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ABSTRACT

The ZnAl calcined layered double hydroxides/ZIF-8 composites (ZnAl-CLDH/
ZIF-8) were successfully synthesized by a simple and efficient co-precipitation
method. Characterizations including XRD, SEM, XPS, UV-vis DRS and EIS were
used to investigate the structures and the morphologies of the fabricated pho-
tocatalysts. Furthermore, the photocatalytic properties of the composites were
evaluated by the photodegradation of Methyl blue (MB) under irradiation. The
catalyst showed a high efficiency (97.35%) at the mass ratio of ZIF-8 was 5%. It is
worth mentioning that the removal efficiency of MB is still higher than 90% for
reused ZnAl-CLDH/ZIF-8 after five cycle runs, confirming the promising
practical application. Based on the experimental results, a possible mechanism
of decomposition of MB by the ZnAl-CLDH/ZIF-8 heterojunction was

proposed.

1 Introduction

In recent decades, as promising materials in the fields
of new energy, environmental protection, and green
economy, semiconductor photocatalysts with unique
optical and electrical properties have received
extensive attention from scholars in terms of sus-
tainable development [1-5]. Layered double hydrox-
ides (LDHs), as an inorganic layered semiconductor
with special structure, can be synthesized by some
simple methods [6-8]. LDHs has been widely inves-
tigated in many fields such as electrochemistry,

adsorption, polymerisation, catalysis and biology.
Thus, LDHs is considered to be one of the important
promising clay materials [7, 8]. The formula of LDHs
can be expressed by [M*";_ M>* (OH),I""[A™ ]
mH,O, where M>* and M’' represent divalent
(Mg?*, Zn*", or Ni*") and trivalent metal cations
(Ga’*, Fe**, or Mn’"), respectively [4, 7]. The value of
x is equal to M>*/(M?** 4+ M>"). Besides, A" is an
anion, such as CO;>~, SO,>~ and CI~ [9-11]. LDHs
have been widely studied in the use of catalysts, CO,
absorbents, electrode and ion exchange carriers
because of its several advantages [2, 7]. Considered to
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be a replacement of TiO,-based photocatalyst, LDHs
not only has a large specific surface area and acid-
base resistance, but also has low raw material costs
and easy-adjust composition [9-13]. Furthermore,
LDH would be converted into CLDH after calcination
at a high temperature. According to previous reports,
CLDH has larger adsorption capacity, higher cat-
alytic activity and better thermal stability than LDH
because of the formation of metal oxide nanocrystals
[2, 6, 13]. Wu et al. [13] fabricated a Cu,O/ZnAl-
CLDH photocatalyst for the removal of methyl
orange (MO). When the calcination temperature is
500 °C and the initial concentration of MO is 20 mg/
L, the photocatalytic efficiency reached 90.18% under
visible light irradiation. After three cycles, the
degradation ratio is still higher than 80%. Liu et al. [6]
synthesized CLDH/FeWQO, heterojunctions by a
biotemplate. This catalyst showed both large
adsorption capacity and high photocatalytic activity
toward Congo Red (CR). However, because of the
narrow band gap of the individual CLDH, it usually
has few generation of photogenerated carriers and
fast recombination of hole-electron pair. Therefore,
combining with another class of materials with a
wider band gap could be a simple approach to
improve the photocatalytic activity [2, 6, 14].
Metal-organic frameworks (MOFs), as a kind of
coordination polymers with porous structure, are
normally formed by self-assembled metal ions or
clusters and organic ligands [15-20]. In recent years,
MOFs have shown great application potential in
various field because of some special advantages,
such as large specific area, low density,
adjustable structure and high stability [16-18]. In the
field of photocatalysis, MOFs can be used as catalysts
because the photogenerated electrons can be trans-
ferred to the metal centers [15-17]. As a typical class
of MOFs, Zeolitic imidazolate frameworks (ZIFs) are
composed of bivalent metal cations and imidazole
ligands [17-20]. Due to its thermal and chemical
stability, as well as rapid and simple synthetic
method, ZIF-8, whose metal ion is Zn>*, has received
great attention by researchers in the photocatalysis
field. Besides, ZIF-8 has a wide band gap (> 4.0 eV)
which is favorable for the generation and separation
of photogenic carriers. Meanwhile, the energy band
structure limits its practical application because of its
low light utilization [21-23]. Therefore, CLDH and
ZIF-8 can complement the advantages of each other
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to produce new composite materials with good
optical and catalytic properties.

