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Abstract 
In this study, phenolic based composite filled with ultra light microsilica is prepared by traditional hand layup method, using 

ceramic woven fibre as reinforcement. The effect of various percentages of microsilica is investigated on the tensile strength, 

compression strength, impact resistance and thermal stability of the composite. The result reveals that, up to 15% addition of 

microsilica enhanced the mechanical properties. However the addition of microsilica beyond 15% decreases the mechanical 

properties of the composites. This is mainly because, addition of microsilica increases the viscosity of phenolic resin which 

directly affecting the wettability of fibre. It is found that, the addition of microsilica has great positive influence on the thermal 

stability of the composite. 
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1. INTRODUCTION 

Fibre reinforced polymer matrix composite has recently 

generated immense academic and commercial interest due to 

their wide application in the field of construction, 

automobile, aerospace industries etc. Among the various 

polymer resin system, Phenolic resin retain its position in 

various industries a century after its introduction because of 

its good mechanical strength, heat and flame resistance,  and 

also exhibits good chemical resistance against various 

solvents, acids and water. Phenolic resin exhibits good 

dimensional stability over a wide range of temperature. 

Phenolic resin is easy to manufacture and also cost effective 

when compare to other resin. However Phenolic resin 

cannot be direct substitutes for epoxies or other thermoset 

resin because the traditional phenolic resin always suffer 

from high shaping pressure and brittleness [1]. 

 

To improve the properties of the Phenolic resin, many 

researchers tried out various methods such as usage of 

binders, nanofillers, thermoplastic resin, unidirectional and 

bidirectional woven fibre, fillers etc.  Carbon fiber 

reinforced phenolic composite is one of the prime composite 

for high strength and high temperature application because 

of the superior properties of both carbon fiber and phenolic 

resin. Patton et al. [2] used Vapor grown carbon fiber as 

reinforcement along with phenolic resin and showed 

improved thermal and mechanical properties, which 

promises for rocket nozzle application. Pulci et al. [3] used 

phenolic resin with carbon based graphitic felt and graphitic 

foam to manufacture ablative material for re-entry space 

vehicles. 

 

Elaine et al. [4] prepared a composite using tannin–Phenolic 

modified resin (40 wt% of tannin) reinforced with sisal 

fiber. The composite showed increase in Izod impact 

strength and also showed good matrix fiber interface. In 

another work, Frollini et al. [5] used bark from the Acacia 

Mimosa tree along with phenol matrix with tannin as a 

partial substitute. The composites showed high storage 

modulus and low water absorption, due to the good adhesion 

at the matrix fiber interface. In a companion paper, Barbosa 

et al. [6]  used coir fiber as reinforcement along with the 

tannin Phenolic modified matrix. The composites showed 

intense fiber matrix adhesion and poor impact strength, due 

to the poor mechanical properties of the coir fiber. 

 

Srikanth et al. [7] and Tani et al. [8] used Zirconium as filler 

to increase the mechanical properties of the phenolic resin. 

Bending strength and the barcol hardness of the phenolic 

composite enhanced with addition of Zirconium metal oxide 

and also the coefficient of thermal expansion of Zirconium 

filled phenolic composite decreased. Jonathan et al. [9] used 

an in situ semibatch polymerization process to develop 

phenolic nanocomposite filled with montmorillonite clay 

which showed increase in tensile modulus and fracture 

strength with addition of montmorillonite clay. 

 

The mechanical properties and thermal properties of epoxy 

resin increased by adding silica particles with the epoxy 

resin [10-14]. Srikanth et al. [15] manufactured the high 

ablation resistance carbon phenolic composites using 

nanosilica as a filler material. Nanosilica filled carbon 

phenolic composite exhibited higher ablation resistance 

when compare to neat composite. Addition of silica not only 

enhanced the mechanical properties but also considerably 

restricted the thermal degradation of phenolic resin [16, 17]. 

The focused phenolic resin based composite filled with 

microsilica as filler were prepared by tradition land layup 

technique, using ceramic woven fibre as the reinforcement. 

The mechanical and thermal properties of modified phenolic 

composite were evaluated, with the effect of microsilica on 

the tensile properties, compression strength, impact energy 

and thermal properties to be highlighted. 
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2. MANUFACTURING 

2.1. Materials 

A resole type phenolic resin is selected as matrix material 

because of its high thermal stability and the good oxidation 

resistance [18].  The resole type phenolic resin is produced 

by the reaction of phenol with formaldehyde in an alkaline 

medium. Due to the presence of their reactive methyl 

groups, the resole type will starts to crosslink by exposure to 

heat. Phenolic resin was supplied by Linear Polymer Pvt 

Ltd, Chennai. The properties of the phenolic resin are listed 

in table 1. Ceramic woven fibre is used as reinforcement 

was supplied by Dail Electricals Pvt. Ltd, Mumbai. The 

properties of ceramic woven bidirectional fibre are tabulated 

in the table 1. Ultra light micro silica was used as filler 

which supplied by the Astrra Chemicals, Chennai. Silica 

fume, also known as microsilica, is an amorphous made up 

of silicon dioxide.  It is an ultrafine powder collected as a 

by-product of the ferrosilicon and silicon alloy production. 

