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ABSTRACT

The paper dealswith electrosynthesis of zinc oxide nanostructures under
controlled mass transfer rate. The results of this works show that mass
transfer is a main factor to control and change the morphology of zinc
oxide nanostructures from the nanosheets to the nanoparticles.
Electrosynthesis was done by direct oxidation of zinc anode by exerting
pulsed current in the solution containing sodium sulfate and sodium sul-
fide. At diffusion masstransfer (DM T) control zone, zinc oxide is synthe-
sized in nanosheet form with 30 nm average thickness. By adding convec-
tion masstransfer (CMT), thelength and width of nanosheetsare strongly
decreased and their thicknesses slowly increased to form nanoparticles.
At higher convective mass transfer rates (more than 0.14 cm? s?), by in-
creasing CMT rate, average particles sizes of the samples are decreased.
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INTRODUCTION

In recent decade, there are great interests on
nonstructurd zinc oxide (ZnO), becauseit haswidedi-
rect band gap, Srongexcitonicbindingenergy and prom-
isingapplicationfor UV-laser withlow threshold¥, fidd
emissonarray’?, surfaceacoustic devicd?, trans stor and
biosensor¥in nanoscaes. Different ZnO nanostructures
such asnanowire, nanorod, nanobet, nanotube, and vari-
ousfascinating nanostructuressuch ashierarchical and
tetrapod nanowi sker, nanocomb, and nanopin havebeen
synthesized through different routes®.

ZnO nanostructuresweresynthesized by different
physical and chemica methods. Thechemica methods

have more performancesthan physica methodsin con-
trolling of particdlesszesand morphol ogy. Severd chemi-
ca methodsfor the synthesisof zinc oxideand mixed
metal oxideshavebeenreported e.g. preparation of fine
zinc oxide by meansof spray pyrrolysis®, sol-gel tech-
nique™ and thermal decompositiont®. Thesynthesisof
zinc oxidefrom organi ¢ sol utionshasa so been reported,
e.g. precipitation from acoholsand amines®¥. In ma-
jor of these studies, the control of particle shapeand
therate of particle growth have been consideredin or-
der toavoid theformation of large particles.

Onthe other hands, electrochemical synthesis of
nanoparticles hasreceived agreat deal of attentionin
the past several years. This is probably because
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electrosynthesishasalow cost reaction condition that
can be carried out under smooth condition and the prop-
ertiesof nanoparticlescan be controlled by several fac-
torssuch ascurrent amplitude, applied potentia, tem-
perature and sol ution composition™?. Pulsed current
electrosynthesi sisamodified method versusthe con-
ventiond galvanostatic method. Thereare severa re-
portswhich show that the pul sed current e ectrosynthes's
ismore adequatethan thedirect current!*3.,

Thereisnot any attention about the masstransfer
controlling during synthes sand el ectrosynthesisof zinc
oxide nanostructures. Inthiswork, wehave applied a
pulsed current method for the direct synthesis of
nanostructured zinc oxidein the presence of sodium
sulfideaspH adjuster, sodium sulfateasionic strength
adjuster and poly vinyl pyrolidone (PVP) asstructure
director. We havetried to investigate theeffect of mass
transfer during pulsed electrosynthesis of ZnO
nanostructures on the morphol ogy and particlessizes
of thefind sample.

EXPERIMENTAL

All materialsand reagents were purchased from
Merk of Fluka. Doubledistilled water wasused in all
experiments. All thed ectrochemica experimentswere
carried out by an electrolyzer equipped with pulse sys-
tem (BTE 04, Iran). A scanning electron microscope
with EDX ingtrument from Philips (XL30, Netherlands)
was used for the studying of morphol ogy and particles
sizesof thesamples. X-ray diffraction (XRD) studies
were performed by aDecker D, instrument.

