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A series of Coz0O,4 catalysts modified by Sm were prepared by a combined dealloying and calcination
approach, and the catalytic activities were evaluated using CO catalytic oxidation. The Sm,03/Coz0,4
catalysts were composed of a large number of nanorods and nanosheets, and exhibited a three-
dimensional supporting structure with pores. The experimental results revealed that the addition of
a small amount of Sm into the precursor AlCo alloy led to a dealloyed sample with improved catalytic
activity, and the dealloyed AlggCog5Smg s ribbons (0.5 Sm,03/Co304) calcined at 300 °C showed the
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almost no attenuation, even after 70 hours of catalytic oxidation, which is superior to that of CozO4. The

enhanced catalytic activity of the Sm,03/Coz0,4 catalyst can be attributed to the large specific surface
area, more reactive oxygen species and Co®" ion, as well as electronic interactions between Sm and Co.
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1. Introduction

The catalytic oxidation of CO has drawn much attention due to
its important applications in industrial catalysis," pollution
control,>® gas masks,** closed-cycle CO, lasers®” and gas
sensors.® At present, the mainstream catalyst is a supported
catalyst containing noble metal,®** but due to its scarce
resources and expensive price, its large-scale industrial appli-
cation is limited. Increasing the utilization of non-precious
metals and the use of non-precious metal catalysts are the two
basic ways to save costs. Oxides have become an important
direction for the study of low-cost catalysts because of their
cheap prices, abundant reserves and unique redox properties.*

Transition metal oxides have been widely studied as catalysts
for heterogeneous catalysis.’*'* Among the metal oxides, trico-
balt tetraoxide with excellent redox property and rich reserves is
the most active for CO oxidation and is a very promising
substitute for precious metal catalysts.* Xie et al.** reported that
Co3;0, nanorods not only catalyse CO completely at tempera-
tures as low as —77 °C (the feed gas flow rate was 50 ml min ")
but also have high stability in the presence of steam in the feed
gas. Song et al.'® reported that the synthesis of mesoporous
tricobalt tetroxide by an inverse surfactant micelle method can
achieve complete oxidization (100% conversion) of CO to CO, at
—60 °C under normal conditions (~3-10 ppm of H,O and a flow
rate of 20 ml min~") and at 80 °C under moisture rich condi-
tions (~3% H,O0 and a flow rate of 20 ml min™").

School of Science, MOE Key Laboratory for Non-Equilibrium Synthesis and Modulation
of Condensed Matter, Key Laboratory of Shaanxi for Advanced Functional Materials
and Mesoscopic Physics, Xi'an Jiaotong University, Xi'an 710049, PR China. E-mail:
szb@mail.xjtu.edu.cn; Tel: +86 29 82665995

This journal is © The Royal Society of Chemistry 2018

However, pure Co;O, used as a catalyst still has some
drawbacks, such as low thermal stability at high temperatures
and water deactivation for CO oxidation at low temperatures.”
In view of this, researches on the modification of Co;0,-based
catalytic materials have drawn much attention. It has been
determined that the catalytic performance of Co;O, can be
significantly improved by doping appropriate rare earth metals
as promoters in a Co;0, catalyst.”** For example, Hou et al.*®
reported that a CeO,/Coz0, catalyst that was prepared by an
impregnation method exhibits much better resistance to water
vapour poisoning than that of a Co30, catalyst for CO oxidation.
Additionally, the Ce0O,/Co;O, catalyst possesses a higher
dispersion degree, smaller particles, and a larger Sggr, and the
interaction between CeO, and Coz0, exists, which may
contribute to the excellent water resistance for low-temperature
CO oxidation. Liotta et al.* found that doping a proper amount
of CeO, into the Co;0, catalyst significantly improved the
catalytic activity and thermal stability due to the presence of
CeO, promoting the efficiency of the Co®>*-Co** redox couple.

