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In this paper, a novel approach to synthesize nanostructural composite materials of TiO2/ZnAl LDH is
reported for the ﬁrst time. By simply mixing precursor solutions, TiO2/ZnAl LDH composite materials can
be readily synthesized. The deposition of TiO2 nanoparticles on the basal face of ZnAl LDH had
maintained the original layered structure of ZnAl LDH. TiO2/LDH composites exhibited a typical IV
isotherm type indicating a mesopore structure. The speciﬁc surface area of TiO2/LDH composites was four
times that of pristine LDH. Furthermore, the adsorption test using the typical dye (methylene blue: MB)
indicated that the adsorption ability of LDH had been signiﬁcantly enhanced after the incorporation of
TiO2 by this strategy. Therefore, the developed TiO2/LDH composite materials with unique adsorption
characteristics have great potential for diverse applications.
& 2013 Elsevier B.V. All rights reserved.
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1. Introduction
Organic pollutants in water can not only lead to esthetic
problems but also have high biotoxicity and carcinogenic effects,
which have increasingly threatened the daily life of human beings.
One of the best strategies to solve this problem is to develop
advanced materials for separating or degrading organic contaminants [1]. TiO2 as adsorbents or photocatalysts has been widely
used in industrial ﬁelds [2–5]. For enhancing the performance of
TiO2, various TiO2-containing composite materials with high
speciﬁc surface area and good adsorbing ability have been synthesized because of the advantages of composite materials [6–8].
On the other hand, clays are highly strong and hydrophilic materials, which are naturally abundant and easy to obtain. Layered
double hydroxides (LDHs) as anionic clays containing microporous
or mesoporous structures have been attracting considerable attention in recent years [9–11]. The general formula of LDHs can be
described as [M1  x2 þ Mx3 þ (OH)2]x þ Ax/mm   nH2O. The M2 þ and
M3 þ should be divalent and trivalent metal cations respectively,
which can provide the positive charges for layers and balance the
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interlayered anions of Am  and hydration water molecules. The
metal cations can be ﬂexibly adjusted for obtaining different
morphologies and properties such as using Zn2 þ , Mg2 þ , Co2 þ ,
Cu2 þ , Ni2 þ , Al3 þ , Fe3 þ , Ga3 þ and Cr3 þ . Up to now, TiO2/LDH
composite materials have been synthesized by diverse methods
such as physical blends [12], calcinations of TiOSO4/LDH solutions
[13] and co-precipitation of TiCl4 with divalent and trivalent metal
cations under alkali conditions [14]. However, it is not easy to
improve the properties of TiO2/LDH composites under control by
the aforementioned methods [12]. Therefore, new approaches to
synthesize TiO2/LDH composites with enhanced properties are
urgently required.
Here, one-pot in situ approach is ﬁrstly reported to synthesize
TiO2/ZnAl LDH composite materials. The synthesized TiO2/ZnAl
LDH composite materials have been characterized by various
methods, including Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), Brunauer–Emmett–Teller (BET) and dye
removal test, for investigating the structure and dye adsorption
ability.
Experimental
Materials: Tetrabutyl titanate (Aldrich), Zn(NO3)2  6H2O
(Aldrich, 99%), Al(NO3)3  9H2O (Aldrich, 99%), NaOH (Acros, 97%)
and Na2CO3  10H2O (Acros, 99%) were used as received. Commercial TiO2 (P25, Degussa) was purchased.
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Synthesis process: During a typical process of synthesis, 11.15 g
(0.0375 mol) of Zn(NO3)2  6H2O and 4.689 g (0.0125 mol) of
Al(NO3)3  9H2O were dissolved in 50 mL deionized water to obtain
acidic solution (pH¼ 4.5). The tetrabutyl titanate (TBTI)/ethanol (1:4 by
volume ratio) solution (7.5 mL) was added at 80 1C and the mixed
solution was stirred for 3 h. Then, 0.5 mol/L alkaline solution containing Na2CO3 and NaOH (molar ratio of 1:1) was added dropwise to the
mixed solution to keep the solution at pH of 9 and the mixture was
kept at 80 1C for 18 h. TiO2/LDH composite materials were obtained
after the sediments were centrifuged, washed and dried at 100 1C for
24 h. Pristine LDHs were prepared following the similar procedure.