Before each el ectrodeposition, three similar pure
zinc electrodeswere dipped in the diluted HNO, for

30 min and then rinsed with doubledistillated water to
removeany surface species Electrosynthesiswasdone
by using onezinc € ectrode asanode and two zinc el ec-
trodes as cathode on two sides of anode. Zinc oxide
nanostructureswere directly synthesized by pulse an-
odic oxidation of purezinc el ectrode which coupled
with two pure zinc cathodesin agueous sol ution con-
taining sodium sulfide, sodium sulfate and Polyvinyl
pyrolidone (PVP). Oxidation wasdone by applying the
pul sed gal vanostatic method. All sampled were synthe-
sized under conditionsincluding 0.001M sodium sul-
fide, 0.1 M sodium sulfate, 12.7 pH, 0.5 %wt PVPas
structurd additive, 45 °C solution temperature, 0.5 mA
cm? pulsed current amplitude, 1 spulsetimeand 1 s
relaxation time. The synthesized samplewasfiltered,
washed with water and acetone and then dried at 80
°C. The rate of mass transfer was controlled during
electrosynthesisand severa ZnO sampleswere syn-
thesized by using different masstransfer rates.

RESULTSAND DISCUSSION
Inall synthesizes, the synthesis conditionswhich

noted inthe experimental section wereexactly used.
Someinitid synthesizeswere doneto specify the suit-
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Figure 1 : XRD patterns for the synthesized ZnO

nanoparticles

TABLE 1: Experimental conditions of different ZnO samples and the obtained specifications for the synthesized

nanostructures
CMT type C(I(\:/ln;rz ;ﬂ;e Sample mor phology L(?]n rg;h Vzlr:%t)h ThEﬁI:nr;ess D|Z:nme)ter
Without CMT 0 Nanoshest 1140 914 30
Ultrasonic (90 W) 0.02 Nanoshest 913 502 45
Ultrasonic (180 W) 0.04 Nanosheet 559 415 70
Ultrasonic (450 W) 0.1 Nanosheets & nanoparticles 449 348 82 114
Ultrasonic (630 W) 0.14 nanoparticles --- --- - 175
Ultrasonic(810 W) 01.8 nanoparticles --- --- - 145
Stirring(100 rpm) 0.2 nanoparticles 99
Stirring(100 rpm) 0.4 nanoparticles 46
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Figure2: SEM imagesof theZnO aamplessynthwzed atdifferent CMT rates(accordmgto experimental condltlons noted
at TABLE 1)
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ablepH adjuster. Theresults showed sodium sulfide
can act as the best pH adjuster to synthesis ZnO
nanostructures. Figure 1 showsthe XRD patterns of
ZnO samplesynthesized inthe presence of sodium sul-
fideaspH adjuster. The XRD patterns of the samples
showed that the synthesized sample have no sulfide
species(such aszinc sulfide) asimpurity.

Inthe main part of thisstudy, some synthesizes
were performed under the same conditions. Never-
theless, the masstransfer rate was controlled to in-
vestigateits effect on the morphology and particles
sizes. It isobviousthat the diffusion mass transfer
(DMT) can not change or control by operator. One
person can only control the convection masstransfer.
Convective masstransfer (CMT) through atempera-
turegradient or stirring the solutioniscreated. Thus,
by controlling the temperature and stirring the solu-
tion, the convective mass transfer rate can be con-
trolled. All experimentswere performed under con-
trolled temperature (45 °C) to eliminate the effect of
temperature gradient in aconvective masstransfer.
Under constant temperature, the CMT rateis depen-
dent onthe solution stirring.