Lanthanide oxides are well-known effective rare earth cata-
lyst additives. Samarium oxide, one of the lanthanide oxides,
has great promise as a good catalyst due to its special proper-
ties. Imamura et al** reported that the addition of a small
amount of Sm (molar ratio Sm/Co = 0.6/10) to Co;0, not only
enhances its catalytic oxidation activity for toluene but also
enhances the thermal stability of Co;0,. Xu et al'’ studied
a series of Sm-modified Co;0, catalysts by coprecipitation, and
the results show that the addition of a small amount of Sm into
Co030, led to an improvement in the catalytic activity for CH,
and CO oxidation. This improvement is due to the addition of
a small amount of Sm resulting in the formation of spinel Co;0,
and amorphous SmCoO;, hence increasing the number of Co**
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and the active surface oxygen species, which are responsible for
the improvement in the activity. However, only a few studies are
reported on preparation of Sm,03/Co;0, composites, and the
design of Sm,0;/Co30, catalyst with high activity is still highly
essential and technologically important.

Dealloying is a promising method to prepare various nano-
porous materials included noble metals.** This method can also
be extended to fabricate other oxide composite materials with
high catalytic activities.*” In this work, the Sm,0;/C050, catalyst
for CO oxidation was prepared by using dealloying melt-spun
Al-Co-Sm alloys in an alkaline solution and calcination in O,.
The prepared catalysts exhibited a unique nanorod and nano-
sheet interconnected structure and showed enhanced catalytic
activity for CO oxidation.

2. Experiment and method

2.1. Preparation

AlgyCoy_,Smy (x = 0, 0.3, 0.5, 1, 1.5 and 3 at%) and Aly,Sm;,
alloys were prepared from pure Al (99.90 wt%), pure Sm
(99.90 wt%) and pure Co (99.99 wt%) by arc-melting using high-
purity Ar as the protective atmosphere. The ingot alloys were
remelted in a quartz tube on the surface of a single roller with
rapid solidification into ribbons at 33 m s~'. The as-quenched
ribbons were immersed into a 10 wt% NaOH aqueous solu-
tion at room temperature for 3 h and then treated at 80 °C for
another 10 h to remove residual Al. The acquired samples were
repeatedly rinsed with reverse osmosis water and dehydrated
alcohol, and dried at 50 °C for 3 h. For simplicity, the samples
after dealloying can also be named according to the Sm content
in the precursor alloy, that is, Sm,03, Co30, and YSm,03/C030,
(y = 0.3, 0.5, 1, 1.5, and 3). All the dealloyed ribbons were
pretreated at 100-500 °C for 2 h in O, at a total flow rate of 18

ml min—.

2.2. Characterization

X-ray diffraction (XRD) patterns of the prepared samples were
recorded by a Bruker D8 Advance diffractometer instrument
using a Cu Ka target for X-ray irradiation at 20 kV and 40 maA.
The microscopic morphology of the samples was observed by
field emission scanning electron microscopy (SEM, JSM-7000F
microscope) equipped with an INCA X-sight Oxford energy
dispersive X-ray spectrometer (EDS) and high-resolution trans-
mission electron microscopy (TEM, JEM-2100 microscope). The
nitrogen sorption isotherms, specific surface areas and pore
sizes of those prepared samples were measured with a Micro-
meritics ASAP 2020 apparatus at —77 K. Thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC)
experiments were carried out on an STA 449C instrument with
a heating rate of 10 °C min . X-ray photoelectron spectroscopy
(XPS) was recorded on an Axis Ultra Kratos (UK) multifunctional
spectrometer using monochromatic Al Ko radiation (1486.6 eV).

2.3. Catalytic evaluation

The catalytic activities of the samples were evaluated using CO
catalytic oxidation. One-hundred milligrams of the catalyst was
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placed into a quartz tube with an inner diameter of 6 mm for the
measurements, and an asbestos column with a length of
approximately 1 cm was used to fix the catalyst. Then, the quartz
tube was placed into a variable temperature reaction furnace. A
reaction gas mixture consisting of 1% CO, 10% O, and 89% N,
(volume) was fed into the reactor using a mass flow metre
(Brooks 5850E) at a total flow rate of 100 ml min~" (60 000 h™%).
The concentration of produced CO, and unreacted CO gas was
analysed online with a GC-7900 gas chromatograph equipped
with a flame ionization detector (FID). The CO conversion rate
(%) was determined by the changes in the inlet and outlet CO
concentration with the following formula:

Ci - Cout

Coconversion =
G

x 100%
where C;, represents the inlet CO concentration and Coy; is the
outlet CO concentration.

