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The nanopowders of Mg-Al carbonate layered double hydroxides (MgAl-LDH) were prepared
via coprecipitation process. ZnO nanoparticles were homogeneously coated on the ceramic
MgAl-LDH surface. After calcination at 500 ◦ C for 4 h, X-ray diffraction and scanning
electron microscopy were employed to investigate the crystal structure and morphology,
respectively. It was demonstrated that ZnO nanoparticles were successfully prepared on
ceramic MgAl-LDH support. The obtained nano-ZnO photocatalyst showed a high photocatalytic degradation of malachite green. The enhanced photocatalytic property can be
attributed to both high photocatalytic activity of ZnO and good adsorption behavior of
ceramic MgAl-LDH, in which the flaky structure of MgAl-LDH plays an important role.
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sorbed selectively on the adsorbents and supports.
III
x+ n−
An/x ·mH2 O is one of the promis[MII
1−x Mx (OH)2 ]
ing adsorbents and supports, in which MII , MII , and
An− denotes divalent cation (Mg2+ , Ni2+ , Zn2+ , and
Cu2+ ), trivalent cation (Al3+ , Cr3+ , and Co3+ ), and
intercalated anion (CO3 2− , Cl− ) with a charge n− , respectively. Due to homogeneous interdispersion, layered double hydroxides (LDH) shows a high surface area
[7, 8]. The high adsorption capacity and high anion
exchange capacity are comparable to anion exchange
resins. Thus, LDH is a good candidate as catalyst support [9−14]. As an example, ZnO/MgAl-LDH provides
an enhanced photocatalytic activity by improving the
contact between pollutant solutions and photocatalysts.
Furthermore, MgAl-LDH facilitates a good stability of
nano-ZnO particles.
In this work, the enhanced photocatalytic performance of the synthesized ZnO/MgAl-LDH nanocomposite was extensively investigated under UV irradiation.

I. INTRODUCTION

Water pollution has been a global problem in the last
decades. Dye, e.g. malachite green (MG), is one of the
main sources for water pollution. MG is widely used
in textile, leather, pharmaceutical, and related industries. It is necessary to remove MG from water prior to
the process of water discharge. Many techniques, e.g.
membrane separation, adsorption, osmosis, coagulating
sedimentation, and photodegradation, have been extensively investigated. Among them, photodegradation,
using the photocatalysts, is one of the most economical
techniques [1−4].
Recently, semiconductors have attracted a considerable attention as promising photocatalysts for removing
organic and inorganic pollutants from water, for example, ZnO has been successfully used in photocatalytic
degradation of dyes and pigments [1, 2]. It was reported that ZnO showed a higher photocatalytic activity to several organic contaminants than TiO2 [5, 6].
However, ZnO nanoparticles tend to aggregate above
400 ◦ C. Next, aggregation leads to a reduced surface
area and a larger crystallite size. To avoid aggregation, an alternative way is to distribute ZnO nanoparticles on adsorbents. This photocatalytic system shows
both high adsorbing capacity and high efficiency for the
photocatalytic degradation, especially when MG is ad-

II. EXPERIMENTS
A. Sample preparation

MgAl-LDH (Mg2+ /Al3+ =2) was prepared by coprecipitation method [15]. A typical synthetic process was
as follows: 0.25 mol Mg(NO3 )2 ·6H2 O and 0.125 mol
Al(NO3 )3 ·9H2 O were dissolved in 100 mL distilled water under vigorous stirring. Then, a 125 mL mixed solution of 0.874 mol NaOH and 0.416 mol Na2 CO3 was
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added. The mixture was then preheated to 80 ◦ C, and
suspension was obtained in the beaker. The suspension
was stirred at 80 ◦ C for 12 h. Then, the precipitates
were collected by filtration, washed three times with
distilled water and finally dried overnight at 110 ◦ C.
The dried MgAl-LDH powder was further calcined in
air at 500 ◦ C for 4 h.
Next, fresh ZnO/MgAl-LDH was obtained by coating nanosized ZnO on MgAl-LDH surface via the following route: 6 g MgAl-LDH powder was dispersed into
13.52 g Zn(CH3 COO)2 solution, 150 mL NaOH solution
(0.37 mol/L) was subsequently added into this suspension. The suspension was vigorously stirred at 70 ◦ C for
10 h. The resulting precipitate was washed three times
with distilled water and ethanol, respectively, and then
dried at 90 ◦ C overnight. After calcination at 500 ◦ C
for 4 h in air, ZnO/MgAl-LDH was obtained. As a comparison, ZnO/MgAl-LDH was synthesized via the same
method with various ratios of ZnO to MgAl-LDH. For
comparison, bare nano-ZnO powder was also prepared
via the same method, but no MgAl-LDH was used as
absorbent/support.

