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Abstract A nano-alumina with high specific area was
prepared using a homogeneous precipitation method with
titanium dioxide and barium oxide as modifying addi-
tives. Results showed that 5 wt% TiO, or BaO added in
the alumina gels can decrease the particle size and increase
the specific area, but excessive TiO, or BaO could deteri-
orate the properties of «-Al,Os.
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1 Introduction

The surface effect is one important feature of nanoma-
terials. With the decrease of particle size, the surface
area increases greatly. The activity of particles is closely
related to its surface area. The catalytic activity is pro-
portional to the surface area of catalysts if the catalytic
reaction rate is not restricted by the mass transfer pro-
cess. High specific surface area helps the active com-
ponent of catalysts to disperse well and is extremely
beneficial in improving catalytic activity. Nano-alumina
particles with the features of resistant high-temperature,
corrosion resistance, large specific surface area and high
reactive activity are used as carriers of petroleum cracking
catalysts [1]. Nano-alumina particle catalysts with small
particle size have many fine pores and high reactive
selectivity, and their pore size, pore volume and the
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voidage distribution could be controlled. The crystal
phase, specific surface area, pore distribution and other
physical-chemical properties of nano-alumina particles
specific to the needs of catalytic reactions of petroleum
cracking can be obtained by changing the preparation
conditions of nano-alumina particles. The performance
of nano-alumina particle carriers are much more super-
ior to similar products used currently [2]. TiO,-doping
has potential application in catalytic reactions owing to
its excellent electrical, optical, catalytic nature and
unique surface properties, as well as steady physical
and chemical properties. In addition, TiO,-doping can
promote the diffusion of aluminum vacancies in alu-
mina, prevent high-temperature sintering, and increase
the reactive activity and thermal stability of alumina [3].
Similarly, BaO-doping can also modify the properties of
alumina [4]. In this work, nano-alumina particle carriers
with high specific surface area were prepared via a
homogeneous precipitation method with TiO, or BaO
as modifying additives.

2 Experimental

2.1 Preparation of nano-o-Al,O3 particles

A  0.5mol/L ammonium aluminum sulfate (Al
NH4(SO04),-12H,0) solution was used as the starting solu-
tion, a 1.7 mol/L ammonium bicarbonate (NH,HCO3)
solution was used as a precipitant, and polyethylene glycol
2000 (PEG-2000) of appropriate quantities were used as
dispersers. Nano-a-Al,O3 particles were prepared via a
homogeneous precipitation method, and the sample was
numbered as sample Al. The preparation process of sam-
ple Al is shown as follows.
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AINH, (30,),:12H,0

|

PEG-2000

|

NH,HCO,

» NH,AIO(OH)HCO

NH,HCO; excessive, pH >9, water bath 80°C

——> filtering ——> water washing ———> ethanol dipping ——> drying ——>

calcination ———> nano-alumina particles

2.2 Preparation of modified nano-x-Al,O5 particles

The nano-alumina samples were modified using TiO, or BaO as modifying additives with suitable proportions. The
TiO,/Al,O5 samples prepared by adding TiO, of 5 wt% and 10 wt% were named as sample T1Al and sample T2Al,
respectively. The BaO/Al,O5 samples prepared by adding BaO of 5 wt% and 10 wt% were named as sample BI Al and
sample B2Al, respectively. The modification process is shown as follows.

NH,AIO(OH)HCO,
water bath 80°C . . .
C,H,OH > filtering ——>  water washing — 3 ethanol dipping
TiO,or BaO
— > drying ——> calcination — 3 modified nano-alumina particles

2.3 Characterization of performances

The microstructure and particle distribution of the sam-
ples were observed by Sirion 200 scanning electron micro-
scopy (SEM). The specific surface areas of the samples
were determined by a NOVA300 BET meter. The ele-
mental contents of the samples were determined by a
ZXS100e 5700 X-ray fluorescent analyzer. Results are
shown in Table 1.

Table 1 Elemental content of the samples

elemental content/% Ti Ba Al (0
Sample Al 0 0 22.57 77.55
Sample T1Al 3.42 0 21.32 75.26
Sample T2Al 6.63 0 18.34 75.03
Sample B1Al 0 4.49 19.69 75.82
Sample B2Al 0 8.78 16.09 75.13

3 Results and discussion

3.1 Controlling for synthetic conditions

The concentration of reactants and pH value are the key
points in the preparation of nano-alumina particles by
the homogencous precipitation method. Al NH4(SOy)-
12H,O and NH4HCO; reacted under different concen-
tration of reactants and pH conditions to obtain differ-
ent products.

