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Bimetallic CoCu nanocomposites were synthesized in polyol by using Ru as heterogeneous
nucleation agent and stearic acid as surfactant, and their catalytic properties were investigated by hydrogenolysis of glycerol to propanediols. It was found that the surfactant could
induce Co nanocrystals to form nanowires as structure-directing agent, while it’s ineffective
for Cu because only spherical Cu particles were produced under the same condition. When
Co2+ and Cu2+ coexist in polyol, Cu2+ is firstly reduced and forms the spherical particles,
and then the Cu particles afford surface for the subsequential reduction of Co2+ and growth
of Co nanocrystals to form the nanorods, obtaining the urchin-like CoCu nanocomposites.
The catalytic performance in selective hydrogenolysis of glycerol to propanediols proposed
that the CoCu urchin-like nanocomposites was superior to the Co nanowires possibly due
to that the synergistic effect between Co and Cu component promoted conversion of glycerol and obtained the higher propanediol yields based on the specific surface areas of the
catalysts.
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CoNi by inhibiting coke deposition.
Liquid polyol has been proven as an effective reductant, solvent and in some cases complexing agent of
metal cations for bimetallic nanomaterials with welldefined geometries owing to its proper reducing capability and facilely fabricating approaches [8−11]. Due
to the negative reduction potentials of polyol and high
temperatures necessary to be used in synthesizing transition metals, it’s favorable to introduce extrinsic seed
for decreasing the nucleation temperature of transition
metals and inducing an anisotropic growth [12, 13].
On the other hand, glycerol is a byproduct in
biodiesel production by transesterification of vegetable
oils and methanol. Transferring glycerol into value
added chemicals can enhance the comprehensive benefits of biodiesel production.
One promising approach is selective hydrogenolysis of glycerol to 1,2-/1,3propanediols which have shown the diversified applications in organic, fine and medicine chemistry industries
as feedstock and/or intermediate [14−16]. The catalysts mainly contain the supported noble metals Pt
[17−19], Ru [20, 21], Rh [22, 23], and Ir [24−26], the
transition metals Ni [27−29] and Cu [30−32], and the
bimetallic PtRu [33], CuAg [34], and CuRu [35]. Generally, Ru, Rh and Ir show strong cracking properties
for C−C and C−O bonds of glycerol, which results in
low yields of propanediols. By comparison, Cu is active
for obtaining the high yields of propanediols due to the
effective C−O bonds splitting and kept C−C bonds. In

I. INTRODUCTION

Bimetallic Co based nanostructured materials showed
the potential applications in high density data storage
and magnetic separation [1, 2], diagnostics and therapy
[3, 4], and heterogeneous catalysis [5, 6]. Due to the synergistic effects induced by interactions between the doping metals and Co, the chemicophysical properties of
bimetallic Co based on nanomaterials are largely different from the mono-componential Co counterpart. For
example, spherical CoRh nanoclusters with the mean
size of 1.65 nm showed significantly enhanced magnetic
properties with high coercivity and magnetic saturation
compared to Co, which is ascribed to the cooperative
role that leads to a probable enhanced induced electronic spin polarization on the Rh atoms and preserves
the Co magnetism [1]. Coupling magnetic Co and catalytically active Pt, the hybrid colloidal Cocore Ptshell
particles presented excellent activity and stability in hydrogenation of 1-decene in toluene and could be facilely
separated from solution after reaction [7]. CoNi were
also highly active for methane drying reforming and hydrogenolysis of glycerol to propanediols [5, 6], and the
alloyed structure significantly promoted the stability of
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CuAg and CuRu, enhanced effect was observed as compared to the sole metal component. The reason is that
the introduction of Ag and Ru significantly promoted
dispersion and reduction of CuO, which obtained the
higher propanediol yields. Metals with well-defined geometries showed interesting catalytic properties in hydrogenation reactions due to the facet-dependent activity and selectivity [36, 37]. Recently, the flowersurface Co hexagonal plates were used as the catalyst
for hydrogenolysis of glycerol, but only 16% of 1,2propanediol yield was obtained [38].
In this work, we fabricated urchin-like CoCu
nanocomposites with Cu core and Co nanorods. The
chemicophysical propteries of the CoCu unchins were
characterized and the possible formation mechanism of
these bimetallic urchins was investigated. The catalytic
performance of the CoCu urchins was tested in hydrogenolysis of glycerol to propanediols and the higher
glycerol conversion and propanediol yield were observed
in terms of the specific surface area of the catalyst compared to the Co nanowires, probably the synergistic effect between Co and Cu component.

