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ABSTRACT

Nano cellulose composites are used for adva
applications for structural parts and electrc
components. Biocompatible water soluble cellul
composites are used in medical agations as well
Nano cellulose fibers are extracted through var
chemical and mechanical treatments to separat
cellulose and to further refine it. Composites e
using thermosetting polyester resin and biodegnac
poly vinyl (PVA). A reseech work is proposed in th
paper for extraction of lignocellulose and n:
cellulose fibers from century plant and developimg
composites for evaluation of TGA, DSC, DM
dielectric, tensile, flexural, impact, hardness
hygroscopic properties. Apgations  for the
composites will be suggested based on the
properties of the composites.

Keyword: Century fiber composites, nanocellulose
fibers, nano cellulose composites; biodegradable
composites.

l. INTRODUCTION

Nano<cellulose composites have drawn the atter
of the researchers falevelopment thermosetting a
biodegradable materials faautomotive, packagin
and medical applications [10]. Nano cellulosdiber
composites are fully biodegradable and biocompa
with excellent mechanical propertiesDue to high
crystallinity and high aspect ratio and low den:of
the nano cellulose fibers, there is consider:
increase in the stiffness of themposite produced.

. LITERATURE REVIEW

The comparative study [1-3] ehechanical, therma
electrical and wateabsorption propertieof different
natural fiber composites has identified that

Century fiber has greapotential to give bette
properties. There has been i@creasing intereson
use of natural fibecomposites over the last decs

and extensive research Haesencarried out to explore
the best propertiegor various applications [4, 5].
Nano cellulose fibers are isolatfrom a variety of
natural fibers by chemical and mechanical treats
[5]. Chemical treatments prior to mechani
treatments ragte the sizeof the fibers before
homogenization by [6] and reduce the ene
consumption during mechanical treatments. Diffe
chemical treatments include: alkaline treatm:
coupled with high pressure defibrillation, ac

treatment, enzymassisted hydrolysis and ac
hydrolysis. Mechanical treatments include: h
pressure homogenization, ultrasonicat

cryocrushing and grinding. Isolaticof nano fibers is
assisted by oxidation pretreatment by 2-
Tetramethylpiperidine-bxyl (TEMPO) that
facilitates. Other methodsdlude steam explosion ai
electro- spinning [7Z1]. Nano fibrillated cellulos
(NFC) reinforced composites are produced u
phenolic resin.

Styrene butyl acryl ateamyl pecti, polyurethane,
melamine formaldehyde, etc. Nano composites
made by hand layugechnique using b-based epoxy
resin and TEMPQxidized NFC. The specimens ¢
investigated for mechani¢ dynamic mechanical,
thermal [12] and dielectr properties as well as
humidity absorption, morphology and transpar¢ of
the composites [6]. ifferent biodegradable polyme
used are: PE@eoly (ethylene oxide), PV-poly
(vinyl alcohol), and PAApoly (acrylic acid),
PCL-poly ¢-caprolactone),PLA- poly (lactic acid),
PS-polystyreneEVOH-ethylen«vinyl alcohol
copolymer, PMMA-poly ethy methacrylate) [12,
14]. Thermoplastic rice straw nano cellulc
composites arenade using reinforced starpolymer
[15]. In the first step,almost al the non-cellulosic
components are removdbm the straw and a white
pulp of cellulosic fibers arebtaired. Then a diluted

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume —2 | Issue — 6 | S@pt 201!

