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Abstract: 

 This paper presents the development, 

characterization, and optimization of clay/carbon 

fiber polymer nanocomposites on mechanical 

properties to evaluate the performance and also to 

study the real time and experimental values to judge 

the deviation in the experimental results.  Model has 

been generated using response surface methodology 

to optimize the input and output variables in the 

predetermined composites. Matrix as a polyester and 

filler/reinforcing agents were clay and carbon fiber 

were employed for this project. Hand layup technique 

was used to incorporate nearly 25-30 

filler/reinforcing into the composite. Composite was 

tested experimentally after it is being made and 

followed by optimization. The present project work is 

focused on the optimization of mechanical properties 

using response surface methodology. To do this, 

mechanical experimental results were used as a input 

and output variables to carry out the optimization on 

RSM. Mechanical properties considered for this 

project viz. tensile Hardness, impact strength, 

strength, tensile modulus, flexural strength and 

flexural modulus, compression strength, compression 

modulus were considered. To conduct optimization 

tests MINI TAB18 software was used.  Hence proved 

that experimental values prepared second time based 

on the real time values are approximately similar. 

Keywords: Nanocomposites, Mechanical Properties, 

Mini Tab18, RSM, Optimization 

 

INTRODUCTION 

Polymer matrix composites are used for structural 

materials for fields ranging from sports goods, 

biomaterials to advanced aerospace. Thermoset resins 

are generally used as high performance matrices. 

A composite material is a material made from two or 

more constituent materials with significantly 

different physical or chemical properties to produce a 

material with characteristics different of individual 

components. The individual components remain 

separate and distinct within the finished structure [1-

4]. In true sense composite materials technology is 

designing and fabricating materials consisting of two 

or more components for specific needs having 

desired characteristics. The fibers used in fibrous 

composite materials are strong in the axial direction. 

Therefore, during fabrication of a composite, the 

fibers are oriented to maximize material strength and 

then held in this orientation by the surrounding 

matrix. As the composite is loaded, the matrix 

transfers and distributes the stress among the load 

bearing fibers. It is obvious that fiber-matrix interface 

has to be strong to realise the full strength of the 

fibers. Obviously, form/shape of reinforcement and 

matrix materials, the orientation of the reinforcement 

in the matrix, adhesion at the matrix-fibre interface, 

the processing conditions are important criteria 

towards final composite characteristics. Matrix 

materials are instrumental for load transfer and they 

generally limit the service temperature, process 

speed, impact resistance and micro-cracking. 

Reinforcement materials contribute to the structural 

properties and cost of the composites. In general the 

reinforcement to matrix ratio is in the tune of 55:45. 

This is reflected in large number of research papers 

and technical reports that have been published in the 

last thirty years [5-10]. Composite materials are now 

used in many structural applications ranging from 
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Aerospace vehicles to land transportation consumer 

industry and house hold industry. The characteristics 

of the fibre reinforced composite materials are 

governed primarily by the properties of the 

reinforcing fibres which have higher strength and 

stiffness and occupy a substantial proportion of the 

volume of the composite. Advanced composite 

materials are fabricated in ways that enable the 

advantageous characteristics of the fibres to be 

exploited as effectively as possible. In general, a fibre 

is a long fine filament of matter with a diameter of 

the order of 10 um and an aspect ratio of length to 

diameter between 100 to virtually infinity for 

continuous fibres [11-20]. A large variety of fibres, 

natural as well as synthetic are available that are 

reinforced to fabricate composites commercially. The 

usefulness of carbon reinforcing fibres rests in the 

characteristics of the graphite crystal. This is a 

hexagonal layer structure with the carbon atoms in 

the layers covalently bonded and closely packed 

having a separation of 0.142 nm. The spacing 

between layers are relatively large (0.335 nm) and the 

layers are bonded together only by Van der Waals 

forces. The elastic moduli of these hexagonal lattice 

layers are 1060 GPa along the layer planes and 36.5 

GPa perpendicular to these planes. Polyester and 

Vinylester resins are most widely used matrix 

materials for composites restricted to lower 

performance applications. The term nanocomposite is 

widely employed to describe an extremely broad 

range of materials, where one of the components has 

a dimension on the submicron scale. A better and far 

more restrictive definition would require that a true 

nanocomposite be a fundamentally new material 
(hybrid) in which the nanometerscale component or 