Characterizations: XRD tests were carried out by a RINT D/MAX2500/PC XRD instrument using Cu Kα radiation (λ ¼0.154184 nm,
40 kV, and 35 mA). The morphologies of materials were examined
with a JSM-6510 scanning electron microscope (SEM) after gold
coating and a Tecnai G2 F20 transmission electron microscope
(TEM) equipped by Energy Dispersive X-Ray Spectroscopy (EDX).
Fourier transform infrared spectra (FT-IR) were obtained on a
Nicolet-Nexus 6700 FT-IR spectrometer. Porous structures were
characterized by an ASAP 2020 automatic physisorption analyzer
through N2 adsorption at 77 K. X-ray photoelectron spectroscopy
(XPS) was used to determine the surface chemical composition.
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Fig. 1. XRD and SEM results of pure LDH and TiO2/LDH.
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Fig. 2. TEM–EDX result of TiO2/LDH.
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XPS measurement was carried out by an AXIS ULTRA DLD spectrometer (SHIMADZU, Japan) with a monochromatized Al Kα X-ray
source (1486.6 eV photons) at a constant dwell time of 250 ms and
a pass energy of 40 eV. Speciﬁc surface area and pore size
distribution were calculated using the Brunauer–Emmett–Teller
(BET) method and BJH algorithm, respectively. Dye adsorption
tests were conducted in a 100 mL Pyrex ﬂask. Porous materials
(60 mg) were added in methylene blue (MB, 3  10  5 M) aqueous
solution (80 mL) and the mixture was stirred vigorously for the
adsorption balance in dark. Then, MB concentration (λmax of
MB¼ 665 nm) after adsorption was analyzed with a UV–vis
CINTRA20-GBC apparatus.

