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Abstract—In the last decade the use of natural fiber in
reinforcement of composite materials is increased,
because of growing environmental awareness. The main
objective of present work is to study the mechanical
properties of rice straw fiber reinforced natural rubber
composites at different weight fractions (20%, 30%, 40%,
50% and 60%) of rice straw fiber under treated and non
treated conditions. At first the fiber is treated with NaOH,
and then composite is manufactured for both untreated
and treated fiber. After the synthesis of rice straw fiber
reinforced natural rubber composite, The effects of
surface treatment in its mechanical properties are
studied. Rice straw fiber reinforced natural rubber
composites were manufactured according to ASTM
standards using compression molding technique. The
developed composites were then tested for their
mechanical properties, tensile, tear, density, abrasion,
hardness, compression, and water absorption properties.
The standard test methods used is, ASTM-D638M for
tensile properties.

Keywords—Mechanical properties, Natural rubber,
composite material, Rice straw fiber, Surface Treatment.

. INTRODUCTION

In the last decade, using natural fiber-reinforneaterials
in the manufacturing of composite materials has
significantly increased due to growing environménta
awareness. The main components of the composges ar

* Matrix material.

e Reinforcing material.
The matrix materials are the majority part of the
composite, which bound the fiber each other in the
composite to increase the adhesion between theixmatr
and fiber. The reinforcing materials that are maiitber
materials, and the are used to increase the $itremyl
stiffness of the matrix. The natural fiber reinfedc
composite materials are more biodegradable thaar oth
composites. The natural fiber reinforced composite
having a great -
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advantage in design sectors. Natural fiber-reirddrc
materials have a great environmental advantages asic
reduced dependence on non-renewable energy/material
sources, lesser strength to weight ratio, lessutaoits and
greenhouse emissions. The composite materials ean b
classified in to many types, basically it is of taypes,
they are based on the matrix material used, based o
reinforcing material used and based on reinforcing
material structure. They are,
Based on matrix material,

e Metal Matrix Composites (MMC).

e Ceramic Matrix Composites (CMC)

e Polymer Matrix Composites (PMC)
Base on reinforcing material used,

* Natural composites

»  Synthetic composites
Based on reinforcing material structure

» Particulate Composites

» Fibrous Composites

e Laminate Composites

Il. LITERATURE REVIEW
In the modern world the study in the composite mialte
is having a great need and applications. In therafir
part, manufacturing the metal matrix composite hgvi
great applications. Similarly in automobile secttatest
trend is natural fiber composites. The natural rfibe
composite having a good design possibility, higbragth
to weight ratio and they are biodegradable too. S,
preferable in the modern world to choose such caitgo
materials to avoid environmental pollutions. So enor
study is needed in the field of natural compodRecent
studies carried out in composites are the reinfosrd of
resin material with coir, coconut shell, human Isairon.
2.1 Investigation Of Mechanical Properties Of Rice
Straw Fibre Polypropylene Composites [1} The
present work carried out in the field of rice stréiber
reinforcement in composites is done by K Sudhakal a
CH Srinivas. They were studied the tensile anduiftak
and impact strength of rice straw fiber reinforced
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polypropylene composite. Where the tensile strength
decreasing with the increase in fiber loading.

2.2 A Review on Coconut Shell Reinforced Compo-
sites:- The paper studies mechanical properties of
composites with coconut shell reinforcement in easi
matrix materials like Recycled Polypropylene, Epox
resin, Epoxy resin SY-12(319), etc.

2.3 Mechanical property evaluation of natural fiber
coir composite:-S.harisha,D.peter michaelb, A.benselyb,
D.mohan lalb, A.rajaduraic were studied the tensile
properties of coir fiber reinforced composite, att
surface morphology is carried out. The surface
morphology study gives a complete idea about thiase
properties of the composite material. Generally the
surface morphology study is carried out in various
composite materials, and that are aims to explaa t
break part of composite. The part that are brokgn b
tensile test and tear test is checked for the searfa
morphology study to study how much the final conifgos
material having the surface finish. And also thefeme
morphology study helps to identify the adhesiore rat
fiber and rein material.

Il EXPERIMENTAL SETUP
This chapter describes the details of processinghef
composites and the experimental procedures follofiwed
their characterization and mechanical evaluatidre faw
materials used in this work are
1. Rice Straw Fiber
2. Natural rubber resin
3.1 Objectives of the Research Work
The objectives of the project are outlined below.

» Fabrication of rice straw fiber reinforced natural
rubber composite.

e To study the effects of surface treatment of rice
straw fibre on the mechanical properties of the
composites.

» Evaluation of mechanical properties of untreated
and treated rice straw reinforced natural rubber
composite, and its comparison. (tensile strength,
tear strength, density, abrasion, hardness,
compression water absorption etc.).

e Also this work is expected to introduce a new
class of polymer composite that might find many
engineering applications.

