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Abstract

Titanium acid HTi,Os-H,O with nanosheet morphology has been prepared by dopig iAto Ti—O crystal structure through the
hydrothermal method. The products were characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscope (XPS), transmission
electron microscopy (TEM), and ultraviolet—visible (UV-vis) spectroscopy. It indicated tRatidping plays an important role in formation
of layered HTi,Os-H,0. The photo-catalytic activity of the samples was characterized by the depigmentation of methyl orange solution by
UV light irradiation. It demonstrated that,fi,Os-H,O possess good photocatalytic properties in water purification and may find potential
application in related fields.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of the layered compounds, attracted wide attentions due to
its compositional similarity to that of Ti®0 Some authors
TiO2 have attracted a great deal of attention because of itshave obtained bTizO7 type through the alkali treatment of
high photocatalytic activity which may find potential applica- commercial TiQ [15], however, the uniformity of the prod-
tion in environmental purificatiofl—4]. In the first instance,  ucts produced in this manner might be destroyed because
people devoted themselves to the synthesis of, Tith its final transformation to bllisO7 was dynamically unfa-
nano-scale dimensions. This was motivated by a known con-vorable although thermodynamically favoralpiés]. Other
cept that photocatalytic activity of Tikwill be enhanced due  authors got HTi>Os-H2>0 form by the ion-exchange reaction
to quantum-size effect and specific surface effect. With the between H and prepared alkali titanatgk7] which needed
development of researches, it is found that the properties oftwo steps to get the final product.
some semiconductor nanomaterials are markedly affected by In this work, we have obtained layered titanium acid
impurities, and consequently these constituents also affectwhich proved to be HiTi»Os-H,O form by doping ZA* into
applications and economic valifg], the researches of dop- Ti—O structure through hydrothermal method. Some reac-
ing Zr?* into TiO, have been widely unfoldgé] and gotten tion parameters in the hydrothermal conditions were studied
some initial result§7—9]. In spite of this, the research is far-  in detail. The products showed nanosheet morphology and
ther away to complete and the synthesis conditions have notpossessed the potential to be a photocatalyst in water purifi-
been investigated in detail. cation according to the photocatalytic experiments.
Inrecentyears, layered compounds have been extensively
studied [10-12] in this domain due to its unique struc-

ture and chemical activity13,14] Titanium acid, as one 2. Experimental
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ratio of titanium sulfate and zinc sulfate were mixed evenly
as initial reactants. Afterwards, they were transferred to a
50 ml Teflon-lined autoclave, where corresponding quantity

of alkali solution inaon = 4nTi + 2nzn) was added. Then the 72h
autoclave was sealed and heated under auto-generated pres- 5
sure at 200C for different reaction times. The as-formed 8 4sh
solid precipitate was centrifuged, washed with distilled water 2
and then dried at 8QC for 2 h to give the products. 2

The structure of the products was examined by X-ray g =4n

diffractometry (XRD, Bruker Advance D-8) using CuoK
radiation ¢.=1.54063). The elements composition was 12h
detected by X-ray photoelectron spectroscope (XPS), XPS
measurements were performed on a MK Il system with Mg T T
Ka radiation as the exciting source, where the binding ener- 5 10 15 20 25 30 35 40 45 50 55 60

gies were calibrated by referencing the C 1s peak to reduce 20 (deg.)

the sample charge effect. The morphology of the samples

was investigated by transmission electron microscopy (TEM, Fig. 2. The XRD patterns of as-prepared products with 5% Zn/Ti + Zn molar
Model Hitachi H-700H, 200 kV). Optical absorption stud- ratio at 200°C for different time.

ies were carried out using a UV—-vis-NIR spectrophotometer arately at 200C for 12 h. Seen from the pattern, pure 5O

