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Abstract

Nanocomposite is a kind of multiphase solid materials with nano-dimensional. It
generally displays more preferable performance than its corresponding single
precursors or conventional composite materials due to size effect and interfacial effect.
Herein, we report the synthesis of a kind of nanocomposite via one pot route without
using any surfactant or structure-directing agents. The structure, composition and
morphology of the as-synthesized products were characterized by XRD, XPS, SEM,
TEM and BET surface area measurements. The results revealed that the prepared
nanocomposites were consisted of ZnO-loaded CopgsSe nanocomposites. BET
measurement showed the specific surface area of the nanocomposite was 66.5 m?g™
at 77.5 K. Interestingly, the ZnO-loaded CoggsSe nanocomposites exhibit remarkable
performance for the decomposition of hydrazine hydrate and catalytic hydrogenation
of p-nitrophenol compared with individual component of CopgsSe or ZnO. More
importantly, the obtained nanocomposites have very excellent stability and
reversibility as catalysts, indicating that the products can be potentially used in

wastewater treatment.
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1. Introduction

Oxide semiconductor materials have attracted enormous attention in recent years,
owing to their extensive application in various fields [1-3]. ZnO, as one of the most
important oxide semiconductor materials with a wide band gap (3.37 eV), has
attracted widespread attention due to its unique optical and electrical properties [4]. It
has been applied in many fields, like transistor [5], photoluminescent [6], solar battery
[7] and photocatalyst [8]. However, ZnO exhibits inherent defects involving poor
photon absorption, low light utilization efficiency and high photoproduction
electron-hole pairs recombination rate, which limits its applications. In order to
overcome these disadvantages, one can integrate ZnO with other solid material to
fabricate nanocomposite and thus to improve its performances [9,10].

In order to obtain nanocomposite, we can adhere one kind material to the surface of
another substance with high specific area. In the past few years, some nanocomposites
with interesting electronic and magnetic properties have been prepared via this
method [11-13]. Cobalt selenide is a kind of semiconductor materials with band gap
of 1.52 eV [14]. The varieties of cobalt selenide include CoSe [15,16], CoSe,[17] and
Coo.g5Se with nonintegral ratio [18-20]. In recent years, cobalt selenium has received
extensive attention due to its excellent performances as catalyst in the fields of redox
reaction, catalytic decomposition of hydrazine hydrate, magnetic refrigeration and

Li-ion batteries [21,22]. CoSe nanoparticles have been synthesized by
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microwave-assisted method or hydrothermal process, respectively [23,24]. Our
research group has reported a type of graphene-like CoggsSe nanosheets with good
thermal and chemical stability properties [25]. This kind of nanosheets is considered
as a good support for loading with metals and metal oxides, such as Fe3O4[26]. The
catalytic activities of oxides supported nanocomposites generally have been largely
enhanced, which is attributed to the synergetic effect that occurs at the interface of
oxide and selenide support. To the best of our knowledge, the nanocomposites from
loading ZnO nanoparticles (ZnO NPs) on the surface of CoggsSe nanosheets have not
been reported so far.

With the development of the industrialization, water pollution is becoming more
and more serious. Hydrazine hydrate is a kind of industrial pollutant with highly toxic
[27]. The maximum permitted concentration of hydrazine is 0.01 mg/L for drinking
water and its discharge standard is 0.1 mg/L. However, actual emissions have often
exceeded this standard for many enterprises. p-nitrophenol (4-NP) is another toxic
compound in the environment from manufacturing and processing of some industrial
products [28,29]. Therefore, there is still a challenge for seeking a kind of catalyst
with high efficient and low cost to remove hydrazine hydrate and 4-NP of waste water.
Herein, we report the synthesis of a kind of ZnO-loaded CoggsSe nanocomposites
through a hydrothermal reaction, and explore its catalytic property for decomposition
of hydrazine hydrate and hydrogenation reduction of 4-NP. After a series of

characterizations, we found that freshly prepared ZnO NPs were well dispersed on the
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surface of CoggsSe nanosheets. Importantly, the obtained nanocomposites have higher
catalytic performance for decomposition of hydrazine hydrate and hydrogenation
reduction of 4-NP than either individual component of CoggsSe nanosheets or ZnO
NPs. Recycling experiments show that the nanocomposites have good repeatability
and stability as catalyst for the decomposition of hydrazine hydrate. Thus,
Zn0-loaded CoggsSe nanocomposites could be potentially used as catalyst to remove

hydrazine hydrate and 4-NP of polluted water.