II. EXPERIMENTS
A. Material synthesis

Typically, 0.2 g of NaOH and 1.0 g of mixture containing cobalt acetate (Co(OAc)2 ·4H2 O) and copper acetate (Cu(OAc)2 ·H2 O) with a known molar ratio were
dissolved into 80 mL 1,2-propanediol under heating and
stirring to obtain a purple solution, and then 0.267 g
of stearic acid and 0.02 g of RuCl3 ·xH2 O (35%Ru)
dissolved in 5 mL of 1,2-propanediol were added and
stirred for several minutes. The flocculent solution was
transferred into a Teflon-lined autoclave (100 mL) and
then gradually heated to 140 ◦ C and maintained at this
temperature for 12 h. The solid obtained was centrifuged, thoroughly washed with ethanol and deionic
water, and finally dried under vacuum at 50 ◦ C for 5 h.
B. Material characterization

Powder X-ray diffraction (XRD) patterns of the samples were recorded on a D/Max-2500/PC diffractometer
(Rigaku, Japan) operated at 40 kV and 100 mA by using nickel-filtered Cu Kα radiation (λ=1.5418 Å), and
the low angle XRD pattern was obtained on the same
instrument with the exception of the operating current
30 mA. Transmission electron microscope (TEM) images were taken using a Philips Tecnai G2 Spirit instrument operated at 120 kV. The samples were ultrasonically dispersed into ethanol, and drops of the suspension were placed on a carbon-coating copper grid and
then dried in air. The elemental analysis of samples
was performed by Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES) on a Plasma-Spec-II
DOI:10.1063/1674-0068/26/03/347-354
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spectrometer (LEEMAN, USA). The samples were dissolved into aqua regia, and the solution was then diluted with 2%HNO3 to meet the detect range of the instrument. The N2 adsorption-desorption isotherm was
performed on a Micromeritics ASAP 2010 system at
−196 ◦ C. Before measurement, the samples were degassed under vacuum for 6 h at 80 ◦ C. The specific
surface area (SBET ) was calculated by the multipoint
Braunauer-Emmett-Teller method. FT-IR spectra of
CoCu materials were obtained in the scanning range of
4000−400 cm−1 by using a Bruker Vector-22 infrared
spectrometer with a resolution of 4 cm−1 . The sample was fully grinded with KBr and pressed into wafer
before measurement. TG curves of CoCu materials
were conducted on a Pyris Diamond Thermogravimeter (Perkin Elmer) under N2 flow of 30 mL/min with a
rate of 5 ◦ C/min from room temperature to 625 ◦ C.

C. Hydrogenolysis of glycerol

Hydrogenolysis of glycerol was carried out in a
100 mL autoclave with a mechanical stirring. 0.05 g
of CoCu nanomaterials was added to 40 g of 10%glycerol aqueous solution. After removing the residue air in
autoclave by H2 flush, the reaction system was pressurized to 3.0 MPa. The reaction system was heated to a
certain temperature and kept at the temperature for a
certain period under vigorous stirring. After reaction,
the system was cooled to ambient temperature. As a
reference, Ru was used as the catalyst for this reaction.
0.004 g RuCl3 · xH2 O (the Ru amount was calculated as
the stoichiometric Ru comprised in 0.05 g CoCu materials) dissolved in 40 mL water was reduced in the same
reactor under H2 at 250 ◦ C for 0.5 h. After cooling
to room temperature, 4 g of glycerol was introduced
into the black colloid solution and the hydrogenolysis
procedure was the same as those mentioned above. For
recyclability of CoCu urchins, the catalyst was collected
by centrifugation and thoroughfully washed by deionic
water after one run and then used as the next cycle. pH
value of solution was measured by a pH meter after one
reaction ended and cooled to room temperature.