(Shimadzu UV-3101PC). and ZnO products can be obtained under this reaction con-

. The photocatalyt_ic property of the produ_cts was tested ditions according to JCPDS 21-1272 and JCPDS 36-1451,
in our house-made Instruments. A commercial 400 W high- respectively. However, when titanium sulfate and zinc sul-

pressure Hg lamp was used as the light source. Before IIIu'fate were mixed with different molar ratio together, there

mlga'uhor; Waf tlurrt1ed on, the stysrlllenst!on(\j/v_lth rgetl?yl ozja}pge happened some change. All of the XRD results showed the
and photocatalyst was magnetically stirred in adark condition products are amorphous.

fﬁ: 3?. mtm o esltabhshtaE adso;ptltiﬂ—desdorgttlﬁn gqullllbélum. To quest for the doping technigue, we kept the molar ratio
€ 1Irst sample was taken out at tn€ end ot In€ dark atsorp-o¢ 7 i 1. 71y pe 59 and prolonged the reaction tirkéy. 2

tion period, just before the light was turned on, in order to _. . :
dete?minethje methyl orange goncentration in solution, which gives the products _sy_nthe3|zed ‘F.ﬂ 2(_)Dfor 12-72h. Itis :

. e . obvious that the variation of reaction time causes a change in
was hereafter considered as the initial concentration afterdark[he XRD patterns of the resulting products. When the time
adsorption. Samples were then withdrawn regularly from the exceeded 24, the product became crystéllized and when
reactor and centrifuged immediately for separation of the sus- he time was pryolonged to 48, the product got crystallized
pended solids. The clean transparent solution was analyze ell. When the reaction time Wé\S further prolonged to 72 h,

with UV-vis spectroscopy. there was no obvious change relative to the sample for 48 h.
According to JCPDS card 47-0124, the crystallized product
proved to be HTi»Os-H20 and no any peaks which belong
to TiO2 or ZnO appear.

To characterize the role of 2hin the process of synthe-

Fig. 1shows the XRD patterns of the products obtained g;,in ¢ 1y, 1j,04.H,0, some experiments with different molar
from alkali treatment of titanium sulfate and zinc sulfate sep- . .."¢ 7n/Ti + Zn were taken under 20C for 48 h Fig. 3

3. Results and discussion
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Fig. 1. The XRD patterns of pure Tgland ZnO prepared at 20C for Fig. 3. The XRD patterns of as-prepared product with different Zn/Ti+ Zn

12h. molar ratio at 200C for 48 h.
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Fig. 4. The XPS patterns of as-prepareglt4Os-H,0O whose Zn/Ti + Zn molar ratio is 5%.

shows the final results. Seen from the XRD patterns, when noand length is near to 500 nm. It was thought that this kind
Zn?* was added, the product showed to be pure;T\@hile of morphology was suitable to transform to some new types
when the molar ratio of Zn/Ti + Znwas 1%, the H>Os-H,0 of nanostructure such as nanotube, multi-nanofilm and nano-
product became amorphous. Until the ratio reached to 3%, compound materialR20,21] The inset SAED pattern taken
the product became crystallized, and kept the ratio increas-
ing to 5%, even to 7%, there was no obvious change except
a slightly shift of the main peaks which may be caused by
superfluous Zft situated between the layers.

Fig. 4(@) shows the XPS survey spectra of the as-
synthesized product whose Zn/Ti+Zn molar ratio is 5%.
Seen from its local chart, the binding energy of Tis2p
(Fig. 4(b)) for the as-synthesized product is 458.7 eV which
agrees with the literature value of TiQL8], and the binding
energy of Zn 2pp» (Fig. 4(c)) is 1021.8 eV which accords
with the literature value of Zn@19]. However, there were
not any characteristic peaks about ZnO appeared in the XRD
patterns of HTi»Os-H,0. So we perfumed that Zhentered
into the Ti~O crystal structure and replaced partiall§*Tilue
to their similar ionic radius when they were mixed togetherin
hydrothermal process, and the progress needs a longer time
than 48 h at 200C. When Z#* replaced Tt* in amorphous
state, some Hmay be adsorbed into the crystal structure to
keep whole charge conservation. Pre-formed product acted as
the crystal seeds and induced the continuous reaction. Con-
sequently, the final producti,Os-H20, formed.