Page: 1390



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

suspension of fibers was ultsanicate to destroy
inter molecular hydrogen bonds and nafiber
networks are obtained’he fibers are then usefor
casting films of the composite. Wasfound that the
yield strength andYoung‘'s modulusof the nano
composites is due to theinforcemer by cellulose

fibers. Humidity Absorption resistance was
significantly enhanced.
Recently, modified cellulose haveer used as

reinforcement forvarious composite with water
soluble polymers. Addition afellulose increas¢the

viscosity and mechanical properties and accelel
the rate obiodegradation. Chemical modificatiof

cellulose has been ammportant route for the

production ofmultifunctional materialsHigh strength
biodegradable composite films fanembrane an
packaging applications are develogoy:film casting
method using modified celluloswith poly(vinyl

alcohol) in diferent compositions [8,15,16]. Th

films are characterized fomechanical, moistur
absorption, gadarrier, and biodegradable propert
[16,17]. They have showngood transparenc
flexibility, good mechanical andbiodegradable
properties. These films fi@ exhibited bettc barrier
properties with increase in percentaof modified

cellulose. Literature review revealed that repor
research has not been found on Cercellulose nano
fiber composites. Century fibers will lextracted fromn
Agave Americana plants ar@bundantly available ¢
border plant. The century fibers asdelyusecin the

textile and paper industry. The centur  nano
cellulose fibers will baised to cast various structu
parts in Automobiles electronic and packagir
industry.

[1l.  PROPOSED WORK

The proposed research work is to produce we
from waste by developing useful products from de
plants. By extracting nano cellulose fibers froravies
of Century plant. Century nano cellulose fiber s
are molded using thermoset polystesin and als
poly (vinyl alcohol), a biodegradable re:

The composites will be tested for various mechai
properties such as: flexural, tensile, fracturepant,
Barcol hardness and water absorption and diele
breakdown properties. Thermatoperties like, glas
transition temperature and thermal degradationbe
studied using Differential Scanning Calorimetry :
Thermogravimetric Analysis respectively. Scanr
Electron Microscopy will be done to study t

fracture behavior of the comyite. Based on the
results of the studies, the scope of applicatiomthe
material will be suggested.

V. PREPARATION OF NANO CELLULOSE
COMPOSITES

A. Century Plant

Century (Agave Americana) plant belongs to
Agavaceae family and igative to Mexico and it
nane is derived referring to the long time it takes
flower. These plants growin clusters and are
generally used for fencing. Their leaves are 2 ny
and 25 cm wide. They are located as a rowithout
trunk. Century fiber haslrawn attention by several
researchers because of their large leaf lengtH,
biomass, fiberlength, fineness, density ¢ high
strength.

B. Extraction of Century Fibers

The lignocellulosic fibers from Century plant
produced from leaves by retting process. The le
are cutand dried to allow the watery substance
evaporate and then soaked in still wefor 15 days.
The fermented sofgreenish substance is wast
thoroughly and the fibers are peeled off the learet
are washed and dried in shady place. The lerof
the fibers is between 1IR3 cm and the size ranc
between 150u m to 300 pm

C. Extraction of Cellulose[16,17]

Cellulose is extracted by a process called wate-
hydrolysis [10]. The fibers which are ¢-1.25 m long
are cut into approximate length o-10mm. The
chopped fibers are dewaxed where a mixture
Toulene/ethanol (2:1 vol/vol) is poured in flaskd:
the fibers were put in a cloth and placed in thehfe
extractor and boiled at a temperature of 70°C fi
hours. They are washed with ethanor 30 min and
then allowed to dry. The -waxed fibers are then
mixed with 0.1M NaOH in 50% volume of ethanol
45°C for 3 hours under continuous stirring by kegj
the beaker on a magnetic stirrThen the fibers are
treated with 2O2 at pH=10.5(buffe solution) is
carried out at 45°C in a solution of 202with
different concentrations, viz., (a)0.5%202 (b)1%
H202 (c)2% H02 (d)3% F202 for 3 hours each
under continuous agitatiorThen each mixture is
treated with 10% w/vn. NaOH + 1% w
Na2B407.10H20 at 32°C for 15 hours under
continuous stirring. Then, solid obtained wilbe
filtered off. Salt formation will be confirmed by
solubility test, since it is freely soluble in wat&his
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salt will be treated with ZTrifluromethyl)
benzoylchloride in the presencemfridine as a ba:

cum Solventnd stirred overnight at 1°C.

