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Abstract— Composite materials have been widely used in the 

world and in all industries such as automobile, aircraft and 

transportation, marine, chemical, electrical, mechanical civil 

engineering, building construction, electronics & 

telecommunication and etc. Defence is one of the key users 

of composite materials, particularly in rockets or missiles and 

others. In the field of composite materials the fiber 

reinforcement composite consisting of one fiber is used for 

long time and this results will have appeared for certain area, 

because use of single fiber consisting of limited properties.  

To overcome this problem the use of another fiber is made. 

This results in the form of hybrid composite. In this project 

basalt and glass fibers are used as the hybrid composite fibers 

and the characteristics of both the composite materials have 

been discussed here. Polyvinyl ester is broadly employed in 

many FRPCs and class of thermoset materials helps a unique 

balance of mechanical properties and chemical properties. 

For polyvinyl ester based fiber laminates, the typical 

reinforcements are glass and basalt fibers (bidirectional) are 

used to enhance the overall composites laminate properties. 

By account of Titanium dioxide as the filler with the fibers 

(Composite material), it provides high ultimate strength, 

ultimate strain, opacity, durability and avoid cracking in the 

composite material. 

Keywords: Basalt Fibers, Glass Fibers, Vinyl Ester and 

Titanium Dioxide   

I. INTRODUCTION 

Material can be prepared by fusing of two or more dissimilar 

Fibers/materials, Examples: Glass and Basalt composite 

fibers. Composite material are broadly used for strengthening 

of structures and it is unlike the conventional materials and 

their properties of the composites materials will be designed 

as per the structural aspects. 

Many composite manufacturing industries are 

presently using attractive composite components, because 

composite material is existence less weight and high 

corrosion resistant, high temperature resistant and this will be 

fast replace the conventional materials. 

The composite developed/manufacturing from the 

chopped straw bricks and generally price will be high 

compared with other conventional materials, however still 

their use more popular because of good properties. 

II. RAW MATERIALS 

Describes the details of the raw materials used the 

experimental procedures followed for their mechanical 

characterization. 

A. Glass Fiber (Bi-directional) 

  
Glass fiber are can be employed for the composites industries. 

Glass fibers are reinforcement is available in form of fibers, 

chopped strands and yarn-mats. Glass fibers are employed in 

end market application. Glass fibers has high young’s 

modulus, high stiffness is more than ultimate strength. 

Rovings is important found from continuous strands and 

mainly employed for filament wound products like pressure 

bottles, tanks and automobile parts. 

 

B. Basalt Fiber (Bi-directional) 

  
Basalt fiber is very cheapest and colour is golden brown. 

Basalt fiber is similar to glass fiber only slight difference 

mechanical properties. Basalt fiber are manufacturing more 

in Russia and Ukraine, Dubna, Sundaglass fiber technology, 

Texas-United State and Techno basalt. It has both continuous 

form and as long fiber. Basalt fiber composite made on the 

middle level between glass fiber and carbon fiber. Basalt 

fibers provide high thermal/electrical insulator. Basalt fibers 

are most suitable for various sport items like hockey sticks, 

snow boards, tennis racket and etc. 

 

C. Filler Material: Titanium Dioxide (TiO2) 
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Titanium dioxide is Odorless & appearance in white powder 

colour. Titanium dioxide as mineral from magmatic rocks and 

hydro-thermal veins. Titanium dioxide has been using in 

many industrial application and consumer items like coated 

fabrics, paints, coating, ceramics floor covering, roofing 

materials and automotive products. Titanium dioxide provide 

opacity and long durability, it helps to make sure longevity of 

the paint and painted surface can be protected. 

D. Matrix: Vinyl Ester Resin (Poly vinyl ester) 

  
It can be used to reduce the shrinkage of the structure and can 

be used for hand lay up or other open mould manufacturing 

composite process application that need excellent corrosion 

resistant, tensile elongation and impact strength. To improve 

toughness of the structure. To reduce viscosity 

III. FABRICATION METHODOLOGY 

Sl 

No 

Matrix: 

Vinyl 

Ester 

Composites 

Fabrics 

Filler: 

Titanium 

dioxide 

Composite 

in % 

1 45% 55% - 100 

2 43% 55% 2% 100 

3 41% 55% 4% 100 

Table 1: Composition of Composite Materials 

A. Steps carried out in fabrication process (0% Filler 

Material) 

1) Step 1: Selection of reinforcement and fibers 

In our investigation we have used glass and basalt fiber 

(bidirectional) and both fibers are cut into 6 pieces of 

dimensions 300 x 120 mm to make fabricated specimen as 

per ASTM standards. 

2) Step 2: Selection of matrix material 

Take 120 grms of polyvinyl ester resin as the matrix. 

3) Step 3: Take clean bowl add below following items 

 Add 120 grms of Matrix (polyvinyl ester) 

 Add  2% (~123 grms) of Accelerator 

 Add 2% (~125 grms) of Promoter 

 Add 3% (~130 grms) of Catalyst  

Mix (Stir) it well until the colour changed to green colour 

4) Step 4: Fabrication technology using vacuum bag 

process 

 Place the basalt fiber on laminates plies and properly 

apply mixed matrix with filler material on basalt fiber 

and allowed few seconds later placed the glass fiber on 

mixed agents and repeat same until 6th layer of glass 

fiber. 

 Ensure there is no gap formation between the layers 

during vacuum bag process. 

 Place perforator film and breather material /cots on the 

layer/composite. 

 Apply stiffener around the composite and covered with 

anabond sealant. 