Results and discussion
Physical properties: Fig. 1 illustrates XRD and SEM results of
ZnAl LDH and TiO2/LDH. Both pure LDH and TiO2/LDH materials
show several characteristic peaks located at 11.581 (003), 23.311
(006), 34.641 (012), 39.221 (015), 46.861 (018), 60.311 (110), 61.641
(113) and 65.741 (116), which indicate the well-ordered rhombohedral structure of materials. These peaks are consistent with the
reported data [13,15]. Based on the XRD results, it can be
calculated that the basal space of ZnAL LDH in our study is
7.58 Å, which is similar to that of MgAl LDH. However, the layer
thickness (3.79 Å) and the interlayer height (2.59 Å) of ZnAl LDH
are smaller than those of MgAl LDH due to different cations. The
similar peak positions of the synthesized TiO2/LDH and LDH imply
that the layered structure of LDH can be maintained after in situ
incorporation of TiO2. However, the intensity of peaks obviously
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Fig. 3. FT-IR spectra of materials.
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decreases after incorporation of TiO2. Besides, there are no obvious
diffraction peaks of TiO2 phase in XRD pattern attributed to the
covering of TiO2 peaks by the layered structure of LDH.
SEM images prove that the pure ZnAl LDH has a hexagon
structure, which is much smaller than CoAl LDH in the size
although ZnAl LDH and CoAl LDH have similar shape [16]. The
deposition of TiO2 nanoparticles on the basal face of ZnAl LDH
ascribed to the strong interactions maintained the layered structure of LDH, which is consistent with XRD results. However, the
structure of ZnAl LDH is curled without obvious edges after the
incorporation of TiO2. TEM–EDX is carried out for further clarifying
the microscopic structure of TiO2/LDH composite materials and
the results are illustrated in Fig. 2. TEM–EDX results reveal that
TiO2/LDH composites with the platelets have two distinct parts
(area A and area B). Although Zn, Al, C and O elements can be
found in both areas, area A has almost no detected Ti which is in
marked contrast to area B with abundant Ti coming from incorporation of TiO2. The results also prove that ZnAl LDH is covered
by TiO2 particles. The incorporation of TiO2 can change ZnAl LDH
porous structure and adsorption ability (discussed later). In addition, SEM images (Fig. S1) of TiO2/ZnAl LDH prove the deposition
of TiO2 nanoparticles on the basal face of ZnAl LDH. SEM images
clearly indicate that the ZnAl LDH is covered by TiO2 nanoparticles.
Meanwhile, these TiO2 nanoparticles have negligible effects on the
structure of ZnAl LDH which mainly maintains the layered
structure of original LDH.
Chemical properties: FT-IR spectra of ZnAl LDH and TiO2/LDH
composites are displayed in Fig. 3. The broad absorption band
between 3600 and 3200 cm  1 belongs to the stretching vibration
of OH of the hydroxide layers and the water among LDH interlayers. The other characteristic peaks located at 1625, 1365 and
1521 cm  1 refer to the bending vibrations of  OH, nitrate anion
and the symmetrical/asymmetrical vibrations of CO32  , respectively. Far infrared space (Ti–O bond stretching mode) which
should be paid more attention shows that the peaks of LDH
greatly decrease after TiO2 co-intercalation because of the covering of TiO2 on the surface of LDH. The chemical composition of
TiO2/ZnAl LDH composite can be determined by XPS (Fig. S2).
According to the results of XPS test, the composite mainly
consisted of Zn, O, Ti, C and Al. However, the peaks of impurities
are also detected due to the usage of solvents and precipitators in
the experiment.
Adsorption behaviors: BET results are shown in Fig. 4. Both pure
LDH and TiO2/LDH exhibit the typical IV isotherm, which indicates
the presence of mesopores inside. BET surface area (153.6 m2/g) of
TiO2/LDH composite materials is four times more than that
(37.3 m2/g) of LDH. This implies that the LDH adsorption ability
can be greatly improved by TiO2 incorporation. Besides, TiO2 tuned
the pore size distribution of LDH as the results of BJH adsorption
pore volume show, which may be attributed to the insertion of
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Fig. 4. Nitrogen adsorption–desorption isotherms and pore size distribution curves of pure LDH and TiO2/LDH composite.

114

L. Shao et al. / Materials Letters 114 (2014) 111–114

TiO2 into the interlayer space of LDH. The pore size (BJH adsorption average pore radius: 81.7 Å) of TiO2/LDH composite is much
smaller than that (BJH adsorption average pore radius: 222 Å) of
pure LDH. The smaller pore size and higher speciﬁc surface area
can endow TiO2/LDH hybrid materials with unique adsorption
ability. Therefore, the adsorption tests of the typical dye (MB) are
performed. Since ZnAl LDH with the mesoporous structure has a high
alkalinity, MB is easily adsorbed. The MB adsorption amounts of TiO2/
LDH and pure LDH are 6.50  10  6 mol/g and 2.58  10  6 mol/g,
respectively. Interestingly, the incorporation of TiO2 has greatly
improved the MB adsorption ability of LDH with the increment of
about 152%. This is attributed to the higher speciﬁc surface area.
Therefore, the one-pot synthesized TiO2/LDH nanocomposites have
great potential for environmental remediation.

Conclusions
TiO2/ZnAl LDH composites have been successfully synthesized
by one-pot in situ approach. XRD, SEM and TEM illustrate the
layered rhombohedral structure of ZnAl LDH, which can be
maintained after incorporation of TiO2. The speciﬁc surface area
(153.6 m2/g) of TiO2/LDH hybrid materials is much larger than that
(37.3 m2/g) of pure LDH and the average pore size of TiO2/LDH
hybrid materials is much smaller than that of pure LDH. The MB
adsorption ability of TiO2/LDH hybrid materials is signiﬁcantly
higher than that of pure LDH because of the higher surface area.
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