At the end of the process, only cellulose will &
which is then washed with 95% ethanol and 1
water and dried at 60°C in an oven until the we
remains constant. Then the fibers are ground tait
in the form of a powder. Important stagere
illustrated in Fig. 1.

Ultrasonic prob,

l Cellulose suspensions

Individualized
celluluse nanofibers

Chemical-purified
cellulose fibers

woid fibers

Fig.1. Different stages of extraction of nano dele
fibers

D. Casting of Biodegradable CompositeFilmsg[9]
Modified cellulose of ATrifluromethyl)
benzoylchloride will be taken in water along
acetonitrile as purifying solventand Poly(vinyl
alcohol) as matrix in different proportions as:: 19D,
20:80,30: 70, 40:60, 50 :50, 6a0, 70 : 30, 80
20, 90 : 10, and 95 : 05 ratios. The reaction nme
was heated to 160 for 24 hrs. After 24 hrs, tt
reaction mass will turn to viscous state, it wik
allowed to reach room temperature and spread o
Teflon mold of one square feet with 3mm depth.
mold will be coated with mold releasing spray

dried under vacuum oven at T@0to remove wate
contents completely. After complete drying of tlaest
films, they are stored in moisture free environn

V. EVALUATION OF PROPERTIES

A. Preparation of Specimensand Testing
Preparation of specimens fidexural test tensileest
Impact test hardness, moisture absorption testbe
done as per corresponding ASTM standarFor
morphology studies, Scanning Electron Microsc
(SEM) was used.

flexural

B. Flexural flexural

modulus

The flexural strength (N/ﬁ) of amaterial is define
as the ability to resist deformation under transg
loads. Flexural properties will be evaluated as
ASTM D-790-03 through threpeint bend test o
compression testing machine supplied by Hydre

test, strength,

and Engineering Instruments, NeDelhi, at a cross
head speed of 1.25 mm/minute, at standard labgr

atmosphere of 23°C £ 2°C (73.4°F £ 3.6°F) and ¢

5 percentrelative humidity. Specimens for flexul

test are cut from laminas as per ASTM D’

Flexural Strength: Flexural strengtlis the maximum
stress in the outer surface of the specimen a
moment of break. When the homogeneous ela
material is tested with thr- point system, the
maximum stress occurs at imidpoint

Flexural Modulus; Flexural modulus (N/19) is the
ratio d flexural stress to the strain in flexul
deformation.It is a measure of the stiffness duthn
initial part of the bending process. Flexural ma
is the ratio of stress to corresponding strain withe
elastic limit.

Fig.2. FlexuraTestSetup

Fig.3. Universal Testinilachine Zwick/Roell Z010

C. Tensile test, tensile strength and tensile
modulus

Tensile Srength: It is the maximum stress (N.2) that
the material can withstand before failure. It isc
called as ultimate tensile streng
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Tensile Modulus: It is also known as Young's

modulus (N/n@) or modulus ofelasticity and is
measure othe stiffness of the material. It is givby
the ratio ofthe uniaxial stress to the uniastrain.

Tensile test will be conducted am electronic terile
testing machine Zwick/Roell ZO1DOKN-UTM at a
crosshead speed of 3 mm/min and gauge leiof 50
mm. Standard Type IV dumb bell shaped specin
are used as per ASTM D-6388. The valueof tensile
strength and tensile modulus are obtaifrom the
load-deflection values by taking the maximum Ic
resisted bythe specimen up to the poiof fracture
and the corresponding strain. Loadwfdhe specimen
onthe Tensile Testing Machine and the grips Lfor
holding the specimen are showrFigs 3.

