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Abstract Recycling of materials effects the environment and thus greater impetus is being given to develop materials like
biodegradable composites from renewable sources. A biodegradable composite is made up of natural reinforcements and
matrices that are environment friendly. Natural reinforcements in matrices that are biodegradable have several advantages
like reasonably good specific modulus, low cost and abundant availability in comparison to synthetic reinforcements. In this
study areca frond fibres are reinforced with calcium carbonate and rubber latex as binders, starch, and water, vinegar as base
material and glycerol as plasticizer. Matrix ingredients included corn starch (15-30 g), water (30-60 g), vinegar (5-10 g),
calcium carbonate (5-10 g), rubber latex (5-10 g) and glycerol (10-20 g). A fusion of hand layup and compression moulding
technique was used to prepare composite panels. Taguchi method is an optimization technique to reduce number of desired
experiments while maintaining quality of data collected and for finding the significance of various factors and their levels
which affect the response. Taguchi method with Lg orthogonal array with six factors and two levels combination was used for
experimentation. Specimens for the flexural tests were cut out from the prepared panels and tests were performed in
accordance with ASTM standards. Maximum flexural strength of 48.54 MPa was obtained with a combination of corn starch
(30 g), water (30 g), vinegar (10 g), calcium carbonate (10 g), rubber latex (5 g) and glycerol (20 g). Analysis of variance
(ANOVA) was performed on the obtained data and S/N (signal to noise) ratios for larger the better quality characteristics was
calculated. Results indicated that rubber latex has the maximum effect (33.18%) on flexural strength of the biodegradable
composites followed by corn starch, vinegar, calcium carbonate, glycerol and water.
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shape like circular, oval was determined by optical laser
1. Introduction beam equipment for tensile testing. Picnometric procedure
was adopted for measuring density and percentage moisture.
Rajan et al. [3] subjected areca nut husk fibres to bio
softening so as to reduce the lignin content of the fibres thus
facilitate better fibre strength properties. Padmaraj N H et al.
[4] studied and compared the tensile behaviour of untreated
areca nut fibres with that of wheat flour, sugar, and jaggery
treated fibres.

R P Swamy et al. [5] fabricated composite laminate based
on areca fruit fibres with different composition of phenol
formaldehyde using hydraulic hot press technique. Tensile
strength, bending strength, moisture absorption test and
biodegradability were assessed. Ming Qiu Zhang et al. [6]
investigated the properties of sisal fibre / plasticized wood
flour composites fabricated using hot press technique. The
variations in tensile, flexural, impact and thermal properties
of these composites were discussed.

A Varada Rajulu et al. [7] investigated the interfacial
bonding and mechanical properties of natural fibre
synayak@gmail.com (Suhas Y. Nayak) hildegardia populifolia reinforced partially biodegradable
Published online at http://journal.sapub.org/materials Styrenated pOIYeSter COInpOSiteS' The composites were
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Evolution of developing green composites is gaining
momentum and it has been a key alternative to fossil fuel
based materials. The concept of green composites is to
deliver the optimal functional requirements and maximize
performance of the blend. Composites thus manufactured
by natural fibres and environment friendly matrix are
extensively used due to its advantages like abundant
availability, ease of treatment for natural fibres, light weight,
low cost, high specific modulus and biodegradability.
Natural fibre characteristics vary with varying cultivation
conditions, the chemical constituents is mainly of cellulose,
lignin, pectin, hemicellulose, water soluble elements and
residual ash along with other organic materials [1].

K Murali Mohan Rao et al. [2] investigated the
cross-sectional shape, density and tensile strength of natural
fibres such as vakka, date and bamboo. The cross-sectional
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compression moulding technique. W L Lai et al. [8]
evaluated unsaturated polyester composites reinforced with
woven kenaf and betel palm fibres fabricated using vacuum
bagging technique to study its morphology, physical and
mechanical properties. Han-Seung Yang et al. [9]
investigated the water absorption and mechanical properties
of rice husk flour reinforced polyolefin bio-composites and
compared the results with solid woods composites,
medium-density fibreboard and commercial particleboard.