structure gives rise to intrinsically new properties, 

which are not present in the respective macroscopic 

composites or the pure components. The latter 

definition necessitates that the nanostructure has 

dimensions smaller than a characteristic scale that 

underlies a physical property of the material. Polymer 

nanocomposites, especially polymer layered silicate 

nanocomposites, represent a radical alternative to 

conventionally (macroscopically) filled polymers. 

Because of their nanometer-size dispersion, the 

nanocomposites exhibit markedly improved 

properties when compared with the pure polymers or 

conventional composites. These include increased 

modulus and strength, decreased gas permeability, 

increased solvent and heat resistance and decreased 

flammability. Example, a doubling of the tensile 

modulus and strength is achieved for nylon-layered 

silicate nanocomposites with as little as 2 vol% of 

inorganic content. In addition, the heat distortion 

temperature of the nanocomposites increases by up to 

100 °C, extending their use to higher-temperature 

environments, such as automotive under-the-hood 

parts.3 Furthermore, the heat release rate in the 

nanocomposites is reduced by up to 63% at heat 

fluxes of 50 kW  without an increase in the CO and 

soot produced during combustion. Polymer-layered 

silicate nanocomposites exhibit many advantages, 

including the following.2 (a) they are lighter in 

weight than conventionally filled polymers because 

high degrees of stiffness and strength are realized 

with far less high-density inorganic material: (b) they 

exhibit outstanding diffusional barrier properties 

without requiring a multi-polymer-layered design, 

allowing for recycling; and (c) their mechanical 

properties are potentially superior to unidirectional 

fiber-reinforced polymers, because reinforcement 

from the inorganic layers will occur in two 

dimensions rather than in one.  

To develop the polymer composite which consists of 

polyester as a polymer blend reinforced with nano 

clay as a filler and reinforced with carbon fiber. The 

main intention of this research is to investigate the 

magnitudes of mechanical properties for polymer 

composites. To identify the mechanical properties 

from the previous research works. To study the 

response surface methodology tools. Compare the 

experimental results with real time values obtained 

from MINITAB 18 software. Therefore, this research 

aims to prepare composites and followed by 

characterization and optimization of composites. 

MATERIALS AND METHODS 

Polyester/promoter/accelerator was employed for this 

project was obtained from the Sigma Aldrich 

Company Limited, Bangalore. Clay was obtained 

from the Sree composites Miyapur, Kukatpalli, Hyd. 

Carbon fiber was employed from the Nature works, 

USA. 

Preparation of composite 

Polyester resin (matrix) was taken by weight based 

on the mould volume and mixed with promoter and 

accelerator ratio as 

100(matrix):1.5(promoter):1.5(Accelerator). 

Catalysts and matrix were thoroughly mixed with 
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spatula for 20min and then predetermined clay was 

added into the catalyzed polyester solution and 

followed by stirring for 10min to make sure that no 

bubbles were presented. Glass moulds were prepared 

with American Society for Testing of Machines 

(ASTM) with 20cm x 20cm x 3mm and it was gelled 

with polyvinylalcohol (PVA) which was prepared 

with 60%PVA solution which facilitates easy 

removal of casting after curing without damage. 

Volume fractions were measured to find out the wt.% 

of matrix and filler/reinforcement ratios. Mat type 

carbon fiber was used and it was cut with a sharp 

scissors similar to the shape of the mould and it was 

stacked all over the mould and the mould was coated 

with catalyzed polyester with a thickness of 1mm 

prior to stacking of fiber mat. Then the remaining 

stuff was poured on the mould. Brush and rollers 

were used to degas to maintain the bubble free 

composite.  

 

 

            TABLE 1: List of composite systems considers for the present research. 

Sample 

No. 