2. Experimental section

2.1. Synthesis of ZnO-loaded Cog gsSe hanocomposites

The ZnO-loaded CoggsSe nanocomposites were synthesized by a hydrothermal route.
In a typical experiment, 0.146 g (0.5 mmol) Co(NOs),-6H,0, 0.087 g (0.5 mmol)
Na,SeO3; and 0.030 g (0.1 mmol) Zn(NOz3),-6H,0O were added into a teflon-lined
stainless autoclave of 25 mL capacity in turns. Subsequently, 18 mL distilled water
and 1.65 mL hydrazine hydrate (85%, wt%) were added into the autoclave under
vigorous stirring. The solution was stirred vigorously for 20 min and then sealed and
maintained at 140 °C for 24 h, and next cooled to room temperature naturally. The
final black product was collected by centrifuging the reaction mixture and washed
with distilled water and absolute ethanol respectively for three times and dried at 60

°C for 6 h for further characterization. In addition, individual CoggsSe nanosheets



could be obtained without adding Zn(NOs),-6H,O to reaction system, and other
experiment conditions were remained unchanged. ZnO NPs were synthesized via the
method reported in previous our literature [30]. In addition, the compositions of
nanocomposites are greatly influenced by amount of Zn sources, and related

experiments have also been finished (see Supporting Information (SI), Figure S1-S2).

2.2. Catalytic experiments

2.2.1 The catalytic decomposition of hydrazine hydrate

We selected hydrazine hydrate as a model pollutant to investigate the catalytic
activity of ZnO-loaded CoggsSe nanocomposites. The catalytic experimentation was
performed under the room temperature. The concentration of hydrazine hydrate was
determined by the modified method as previous literature [26]. The color reagent is a
mixture, including p-dimethylaminobenzaldehyde, 8 g; ethanol, 50.0 mL;
concentrated hydrochloric acid (35 %, wt %), 50.0 mL.

We plotted a standard curve for determining the optimum concentration of
hydrazine hydrate in the color development experiment. The details were as follows:
Different volume of 2.0*10 M of hydrazine hydrate solutions was added to a 50 mL
beaker with 2.5 mL color reagent, and the volume of mixture solution was maintained
at 25 mL via replenishing distilled water. In order to form hydrazone compound, the

mixture solution was placed at room temperature for 10 min. The concentration of



hydrazine was determined by UV-Vis absorbance of hydrazone mixture solution and
calibration curve was drawn.

The reaction equation for hydrazine hydrate and color developing agent is
described as follows:

Q. — |
NcH ef N\CH

e ch, e e,

In catalytic experiments, 50 mg ZnO-loaded CoggsSe nanocomposites and 100 mL of
2.0x10° M hydrazine hydrate solution was added into a 250 mL round bottom flask.
To ensure a homogeneous temperature distribution during the hydrazine
decomposition, the mixture was rapidly stirred at 25 °C in a water bath, then 2 mL
mixed solution was taken out and centrifuged at different time intervals (2, 4, 6, 8, 10
and 12 min). After centrifugal separation, 0.5 mL supernatant and 2.5 mL
chromogenic agent was placed in a beaker with 22.0 mL distilled water for

chromogenic reaction at room temperature. After 10 min, 3 mL mixture solution was

taken out for the measurement of UV-Vis spectrum

2.2.2 Catalytic hydrogenation of p-nitrophenol

The process of catalytic hydrogenation of 4-NP was explored in a standard quartz

cuvette at room temperature [31, 32]. The exact catalytic process is as follows: firstly,
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0.1 mL 4-NP aqueous solution (0.005 M) and 2 mL distilled water was mixed in a
quartz cuvette, and the mixture solution emerged pale yellow. Then, after 1 mL freshly
prepared aqueous solution of NaBH, (0.02 M) was also added to the quartz cuvette,
the color of the solution changed to bright yellow rapidly because of the formation of
p-nitrophenolate anion (4-NP ions). Secondly, 1 mg ZnO-loaded CoggsSe
nanocomposites as a catalyst were added into the quartz cuvette, and the color of the
solution changed from bright yellow to colorless gradually. The catalytic process was
monitored by a UV-vis spectrophotometer at 400 nm at constant time intervals. One
can see that the intensity of the peak at 400 nm was gradually decreasing till
disappearing [33-36].