In this work, a simple co-precipitation method was
used to fabricate ZnAl-CLDH/ZIF-8 composites. As
far as we know, it is the first time that ZnAl-CLDH
and ZIF-8 have been combined and used for pho-
todegradation. Under the light irradiation, the pho-
tocatalytic activities of the as-prepared samples were
investigated by the decomposition of MB as a kind of
simulated organic pollutants. Furthermore, the mor-
phology and structural characteristics of the samples
were analyzed by some characterizations. In addi-
tion, through investigating the band structures of the
catalysts and the results of radical scavenging test,
the possible mechanism of dye degradation by the
ZnAl-CLDH/ZIF-8 heterojunction was proposed.

2 Experimental
2.1 Materials

Zn(NOs3),-6H,O and AI(NO;)3-9H,O was obtained
from Tianjin Kemiou Chemical Reagent Co., Ltd. and
Xilong chemical Co., Ltd., respectively. 2-methylimi-
dazole was purchased from Shanghai Titan Scientific
Co., Ltd. MB was acquired from Tianjin Hengxing
Chemical Reagent Manufacturing Co., Ltd. Ethylene
glycol was bought from Sinopharm Chemical
Reagent Co., Ltd. (China). The purity of all reagents
was analytical grade. Furthermore, in this work, they
were used without any purification. The deionized
water was used throughout the experiment.

2.2 Preparation of ZnAl-LDH

According to typical literature methods, co-precipi-
tation was used to prepare the ZnAl-LDH
[6, 14, 24-26]. Solution A was made by mixing
Zn(NO3),-6H,O and AINO3)3-9H,O in 50 mL
deionized water and the initial molar ratio of Zn/Al
was equal to 2. Meanwhile, containing NaOH and
NayCO;, solution B was prepared with deionized
water to control the pH value (pH =9.0) in the
reaction. Then, solution B was dropped into A slowly
under stirring until pH reached the expected value.
After stirring continuously at room temperature for a
period of time, the obtained suspension was crystal-
lized at 60 °C for one day, which was followed by
washing and filtration. Finally, the precipitate can be
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collected by desiccation at 60 °C in a vacuum oven
for several hours.

2.3 Preparation of ZnAl-CLDH

In order to obtain the ZnAl-CLDH, the ZnAl-LDH
sample was calcined in a muffle furnace at 500 °C for
4 h, then the powders were collected [26].

2.4 Synthesis of ZnAl-CLDH/ZIF-8

ZnAl-CLDH/ZIF-8 composites were fabricated by a
co-precipitation method. Firstly, different masses of
ZnAl-CLDH (4.3240 g, 2.0482 g, 1.2896 g, 0.9103 g)
and 1 mmol (0.2975 g) Zn(NOj3),-6H,O were uni-
formly dispersed in 50 mL methanol to form solution
C with stirring for 1 h. Meanwhile, 4 mmol (0.3284 g)
2-methylimidazole was also dissolved in 50 mL
methanol to form solution D. Then, solution D was
added into C slowly and the new solution was stirred
for 3 h. Finally, the white sediments can be separated
from the slurry by centrifugation, washed with
methanol and desiccation at 60 °C for 24 h. The fab-
ricated products with different mass ratio of ZIF-8
(5%, 10%, 15%, 20%) were marked as CZ-5, CZ-10,
CZ-15, and CZ-20, respectively. For comparison, pure
ZIF-8 was also synthesized through the same method
without ZnAl-CLDH.