Polyester 

(wt.%) 

Carbon 

fiber 

(wt.%) 

Clay 

(wt.%) 

A 70.10 29.90 0 

B 68.10 29.90 2 

C 67.6 29.90 2.5 

D 67.10 29.90 3 

E 66.60 29.90 3.5 

F 65.60 29.90 4 

G 64.60 29.90 5 

H 63.6 29.90 6 
 

Then a thick sheet was placed on the mould and this 

has to be done in such a way that mould should not 

bring out adverse bubbles at the end. Then mould 

were allowed to cool for 24hrs for room temperature 

and post curing moulds were placed in the hot air 

furnace for 50 min at 100°C. Then specimens were 

removed and dressed on par with ASTM standards 

for further process. Similar approach was used for 

preparing remaining composites (Refer Table 1). 

Methods 

Universal Testing Machine was used for this purpose 

to test tensile and flexural properties, Izod impact 

strength tester and Brinell hardness tester was used to 

test impact strength and hardness strengths 

respectively. Four Specimens were used for this 

purpose to tabulate mean magnitudes. Response 

surface methodology was used with the help of 

Minitab18 after experiments are over to compare the 

optimization levels. Clay loading was considered as 

input variable whereas mechanical properties were 

considered as output variables and the six runs were 

carried out. Carbon fiber of 15wt% was taken 

constantly in all the systems. Figure 1 shown below 

gives the brief workflow of this research. 

Conformation of Results 

From the Minitab18 results specimens were prepared 

again with that output results and the list of 

specimens prepared as per the below given.  
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                                         Figure 1: Line diagram of workflow. 

 

RESULTS AND DISCUSSION 

Table 2: Tabulation of experimental values of Mechanical Properties. 

Clay 

wt.% 

Hardness 

BHN 

Tensile 

strength 

MPa 

Tensile 

modulus 

MPa 

Flexural 

strength 

MPa 

Flexural 

modulus 

MPa 

Impact 

strength 

J/m2 

0 89.04 25.06 1001.23 17.56 1652.02 152.04 

2 93.14 26.01 1206.78 21.34 2136.45 161.25 

2.5 95.72 27.20 1307.00 24.25 2265.00 167.18 

3 97.32 30.24 1609.12 26.69 2456.85 174.02 

3.5 98.74 35.45 2008.90 29.36 2856.44 179.08 

4 100.06 32.35 1907.49 33.69 3102.89 182.63 

5 105.47 28.01 1880.96 28.52 3325.88 204.06 

6 100.97 29.20 1804.07 25.01 3125.96 186.00 
 

Polymer hybrid composites have developed 

and tested successfully from the constituents 

such as polyester, carbon fiber, and clay. 

Tests have been conducted for all the eight 

composite specimens mention in the above 

Table 2. Hardness was linearly increased for 

all the specimens right from the no clay 

loading to 5wt.% clay loading but found 

decreases at 6wt.%clay loading. For 5wt. 

clay 18% of hardness was found maximum 

when compared with 0wt.% clay loading. 

When the volume of the clay is more thee 
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the clay viscosity of the  catalyzed resin 

goes on increased due to this flowability of 

the resin gets distorted as a result of this the 

resin could not go all the places in the mould 

might be one of the prime reason for 

decrease in hardness. Another attributed 

reason is due to the lack of interface 

between the fiber and matrix or voids in the 

composite might responsible for decrease in 

strength. 

Tensile strength was improve up to 3.5wt.% 

clay loading but decreases after. Tensile 

strength  was improved by 40%  when 

compared with 0wt.% clay loading. Reason 

for decreased tensile strength might be due 

to the fiber pull-outs or interface between 

the fiber and matrix. Another reason might 

be agglomerations of the clay makes 

composites like clay balls in some places 

might be called void I other words. 

Similarly, 100% tensile modulus was 

improved for the 3.5wt.% clay loading 

composites when compared with the others. 

45% of flexural strength was improved for 

4wt. % clay loading when compared with no 

load clay composites. Flexural modulus 

have been improved by 101% for 5wt.% 

clay loading composites and after that 

strength decreases. Impact strength 

linearized for the 5wt.% clay composites 

and 34% of impact strength is increased for 

that composite when compared with zero 

wt.% clay loading composite. 