3. Results and discussion

3.1. Characterization of ZnO-loaded Cog gsSe nanocomposites

The nanocomposites were synthesized via one step method under hydrothermal
condition without using any surfactant. The composition and crystal phase purity of
the synthesized product was first analyzed by the powder X-ray diffraction (XRD)

technique. The XRD patterns of the samples were recorded in a 20 range of 20°-80°.
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Figure 1. XRD patterns of the synthesized samples: (a) CoggsSe, (b) ZnO-loaded CoggsSe
nanocomposites.

Figure 1(a) shows the XRD patterns of the synthesized samples without Zinc
source, and all diffraction peaks can be indexed to the phase of CoggsSe hexagonal
structure, which fits well with the standard data file of CoggsSe (JCPDS 52-1008) [21].
No other impurity peaks were found from the XRD patterns. The XRD pattern of the
typical product was shown in Figure 1(b). The diffraction peaks contain the
characteristic peaks of CoggsSe (JCPDS 52-1008) and the other peaks can be well
indexed to hexagonal wurtzite ZnO (JCPDS 36-1451) [37]. XRD results show that the

prepared particles are ZnO and Cog gsSe hanocomposites.
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Figure 2. (a) XPS survey spectrum of ZnO-loaded CoggsSe nanocomposites; (b), (c) and (d) are
Co 2p, Se 3d and Zn 2p XPS spectra of the nanocomposites, respectively.

XPS survey spectrum of the synthesized samples is shown in Figure 2(a), which
displays the peaks of C 1s (284.8 eV), N 1s (399.6 eV), O 1s (531.3 eV), Co 2p
(781.0 eV), Se 3d (54.5 eV) and Zn 2p (1021.6 eV). To obtain more information about
the samples, we performed high-resolution XPS spectra of Co, Se and Zn. From
Figure 2(b), the binding energy of the Co 2ps;and Co 2p;, characteristic absorption
peak occurs at 781.0 eV and 797.0 eV, respectively [38,39], while the peaks at 786.3
eV and 802.7 eV are secondary peaks of Co 2ps;, and Co 2py,, respectively. The XPS
result of Co demonstrates that the species of Co in the synthesized samples have two

kinds of oxidation states including Co®* and Co** [40,41]. The Figure 2(c) shows the
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photoelectron peaks at 54.5 eV, 60.0 eV are characteristic absorption peak of Se 3ds,
[42], Co 3p [43], respectively. The photoelectron peak occurs at 1021.63 eV is
characteristic absorption peak of Zn 2ps,, indicating that the Zn species exist in the
form of Zn* in the ZnO-loaded CoogsSe nanocomposites (Figure 2(d)). The XPS
results further illustrate oxidation states of product, which is consistent with the

characterization from the above XRD patterns.

Figure 3. (a) SEM images of ZnO-loaded CoggsSe nanosheets, (b, ¢) TEM images of ZnO-loaded
Copg5Se, (d) HRTEM image of nanocomposites, respectively.

Figure 3(a) is SEM image of the obtained nanocomposites, in which shows that
some NPs on the surface of the thin films. Figure 3(b) and 3(c) are TEM images of the
obtained nanocomposites. We can see that the samples consist of thin films and NPs
loaded on their surfaces. HRTEM image (Figure 3(d)) demonstrates that the d-spacing

of 0.265 nm corresponds to (101) plane of hexagonal close-packed (hcp) CoggsSe,
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while the d-spacing of 0.280 nm is in agreement with the (100) plane of hexagonal
wurtzite phase ZnO. So the obtained nanocomposites are composed of CoggsSe thin
films and ZnO NPs attached on the surface of CoggsSe. All of these indicate that the
synthesized samples are ZnO-loaded CoggsSe nanocomposites. In order to provide
detailed information about the shape of the CoggsSe nanosheets and ZnO NPs, the
SEM and TEM was tested (see SI, Figure S3).

3.2. BET measurement of the synthesized samples.
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Figure 4. N, adsorption and desorption isotherm of ZnO-loaded Co,gsSe nanocomposites. The
inset is the pore-size distribution curve.