3. Results and discussion

3.1. Phase constituents and microstructure of the dealloyed
samples

Fig. 1 shows the XRD patterns and EDS results of the dealloyed
samples calcined at different temperatures. Only the definite
diffraction peaks of Co;0,4 appear in the diffraction pattern after
the AlgyCoosSm, s samples were dealloyed and calcined at
300 °C. After the samples were annealed at 700 °C or 800 °C, the
diffraction peak of Sm,Oj; still was not apparent (Fig. 1(a)).
However, as shown in Fig. 1(b), the atomic ratio of Sm to Co is
close to the mean composition in the precursor, indicating that
the loss of Sm and Co was small during the dealloying, and the
peaks cannot be detected by XRD due to the low Sm content.
The residual Al contents were less than 3.93 at% (Fig. 1(b)) of
the dealloyed samples obtained from the AlgyCog 5Sm, 5 alloys.
At the same time, note that when the content of Sm is increased
to 30%, a weak diffraction peak of Sm,0; appears, and the
diffraction peak of Co;0, disappears, indicating that the addi-
tion of rare earth Sm may suppress the crystallization of Co;0,,
which is similar to that of the oxide CeO,."”

The SEM images of dealloyed AlgyCo4¢, AlgoSm;, and Algy-
Cog 5Smy 5 ribbons calcined at 300 °C are shown in Fig. 2. For
Sm,0; and Co;0,4 the samples exhibit a nanosheet and
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Fig. 1 (a) XRD patterns of the dealloyed AlggC019, AlgoSMig, Algo-

Cos;Smsz ribbons calcined at 300 °C and AlggCog95Smg s ribbons
calcined at 300, 700 and 800 °C. (b) EDS patterns of the dealloyed
AlgoCo19, AlggSm1g and AlggCog 5Smg 5 ribbons calcined at 300 °C.
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Fig. 2 SEM images of dealloyed AlggCo1 (@), AlggSmyg (b) and Algg-
Cog55Smq 5 (c); and (d) calcined at 300 °C.

nanorod morphologies, respectively. The nanosheet thickness
is approximately 30 nm, and the nanorod diameter is approxi-
mately 20-30 nm with excellent uniformity, which can be seen
in Fig. 2(a) and (b). However, the plan-view image exhibited
a unique nanorod and nanosheet interconnected structure for
the Sm,0;/Co30, prepared from the dealloyed Alg;Cog 5Smy 5
ribbons calcined at 300 °C, see Fig. 2(c), and the cross-sectional
image exhibited a three-dimensional porous ligament structure
composed of many nanosheets and nanorods interpenetrated
with each other, see Fig. 2(d).

The TEM images and corresponding selected-area electron
diffraction patterns of dealloyed Aly;,CogsSmgs ribbons
calcined at 300 °C are presented in Fig. 3. The sample is
composed of nanorods and nanosheets, consistent with the
SEM results, and the nanosheets contain many micropores, as
shown in Fig. 3(a). The diffraction rings of the SAED pattern
(Fig. 3(b)) were indexed to Co;0, (440), (511), and (220) and

CosOud40)——m )
.
SmM205(440) —— f i C
'7— Sn

5 1/mm

Sm20;3(¢ 4
d=0.193n
Sm203(400) ]
2. d=0.269nm

Fig. 3 TEM image (a), corresponding selected-area electron diffrac-
tion pattern (b) and HRTEM images (c) and (d) of the dealloyed Algg-
Cog5Smg 5 ribbons calcined at 300 °C.

