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bstract

Amorphous Co-B alloy catalyst with mesoporous structure was firstly prepared via reduction of cobalt acetate by potassium borohydride in
he presence of an organic template hexadecyl–trimethyl–ammonium bromide. The as-prepared mesoporous Co-B was characterized by Fourier
ransform infrared (FTIR), X-ray powder diffraction (XRD), scanning electron micrograph (SEM), inductively coupled plasma (ICP), X-ray photo-
lectron spectroscopy (XPS), cyclic voltammetry (CV) measurement, N2 adsorption–desorption, CO temperature-programmed desorption (TPD),
nd magnetic performance test. Investigations demonstrated that such mesoporous structure has a pronounced influence on the magnetic properties
f Co-B alloy and the enhanced magnetic performance enables the as-prepared mesoporous Co-B to be recycled by magnetic method in the liquid-
hase cinnamaldehyde (CMA) hydrogenation. During the hydrogenation, the as-prepared mesoporous Co-B exhibited higher cinnamaldehyde
onversion and cinnamyl alcohol (CMO) selectivity than the regular Co-B obtained without using organic template, which is attributed to the larger
pecific surface area and the stronger affinity to C O. After 11 cycles, the conversion of cinnamaldehyde over the mesoporous Co-B was 85.2%,

hich is higher than that of the fresh regular Co-B. The good cycle performance is attributed to its preserved mesoporous structure in spite of the

ollapse of some mesopores during cycling. In addition, the increase of selectivity for cinnamyl alcohol after several cycles is attributed to the
rowth of particle size.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Over the past few years, Co-B amorphous alloy, which is
onporous, has been reported as a powerful catalyst in selective
ydrogenation of �,�-unsaturated carbonyl compounds to alco-
ols due to its higher activity and better selectivity [1–3]. The
ajority of published research has concentrated on the effect

f different supports, crystallinity, and the addition of second

etals on the selectivity of the catalysts for selective hydro-

enation [1–3]. It is well known that the catalytic properties of
etal catalysts are in some extent affected by their specific sur-
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ace areas [4]. Recently, mesoporous metals with high specific
urface areas, which are prepared via organic template method,
ave caused much attention due to their promising application
n catalysts [5–7]. However, to our best knowledge, there are
ew reports for the study of mesoporous Co-B amorphous alloy
atalyst.

In this work, amorphous Co-B with mesoporous struc-
ure was firstly prepared via reduction of cobalt acetate by
otassium borohydride in the presence of an organic template
exadecyl–trimethyl–ammonium bromide and examined as cat-
lysts for liquid-phase cinnamaldehyde (CMA) hydrogenation.
he catalytic properties were compared with the regular Co-B

btained without using organic template. The influence of meso-
orous structure on the magnetic properties of Co-B alloy was
tudied in order to recycle the as-prepared mesoporous Co-B
atalyst by a simple, economic magnetic method.
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mailto:chuwei65@yahoo.com.cn
dx.doi.org/10.1016/j.molcata.2007.01.016
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.1. Catalyst preparation

The mesoporous Co-B particles were prepared as fol-
ows. All the reagents were of analytical grade. Twenty
illiliters hexadecyl–trimethyl–ammonium bromide (CTAB)

0.32 mol/L) aqueous solution was added to a 20 mL cobalt
cetate (0.5 mol/L) solution at 318 K and was well mixed by
tirring (200 rpm) for 45 min. After 8 h of aging, 20 mL of
mol/L potassium borohydride aqueous solution containing
.2 mol/L NaOH was added dropwise (2.5 mL/min) under stir-
ing (200 rpm) at ice-bath. When no bubbles were released, the
lack precipitate was washed with distilled water three times,
ollowed by ethanol three times. Then the sample was transferred
nto 1000 mL of absolute alcohol, and the resulted mixture was
efluxed at 353 K for 16 h. The as-prepared material was col-
ected and washed with ethanol five times and finally kept in
bsolute ethanol until use.

The regular Co-B was prepared by the same method for
he mesoporous Co-B but without adding the organic template
TAB.

