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Abstract: This research aims to study the tensile property of
sansevieria cylindrica reinforced biochar tailored vinyl ester
composite (SCBVC) using non-linear regression model, and
theoretical model with the empirical tensile properties. Biochar is
a carbon rich material produced from the biomass during slow
pyrolysis process. In our research wood waste was used to prepare
a biochar and influence of biochar particulate loading on the
tensile property of the sansevieria cylindrica reinforced vinyl ester
composite was studied. Biochar loading up to 6 wt. % showed an
increase in tensile properties beyond which tensile properties
tends to decrease due to agglomeration of biochar particulate.
Empirical results were in good correlation with the theoretical
models. SEM micrographs showed the failure mechanism of the
tensile tested SCBVC.

Assumption was made that stress is uniform between the fibre
and matrix in case of series model so as to get good
correlation between the experimental and theoretical models
[5]. Developed models were able to overestimate the
properties of the material under study. Thus, it can be utilized
by the composite designers to make more appropriate
fabrication methods [6]. Among the mechanical properties of
the composite materials tensile strength is the most significant
for engineering components and structures [7]. Vinyl ester
acts as intermediate between the polyester and the epoxy resin
which covers the advantages of epoxy resin like good
mechanical and thermal properties and low cost and easy to
cure like polyester resins [8]. Alkali treatment was done to the
sansevieria cylindrica fibres to enhance the mechanical
property and thermal degradation of the composite
incorporate sansevieria cylindrica as reinforcement [9-11].
Our research focuses on the evaluation of tensile property of
the sansevieria cylindrica reinforced biochar tailored vinyl
ester composite (SCBVC) experimentally. Three theoretical
models were used to forecast the tensile property of the
fabricated SCBVC and the correlation between the predicted
and the experimental were evaluated. SEM micrographs were
taken to study the failure mechanism on the tensile tested
SCBVC samples.
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I. INTRODUCTION

In recent years it has become necessary to find an effective
way dispose or utilize the waste since it can be a major threat
in polluting the environment. Especially, huge quantity of
wood waste nearly 15 million tonnes were burned for disposal
purpose every year in India. Biochar is a carbon rich material
produced during slow pyrolysis of biomass. It has become
important now a days to model and simulate the
polymer-based composite because of its need in development
of these material in engineering applications [1]. Two
analytical micromechanical model namely series model and
Hirsch model were used to predict the tensile properties of the
tamarind fruit fibre reinforced polyester composite [2].
Generally, these theories can be classified into two major
types depending on the rigidity of the matrix material.
Parallel, Series, Hirsch, Halpin Tsai Models comes under
rigid polymer matrices [3, 4].

II. MATERIALS AND METHODS
A. Materials
Matrix material used for this research is Vinyl ester resin
commercial grade VBR 2303 which was purchased from
Vasavibala chemicals private ltd. Chennai India. Reinforcing
material is sansevieria cylindrica fibre procured from a
commercial seller in Coimbatore, Tamil Nadu. Sansevieria
cylindrica was cut to 40 mm length and treated with 5 %
NaOH for a period of 2 hours. Biochar particle is prepared
from wood waste by slow pyrolysis process at 600 ºC
temperature. Wood waste is collected from the saw mill
industries near Rajapalayam, Tamil Nadu, India. The biochar
particle after slow pyrolysis process is ball milled to maintain
the uniformity in the particle size. Average particle size of the
ball milled biochar is 413 nm.
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B. Composite Fabrication
Biochar filled Vinyl ester composite were fabricated by
solution dispersion method by varying the biochar wt. %.
Using glass mould biochar filled vinyl ester composite were
fabricated. Sansevieria cylindrica reinforced wood waste
biochar tailored vinyl ester composite was fabricated using
compression moulding. Steel moulds were used for preparing
the composite plates with dimensions 300 x 130 x 3 mm.

Fig. 1: Tensile properties of BVC

C. Tensile Test
Fabricated composite plates were cut according to ASTM D
3039 standards and tested in universal testing machine to
determine the tensile properties of the composite materials.
D. Theoretical Models
Theoretical models namely Series model, Hirsch model and
Halpin Tsai model were used to forecast the tensile property
of the sansevieria cylindrica material. Empirical tensile
properties were correlated with the theoretical models to
evaluate the agreement between the forecast and empirical
tensile properties.

Fig. 2: Tensile Properties of SCBVC
Addition of biochar particulate to the vinyl ester matrix
material to certain weight percentage improves the tensile
properties of the composite. This proves the significance of
wood waster biochar particulate as the filler material to
improve the strength and stiffness of the composite material.
Presence of high content stable carbon in the prepared wood
waste biochar will be the reason for the improves strength and
stiffness of composite material incorporating biochar as filer
material.

