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Synthesis of Ag-TiO, Nanotubes in Ambient Atmosphere
and Kinetics of Photocatalytic Reaction "
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Abstract: Ag-TiO, composite nanotubes were synthesized for the first time by using the hydrothermal crystallization
with TiO,, NaOH and AgNO,at 700 °C in ambient atmosphere. The synthesized nanotubes were then characterized
using TEM and XRD techniques. The experimental conditions for the nanotube synthesis and the photocatalytic degra-
dation mechanism of methyl orange (MO) with nanotubes as a photocatalyst were also examined. The results show
that there is a distinct effect on nanotube’s photocatalytic characteristics under different synthesizing conditions such
as melting and hydrothermal crystallization temperature and time. The photocatalytic degradation rate (%) reached
about 99 % when the reaction was kept for 4 h and the initial concentration of MO solution (C,) was 4 mg/L. The
relationship between the rate constant (k) of the degradation and C, conformed to an order of 0.996 6 reaction.
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TiO, is an sort of important material for its inorgan-
ic function of chemical, photochemical stability and for
its low cost. It finds applications in the storage of solar
energy, photovoltaic conversion and photocdtdlytic deg-
radation of air and water pollutants'' ', Studies have
shown that TiO, nanotubes have a greater surface area
than their nanoparticles or nanofilm and thus have a
higher absorption capacity'*’

. TiO, nanotubes, having

tube-like structure, often show a remarkable effect of
quantum size because of its nano-scale hollow chan-

nels”’’. To a certain extent, the photocatalytic reaction
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rate of TiO, nano-materials depends on the amount of
the light quanta namely the carriers, pairs of photo-e-
lectrons and holes. The smaller the proportion of the
neutralized pairs of photo-electrons and holes, the high-
er the photocatalytic activity. The metal ions, particu-

“ and Au” ions added
into the TiO, crystal lattice will result in the lattice de-

larly noble metal ions, i.e. Ag

fects or change the crystallinity'®™*'. The carriers’s life
would be prolonged if the neutralization between photo-
electrons and holes was reduced. The activity and quan-

tity of photo-electrons would also effect upon its applica-
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tions to a great extent in above areas.

There are two common ways used for TiO, nanotubes
synthesis, i. e., hydrothermal method and anodizing
method® ~®'. We focus on the hydrothermal method, that
is a simple, low cost way to fabricate nanotube and is
widely adopted in this field. However due to its pressuri-
zation, it is not preferred in industrial production. In or-
der to find an improved modest synthesis way, low-cost
and simple operation has a top priority. This research
brings into focuses on the hydrothermal way in ambient

pressure for use in the fabricating Ag-TiO, nanotubes.

1 Experimental Procedure Synthesis
of Ag-TiO, Nanotubes

Raw materials TiO,, AgNO, and NaOH in a certain
proportion were mixed in a silver crucible, and melted
in the furnace at 700 °C for 30 min. The crucible with
the melted material was removed out of the furnace to
cool down at room temperature and then the melted ma-
terial was poured out into a teflon beaker. An appropri-
ate amount of distilled water was added into the teflon
beaker to solve the NaOH conserved in the melted mate-
rial and to make an NaOH solution of concentration =
10 mol/L in which a part of melted material dispersed
and, then Ag-TiO, nanoparticles formed and deposited
in the process. The beaker which contains the deposi-
tion of Ag-TiO, nano particles was put in an oven at
110 °C for 48 h. After being cooled to room tempera-
ture, the deposition in which Ag-TiO, nanotubes in-
volved, was washed with tap water, distilled water and
2 % HNO, solution separately. In order to dry the Ag-
TiO, nanotubes separated from above deposition, Ag-
TiO, nanotubes was placed in a glass beaker, heated at
an increasing rate of 5 °C/min from room temperature to
500 °C in a furnace and maintained to 500 °C for 2 h.
The Ag-TiO, nanotubes were cooled down at room tem-
perature and grinded, to be used as the photocatalyst.
1.1 Photocatalytic Degradation of MO

Adequate amount of MO solution (1 mg/L, pH ~
3) was placed into the beaker, adding in appropriate
amount of the photocatalyst, and stirred with magnetic
rod, and then the photocatalytic reaction was conduc-
ted with ultraviolet irradiation. A part of the solution
was immediately removed to the centrifuge tubes for

centrifugation. The supernatant solution was taken out

from the tube for absorbance determination and concen-
tration calculation. The rate of photocatalytic degrada-

tion (1) was calculated by the following equation.

C -C
7 =" x100 % (1)

Where C, and C is the initial and degradation reaction
concentration of MO solution( mg/L).
1.2 Instruments

The experimental instruments involved as follows;
UV Spectrmphotometer ( Beijing Rayleigh Analytical In-
struments Inc. ), 8 W ultraviolet light ( Tianjin Ame-
thyst light Ltd. ), XRD ( Philips Company D/Max-
Mc) and TEM ( Hitachi Model JEM-2010).