2.5 Characterization of samples

The crystalline phases of the prepared composites
were analyzed by XRD patterns (Bruker D8 Advance
X-ray diffractometer with Cu-Ka radiation
(15406 A)). The SEM (TESCAN MIRA3 LMU)
instrument was used to explore the morphologies
and microstructures of the samplesat an acceleration
voltage of 10 kV. The BET (Brunauer-Emmett-Teller)
surface areas analysis was carried out using the N,
adsorption—desorption analyzer (77.3 K, 6 h outgas,
and 150 °C in advance treatment) at liquid nitrogen
temperature (— 196 °C). The XPS measurements
were performed by the ULVAC-PHI spectrometer
with Al K, radiation (1486.6 V) at 3.0 x 10~ '* mbar.
Furthermore, the XPS data was fitted by XPSPEAK 41
(software) through adjusting the Lorentzian-Gaus-
sian proportion of the Voight function. The UV-vis-
ible diffuse reflection spectroscopy (UV-vis DRS)
were implemented on a spectrophotometer (Schi-
madzu 2401 spectrophotometer).
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2.6 Photocatalytic test

A certain amount of photocatalysts (50 mg) was
added into 50 mL Methylene blue (MB) solution
(10 ppm) to ensure that the catalyst concentration
was 1 g/L. After stirring in the dark for 30 min to
reach the adsorption—-desorption equilibrium, the
mixture was exposed to a visible light by a 500 W
mercury lamp. During the irradiation process, 3 mL
solution was collected every 15 min after filtering to
remove the catalyst. Finally, the UV-Vis spec-
trophotometer was used to measure the absorbance
of the solution at 664 nm and investigate the con-
centration of MB.

According to the Beer-Lambert law, the concen-
tration of MB 1is linearly to the absorbance
[7, 12, 21, 25]. Therefore, the photocatalytic efficiency
can be evaluated by the following formula:
(Co — Ct)/Coy x 100%, where Cy is the initial concen-
tration of MB and C; is the concentration at time t.

3 Results and discussion
3.1 Characterization of photocatalysts
3.1.1 XRD

Figure 1 exhibits the XRD patterns of all as-prepared
samples. The device of ZnAl-LDH shows the char-
acteristic reflection peaks at 26 = 11.6°, 23.4°, 34.6°,
39.1°, 46.6°, 60.2° and 61.5°, corresponding to (003),
(006), (012), (015), (018), (110) and (113) planes of the

typical LDH material (JCPDS No. 38-0486)
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Fig. 1 The XRD patterns of photocatalysts
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[2, 7, 24-26]. After calcination, the characteristic
peaks of LDH are disappeared and the diffraction
reflections of ZnO can be observed (JCPDS No.
36-1451) [14, 27, 28]. According to the previous
reports, the pattern of pure ZIF-8 in Fig. 1 displays
the strong reflections of (011), (112), (022), (013) and
(222) at 20=7.4° 12.8°, 14.8°, 16.5° and 18.1°
respectively, which demonstrates a high crystallinity
of the prepared ZIF-8 [23, 28-32]. The XRD patterns
of ZnAl-CLDH/ZIF-8 composites contain the char-
acteristic peaks of two single materials. However,
compared with ZnAl-CLDH, the peak intensities of
ZIF-8 are weaker due to the low content of ZIF-8. On
the contrary, the diffraction peaks of ZnAl-CLDH are
clearly shown in the XRD patterns of the composites,
indicating the crystallinity of CLDH was not changed
by the addition of ZIF-8.

312 SEM

The SEM images were used to observe the mor-
phologies of ZnAl-LDH, ZnAI-CLDH, ZIF-8 and
ZnAl-CLDH/ZIF-8 composites. As shown in Fig. 2a,
the layered structure with a certain aggregation can
be observed, indicating the successful preparation of
LDH [3, 33-35]. Then, a part of the layered structure
was collapsed and smaller particles were produced
after calcining (Fig. 2b). Therefore, the surface area
could be increased [13, 27]. Large specific surface area
increases the contact surface with the reaction sub-
strate, which is conducive to the photodegradation
process. Figure 2c shows the SEM image of pure ZIF-
8, which demonstrates the dodecahedron structure
[30, 36-39]. This type of structure has a large specific
surface area to enhance the adsorptive property of
the composites [21, 29, 39]. Obviously, the morphol-
ogy of ZnAl-CLDH/ZIF-8 composite is similar to that
of ZnAl-CLDH (Fig. 2d), which indicates a negligible
change in the structure of ZnAl-CLDH with the
incorporation of a small amount of ZIF-8. Further-
more, the denser particles were loaded on the
uncollapsed nanosheets, proving the successful
combination of the two materials.