 Allow few minute after dried completely takeout the 

composite material. 

 Cut/Machine the fabricated composite material as per 

ASTM standards. 

 
Fig. 5: Fabricated sample prepared by Vacuum bag process 

technique 

B. Steps carried out in fabrication process (With Filler 

Material) 

1) Step 1: Selection of reinforcement and fibers 

In our investigation we have used glass and basalt fiber 

(bidirectional) and both fibers are cut into 6 pieces of 

dimensions 300 x 120 mm to make fabricated specimen as 

per ASTM standards. 

2) Step 2: Selection of matrix material 

Take 120 grms of polyvinyl ester resin as the matrix. 

3) Step 3: Selection of filler materials  

Take 2% of Titanium dioxide (Tio2) powder. 

4) Step 4: Take clean bowl add below following items 

 Add 120 grms of Matrix (polyvinyl ester) 

 Add 2% (~125 grms) of Titanium dioxide (Tio2) 

 Add  2% (~123 grms) of Accelerator 

 Add 2% (~125 grms) of Promoter 

 Add 3% (~130 grms) of Catalyst  

Mix (Stir) it well until the colour changed to green colour. 

5) Step 5: Fabrication technology using vacuum bag 

process 

 Place the basalt fiber on laminates plies and properly 

apply mixed matrix with filler material on basalt fiber 

and allowed few seconds later placed the glass fiber on 

mixed agents and repeat same until 6th layer of glass 

fiber. 

 Ensure there is no gap formation between the layers 

during vacuum bag process. 

 Place perforator film and breather material /cots on the 

layer/composite. 

 Apply stiffener around the composite and covered with 

anabond sealant. 

 Allow few minute after dried completely takeout the 

composite material. 

 Cut/Machine the fabricated composite material as per 

ASTM standards. 

 
Fig. 6: Fabricated sample prepared by Vacuum bag process 

technique 
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IV. EXPERIMENTAL TESTING 

A. Tensile Test 

Tighten the lower jaw grip family so that our specimen is 

secure within the grip. Apply the load gradually in steps, the 

load and curve graph is plotted on the display of the computer. 

The gauge length is 50mm between the grips in a tensile test. 

On slowly applying the load gradually and the specimen 

breaks, at one particular point (peak load). Now stop the cross 

head return the holding grips to its initial position. 

The data of load v/s displacement, stress v/s strain is 

recorded.  

 
Fig. 7: Without filler material 

 
Fig. 8: 2% Titanium dioxide Filler material 

 
Fig. 9: 4% Titanium dioxide Filler material 

B. Compression Test 

For Compression trail the specimen will gripped in the testing 

machine, plus apply the load until the fracture will take place, 

ASTM D3410, is used for measure how much compressive 

force required to break the sample, In this trial material will 

reaches its ultimate strength limit both stress plus strain will 

be obtained, plus other parameters like compressive strength, 

yield stress obtain all these data will be helpful for design the 

structure. 

 
Fig. 11: without Filler material 

 
Fig. 12: 2% Titanium dioxide Filler material 

 
Fig. 13: 4% Titanium dioxide Filler material 

C. Flexural/Bending Test 

For flexural test of the sample were carried out by using three 

point technique sample is supported at the both the end plus 

weight applied vertically on the specimen until the fracture 

and ASTM D790, is used for measure how much vertical 

force required to break the specimen. 

 
Fig. 14: without filler material 

 
Fig. 15: 2% Titanium dioxide filler material 

 
Fig. 16: 4% Titanium dioxide filler material 

V. RESULTS AND DISCUSSION 

Samples 

(Wt. %) 

Tensile 

Strength 

Mpa 

Compression 

Strength 

Mpa 

Bending 

Strength 

Mpa 

0% 

filler 
87.32 111.87 47.27 

2% 

filler 
74.89 81.32 39.58 

4% 

filler 
77.37 97.27 40.37 

Table 2: Test Specimen Results 

From the above table shows that composite with 0% Titanium 

dioxide filler in case of tensile test and bending/ flexural test 

will give more strength than other two filler materials. 

A. Tensile Test 

 
Fig. 17: Stress vs Strain 

 
Fig. 18: Load vs Displacement 
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Results: In the above graph figure shows stress v/s strain and 

from these graphs we obtain 87.32 Mpa, Ultimate tensile 

strength with maximum load of 6.28 kN for 0% filler with 

tab. 

B. Compression Test 

 
Fig. 19: Load vs Displacement 

Results: In the above graph figure shows load v/s 

displacement and from these graphs we obtain 111.87 Mpa, 

Ultimate compression strength with maximum load of 4.02 

kN for 0% filler.  

C. Flexural/Bending Test 

 
Fig. 20: Load vs Displacement 

Results: In the above graph figure shows load v/s 

displacement and from this graph we obtain 47.27 Mpa, 

Bending strength with maximum bending load of 1.80 kN for 

0% filler.  

VI. CONCLUSION 

The hybrid composite of basalt and glass fiber have better 

properties than that of the individual fiber. Excellent 

application for large vertical walls and deep draws. Deep tub 

or boxlike shapes such as housings for industrial electrical 

equipment, large, smooth components such as automobile 

hoods and truck roofs. The cost will be less compared to other 

hybrid composite materials. 

VII. FUTURE WORKS 

Mechanical properties can be improved by increasing the 

thickness/weight of fiber (Glass and basalt fibers). The 

unidirectional glass/basalt fibers can be used for hybrid 

composite. Non uniform directional glass/basalt fiber can be 

used for hybrid composite.  
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