Brunauer-Emmett-Teller (BET) measurement has been performed to analyze
specific surface area and pore diameter of ZnO-loaded CoggsSe nanocomposites. N,
isotherms as shown in Figure 4 are close to Type IV curve with an evident hysteresis
loop in the 0.45-1.0 range of relative pressure. BET specific surface area of the
synthesized sample was calculated from N, isotherms at 77.5 K was 66.5 m® g™*. The

pore diameter was around 16.5 nm determined by Barrett-Joyner-Halenda (BJH)

12



method, which was attributed to the interparticles spaces. Compared with CoggsSe
nanosheets (55.1 m* g™), the high specific surface area of the ZnO-loaded CoggsSe
nanocomposites would provide more active sites for its adsorbent and catalytic
behavior.
3.3. The catalytic decomposition of hydrazine hydrate

We find that the obtained ZnO-loaded CoggsSe nanocomposites have high catalytic
activity for decomposition of hydrazine hydrate. In acidic condition, the hydrazine
hydrate can react with p-dimethylaminobenzaldehyde to form a yellow hydrazone
with an absorption maximum at 456 nm. A standard curve was plotted between the
mean absorbance for each standard concentration (X axis) and the target hydrazone
concentration (Y axis). A representative standard curve is shown (see Sl, Figure S4)
and it reveals that there is a good linear relationship between the hydrazone
absorbance and its concentration from 2.0*10°° to 4.010° M. In the catalytic
reaction, we added excess addition of chromogenic agent so that the concentration of
generated hydrazone and the concentration of the rest of the hydrazine hydrate to
conform to stoichiometric proportion (1:1). Thus, a good linear relationship is
obtained between the absorbance value of hydrazone and the concentration of
hydrazine hydrate. As a result, we can use p-dimethylaminobenzaldehyde as a probe

molecule to monitor the decomposition of hydrazine hydrate.
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Figure 5. (a) UV-vis absorption spectra of the decomposition of hydrazine hydrate using
Zn0-loaded CoqgsSe nanocomposites as catalyst; (b) the photos of the color change of the solution
to the reaction time; (c) UV-vis absorption spectra of different catalysts for the decomposition of
hydrazine hydrate; (d) Cycling runs of ZnO-loaded Cog gsSe nanocomposites for the
decomposition of hydrazine hydrate.

In order to keep the hydrazone concentration within the linear range, we took 0.5
mL supernatant liquid of the mixture of ZnO NPs, CoggsSe nanosheets, ZnO-loaded
Coo.g5Se nanocomposites and hydrazine hydrate at different time interval to react with
color reagent for further UV-vis absorption spectra test, respectively. As shows in
Figure 5(a), UV-vis absorption spectra tests show that the absorbance peak of
hydrazone at 456 nm dropped rapidly along with the increase of reaction time and
almost completely disappeared within 12 min. Figure 5(b) displayed that the
corresponding color of the hydrazone solution changed from yellow to colorless with
prolonging reaction time. UV-vis absorption spectra of ZnO NPs and CoggsSe

nanosheets as catalysts have been shown too (see Sl, Figure S5). Figure 5(c) is
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comparison diagram of different kind catalyst for catalytic decomposition of
hydrazine hydrate in the same conditions. It demonstrated that there was no
decomposition of hydrazine hydrate without any catalyst (Figure 5(c), black line).
While in the presence of ZnO-loaded CoogsSe nanocomposites, hydrazine hydrate
could be completely degraded within 12 min (Figure 5(c) blue line). In contrast, the
catalytic activities of pure CoggsSe nanosheets and ZnO NPs for decomposition of
hydrazine hydrate were low, and only 50% and 30% of hydrazine hydrate was
decomposed for pure CoggsSe nanosheets (Figure 5(c), green line), and ZnO NPs
(Figure 5(c), red line) in the same time, respectively.

To evaluate catalytic stability and re-usability of 2ZnO-loaded CoggsSe
nanocomposites, we conducted recycling experiments for the decomposition of
hydrazine hydrate under the same catalytic conditions. The decompose rate remains
constant over 6 consecutive cycles, as shown in Figure 5(d), indicating the excellent
stability and catalytic activity of ZnO-loaded CoggsSe nanocomposites. The samples

were collected after recycling experiments, centrifugal washing for XRD and TEM.

Intensity (a.u.)
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Figure 6. XRD pattern and TEM image of ZnO-loaded Co,gsSe nanocomposites after 6
consecutive cycles.

Figure 6(a) is the XRD patterns of the catalyst after 6 consecutive cycles. There is
no difference of phase before and after the catalytic reaction. TEM image (Figure 6(b))
shows that CoggsSe nanosheets have been damaged to some extent. The thin-film
structure was curled or folded because the nanosheets could suffer from various
external forces, such as centrifugation and stirring in the catalytic process. Though the
morphology of sample slightly changed, its high catalytic activity was still kept during
the catalyst was reused. Hence, the prepared ZnO-loaded CoggsSe nanocomposites
have stable performance as the catalyst for the decomposition of hydrazine hydrate.