E. Scanning Electron Microscopy
Zeiss EVO 18 research scanning electron microscope (SEM)
was used to determine the failure mechanism on the tensile
tested sansevieria cylindrica reinforced biochar tailored vinyl
ester composite.
III. RESULTS AND DISCUSSIONS
A. Tensile Properties of Biochar tailored vinyl ester
composite with and without reinforcement
The tensile properties of the biochar filled vinyl ester
composite (BVC) and sansevieria cylindrica reinforced
Biochar tailored vinyl ester composite (SCBVC) were plotted
in the graphs shown in Fig. 1 and Fig. 2. It is observed from
the graphs that tensile strength tends to increase as the biochar
wt. % increases till 4 wt. % beyond which tensile strength
keeps falling. Tensile modulus of the composites also behaves
similarly to the tensile strength for both the composite with
and without sansevieria cylindrica. 4 wt. % biochar content to
the vinyl ester composite increases the tensile strength and
tensile modulus by 33.17 % and 31.37 % for BVC and 33.76
% and 20.27 % for SCBVC. Maximum tensile strength and
tensile modulus of 59.07 MPa and 0.89 GPa was observed for
the 4 wt. % SCBVC material.

B. Theoretical Models to predict the tensile strength and
tensile modulus of the SCBVC
To predict the tensile properties of the SCBVC three most
effective models namely Series, Hirsch and Halpin Tsai were
used in our research. Series model to determine the tensile
properties of the SCBVC is as follows,
(1)

(2)
Equation (3) & (4) shows the Hirsch model to evaluate the
tensile properties of the SCBVC. In equation (3) & (4) is
the efficient stress transfer factor which theatres a minor role
in predicting the tensile strength and taken as 0.01. Best fit
between the empirical and theoretical values can be achieved
only when the value of is 0.01.
(3)
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𝑀𝑆𝐶𝐵𝑉𝐶 = 𝑥 𝑀𝑚 𝑉𝑚 + 𝑀𝑓 𝑉𝑓 + (1 − 𝑥)

𝑀𝑓 𝑀𝑚
𝑀𝑚 𝑉𝑓 + 𝑀𝑓 𝑉𝑚
(4)

T & M in equation (1), (2), (3) & (4) denotes the tensile
strength and the tensile modulus of m- matrix material; f- fibre
material and SCBVC- composite material.
Halpin Tsai Model for calculating the tensile strength and
tensile modulus of the composite is conferred as,
(5)

(6)
Fig. 3(B): Correlating Empirical Tensile Modulus with
the Theoretical Models
(7)

Whereas in case of the tensile modulus the Hirsch Model
gave good correlation with the empirical model and the fit
goes like Hirsch Model > Series Model > Halpin Tsai Model.
It was also noted that similar trend was seen on the rise and
fall of the tensile strength as well as tensile modulus for the
predicted and the empirical values.

(8)

T & M in equation (5), (6), (7) & (8) denotes the tensile
strength and the tensile modulus of m- matrix material; f- fibre
material and SCBVC- composite material. η is the stress
partitioning factor which can be calculated from equation (8),
A is the reinforcing efficiency which is maintained as 0.1. Fig.
3(A) & (B) shows the correlation between the predicted
tensile strength and modulus from three theoretical models
and the empirical values of the sansevieria cylindrica
reinforced biochar tailored vinyl ester composite. The tensile
strength predicted from the Series Model showed very good
correlation with empirical values compared to the other
models and the fit goes on like Series Model > Halpin Tsai
Model > Hirsch Model.

C. Scanning Electron Microscopy Analysis
Tensile tested samples were analysed for its failure under
scanning electron microscopy. Fig. 4 reveals the various
failure mechanism on the tensile tested specimens of the
SCBVC material. It was observed that 4 wt. % wood waste
Biochar filled composite material has better bonding strength
than the unfilled composite resulting in improved tensile
properties of the composites.
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Fig. 4(A): SEM Micrograph of Tensile tested SCBVC
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Fig. 3(A): Correlating Empirical Tensile Strength with
the Theoretical Models
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The following conclusions were made from the evaluation on
the tensile property of the SCBVC.
 Tensile properties increase as the biochar content
increases till 4 wt. % and decreases as the biochar
content goes beyond 4 wt. % due to agglomeration.
Also, there was an increase of 33.76 % and 20.27 % in
tensile strength and tensile modulus compared to the
unfilled composite.
 It was inferred from the predicted values of the
theoretical models that tensile strength and tensile
modulus determined empirically were in good
agreement with the theoretical models.
 SEM micrograph reveals that 4 wt. % wood waste
biochar filled composite has good interfacial adhesion
between fibre and matrix material compared with the
unfilled composite.
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