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Abstract

v-AlOOH whisker is one of the most popular precursors for the formation of Al,Oz; whisker. In this paper, a facile
hydrothermal method was developed to prepare y-AlIOOH whiskers, using hydrated alumina with different
crystallinity as the hydrothermal precursors. Amorphous hydrated alumina precursors were prepared by mixing
HCI and NaAlO, at room temperature, while crystalline hydrated alumina precursors were produced by
precipitation of NaAIO; solution. y-AIOOH whiskers with a length of 800-1500 nm and a diameter of 20-40 nm
were formed by hydrothermal treatment (220 °C, 8.0 h) of the mixing of two kinds of precursors. The experimental
results indicated that the different dissolving rates of hydrated alumina precursors were one of the main reasons for
the formation of y-AIOOH whiskers with high aspect ratio.
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1. Introduction

As one of the most important oxides, Al,O fibers
have been attracted much attention because of their
potential applications in catalysts, adsorption, compo-
sites and ceramics. The use of Al,O; fibers as streng-
theners in ceramics or aluminum matrix composites
was of great interest owing to their high melting point,
high elastic modulus and stable chemical properties, etc
[1-3].. These features make Al,O; fibers advantageous
over non-oxide fibers, which lose these properties
through oxidation at high temperatures. y-AIOOH fi-
bers were one of the most widely used alumina precur-
sors in the preparation of Al,O; fibers, and the hydro-
thermal route was usually used for the controllable
formation of AIOOH since AIOOH can be produced in
a wide range of synthesis conditions. Many researchers
have studied the hydrothermal formation of y-AIOOH
fibers, and found several main factors affected the
morphology of y-AIOOH such as the hydrothermal
precursor, hydrothermal pH, template or inducer and so
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on. Kaya et al reported the morphological changes of y-
AlOOH at different pH and synthesized the fibrous y-
AIOOH at acidic conditions (pH=2-5), whereas plate-
like crystals were synthesized in basic media (pH=10)
[4]. The surfactants as the templates or inducers were
used to promote the hydrothermal growth of y-AIOOH
whisker. Zhu et al synthesized the porous nanofibers
and plate-like AIOOH particles under hydrothermal
condition at PEO/AI>0.47 and PEO/AI<0.47, respec-
tively, via the hydrogen-bond interaction of PEO with
the surface hydroxyl groups of the AIOOH nanopar-
ticles [5]. y-AIOOH fibers with the length of 1-2 um
were obtained by mixing AICI; solution and NaOH
solution under NaPa existed (NaPa/Al=0.57). The
problemes were that the surfactants were usually harm-
ful to environment and expensive. The length of y-
AIOOH partly depended on the kinds of hydrothermal
precursors [6]. He produced the fiber-like cluster
AIOOH with a length of 1 pm by treating the obtained
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aluminium acetate at pH 2.0, while the fiber-like clus-
ter AIOOH with a length of 200nm obtained by mixing
AI(NO3); solution with quadrol [7-8]. He et al reported
the hydrothermal formation of AIOOH fibers with the

length of 1um at 240 °C for 16 h under sulphate existed.

The hydrothermal precursor was amorphous hydrate
alumina prepared by mixing HNO; solution and NaA-
10, solution [9-10].

In this paper, a method by changing the crystalliza-
tion of hydrothermal precursor to promote the growth
of AIOOH fibers was introduced. Amorphous hydrated
alumina and crystalline hydrated alumina were pre-
pared from NaAlO, solution by different methods. The
properties of the two were investigated. The influence
of the solution composition on the hydrothermal forma-
tion of y-AIOOH whiskers was also studied. The re-
sults revealed that when amorphous hydrated alumina
and crystalline hydrated alumina were mixed with dif-
ferent mass ratio, the length of y-AIOOH was discre-
pant. The explanation was the two had different solu-
bility in hydrothermal solution. Amorphous hydrated
alumina dissolved quicker than crystalline one. Stable
solution supersaturation was the impetus of AIOOH
according to one dimentional growth.

2. Experimental
2.1 Experimental Procedures

3.0 mol-L™* NaAlO, solution was prepared by dis-
solving particulate AI(OH); in 10 mol-L™ NaOH, keep-
ing the molar ratio of Na,O to Al,Oz as 1.25 : 1.0. 3.0
mol-L™ NaAlO, was then added dropwise to 5.0 mol-L°
! HCI at room temperature to obtain amorphous hy-
drated aluminum. The slurry was then washed by the
distilled water to get rid of CI". 3.0 mol-L™* NaAIO, was
stirred at 20 °C for 24 h and crystalline hydrated alumi-
na was obtained. Then it was activated by acid treat-
ment with 2 h. Amorphous precursor and crystalline
precursor with different mass percentage were mixed
and the slurry pH was adjusted to 4.5. Then the mixture
was put into a Teflon-lined stainless steel autoclave,
heated (4 “C-min™) to 220 °C and kept in isothermal
conditions for 8.0 h. After hydrothermal treatment, the
autoclave was cooled down to room temperature natu-
rally and the suspension was filtered, washed with dis-
tilled water and dried at 105 °C for 24 h.

