
 
 
 
 
 
 

J. Mech. Cont.& Math. Sci., Vol.-15, No.-2, February (2020)  pp 310-317 

Copyright reserved © J. Mech. Cont.& Math. Sci. 
Rakshit S et al  

 
 

310 
 

SYNTHESIS AND CHARACTERIZATION OF HYBRID 
BIO-EPOXY COMPOSITE 

 
Rakshit S1, Vaishnavi Shrivatsa V2, Shamanath K3, Prashant Shrivastava4 

 
1,2,3,4Department of Mechanical Engineering, Vidyavardhaka College of 

Engineering, P.B. No.206, III Stage, Gokulam, Mysuru, Karnataka, India 
 

1rakshith.siri11@gmail.com, 2vaishnavisrivatsa @gmail.com, 
3shamanthkumar1299@gmail.com, 4prashant.shrivastava@accendere.co.in 

 

Corresponding Author: Prashant Shrivastava 

 

https://doi.org/10.26782/jmcms.2020.02.00027 

Abstract  

A composite material is a combination of two or more materials arranged in 
the form of layer one on the other layer using binding material through some 
prescribed methods. The Bio-epoxy composite is prepared by hand layup method 
using Bio-epoxy, natural fiber, and particulate here we discuss the properties and 
characterization of the composite such as reaction with moisture content in soil, 
degradability and reaction with water. In this paper, the moisture absorption rate as 
a function of time is discussed with reference to the Bio-epoxy prepared. The matrix 
structure is the same as that of any composite but the reinforced material used is the 
hybrid being the natural epoxy. The bio epoxy hybrid composite is having high 
moisture absorbing capacity which leads to low flexibility in the specimen. The 
natural fiber used here as well as the particulate is readily degradable in soil when 
exposed to a specific time. The matrix reinforced hybrid composite used here is 
flexible in its very nature indicating its adaptability to various uses. The composite is 
eco-friendly. There is also a comparison between the traditional epoxy and the bio 
composites to check the time required for degradation. The usage of these bio 
composites makes the surrounding less harmful and it also cost-effective. There was 
also a test conducted for bio composites with water and soil for 72 hours. The natural 
fibers used havea high affinity for water therefore degradation easily takes place 
along with reinforced particulate material that is Tulsi seeds. In this article synthesis 
and characterization of hybrid bio-epoxy composite, and the reaction of these 
composites in wet environmental conditions are discussed. 

Keywords: Green Composites, Areca fiber, Ocimumtenuiflorum (Tulsi) seeds, bio 
epoxy, degradation 

I.      Introduction 

Among the materials used in the preparation of composite, most of them are 
thermoset type. This type of epoxy is used in industries like aerospace, smart coatings 
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and automotive. Even though these synthetic non-biodegradable materials have wide 
applications but in contrast, they are not eco-friendly. Therefore, in the future, there 
will be a replacement of this non-bio degradable composite by green composite 
which is degradable, sustainable and recyclable. In the process of preparing these bio 
composites, there is no sign of hazardous chemical release. Now, this bio composites 
consists of bio epoxy as matrix material and seeds and natural fibers as reinforcement 
material [I]. 

Now, these composites have grown widely for the past few years as they can be used 
as a substitute for non-renewable plastic, but this advantage also has a setback with 
the environment as this composite is also non-renewable, non-biodegradable and non-
recyclable. Composites have additional major issues like an allergic reaction and 
disorder like scleroderma .this property of epoxy is due to the usage of epoxy-resin 
which contains hazardous chemicals like epichlorohydrin and diaminediphenyl 
sulfone (DDS) usage of these chemicals make the epoxy to be carcinogenic in nature 
that is it induces cancer cells in living beings. Chemicals like epichlorohydrin and 
diaminediphenyl sulfone are used to increase the shelf-life of the epoxy resin. The 
normal half-life of a composite as per regulations and standards is three years for 
resins and two years for handers (It can use as catalyst or reactant in the chemical 
reaction during the mixing process). Therefore, the composite would take a longer 
period of time to degrade. The usage of non-biodegradable and hazardous epoxy 
resins is non-recyclable and the usage of fiber in the composite as reinforcement 
material is not eco-friendly [II] [III]. 

