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Abstract—In this study,
electrospinning technique which composite polymelut®on with
cellulose nanowiskers (CNW) was treated by ultrassonificator
have been compared with coaxial (double) nozzlénauktin terms of
mechanical, thermal and morphological properties cofnposite
nanofiber. The effect of water content in compopité/mer solution
on properties of nanofiber has also been examihdths been seen
that single nozzle method which polymer solutioresimot contain
water has better results than that of coaxial nkthio terms of
mechanical, thermal and morphological properties nahofiber.
However, it is necessary to make an optimizatiardyton setting
condition of ultrasonic treatment to get bettepdision of CNW in
composite nanofiber and to get better mechanical #rermal
properties

single nozzle method used for

One of technique used for nanofiber productionlésteo
spinning, which is based on the whipping of polyreelution
under an applied electric field between two eletds It is
possible to manufacture fiber with diameters raggirom
several microns down to 50 nm or less. During
electrosppining, solvent in the jet solution evaes and
nanofiber web is collected on grounded collectag.(E) [1].
Composite electrospun micro and nanofibers havee wid
range of application area such as drug deliverytesys
electromagnetic shielding system; fiber reinforaeainposite
materials, etc. There are many studies related eathposite
nanofibers filled by nanosized fillers as silvemagarticles,
carbon nanotubes, nano clay, etc. Among such rajteri

Keywords—cellulose nanowhiskers, coaxial nozzle, compositéellulose nano whiskers (CNW) have great propedigzh as

nanofiber, electrospinning

|. INTRODUCTION

TUDIES related with nanofibers and nanofiber weleha

attracted significant interest in the last few dbsa
because of their excellent properties such as $ugface area
to volume ratio, nano pores on the surface, etoofilaers can
have very wide range of application areas such edical,
filtration, energy storage, fiber reinforced comipmsnaterials.
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high aspect ratio, high modulus (143 GPa), higlersth
(estimated as 14.3-28.6 GPa) renewability, biod®avdity
[2], [3]. However, limited study is available onethiterature
related with composite nanofiber filled by CNW [24]-[6].
From these studies, it has been seen that use W¥ @bl a
filler results to an increase of Young's modulusl @ensile
strength of composite nanofiber web [4] and de@eab
nanofiber’'s diameter [2]. Thus, in this studysitalso aimed to
make a contribution to a limited study made on cositp
nanofiber filled by CNW.

There are also several methods to produce composite
nanofiber such as single nozzle and coaxial metdodble
nozzle) (Fig. 1). Generally, the process at coadahnique is
some harder than single nozzle method [7]-[9]. Algle
nozzle method, matrix polymer and filler is prevsbumixed
and then fed through the single nozzle (Fig. 1)jleviat
coaxial method, polymer matrix and filler are fédough two
separate nozzles which are axially centered to edwr (Fig.
1). At single nozzle method, filler have tendeneybe placed
to whole places of nanofiber, while at coaxial w@que, filler
are forced to be placed in the axial direction {egnof
nanofiber (Fig. 1).

However, in the literature, it is not too much tfidy related
with comparison of these two methods. Thus, in giigly,
coaxial method and single nozzle method which pelym
solution was prepared by ultrasonic homogenizatwetbeen
compared to each other, in terms of nanofiber mulggy,
thermal and mechanical properties of composite filago
During production of composite polymer solution by
ultrasonic homogenizator, two different composi@ymer
solution have been prepared, i.e., composite palysokition
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with water and composite polymer solution withouater. weight ratio of CNW to Mah Elastomer is 25 %. Twiffetent
Thus, the effect of water content on the nanofiberphology composite polymer solutions were used to prepanglesi
and also thermal and mechanical properties of ceiteno nozzle composite nanofiber. One is composite potyme

nanofiber have been also examined. solution without water. Other is composite polynsetution
with water. To prepare composite polymer solutioithw
Il. MATERIALS AND METHODS water, CNW was dispersed in water by ultrasonic

homogenizator, then this CNW solution (the weightior of
CNW to water is 20 %) was added into solved Malstelaer
polymer matrix. CNW with water and polymer matrodugion
were sonificated by ultrasonic homogenizator.