D. Impact strength
It is the ability ofthe material to withstanishock

loading. It is measured e work done (kJ/2) in

fracturing the material undeshock loading. 1zod
impact test is used in the present case. Notchpdat
performance of the composite evaluated asper
ASTM D-25605 using Pendulum impact test
model IT 30 Izod impact supplied by PSI Sales

Ltd., New Delhi, shown in Fig. 4The sizeof the
samples is 12 mm X 60mm. The test specime
supported by a vertical cantilevdbean and the
specimen was broken by the swingthe pendulum.
The energy absorbed in doing so is measure
difference between the height dfop before ruptur
and the height of rise after rupture of test specimen.

E. Barcol Hardness

Barcol hardness test alaaterizes the indentatic
hardness ofthe materials through the depiof
penetration of an indenter, oftersedfor composite
materials. Standard testethod ASTM [-2583-75 is
used to find indentation hardnesstbeé composite
through Barcol impresser model

no. 934-1 shown in Fig. 5.

Fig.4. Pehdulum Impadteste

Fig.5. Barcol Hardne Tester
F. Scanning Electron Microscopy(SEM)
The morphology of fractured surfaceof the
composites will bestudied by Scanning Electron
Microscopy (SEM) using EVOMA15 Srrit SEM
shown in Fig. 6. The fractubehavior of the material
indicates the amount o&nergy absorbed befo
fracture, which is a measurof toughness of the
material. The SEM reveals the natiof the bond
between the fibers and thmatrix.

Before perfoming SEM, The fractured specime
will be placed on a stub a&ownin Fig. 7 coated with
platinum and inserted into the scanning barrel.

inter-condition ofthe scanning barrel is vacuumed
prevent interference of scanning picture due to
presence ofair. Magnification, focus, contrasts a
brightness othe result is adjusted to produce best
micrographs.

| | .
Fig.7. Stub of th& VOMA15 Smart SEM
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G. Differential Scanning Calorimetry(DSC)

Glass transition temperatuigy of a nor-crystalline
material is the critical temperature at which
material changes its behavior from hard and britil
rubbery state. This is less than the meltir
temperature Tm). Differential Scanning Calorimeti
is used for finding th@g of the composites. DSC i
performed with the help of Mettler usiiStar SW 8.1
analyzer to measureTg. The temperature
programmed in the range of 2800°C with a heatin
rate of 10°C/min in nitrogen atmosphere with a f
rate of 30 ml/min. The Mettler DSC trument and
the silver pan used for conducting the test aravsl
in Figs. 9.

.

Fig.9. Thermo gravimetric Analyz@erkir-Elmer

H. Thermo gravimetric Analysis(TGA)

Thermal degradation or weight loss due to heasra
measue of the thermal stability of the material un
high temperature. Thernmgravimetric analysis (TGA
curves are used to determine the thermal degrac
and thermal stability of the polymeric mater
Thermal decomposition is observed as per AST]
1131 in terms of loss of global mass using °
Instrument TGAQ50 V20.10 Build 36 ther
gravimetric analyzer shown in Fig.9. The sampla
is enclosed by a cylinder inside of the quartz ti
This energyabsorbing cylinder absorbs radiati
from the lamps and dats the sample, pan, &

thermocouple. Temperature is measured
controlled by a thermocouple assembly under
sample pan.

I. Dynamic Mechanical AnalysissDMA)

This analysis gives the storage modulus, loss nus
and damping property of the materials. terial‘s
response forstress, temperature and frequency
determined through this test. Dynamic Mechan
Analysis, otherwise known as DMA, is a techni
where a small deformation is applied to a sampla
cyclic manner. This allowthe materials rponse to
stress, temperature, frequency and other valube
studied. The term is also used to refer toanalyzer
that performs the test. DMA is also called DMor
Dynamic Mechanical Thermal Analysis. Specim
for dynamic mechanicanalysi: are prepared as per
ASTMD 4065.

The Pyris Diamond DMA equipment by Per-Elmer
Instruments is shown in Fig. 10. DMA vyiel
information about the mechanical properties ¢
specimen placed under minor sinusoidal oscilla
force and temperature.