AINH4(SO,),-12H,0 +4NH,HCO; -
NH4AIO(OH)HCO, | +2(NH,),S04+3CO,T+13H,0 (1)

AINH4(SO,), 12H,0 + 3NH,HCO; -
AIO(OH)| +2(NH,),SO04 +3CO, 1 + 13H,0 (2)

The following reactions could have occurred before
NH4AIO(OH)HCO; was obtained [5].

NH; +AIO(OH);” +HCO; —NH,AIO(OH)HCO; +OH ™~ (3)

AIO(OH); —AIO(OH) + OH "~ 4)

When the concentrations of [NH,4"], [AIO(OH), ] and
[HCO57] are high enough, precipitation of the NH4AIO
(OH)HCO; occurs. Experiments have shown that when
the initial concentrations of NH4HCO; and NH4AI
(SOy4), are more than 1.5 mol/L and 0.5 mol/L, respect-
ively, and the pH value is 8.0~10.0, the concentrations of
[NH4], [AIO(OH), ] and [HCO; ] in this reactive system
become high enough to enable reaction (3) to proceed in a
positive direction and form NH4AIO(OH)HCOj; precip-
itate. Thus, the concentration of the reactants were set at
[Al NH4(S04),.12H,0] = 0.5 mol/L and [NH4HCO;]
= 1.7 mol/L, respectively, and the pH value was con-
trolled between 9.0 and 10.0. The excess coefficient of
the reactants was more than 1.2 under these experimental
conditions. Suitable quantities of polyethylene glycol 2000
(PEG-2000) were then added into this reactive system.
The alumina particle sample that was prepared was loose,
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and was calcined at 1050°C for 1 h. Finally, the «-Al,O3
particle sample was obtained.

The SEM photographs of sample Al are shown in
Fig. 1. As seen from Fig. 1, the particle size was
65.5 nm~82.7 nm and the distribution of particles was
uniform without obvious hard aggregates. The specific
surface area of the sample Al was 85.25 m?%g. There
were no impurities according to the elemental analysis
results.

Spot Magn T)el WD
20000x TLD 4.8

!
FEI Sirion200 SEM

Fig. 1 SEM photograph of sample Al

3.2 Modification of alumina by TiO,

The microscope photographs of a-Al,O3 with 5 wt% TiO,
(sample T1Al) and 10 wt% TiO, (sample T2Al) are shown
in Figs. 2 and 3, respectively. The particle size of sample
T1Al was 30.33 nm~48.29 nm, and the specific surface
area was 91.67 m*/g. The particle size of sample T1Al
was 38.42 nm~53.77 nm, and the specific surface area
was 80.43 m?/g. As seen from Figs. 2 and 3, the crystal
phase of the alumina in the two samples were both of the
a-Al,O5 phase. The alumina particles modified by TiO,
(5 wt%) were arranged automatically in an ear-corn struc-
ture with 500 nm long and 200 nm width. Such a struc-
tural arrangement increases the specific surface area by
about 6.42 m?/g. It shows that the particles were arranged
together without obvious hard aggregates and were placed
with each other in a seemingly automatic manner. There
are reasons for this phenomenon, such as the static elec-
tricity effect of the powder surface.

TiO, has three crystal phases, i.e. brookite, anatase and
rutile. The brookite and anatase phases can be irreversibly
transferred into rutile at 642°C and 915°C, respectively.
Therefore, the crystal phase of TiO, is rutile at 1050°C.
Wang et al. [6] reported that the diffusion rate of alumi-
num vacancy is the key step when TiO, is added into
Al,Os, and the self-diffusion coefficient of aluminum
vacancy is

Fang LI, et al.
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Fig. 2 SEM photograph of sample T1Al

| — 500nm
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Fig. 3 SEM photograph of sample T2Al

D'=(C,/S),D, (5)

Where, D" is the self-diffusion coefficient, C, is the con-
centration of the aluminum vacancy, S is the case concen-
tration of the aluminum, and D, is the body diffusion
coefficient of the aluminum ions. The formulation (5)
shows that D" is directly proportional with C,. Ti exists
in Al,O5 with three and four valences at the same time.
The reaction mode is

. 3 . " 3
3Tig + Z02—>3T1;1 +Va+ EOS (6)
.o 3 m
[TIAJ [Vm}
K=" —3 (7)
[TIAI] (ro,)*