This journal is © The Royal Society of Chemistry 2018

View Article Online

RSC Advances

Sm,0; (400), (440), and (211), which verified the coexistence of
Co30,4 and Sm,0s. Fig. 3(c) and (d) shows the HRTEM images of
the nanorods and nanosheets in Fig. 3(a). The lattice spacing in
Fig. 3(c) is approximately 0.286 nm, which corresponds to the
(220) plane of Co3;04. The lattice spacings in Fig. 3(d) are
approximately 0.269 nm and 0.193 nm, which correspond to the
(400) and (440) planes of Sm, 03, respectively. According to these
results, Sm,0; is present in the form of nanorods, and Co;0, is
present in the form of nanosheets in the sample of dealloyed
AlgyCog 5Sm 5 ribbons. When calcined at 300 °C, the Sm,0;
nanorods and Co;0, nanosheets stacked together constitute
a rough interface, and the interface interaction is significantly
enhanced between them.

3.2. Physical and surface properties

Fig. 4 shows the N, adsorption-desorption isotherms and the
corresponding pore size distribution curves for the dealloyed
AlgyCoq9, AlgySm,o and Aly,CogsSm, s ribbons calcined at
300 °C. The N, sorption isotherms of all the samples were type
IV with hysteresis loops, indicative of their mesoporous struc-
tures. The BET surface area (Sggr), pore size (Dp) and pore
volume (Vp) of these samples are listed in Table 1. As seen from
Table 1, the BET surface area and pore volume of all the Sm,0;/
Co30, composites are larger than those of the Co;0, and
Sm,03, and the 0.5 Sm,03/Co3;0, composite has the largest
specific surface area, 95.72 m* g, which is approximately three
times of that of Sm,0; and Co;0,. The results show that the
addition of the Sm,0; nanorods can effectively refine the
porous structure. Fig. 4(b) is the corresponding pore size
distribution curve for the three catalysts. Compared to Sm,0;
and Co30,, the 0.5 Sm,03/Co;0, composite has a narrower pore
size distribution and a smaller pore size with an average pore
size of approximately 8.355 nm. This structure is a typical
porous structure, which is suitable for CO catalytic oxidation.
Fig. 5 shows the TGA-DSC curves for the dealloyed Alg,-
Cog 5Smy 5 ribbons in O,/Ar atmosphere. The sample has mainly
three weight loss stages. The first stage exhibits a 10.01% weight
loss below 250 °C, which is attributed to the removal of physi-
cally adsorbed H,O. Note that there is a pronounced exothermic
peak at 213 °C due to the oxidation of Co and the crystallization
of C03;0,." In the temperature range of 250-950 °C, corre-
sponding to the slow crystallization process of Co;O, and
Sm,0; formed, the TG curve weight decreased by approximately
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Fig. 4 N, adsorption—desorption isotherms and corresponding pore
size distribution curves at 77 K of the dealloyed AlggCo10, AlgoSm; g and
AlgoCog 5Smg 5 ribbons calcined at 300 °C.
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Table 1 The BET surface area (Sget), average pore diameter (Dp) and
pore volume (V) of the dealloyed AlgoCo10_,Sm, (x =0, 0.3,0.5, 1, 1.5
and 3 at%) and AlgoSmyg alloys calcined at 300 °C

Sample Spep/m” g~ Dy/nm Vylem® gt
C0304 30.38 20.628 0.157
0.3 Sm,0,/C0;0, 58.34 11.442 0.168
0.5 Sm,0,/C0;0,4 95.72 8.355 0.200
1 Sm,05/C0;0, 86.82 11.140 0.242
1.5 Sm,05/C050, 55.62 16.350 0.227
3 SM,05/C0;0, 41.55 22.148 0.230
Sm,03 33.68 30.672 0.258
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Fig. 5 TGA-DSC curves for the dealloyed AlgoC0g55mg s ribbons in
O,/Ar atmosphere.

