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Aluminum oxide is most commonly used as adsorbents, catalysts, |
and catalyst supports. Recently, efforts have been devoted to the|
synthesis of nanostructured alumina with an ordered pore structure
The most common synthetic strategy for such materials is base
on templating of surfactant micelle structures. The typical hydro-
thermal synthesis based on supramolecular surfactant assembly
yields mesoporous alumina molecular sieves with a wormholelike
channel motift=® The synthesis of nanostructured alumina with
other geometries has also been reported. Zhu et al. reported the
y-alumina nanofibers prepared from aluminum hydrate with poly-
(ethylene oxide) surfactantZhang et al. synthesized porous lath-
to rod-shaped nanoparticles with a nonionic surfactditere has F]i?eurfec ;I.ci:aEtli\gri]rgiti%% Oé_th(i ;‘ﬁrigthiffg‘ljitg};a’g?gﬂzoid ::‘liicmsigigf;?fials
been no report on the synthesis of hollow alumina na_notubes k_)gseoioo nlq), (B) without added solvegnsgl — 385 n?lg). 9
on templating of surfactants, although electrochemical anodizing
methods are known to produce individual and branchy alumina

'10 e . .
na_r|1_(;tube§.th f tructured terials based tact %:ondmons with the same surfactant and aluminum precursor, but
€ syniheses ol hanostructured materials based on surtactant, ., . he added organic solvent, gave a product with a distinct

terlnplattlngt; adrg generally tcor;duc;_t'ed N agueous ort r;:)muweous‘unidirectional fibrous morphology. This demonstrates a profound
SO Vtﬁn:‘ 0 t'Spﬂf‘e realclz artl St;l olweyer, we retport ere .‘i‘hne)[’veffect of organic solvents in the hydrothermal synthesis of alumina
synthetic route ot thermally stable alumina nanostructures without ., , morphology of the obtained products.

the addition of any organic solvent. The salient feature of this

procedure is the production of unidirectional nanostructures (denoted A field emission high-resolution transmission electron micros-
. co FE-HREM) study of the P-ANS materials has been carried
as P-ANS-x, POSTECH-Alumina NanoStructures, where $* by ( ) y

L o s out to probe the detailed architecture of the nanostructured alumina.
for cationic, S for anionic, S for neu_tral, and R for nonionic _The low magnification TEM images in Figure 2A, C, E, G show
surfactant) such as nanotubes, nanofibers, and nanorods dEpend'nﬁﬁat all samples assume unidirectional nanostructures with a quite
on the natu're of the employed surfactants. . regular diameter and a length over 200 nm. Uncalcined samples

The d_et_alls of the P-ANS nanostructure preparation are as fol- containing surfactants also showed similar morphologies, indicating
lows: distilled water (160 mmol) was added very slowly to a ho- that the morphologies had been determined during the hydrothermal

mogeneous mixture of.surfactant (40 m.m0|) and aluml.nurae.m.- reaction stage by interaction between aluminum butoxide and the
butoxide (80 mmol) without any organic solvents while stirring. surfactants

The molar composition of the resulting gel, therefore, was 0.5:1:2 Samples prepared from cationic and nonionic surfactants

for surfactant:Al:water. After being stirred until the homogeneity (P-ANS-S" and P-ANS-N) showed isolated individual and branched

\I/_vas(,jobtalnled, the reTu1I_t;]nghw§II-r:|xed :gel was put mtrc]) a ;I'(Tlflon-d nanotubes. In contrast, the HR-TEM image of P-ANSsBows
Ined autoclave vessel. The hydrothermal reaction was then followed .y ats of densely distributed nanofibers vih 3 nmdiameter.

ath423 Kfor 72 h undl;er autogenlogs pres_sﬁre antl'j stati;:} Conlditic_m'Finally, P-ANS-S shows nanorods of 18 nm in diameter and 180
The product was washed several times with absolute ethanol, drlednm in length. A rod in Figure 2H shows stripelike fringes equally

sequentially at room temperature for 16 h and at 383 K for 5 h, spaced by ca. 3 nm in parallel with the direction of the rod axis.