3.2 Experimental Procedures

3.2.1 Specimen Manufacturing
Rice straw fibers are reinforced with natural rubbe
composites were manufactured according to ASTM
standards using compression molding technique.
Composites of five different compositions for each
untreated and treated rice straw fiber i.e. 20v@0tt% ,
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40wWt%, 50wt% and 60wt% are made. Specimens of
suitable dimension are cut for different tests.

e Fiber Preparation

« Resin Selection

e Mixing
e Cure Time Calculation
* Molding

3.2.2 Mechanical testing of RSRNRComposites

e Tensile Testing

e Tear Testing

« Density Testing

e Abrasion Testing

e Hardness Testing

e Compression Testing

e Water absorption testing
Fiber Preparation:- To enhance interfacial bonding to
reduce moisture absorption, The fibers were takan f
special treating process. For that the fibers were
washed with distilled water and dried at 50 de@elsius
for 24 hr and at room temperature for another 2drdo
After that the fiber is treated with NaOH soluti(® %
w/v) for 1 hour time, then the fiber is washed with
distiled water until the sodium hydroxide was full
eliminated, that is, until the water no longer gated any
alkalinity reaction. The treatment with NaOH sabuatiis
called Alkali treatment, otherwise called as maezgion.
The mercerization is one of the most popular chamic
treatment of natural fibers, it helps to increase t
adhesion between rice straw and natural rubber.

Table. 1:chemicals used

Chemicals used(Addings) Weight in grams
Zinc oxide 5 grams
Stearic acid 3 grams

MBTS 0.2 grams
TMTD 1.5 grams
Sulphur 1.5 grams

Mixing:- The mixing process is the blending of rigeaw
and natural rubber, It is using the tow roller mii
machine, and some chemicals used that are actvator
accelerators and hardening chemicals, that are rshiow
above table, here ZnO and Stearic acid are actvaitad
MBTS and TMTD are accelerators and sulphur is
hardening or vulcanizing agent.
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Table. 2:cure time of specimens

,\il)' Sample Fiber Content T90 (min)
1 20 % 23.81
2 30 % 22.01
3 40 % 20.38
4 50 % 1.93
5 60% 5.11
Tensile test

Tensile test is carried out on a UTM (Universal tires
Machine) of ASTM (American Society for Testing and
Materials) D-412 used primarily for vulcanized reipbA
dumbbell shaped specimen is cut from the molded
specimen from each sample to do the testing acuptdi
ASTM standards.

Fig. 2: Compression molding machine

Here, in this synthesis of rice straw fiber reickul
natural rubber composite the compression technigue
used for the manufacturing of the composite. The -
compression molding is carried out in a pressfirs0ao

15 mpa and at a temperature of 150 to 160 degrisa€e Fig. 3: Specimen for tensile test

Water absorption testing:- The water absorption is The specimen for the tensile test is dumbbell stiape
conducting by taking the weight difference of theldn

after and before dipping in water for 24 hour tirkere, Table. 3: tensile strength of each specimens
the water absorption is calculating for 24 houretiPAnd Specimens
the equation to calculate the water absorptiongreage (fibero) S1 | S2| S3| S4 S5
is as shown below. U

M2 - M1 n-

WA%) = ( — ), 100 Tensile | treateq | 232 | 238 254 2§ 2.7y

Where strength
M1-mass before dipping in water (Mpa) treated | 7.53| 8.13 8.83 9.67 9.21
M2 mass after dipping in water

WA %- water absorption percentage.
Figure 3 represents the sample specimen usedifeilge

IV.  RESULT AND DISCUSSIONS test.
For the manufacturing of the composite materiag th
compression molding technique needs cure time. The
mould is made by compression for the time of cureet
at a temperature of 150 to 160 degree Celsiusn@usia
term in polymer chemistry and process engineerivaj t
refers to the toughening or hardening of a polymer
material by cross-linking of polymer chains. In belb,
the curing process is also called vulcanization.
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Fig. 4: comparing tensile of untreated and treated

The result otensile test shows that , the tensile streng
increasing with the increasing the fiber loadingr Ehe
treated fiber composite, the result is highly apjaiele
From the literature survel{ sudhakar, ch srinivi were
studied the tensile property ate straw fiber reinforce
Polypropylene Composite$l]. That paper shows

decreasing value of tensile strength with the iaseein
fiber loading. The tensile strength of rice stravithv
polypropylene is shown below