C V Srinivasa et al. [10] studied the interfacial bonding,
water absorption, tension, compression, bending, impact
and hardness aspects of alkali treated areca husk fibre
reinforced epoxy composites. A combination of hand layup
and hydraulic compression was used to fabricate the
composites. Xiaofei Ma et al. [11] studied the
bio-degradable composites made of polypropylene
carbonate reinforced with granular corn starch using screw
extrusion technique. Tests were conducted to study the
morphology, thermal properties and mechanical properties
of polypropylene carbonate /starch composites to examine
the effect of succinic anhydride.

Qiao Junjuan et al. [12] studied composites made from
poly ethylene- co-vinyl alcohol, poly propylene carbonate,
calcium carbonate and starch. Composites were fabricated
by melt blending technique and its thermal and
bio-degradable properties were examined. Dekun Zhang
et al. [13] studied the synthesis and characterization of
polyvinyl alcohol, nano-hydroxyapatite and natural silk
composite hydrogel using repeated freezing and thawing
method. Tests designed according to Taguchi’s orthogonal
array of experimentation were used to study stress
relaxation behaviour, water content, elastic modulus, and
creep characteristics of the composite.

K Majdzadeh-Ardakani and B Nazari [14] used melt
extrusion technique to fabricate thermoplastic starch/poly
vinyl alcohol/ clay nano-composites. The effects of the
constituents on clay intercalation and mechanical properties

were investigated based on the Taguchi experimental design.

Srinivas Shenoy Heckadka et al. [15] have studied the
flexural strength of the areca frond fibres reinforced with
starch, methylcellulose, and resorcinol based matrix
material. Fabrication techniques such as hand layup and
compressing moulding were adopted. Taguchi Lg
orthogonal array was used for experimentation.

Natural fibres such as vakka, date, bamboo, areca husk,
betelnut, sisal, Hildegardia populifolia, kenaf, areca frond
have been widely used as reinforcements in thermoplastic
and thermoset composites [2-15]. Phenol formaldehyde,
saw dust, polyester, epoxy, poly propylene carbonate/starch,
ethylene- co-vinyl alcohol/starch, calcium carbonate, corn
starch [5-15] have been extensively utilized as matrix
material.

Thus one of the prominent raw materials which are
renewable and used for the production of biodegradable
composites is corn starch which is gaining importance for

the development of green composites. Traditional
fabrication techniques such as hot pressing technique,
compression moulding, vacuum bagging [5-8], hydraulic
compression, screw extrusion technique, melt blending
technique, pneumatic pressing [10-15] have been widely
used.

Biodegradable composites prepared using natural fibres
and eco-friendly matrices demonstrate good mechanical
properties such as flexural, tensile and compression and can
be used in various applications such as dash board of a car,
locomotive seating side panels, small boat panels, civil
structures and light loaded furniture [16].

Natural fibre such as areca frond has not been studied to
a large extent. So the present study makes use of a
combination of hand layup and compression moulding
technique to fabricate areca frond fibres reinforced starch
based biodegradable composite. Flexural strength of the
biodegradable composite is determined and analysed by
using an optimizing technique.

2. Experimental Details

2.1. Fibre Extraction and Treatment

Areca fronds were obtained from local areca plantations.
The fronds were cleaned and immersed in water for 5 days.
The soaking process loosens the fibres in the fronds thus
making it easy to extract them using a wire brush [5]. Fibres
were repeatedly washed with fresh water to remove the
remaining flabby fibres and were allowed to dry at room
temperature. The dried fibres so obtained are termed as
“untreated fibres”. The extracted fibres were treated with 1
N solution of sodium carbonate. A volume of 15 times the
weight of the fibres was used for the treatment. Fibres were
treated by immersing them in an alkaline solution for 8 h
and drying them for 24 h, both at room temperature to get
“alkali treated fibres” [4]. Figure 1 shows the extracted and
treated areca frond fibres. Chemical composition of areca
frond fibres is hemi cellulose (35-64.8%), lignin (13-24.8%)
and ash (4-4.4%) [17].