4.27%. At 962 °C, there is a distinct endothermic peak, which
corresponds to a sharp decrease of approximately 4.22% in the
TG curve due to the decomposition of Co;0, into CoO and O,,
and the corresponding equation is 2Co304 = 6C0o0O + 0, 1.7*

Fig. 6 shows the O 1s, Sm 3d and Co 2p XPS spectra of the
Sm,0; nanorod, 0.5 Sm,03/Co3;0, composite and Co;0, nano-
sheet. The O 1s spectrum of the Sm,03/Co;0, composite con-
sisted of three peaks. The peaks centred at ~529.95 eV (Ojyy),
~531.3 €V (Ogyy), and ~532.9 eV (Oy,o) were assigned to lattice
oxygen species, surface adsorbed and weakly bonded oxygen
species, and adsorbed water, respectively, according to ref. 23
and 24. It is generally accepted that surface oxygen species are
usually active oxygen species for catalytic reactions, which could
be explained using the relative quantity of O, species, ie.,
31.27% and 47.79% for Co;0, and Sm,03/Co30,, respectively.
The results show that there were more active oxygen species
existed on the surface of the Sm,05/Co3;0, composite compared
with C050,.

Fig. 6(b) presents Sm 3d XPS spectra that is deconvolved into
two peaks. According to the literature,” the low-energy peak
(Sm 3ds),) at 1083.5 eV and the high-energy peak (Sm 3d;,,) at
1110.6 eV were attributed to Sm>" (Sm,0;), according to the
literature.”® Note that the Sm 3d spectra of the Sm,03/C030,
composite shifts nearly 0.6 eV compared to Sm,03, indicating
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Fig. 6 XPS spectra of Sm,03, Coz04 and Sm,0z/Coz0, for the O 1s
peaks (a), Sm 3d peaks (b) and Co 2p peaks (c).

that there is an electronic interaction between Sm and Co. The
XPS pattern of Co 2p is shown in Fig. 6(c). For the Sm,03/C050,
composite, the peaks at 780.2 eV and 795.25 eV are assigned to
Co*" and the other six peaks (781.95 €V; 797.1 eV; 783.65 eV;
785.85 eV; 789.35 eV; and 804.80 eV) represent the presence of
Co>*.2%31 According to the literature,” Co®>" was responsible
for the improvement in the activity, and the concentration of
Co®" ions can be expressed using the ratio of their corre-
sponding spectral areas to the total area (Co>" + Co**). The
ratios were 56.5% for Sm,03/C0;0, and only 46.6% for Coz0y,
indicating that there were more Co’" ions on the surface in the
Sm,0;/Co30, catalyst. Therefore, the introduction of Sm,0; to
the Co;0, resulted in an increase in Co®" species and active
oxygen species that facilitates an electronic interaction between
Sm and Co, which improves the redox potential of the Co;0,-
based catalysts.

3.3. CO catalytic oxidation

Fig. 7(a) shows the catalytic performance of the Sm,03, C0o;0,
and Sm,03/Co30, catalysts with different Sm,0; contents for
the CO catalytic oxidation. The results show that the catalytic
activity of all the Sm,0;/Co;0, catalysts were greater than that
of Sm,0; and Co3;0,. The CO conversion increased progres-
sively as the content of Sm increased up to 0.5 at% in the
precursory alloy, and then decreased with a Sm content above
0.5 at%. The CO conversion over Sm,0;/C0;0, from the Alg,-
Cog 5Smy 5 alloy was more than 99% at 135 °C, while the
conversions of Co;0, and Sm,0; were only approximately 35%

1004 (b)

——0.35m,0,C0,0,-300°C
——0.55m,0,Co0,0,-300°C
e 15m,0,C0,0,-300°C

Conversion (%)
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—=—100C

—v—1.55m, 00'c| —*— 20

—a—300°C
—v—a400°C
—o—s500°C
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Reaction temperature (°C)

Resction amporatre (>
Fig. 7 CO conversion as a function of reaction temperature over the
szo3, C0304 and szog/C0304 Catalysts with different Sm203
contents (a) and the 0.5 Sm,03/Cos04 catalyst calcined at different
temperatures (b).
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and 3%, respectively. The temperature at which the conversion
was 50% (Tso) for Sm,05/Co030, from the AlyoCoq 5Smy 5 alloys
was 85 °C, which was much lower than that of Co;0, (147 °C)
and Sm,0; (285 °C). These results indicated that the Sm,Os/
Co30, catalyst from the AlgyCoo5Smy s alloys exhibited an
excellent ability to oxidize CO compared with the pure metal
oxide counterparts.