A.Materials

As a polymer matrix, Polystyrene-block-poly (etmgeran-
butylene)-block-polystyrene-graft-maleic  anhydriddrom

Sigma Aldrich (it was called as Mah Elastomer) weed. Electrospinning set up parameters are 20 kV (Matbas

Ce_:llulose nano whiskers_ (CNW)  produced fror’r‘high power supply), 1 ml/h feeding rate (Sino msh-
microcrystalline cellulose (Avicel type GP1030 frofMC 50c6/c6, syringe pump) and 15 cm distance between

Biopolymer) by acid hydrolysis method was used &g minum collector and needle nozzle which gauge.&0 x3
nanofiller. mm

8mm.

Cyclohexane, Dimethylformamid — (DMF) ~ and £ coaxial (double nozzle) method, while polymeatrix
Tetrahydrofuran (THF) from Merck were used as suiv@ ¢ iion (10 % Mah elastomer solved in CyclohexdDdF,
the ratio of 70:20:10 ( 70 % Cyclohexane, 20% DMRd e iy the ratio of 70:20:10, respectively) was fetough
10% THF) to prepare 10 % Mah Elastomer solutiomd t o e nozzle by 0.8 ml/h feeding rate, CNW solutiothe
weight ratio of Mah Elastomer to solvents is 109%%)e weight weight ratio of CNW to water is 20 %) was fed thghunner
ratip of CNW to Mah Elastomer polymer matrix is @0:(25 |, ,-;|e by 0.1 mih feeding rate (Fig. 1). The @@pholtage
%, i.€., 20 % CNW and 80 % Mah Elastomer). and distance are 15 kV and 15 cm, respectively.other and

B. Preparation of CNW inner diameter of inner nozzle is 0.8 mm and 3.3n,m

As described in the literature [3], [10], CNW waguced respectively. The inner diameter of outer nozzk ism.
by acid hydrolysis of microcrystalline cellulose Q@, Avicel

type GP1030 from FMC Biopolymer). MCC was treatethw e : SEILEEE S | Baere S st
sulfuric acid (95-98 % ,Merck) at 4% for 130 min. Then, ) /—
deionized water was added and the solution was fapt

between 17 and 24 hours. Repeated centrifuge plied in nozzle A{“’“b‘" -
order to remove the excess sulfuric acid (9 cyeled each I i
cycle is 8000 rpm for 40 minutes-Nive NF 800 R).eTh T A—

supernatant was removed from the sediment and B W ° power supply
replaced by deionized water. The centrifugation tiooied

until the supernatant became turbid. NaOH was addedhe collector
solution at the last two cycles to decrease aciditythe |
solution until the final suspension had a pH valtié [11]. - ATy
C. Preparation of Samples Fig. 1 Schematic illustration of single and coaxi@ctrospinning
Polymer matrix (Mah Elastomer) was solved in method
Cyclohexane, DMF and THF as described in Matergaiti®n. TABLE |
Itis possible to use just only Cyclohexane, howe@F and TEST SAMPLES AND THEIR CORRESPONDING CODES
THF were also used to improve the electrospinmibjli], [3]. Sample | Method | Nozzle] CNW content| Availabil
Two different production methods were used to poedu code* number (‘g’lt"/r;'(’;r W'georfm
nanofiber, one is single nozzle method and otheso@xial ?na}{rix) polymer
method. At single nozzle method, two different cosipe _ solution
nanofibers were produced, one is composite namofibe N r?(')’;g'lz 1 0 -
produced b_y compos!te polymer solution with waa?'rd other SingleNW | Single I 75 —vailabie
is composite nanofiber produced by composite potyme nozzle
solution without water. Thus; four different narmis have Single-N Single 1 25 -
been produced and compared to each other. Ondeizmee Comiari g?)g:i\l 5 5 -
nanofiber which does r_10t cor_1tain any ngnofiller (A_Z)\I 'I_'he (double
other of three nanofibers is composite nanofiberictvh nozzle)
contains CNW. Test samples and their correspondoues * N: nanofiber without CNW, Single-NW: compositenudiber with CNW
are summarized in Table | which is produced by polymer solution with watedaingle nozzle, Single-