.2. Characterization

The FTIR spectra of the samples were measured using the
Br wafer technique in a Nicolet 510SX FTIR spectrometer.
he spectra were recorded in the range of 400–4000 cm−1. X-

ay diffraction (XRD) patterns of the samples were acquired
n D/rmax-rA X-ray diffractometer with Cu K� sources. Dur-
ng the characterization, the ethanol wet Co-B sample was used
nd dried in situ in the atmosphere of Ar (Purity of 99.99%,
reated with a Chrompack clean-oxygen filter) to protect the
ample from oxidation. The compositions of the samples were
nalyzed by inductively coupled plasma (ICP, Irris, Avantage).
he surface morphologies were observed by means of a scan-
ing electron microscopy (SEM, JEOL JSM-6500FE). X-ray
hotoelectron spectroscopy (XPS) was performed on a Perkin-
lmer 5000C ESCA system using Al K� radiation to determine

he surface electronic states of Co-B particles. Similarly, the
o-B samples were also dried in situ in pure Ar atmosphere to
void oxidation. All the binding energy values were calibrated
y using C1s = 284.6 eV as a reference. The surface composition
as determined by using 0.13 and 2.50 as the sensitivity fac-

ors to B1s and Co2p3/2, respectively, offered by Perkin-Elmer
ompany [8]. The cyclic voltammetry measurement was per-

ormed in a three-electrode cell using a small piece (9 mm2)
f the mesoporous Co-B electrode as working electrode, a large
rea air electrode as counter electrode, and Hg/HgO in 30% KOH
olution as reference electrode. The mesoporous Co-B electrode
repared firstly by mixing 85% mesoporous Co-B particles, 7%
olytetrafluoroethylene (PTFE) and 8% carbon black into paste,
hen roll-pressing the paste to 0.15 mm thick films, and finally

ressing film onto a nickel mesh. The air electrode was pre-
ared according to the preparation procedures described in [9].
he specific surface area, total pore volume, and average pore
iameter were measured by the nitrogen absorption at 77 K after

o
[
a
r

lysis A: Chemical 269 (2007) 149–157

egassing at 573 K for 3 h. The surface area was calculated by
sing the conventional Brunauer–Emett–Teller (BET) method.
he reproducibility was checked by repeating runs at least three

imes and was found to be within acceptable limits (±1%). The
otal pore volume was calculated from the amount of vapor
bsorbed at a relative pressure (P/P0) close to unity. Pore size dis-
ributions were obtained by using the Barrett–Joyner–Halenda
BJH) model and the desorption branch. The room tempera-
ure magnetic characterization of the sample was performed by

vibrating sample magnetometer (MagLab-12, Oxford). CO
emperature-programmed desorption (TPD) was performed in
he following procedure. Firstly, the air on the sample surface
as removed with a nitrogen steam (purity of 99.99%, treated
ith a Chrompack clean-oxygen filter) at 573 K for 1 h and the

urface was cooled to room temperature in the same nitrogen
team. Then, CO was pre-adsorbed by the catalyst at 383 K for
h. The CO steam was then replaced with the carrier gas, which
as kept at 383 K for 2 h in order to purge the gaseous and
hysical-absorbed CO away from the catalyst surface. After the
urface was cooled down to room temperature, the CO desorp-
ion was carried out by raising the temperature at a speed of
0 K/min up to 573 K, then the released CO was determined
y an on-line gas chromatograph (GC) equipped with thermal
onductivity detector (TCD).

.3. Activity test

Hydrogenation of CMA was carried out in a 100 mL stainless
utoclave equipped with a magnetic stirrer and an electric heat-
ng system. After addition of 4.5 mL CMA, 40.5 mL absolute
thanol, and 0.25 g catalysts, the reactor was sealed and washed
ith H2 more than four times to exclude air. Then it was filled
ith H2 up to 4.2 MPa, followed by heating until 353 K. Once

he pressure reached a steady state, the hydrogenation reaction
as initiated immediately by stirring the reaction mixture vig-
rously (1100 rpm). The initial rate of reaction was obtained by
easuring the drop of H2 within the first 0.5 h, from which the

pecific activity was calculated by using the ideal gas equation.
eaction products were analyzed on SC-200 with flame ioniza-

ion detection (FID) by means of SE-30 column at 525 K with
owing N2 as carrier gas.

. Results and discussion

.1. FITR spectra

Fig. 1 shows the FTIR spectra of mesoporous Co-B before
nd after ethanol extraction, and regular Co-B, respectively.
ompared with Fig. 1a–c, one can see that after ethanol extrac-

ion, the absorbance peaks at 3000–2800, 1500–1400, 962, 912
nd 725 cm−1 corresponding to the stretching vibration of C–H,
he deformation vibration of C–H, the stretching vibration of
–C, the stretching vibration of N–H, and the rocking vibration

f C–H in the organic template CTAB molecule, respectively
10], disappeared and the as-prepared mesoporous Co-B shows
lmost the same FTIR spectrum as the regular Co-B. The
esults indicated that the applied CTAB organic template
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the formation of mesoporous structure in the as-prepared meso-
porous Co-B [12].