The CO conversion plots as a function of reaction tempera-
ture over the 0.5 Sm,03/Co30, catalyst calcined at different
temperatures are shown in Fig. 7(b). The catalytic activity was
significantly enhanced when the sample was calcined above
200 °C. For the 0.5 Sm,03/Co3;0,4 samples calcinated at different
temperatures, the order of catalytic activity is obtained as
follows: calcined at 100 °C < calcined at 500 °C < calcined at
400 °C < calcined at 200 °C < calcined at 300 °C. The experi-
mental results indicated that the calcination temperature has
an important influence on the catalytic activity of the sample.

The long-term stability of the CozO, and 0.5 Sm,03/C050,
catalysts were evaluated and the results is are in Fig. 8(a). The
Sm,0;/Co;0, catalyst exhibited near 100% CO conversion without
a noticeable deterioration in activity, even at high reaction rate, CO
conversion only decays from 37% to 33%. However, CO conversion
of the Coz;0, catalyst decreased from 37% to 23% when the
holding time was 70 h at 140 °C. This result implied that the
addition of Sm,0; is conducive to maintaining a high stability.

Fig. 8(b) shows the effect of the oxygen concentration on the
CO conversion over the 0.5 Sm,05/Co3;0, catalyst calcined at
a 300-140 °C constant temperature. As for the catalyst, the CO/
O, ratio has an important effect on the catalytic activity for CO
oxidation. The effects of changing from O,-rich (10% O,), CO-
rich (0-0.5% O,) to a close-to-stoichiometric (1% O,) and O,-
rich gas mixtures were investigated. The catalyst was tested
directly with the reactant gas (1% CO/10% 0,/89% N,) at 140 °C
for 50 min. As the O, concentration decreased from 10% to 0%,
as the residual O, continued to be consumed, the CO conver-
sion decreased sharply from 99% to 12%, then tended to be
steady. The reason for the phenomenon maybe is caused by the
surface lattice oxygen of catalyst reacted with CO and conforms
to the Mars-van Krevelen type mechanism. When O, concen-
tration increased to 0.3%, the CO conversion increased abruptly
from 12% to 76%, according to equation 2CO + O, = 2CO,. The
complete reaction cannot be achieved because 0.3% of O, can
only react with 0.6% of CO. As the oxygen content continued to
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Fig. 8 Long-term stability of the CozO4 and 0.5 Sm,03/Coz0,4
catalysts for 70 h (reaction conditions: 1% CO, 10% O, and 89% N,) (a)
and the catalytic performance of 0.5 Sm,03/Coz0,4 catalysts under
different oxygen concentrations at 140 °C (flow rate: 100 ml min™3) (b).

This journal is © The Royal Society of Chemistry 2018

View Article Online

RSC Advances

increase to an O,-rich condition, the final CO conversion
reached the initial 99%. During the increase in the O, concen-
tration from 0.5% to 10%, a new steady-state can be rapidly
rebuilt. These results show that during CO oxidation, the
activity is strongly affected by the reactant gas mixture compo-
sition. Above results clearly indicated that the prepared Sm,0;/
Co30, catalyst can exhibit enhanced catalytic activity and higher
catalytic stability without a deactivation in activity after an
extended time test.

3.4. Analysis and discussion

In the present work, the Sm,03/Co;0, catalyst with a high cata-
Iytic activity was obtained using a facile chemical dealloying and
calcination method. During the dealloying process, melt-spun
Al-Co-Sm alloys can preserve the structure and monolithic
characteristics of the parent alloy at a macroscale because
diffusion only occurs in the domain size.”* When the melt-spun
Al-Co-Sm alloys were immersed in a NaOH solution, the Al
atoms were progressively removed, and the Co atoms and Sm
atoms on the surface were exposed to the alkaline solution. These
lower coordinated metal atoms are highly active,* which were
likely to combine with OH ™ ions from H,O to form hydroxide at
80 °C. During this process, Sm(OH); can form nanorods due to
the anisotropic growth of different nuclei under the basic
hydrothermal condition, and Co(OH); aggregates and grows into
nanosheet structures. Co(OH); and Sm(OH); could easily trans-
form into Co;0, and Sm,0; by dehydration during calcination in
0,, and due to the calcination, the nanorods and nanosheets are
closely interconnected, forming a rough interface and enhancing
the synergistic effect between the Sm,0; and Co;0,. In addition
to its inherent simplicity, the dealloying method can effectively
avoid surface contamination of the preparative nanomaterials by
organic chemicals or other surface-directing molecules, which is
often seen in wet chemical synthesis at elevated temper-
atures.**Thus, this preparation method is a promising strategy
for large-scale production.