The need for an eco-friendly, recyclable, non-toxic, sustainable and compostable 
composite is much needed to replace the pre-existing traditional carcinogenic epoxy 
resin (epoxy composite). The green composites can be easily manufactured and can 
replace the preceding resins or epoxy with eco-friendly green composites. These 
green composite materials are mainly made up of bio-epoxy and natural fibers these 
bio-epoxies are synthesized by renewable plant resources such as starch, linseed oil 
and by-products of oil. This green composite can be prepared by using Gallic and 
vanillin acids synthesis of bio-based epoxy resin and cashew nut shell liquid. The 
processes that can be used to prepare bio-epoxy possess some disadvantages like low 
mechanical properties, low thermal stability. Therefore, to increase the mechanical 
properties and thermal stability of the bio epoxy composites curing agents (it is used 
for molecular bonding and this is coated on the surface) can be used. Examples of 
curing agents are polyamines, amines, aromatic amines, and amine derivatives but 
these agents are highly toxic in nature [IV]. 

The main property of green composite is its ability to absorb moisture or swell. This 
occurs to the presence of cellulose in the composite which is existing in the plant 
extract the flow of moisture or absorption occurs due to the presence of gaps in the 
microstructure of the plant (fiber or base used) and the air gaps are created during the 
preparation of the composites. This water absorption rate is low in traditional epoxy 
composite and due to this low absorption properties it will not degrade easily [V] 
[VI]. 
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As deliberated about the low mechanical and thermal properties of the green 
composites. Now this disadvantage can be nullified by the addition of acetic acid 
which helps the starch used to dissolve easily and also glycerin acts as a plasticizer. 
The bio-epoxy prepared is treated with a pure hardener in the ratio of 3:1 to get the 
required properties such as optimum brittleness. In the process of preparation of this 
green composite areca fibers and Ocimumtenuiflorum (seeds of Tulsi) are used as 
reinforcement material [VII]. 

Due to these compact advantages of the bio epoxy composite, it has few advantages. 
That is, they can be used in food manufacturing industries for packing the eatables, 
making of toys and could a replaceable material for lightweight non-degradable 
composite or plastics like use and throw plates, polythene bags, pen body, straw. 

II.    Literature Survey 

This paper gives an outline view of the developments made within the field 
of biodegradable composites, in phrases of the market, processing strategies, matrix–
reinforcement structures, morphology, properties and product improvement. Some 
important troubles and tips for future work are discussed, underscoring the jobs of 
materials scientists and textile engineers for the destiny of these new “inexperienced” 
substances via value addition to decorate their use [VIII] [IX]. 

This work is focused on analyzing the overall enactment of recycled newspaper and 
recycled newspaper/glass fiber hybrid polypropylene composites. The consequences 
of glass fiber loading and maleic anhydride (MA) as a linking agent at the tensile 
strength and impact behavior of composites having 30 wt. %fiber were tested. The 
outcomesindicate that the tensile properties of the recycled newspaper/PP composites 
boom with growing glass fiber content. A cost of 55 MPa for tensile strength and 4.1 
GPa for the tensile modulus is accomplished from a hybrid composite containing 10 
wt. % of newspaper and 20 wt. % of glass fiber. The impact power of the 
newspaper/PP composites gradually reduced with increasing glass fiber content. In 
addition (MA) by 2 wt. % in the composite method substantially advanced both the 
dimensional balance and mechanical properties.Microstructure evaluation of the 
rupturedplanes of changed composites showed an advanced interfacial 
relationship.This development has shown that the composites handled with glass fiber 
and combinationmediators may be acceptable as building substances as a result of 
their progressed stability and strength [X]. 