According to the proposed scheme for synthesis of MCM-
41 with mesoporous structure using the organic template CTAB
ig. 1. FTIR spectra of (a) mesoporous Co-B before ethanol extraction; (b)
esoporous Co-B after ethanol extraction; (c) regular Co-B.

ad been successively removed by ethanol extraction from
he as-prepared Co-B, and the formed mesoporous structure
id not affect the vibration behavior of Co-B significantly.
he absorbance peaks at 400–600 cm−1 in the as-prepared
esoporous Co-B and the regular Co-B (Fig. 1b and c) are

ttributed to the vibration of Co-B alloy [11].

.2. Analysis of mesoporous structure

Fig. 2 presents the XRD patterns of the as-prepared meso-
orous Co-B. As shown in Fig. 2, only one broad peak around
θ = 45.5◦ is observed. It indicates that the as-prepared Co-B
as a typical amorphous alloy structure [1–3]. The small-angle
RD pattern of the prepared Co-B, as shown in the inset of
ig. 2, displays a well-resolved diffraction peak around of
θ = 1.52◦, implying the presence of mesoporous structure in the
s-prepared Co-B [12]. The bulk composition of the as-prepared
esoporous Co-B is shown in Table 1.From Table 1, it can be

een that the bulk composition is almost the same as that of the
egular Co-B.

The formed mesoporous structure is also confirmed by N2
dsorption–desorption isotherm (Fig. 3). The isotherm shows a
ypical IUPAC type IV pattern with inflection of N2 adsorbed at
/P0 about 0.40 (type H4 hysteresis loop) [12], indicating the

resence of mesopores. The pore size distribution of the sample,
s presented in the inset of Fig. 3, shows that the as-prepared
esoporous Co-B with a narrow pore size distribution has an

verage pore diameter about 7 nm.
F
t

ig. 2. XRD pattern of the as-prepared mesoporous Co-B. The inset is the small-
ngle XRD pattern of the as-prepared mesoporous Co-B.

Table 1 presents the specific surface areas of the as-prepared
esoporous Co-B and the regular Co-B. From Table 1, one can

ee that the specific surface area of the as-prepared mesoporous
o-B (176.27 m2/g) is much larger than that of the regular Co-B

65.00 m2/g), which is due to the formation of the mesoporous
tructure in the as-prepared mesoporous Co-B.

.3. Surface morphology and formation mechanism of
esoporous structure

Fig. 4a and b show the low and high magnification SEM
mages of the as-prepared mesoporous Co-B, respectively. A
orm-like porous structure can be observed. The pore size dis-

ribution is in the mesoporous range, which further confirmed
ig. 3. Nitrogen adsorption–desorption isotherm patterns and the pore size dis-
ribution (inset) of the as-prepared mesoporous Co-B.
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Table 1
Physicochemical properties and catalytic properties of fresh and spent Co-B particles

Sample Bulk composition
(at.%)

Surface composition
(at.%)

Specific surface
area (m2/g)

Pore diameter
(nm)

Pore volume
(cm3/g)

Rm (mmol/
(h g Co))

Regular Co-B Fresh Co63.0B37.0 Co58.4B41.6 65.00 – – 215.77

Mesoporous Co-B Fresh Co63.0B37.0 Co56.7B43.3 176.27 7.10 0.43 891.93

R 2 MPa

[
i
n
c

F
×

t

6 cycles Co63.0B37.0 Co56.7B43.3

11 cycles Co63.0B37.0 Co56.7B43.3

eaction conditions: 0.25 g catalyst, 4.5 mL CMA, 40.5 mL ethanol at PH2 = 4.

