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ABSTRACT

PureAl (99.99%) was el ectropolished in asolution of Perchloric acid and
Ethanol and anodized in galvanostatic circuit using Al cathodein sulphuric
acid and oxalic acid solutions at different concentrations and tempera-
tures, in order to form nanoporous al uminatempl ate. Anodization process
was found to be strongly dependent on potential, type of acid, its concen-
tration and temperature. Single anodi zation produces poorly ordered struc-
ture. The concavetexture of the Al surface, which wasformed by selective
removal of the film after the first anodizing step, is used to induce the
ordered formation of pores even at the initial stage of anodization in the
second step. Much ordered nano porous template was fabricated. Pore
size was found to be strongly dependent on the concentration and type
with type of acids, concentration and potential. Anodizing in sulphuric
acid produced smaller pore size compared to that in oxalic acid. Scanning
electron microscopy revealed pore diameter in the range 30-150 nm in
general. Average pore size was estimated from X-ray diffraction pattern,
using Scherer’s formula and nano pores as below 15 nm was achieved.
Polarization study of the el ectrode was carried out. Both exchange current
density and limiting current density were found to influenced by pore
size. The smaller the nano pore, higher is the current density.
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INTRODUCTION

Nanostructured materia sproduced by thetemplate
method, entailssynthes zing desired materid withinthe
poresof nanoporous membrane. Inthiscasethesize
and shape of the nano-structuresare controlled by the
size and shape of thetemplate. Thetemplate method
hasnumber of interesting and useful feeture. Thismethod
can be used to produce conductive polymers, metals,

semiconductors, carbon tube. The poreshavethedi-
mens onsranging from sub micrometer to nanometer
range, which can be used as template to fabricate
nanowire or nanotubes, as nanodevicesin electronic,
optoel ectronic and micromechanical systems*3l, But
for fabrication of these devices, highly ordered pore
arrangement, controllable pore diameter and channel
length arevery much essential. Thereare problemsin
achieving totd control of nanoporedimensiong.
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Anodization of auminum produces porousoxide
layer. By controlling external conditionssuch asacid
concentrations and applied potential, nanostructures
with extraordinary smal diameter can be prepared and
thediameter of the hole can be controlled.

Anodized duminumisdectricdly insulating (10
ohm/cm), opticdly transparent over awideenergy band,
chemically stabl€®. Porous aluminum oxideismost
commonly grownindilutesulfuricacid. But thereare
also processes available using phosphoric acid, chro-
mic acid, oxalicacid and mixtureof inorganicacid and
organic acid. Studies of formation of nanoporous an-
odized aluminaastemplate are being carried out for
some years. Masuda et al produced in oxalic acid®
and sulfuric acid™. Gosde’sgroup studied duminanano
template using sulfuric, oxalic and phosphoric acids®
191 They reported that periodic arrangements were
observed when thevolume expansion from auminum
toaluminawas 1.4 times, irrespective of any electro-
lyte. Studiesof nanoporousduminawasorigindly initi-
ated on pureauminumfoil. Dasand M cGinnig® fabri-
cated duminatemplate on slicon substrate by anodiz-
ing vacuum processed aluminain sulfuricacid. Liu et
a™ used afocused ion beam pre-patterned aluminum
surface to fabricate alumina nanotemplate. Sun and
Kim*2 used holographically patterned duminumfilms
toform auminananotemplate.

Inthe present work endeavorswere madeto fab-
ricate porousaluminain nano range by two stepsan-
odization of duminumin oxalic acid and sulfuric acid,
using pureAl.. Polarization study of the porous elec-
trode was carried to observeits performance asfuel
cell electrodesfabricated by biomass s,

EXPERIMENTAL PROCEDURE

Highly pureAl (99.99%) of 1cm by 1lcmwith2mm
thicknesswas degreased, annealed at 400 C in nitro-
gen atmosphere and el ectropolished in asol ution of
Perchloric acid and Ethanol (1:5involume). Leaving
one squaresurface, al the facesof the sampleswere
covered withinsulating coating. The samplewasan-
odized in galvanostatic circuit using Al cathodein
sulphuric acid and oxdic acid solutionsat different con-
centrationstemperatures. Anodization of duminumwas

carried out by atwo stage process. Thefirst anodized
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auminalayer wasthen sdlectively removed by immers-
ingin4vol.% CrO3 + 10 vol .%H3PO4 for 12 h at
25C.

Anodized templateswere observed under scanning
€l ectron microscope.

X-ray diffraction analysis was carried out in a
Rigaku Ultima-3 X-ray diffractometer with Cu K
(1.5406A°) radiation at 40 kV and 30 mA.. The scan-
ning rate was kept at 5°-20 / min, from 26 = 40° to
100°. Polarization studies of Nano porouselectrodes
were carryout in anodic and Cathodic solutions by
Gamry Potenti ostat. Anodi ¢ sol ution wasethyl acohal,
required for directsalcohol fud cell. The cathode com-
partment wasfilled with phosphate buffer and 0.02 M
potass um hexacyanoferratein avolumetricratioof 4:1
and continuoudy purged with air for Cathodic Oxygen
reduction reaction.