D. Product analysis

The liquid products were identified by mass spectroscopy and analyzed by a gas chromatography
equipped with a flame-ionization detector and a Carbowax 20 M capillary column with 25 m in length and
0.2 mm in diameter. 1,4-Butanediol was used as the
internal standard. The gas products were collected
and analyzed on another gas chromatography equipped
with a thermal conductivity detector and a Porapak-T
(3 m×3 mm) pack column. Glycerol conversion and
product selectivity are defined as the following formuc
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FIG. 1 TEM images of the CoCu bimetallic nanomaterials. (a) and (b) Co, (c) and (d) Co90 Cu10 , (e) and (f) Co80 Cu20 ,
and (g) and (h) Cu.

las:
Conversion =

0
CGlycerol
− CGlycerol
× 100%
0
CGlycerol

(1)

(aGlycerol+bGlycerol AGlycerol /As )Ws
(2)
WSolution
92mi Ci /Mi
Selectivity =
× 100%
(3)
0
3(CGlycerol − CGlycerol )
CGlycerol =

Ci =

(ai + bi Ai /As )Ws
WSolution

(4)

here, C, W , A, and M refer to mass concentration,
weight, peak area (in gas chromatography analysis),
and molecular weight of glycerol and product, respectively. The subscript i and s mean product i and the
internal standard s. mi indicates carbon numbers of
product i, and a and b are the parameters of product i
in correction curves during quantification analysis.
III. RESULTS AND DISCUSSION
A. Synthesis of CoCu urchins

Figure 1 shows the TEM images of CoCu nanomaterials synthesized with different Cu doping. For pristine Co, the nanowires with the length of 500−1000 nm
and the diameter of about 12 nm were obtained. As
10%Cu was doped, the miscellaneous nanorods and
urchins were observed. The diameter of the rods was
DOI:10.1063/1674-0068/26/03/347-354

FIG. 2 XRD patterns of CoCu bimetallic nanomaterials
with different Cu dopings. (a) Co, (b) Co90 Cu10 , (c)
Co80 Cu20 , and (d) Cu.

similar to those of the pure Co nanowires but their
length presented in the wide range of 100−1000 nm.
Aside from the rods, the urchins showed the spherical core of 100−300 nm in diameter and the nanorods
of 100−500 nm in length which was radiantly extruded
from the surface of the cores. As the Cu doping was
further increased to 20%, the isolated nanorods disappeared, and the uniform urchin-like structure with the
spherical core of about 250 nm in size and the extruded
nanorods of 300 nm in length and 10 nm in diameter was
produced. For pure Cu, however, the spherical particles
with the size of about 250 nm and the 500−1000 nm
bulky blocks aggregated by the particles were mainly
c
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FIG. 3 (a) and (b) TEM images of Co80 Cu20 particles synthesized without stearic acid. (c) XRD patterns of Co80 Cu20
particles synthesized at 2 h, the inset shows its low angle diffraction. * and ◦ mean the cubic Cu2 O and the fcc Cu
crystallographic phases, respectively.

observed instead. Apparently, the shapes of bimetallic
CoCu nanomaterials are significantly influenced by the
Cu dopings, and the uniform CoCu urchins could be
obtained at the Cu doping of 20%.
Figure 2 exhibits the XRD patterns of the CoCu
nanomaterials synthesized with different Cu dopings.
The pure Co nanowires presented the diffractions at
2θ=41.6◦ , 44.6◦ , 47.4◦ , and 62.6◦ , assigned to the (100),
(002), (101), and (102) crystallographic planes of metallic Co with hexagonal close-packed phase (hcp, JCPDS
No.5-727), respectively. As Cu doped with different
contents, the XRD patterns revealed that apart from
the hcp Co phase, the diffraction peaks at 2θ=43.4◦ ,
50.5◦ , and 74.3◦ represented the (111), (200), and (220)
planes of metallic Cu with face-centered cubic phase
(fcc, JCPDS No.4-836), respectively. As Cu loading increased, the relative diffraction intensities corresponding to the (002) plane of hcp Co crystals enhanced significantly in Co90 Cu10 and Co80 Cu20 samples compared
to Co nanowires, which is possible due to the preferential orientation of the shortened nanorods [39]. In
addition, the diffractions of fcc Cu particles intensified
obviously with the incremental Cu loadings. Aside from
the intensive diffractions of Cu, a weak and broadened
diffraction at 2θ=36.5◦ were observed in pure Cu particles, attributing to the (111) plane of cubic Cu2 O impurity. These findings indicate that no alloyed structure
formed during the co-reduction of Co2+ and Cu2+ in
polyol, which is consistent with the previous reports [9,
10].
To confirm such role of stearic acid in the present
CoCu cases, we implemented the comparative experiment with the example of Co80 Cu20 synthesized without stearic acid while keeping the same other condition
as Co80 Cu20 urchins (Fig.1 (e)−(f)). As shown in Fig.3
(a) and (b), the core sizes were in the similar range of
100−500 nm to those of the urchins, but the length of
the nanorods significantly reduced to less than 50 nm.
DOI:10.1063/1674-0068/26/03/347-354