and then calcined at 773 Kii@ h in theflow f)f ar. These results indicate that the different surfactant micelles induce
_In the presence of 1-_buFano| as an organic SOIVe_m (800 mmol) the different structures probably due to the different modes of
with the mlxtu_re ofa cat_lonlc surfactant and an alumlnum pr_ecursor interaction with the aluminum precursor. The selected-area electron
(aluminum trlseGQUIOX|de), the hydrothermal synthes.|s yielded diffraction (SAED) patterns taken from a region of P-ANS (Figure
mesoporous alumina molecular sieves (Figure 1A) with & worm- 5 'isets) show spot patterns superimposed with diffuse ring patterns

which correspond to the reflection of crystalline aluminum oxide
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holelike morphology as reported earli€rSynthesis under the same
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Figure 2. High-resolution transmission electron microscopy (HR-TEM)
images of the calcined alumina nanotubes: (A, B) P-ANSe3 cationic
surfactant, (C, D) P-ANS-Nfor nonionic surfactants, (E, F) P-ANS-S
for anionic surfactant, (G, H) P-ANS2Sor neutral surfactant, (B, D, F,
H) FE-HREM for P-ANS materials.
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Figure 3. X-ray diffraction patterns for alumina nanostructures: (A)
uncalcined samples, (B) calcined samples, (a) P-ANSES) P-ANS-N,
(c) P-ANS-S, (d) P-ANS-S.
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by calcination at 773 K. The mesophase exhibited the XRD powder

patterns of boehmite, whereas calcined products showed those of
y-alumina. Thus, nanostructured boehmite/surfactant precursors are

converted toy-alumina during calcination without much change
in morphology. The materials synthesized with anionic and neutral
surfactants showed the better-crystalline boehmitejaatlmina
phases. The difference correlates with different morphologies shown

Table 1. Textural Properties of P-ANS Alumina Nanostructures
Calcined at 773 K for 4 h

BJH pore

BETS, poresize  volume

materials surfactant (m?/g) (nm) (cm3/g)
P-ANT-S"  CHs(CHy)1sN(CHz)s—Br 385 3.7 0.77
P-ANT-N°  CH3(CHy)15—(PEO)—OH 445 3.0 0.73
P-ANT-S-  CHj3(CH)14COOH 282 2.8 0.34
P-ANT-S*  CH3(CHy)1sNH2 300 2.8 0.52

in Figure 2. The materials maintained thgkalumina phase up to
1323 K. The?’Al MAS NMR spectra showed a tetrahedral to
octahedral aluminum ratio of ca. 1:3 without any pentavalent
aluminum. Thus, all P-ANS materials prepared with various
surfactants appear to be made of crystallyralumina walls.

The textural properties of P-ANS are summarized in Table 1.
The P-ANS showing tubular morphology exhibited higher surface
areas and pore volumes. Although nanorod alumina showed
particularly low surface area, pore volume, and pore size, these
values could be rationalized only when we assume that the rod
contains internal pores of ca. 2.8 nm. This interpretation is supported
by the TEM image in Figure 2H.

In the surfactant/water/butanol system, it is expected that the
cylindrical surfactant micelle is formed and the alumina precursor
condenses around it according to the well-established templating
mechanism. The mesoporous alumina molecular sieve is synthesized
with a wormholelike channel structure under this condition. Without
added organic solvent, however, unidirectional nanostructures are
formed probably through a mechanism similar to those proposed
for the formation of silica nanotub¥sand alumina nanofibers.

By this mechanism, an interaction between surfactant and boehmite
surfaces allows the boehmite crystallites to grow along one direction
to give a fibrous morphology. Further assembly into bundles would
yield either a thicket of fibers or a nanorod of larger sizes depending
on the nature of surfactant. In any case, these nanotubes, nanofibers,
and nanorods show unique morphologies that have never been
reported before for alumina. We also found that this synthetic
procedure could be applied to the synthesis of nanostructures of
other oxides such as titanium oxide.
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