The properties of microsilica are listed in the table 1. 

 

Table: 1. Properties of Ceramic Woven Fibre, Phenolic resin and Microsilica 

 

Reinforcement: Ceramic Woven Fibre Matrix : Phenolic Resin Filler : Microsilica 

Density : 2.7 g/cc 

GSM : 200gsm 

Thickness: 0.6mm 

Constituents: Alumina (<99%) 

Color : White 

Density : 1.2 g/cc 

Constituents: Phenol and 

Formaldehyde 

Color : Dark red 

Curing Temperature : 160˚C 

Density : 0.81g/cc 

Specific gravity: 2.2 

Constituents: Silica (<95%) 

Particle Size: 5 µm(avg) 

Color: White 

 

 

2.2 Specimen Preparation 

The composite specimens are manufactured from bi-

directional woven ceramic fibre and ultra light micro silica 

filled Phenolic resin using traditional hand layup method. 

The percentage of weight of ultra light micro silica varied 

from 5% to 20 % in the phenolic resin. Initially, microsilica 

is mixed with pre calculated phenolic resin. Then this 

mixture was stirred slowly and thoroughly for about 30 

minutes by using handheld electrical stirrer. The composite 

specimens were prepared consists of 7 layer of bi-directional 

woven ceramic fibre. Then curing is done by place this 

specimen in hot air oven for about 1 hour at the temperature 

of 160˚C at very slow rate of heating (2˚C per minute).  

Again post curing is done at 210˚C for about 2 hours in hot 

air oven. 

The ASTM standard based samples for tensile, compression, 

impact testing and thermo gravimetric analysis were cut 

from the specimens. Samples for impact testing were notch 

cut before testing. 

 

3. CHARACTERIZATION AND TESTING 

3.1. Mechanical Properties 

The mechanical testing is performed to quantify the effect of 

the microsilica on the mechanical performance of the 

microsilica filled composite. Tensile strength and 

Compression strength were measured at ambient condition 

using a universal testing machine (Shimadzu’s Autograph 

AG-X Plus 50K Universal testing machine), according to 

ASTM procedures D638 and D695 respectively; at a 

crosshead speed of 3 mm per minute for tensile testing and 

1mm per minute for compression testing. The tensile 

strength and compressive strength of the composites filled 

with various percentage of microsilica are showed in table 2. 

 

Table: 2 Tensile strength, Compressive strength and Impact energy absorbed by the composites 

 

Percentage of Filler Tensile Compression Energy Absorbed 

during Impact load 

(Charpy) (J) Tensile Strength 

(N/mm²) 

Load at 

Peak  (kN) 

Compressive strength  

(N/mm²) 

Load at 

peak (kN) 

0% (Neat Composite) 

 

5% 

 

10% 

 

15% 

 

20% 

49.87 

 

62.58 

 

66.93 

 

69.82 

 

68.31 

7.48 

 

9.37 

 

10.04 

 

10.48 

 

10.24 

17.47 

 

21.94 

 

24.01 

 

25.85 

 

24.90 

2.62 

 

3.29 

 

3.60 

 

3.88 

 

3.735 

4.5 

 

5.75 

 

6.5 

 

7 

 

6.75 

 

 

Notched Charpy impact strength was determined at ambient 

condition according to ASTM D256 standard, using Charpy 

impact tester (Impact Testing Machine AIT-300N). Energy 

absorbed by the composites filled with various percentage of 

microsilica is showed in the table 2. 
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3.2. Thermal Properties 

Thermo Gravimetric Analysis (TGA) is done to evaluate the 

effect of microsilica on the thermal behavior of the 

composite. Themogravimetric analysis is performed by a 

NETZSCH STA 409PC/PG thermal system. The analysis is 

performed at a heating rate of 10˚C/min under nitrogen 

atmosphere under the temperature ranges from room 

temperature to 1400˚C. This analysis is performed to 

evaluate the weight loss of the composite under various 

temperatures. Thermogravimetric analysis curves for 

composite filled with various percentage of microsilica are 

shown in figure 1. 

 

 
 

Fig: 1 TGA curve of composites filled with various percentage of microsilica. 

