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Introduction. Porous Alumina films with ordered
parallelnanopore arraysbtaired from Alanodizationare
widely used as nan@mplates to fabricate various ene
dimensional (1D) nanostructure like nanowires and
nanotubesfor many applications such gsgerpendicular
magnetic recording media, photocatalysis, electrode
catalysts solarenergy conversion, etddowever, most of
studiesso faradoptechighly pure Al as high as more than
99.9% as starting materialto seek for highly ordered
porous structuresSince the highly pure Al materials are
high-cost and lack ofatisfiedmechanichstrength, it is
desirableto utilize lowpure Al or Alalloy materialswvith
relatively low costsin fabricating nanoporous alumina
nanostructurefor variouspractical applicationsRecently,
much effort has been doneto fabricae tailored
nangorous almina films with varying pore diameters
gradually orstepwisely by means ofthanging anodizing
voltages or current density electrolytes temperature
etc?® This investigationrepors a simple anodizing
method to fabricate a novelthreedimensional 3D)
networked porousanodic alumina nanostructurérom
various industrial pure Al material$he effects of purity
and alloy elements inAl substrate materials were
investigatedand apossible mechanism was proposed.

Experimental. As starting materials,otir kinds of
aluminumsheets(20 x 50 mm in purity of 99%, 99.3,
99.56, and99.99% were used asreceived Before
anodizing the specimengereelectrochemicallypolished
in a mixed solution of 70% HClUGand99.5% ethanol in a
ratio of 1:4at 25 V and 280 K for 2 mirthe anodization
was performed in solutions df.9M phosphoric,0.3M
oxalic, and0.7M sulfuric acidat 15 —190 V and 273-
288K from 10 min to 5 h.

The morpholog of the anodizedspecimens were
observed byFE-SEM, and he compositionand chemical
statesof the Al substree materials and the porous alumina
films were analyzed bEDS GDOES andXPS.

Results and Discussion. Fig. la shows a
representativ@orous alumina filmwith a uniqueporous
structure, which watbrmedby anodizingAl sheetwith a
low purity in99.0% It can be clearly seen thaipart from
the large parallelpores 250 nm)perpendicular to the
film/metal interface, numerous transverse pores with
small sizes inp50 — 80 nmwere also formedcrossthe
pore walls with a regular spacing in 220 nniThe
transverse poredistributed throughout the alumirmore
walls excep for the barrier layerthus making all of the
pores connected into a nanopormetwork,i.e., a 3D
porousnanostructureAs a reference, eonventionakwo-
dimensional 2D) porous alumindilm formed ona highly
pureAl sheetn 99.999%Al wasgivenin Fig.1lb, in which
highly ordered buindependenpores in $180 nm were

formedalongtheelectricalfield as usual

It was found that the formation of transverse pores
was easier on low pure Al than on the highly pure one,
irrespectively of anodizing voltage and solution
concentratioa The generation andgrowth of the
transverse poesecan bemainly ascribed to the chemical
dissolution of impurities like Gu-e, and Zncomponents
in Al materials due to the corrosive nature of phosphoric
acid electrolyte and/or the electrochemicaldissolution
driven by theelectical field during the anodization

Fig.2 showsthe effects of Al purity on thefilms
thickness and pore intervals for the porous alumina films
formedin a phosphorouscid solution under 160 V for 5
h. The thickness of porous alumina films decreased
greatly with the decreas the purity, which may be
attributed to the loveorrosion resistance for trumina
films with more impuritiesOn contrast, the variation of
the purity of Al materiad showed little effect on the pore
intervals and the barrier yar thickness (not shown),
indicating the identical insulating nature for the anodic
alumina films.
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Fig.1 Fracture cross-sectional FE-SEM images
of porous alumina films formed in a
phosphorous solution at 160 V from Al
sheets of (a) Al-99.0% and (b) Al-99.999%.
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Fig.2 Effects of purity of Al sheets on the
formation rates and the pore intervals of
porous alumina films.