. . . N: composite nanofiber with CNW which is produced golymer solution
For single nozzle method, ultrasonic homogenizataiithout water and single nozzle, Coaxial-N: compsianofiber with CNW

(Bandelin) was used to mix and disperse CNW witlymer  which is produced by double (coaxial) nozzle.
matrix (Mah Elastomer) at low amplitude for 15 ntiest The
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D. Characterization of Nanofiber

Scanning Electron Microscopy (JEOL Model JSM-6335-E

FEG-SEM ) was used to observe the morphology/sizecat
and composite nanofiber (accelerating voltage 2P(Kig. 2).
The sample was sputtered with an approximately Exyer of
gold/palladium (Au/Pd-80-20%). The diameter of réver is
average of 50 measurements (Table I1).

~ WD 150mm

TUBITAK 200KV X3,000  1gm

TUBITAK 200KV %3000

+2150.10m

TUBITAK 200kV  X30,000 100nm WD 15.2mm

TUBITAK E Tam

Fig. 2 SEM (a): nanofiber without CNW, (b): nanafibwith CNW
which is produced by polymer solution with watedamngle nozzle,
(c): composite nanofiber with CNW which is produdsdpolymer
solution without water and single nozzle, (d): casipe nanofiber
with CNW which is produced by double (coaxial) nezz

TABLE Il
THE DIAMETER OF ELECTROSPUNFIBER
* N Single-N Single-NW Coaxial-N
Electrospun
fibers 971 355 1073 512
Diameter
(nanometer:

* N: electrospun fibers without CNW, Single-NW: cposite electrospun
fiber with CNW which is produced by polymer solutiwith water and single
nozzle, Single-N: composite nanofiber with CNW whits produced by
polymer solution without water and single nozzlegagal-N: composite
nanofiber with CNW which is produced by double ia§ nozzle.

E. Fourier Transform Infrared Spectroscopy (FTIR)

Thermo Scientific Nicolet IS10 was used for the RTI
analysis (Fig. 3).

[

EE 1 ma 1= 1

e 1]

Fig. 3 FTIR - a: Nanofiber without CNW, b: compesitanofiber
with CNW produced by coaxial method

F. Thermogravimetric Analysis (TGA)

Thermogravimetric Analysis (TA Q Series TGA Q50)swa

used to examine thermal behavior of samples. Theples
were heated from 3% up to 80C°C with a heating rate of 20
°C /min and 10 ml/min nitrogen flow rate (Table Fig.4)

TABLE 1lI
THE DIAMETER OF ELECTROSPUNFIBER
* N Single-NW Single-N Coaxial-N
Temperatures 384 356 376 340
with 5% weight
loss
(° centigrade)

* N: nanofiber without CNW, Single-NW: composite nadiber with CNW

which is produced by polymer solution with watedasingle nozzle, Single-
N: composite nanofiber with CNW which is produced golymer solution

without water and single nozzle, Coaxial-N: composianofiber with CNW
which is produced by double (coaxial) nozzle
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Fig. 4 TGA graphics, a- nanofiber without CNW, bnposite
nanofiber with CNW which is produced by single neznd
polymer solution without water

G. Tensile Testing

Instron 3345 Tensile tester with a 100 N load wels used
for breaking strength and breaking elongation féle length
and width of the specimens, gage distance and dieas