In this work, hybrid composite materials had been made by the mixture of recycled 
newspaper fiber (RNF) and poplar wood flour (PWF) as strengthening, recycled 
polypropylene (RPP) as a polymer matrix, and maleate polypropylene (MAPP) as 
combination mediator, by injection molding. The results of weight elements of fibers 
and combination mediator deliberation at the physical properties of the composites in 
relationships of water absorption and thickness were considered. Composites having a 
better fraction of RNF presented high water absorption through the complete length 
of immersion. This effect may be described by way of the existence of an excessive 
amount of halo-cellulose offerings in the RNF, as compared with the PWF. In 
addition to MAPP presented a positive impact on each the water absorption and 
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thickness swelling via enhancing the great of adhesion among polymer and fibers 
[XI]. 

In this present research oil palm, empty fruit bunches (EFB) fiber, and jute fiber has 
been used as reinforcement and epoxy as a polymer matrix in a hybrid composite 
material. In this work examine the effects on the physical properties of oil palm 
EFB-Epoxy composites by the jute fiber hybridization and various layering 
arrangement. The thickness swelling and water absorption test indicates that the 
hybrid composite's absorption rate is 11.20% for hybrid EFB-JUTE-EFB and 6.08% 
for JUTE-EFB_JUTE composite. The water absorption and thickness swelling rate 
is affected by the layering pattern. The hybrid composite offered high resistance to 
water and more stability as compared to pure EFB composites. To improve the 
stability and density of pure EFB the hybridization of oil palm EFB composite 
combined with jute fiber is provided better results as compared to other composites 
[XII]. 

The demands of natural fiber composites (NFC) increasing day by day due to its 
extraordinary properties compared to other materials. Most of the researchers are 
working on this material to improve mechanical behavior and enhance the capability 
to increase the application of this material into the various field. The main objective 
of this work to discuss the different factors that will help to increase the mechanical 
behavior of NFCs and various achievement made with them [IX]. 

In this work, we have discussed the flam retarded form of the composite material by 
using natural hemp fabric reinforced epoxy resin.  Three different types of treatment 
discussed here: first treatment method is too involved the immersion of preheated 
fabric by phosphoric acid solution and subsequent normalization. The second 
treatment is a reactive modification with an aminosilane type bonding agents. The 
third treatment is combined with the sol-gel surface coating with the first treatment. 
The phosphorus is responsible for reducing the flammability of hemp fabrics and also 
for epoxy composites. The amine type phosphorus-containing curing agent 
combination with treated fabrics helps to achieve the V-o UL-94 rating. The simple 
phosphorus fiber with reactive flame retardancy is responsible for significantly 
improved in statically and dynamic mechanical properties  

In this paper,theauthors reported the comparative examination of bio composites and 
wood-based composite and also discussed the physical and mechanical properties and 
water absorption behavior. The water absorption rate and thickness swelling rate of 
bio-composite slightly increased but also negligible with the others. The mechanical 
properties of bio-composite are slightly decreased compare to others but it’s 
significantly suitable for the bathroom interior, wood decks and food packaging etc. 
[XIII]. 

This work is focused on the bio-composites from renewable energy sources like the 
plant, animal-based fiber-reinforcement polymer and create an important design of 
manufacturing for all the industries. The application of natural fibers, bio-degradable 
composites and bio-reusable material in the field of medical and engineering is 
discussed and also report the potential in future development [XIV]. 
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In this paper, the authors reported a comparative life cycle assessment between bio-
based epoxy by the eco-sandwich method and natural fiber against traditional 
sandwich methods and also find out which is more eco-efficient for the application in 
naval, automotive and building sectors. After comparison, the life cycle assessment of 
bio-based polymer significantly better in terms of environmental impact and energy 
use compared to other petroleum-based materials [XV]. 

III.    Materials and Methodology 
Bio epoxy:  

The bio epoxy used here is a product of starch (corn), glycerin (C3H8O3) and 
acetic acid (CH3COOH). This is biodegradable in nature with high viscosity, density 
and it can be used with various hardeners. They have better-manufacturing flexibility, 
adhering ability and, major fragmentation and high degradation. There is major 
osmosis. 