1 At

3 - b

L |

. — : e
|I =

Fig.11.Hot ait oven

J. Didectric Strength

It is a measure othe electrical resistancof the
material given bythe maximum voltage that :
insulating material can withstand before it
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decomposes obecomes a conducting material

losing its insulation property.he test is conducted

perASTM D149: Standard Test Methdor Dielectric
BreakdownVoltage and Dielectric Strength of So
Electrical Insulating Materials at CommercPower
Frequencies. Voltage at a commercial po
frequercy 60 hertz is applied to a test specimen.

voltage is increased from zero, until the dielec
failure ofthe test specimen occurs. Hipotronics-1-
A AC Dielectric Test set upill be usec

K. Water Absorption

Moisture absorption, soluble matter and long term
immersion properties amvaluated. Wat absorption
tests are conducted oectangular specimelof 76.2 x

25.4 mn# size shown in Fig. 18 as per ASTN-570-
98. This test method covers the determinaof the
relative rate of absorption ofater by fiberwhen
immersed. The moisture content a-fiber is very
intimately related to such properties as elect
insulation resistance, dielectric losses, mecha
strength, appearance, and dimensior -

Short Time Immersion: The samples are condition

by heating in an oven at 50:%C for 24 hours and
then cooling to roontemperature. The weighof the
samples will betaken by Shimadzu Electror
Balance (AY 220) that hasraadability 0 0.001g. All
the samples are immersed in double distilled wfor
24 hrs at room temperature. Reconditioning is ¢
by keeping them once again in tbeen(Fig.11) for

24 hrs at 50+3C. Percentage increase in weiof
the specimen during immersion is obtainby the
ratio of increase in average weightthe conditionec
specimen after immersion in water 24 hrs and the
average weight of reconditioned specimen
calculatel nearest to 0.01%. The amotof soluble
matter lostis given by the decrease in weicof the
specimen after reconditioning. The percenteof
water absorbed is the sum of thar¥éreas in weight
and the soluble matter lost.

Long Term Immersion: The toal water absorbed k
the conditioned specimens upon immersfor about
1200. The average % increase in weiof the
specimen is calculated. The percentage increa
thickness or length owidth swelling is obtained b
the ratio of the increase in thiespectiv dimension
and the initial dimension.

CONCLUSION

The proposed research wolon development of
Century nano cellulose polyester and PVA compo:
can be ofgreat value as new structural materifor
automobiles, electronic devices, and paing
materials. The biodegradable PVA composites
find applications as biocompatible materi
Development ofcomposites from these fibers w
contribute for the developmeof Green Technology.
Extraction of nano cellulose fibers from the ple
fibers can grow as a cottage indus

REFERENCES

1. K. Raja Narender ReddyDevelopment and
Characterization of Woven Natural Fiber
Composites-A Comparative Sudy, Ph.D. Thesis,
KakatiyaUniversity, Warange 2012.

2. K. Raja Narender Reddy, D.K.N.Rao, Gopala
Kishan Rao and Kam&ar, Studies on Wove
Century Fiber Polyester CompositeJournal of
Composite  Materials,46(23)2012,pp.29:-2933.
DOI: 10.1177/00219983114347¢
jcm.sagepub.com.

3. K. Raja Narender Reddy, D.K.Nageswara Rac
Kishore Kumar, Evalueon of Viscoelastic
Properties of some Malvacediber Reinforced
Composites, International  Journal of Applied
Engineering Research, ISSN 0973-4562, vol.
7(11), 2012, pp.1409413,Scopus Indexed.

4. Omar Faruk, AndrzeK. Bledzkia, Hans-Peter
Fink, Mohini San, Biocomposites reinforced wi
natural fibers: 200@®010, Progress in Polymer
Science, 37: 2012pp.155~1596.

