) 

Elongation at Max. Force 

(%) 

S1 25.9 460.11 11.2 

S2 35.26 781.69 8.5 

S3 49.23 854.02 10.2 

S4 40.14 624.07 9.2 

S5 41.52 635 8.7 

S6 32.58 456.75 8.1 

 

When the obtained results are plotted in a graph it will be as,  
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 Flexural Test: 
 

The stress-strain behaviour of polymers in flexures is of interest to a designer as well as to polymer manufacturer. 

Flexural strength is the ability of the material to withstand bending forces applied perpendicular to its longitudinal 

axis. The stresses induced due to the flexural load are a combination of compressive and tensile stresses. Flexural 

properties are reported and calculated in terms of the maximum stress-strain that occurs at the outside surface of 

the test bar. Many polymers do not break under flexure, even after a large deflection which makes determination 

of the ultimate flexural strength impracticable for any polymer. In such cases, the common practice is not to report 

flexural yield strength when the maximum strain in the outer fibre of the specimen has reached 5%. Flexural 

strength is measured by Universal Testing Machine (UTM). As the flexural test is done the output data are 

tabulated in the below manner 

 

Sample 

Flexural 

strength 

(MPa) 

Flexural 

modulus 

(GPa) 

S1 54.2 1.428 

S2 57.65 1.121 

S3 87.1 1.878 

S4 65.8 1.646 

S5 55.05 1.756 

S6 60.189 1.721 

 SEM Analysis: 

 

Scanning Electron Microscope means the device which is used to take the pictures of the materials by scanning its 

surface with the focused beam of electrons. The electrons contact the atoms present in the material giving various 

signals that contains the information about the material surface. The basic principle of SEM is to scan the beams 

of electrons which are reflected across the sample and show the results in the display. As per this project the 

different samples of different compositions are been scanned and observed that each sample has different brittle 

delta layers. In the 1
st
 sample as there is no filler material the percentage of brittle layers is very much high. But in 

the remaining samples as the filler is present the percentage of the brittle layer is low. In the sample-3 the bonding 

between the polymer matrix and the filler material is very much high so the optimum results can be expected from 

this sample. Below are the figures illustrating the SEM analysis., 
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3)Image of sample-3 at 500x magnification. 

 

       4) Image of sample-4 at 300x magnification. 

 

 

 

 

 

 

 Thermal properties: 
 Thermal Gravimetric Analysis (Tga):  

 

 
Thermo gravimetric analysis is a test procedure in which changes in weight of the specimens are recorded as the 

specimen is progressively heated. The sample weight is continuously monitored as the temperature is increased at a 

constant rate and components of a polymer that volatize or decompose at different temperatures are quantitatively 

measured. Apparatus consists of an analytical balance supporting a platinum crucible for specimen with the crucible 

sustained in an electric furnace and a means for plotting the percentage weight changes as a function of temperature. 

Below is the graph indicating the thermal properties of the laminates as the increase in the temperature, 

 

4. RESULTS 
For every specimen mechanical and thermal properties are tested. Each specimen has shown significant result while 

testing. Whereas on comparing with each other specimen 3 have shown optimum and better result among all of the 

specimens. It's tensile load capacity is very high, compressive load is also high. Coming to SEM analysis the intra 

granular particles are mixed very significantly which in return helped the specimen providing optimum results. 

 

5.CONCLUSIONS 
Based on the findings and evaluations some conclusions are been made. The Sawdust Carbon fiber hybrid nano 

composites with different compositions are prepared and characterized to gain the advantage to extend their 

applications. Among those six compositions which were manufactured, and case studied only three specimens have 

shown optimistic results. Specimen-3 has displayed better result in thermal stability when compared with specimen-4 

& specimen-5. Also, in Mechanical testing’s like Tensile testing, Flexural testing specimen-3 have shown better 

outputs amongst specimen-4 and 5. Whereas in the morphological properties among all the samples, better 

entanglement in the epoxy structure was found in speciemen-3. 
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