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ABSTRACT. Zirconium oxide (ZrO) nano porous membranes were fabricated by electrochemical two-step anodization with
an electropolished zirconium substrate in inorganic water-based and organic electrolyte systems containing small amounts of
fluoride. Using two-step anodization and organic electrolytes, highly regular and ordered nanotubular ZrO, oxide layers can
be compared with aqueous electrolytes. The morphology and size of the nano porous layers were characterized by FE-SEM
(field emission scanning electron microscopy), XRD (X-ray diffraction), and EDS (energy dispersive spectroscopy). Lumi-
nescence properties were investigated by photoluminescence measurements.
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Figure 1. FE-SEM images of ZrO, nanoporous oxide containing
(a) 0.198%, (b) 0.297%, and (c) 0.396% NH,F.
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Figure 2. FE-SEM images of ZrO» nanoporous oxide film devel-
oped in ((a), (b)) (NH4)2SOs4, and ((c), (d)) ethylene glycol.
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Figure 3. FE-SEM images of ZrO, nanoporous oxide containing
0.396% NH4F under the applied voltage of (a) 10, (b) 15, (c) 20,
and (d) 25 V.
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Figure 4. FE-SEM images of ZrO, nanoporous oxide containing
0.38% NH4F under the applied voltage of (a) 30, (b) 20, (c) 35,
(d) 40, and (e) 50 V. (f) Increase of the pore size of ZrO, upon
the applied voltage.
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Figure S. EDS spectra of ZrO, nanoporous oxide with (a) no
heat treatment, and (b) 300 °C heat treatment.

A e]5t Abatupe] RS BT Ylollolth. 2] A9
210,9) 4¥gtato] i F- o &0 A 5He AL 221513
O Zr, O, FO] LA HAE = 31.76%, 57.97%, 10.27%=
)51 QI 300°Co] A A )5t A1haroliz - o] o]
A 2] Bgol A AbhAl A 0.2 oItk 300°C 0|40
A 2| S ShHl F ol Lo] gl w4 20, ATULE A
% 9lek. Z18) 31 ARBFatel A Zett O2] 94 HALEL 32.95%
o} 67.05% °F 1:29] 1] &-S et} EDS Hlo| 8|S &
S FIARERR A E Alshate] 210, SRRl S

sholg 4= gk

28l X-ray diffractionS ©]-&3}o]
Ul oh3-4d AstahS G4 8 & 514 =9

T2E 7P 4= Qlokar del A Qlrt ARk, & AGEE Sl
A BAEE oA AR - gelstairt. 300 °C
o A A Atsture A sty] Mt vpriA 2 A2
37t w2 v AA e 2 E 7L Ut} 500/
800 °Coll A E A 2lH ZrOx= Atstate] QI d F- o] 23}
FIEEC] AHEAIHEA ZAAFo] 2 FERE HolA
=tk A3} 3918 98} Zr0,2] JCPDS 7}H=(37-1484)
¢} v E Yt Zr0,0] LR = a=5.3219 A, b=5.2125 A,
c=5.1471 A] AR} 425 712 3L $=99.218°Q1 TAG A
o] AARA FgHEo|tt. ZrO; Uk thaAl Abslute] 3
d oz YA7F Zr0,2] dlo]E e} R AR
AL st A 1S FallA v A A ol A
A A 2 Wstele 25 Ay T

oAtk

r

2013, Vol. 57, No. 5

2y Ayshare) A zet B4 T AT 551
JCPDS(37-1484)
I ‘ | TR | T T
. Tann=800 T
] | M.'l «
L AN NN Ml
Tann =500 T
@
3
E i Tann =300 T
\-I | J |
l Tann=25T
PN | Aol
Zr foil
- A—M/;
1 . I . T v T T T v
20 30 40 50 60 70 80
20

Figure 6. XRD spectra of ZrO, nanoporous oxide upon the heat
temperature.
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Figure 7. PL spectra of ZrO, nanoporous oxide developed in (a)
(NH4)2S04, and (b) ethylene glycol.
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