This demonstrated that stearic acid is also inevitable to
maintain the urchin-like morphology in CoCu system,
which is possible due to the similar ligand effect to the
Co nanowires.
TABLE I ICP and BET results of the employed cobalt
based nanomaterials. The initially added Ru amount was
defined as Ru/(Co+Cu)=0.02 for all of the cobalt based
nanomaterials.
Sample
Co/Cu
ICP
BET
Co/Cu Ru/(Co+Cu) SBET /(m2 /g)
Co
–
–
0.0105
24.7
Co90 Cu10
9
7.5
0.0028
12.6
Co80 Cu20
4
3.1
0.0023
8.5
Cu
–
–
0.0021
2.7

Figure 3(c) shows the XRD patterns of Co80 Cu20
urchins synthesized at 2 h. Besides fcc Cu, the diffraction peaks presented at 2θ=36.4◦ , 42.4◦ , 61.4◦ , and
73.6◦ , relating to the (111), (200), (220), and (311)
planes of cubic Cu2 O (JCPDS No.74-1230), respectively. On the other hand, the observed diffractions
in the range of 5◦ −30◦ indicated the presence of the
mixed cobalt and copper stearates [40], and the low
angle XRD pattern (the inset in Fig.3(c)) further confirmed the layered structure of these stearate intermediates. No diffractions corresponding to metallic Co
phase were observed at this initial stage. Consequently,
cobalt and copper stearates form at initial stage and
Cu2+ could be reduced firstly to Cu0 via mesophase
Cu2 O possibly due to its much higher reduction potential (0.34 V) than that of Co2+ (−0.277 V), when Co2+
and Cu2+ exist simultaneously in polyol. Table I shows
that the Co/Cu molar rates of 7.5 and 3.1 in the final
solid Co90 Cu10 and Co80 Cu20 materials, respectively,
were significantly lowered than the calculated value of
9 and 4 in the initially solutions, further confirming the
c
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FIG. 4 (a) FT-IR spectra and (b) TG curves of Co80 Cu20 materials synthesized for different periods.

preferential reduction of Cu2+ .
Figure 4(a) presents the FT-IR spectra of Co80 Cu20
urchins synthesized at 2 and 12 h, respectively. As the
synthesis was conduced at 2 h, the strong absorbencies
including the stretching vibrations of C−H at 2935 and
2863 cm−1 and the carboxylic group (COO− ) at 1560
and 1425 cm−1 were observed together with the scissoring vibration of CH2 at 1467 cm−1 , which is ascribed to
the cobalt and copper stearate intermediates [41]. This
is well consistent with the XRD results (Fig.3(c)). As
the synthesis extended to 12 h, these absorbencies remarkably decreased, indicating that the stearate intermediates decomposed and Co2+ and Cu2+ were reduced
into metals. Most of stearic species release into the solution and are removed during the washing procedure,
leaving small amount of stearic acid covalently capping
on the surface of the bimetallic urchins. TG experiments further confirmed this hypothesis. The Co80 Cu20
urchins at the end of synthesis sowed 11% of weight
loss due to stearic species decomposition, which is much
lower than that of the counterpart synthesized at 2 h
(Fig.4(b)).
Here, 1,2-propanediol is selected as the solvent for
cobalt and copper acetate precursors and a reducing
agent for the reduction of Co2+ and Cu2+ in the liquid phase. This polyol initially dehydrates to propionaldehyde, followed by reacting with Co2+ and Cu2+
in the solution to form Co and Cu nanocrystals with
the help of the in situ produced Ru seeds [42]. When
Co2+ and Cu2+ coexist in the presence of stearic acid,
cobalt and copper stearates can be initially produced
and act as the reservoir to decrease the supersaturation
of Co2+ and Cu2+ in liquid polyol, which is favorable
to tailor the anisotropic growth of metal nanocrystals
into the nanostructures with well-defined geometries.
As the reaction proceeds, copper stearate decomposes
and releases Cu2+ into the solution, followed by reducing to the spherical Cu nanoparticles through the Cu2 O
intermediate. These Cu spheres afford surface for the
Co nanocrystals which are produced by sequential reduction of Co2+ dependent on the similar dynamic reduction model as Cu2+ . Under the structure-directed
DOI:10.1063/1674-0068/26/03/347-354

role of stearic acid, these Co nanocrystals on Cu surface grow normally into nanorods, forming the urchinlike morphology. It’s noted that the molar ratios of Ru
to sum of Co and Cu in the CoCu nanomaterials were
much lower than that of the values initially introduced
in solution and its ratios decreased with increasing Cu
amounts (Table I). This implies that nucleation agent
Ru can not form alloys with Co and Cu in our cases,
which resulted in that most of Ru was removed during
the washing procedure.