RESULTSAND DISCUSSION

To determine the required potential and current
density toform nanoporouslayer of anodizing film, I-E
characteristics of auminum anodizationiscarried out
galvanostatically inoxaic and sulphuric acids, asillus-
trated in Figure 1. The anodi zation rate and stability of
anodic processare found to be strongly influenced by
typeof eectrolyteanditscomposition. In generd, the
potentia (voltage) initidly increased dowly withanin-
creasein applied current dengities, followed by arapid
incresseinthecurrent density without sgnificant change
involtage. At agiven applied current dendity, themea
sured voltagein oxalic acid washigher thanin sulfuric
acid solutions. Themeasured voltages decreased with
increasing sulfuricacid concentration.
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Figurel: Galvanogatic polarization cur veof anodization of
Alinsulphuricand oxalicacid
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Figure?2: Galvanostatic study of anodization of Al in 1.5M
sulphuric acid solution with variation of electerolyte
temperature

Figure2illustratesthe effect of temperatureon I-E
characteristic. Herethe potential isfound to decrease
withincreasingtemperatureat fixed current dengity.

Anodization of duminumwascarried out by atwo
stage process. Because single anodi zation produces
poorly ordered structure (SEM micrograph figure 3).
Theconcavetextureof theAl surface, whichwasformed
by sdectiveremoval of thefilm after thefirst anodizing
step, isused to inducethe ordered formation of pores
even at theinitial stage of anodization in the second
step. Much ordered nano porous templ ate was fabri-
cated (Figure4). with atwo stage anodization.
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Figure3: Singlestageanodizing in 1M sulphuric acid at
fixed current density of 120 mA /cm2

It isseen that an a uminanano templatewith con-
trolled poredimensions can be achieved by atering the
solution compaosition and operating temperaureat fixed
current density. At fixed current density of 1220 mA /
cmz2, if the concentration of sulphuricacidisincreased,

= Pyf/ Paper

the pore sizes decreases asreflected from X ray dif-
fraction dataaswell as SEM images.. Figure4 and 5
displaysthe SEM micrograph of anodized uminum at
1M amd2.5M sulphuricacid at 120 mA/cm2 cd. and
27 °C. Unliketheauminananotemplatesfrom sulfuric
acid baths, the same from oxalic acid baths produced
less ordered aluminananotemplates with larger pore
diameter digtribution. Theaverageparticlesizewases-
timated from X-ray diffraction peak and width pattern,
using Scherer’sformulaasfollows.

_ 0.09\

" Bcos@,
where, t = average particlesize, A%, B = spread at half
theintensity (width of peak at half the peak height),
radians; L =wavelength of X-Ray; 6= Bragg angle.
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Figure4: Twostageanodizing in 1M sulphuricacid at fixed
current density of 120 mA /cm2

Spread at half the intensity (B) isfound out by
determining thepeak height and thenfinding thewidth
of theat half the peak height. Thisvalueismultiplied
by /180 to get the value of B in radians. The data
and the detail s of determination of pore diameter is
depictedin TABLE 1. Theeffect of increasing acid
concentration on reduction of poresizeisalso very
well reflected here. For anodizationin sulphuric. acid,
the average pore size decreases from from 37 nm to
12 nm asacid concentration isincreased from 1mto
3.5 at same current density of 1220mA/cm? and tem-
perature 27 ° C. It is also to be noted here that for
oxdicacid, whileporesizedecreaseswithincreasein
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acid concentration, poresarelarger in size compared
to that with sulphuric acid.

1&ky

Figure5: Two stage anodizing 2,5M sulphuric higher at
fixed current density of 120 mA /cm2

TABLE 1: Poresizedeter mination
A of CuKaradiation =1.54 A°

Anodized Spread at half Pore Size
S, aluminium ‘d’>-value theintensity, 20
X nm
No. sample radians (B)
1, YO2M oo 001268 782 140.86
oxalic acid
2, WOSM o014 0001484 782 120373
oxalic acid
by 1M
3. H2504 1.2214 0.00479 78.2 37.28
by 2.5M
4, H2S04 1.2214 0.00609 78.2 29.28
by 3.5M
5. H2504 1.2214 0.01457 78.2 12.249

Anodization of aluminumisaprocessof following

electrochemical reactions

Anodicdissolution at themetd | Oxide Interface
2Al = 2A1° +6e @
At Oxide|Electrolyte Interface
3Al+30% =Al,0, +6e @
Cathodicreaction
12H " +12e=56H, (©)

Pores are created by thereaction (1), while growth of
oxideoccursduetoreaction(2). By controlling therates
of thesetwo reactions,. Percentage porosity aswell as
poresize can beretrained. Al* ionsare generated and