2 Results and Discussion

2.1 Characterization

The characterization of Ag-TiO, composite nano-
tubes were done by XRD (shown in Fig.1). Compared
with peaks of the TiO, raw material the peak values of
anatase and rutile from TiO, nanotubes dropped dramat-
ically. The characteristic peaks of TiO, tubular structure
and the noble metal Ag, were shown in Fig. 1(a) and
Fig. 1(b). Preliminary studies indicated that Ag™ was
involved in the TiO, nanotube crystalline structure to
form composite Ag-TiO, nanotubes. Ag® was used as
inhibitor to reduce the carriers’ neutralization. The
photocatalytic degradation reactions for organic com-
pound were essentially free radical reactions'"’.

TiO, excited by ultraviolet light will produce pho-
to-electrons and holes. But at the same time there was
a possibility for the neutralization of two kinds of carri-
ers. Using noble metal elements as inhibitor to reduce
their neutralization was the key to improving the photo-
catalytic capacity. When oxygen was available, the
photo-electrons could be removed timely in response to
the noble metal ions, significantly to reduce the chance
of their neutralization. However the amount of the no-
ble metal ions affected the photocatalysis. If there were
too many noble metal ions, they would bind together to
hinder the carrier s transmission, and would not be
The study
showed that an addition of 0.1 g t0 0.3 g of Ag” was

conducive to the free radical reaction.

preferable as inhibitor.
As shown in TEM images ( Figure 2) , the tubular

diameter of Ag-TiO, nanotubes is about 5 nm, the wall
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thickness is about 0.2 nm and the length is about
500 nm. As Ag and TiO, nanoparticles adhered to the
surfaces of TiO, nanotubes, of which ends are open.
The composition of the nanotubes contains Ti, Ag,
Na, and other elements, in which Ag was involved in

synthesis of nanotubes (as shown in Figure 3).

(1)raw materials

(2)nanotubes
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(a)showing curves of TiO, raw materials and TiO, nanotubes
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(b)curves of Ag-TiO, nanotubes with Ag" added
an anamount of 0.0 g, 0.1 g, 0.3 g and 0.5 g separately, as the curves
1#, 2#, 4# and 5#. A, R, and Ag denote separated the characteristic
peaks of Anatase, Rutile and Ag,0

Fig. 1 XRD patterns of nanotubes

Fig.2 TEM images of composite Ag-TiO, nanotubes
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Fig.3 The composition of Ag-TiO, nanotubes

2.2 Synthesis of Composite Ag-TiO, Nanotubes
Ag —TiO, Nanotubes were obtained by the special

synthesis (melted at 700 °C in advance) in this paper.
The tubular length was extended as compared to the u-
sual ways (as shown in Fig. 4). Without melting,
TiO, nanoparticles still existed in nanotube material al-
though it was placed at 25 °C for 30 d, and TiO,nano-
tubes with the length 100 ~ 200 nm were shorter than
that melted at 700 °C , the latter longer than 500 nm.
The studies also showed that the hydrothermal tempera-
ture = 110 °C and the hydrothermal time longer than

48 h were in favor of the synthesis (in Fig.4)

(a)Rawmaterials TiO, placed  (b)Hydrothermal crystallization at 110 °C
at25 C for 30 d for 48 h(without melting, TiO, raw materials
directly was placed into a Teflon-lined
autoclave of 100 mL capacity)

(c)At 110 °C for 20 h (d)At 110 °C for 48 h

(e)At 120 C for 48 h

Fig.4 TEM images of TiO, nano-materials fabricated

with different ways ( TiO, nanoparticles melted at 700 °C )

2.3 Photocatalytic Degradation Kinetics of MO

The photocatalytic degradation rate (1) reached about
99 % when the reaction was kept for 4 h with concentration
C, of 4 mg/L of MO solution(as shown in Fig.5).

The experimental results were deal with Langmuir

Hinshelwood kinetic formulat> ™™,

dc kK,C,
V= - =

T 1Ak, C, KA (2)
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Fig.5 Effect of the degradation time on MO
Where £ is the rate constant of the photocatalytic degra-
dation on MO, and K, is the adsorptive constant, and
C, is the concentration of MO in solution at any time.

When the concentration of MO in solution is so low

1+ kK, C,= 1
In(C,/C,) =kt (3)
The formula (3) was transferred as followed,
k=aC" (4)
Ink =1Ina + ninC, (5)

where, a is the correlation coefficient, n is a power
factor of C,. The results were shown as in Fig. 6.
When C,is 1, 2, 4, 6 and 8 mg/L, the rate of the
degradation reaction and the concentration of MO in so-

lution show as the following lines.
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Fig. 6 The degradation rate with C, of MO in solution
Followed the above formulas and Fig. 3 to Fig. 6,
n was calculated; n = —0.996 6. That is to say, k
was comformed to C, in n of —0.996 6 in the kinetics
relationship (as Formula (6)).
Ink = -=2.635 -0.996 6InC, (6)

3 Conclusion

Composite Ag-TiO, nanotubes were first time fabri-
cated using the hydrothermal crystallization in ambient at-
mosphere. Hydrothermal temperature =110 °C, and hy-
drothermal time longer than 48 h were favorable for the
formation of nanotubes. The rate (7) of photocatalytic

degradation on MO reached 99 % when the reaction was
kept for longer than 4 h and the C, was 4 mg/L. The rate

constant k of the degradation in kinetics relationship was

conformed to €, inn magnitude 0.996 6.
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