Furthermore, the elements types and contents were
investigated by EDX (energy-dispersive X-ray spec-
troscopy). As shown in Fig. 2e, Zn (31.35%), Al
(6.62%), O (41.05%), C (20.31%) and N (0.67%) exist in
the composite. The content of zinc is high because
both ZnAl-CLDH and ZIF-8 contain zinc. The char-
acteristic peaks of Al and N are attributed to ZnAl-
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CLDH and ZIF-8, respectively. The EDX results can
prove the coexistence of ZnAl-CLDH and ZIF-8 and
accord with XRD and SEM analysis.

3.1.3 XPS

The chemical status of ZnAl-CLDH/ZIF-8 composite
was investigated by XPS. As seen in Fig. 3a, the
presence of Zn, Al, O and C elements proves the
successful synthesis of the composite, which is con-
sistent with the XRD results. Based on Fig. 3b, the
characteristic peaks of Zn 2p are located in
1021.55 eV and 1044.82 eV, which are responsible for
Zn 2p3/2 and Zn 2pl/2, respectively [11, 13, 33].
Meanwhile, Fig. 3c shows the binding energy of Al
2p at 73.93 eV, which is related to ZnAl-CLDH
[6, 7, 24]. The binding energies of O 1 s core level
centered at 530.61 eV and 531.48 eV, corresponding
to Fe-O and O-H and Zn-O [19, 20, 25, 40]. The
spectrum of C 1s can be divided into two parts at
284.83 eV and 288.63 eV, which are responsible to the
non-oxygenated ring C (C-C) and the carboxylate
carbon (O-C=0) respectively [36, 39].

3.1.4 UV-vis DRS

The optical absorption spectra of the obtained ZnAl-
LDH, ZnAl-CLDH, ZIF-8 and ZnAl-CLDH/ZIF-8
were demonstrated in Fig. 4a. Obviously, all the
responses of them occurred in the ultraviolet region
(200-400 nm). Furthermore, although the spectrum of
ZIF-8 shows an adsorption edge at 221 nm, the
characteristic light absorption edge of ZnAl-CLDH/
ZIF-8 composite is almost the same as that of ZnAl-
CLDH (295 nm), which is due to the low mass ratio of
ZIF-8 in the composite. However, the increase of
absorbance indicates that the addition of ZIF-8
greatly improves the intensity of light absorption.
Calculated by Kubelka-Munk function [8-14, 34-39,
41, 42], the bandgaps (Ey) of the as-prepared samples
were shown in Fig. 4b—e. The hv and (Ahv)* were
taken as the X-axis and the Y-axis respectively
because the samples were indirect gap semiconduc-
tors. After calcined, the E; of ZnAl-CLDH (242 eV) is
a little narrower than that of ZnAl-LDH (2.48 eV). In
addition, the incorporation of ZIF-8 with a wide
bandgap (4.18 eV) leads the bandgap of the com-
posite wider (2.53 eV). Therefore, the ZnAl-CLDH/
ZIF-8 shows an optimal optical properties among
these four samples.
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Fig. 2 SEM images of

a ZnAl-LDH, b ZnAl-CLDH,
¢ ZIF-8, d ZnAl-CLDH/ZIF-8,
e EDX energy spectra of
ZnAl-CLDH/ZIF-8