12], the formation of mesoporous Co-B might be described

n Fig. 5. Firstly, Co2+ and CTAB assemble together. Then the
anocomposites containing ordered surfactant lyotropic liquid
rystalline phase with a micellar structure are formed. Secondly,

ig. 4. SEM images of the as-prepared mesoporous Co-B (a) ×30,000 and (b)
100,000 magnified.
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125.34 6.12 0.26 495.40
93.69 3.66 0.14 334.47

and T = 353 K.

he assembled Co2+ in the formed nanocomposites is reduced
y KBH4. As a result, the formed Co-B surrounds the micellar
tructure, which is combined into a Co-B cluster as a wall of
he mesopore through metallic bonding and/or Co-B Co-B
onding [12]. Many clusters closely pack to form secondary Co-
particles. Finally, the ethanol extraction of organic template

TAB results in the formation of mesoporous structure for Co-B
articles.

.4. XPS analysis and cyclic voltammetry measurements

Fig. 6a and b present the Co2p3/2 and B1s spectra of the as-
repared mesoporous Co-B particles, respectively. The surface
omposition is listed in Table 1.

As shown in Fig. 6a, the Co species in the Co-B sample are
resent in the metallic state with the binding energy 778.1 eV,
hich is almost the same as that reported [1–3]. Meanwhile,

he B species are present in the elemental state with a binding
nergy of 188.4 eV (Fig. 6b), which is positively shifted 1.3 eV in
omparison with the pure B (187.1 eV) [8]. The result indicates
he existence of synergistic effect between the Co and B in the
s-prepared mesoporous Co-B, as those reported in regular Co-B
morphous alloy [1–3].

The formation of an alloy between Co and B is also confirmed
y the electrochemical activation of the mesoporous Co-B when
t was used as the anodic material in aqueous alkaline solution.
ig. 7 shows the cyclic voltammogram of mesoporous Co-B in
0% KOH solution. In parallel experiments, pure Co, pure B,
nd the mixture of pure Co and B did not give any apprecia-
le current response in the sweeping potential region, because
hey are completely electrochemical inert in aqueous alkaline
olution [13,14]. However, in the case of mesoporous Co-B, a
arge anodic current peak appeared with the onset of oxidation
t −0.90 V (Fig. 7), suggesting the electrochemical activation of
esoporous Co-B. It is attributed to that the synergistic effect

etween Co and B in the Co-B alloy weakened the chemical
tability of B and enhanced the chemical activity of Co [15,16].

Furthermore, as shown in Table 1, one can see that the for-
ation of mesoporous structure causes the enrichment of B on

he Co-B alloy surface. But the origin for this phenomenon is
ot fully understood now and is subject further investigations.
.5. Magnetic properties

Amorphous Co-B catalyst can be recycled by magnetic
ethod [3]. In order to collect the as-prepared mesoporous Co-B
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Fig. 5. A possible mechanism for the for

atalysts by magnetic method for reuse, the influence of meso-
orous structure on the magnetic properties of Co-B had been
nvestigated. Fig. 8a and b show the hysteresis loop of the regular
nd mesoporous Co-B at 300 K, respectively. The correspond-
ng coercivity (Hc), saturation magnetization (Ms), and remanet

agnetization (Mr) at 300 K are also presented in Fig. 8a and b,
espectively.
Compared with Ms (45.7 emu/g) and Mr (16.5 emu/g) of
he regular Co-B, Ms and Mr of the as-prepared mesoporous
o-B have comparable values, indicating that the mesoporous

tructure has little effect on Ms and Mr. However, the Hc of

ig. 6. XPS spectra of the as-prepared mesoporous Co-B (a) Co2p3/2; (b) B1s.
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n of the as-prepared mesoporous Co-B.

he mesoporous Co-B is much higher than that of the corre-
ponding regular Co-B, indicating that the mesoporous structure
as a pronouncing influence on the magnetic properties. The
mproved magnetic properties for the as-prepared mesoporous
o-B enable it more easily to be collected by magnetic method

or reuse.

.6. Catalytic performance

Under the experimental conditions in this work, the
valuation for external and internal diffusion in the CMA hydro-
enation reaction over the regular and mesoporous Co-B (not
hown here) according to the method provided by Guo [17]
ndicated that the effect of external and internal diffusion was
egligible. In other words, the mass transfer was significantly
liminated and the CMA hydrogenation was controlled by the
ntrinsic kinetics of the reaction.