FIG. 1 XRD patterns for ZnO/MgAl-LDH with ratio of
(a) 1:1, (b) 2:1, and (c) 3:1, also the signal of MgAl-LDH is
marked with star.

The influence of ZnO/MgAl-LDH ratio, concentration of photocatalyst, and pH value was investigated.

III. RESULTS AND DISCUSSION
A. Crystal structure

B. Characterization

Powder X-ray diffraction (XRD) of samples were collected (Bruke AXS D8 Advance), with a scan step of
0.02◦ and a scan range of 20◦ ∼70◦ . The morphology of
the samples were investigated by scanning electron microscopy (SEM: LEO-1530) with an accelerating voltage
of 15 kV.

C. Photocatalytic performance

The photocatalytic activity of ZnO/MgAl-LDH and
bare ZnO, in term of decomposition of MG solution,
was evaluated under UV light irradiation with a 500 W
Hg lamp. Prior to the experiments, a mixture of catalyst and MG solution was loaded into quartz reactor and stirred in the dark at room temperature for
30 min to allow a complete equilibration of the adsorption/desorption of MG on the catalyst and then UVlamp was turned on. After a 10 or 15 min interval, a
5 mL aliquot was sampled and centrifuged to remove
the catalyst particles. The initial and residual amounts
of MG in the solution were determined using a UV spectrophotometer at λ=617 nm.
The reaction was preformed for 90 min till almost all
the MG was degraded and the degradation efficiency
(D) was calculated by:
D=

C0 − C
× 100%
C0

(1)

where C0 and C are the concentrations of initial and
after photocatalytic reaction, respectively.
DOI:10.1063/1674-0068/29/cjcp1505104

Figure 1 shows the XRD patterns for ZnO/MgAlLDH with different ratios, XRD of MgAl-LDH is labeled
in Fig.1 with star. This result is consistent with the results in Ref.[16]. In the XRD patterns, the diffraction
peaks could be attributed to the wurtzite structure of
ZnO. According to Scherrer formula, the size of nanoZnO is 24.8, 26.7, and 19.5 nm, respectively. This difference may occur because the MgAl-LDH play a vital
role in formation of ZnO nuclei and inhibition of ZnO
growth during the subsequent calcination [16].

B. Morphology

SEM image (Fig.2) shows that ZnO nanoparticles
are successful coated on MgAl-LDH, and the composites still retain a flake superstructure of LDH. It also
indicates that ZnO nanoparticles are well distributed
on the surface of nanosheets. Flake ZnO is found on
ZnO/MgAl-LDH with low ratio (1:1), and almost spherical nano-ZnO particles is obtained on ZnO/MgAl-LDH
with high ratio (2:1 and 3:1). Especially, high ratio of
ZnO/MgAl-LDH causes that the support of MgAl-LDH
is almost covered by ZnO particles, shown in Fig.2(c).
However, the support of MgAl-LDH is still visible in
Fig.2(b).

C. Photocatalytic properties

Figure 3 shows the results of degradation of MG by
bare ZnO, MgAl-LDH, and ZnO/MgAl-LDH. It can be
seen that the degradation of MG increases slowly with
c
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FIG. 2 SEM images of ZnO/MgAl-LDH with ratio of (a) 1:1, (b) 2:1, and (c) 3:1.
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FIG. 3 Time dependence of degradation of 50 mg/L MG by
ZnO, MgAl-LDH, and ZnO/MgAl-LDH (2:1) with a concentration of 0.7 g/L, initial pH=5.