Ill.  RESULTSAND DISCUSSION

As seen from Fig. 2 and Table Il, morphology of b
NW composite nanofiber which polymer solution camta
water is not homogenous, compared to composite fifr@no
without water (Single-N), coaxial composite nanefib
(Coaxial- N) and nanofiber without CNW (N). There aome
cavities and protrusions on the surface of the wmit@
nanofiber with water (Single-NW). These may be lesu
from agglomeration of CNW during water evaporat{ag],
[13] and interaction of different solvents (wateyclohexane,
DMF, THF) which have a different evaporation belbawand
incompatibility between water and polymer matri. [3Thus,
the diameter of composite nanofiber with water ¢BrNW)
is higher than the others, due to high degree gfomgeration.
The diameter of composite nanofiber without wagingle-N)
and coaxial composite nanofiber (Coaxial-N) ares [#san
nanofiber without CNW (N), because of an increase o
conductivity of polymer solution due to presenceCdfw [2],
[5]. However, the diameter of composite nanofibeydpiced
by single nozzle method (Single-N) is less than d¢iacoaxial
composite nanofiber produced by double nozzle. Thusay
be said that single nozzle system could produce les
agglomerated and thinner nanofiber than that ofxieba
(double) nozzle system.

As seen from FTIR graphic (Fig. 3), the charactierisand
of stretching of —OH in the zone of 3200-3550 crf2l is
available, resulted from presence of CNW. An inseeaf the
peak intensity in the zone of 1700-1850 cm-1 issjibg
resulted from the interaction between CNW and pelym
matrix (Mah Elastomer).

As seen from Table Il and Fig. 4, presence of ChNMUllts
to a decrease of temperature which 5% weight I@ss i
available. This decrease is more evident in coanéalofiber
and composite nanofiber with water. There is twodieg
point on the curve (Fig. 4 (b)), first bending pois related
with beginning decomposition of CNW, while secorehding
point is related with beginning of decomposition paflymer
matrix (Fig. 4)

As seen from Table 1V, all composite nanofiberstaoring

speed were 35 mm, 5 mm, 15 mm and 10 mm/migNW have lower breaking strength and breaking edting

respectively. At least 10 specimens were tested efach
sample (Table 1V)

TABLE IV

BREAKING STRENGTH AND ELONGATION

Sample* Breaking Breaking
Strength, MPa Elongation, %

N 2.8 582

Single-NW 14 312

Single-N 2.0 398

Coaxial-N 1.7 548

* N: nanofiber without CNW, Single-NW: compositenudiber with CNW
which is produced by polymer solution with watedasingle nozzle, Single-
N: composite nanofiber with CNW which is producegd golymer solution
without water and single nozzle, Coaxial-N: comsianofiber with CNW
which is produced by double (coaxial) nozzle.

than nanofiber without CNW. This indicates thatcamposite
nanofibers with CNW have agglomeration and not prop
wetting, since literatures pointed out that weipgirsed CNW
results better mechanical properties such as highestking
strength [2], [4]. However, in terms of breakingesigth, the
worst one is composite nano with water, then cdaxia
composite nanofiber, and then composite nanofibignouwrt
water. Presence of water can lead to more aggldioerand
worst wetting of CNW. Water is available in bothngmosite
nanofiber, i.e., Single-NW and Coaxial-N. At Sindi&V,
polymer solution contains water. At Coaxial-N, waite used
to carry the CNW through the inner nozzle. Althouaglh
composite nanofiber with CNW has lower breakinghgktion
than nanofiber without CNW, the higher breakingngiation
among nanofiber with CNW is coaxial nanofiber. Tinay be
explained by the placement of CNW in the nonofithecould
not be possible to make a TEM analysis becauséfafuities
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sample preparation, however, it can be said thagrimozzle

in coaxial system forced the CNW to place in thealax
direction of nanofiber (center of nanofiber), whpcement
of CNW in composite nanofiber produced by singlezie

method may be in all direction of nanofiber, reisgtmore

restriction of mobility of polymer matrix (Fig.1).

IV. CONCLUSION

In this paper, nanofiber, which is composed of telagric
polymer composite with cellulose nanowhisker
successfully electrospun by single nozzle and evaxdzzle
method. It has been seen that single nozzle rdetfioch
polymer solution does not contain water has be#sults than
that of coaxial method, in terms of mechanical e and
morphological properties of nanofiber. For furtkardies, it is
necessary to make an optimization study on settarglition
of ultrasonic treatment to get better dispersion GNW
resulting better mechanical and thermal properties.
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