SEM HV: 20.0 kV WD: 15.05 mm
SEM MAG: 50.0 kx Det: SE

SEM HV: 20.0 kV WD: 14.96 mm
SEM MAG: 50.0 kx Det: SE

0 1 2

3.1.5 EIS

The electrochemical impedance spectroscopy (EIS) of
the as-prepared samples was investigated by Nyquist
plots at open circuit voltage (Fig. 5), displaying the
varied charge-transfer resistance (Rcr) in ZnAl-
CLDH, ZIF-8 and ZnAl-CLDH/ZIF-8 composite
[42, 43]. As the measured impedance was mainly
affected by electrolyte resistance and charge transfer
resistance, a simple electrical equivalent circuit
shown in Fig. 5 was used to fit the EIS data [13].
Figure 5 clearly reveals that the diameter of the
semicircle arc of the ZnAl-CLDH/ZIF-8 composite is
the smallest among all the three samples, confirming
that the ZnAl-CLDH/ZIF-8 shows the lowest Rcr.
The specific parameters were provided in Table 1.
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The charge-transfer resistance is closely related to the
electron transfer efficiency, which affects the photo-
catalytic activity of the photocatalyst. Therefore,
compared with ZnAl-CLDH and ZIF-8, ZnAl-CLDH
demonstrates a optimal electron transfer efficiency,
indicating that a faster transfer rate of photogener-
ated electrons and holes, which is conducive to the
separation of photogenerated carriers.

3.1.6 BET

The N, adsorption test was carried out to investigate
the physico-chemical properties of the prepared
samples. As type IV isotherms with type H3 hys-
teresis loops, the N, adsorption-desorption iso-
therms of ZnAl-CLDH, ZIF-8 and CZ-5 were
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Fig. 4 a UV-vis DRS of prepared samples; Energy bandgaps of b ZnAl-LDH, ¢ ZnAl-CLDH, d ZIF-8 and e ZnAl-CLDH/ZIF-8

demonstrated in Fig. 6a. Furthermore, the curves
shift to a higher relative pressure approaching P/
Py =1, indicating that these samples were meso-
porous materials with some macropores larger than
50 nm in diameter. These results were further con-
firmed by the Barret-Joyner-Halenda (BJH) pore size

distributions in Fig. 6b. The specific physico-chemical
parameters were listed in Table 2. The surface area of
ZnAl-CLDH was improved from 34.377 m®/g to
63.193 m®/g after coupling 5% wt ZIF-8. Therefore,
more active sites would be exposed on the surface of
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Fig. 5 EIS of ZnAl-CLDH, ZIF-8 and ZnAl-CLDH/ZIF-8

Table 1 EIS parameters for different samples

Samples R (Q cm?) Rer (Q cm?) Qc (F cm?)
ZnAl-CLDH 9.192 1.27¢* 2.625¢7°
ZIF-8 14.58 2.921e* 5.825¢7¢
CZ-5 10.86 0.9795¢* 2.175¢7°
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3
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the catalyst, which could improve the adsorption
capacity and photocatalytic performance.

3.2 Photocatalytic activities of catalysts
3.2.1 Effect of various photocatalysts

The photocatalytic activities of fabricated ZnAl-
CLDH photocatalysts with different loading of ZIF-8
are investigated by photodegradation of MB solution
under light irradiation. For comparison, pure ZnAl-
LDH, ZnAIl-CLDH and ZIF-8 were placed at the same
condition to evaluate the properties. Before irradia-
tion, the as-prepared samples were stirred in the dark
for 30 min to achieve the adsorption—-desorption
equilibrium. The photodegradation rates are indi-
cated by C;/Cy, where C; and C, are the real time
concentration in the degradation process and the
initial MB concentration (10 mg/L) respectively, and
the results are shown in Fig. 7a. After calcination,
ZnAl-CLDH shows the better property than ZnAl-
LDH. The photocatalytic rate of CZ-5 (5% ZIF-8)
reached 97.35% in 135 min, which is higher than that
of pure ZnAl-CLDH and ZIF-8, proving the

00354 (D) —=— ZnAl-CLDH
| —eo—ZIF-8
0004 ¢ —A—CZ-5
0025+
’.‘E ] P
_% 00204
‘on
né 1 L
§ 00154 <
% <4
S 00104 !
° <4
|
0.005 4
0.000
T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Pore diameter (nm)