Importantly, compared with current reports (Table 1), the prepared ZnO-loaded
Coo.g5Se nanocomposites presented best catalytic activity for catalytic decomposition
of hydrazine hydrate (limited to the same measurement method for hydrazine

hydrate).

Table 1
Comparison of the catalytic capacities of various catalysts reported in the literatures for the
degradation of hydrazine hydrate.

.. Amount
Initial

Conversion . . of
concentrations time

Catalysts efficienc ] ) catalysts  Cycles Ref.
Y . Y of hydrazine  (min) y y
retention hydrate (M) (mg
Cog gsSe/graphene
hybrid 97% 2.0*10° 12 0.5 10 21
nanosheets
tremelliform 3
95% 2.0*10 50 0.5 6 25

Cog g5Se nanosheets

16
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cobalt selenide

90% 2.0x10° 30 05 5 41
nanotubes
ZnO-loaded CoggsSe 3 This
. 99% 2.0*10 12 0.5
nanocomposites work

3.4. Catalytic hydrogenation of p-nitrophenol

We found that the obtained ZnO-loaded CopgsSe nanocomposites have efficient
catalytic activity not only for decomposition of hydrazine hydrate but also for
converting 4-NP to p-aminophenol (4-AP). Figure 7(a) is the UV-vis absorption
spectra of 4-NP before and after adding freshly prepared NaBH, solution. The pure
4-NP showed an absorption maximum at 317 nm, while the absorption peak converted
redshift to 400 nm after NaBH, solution was added into the 4-NP aqueous solution.
We can see that the color of the solution have shifted from pale yellow to bright
yellow immediately after adding NaBH, solution (The inset in Figure 7(a)). Figure
7(b) is the UV-vis absorption spectra of adding freshly prepared NaBH, into 4-NP
solution in the absence of catalyst, after 30 min, the absorbance value of the solution
decreased less, which illustrates that the reaction rate of the hydrogenation reaction of

4-NP to 4-AP is very low without catalyst.

17



3.0
e 1 - 4 25 i
a)] 4-NP 0 min
2.5-( ) —— 4-NPions (b)
~—~~
—_ = 2.0
5 2.0+ +NaBH, <
< —_— ~ 30 min
~— 15 8 15
[«5] Rolb
C
S0
;g 1.04 §
a8
8 os <05
<
0.04 0.0
200 250 300 350 400 450 500 200 250 300 350 400 450 500
wavelength (nm) wavelength (nm)

Figure 7. UV-vis absorption spectra: (a) of 4-NP and 4-NP ions after adding NaBHj, solution, (the
inset is photo of 4-NP and 4-NP ion solution) and (b) 4-NP ions in the absence of catalyst.
Conditions: [4-NP] = 0.005 M; [NaBH,] = 0.02 M, 25 °C.

Figure 8(a-c) shows UV-vis spectra of the sample in the presence of different kind
catalysts. When 1.0 mg of ZnO NPs as a catalyst was added into the reactive system,
the absorption peak at 400 nm has no obvious decrease with time increasing (Figure
8(a)). Figure 8(b) shows the UV-vis absorption spectra for the same mass of the
Coo.g5Se nanosheets as the catalyst, and the conversion of 4-NP within 20 min could
be finished 95%. It's worth noting that the conversion of 4-NP could be completely
catalyzed within 10 min, which is much faster than that of the Cog gsSe nanosheets and
ZnO NPs, if using the same mass of the ZnO-loaded CoggsSe nanocomposites as the
catalyst (Figure 8(c)). Figure 8(d) displays the natural logarithmic plots of absorbance
at 400 nm against reaction time with CoggsSe nanosheets and ZnO-loaded CoggsSe

nanocomposites.
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Figure 8. Time dependent absorption spectra for the catalytic reduction of 4-NP by NaBH, in the
presence of 1 mg catalyst: (a)ZnO NPs, (b) Cogg5Se nanosheets, (¢) ZnO-loaded CoggsSe
nanocomposites. (d) The relationships of In (C; /Cy) versus reaction time plot in presence of 1 mg

different catalysts. Conditions: [4-NP] = 0.005 M, [NaBH,4] = 0.02 M, 25 °C.