Extracted and treated areca frond fibres

Figure 1.
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Figure 2.

Figure 3. Preparation of biodegradable matrix composites — (a) Mixed
constituents ready for compaction (b) Compacted Laminate

2.2. Matrix Preparation

Figure 2 shows the basic ingredients of the biodegradable
matrix. The matrix constituents namely, corn starch powder,
water and vinegar are weighed to the nearest 1mg. The
weighed constituents are mixed in a vessel using a magnetic
stirrer. Plasticizer and binders are added and stirred for 15
minutes. The mix is then transferred to a bowl and heated at
140°C. Heating is continued till it transforms to a semi-solid
state [S]. The fibres are added to the semi-solid mix, mixed
thoroughly and emptied in to a mould of dimensions 250
mm x 250 mm. The mix in the mould is spread evenly using
hand. Figure 3 shows the preparation of the composite. The
mix is compacted using a pneumatic press. The mould is
coated with a releasing agent to prevent sticking of the
composite. The composites are next cured in a steam heated
chamber at 85°C for duration of 24 h.

2.3. Taguchi Concept

Corn starch, water, vinegar, calcium carbonate (CaCoj),
rubber latex and glycerol were the factors considered for
this study. The factors and their levels are presented in
Table 1. Work carried out in the past, practical features and
screening test results were the basis for selecting the factors
and their levels. A standard Lg orthogonal array with six
factors and two levels for each factor was employed (Table
2). Response calculations are based on flexural strength.

Constituents of biodegradable matrix

Table 1. Selected factors and their respective levels

Factors Level 1 Level 2
Starch, A (g) 15 30
Water, B (g) 30 60
Vinegar, C (g) 5 10
CaCos, D (g) 5 10
Rubber Latex, E (g) 5 10
Glycerol, F (g) 10 20

2.4. Signal to Noise (S/N) Ratio

Taguchi design helps to identify control factors which
minimize variability in a process by reducing the effects of
factors which are uncontrollable. Such uncontrollable
factors are known as noise. Parameters that can be
controlled are referred to as control factors, while noise
factors are those which cannot be controlled during a
process but can be controlled experimentally. Experiments
based on Taguchi design often use a two-step optimization
process. In the first step, S/N ratio is used to determine the
control factors that minimize variability. In the second step,
control factors which bring the mean to target and that have
minimal or zero effect on the S/N ratio are identified.
Signal-to-noise ratio measures the variation of the response
(output) in relation to the target value under different noise
conditions. Out of the three quality characteristics, “larger is
better” is considered. Equation 1 gives its mathematical
expression.

S/N; = -10log (Z(1/Y,2)/N;) )

Where i is the experiment number, u is the trial number
and N; is the number of trials for experiment .

2.5. Flexural Testing

Composite specimens were tested for flexural strength on
and Instron Universal Testing Machine (Model 3366).
Experiments were performed according to ASTM D790
[18-20]. Test specimens were cut to dimensions 94 x 12 x 5
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mm. Figure 4 shows Instron 3366 setup and testing. Testing
was done at a constant cross head speed of 2 mm/min.

Table 2. Taguchi Lg orthogonal array of designed experiments

Exp. | Combination of Factors Factors

No. & levels alslclplelr
1 A1BICIDIEIF1 15130 5 5 5 10
2 A1B1C1D2E2F2 15130 5 10 | 10 | 20
3 A1B2C2D1E1F2 15160 |10 5 5120
4 A1B2C2D2E2F1 15160 ( 10 | 10 | 10 | 10
5 A2B1C2DI1E2F1 30130 (10| 5 10 | 10
6 A2B1C2D2E1F2 30130 (10| 10| 5 20
7 A2B2C1D1E2F2 30 {60 | 5 5 10 | 20
8 A2B2CI1D2EIF1 30 {60 | 5 10| 5 10