The BET and XPS analyses suggested that the introduction of
trace Sm,0; greatly enhanced the specific surface area of the
catalyst, and created more active oxygen species and Co>" ions,
according to the literature.'® Additionally, the more Co®" ions
are created, the more active catalytic sites exist. On the other
hand, the Sm,0; nanorods and Co;0, nanosheets are tightly
connected to create many nanoscale interfaces, where the
generated free electrons can easily migrate at the interfaces®
(Fig. 6(b)). These electrons not only transform molecular oxygen
into an active oxygen species to interact with CO molecules
adsorbed at the interfaces but also weaken the CO, bond and
accelerate CO, dissociation, leading to an increase in the reac-
tion rate.”” In addition, the Sm,0;/Co;0, catalyst possessed
a higher specific surface area (95.72 m”> g~ '), narrower pore size
distribution and more uniform pores than those of Co;0, and
Sm,0; (Fig. 4), which also enlarged the contact interface
accessibility or adsorbing molecules. All of these factors play
a very positive role in the catalytic oxidation of CO.

Experimental and theoretical studies have widely discussed
the CO oxidation reaction mechanism. Behm et al.** showed

RSC Adv., 2018, 8, 11289-11295 | 11293


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra01219a

Open Access Article. Published on 21 March 2018. Downloaded on 3/2/2026 11:00:44 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances
Q
Q co® co: )
Q co: D 0: + :) é
9 ‘ \urfm'q‘ | o
[l A2 € active B 0304
co I\ - nanosheet
X i Sm:0s

7\
% nanorod
\ /

Contact interface

Surface

lattice

oxygen
Oxygen vacancy
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that surface lattice oxygen is the active oxygen species for the CO
oxidation, which follows an Au-assisted Mars-van Krevelen
mechanism. Zhang et al.*> showed that the molecularly oxygen
absorbed on both surface vacancies and lattice oxygen should
participate in the CO oxidation. Zhang et al.* reported that both
oxygen on PTA (phosphotungstic acid) and oxygen molecules in
the reaction gas are involved in the CO catalytic oxidation
reaction. A possible CO oxidation reaction pathway on Sm,0;/
Co30, catalyst is proposed in Fig. 9, by piecing together infor-
mation from different techniques. Firstly, the surface lattice
oxygen reacts with adsorbed CO and generates oxygen vacan-
cies, and then reconnects with the molecular oxygen in the
reaction gas, part of the molecular oxygen replenishes the
missing surface lattice oxygen, and the other part adsorbed on
the surface of the catalyst becomes the surface active oxygen,
which directly reacts with CO, so the catalytic oxidation of CO
can be long-term and stable.

4. Conclusions

We have developed a simple and effective method for fabri-
cating a Sm,03/Co30, catalyst by means of dealloying in
a 10 wt% NaOH aqueous solution and calcination in O,. Our
results indicated that the Sm,0;/Co;0, catalyst exhibits excel-
lent catalytic activity for CO oxidation at ambient temperature.
The enhanced catalytic activity of the Sm,05/Co30, catalyst can
be attributed to the large specific surface area, more reactive
oxygen species and Co®" ions, and electronic interactions
between Sm and Co. In addition, the Sm,0;/Co;0, catalyst
showed good long-term catalytic stability and even after 70
hours, CO conversion still almost no attenuation. It is expected
that many other useful metal oxide composites can be fabri-
cated in a similar manner.
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