Fig. 5gives the TEM image of the as-synthesized products
whose Zn/Ti+Zn molar ratio is 5%. Seen from the figure, the riy 5 TEM and SAED patterns of as-preparedTHOs-H2,0 whose
sample shows nanosheet shape whose width is about 200 nran/Ti+ zn molar ratio is 5%.
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Fig. 6. UV-vis patterns of as-synthesized Fi@nO and HTi20s-H,0 Fig. 8. Methyl orange solution decomposition ratio with different photocat-
whose Zn/Ti+ Zn molar ratio is 5%. alysts under ultraviolet light for different time.

from individual nanosheet confirms the products are well- for 50 min, while other curves denote methyl orange solution
crystallized single crystals. with H,Ti2Os-H,0 irritated under ultraviolet light for dif-
Fig. 6 shows the whole UV-vis spectra of the as- ferenttime. Seen from the patterny F,Os-H,O played the
synthesized Ti@, ZnO and HTi20s-H20 whose Zn/Ti+Zn  role of photocatalyst in the depigmentation of methyl orange
molar ratio is 5%. The as-synthesized Fi®of anatase struc-  solution. Under its role, the solutions with,Fi>0s5-Ho0
ture with the particle size of about 10 nm. The average size depigmented gradually and were almost decolored totally
of ZnO patrticles is about 2m. Usually ZnO would grow when the irritated time was up to 50 min.
to micron size under hydrothermal condition if no template Fig. 8 shows the decomposition ratio of methyl orange
or surfactant was adopt¢@2]. As can be seen from the fig-  solution with the role of 2 g/L as-synthesized Bi@nO and
ure, the absorbance edge 0§ FbOs-H2O is closer to the  H,Ti,0s-H,0 under ultraviolet light for different time. Seen
one of TiG; which indicates that bili2Os-H20 has similar  from the results, all the solutions depigmented gradually with
optic quality with TiG,. The difference of the two Ti-based enlonged irritation time, and after 50 min, the decomposition
compounds lies that $Ti,0s-H20 has a little shift to vis-  ratio of methyl orange solution with TiChas reached nearly
ible area comparative to T It may due to the effect of  to 100%. At this time, the depigmentation ratio of solution
implanted Z8*. The as-synthesized ZnO in our experiments with H,Tio0s5-H,0 is 95.6% which is lower slightly than
has an absorbance in the visible area which can be seen fronTiO,. In spite of this, HTi»Os-H,O may still find poten-
the spectra. tially much wider application than Ti©due to its unique
Fig. 7 gives the depigmentation curves of methyl layered structure. Although ZnO also took the role of pho-
orange solutions with the addition offi,O0s-H20 whose  tocatalyst in the depigmentation of methyl orange like the
Zn/Ti+Zn molar ratio is 5% under ultraviolet light. The above two, however, its ability is weaker comparatively, the
concentration of the catalyst is 2g/L. Curve A shows the decomposition ratio is just 66.2% after 50 min. It may due to
depigmentation curve of absolute methyl orange solution its large size which is about@m in our hydrothermal growth
without any HTiOs-H20 irritated under ultraviolet light  atmosphere.

Fig. 9shows the effect of concentration 0fH2O5-H2O

on the depigmentation activity of methyl orange under the
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Fig. 7. Depigmentation curves of methyl orange solutions under ultravi- 0 10 20 30 40 50
olet light: (A) without HTi2Os-H20 for 50 min; (B) with HTi2Os-HO Time (min)
for 10min; (C) with B Ti2Os-H20 for 20 min; (D) with HTi2Os-H,0
for 30 min; (E) with K Ti>»Os-Ho0 for 40 min; (F) with B Ti>Os-H»0O for Fig. 9. The effect of concentration ofHi»Os-H,O catalysts on the depig-
50 min.

mentation activity of methyl orange under the irradiation of UV light.
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