Figure 4. Flexural specimen testing

3. Results and Discussion

Table 3. Flexural strength results

Factors Response

Combination of Average

Factors & levels A slclple F gire:r?gr?}:
(MPa)
A1BICIDIEIF1 15 30 | 5 5 5 10 33.16
A1BIC1D2E2F2 15 30 | 5 10 | 10 | 20 27.97
A1B2C2DIEIF2 15 | 60| 10| 5 5120 36.05
A1B2C2D2E2F1 15 | 60| 10 | 10 | 10 | 10 34.67
A2B1C2D1E2F1 30 {3010 5 |[10] 10 38.32
A2BIC2D2EIF2 | 30 [30 | 10| 10| 5 | 20 48.54
A2B2CIDIE2F2 | 30 | 60 | 5 5110 20 30.41
A2B2CID2EIF1 30 (60| 5 [ 10] 5 10 41.96

Results of the flexural strength tests performed on the
fabricated biodegradable composite by varying the
constituents such as corn starch, water, vinegar, calcium
carbonate, rubber latex and glycerol are given in Table 3.

The maximum flexural strength of 48.54 MPa was obtained
for the combination A2B1C2D2E1F2 i.e. with corn starch
(30 g), water (30 g), vinegar (10 g), calcium carbonate (10 g),
rubber latex (5 g) and glycerol (20 g). Composite with
following grouping A1B1C1D2E2F2 i.e. with corn starch
(15 g), water (30 g), vinegar (5 g), calcium carbonate (10 g),
rubber latex (10 g) and glycerol (20 g) resulted in minimum
flexural strength of 27.97 MPa.

From the response table for means (Table 4), it is seen that
the factor rubber latex has a significant influence on the
flexural strength since its delta value (7.09) is greater than
the rest.

Table 4. Response Table for Means
Level Starch | Water | Vinegar | CaCo; Rubber | Glycerol
A B C D Latex E F
1 3296 | 37.00 33.38 34.48 39.93 35.74
2 39.81 35.77 39.39 38.29 32.84 37.03
Delta 6.84 1.22 6.02 3.80 7.09 1.29
Rank 2 6 3 4 1 5

Referring to the main effects plot for means (Figure 5),
since the slope of the factor rubber latex is more when
compared to the slope of other factors; one can conclude that
rubber latex has a significant influence on response i.e.
flexural strength.

Main Effects Plot for Means
Data Means
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Figure 5. Main effect plots for means

The other factors influencing the flexural strength in their
order of significance are corn starch, vinegar, calcium
carbonate, glycerol and water respectively. Maximum
flexural strength was found to be 48.54 MPa. The mean
flexural strength considering the eight experiments is 36.38
MPa.

From the response table for signal to noise ratios (Table 5),
and also from the graphs of main effect plots for S/N ratio
(Figure 6), it is evident that level 2 of starch (A2), level 1 of
water (B1), level 2 of vinegar (C2), level 2 of calcium
carbonate (D2), level 1 of rubber latex (E1) and level 2 of
glycerol (F2) will maximize the response i.e. flexural
strength.
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Table 5. Response Table for Signal to Noise Ratios (S/N) - Larger is better
Level Starch | Water | Vinegar | CaCo; Rubber Glycerol
A B C D Latex E F
1 30.32 31.18 30.37 30.72 31.93 30.86
2 31.88 31.01 31.83 31.48 30.27 31.33
Delta 1.56 0.17 1.47 0.76 1.67 0.47
Rank 2 6 3 4 1 5
Main Effects Plot for SN ratios
Data Means
Starch Water Vinegar Calicium Carbonate | Rubber Latex Ghycerol
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Figure 6. Main effect plots for S/N ratios

ANOVA table (Table 6) also gives the percentage
contribution of the each factor which is 31.08%, 0.99%,
24.09%, 09.57%, 33.18% and 1.09% respectively for starch,
water, vinegar, calcium carbonate, rubber latex and glycerol.
From the analysis of variance (Table 7), R-sq value for the
experimental data is found to be 98.75% which indicates that
the experimental data are reliable.