2.2 Characterization

The thermal decomposition behaviors and the struc-
tures of the samples were investigated by the thermal
gravimetric analyzer (STA-409C, Netzsch, Germany)
and the powder X-ray diffractometer (D8advance,
Bruker, German), respectively. The morphologies of
the samples were examined by the field emission scan-
ning electron microscope (JSM 7401F, JEOL, Japan)
and the high-resolution transmission electron micro-
scopy (JEM-2010, JEOL, Japan).

Nano Biomed. Eng. 2010, 2, 121-125

M. Chen et al.

3. Results and discussion
3.1 Morphology and Composition of the Hydro-
thermal Precursors

Fig. 1a shows the XRD pattern and TG curve of the
precursor prepared by the reaction of NaAlO, and HCI
solution. Weak diffraction peaks indicated that it was
amorphous. The weight losses of the precursor within
105-1000 C were 49.6 % which were much higher
than the theoretical weight loss (34.6 %) for the con-
version of AlI(OH); to Al,Oz. The precursor was ex-
pressed as Al,035.6H,0. Amorphous Al,O3-5.6H,0
had uneven particle sizes between 200nm and 1500nm
(Fig. 2a). Concern was they had porous structures and
the porous structures promoted amorphous precursor to
dissolve during hydrothermal process. The holes con-
tained adsorbed water which was difficult to remove
although in high temperature. The lost of absorbed wa-
ter and structure water were overlapping, leading to
difficult to distinguish.
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Figure 1. XRD patterns of hydrothermal precursors: (a)
amorphous Al,O3-5.6H,0;(b) crystalline Al,03-:3.0H,0
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Figure 2. TG curves of hydrothermal precursors: (a)
amorphous Al,O3-5.6H,0;(b) crystalline Al,03:3.0H,0

Fig. 1 and Fig. 2 shows XRD patterns and TG curves
of the precursor prepared by the reaction of HCI and
NaAlO, and precipitation of NaAlO,, respectively. The
peak positions indicated that the precursor prepared by
precipitation of NaAlO, was crystalline a-Al(OH); in
Fig. 1b. The water loss was 34.1 % between 240-
600 ‘C in Fig. 2b. So the product was expressed as
Al,03-3.0H,0 (AlI(OH)3). The precursor prepared by



of HCI and NaAlO, was amorphous and was
essed as Al,03-5.6H,0 from Fig. 1b.

Fig. 3 shows the morphologies of amorphous
Al,03-5.6H,0 (a) and crystalline Al,O33.0H,O (b).
Amorphous Al,03-5.6H,0 had the structure of porous
which determined they were easy to dissolve during the
hydrothermal process. Fig. 3b shows the morphologies
of Al,033.0H,0 before and after acid treatment.
Al,03-3.0H,0 were spherical particles with ten microns
in dimeter, and their surface were made of sheet piles.
After acid treatment (2.0 mol-L™ HCI for 2 h), schis-
tose Al,O3:3.0H,0O were instead of spherical particles.
We could infer that the acid immerse to the gap of the
sheet piles, and dissolved connection of the sheet piles.
Comparing with the spherical particles, the sheet piles
left had greater surface area, and more likely to be dis-
solved in hydrothermal process.

Figure 3. Morphology of hydrothermal precursors: (a)
amorphous Al,03-5.6H,0;(b) crystalline Al,03-3.0H,0

3.2 Effect of mass ratio on morphology of AIOOH

The changes of AIOOH morphologies were shown
in Fig. 4. The hydrothermal precursors were the mix-
ture of Al,035.6H,0 and Al,03-3.0H,0 with different
mass ratio. Using only Al,O3-5.6H,0 as precursor ob-
tained AIOOH with a length of 400-600 nm and a di-
ameter of 20-40 nm (Fig. 4a), while using Al,03-3.0
H,O as precursor, no whisker appeared after hydro-
thermal treatment (Fig. 4f). When the mass ratio of
Al,03-5.6H,0 to Al,05-3.0H,0O was between 2:1 and
1:2, AIOOH whiskers with a length of 800-1500 nm
and a diameter of 20-40 nm were formed (Fig.4b, c, d,
e). Fig. 4a and Fig. 4f indicated that amorphous
Al,03-5.6H,0 dissolved and formed crystals again
orienting to one dimensional direction, while the prod-
uct of crystalline Al,O3 3.0H,O was no specific growth
direction. So they played different roles in hydrother-
mal process. Amorphous Al,03-5.6H,0 was more like-
ly to be an inducer and template which formed crystal
with one-dimensional morphology firstly, crystalline
Al,03-3.0H,0 was dissolved to improve the content of
solution AI**. The addition of crystalline Al,O3:3.0H,0
was limited by saturation degree of hydrothermal solu-
tion. In Fig.4e, the AIOOH whiskers were mixed with
some particles which were likely to result by the exces-
sive A|20330H20