Areca Fibers and Tulsi Seeds 

Areca fibers are extracted by bast cells method and areca fiber is used for its 
high strength and has moisture-absorbing capacity due to the presence of 
hemicellulose (35-64%). Tulsi seeds are used as particulate reinforcement material. 
We can also use other seeds like capsicum frutescent, Cucumissativus(cucumber).  
The average germination period of seed under suitable conditions will around 5-10 
days  

Preparation    
The composition of bio-epoxy and reinforcement material is given in the 

tables respectively 

Table 1: Composition of Bio Epoxy 
 

 

 

 

 

The bio epoxy is prepared by hand lay method. As mentioned in table 1 the bio epoxy 
is a mixture of starch, water, acetic acid and glycerin in the following percentage that 
is 60%, 20%, 15%and5%.  

Table 2: Composition of the Bio Composite 

Composition of green 
composites 

Composition of bio-
epoxy (%) 

Bio epoxy 70% 
Areca fibre 20% 
Tulsi seeds 10% 

Now, this mixture is prepared by the heating process with constant stirring for 15 
minutes until a thick viscous and dense mixture is obtained. 

Composition Percentage (wt%) 
Starch (corn) 60% 

Water 20% 
Acetic acid 15% 

Glycerine 5% 
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In the preparation of these
fiber and particulate reinforcement that is the 
Now, these green composites are prepared by traditional h
its low cost, simple, efficient manufacturing method with no size limitations, and 
produce high glass surface finish on both sides. This composite consists of the 
following layer that is bio epoxy, T

IV.    Results and Discussion 

The following analysis was carried out during the test, two standard
specimens of 5x5 cm2 
seeds. This specimen was subjected to 

To test the rate of water absorption, the specimen was dipped in water to observe the 
swelling of the bio-epoxy composite and it was observed that 
absorption in bio-epoxy was higher than that of traditional epoxy
group which is present in the bio
consists of cellulose which attracts hydrogen molecules causes a change in the 
physical properties of the bio
composite decreases as the absorption rate of water increase
analyzed and measured every 12 hours and the observations were noted down which 
showed that there was significant change is the size of 
shown in figure:1.There is 
subjected to water for 72 hours which was 
fragments of bio composites

     Fig. 1: Soil (Degradation) Test for Bio Epoxy and traditional Epoxy

The other specimen was tested with soil. During this process
buried in the soil of 10 x 10 cm
hours experimental observatio
bio composite due to the heat generated and moisture content in the soil. This way the 
degradation happened faster with 
the observations. 

When the above test was conducted for pure epoxy to check the time of degradation. 
The bio epoxy composites degrade faster than the pure epoxy. This is due to its non
degradable nature. Therefore, when the pure epoxy was subjected to the water test 
and soil test there was no significant change in the area. The mechanical properties 
almost remained the same. It is found that 
traditional epoxy and 20% 
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esebio composites, we include natural fiber that is the areca 
and particulate reinforcement that is the Ocimumtenuiflorum (T
these green composites are prepared by traditional hand lay process because of 

its low cost, simple, efficient manufacturing method with no size limitations, and 
produce high glass surface finish on both sides. This composite consists of the 

is bio epoxy, Tulsi seed, natural fibers and bio epoxy. 

iscussion  

The following analysis was carried out during the test, two standard
 were prepared with reinforcement of areca fib

seeds. This specimen was subjected to the water test and soil test separately.

To test the rate of water absorption, the specimen was dipped in water to observe the 
epoxy composite and it was observed that the rate of water 

epoxy was higher than that of traditional epoxy because of 
group which is present in the bio-epoxy. That is this bio epoxy which primarily 

of cellulose which attracts hydrogen molecules causes a change in the 
physical properties of the bio-epoxy such as mechanical strength and flexib
composite decreases as the absorption rate of water increases. The specimen is 

ed and measured every 12 hours and the observations were noted down which 
showed that there was significant change is the size of the bio-epoxy composite as 

:1.There is a reduction in the area of the bio composite
subjected to water for 72 hours which was analyzed for every 12 hours we could see 

bio composites which indicate a decrease in area.  