Tensile strength

=7

%6 -

%

@

s

w2

{-4:0 o T T T T T 1
0% 5% 25%

s 10% 15% 20%

1
w
1 1 1 1

% Wt. of Rice Straw

Fig. 5: Tensile strength of rice straw with polypropylene
(1

By comparing the result of previous rictraw fiber with
polypropylene anthis present study rice straw fiber w
natural rubber, the percent study rice straw filagh
natural rubber composite having a better resuadding
the fiber. The result shows the adhesion of ricavstiber
with natural rubber is more effective and good thiae
adhesion between the rice straw with polypropyi

Tear Strength

The tear strength, a measure of the resistancenatterial
to tear force is determined on the same universaintg
machine in accordance with the ASTM D¢

WWwWw.ijaers.com

Fig. 6: Specimen for tear test

A test specimen with 90°angle on one side and wibt
ends is used to determine tear strengtrice straw fiber
reinforced natural rubbetomposites The specimen cut
for tear test from the mould is shown above inrf@
The tear strength also found out in UTM and theillte:
are plotted below table

Table. 4: tear strength of each specimens

Specimens j
(fibers) S1| sz | S3 | sS4 | S5
tteart trLt:Zte 19.6 | 18.67 | 16.67| 13.73| 11.77
streng 5 9 7 . ;

h d

(KN/ | treate| 31.7 206t | 2079 30.08 2875
m) d 2

The tear strength of rice straw fiber natural rut
composite for various fiber loading for treated .
untreted is shon below.

35
30 -
25 -
20 +
15 +
10 A
5_
O_

M untreated

M treated

Tear strength (Kn/m)

S1 S2 S3 S4 S5

specimens (fiber %), untreated

Fig. 7: comparing tear strength of untreated and treated

The result of tear strength of rice straw fibemfeiced
natural rubber composite shows a decrease in wailihe
the increase in fiber loadir

Density test

The density of the composite material is found byt
using densimeter. In densimeter the relative denisi
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found out.It is done by finding the density in air a
density in water.
Table. 5: Density of each specimens

Specimens
(fiber%s) S1 S2 S3| S4 S5
Densit | untreate| 0.99 | 1.00 | 1.06 | 1.10| 1.14
y d 6 7 6 2 5
(gm/c 0.95| 0.99| 1.02| 1.07 | 1.12
0 treated 5 8 1 3 1

The density of each specimens, each untreatedeaigd
is shown below.

0.6 B untreated

Density {gm/cc)

0.4 A M treated

Specimens (fiber %),untreated

Fig. 8: Density of untreated and treated specimens

The result ofdensity test shows that, there is a sr
increase in increase in fiber loading.

Abrasion test

The abrasion test, otherwise the wear resistaadeylate
the volume loss when the rice straw fiber natunélber
composite specimen undergoes a continuous weaa
entire span of 40 meter.

Fig. 9: Specimen sample for the abrasion test

Table. 6: Abrasion of each specimens

Specimens (fiber s1 s2 s3 s4 S5
%)

Relativ | untreate| 314.5| 327.1| 356.1 | 375.0 | 418.3
e d 6 3 5 1 9
volum 278.3| 293.7| 318.2| 334.7| 357.3

eloss | treated
1 5 1 5 1
(mm3)
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Wear, isthe removal of material from solid surface of
any material,as a result of mechanical interacti and

direct contact. There ammairly two type wear occurs,
they are abrasive and adhes

400

350

300 - W untreatec

W irected

Relative value loss{mm3)

250

200+
s1 s2 £3 s4 S5

Specimens{fiber %)

Fig. 10: Abrasion resistance of untreated and treated
specimens
The instrument used in the finding of abrasion wis:
“Din abrader”. The Din abrader is shobelow.

-
- B

| Fig. 11: Din abrader
The result of abrasion test shows a increasingeval
volume loss or wear, to the increasing fiber logdiand
also the surfacdreatment of fiber helps to reduce |
volume loss. So thathe wear get reduced by the surf
treatment. Hence, the abrasion resistance or v
resistance is decreasing with increase in fibeditaa

Hardness test

Hardness measurement of a substance impthe

resistance of a material tandergoplastic deformation.
Here, to find the hardness of rice straw fiber fiagiced

natural rubber composite we using shore A durom

Usually for elastomers like natural riers, the shore A
durometer is used for the hardness test. The sAc

durometer having a reading upto 90 (
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Fig. 12: Shore A durometer
The shore A durometer is just place above the spst
and applying 2 pound of force on it for 4 secontiSre,
and take is for four tials, and average shore A irepd
the 4 trials is taken as the hardness reading af
particular specimen.
Table. 7: Hardness of each specimens

S(']fif)ce':?;”s s1| s2| s3| sa| s5
Shore untreated 60 69 70| 85 89
A

treated 71 76 80| 90 90

The shore Adurometer is shown above fig

100
90
80
70
60
50
40
30
20
10

0

W urtreated

Hardness ( shore A)

M treated

20% 30% 40% 0% 6%

specimens (fiber %)

Fig. 13: Hardness of each untreated and treated
The result shows the increasing value of hardnétbstie
increase in fiber loadingSo for the better hardness 1
high fiber content specimen is preferable.