Table 6. ANOVA table for flexural strength

Source DOF | AdjSS | AdjMS | F-value P%
Starch 1 93.708 93.708 | 121.89 | 31.08
Water 1 3.001 3.001 3.90 0.99
Vinegar 1 72.481 72.481 94.28 24.09
Calcium Carbonate 1 28.880 28.880 37.57 9.57
Rubber Latex 1 100.394 | 100.394 | 130.59 | 33.18
Glycerol 1 3.302 3.302 4.30 1.09

Error 1 0.769 0.769
Total 7 302.536 100

Table 7. Model summary

S R-sq R-sq (adj) | R-sq (pred)
0.87 | 98.75% 98.22% 83.74%

4. Conclusions

The following conclusion could be drawn from the study

» Optimal combination considering all factors and levels

207

for the biodegradable composite is A2B1C2D2E1F2.

» Composition of the optimal combination corn starch
(30 g), water (30 g), vinegar (10 g), calcium carbonate
(10 g), rubber latex (5 g) and glycerol (20 g).

* The factor combination A2B1C2D2E1F2 resulted in
Maximum flexural strength of 48.54 MPa.

* Rubber latex has the maximum effect on the flexural
Strength.

» Water has the minimum effect on the flexural strength.

ACKNOWLEDGEMENTS

The authors are indebted to Dr Divakara Shetty S., Head
of the Department, Mechanical and Manufacturing
Engineering for permitting us to make use of the Advanced
Material Testing and Research Laboratory. The authors are
thankful to Dr B. Satish Shenoy, Head of the Department,
and Dr Dayanand Pai, Professor, Department of
Aeronautical and Automobile Engineering for allowing us to
use Advanced Composite and Material Testing Laboratory.
The authors thank Manipal College of Dental Sciences,
Manipal for permitting us to use material testing facilities.
The authors would also like to thank Dr Raghuvir Pai B.
Professor and Dr M Vijaya Kini, Associate Professor,
Department of Mechanical and Manufacturing Engineering
for their motivation, support, and expert guidance
throughout the research work.

REFERENCES

[1] Mohanty, A. K., M. Misra, and G. Hinrichsen. "Biofibres,
biodegradable polymers and biocomposites: an overview.",
Macromolecular Materials and Engineering, vol. 276, no.1,
pp. 1-24, 2000.

[2] Rao, K. Murali Mohan, and K. Mohana Rao. "Extraction and
tensile properties of natural fibers: Vakka, date and bamboo.",
Composite Structures, vol. 77, no.3, pp. 288-295, 2007

[3] Rajan, Akhila, Jayalakshmi Gopinadha Kurup, and Tholath
Emilia Abraham. "Biosoftening of arecanut fiber for value
added products.", Biochemical Engineering Journal, vol. 25,
no.3, pp. 237-242, 2005.

[4] Padmaraj, N. H., Kini, M. V., Pai, B. R., Shenoy, B. S. and
Krishnamoorthy, “Effect of different treatment media on the
breaking strength of long Areca nut fibers,”. In Proceedings
of the 4th National Conference on Trends in Mechanical
Engineering (TIME’10), pp. 30-33, Dec. 2010.

[5] Swamy, R. P., Kumar, G. M., Vrushabhendrappa, Y., &
Joseph, V. “Study of areca-reinforced phenol formaldehyde
composites.” Journal of Reinforced Plastics and Composites,
vol. 23, no.13, pp.1373-1382, 2004.

[6] Zhang, Ming Qiu, Min Zhi Rong, and Xun Lu. "Fully
biodegradable natural fiber composites from renewable
resources: all-plant fiber composites." Composites Science
and Technology, vol. 65, no.15, pp. 2514-2525, 2005.



208

[12]

Srinivas Shenoy H. et al.:

Flexural Strength Analysis of Areca Frond

Reinforced Starch Based Composites by Taguchi Method

Rajulu, A. V., Rao, G. B, Devi, L. G., Ramaiah, S., Prada, D.
S., Bhat, K. S., & Shylashree, R., “Mechanical properties of
short, natural fiber Hildegardia populifolia-reinforced
styrenated polyester composites.”, Journal of Reinforced
Plastics and Composites, vol. 24, no.4, pp.423-428, 2005.