 

  Optimization by Response Surface 

Methodology (RSM) 

To perform optimization technique 

Minitab18 software was used for this work 

and the input variable is clay loading and the 

output variables considered as all 

mechanical properties. 

 

Tensile Strength 

 

  From the above table for tensile 

strength values were tabulated as a function 

of clay wt.%. It was observed that P-value 

was less than0.05,therefore,the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 95.18% hence the 

model is good fit. As we have best fit P-

vales both A(1st order) and AA(2nd order) 

parameters were substantially effective. And 

the tensile strength was optimized as 30.45 

MPa when clay was optimized at 2.571 

wt.% for desirability as 0.95054 using RSM 

tool.  
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     Response Surface Regression: tensile strength versus clay wt% 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 36.237 18.1185 49.36 0.001 

  Linear 1 22.189 22.1888 60.45 0.001 

    clay wt% 1 22.189 22.1888 60.45 0.001 

  Square 1 15.377 15.3770 41.89 0.001 

    clay wt%*clay wt% 1 15.377 15.3770 41.89 0.001 

Error 5 1.835 0.3671       

Total 7 38.072          

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.605860 95.18% 93.25% 49.00% 

Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 29.849 0.281 106.05 0.000    

clay wt% 2.887 0.371 7.77 0.001 1.00 

clay wt%*clay wt% -3.445 0.532 -6.47 0.001 1.00 

Regression Equation in Uncoded Units 

tensile strength = 23.518 + 3.259 clay wt% - 0.3828 clay wt%*clay wt% 
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Figure 2: Tensile strength test real time graphs (a) response of fisher values  for A(1st order) and 

AA(2nd order) & (b) Desirability function. 

 

(a) 

 

(b) 
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Tensile Modulus 

From the above table for tensile 

modulus values were tabulated as a function 

of clay wt.%. It was observed that P-value 

was less than 0.05,therefore, the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 97.27% hence the 

model is good fit. As we have best fit P-

vales both A(1st order) and AA(2nd order) 

parameters were  less effective. And the 

tensile modulus was optimised as 1908 MPa 

when clay was optimised at 2.571 wt.% for 

desirability as 1.000 using RSM tool.  

Response Surface Regression: tensile modulus versus clay wt% 
Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 954715 477357 89.02 0.000 

  Linear 1 865005 865005 161.32 0.000 

    clay wt% 1 865005 865005 161.32 0.000 

  Square 1 111576 111576 20.81 0.006 

    clay wt%*clay wt% 1 111576 111576 20.81 0.006 

Error 5 26810 5362       

Total 7 981525          

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

73.2263 97.27% 96.18% 72.87% 

Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 1631.4 34.0 47.95 0.000    

clay wt% 569.9 44.9 12.70 0.000 1.00 

clay wt%*clay wt% -293.5 64.3 -4.56 0.006 1.00 

Regression Equation in Uncoded Units 

tensile modulus = 768.0 + 385.6 clay wt% - 32.61 clay wt%*clay wt% 

 

 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 2 (2018) 

© Research India Publications.  http://www.ripublication.com 

57 

 

 
 

Figure 3: Tensile modulus test real time graphs (a) response of fisher values  for A(1st order) and 

AA(2nd order) & (b) Desirability function. 

 

 

(a) 

(b) 
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Impact strength 

From the above table for impact 

strength values were tabulated as a function 

of clay wt.%. It was observed that P-value 

was less than 0.05,therefore, the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 98.26% hence the 

model is good fit. As we have best fit P-

vales both A(1st order) and AA(2nd order) 

parameters were  less effective. And the 

impact strength was optimized as 193.97 

MPa when clay was optimized at 2.571 

wt.% for desirability as 1.00 using RSM 

tool.  