the reaction time for ZnO and MgAl-LDH, while it increases rapidly for ZnO/MgAl-LDH. The results indicate that the photocatalytic degradation of ZnO/MgAlLDH is much higher than that of bare ZnO and MgAlLDH. The higher photocatalytic performance can be ascribed as follows: Firstly, the size of ZnO nanoparticle
coated on MgAl-LDH is in the nano-scale, ensuring its
higher photocatalytic ability; Secondly, ZnO nanoparticles are dispersed to a large extent on the surface of
MgAl-LDH nanoflakes, thus, a larger surface area is obtained; Thirdly, MgAl-LDH provides a high adsorption
capability, which is very important to photocatalytic reactions. Because ZnO/MgAl-LDH combines the steps
of adsorption and photodecomposition (see in Fig.4), it
degrades MG very rapidly. This result complies with
the literature report [17], in which superior photocatalytic efficiency of nanosized titania on a mesoporous
matrix was demonstrated.
Figure 5 shows the degradation process with different
mole ratio of ZnO to MgAl-LDH. When the reaction
time increases, the degradation of MG also increases.
It is worth noting that almost all the MG is degraded
from water after 90 min. The degradation efficiency
of ZnO/MgAl-LDH (2:1) is the highest. The phenomena are also implied in Fig.2, because ZnO/MgAl-LDH
combines adsorption and photodecomposition. MG can
be adsorbed on the support of MgAl-LDH with ZnO to
MgAl-LDH ratio of 1:1, but less ZnO on MgAl-LDH
support is acted as photocalysts, causing low degradaDOI:10.1063/1674-0068/29/cjcp1505104

FIG. 4 Possible mechanism of photodegradation process of
MG on ZnO/MgAl-LDH, where the steps of adsorption and
photodegradation is combined.

FIG. 5 Time dependence of degradation of 50 mg/L MG
by 0.7 g/L ZnO/MgAl-LDH with different ratios of 1:1, 2:1,
and 3:1, initial pH=5.

tion efficiency. On the other hand, ZnO/MgAl-LDH
of 3:1 can provide more ZnO particles as photocatalyst, however, MG is hardly absorbed on MgAl-LDH,
because almost all the surface of MgAl-LDH is covered
by ZnO particles.
Figure 6 illustrates the degradation of MG with
different concentrations of ZnO/MgAl-LDH (2:1). It
can be seen that the degradation efficiency of MG increases when ZnO/MgAl-LDH increases from 0.7 g/L to
1.3 g/L, because the active radicals, e.g. ·OH and O2 ·,
increase with the concentration of photocatalyst. However, the degradation of MG begins to decline quickly
when the concentration increases to 1.7 g/L. The phec
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FIG. 6 Effect of catalyst loading on photodegration efficiency of ZnO/MgAl-LDH (2:1) in 50 mg/L MG solution
with an initial pH=5.

nomena is mostly related to shielding effect, because
ZnO/MgAl-LDH powder in the water also scatters UV
light, causing UV light can not penetrate the suspension, less photon contributes to the photocatalytic reaction [2]. Thus, degradation decreases at high concentration of photocatalyst.
Figure 7 shows the influence of pH value of MG solution on the performance of photocatalysts. The photocatalysts provides a high degradation efficiency at high
pH values. The reasonable explanation could be related to adsorption and regeneration of active radicals:
Firstly, as pH value increases, the surface of ZnO/MgAlLDH can be negatively charged, and the active sites
available for adsorption of cationic dye, i.e., MG, increase, and more MG is absorbed [2]. Secondly, the
amount of OH increases with pH value, more OH radicals is greatly helpful for the process of photodegradation.

IV. CONCLUSION

Nanaocomposites of MgAl-LDH and nano-ZnO were
successfully prepared via a wet chemical method. On
the MgAl-LDH support, ZnO nanopowder was well dispersed. It is demonstrated that nano-ZnO photocatalyst on the MgAl-LDH support ZnO/MgAl-LDH provides an enhanced photocatalytic properties in the process of photadegradation of MG in the water. This
could be attributed to the combination of MG adsorption on MgAl-LDH support and photocatalytic recation
on the nano-ZnO surface.
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FIG. 7 Effect of the pH value on photodegration efficiency
of 0.7 g/L ZnO/MgAl-LDH (2:1) in 50 mg/L MG solution
after irradiating for 90 min. The pH value was adjusted
using HCl or NaOH solution.
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