Research & Reotews On

accumul ated at themetal | Oxide Interface, while O*
ionsfrom the sol ution specifically adsorb at the Oxide|
electrolyte Interface, giving riseto layer of opposite
charges across the two faces of the oxide layer, pro-
ducingandectricd fiedd. Application of external poten-
tid (anodization voltage) control thefield and mobiliza-
tion of oppositely charged ionstowardsthe opposite
direction, causing porousanodized oxide. Since under
aminimum electrica fidd srength, ionsinitiateto move,
aminimum potentid isto producethe porousanodiza-
tion. Thisiswdll reflectedin Figure 1 and 2, which show
thepotentid (voltage) initidly increased dowly withan
increasein gpplied current densities, followed by arapid
increase. Thischangeof inflection of thecurveisfunc-
tionsof dectrolytetype, itsconcentration and tempera-
ture, whichinfluence concentrationsof ionsand mobil-
ity of ions. Itisinteresting to observefrom Figure 1, at
fixed current density, higher electrica field (potentia )
Isrequired to mobilizemoreionsto moveand generate
uniform distribution nano poreswith smaler poresize,
withincreasing acid concentration.. Higher current den-
Sty enhancesthekineticsof theanodicreaction(1), while
higher dectricd fiddforcetheionsto moveout to gen-
erate pores, penetrating the oxide layer.

Pol arization sudiesof the nano porousanodized du-
minum was carried out in cathodic and anodic el ectro-
lytestofinditsbehavior asdectrodemateriad. Figure 6
depi ctsthe anodic and cathodic pol ari zation behavior of
the electrodes anodized by 1M oxadic acid and 1M
ulphuricacid. TheTafe lineshavebeen produced back-
wardsto cut thehorizontal linesof reversiblepotentid of
anodic and cathodi ¢ reactionsto estimate and compare
exchangecurrent dengty. It isseenthat anodic exchange
current density | for the el ectrode produced by anod-
izationinsulphuricisfew hundred timesmorethan that
of oneproducedin oxaic acid. It wasfound from the
foregoing resultsand discuss onsmuch smaller szenano
poreswas produced with anodi zation insulphuric acid.
Thecathodic exchange current density | _isalso found
tobemuch higher for thed ectrode produced in sulphuric
acid comparedtooneinoxaicacid, whereits|  vaue
isinthemuch lower order (point of intersection not seen
intheFigure 6). Assuming theelectrolyteresistanceis
negligible, maximum current drawing capecity of thefuel
cel I, isfound 30-40timeshigher for electrode pro-
duced insulphuric acid compared to oneinoxaic acid.
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Limiting current density | hasasobeenillustratedinthe
Figure6. Diffusiona rateisa so found to be dependent
on poresize. Onewith narrower pore (with sulphuric
acid) isgiving higher limiting current density. Figure7
illugtratesand comparessimilar pol arization behavior of
theelectrodesanodized in higher (SulCa2 & SulAn2)
and lower (SulCal & SulAnl) concentrations of
sulphuricacid. Itwasdready found intheforegoing para-
graphsthat higher the acid concentration, smaller isthe
nano poresize. Itisclearly seen hereall theproperties
of thedlectrode, viz. exchangecurrent density | , limiting
current density |, and maximum current delivering ca-
pacity | aremuchgreater with theelectrode produced
with anodizationin higher concentration of acid (3.5M).
Thusit producesahigh energetic materia that can be
usedinfud cdl with muchlesspolarization and more
current and energy delivering capacity.

—&— Sulphuric
18 1 “|—*— Sulphuric

g I 5 e —=— Ozalic

*|—*— Oxalic

Erevi
c

084
06 A

E Potential in wolt ws. SCE

08 T T
oo 0.01 0.1 1

| Current Densityin m&cmz
Figure6: Comparison of polarization curvesof nano porous
electrode produced by anodization in 1iM oxalic acid and
sulphuricacid
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Figure7: Comparison of polarization curvesof nano po-
rouselectrodesproduced by anodizationin 1M and 3.5M
sulphuric acids. The curvesillustrate higher anodic and
cathodic current density for smaller nano poressizes

= Pyl Paper

A planer eectrodehavinga2D geometry, will draw
smaller current per geometric unit area, whereasapo-
rousdectrodeisof 3D geometry and having much higher
specific surfacearea. Porousd ectrode containing cata-
lytic material into the poreshel p to enhancethekinetic
of the el ectrode reactions. Nano porous pores of the
electrode, dsoinfluencethelimiting current density | .
Sincediffusonboundary layer 6 getsreduced by many
times dueto formation of 3—phase boundary of gas,
dectrolyteand solid e ectrode™. Thisincreasesthelim-
iting current density by many folds.

CONCLUSION

Nanoporous auminatempl ate could beformed by
anodizationinacids a somefixed current density and
temperature. Two stage anodization process produces
more ordered and uniformly distributed nano pores. It
isseen from scanning micrographsand X ray diffrac-
tion analysisthat pore size decreaseswithincreasein
concentration of acid. The porediameter in the order
of 12-3 nm was achieved by anodization in 3.5M
sulphuric acid at 1220mA/cm2 current density. Polar-
ization studiesreved ed high exchange current density
and limiting current density for thefabricated nano po-
rous el ectrodesin both Cathodic and anodi ¢ solutions.
Electrodes devel oped arewd |l suited for high energetic
electrodemateria for Biodectrochemical fud cells.
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