Response Surface Regression: impact strength versus wt% 
Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 1364.77 682.38 141.46 0.000 

  Linear 1 1362.24 1362.24 282.41 0.000 

    wt% 1 1362.24 1362.24 282.41 0.000 

  Square 1 8.80 8.80 1.82 0.235 

    wt%*wt% 1 8.80 8.80 1.82 0.235 

Error 5 24.12 4.82       

Total 7 1388.89          

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

2.19629 98.26% 97.57% 69.74% 

Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 173.97 1.02 170.50 0.000    

wt% 22.62 1.35 16.80 0.000 1.00 

wt%*wt% -2.61 1.93 -1.35 0.235 1.00 

Regression Equation in Uncoded Units 

impact strength = 148.74 + 9.28 wt% - 0.290 wt%*wt% 

Fits and Diagnostics for Unusual Observations 

Obs 

impact 

strength Fit Resid 

Std 

Resid 

 1 150.00 148.74 1.26 2.17 R 
                                           R  Large residual 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 2 (2018) 

© Research India Publications.  http://www.ripublication.com 

59 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Impact strength test real time graphs (a) response of fisher values  for A(1st order) and 

AA(2nd order) & (b) Desirability function. 
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Hardness 

From the above table for hardness 

values were tabulated as a function of clay 

wt.%. It was observed that P-value was less 

than 0.05, therefore, the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 96.5% hence the 

model is good fit. As we have best fit P-

vales both A (1st order) and AA(2nd order) 

parameters were  less effective. And the 

hardness was optimized as 102.94 MPa 

when clay was optimized at 2.571 wt.% for 

desirability as 0.96314 using RSM tool. 

Response Surface Regression: hardness versus clay wt% 
                           Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 152.244 76.122 68.85 0.000 

  Linear 1 148.435 148.435 134.26 0.000 

    clay wt% 1 148.435 148.435 134.26 0.000 

  Square 1 5.786 5.786 5.23 0.071 

    clay wt%*clay wt% 1 5.786 5.786 5.23 0.071 

Error 5 5.528 1.106       

Total 7 157.772          

                          Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

1.05146 96.50% 95.09% 62.14% 

                        Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 97.591 0.488 199.78 0.000    

clay wt% 7.466 0.644 11.59 0.000 1.00 

clay wt%*clay wt% -2.113 0.924 -2.29 0.071 1.00 

Regression Equation in Uncoded Units 

Hardness = 88.01 + 3.897 clay wt% - 0.235 clay wt%*clay wt% 

                     Fits and Diagnostics for Unusual Observations 

Obs hardness Fit Resid Std Resid 

 7 103.500 101.629 1.871 2.07 R 

8 101.800 102.943 -1.143 -2.18 R 
 
                                                           R  Large residual 
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Figure 5: Hardness test real time graphs (a) response of fisher values  for A(1st order) and 

AA(2nd order) & (b) Desirability function. 
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Flexural strength 

From the above table for flexural 

strength values were tabulated as a function 

of clay wt.%. It was observed that P-value 

was less than 0.05,therefore, the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 70.64% hence the 

model is good fit. As we have best fit P-

vales both A(1st order) and AA(2nd order) 

parameters were  less effective. And the 

flexural strength was optimized as 28.31 

MPa when clay was optimized at 2.571 

wt.% for desirability as 0.94722 using RSM 

tool. 

Response Surface Regression: flexural strength versus wt% 

                            Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 122.25 61.12 6.02 0.047 

  Linear 1 79.88 79.88 7.86 0.038 

    wt% 1 79.88 79.88 7.86 0.038 

  Square 1 46.76 46.76 4.60 0.085 

    wt%*wt% 1 46.76 46.76 4.60 0.085 

Error 5 50.80 10.16       

Total 7 173.05          

         Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

3.18748 70.64% 58.90% 0.00% 

                           Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 27.40 1.48 18.50 0.000    

wt% 5.48 1.95 2.80 0.038 1.00 

wt%*wt% -6.01 2.80 -2.15 0.085 1.00 

                            Regression Equation in Uncoded Units 

flexural strength = 15.92 + 5.83 wt% - 0.667 wt%*wt% 
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Figure 6: Flexural strength test real time graphs (a) response of fisher values  for A(1st order) 

and AA(2nd order) & (b) Desirability function. 
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Flexural modulus 

From the above table for flexural modulus 

values were tabulated as a function of clay 

wt. %. It was observed that P-value was less 

than 0.05, therefore, the clay wt. is 

significant at 95% confidence level.it is 

found that the R-sq value 90% hence the 

model is good fit. As we have best fit P-

vales both A (1st order) and AA(2nd order) 

parameters were  less effective. And the 

flexural modulus was optimized as 3331.07 

MPa when clay was optimized at 2.571 wt. 