3.3 Variation in hydrothermal process
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The morphology changes of hydrated alumina were
shown in Fig.5. When the mass ratio of Al,03-5.6H,0
to Al,05-3.0H,0 was 1:1, small particles existed in half
an hour and small whiskers appeared at 1h and kept
longing with time. The length of AIOOH was up to
400-500 nm till 2.0 h. When the mass ratio of
Al,05:5.6H,0 to Al,03-3.0H,0 was 1:0, small whisk-
ers with the length of 100-200 nm obtained at 2.0 h.
The length of AIOOH was significant different be-
tween the two in the early reaction. The particles in Fig.
5a and Fig. 5b could not be distinguished between
Al,03-5.6H,0 and Al,03-3.0H,0. But we can clearly
see that there were particles in Fig. 5¢ and Fig. 5d, but
only whiskers left in Fig. 5e and Fig. 5f. That told us
amorphous Al,03:5.6H,0 dissolved within 1.0h by
hydrothermal treatment, while Al,O3-3.0H,0 needed
more time to transform.

Figure 4. Morphology of the AIO(OH) whiskers
formed with different mass ratio of Al,03:5.6H,0 to
Al,05:3.0H,0 :a, 1:0; b,2:1; ¢,1:1; d,1:2; e,1:4; f,0:1

Fig. 6 shows the variation of the AI** ion with mass
ratio of Al,03-5.6H,0 to Al(OH); were 1:0 and 1:1 in
hydrothermal process. The total aluminum concentra-
tion that only amorphous Al,03-5.6H,0 as the precur-
sor increased largely at first due to the dissolution of
amorphous Al,03-5.6H,0. Up to a certain concentra-
tion, the ions formed nucleuses which had marked ten-
dency to grow along one-dimensional direction. Nuc-
leation consumed aluminum concentration, so the total
aluminum concentration decreased quickly and stabi-




a very low level which provided the driving

When the mass ratio of the two precursors was 1:1, the
solution AP** ion followed the similar trend as former.
The difference was the aluminum concentration in so-
lution was significantly higher after hydrothermal
treatment 30 min. The reason caused this change was
due to crystalline Al,O33.0H,O. We knew that inor-
ganic dissolution rate was usually affected by their
crystallinity. Al,03-5.6H,0 and Al,03-3.0H,0 had dif-
ferent crystallinity which had been discussed above, so
the dissolution of the two were not synchronized.
Amorphous Al,03-5.6H,0 dissolved firstly and crys-
talline Al,03-3.0H,0 followed.

Figure 5. Variation of hydrated alumina with hydro-
thermal reaction time mass ratio of Al,03:5.6H,0 to
Al(OH)3;=1:1: a, 15 min; b,30 min; ¢,60 min; d,120
min; mass ratio of Al,03-5.6H,0 to Al(OH);=1:0:
a,60min; b,120min

The point was clearly that increasing aluminum con-
centration in growth period of AIOOH crystal could
help one-dimensional growth of AIOOH. Crystal
theory told us the high aspect ratio of whiskers ob-
tained under low supersaturation, while higher alumi-
num concentration got longer AIOOH whisker in our
experiment. Despite the critical supersaturation of
AIOOH was difficult to measure due to the closed sys-
tem, we could infer that the solution was not saturated
in dynamics. Increasing solution concentration was
increasing the solution superaturation, that was the rea-
son why high aspect ratio was obtained when the
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e of the growth of AIOOH crystal, as Fig. 5a shown.
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amorphous Al,035.6H,O mixed with crystalline
Al,033.0H,0.
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Figure 6. Variation of the AI** ion with hydrothermal
reaction time mass ratio of Al,O3-5.6H,0 to Al,O3-3.0
H,0: a, 1:0; b,1:1

4. Conclusions

The properties of hydrated alumina precursors
formed by different condition existed obvious differ-
ences and the roles of the two were different too in hy-
drothermal process. The acid-base neutralization of
NaAlO; solution and NaOH solution obtained amorph-
ous Al,03:5.6H,0 which dissolved quickly to release
AP to form small crystal with one-dimensional mor-
phology in the initial stage. The decomposition of
NaAlO, solution got crystalline Al(OH); which dis-
solved to release AI** to stable concentration of AI** in
the solution in the latter stage. The mixed of amorph-
ous Al,03:5.6H,0 and AI(OH); could stable concentra-
tion of AI*" in the solution, which promoted the for-
mation of the one-dimensional growth of y-AlIOOH
whiskers.
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