In this study, the CMT was produced by con-
trolled stirring of the synthesis solution and using ul-
trasonicirradiation. All sampleswere synthesized un-
der specified conditionsincluding 0.001M sodium
sulfide as pH adjuster, 0.1 M sodium sulfate as sup-
porting electrolyte (ionic strength adjuster), 12.7 pH,
0.5 %wt PV P asstructural additive, 45 °C solution
temperature, 0.5mA cm? pulsed current density (pulse
height), 1 spulsetime (t,) and 1 srelaxation time
(t,)- Eight sampleswere synthesized at different con-
vectivemasstrandfer ratesincluding. TABLE 1 shows
thesummary of experimental convectionratesandthe
obtained morphology and particles sizes. The mor-
phologiesand the particlessizes of the sampleswhich
noted at TABLE 1 were obtained from SEM images.
Figure 2 showsthe SEM images of thedifferent ZnO
sampleswhich synthesized under different CM T rates.
Asit can beseenin Figure2 and TABLE 1, CMT
rateisavery important parameter to changethe shape
and dimensionsof theZnO particles. Inthe synthesis
solution, Na,S is treated with water to produce
homogenously hydroxideions. By exerting current
pulse, the zinc anodeisoxidized to form Zn?* ions.
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The chemically produced hydroxideions aretrans-
ferred to the anode surface. The hydroxideionsand
thee ectrochemically produced zincion are combined
toform zinc hydroxide nanoparticles at the surface of
anode. Zinc oxideismore stablethan zinc hydroxide
at 45°C, so that zinc oxide is easily converted to zinc
oxide. Intheexplained mechanism, thetransfer of hy-
droxideionsfrom the solution into the anode surface
istherate controlling step of themechanism. Therate
of thisstep strongly dependsontheDMT andCMT
rates. During al electrosynthesis processes, theDMT
rateissame. Therefore, the observed differencesbe-
tween ZnO samplesarerelated to CMT differences.
Theformation of nanosheetsis performed with two-
dimensond growthwhile, thenanoparticleshavesmilar
growthinthreedimensions. Two-dimensional growth
needsalow rate of masstransfer. In the absence of
CMT, DMT makethis propose (the sample synthe-
sized without stirring), because DMT iscarried out
only in vertical direction with respect to the anode
surface (Fick’s first low in mass transfer). By adding
CMT to DMT cause to increase the mass transfer
rate and disturb two-dimensiona growth. By increas-
ing the CMT rate, the growth ratein thee dimensions
will besimilar so the nanoparticlesareformed.

CONCLUSIONS

Masstransfer rate during electrosynthesisof ZnO
nanogtructuresisavery important parameter to control
themorphology and the particles sizes of the samples.

REFERENCES
[1]
[2]
[3]
[4]
[5]

L.Miao, S.Tanemura, H.Y.Yang, S.P.Lau; J.
Nanotech., 6, 723 (2009).

C.X.Xu, X.W.Sun; Appl.Phys.Lett., 83, 3806
(2003).

M.H.Zhao, Z.L Wang, C.X.Mao; Nano Lett., 4,
587 (2004).

M.S.Arnold, P.Avouris, Z.W.Pan, Z.L .Wang;
J.Phys.Chem., 107, 659 (2003).

C.X.Xu, X.W.Sun, Z.L.Dong, M.B.Yu, T.D.My,
X.H.Zhang, S.J.Chua, T.J.White; Nanotec., 15, 839
(2004).

T.Liu, O.Sakurai, N.Mizutani, M.Kato; J.
Mater.Sci., 21, 3698 (1986).

[6]

e Tntian frnal, e ——



NSNTAIJ, 7(1) 2013 Hassan Karami and Ziba Bigdeli 35

—= Fyl] Paper

[7] N.Riahi-Noori, R.Saraf-Mamoory, PAlizadeh, [11] F.Grasset, O.Lavastre, C.Baudet, T.Sasaki,
A.Mehdikhani; J.Ceramic Proc.Research., 9, 246 H.Haneda; J.Sci., 317.
(2008). [12] H.Karami, E.M ohammadzadeh; Int.J.Electrochem.
[8] C.Liewhiran, S.Seraphin, S.Phanichphant; Appl. Sci., 5, 1032 (2010).
Phys., 6, 499 (2006). [13] S.Ghasemi, H.Karami, M.F.Mouavi, M.Shamsi pur;
[9] H.L.Cao, X.F.Qian, Q.Gong, W.M.Du, X.D.Ma, Electrochem.Commun., 7, 1257 (2005).
Z.K.Zhu; Nanotec., 17, 3632 (2006).
[10] M.E.V.Costa, J.L.Baptista; Eur.J.Ceram.Soc., 11,
275 (1993).

flano Science and flano Technology

7 o Dacis ool