% for desirability as 1.00 using RSM tool. 

Response Surface Regression: flexural modulus versus wt% 

                                 Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 2134539 1067270 22.99 0.003 

  Linear 1 2119742 2119742 45.67 0.001 

    wt% 1 2119742 2119742 45.67 0.001 

  Square 1 30946 30946 0.67 0.451 

    wt%*wt% 1 30946 30946 0.67 0.451 

Error 5 232073 46415       

Total 7 2366612          

                               Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

215.440 90.19% 86.27% 0.00% 

                                  Coded Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 2593 100 25.91 0.000    

wt% 892 132 6.76 0.001 1.00 

wt%*wt% -155 189 -0.82 0.451 1.00 

                                 Regression Equation in Uncoded Units 

Flexural modulus = 1547 + 400 wt% - 17.2 wt%*wt% 
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 Figure 6: Flexural strength test real time graphs (a) response of fisher values for A (1st order) 

and AA (2nd order) & (b) Desirability function. 
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Table 3: Tabulation of strength comparison of experimental with reference to real time values. 

 

Hardness(BHN) 

Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Value 

Cla

y 

Wt.

% 

Max. Value 

5 105.47 2.57 102.9

4 

2.5

7 

101.36 

Tensile Strength(MPa) 

Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Value 

Cla

y 

Wt.

% 

Max. Value 

3.5 35.45 2.57 101.3

6 

2.5

7 

102.29 

Tensile Modulus(MPa) 

Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Valu

e 

Cla

y 

Wt.

% 

Max. Value 

3.5 2008.9 2.57 1908

.11 

2.5

7 

1952.0 

Flexural Strength(MPa) 

Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Value 

Cla

y 

Wt.

% 

Max. Value 

4 33.69 2.57 28.31 2.5

7 

27.63 

Flexural Modulus(MPa) 
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Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Value 

Cla

y 

Wt.

% 

Max. Value 

5 3325.8

8 

2.57 3331.

07 

2.5

7 

3345.0 

Impact Strength(J/m2) 

Exp. Values Real Time 

Values 

Exp. Values 

Clay 

Wt.% 

Max.  

Value 

Clay 

Wt.% 

Max. 

Value 

Cla

y 

Wt.

% 

Max. Value 

5 204.06 2.57 193.9

7 

2.5

7 

195.5 

 

 
 

 

 

Conformation of Results 

From the Minitab18 results specimens were prepared 

again with that output results by doping appropriate 

clay weight ratios from the real time results. Six 

composites are prepared list of  prepared similar to 

the previous procedure but clay  weight ratios are 

considered as per the values from the real time values 

as mentioned in the above Table 3.  Experiments are 

recon-ducted based on the real time values and it was 

observed that real time and experimental values are 

all most all very similar. 

Conclusions 

The following conclusions were made in the present 

work from the series of experiments and noted that 

composite systems. 

 Tensile strength is optimized to be 

30.45MPa at 2.571 percentage of clay 

weight ratio. 

 Tensile modulus is optimized to be 

1908.11MPa at 2.571 percentage of clay for 

weight ratio. 

  Impact strength is optimized to be 193.97 

J/m2 at 2.571 percentage of clay for weight 

ratio. 

 Hardness is optimized to be 102.94BHN at 

2.571 percentage of clay for weight ratio.  

 Flexural strength is optimized to be 

28.31MPa at 2.571 percentage of clay for 

weight ratio. 

 Flexural modulus is optimized to be 

3331.07MPa at 2.571 percentage of clay for 

weight ratio. 

After conducting the tests based on the real 

time values similar results were observed. 

Thus experimental values are substantial 

when compared with the real time data. 
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