Fig. 6 a Nitrogen adsorption isotherms and b Pore size distribution curves of ZnAl-CLDH, ZIF-8 and ZnAl-CLDH/ZIF-8

Table 2 The physico-
chemical properties of the
samples
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Catalyst Pore diameter (nm) Pore volume (cc/g) Surface area (m’/g)
ZnAl-CLDH 2.802 0.085 34.377
ZIF-8 2.821 0.294 159.507
Cz-5 2.806 0.146 63.193
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Fig. 7 a Photocatalytic degradation of MB with as-prepared catalysts; b The pseudo-first-order kinetics model of samples under

irradiation

advantage of the combination of these two materials.
It is worth noting that ZnAl-CLDH exhibits higher
photocatalytic activity (90.12%) than that of ZIF-8
(72.34%). As shown in the Fig. 7a, after adding ZIF-§,
the adsorption rates of the composites in the first
30 min under dark conditions have been significantly
improved. At the loading of 10%, 15% and 20%, the
ZnAl-CLDH/ZIF-8 composites degraded MB solu-
tion by 64.45%, 84.54% and 81.70%, respectively,
which demonstrated the importance of the dosage of
doped ZIE-8.

It is significant to obtain the apparent rate constant
k to further investigate the photocatalytic activities
quantitatively. Therefore, a pseudo-first-order model
(Eq. 1) should be used to analyze the experimental
data cause the low MB concentration and the exper-
imental data corresponded to the Langmuir-Hin-
shelwood model [32, 38, 39, 41].

In (Co/C;) = kt (1)

In this equation, k stands for the apparent pseudo-
first-order rate constant (min~!), and t is the time
(min). Cy and C; represent the initial concentration
and the real-time concentration respectively. Fig. 7b
demonstrates the dynamics analysis results by the
relationship of In (Co/C,) against t when the R* value
of each line is closed to 1. Obviously, CZ-5 shows the
highest k (0.03143 min~') among these as-prepared
samples, proving the composite of ZnAl-CLDH cou-
pled with 5% ZIF-8 has the fastest photodegradation
rate of MB. In contrast, the k values of pure ZnAl-
CLDH and ZIF-8 are 0.0206 min™ ' and 0.0117 min ™,
which are approximately two-thirds and one-third of

that of CZ-5 respectively. All of the parameters for
the removal of MB solution were shown in Table 3.
These results further confirm the enhanced photo-
catalytic activity of the combination of ZnAl-CLDH
and ZIF-8.

3.2.2  Photocatalytic stability

The reusability is an important factor in choosing
ZnAl-CLDH/ZIF-8 composite in practical applica-
tions. Therefore, five successive photodegration pro-
cesses were implemented under the same conditions.
After each process run, the reclaimed catalyst was
restored by washed, filtrated and dried. The results
can be seen in Fig. 8 that the MB photodegradation
activity of the photocatalyst retain 92.59% after five
cycles. The results exhibit the ZnAl-CLDH/ZIF-8
composite can be used as a promising catalyst with
remarkable stability.

3.2.3 Radical scavenging

In order to explore the main active species in the
degradation process, the radical scavenging experi-
ment was carried out. During the test, the activities of
hydroxyl radicals (-OH), photogenerated holes (h™),
and superoxide radical anions (-O,") were restricted
by Isopropyl alcohol (IPA), Ethylene diamine tetra-
acetic acid (EDTA), and 1,4-benzoquinone (BQ),
respectively [3, 6, 42]. As shown in Fig. 9, the addi-
tion of IPA and EDTA has a significant effect on the
degradation rate, which drops to 14.56% and 6.76%
respectively. On the contrary, after adding BQ, the
degradation efficiency is still above 90%. The results
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Table 3 Pseudo-first-order parameters for the removal of MB solution

Catalyst (In C/Cy = —kt, pseudo-first-order reaction)
k R? Standard error DE 135min (%)