.6.1. Hydrogenation profile
The catalytic performance of the as-prepared mesoporous

o-B was examined and compared with regular Co-B during
iquid-phase CMA hydrogenation. The selective hydrogenation
f CMA is a well-documented reaction, which could be repre-
ented by the scheme in Fig. 9.
Fig. 10 is the CMA hydrogenation profile over the regular
nd as-prepared mesoporous Co-B. Table 1 shows the specific
ctivity presented by H2 uptake rates per gram of cobalt (Rm) of
oth Co-B catalysts.

ig. 7. Cyclic voltammogram of the as-papered mesoporous Co-B in a 30%
OH solution at a potential sweep rate of 0.013 mV/s.
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Fig. 8. Hysteresis loops of (a) regular Co-B particles (the inset is the full range
of the hysteresis measured between −700 and 700 Oe); (b) mesoporous Co-
B particles at room temperature (the inset is the full range of the hysteresis
measured between −900 and 900 Oe).

Fig. 10. CMA hydrogenation profile over Co-B particles (a) regular Co-B parti-
c
C

h
d
w
c
p
w

o
n
t
p
(
t
w
m

Fig. 9. Reaction scheme for the
les; (b) mesoporous Co-B particles. Reaction conditions: 0.25 g catalyst, 4.5 mL
MA, 40.5 mL ethanol at PH2 = 4.2 MPa and T = 353 K for 1.5 h.

From Fig. 10, one can see that the products for the CMA
ydrogenation over the as-prepared mesoporous Co-B are dihy-
rocinnamaldehyde (HCMA) and cinnamyl alcohol (CMO),
hich are the same as those over regular Co-B. However, the

onversion of CMA and the selectivity of CMO over the as-
repared mesoporous Co-B are 96.7% and 94.4%, respectively,
hich are higher than those of regular Co-B, respectively.
Together with the specific activity data compared in Table 1,

ne can see that the as-prepared mesoporous Co-B exhibits
ot only higher catalytic activity but also better selectivity
o CMO. The higher activity for the as-prepared meso-
orous Co-B is attributed to its larger specific surface area
176.27 m2/g) (Table 1), which ensures high dispersion of

he catalytic active sites [4], and its mesoporous channels,
hich may facilitate diffusion and adsorption of reactant
olecules [12].

hydrogenation of CMA.
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ig. 11. CO temperature-programmed desorption (TPD) of (a) regular Co-B;
b) mesoporous Co-B.

The better selectivity to CMO for the as-prepared mesoporous
o-B might be interpreted by its stronger affinity for C O bond

1–3], which is shown in the CO temperature-programmed des-
rption (Fig. 11). Because the stronger adsorption of C O bond
s beneficial to the hydrogenation of CMA via a vertical C O
top geometry to CMO [3]. The stronger affinity for C O bond
f the as-prepared mesoporous Co-B might be attributed to the
elatively more enrichment of B species on the surface com-
ared to the regular Co-B (Table 1). Because the more electrons
ay transfer from alloying B to the vacant d-orbital of metallic
o for Co-B particles on which surface enriched B [1–3]. As a

esult, it causes the enhancement of the total adsorption strength
f C O group.
.6.2. Cycle performance
Fig. 12 presents the typical plot of CMA conversion against

MO selectivity during the CMA hydrogenation over the as-

ig. 12. The typical plot of CMA conversion against CMO selectivity during the
MA hydrogenation over the as-prepared mesoporous Co-B particles. Reaction
onditions: 0.25 g catalyst, 4.5 mL CMA, 40.5 mL ethanol at PH2 = 4.2 MPa and
= 353 K.
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umbers over mesoporous Co-B particles. Reaction conditions: 0.25 g catalyst,
.5 mL CMA, 40.5 mL ethanol at PH2 = 4.2 MPa and T = 353 K for 1.5 h.

repared mesoporous Co-B. From Fig. 12, one can see that
here is a noticeable trend of increasing selectivity of CMO
ith increasing conversion of CMA. The optimum yield of
MO (91.3%) was obtained at CMA conversion of 96.7% and
MO selectivity of 94.4%. Further increasing conversion caused
n abrupt decrease in the CMO selectivity and thus an abrupt
ecrease in CMO yield. Therefore, in order to investigate the
ycle performance, the reaction condition for the optimum CMO
ield was selected for every cycle.

Fig. 13 shows the changes of conversion of CMA and selec-
ivity of CMO during cycles for CMA hydrogenation over the
s-prepared mesoporous Co-B, respectively. The mesoporous
o-B was recycled by a magnet (the inset of Fig. 13).