When K is larger, or most of the Ti atoms are of four
valences, the reaction is
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3Ti0,—3Ti%, + 604 +Vy, (8)
and the main aluminum vacancies result in Ti, so

1. 1.
{VAI} ~ § [TI.AI] A 5 [Tl]total (9)

Thus, Ti added into the Al,O3 can increase the dif-
fusion coefficient of aluminum vacancies, and the
o-phase transition can be carried out at a lower temper-
ature. The reason may be related to the surface of the
a-A1,05 covered by TiO,. In the calcination process,
TiO, particles can accumulate on the surface of o-
Al,Oj5 particles and increase the grain growth rate and form
the ear-corn structure. The addition of TiO, in alumina
particles not only modifies the microstructure of the part-
icles, but also modifies the surface structures of alumina
and makes the surfaces load a large number of negative
charges. This may be because Ti*"and A1**ions have almost
the same ionic radius (1 = 0.065 nm, rap;» = 0.061 nm) [6].
Through atomic diffusion, small amounts of Ti*" ions dif-
fuse into the crystal of a-A1,03 and result in the particles
loading positive charges on their inner surface. In order to
keep neutral, the external surfaces of the particles will load
negative charges. At a higher temperature, more Ti** ions
diffuse into the alumina crystal, and result in a greater sur-
face potential. The particles could be dispersed because the
electrostatic force and the particle size is smaller. On the
other hand, the TiO, particles coating the surfaces of o-
A1,0;5 particles make the nanoparticles form “spike-like”
or “rod” structures. Such structures have a greater specific
surface area, which benefit the catalysis process.

A suitable amount of TiO,-doping in the A1,0; can
decrease the particle size of a-A1,03, and increase the spe-
cific surface area. But an excessive amount of TiO,-doping
could make TiO, react with «-A 1,05 to create an intermedi-
ate phase or to form liquid interface with o-phase. The
atoms in the intermediate phase or liquid phase have a
greater diffusion rate than those in the y-phase. Therefore,
the kinetic process of a-phase transformation is faster, and
results in a-phase growth and agglomeration.

3.3 Modification of alumina by BaO

BaCl, was used as a source substance for the BaO modifier,
which was mixed with the A1,05 precursor, and the final
process was the same as above. The specific surface area of
sample BI1Al with 5 wt% of BaO was 93.61 m?%/g, and that
of sample B2Al with 10 wt% of BaO was 82.34 m¥/g.
Compared with the pure a-Al,O; without modification,
the surface area of sample BIAl increased by 8.36 m?/g,
but the surface area of sample B2Al decreased. The SEM
photographs of o-Al,O3 added with 5 wt% BaO (sample
B1Al) and 10 wt% BaO (sample B2Al) are shown in
Figs. 4 and 5, respectively. As seen from the SEM photo-
graphs, the samples modified by BaO had a similar shape
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with the ones modified by TiO,, and that was a rod struc-
ture with a length of 500 nm. Their surface area obviously
increased and the particle size decreased. Alkaline-earth
metal oxides can also stabilize A1,05 structure. Results
show that BaO reacts with A1,05 to form aluminate, which
stops the diffusion of A1°*" ions, and BaO added into alu-
mina can also change the structure of the A1,03 particles
and form aluminate phases (BaAl,O4 and BaAl,,0,9).
Therefore, BaO-doping helps the stability of o-Al,O5 cata-
lytic properties at high-temperature. However, excessive
BaO could cause the performance deterioration of a-A1,05.

——500nm -
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Fig. 5 SEM photograph of sample B2Al

4 Conclusions

(1) The perfect NH4AIO(OH)HCOj3 precursor can be
obtained by controlling the appropriate excessive
NHHCO3, more than 1.2 of the excess coefficient, and
keeping pH at a value of 9~10, when «-Al,Oj5 particles are
prepared via the homogeneous precipitation method.
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When calcination is carried out at 1050°C for 1 h, nano-o-
Al,O; particles with a diameter of 65.5 nm~82.7 nm and
a specific surface area of 85.25 m?/g can be obtained.

(2) 5 wt% TiO, or BaO-doping can decrease the particle
size of a-Al,O3 particles and increase the specific surface
area to improve catalysis performance. However, excessive
TiO, or BaO-doping could make a-Al,O3 particles grow,
the specific surface area decrease, and the catalysis per-
formance of «-Al,Oz worsen.
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