ZnAl-LDH 0.01712 0.90020 0.00236 85.80
ZnAl-CLDH 0.0206 0.92498 0.0022 90.12
CZ-5 0.03143 0.92152 0.00345 97.35
CZ-10 0.01062 0.91418 0.00122 76.30
CZ-15 0.01442 0.90986 0.0017 84.53
CZ-20 0.01295 0.91659 0.00165 82.30
ZIF-8 0.0117 0.99002 0.000443 72.34

of the radical scavenging experiment suggesting the
major components in the progress of the reaction are
‘OH and h™.
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Fig. 8 Recycled runs for photodegradation of MB with the CZ-5
composite
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Fig. 9 The effects of different scavengers on the degradation
efficiency of MB with CZ-5
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3.2.4  Photocatalytic mechanism

According to the results of the radical trapping
experiment, -O,~, -OH and h* are significant in the
phtocatalytic process, especially -OH and h*. As
shown in Fig. 10, a logical mechanism of MB degra-
dation over ZnAl-CLDH/ZIF-8 composites could be
composed under the light illumination. Based on
previous reports, the Conduction band (CB) poten-
tials of ZnAl-CLDH and ZIF-8 are — 0.31 eV and
— 0.86 eV (vs. NHE), respectively [6, 13, 30, 43, 44].
The Conduction band (CB) and the valence band (VB)
edge potentials can be analyzed by the formula:
Ecp = Evp—Eg. According to the UV-vis DRS results,
the Valence band (VB) potentials of them are 2.11 eV
and 3.32 eV (vs. NHE), respectively. Therefore, the I-
scheme heterostructure is formed between ZnAl-
CLDH and ZIF-8 [45-47]. Due to the CB of ZIF-8 is
more negative than that of ZnAl-CLDH, the photo-
electrons on ZIF-8 will transfer to ZnAl-CLDH.
Moreover, Eq(O,/0,7) (— 0.33 eV vs. NHE) is more
negative than the CB of ZnAI-CLDH but more posi-
tive than that of ZIF-8, thus -O,™ can be produced on
ZIF-8 but not on ZnAl-CLDH. Therefore, there are
not enough electrons to generate -O,™ so that the role
of -O," in the degradation reaction is not so signifi-
cant, which is consistent with the results of the rad-
ical scavenging experiment. Meanwhile, the
photogenerated holes will also shift from ZIF-8 to
ZnAl-CLDH because the VB edge potential of ZIF-8 is
more positive than that of ZnAl-CLDH. Due to
Eo(H,O/OH) is about 1.9 eV, -OH can be generated
massively on ZnAl-CLDH, corresponding to the
results of radical trapping. In general, only the MB on
the surface can be photodegraded because these
active substances are difficult to dispense in solution.
Therefore, by compounding ZIF-8 with a large
specific surface area, the adsorption capacity of the
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Fig. 10 Schematic diagram of
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catalyst can be significantly increased, thereby
enhancing the photocatalytic activity. In addition, the
degradation process can be expressed by the equa-
tions below.

ZnAl — CLDH/ZIF — 8 + hv

— ZnAl — CLDH (k) + ZIF — 8 () (2)
ZIF - 8 (egy) + 02 — -O; + ZIF - 8 (3)
ZnAl - CLDH (hyg) + OH™ — -OH + ZnAl - CLDH

(4)
‘O, + MB — Degradation products (5)
-OH + MB — Degradation products (6)

4 Conclusion

In this work, an effective strategy to synthesize the
ZnAl-CLDH/ZIF-8 composites was supplied. The
statuses and morphologies were proved by several
characterization methods such as XRD, SEM, XPS
and UV-vis DRS. The heterostructure was formed to
restrict the recombination of photon-generated carri-
ers. Through the degradation of target pollutants
(MB), the ZnAl-CLDH/ZIF-8 composites with 5%
ZIF-8 exhibit optimal photocatalytic performance
(97.35%) than pure ZnAl-CLDH and ZIF-8. After five

cycle runs, the photodegradation efficiency is still
remain 92.59%, proving the remarkable stability and
reusability of the composite. Furthermore, -OH and
h* are the main reactive components in the pho-
todegradation process by the radical scavenging
experiment. Finally, a possible mechanism was pro-
posed to suggest a new idea for practical application.
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