From Fig. 13a, one can see that the conversion over five
onsecutive runs almost remains unchanged, then decreases
radually. The decrease of catalytic activity is attributed to the
ccurrence of collapse of some mesopores in the cycled meso-
orous Co-B, which causes the decrease of specific surface areas
uring cycling (Table 1). The collapse of some mesopores is
evealed by comparison of SEM micrographs of the recycled
amples (Fig. 14a and b) after several cycles with the fresh
Fig. 4b). ICP results show that Co leaching during cycling was
egligible (Table 1). XPS analyses reveal no occurrences of oxi-
ation for both Co and B on the surface of mesoporous Co-B
uring cycling (Table 1). The occurrence of collapse for some
esopores during cycling is also confirmed by the constriction

f N2 adsorption–desorption isotherm (Fig. 15), the decreases
f pore size and pore volume for the mesoporous Co-B after
everal cycles (Table 1) [12].

In spite of the existence of collapse of some mesopores,
ne can see that the conversion of CMA over the mesoporous
o-B after 11 cycles is 85.2% (Fig. 13a), which is higher

han that of the fresh regular Co-B (82.4%) (Fig. 10). The
igher catalytic activity is attributed to its larger specific surface

reas (93.69 m2/g) (Table 1), which resulted from its preserved
esoporous structure despite the occurrence of collapse of

ome mesopores, in comparison with the fresh regular Co-B
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respectively. The evaluation for internal diffusion also suggested
that the effect of internal diffusion in this work is not dis-
tinct in spite of the grain growth for mesoporous Co-B during
cycling.
ig. 14. SEM images of the as-prepared mesoporous Co-B after (a) 6 cycles;
b) 11 cycles.

65.00 m2/g) (Table 1). The preserved mesoporous structure is
evealed by the N2 adsorption–desorption isotherm of the cycled
o-B that still shows a typical IUPAC type IV pattern (Fig. 15b)

12]. It is also confirmed by that the small-angle XRD patterns of
he cycled Co-B, as shown in Fig. 16, still display a well-resolved
iffraction peak around of 2θ = 1.52◦, implying the presence
f mesoporous structure in the cycled Co-B. The weak inten-
ity of the diffraction peaks indicates the poor ordering of the
esoporous structure in the as-prepared mesoporous Co-B after

everal cycles [12].
In addition, in comparison with the typical trend of CMA

onversion against CMO selectivity during the CMA hydro-
enation over the as-prepared mesoporous Co-B (Fig. 12),
he increase of selectivity for CMO after five cycles indicates
hat the growth of particle size is benefit to the hydrogenation
o C O in CMA [3,18]. The fact of grain growth for amor-

hous Co-B is observed by comparison of SEM micrographs
f the recycled samples (Fig. 14a and b) after several cycles
ith the fresh (Fig. 4b). The average particle sizes of amor-
hous Co-B after six cycles and 11 cycles are 60 and 85 nm,

F
(

ig. 15. Nitrogen adsorption–desorption isotherm patterns and the pore size
istribution (inset) of mesoporous Co-B after (a) 6 cycles; (b) 11 cycles.
ig. 16. Small-angle XRD patterns of the as-prepared mesoporous Co-B after
a) 6 cycles; (b) 11 cycles.
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. Conclusions

Amorphous Co-B alloy catalyst with mesoporous struc-
ure was firstly prepared via reduction of cobalt acetate by
otassium borohydride in the presence of an organic tem-
late hexadecyl–trimethyl–ammonium bromide. Investigations
emonstrated that such mesoporous structure has a pronounced
nfluence on the magnetic properties of Co-B alloy and the
nhanced magnetic performance enables the as-prepared meso-
orous Co-B to be recycled by magnetic method in the
iquid-phase cinnamaldehyde hydrogenation. During the cin-
amaldehyde hydrogenation, the conversion of CMA and the
electivity of CMO over the as-prepared mesoporous Co-B are
6.7% and 94.4%, which are higher than those of regular Co-B,
espectively. It is attributed to its larger specific surface area and
he stronger affinity to C O. After 11 cycles, the conversion of
innamaldehyde over the mesoporous Co-B is 85.2%, which is
igher than that of the fresh regular Co-B. The good catalytic
ctivity is attributed to its larger specific surface area resulted
rom the remaining mesoporous structure in spite of the collapse
f some mesopores during cycling. In addition, the increase of
electivity for cinnamyl alcohol during cycling is attributed to
he growth of particle size, which is benefit to the hydrogenation
o C O in cinnamaldehyde.
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