The good linear correlation indicates the reaction could follow the kinetic equation

In (C;/ Co)=In (A: /Ao) = -kt (the concentrations of 4-NP at time t and O are donated as

C: and Cy, and the absorbance of 4-NP at time t and O are defined as A; and Ay)

[44,45]. Encircled data points shows a certain period of time required for the reactant

molecules to adsorb onto the surface of catalyst before the reaction could be initiated,

which is called as induction time [46-48]. We found that the time of catalytic reaction

reduced with increasing amount of ZnO-loaded CogsSe nanocomposites in the

catalytic process, and the catalytic efficiency was improved (see Sl, Figure S6).

Compared with current reports (Table 2), the prepared ZnO-loaded CoggsSe

nanocomposites presented a better catalytic activity for catalytic hydrogenation of
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p-nitrophenol than other non-noble metal nanocatalysts.

Table 2
Comparison of the catalytic capacities of non-noble metal nanocatalysts reported in the literatures
for the hydrogenation of p-nitrophenol.

Initial Amount of time Conversion
i
catalysts concentrations  catalysts (min) efficiency Ref.
of 4-NP (M) (mg) retention
Col/Ti film 2.0 10" 2cmx5 16 93% 49
cm film
Cog g55e
bundle-like 5.0 10 1 10 100% 50
nanostructure
NiCo, Alloys 1.0* 10" 1 30 100% 51
ZnO-loaded
Cogg5Se 5.0% 107 1 10 100% This work

nanocomposites

3.5. Electrochemical impedance spectroscopy of samples
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Figure 9. EIS Nyquist plots of ZnO, CoggsSe and ZnO-loaded Cog gsSe nanocomposites electrodes.
Conditions: [Ks[Fe(CN)e]] = 0.004 M; [Sample] = 0.5 mg/mL; the frequency range is between 0.1
Hz and 100 KHz with signal amplitude of 5 mV.

Electrochemical impedance spectroscopy (EIS) may well be taken to indicate the
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rate of interfacial charge transfer of materials. Figure 9 shows the EIS response
spectra of ZnO, CopgsSe and ZnO-loaded Cog gsSe nanocomposites. The radius of the
arc on the EIS Nynquist plot reflects the reaction rate occurring at the surface of
electrode, in which the smaller radius of materials, faster transfer rate of electron.
Obviously, the ZnO-loaded CoggsSe nanocomposites possess smallest the radius of
EIS Nynquist plot among three samples, and next is Cog gsSe nanosheets, ZnO NPs, in
that order. Thus is totally consistent with above catalytic effect for decomposition of
hydrazine hydrate in Figure 5(c) and catalytic hydrogenation of p-nitrophenol in

Figure 8(d).

4. Conclusion

In summary, a new kind of ZnO-loaded CoggsSe nanocomposites have been
successfully prepared through a facile, effective, and scalable hydrothermal method.
Electron microscope images show that the ZnO NPs were homogeneously attached on
the surface of CoggsSe nanosheets. The BET surface area of obtained nanocomposites
reached 66.5 m? g%, which is higher than that of pure CoggsSe nanosheets (55.1 m? g*)
and ZnO NPs (11.54 m? g). The phase and morphology of the prepared products
were greatly influenced by mole number of Zn sources, and the optimal Zn sources is
0.1 mmol Zn(NOs),-6H,0 in our synthesis system. Interestingly, the as-prepared
ZnO-loaded CopgsSe nanocomposites exhibit excellent catalytic activity and

reusability for decomposition of hydrazine hydrate in aqueous solution and reduction
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of p-nitrophenol at room temperature, and 100 mL of 2.0%10° M hydrazine hydrate
solution can be decomposed in 12 min with 50 mg obtained nanocomposites. This
catalytic efficiency is the highest one in current literatures. The result can be
attributed to high specific surface area and interfacial effect of nanocomposites.
Therefore, ZnO-loaded CoggsSe nanocomposites can be potential used as catalysts to

remove hydrazine hydrate of wastewater and catalytic hydrogenation of 4-NP.
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*Graphical Abstract

Graphical Abstract

A kind of ZnO-loaded CoggsSe nanocomposites have been successfully synthesized
via one pot route without using any surfactant or structure-directing agents. The
obtained nanocomposites exhibit remarkable catalytic performance for the
decomposition of hydrazine hydrate and catalytic hydrogenation of p-nitrophenol at

room temperature.
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