Compression test
The compression test is carried out in compressigt
apparatus. In compression set apparatus the speah
rice straw fiber natural rubber composite is loafor a
160 kgf for a 24 hour time period.

Table. 8: Compression set of each specimens

Specimens (fiber s1 2 | sz sa | ss

%)
Compre um;eate 3.31| 3.13| 2.65 | 2.3 21'1
ssion
set (%) | treated | 2.61| 2.45 2.01 1?"7 1i5

WWwWw.ijaers.com

compression set (%) =

The thickness of specimen before and after applyfie
force is applied is measured and the compresstin ia
found out by the above equatic

e~ =

Fig. 14: compression set app:aratus

M untreatec

W irected

compression set percentage( %)

S1 52 S3 s4 S5 Sb

specimens (fiber %)

Fig. 15: Compression resistance of each untreated and
treated
Here, the compression percentage decrease witl
inrease in fiber loading. The compression resisank
rice straw fiber reinforced natural rubber compm
inrease with the increase in fiber loading. Thatans
The plasticity (The ability o undergo permanent
deformation of a mater) tends to decrease with
increase in fibre loading.
Water Absorption test
The water absorption is conducting by taking thegii
difference of the mold after and before dippingwiater
for 24 hour time. Herehe water absorption is calculati
for 24 hour time.
Table. 9: WA % of each specimens

Specimens
('?iber% o s1| sz | s3| sa| s
W | untreat| 1.259| 1.73%| 2.230| 2.98 | 3.527
A ed 5 7 4 7 5
(% reated 0.672| 1.122 | 1.676| 2.09 | 2.630
) 4 7 9 1 9
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1.5
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Specimens (fiber %)

Fig. 16: Water absorption rate of both untreated and
treated

The result of water absorption shows a increasalgevof
water absorption with the increase fiber loading For
the treated and untreated rice straw fiber compass
same, that the water absorption is icreasing. Bu
comparing the treated and untreated, the treateer
composite is lesser hydrophilic and more hydropha
nature. Surface treatment increades lydrophobicity o
the fibers and therebyeducing the water absorpti
properties, and thus increases the mecha
characteristics.

V. CONCLUSION

This work shows that successful fabrication of ee

straw fiber reinforced natural rubbeosmposites The rice
straw fiber reinforced polypropylene composite[ay/img

a decreasing tensile strength with the increasébier

loading, but in this thesis work, the rice stravbefi
reinforced natural rubber composite, we got a iasiney
value d tensile strength with the increase n fiber logd
It indicates that the adhesion between rice stiber fvith

natural rubber is more effective than adhesion benh
rice straw and polypropylene resirThe composite
material made with treated rice strafiber is more
advantageous and it has comparable mechs
properties with other composite materials. The lIts

obtained from this study conclude that 50% fibeth
3mm length is suitable for light weight and low dc
applications. Composite propesi further improved b
fibre surface treatment, which enhances adhesitnelea
fibre and matrixlt is concluded in this study that surfe
treatment markedly improves the mechanical props
of the Rice straw reinforced natural rubber comiec
materid. It having a great possibility is there to syrsis
rice straw fiber and rubber to form a composite] drat
can be a great change for the modern world, beci
would be a biocomposite, and more environment diigr
and bio degradable. The riceastris now a days, havir
low use, and it is fired in the field itself. Theundantly
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available rice straw fber can be made in to a W

composite material.

5.1 Advantages

% Producible with low investment at low cost, wh

makes the material an interestingoduct for low

wage countries.

Fully degradable, so highly environmental frien

The raw fiber material (rice straw fiber) is abuntia

available.

% Now a days rice straw is fired in the field, becao$
the lessdemand on the rice straw fiberhat can be
avoided by this application of rice str

5

%

5

%

5.2 Limitations.

% Can't be used for high strength applicati.

5.3 Applications

« Good for washers.

% Transportation: automobile and railway coi
interior, boat, etc.

% As a substitute for plywoo

% Mat production.

& Toys

5.4 Scope For Future Work

% The chemicals used in this synthesis of rice s
fiber reinforced natural rubber composite, influe
in the mechanical properties of the composite,
better combination of the used micals needs a
further study €g the sulfur used when mixing proc
helps to increase the hardness of the compo

« There is a very wide scope for future scholar:
explore this area of research. Many other aspdc
this problem like effect of fiber orientation, laad
pattern, weight fraction of ceramic fillers on we
response of such composites require fur
investigation.

% This study leaves wide scope for fut
investigations. It can be extended to ne
composites using other reinforcing phases anc
resulting experimetal findings can be similarl
analyzed.
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