 

 

4. RESULTS AND DISCUSSION 

4.1. Mechanical Properties 

From the experimental result of tensile test, it is observed 

that the addition of microsilica with phenolic resin upto 

15%, increases the tensile strength of the composite is 

shown in figure 2.When compare to neat composite, 

addition of filler from 5 to 15%, tensile strength of the 

composite increased from 30 % to 55% of the tensile 

strength of composite filled with no filler respectively. It is 

also observed that the further addition of microsilica with 

phenolic resin for about 20% decreases the tensile strength 

of the composite. The reduction in tensile strength of the 

composite filled with more than 15% of microsilica may be 

due to addition of microsilica increases the viscosity of the 

phenolic resin. The increase of viscosity of the modified 

phenolic resin decreases the impregnation ability of the 

phenolic resin. Hence increase of modified phenolic resin’s 

viscosity decreases the wettability of the ceramic woven 

fibre, which in turn directly affects the tensile strength of the 

composite. 

 
 

Fig: 2 Influence of microsilica on the tensile strength of the 

composites 

 

It is found that the compressive strength of composite filled 

with microsilica increases upto 15% addition of microsilica 

and beyond the transition limit of 15%, further addition of 

microsilica decreases the compressive strength of the 

composites. The compressive strength of the composites 

filled with various percentage of microsilica is shown in 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________________ 

Volume: 03 Issue: 05 | May-2014, Available @ http://www.ijret.org                                                                               612 

figure 3.  Specifically compared to the composite with no 

filler, compressive strength of 15% and 20% filled 

composite increased and decreased by 45% and 30% 

respectively. 

 

 
 

Fig: 3 Influence of microsilica on the compressive strength 

of the composites 

 

Energy absorbed by the composite filled with various 

percentage of silica during impact loading (Charpy) is 

shown in figure 4.  Composite filled with 5% of silica 

absorbed 27% more than the composite filled with no silica. 

Similarly, the composite with 10% and 15% of silica 

absorbed 43% and 55% more energy than the composite 

filled with no silica respectively. This result indicated that 

the addition of silica with phenolic resin increases the 

energy absorbing nature of composite when subject to high 

rate of loading.  However, composite filled with 20% of 

silica, shows decrease in energy absorbing capacity, when to 

compare to composite filled with 15% of silica. Hence the 

addition of microsilica beyond the transition limit of 15%, 

inversely affect the impact resistance of the composite. 

 

 
 

Fig: 4 Influence of microsilica on the Impact resistance of 

the composites 

4.2. Thermal Properties 

Thermogravimetric analysis (TGA) is performed to evaluate 

the physical phenomena such as vaporization, sublimation 

etc and chemical phenomena such as dehydration, 

decomposition, etc as a function of increasing in 

temperature. It is commonly used to measure the variation in 

mass of the materials when subjected to heating. 

Thermogravimetric analysis (TGA) curve of the specimens 

are shown in figure 1. The thermal degradation of the neat 

composite and filled composite occurred in three stages: a) a 

low temperature stage, below 200˚C, b) an intermediate 

temperature stage, 200˚C to 500˚C and c) a high temperature 

stage, above 500˚C [19]. At the low temperature stage, the 

phenolic composite with and without silica, were stable 

relatively in nitrogen atmosphere. However a small amount 

of weight loss (1 to 2%) were happened because of the 

evolution of gaseous trapped in the matrix material during 

the curing process. At the intermediate temperature stage, 

the most of significant changes observed in the Phenolic 

composite. The gaseous components such as carbon dioxide, 

water vapor, methane etc are released in this stage. The 

presences of microsilica slightly shift the weight loss curve 

above when compare to the neat composite weight loss 

curve. At the high temperature stage, TGA curve for all 

studied materials are almost flat. At 700˚C, the residual 

mass of neat composite is 72%, and residual mass of 

composite filled with 5%, 10%, 15% and 20% of silica were 

74%, 76%, 79% and 82% respectively. The percentage of 

weight loss of ceramic phenolic composite filled with 

various percentage of microsilica at 300˚C, 600˚C, 900˚C 

and 1200˚C are in shown in figure 5. Hence, it is found that 

the addition of microsilica on phenolic ceramic composite 

has great influence on the thermal stability of the composite. 

 

 
 

Fig: 5 Weight loss (%) of composite filled with microsilica 

(%) at various temperature 

 

5. CONCLUSION 

The addition of microsilica up to 15% with the phenolic 

resin as filler in the Woven ceramic fibre/phenolic resin 

composite increases the tensile strength, compressive 

strength and impact resistance of the composite. However, 

the addition of microsilica beyond 15% reduces the tensile 

strength, compressive strength and impact resistance of the 

composite due to poor wettability of the fibre. It is also 

observed that the addition of microsilica with phenolic resin 

increases the thermal stability of the composite filled with 

the various percentage of microsilica. 
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