5. Cintil Jose Chirayil, Lovely Mathew and
SabuThomas, Review of Recent Researc
Nano Cellulose Preparation from Different Li¢-
cellulosic FibersRev. Adv. Mater. Sci. 37 (2014)
20-28.

6. Vijay Kumar Thakur, ManjuKumari Thakur,
Processing and characterization of nat
cellulose fbers/thermoset polymer composit
Carbohydrate Polymer2014,10¢102-117.

7. Ali Abdulkhani, Jaber HosseinzadehAlireza
Ashori, Saeed Dadashi, Zahra Takzar
Preparation and characterization of modi
cellulose nanofibers reinforced polylactic ac
nanocompositeRolymer Testing, 35:2014; pp.73—
79.

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume —2 | Issue — 6 | S@pt 201!

Page: 1395



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

8. ByungDae Park, In Chul Um, S-Young Lee,
Alain Dufresne,Preparation and Characterizat
of Cellulose Nanofibril/Polyvinyl  Alcohc
Composite Nanofibers by Electrospinning,
Korean Wood Sci. Technok014, 42(2 119~129.

9. B.NasriNasrabadi,T. Behzad, and R. Bagh
Preparation and Characterization Cellulose

Nanofiber Reinforced, Thermoplastic Sta
Composites, Fibers and Polymers,
15(2):2014;pp.347-354, DOI:10.1007/s122z-
014-0347-0

10.R. Masoodi, R.F. EHajjar, K.M. Pillai, R. Sabc
Mechanical characterization oéllulosenanofiber
and bio-based epoxy compositMaterials and
Design, 36:2012; pp.570-576.

11.H.P.S. Abdul KhalilY. Davoudpour, Md. Nazrt
Islam, Asniza Mustapha, K. Sudesh, RL
Dungani, M. Jawaid, Production and mfication
of nanofibrillated cellulose using various
mechanical processes: A review, Carbohyd
Polymers,2014,99, 649— 665.

12.Denis MihaelaPanaitescu, AdrianNicoletaFrone,
Marius Ghiurea, CatalinllieSpataru
ConstantiRadovici and MichaelaDoinalorga.
Properties of Polymer Composites wCellulose
Microfibrils, Advances in Composite Materials -
Ecodesign and Analysis, Dr. Brahim Attaf (Ed.
2011, ISBN: 978-953-307-150-8)Tech Chapter
6.

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume —2 | Issue — 6 | S@pt 201!

13.Robert J. MoonAshlie Martni, John Nairn, John
Simonsenf and J&Youngblood, Cellulose nar
materials review: structure, properti and nano
composites, Chem. Soc. Rev., 2011,40, -
3994.

14.Chengjun Zhou and Qinglin Wu,
Development in Applications of Cellulose
Nanocrystals for Advanced Polyn-Based
Nanocompoises by Nove Fabrication
Strategies, Chapter 6, 2012,
http://dx.doi.org/10.5772/465]

15.B. Nasri,Nasrabadi, T. Bhzad, and R. Bagh
Preparation andCharacterization of Cellulos
nanofiber reinforced Theloplastic  Starch
composites,Fibers and Polymers, 2014,vol. 15,
No.2,347-354.

16.Sandeep SLaxmeshwar,D.J. Madhu Kumar, S.
Viveka and G.K. Nagaraja, Preparation ¢
Properties of BiodegradablFilm Composites
using Modified Cellulose Fibre-Reinforced with
PVA, International Scholarly Research Netwc
ISRN Polymer Science, Volume 2012, ArticlelD
154314, 8pageslpi:10.5402/2012/154%

17.B. Goutham, Ch. Karunakar, A. Prashanth,
Vamshi, Developmerdand Evaluation of Some !
the Mechanical Properties of Kenaf/Polye:
Cellulose Compositesinternational Journal of
Mechanical Engineering and  Technology,
September 2014,Volume 5, Issue 9, 266-272.

Recent

Page: 1396