Lai, W. L., M. Mariatti, and Mohamad Jani S. "The properties
of woven kenaf and betel palm (Areca catechu) reinforced
unsaturated  polyester composites.", Polymer-Plastics
Technology and Engineering, vol. 47, no.12, pp. 1193-1199,
2008.

Yang, H. S., Kim, H. J., Park, H. J., Lee, B. J., & Hwang, T. S.,
“Water absorption behavior and mechanical properties of
lignocellulosic filler—polyolefin bio-composites.” Composite
Structures, vol.72, no.4, pp.429-437, 2006.

Venkateshappa, Srinivasa Chikkol, Suresh Yalaburgi
Jayadevappa, and Prema Kumar Wooday Puttiah.
"Mechanical behavior of areca fiber reinforced epoxy
composites." Advances in Polymer Technology, vol. 31, no. 4,
pp. 319-330, 2012.

Ma, Xiaofei, Jiugao Yu, and Ang Zhao. "Properties of
biodegradable poly (propylene carbonate)/starch composites
with succinic anhydride." Composites Science and
Technology, vol. 66, no.13, pp. 2360-2366, 2006.

Qiao, J., Du, F., Pang, M., Xiao, M., Wang, S., and Meng, Y.
“Fabrication and properties of degradable PPC/EVOH/starch
/CaCO;3 composites.” Journal of Wuhan University of
Technology--Materials Science, vol. 23, no.3, pp. 362-366,
2008.

Zhang, D., Chen, K., Wu, L., Wang, D., & Ge, S. “Synthesis
and characterization of PVA-HA-silk composite hydrogel by
orthogonal experiment.”. Journal of Bionic Engineering, vol.
9, n0.2, pp.234-242, 2012.

[14]

[15]

(19]

Majdzadeh-Ardakani, K., and B. Nazari. "Improving the
mechanical properties of thermoplastic starch/poly (vinyl
alcohol)/clay nanocomposites." Composites Science and
Technology, vol. 70, no.10 pp. 1557-1563, 2010

Heckadka, S. S., Kini, M. V., Ballambat, R. P., Beloor, S. S.,
Udupi, S. R., and Kini, U. A. “Flexural Strength Analysis of
Starch Based Biodegradable Composite Using Areca Frond

Fibre = Reinforcement.” International ~ Journal  of
Manufacturing ~ Engineering, vol.- 2014, 2014,
doi:10.1155/2014/769012.

Aart Van Vuure, “Natural Fibre Composite: Recent

Developments, “Sirris and Katholieke Universiteit Leuven.
[Online] Available: (www.i-sup2008.org), 2008

Srinivasa, C. V., A. Arifulla, N. Goutham, T. Santhosh, H. J.
Jaeethendra, R. B. Ravikumar, S. G. Anil, DG Santhosh
Kumar, and J. Ashish. "Static bending and impact behaviour
of areca fibers composites." Materials & Design, vol. 32, no.
4 (2011): 2469-2475..

Lee, Byoung-Ho, Hyun-Joong Kim, and Woong-Ryeol Yu.
"Fabrication of long and discontinuous natural fiber
reinforced polypropylene biocomposites and their mechanical
properties." Fibers and Polymers, vol. 10, no. 1, pp. 83-90,
2009.

Kabir, M. M., H. Wang, K. T. Lau, F. Cardona, and T.
Aravinthan. "Mechanical properties of chemically-treated
hemp fibre reinforced sandwich composites." Composites
Part B: Engineering, vol. 43, no. 2, pp. 159-169, 2012.

ASTM D790-10, Standard Test Methods for Flexural
Properties of Unreinforced and Reinforced Plastics and
Electrical Insulating Materials, ASTM International, West
Conshohocken, PA, 2010, www.astm.org. DOI:
10.1520/D0790-10



	1. Introduction
	2. Experimental Details
	3. Results and Discussion
	4. Conclusions
	ACKNOWLEDGEMENTS