(Degradation) Test for Bio Epoxy and traditional Epoxy

The other specimen was tested with soil. During this process, the bio composite
buried in the soil of 10 x 10 cm2. This test was carried out for 72 hours and every 12 
hours experimental observations were noted down. There was a fragmentation of the 

due to the heat generated and moisture content in the soil. This way the 
degradation happened faster with fewer fragments left at the end. Refer to 

bove test was conducted for pure epoxy to check the time of degradation. 
The bio epoxy composites degrade faster than the pure epoxy. This is due to its non
degradable nature. Therefore, when the pure epoxy was subjected to the water test 

re was no significant change in the area. The mechanical properties 
almost remained the same. It is found that the water absorption rate is 3% 
traditional epoxy and 20% - 30% in bio epoxy and the water absorption rate increases 
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that is the areca 
Tulsi) seeds. 

and lay process because of 
its low cost, simple, efficient manufacturing method with no size limitations, and 
produce high glass surface finish on both sides. This composite consists of the 

s and bio epoxy.  

The following analysis was carried out during the test, two standard-size 
prepared with reinforcement of areca fiber and tulsi 

and soil test separately. 

To test the rate of water absorption, the specimen was dipped in water to observe the 
rate of water 

because of the polar 
epoxy. That is this bio epoxy which primarily 

of cellulose which attracts hydrogen molecules causes a change in the 
epoxy such as mechanical strength and flexibility of the 

. The specimen is 
ed and measured every 12 hours and the observations were noted down which 

epoxy composite as 
bio composite which was 

for every 12 hours we could see 

 

(Degradation) Test for Bio Epoxy and traditional Epoxy 

bio composite was 
. This test was carried out for 72 hours and every 12 

fragmentation of the 
due to the heat generated and moisture content in the soil. This way the 

to figure 2 for 

bove test was conducted for pure epoxy to check the time of degradation. 
The bio epoxy composites degrade faster than the pure epoxy. This is due to its non-
degradable nature. Therefore, when the pure epoxy was subjected to the water test 

re was no significant change in the area. The mechanical properties 
water absorption rate is 3% - 4% in 

30% in bio epoxy and the water absorption rate increases 

epoxy



J. Mech. 

Copyright reserved © J. Mech. Cont.& Math. Sci.
Rakshit S et al  

 

with the increased usage of natural fib
and bio epoxy is shown in figure 1 ad figure 2 for the respective test that is the water 
test and soil test. 

Fig. 2: Water Test for Bio Epoxy and traditional Epoxy

V.   Conclusion  

The following tests were conducted on two specimens of standard size of 5 x 
5 cm2 and specification were prepared and tested with soil and water to determine the 
rate of degradation of the specimen and the data were achieved and studied. 

The following conclusion can be observed here:

 Bio-epoxy showed higher water absorption rate and decrease in mechanical 
strength  

 The moisture-absorbing rate is low in case of pure epoxy 
 The degradability of the specimen was found out to be between 5 to 6 days 

in soil  
 The use of pure epoxy in the test gave an insight that it does not easily 

degrade neither in water nor in the soil.
 After the degradation of the composite

unaltered and was out to enter the environment for germination.
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Water Test for Bio Epoxy and traditional Epoxy

The following tests were conducted on two specimens of standard size of 5 x 
and specification were prepared and tested with soil and water to determine the 

rate of degradation of the specimen and the data were achieved and studied. 

he following conclusion can be observed here: 

epoxy showed higher water absorption rate and decrease in mechanical 

absorbing rate is low in case of pure epoxy  
The degradability of the specimen was found out to be between 5 to 6 days 

The use of pure epoxy in the test gave an insight that it does not easily 
degrade neither in water nor in the soil. 
After the degradation of the composite, the reinforced particulate was 
unaltered and was out to enter the environment for germination. 
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