B. Hydrogenolysis of glycerol

The CoCu urchins were used to catalyze hydrogenolysis of glycerol to 1,2-/1,3-propanediol and their performance is shown in Table II. Considering Ru residue
was detected in CoCu urchins and was active in this
reaction, we firstly carried out the comparative experiment using Ru as the catalyst. It was found that
only 1.5% of glycerol conversion was obtained, demonstrating that its essential influence could be excluded.
The Co nanowires presented the glycerol conversion of
43.6% and the 1,2-/1,3-propanediol selectivity of 60%,
gaining the total propanediol yield of 26.2%. Additionally, the detectable products included dehydrated acetol, 1-propanol by over cracking of C−O bond, ethylene glycol and ethanol by C−C bond cracking were
observed with small amounts. As Co90 Cu10 nanomaterials were used, the glycerol conversion was slightly
decreased to 40.3% while keeping the similar 1,2-/1,3propanediol and other detectable products selectivities. Over Co80 Cu20 urchins, the glycerol conversion
was further decreased to 31.6% with the slightly increased 1,2-/1,3-propanediol selectivity. However, as
pure Cu particles were used, the glycerol conversion
drastically dropped to 4.2% with the significantly increased 1,2-/1,3-propanediol of more than 80% and the
obviously decreased acetol, 1-propanol, ethylene glycol and ethanol, which is attributed to the intrinsic
C−O bond cracking and suppressed C−C bond cracking properties of Cu metal [31−33]. In our cases, the
c
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TABLE II Hydrogenolysis of glycerol over the bimetallic CoCu catalysts.
Catalyst Conversion/%
Ru
Co
Co90 Cu10
Co80 Cu20
Cu

1.5
43.6
40.3
31.6
4.2

Selectivity of product/C-mol%
1,2-Propanediol 1,3-Propanediol Acetol 1-Propanol Ethylene glycol Ethanol Unidentified
–
–
–
–
–
–
–
60.0
3.1
5.3
6.9
11.7
1.7
11.3
60.8
1.8
4.7
6.8
10.7
1.6
13.6
62.5
3.4
6.1
7.2
10.3
1.0
9.5
78.1
3.5
1.7
2.3
0.2
–
14.2

Reaction condition: catalyst of 0.05 g, 10% glycerol aqueous solution of 40 g, reaction temperature of 220 ◦ C, reaction
time of 7 h, initial H2 pressure of 3.0 MPa.

TABLE III Hydrogenolysis of glycerol at different reaction temperatures and periods over the Co90 Cu10 catalyst.
T /◦ C t/h Conversion/%

Selectivity of product/C-mol%
1,2-Propanediol 1,3-Propanediol Acetol 1-Propanol Ethylene glycol Ethanol Unidentified
190 7
12.9
65.4
3.9
2.3
5.4
6.7
0.8
15.5
220 7
40.3
60.8
1.8
4.7
6.8
10.7
1.6
13.6
250 7
62.8
48.5
1.2
7.5
8.8
15.3
2.1
16.6
220 3.5
18.6
64.9
2.4
3.5
3.6
5.9
0.5
19.2
220 14
65.1
50.7
2.0
10.0
9.6
14.1
1.9
11.7
The reaction conditions are the same as Table II.

unidentified liquid products and the gas ones mainly
containing CO2 and CH4 were also listed in Table II,
which is calculated by the discrepancies between the
transformed glycerol and the detected liquid products.
It was shown the amounts of such products were in the
range of 9%−15%. It’s noted that although the CoCu
urchins showed the lower glycerol conversions than that
of the Co nanowires, their activities of unit surface area
is much higher due to the much lower surfaces of the
CoCu samples (Table I), which is possibly ascribed to
the promotion effect of interface contained Co and Cu.
This promotion effect at Co and Cu interface is possibly
ascribed to the fact that more electro-negative Cu induces partial Coδ+ species in CoCu nanocomposite catalysts, which promotes absorption of hydroxyl group in
glycerol and facilitates its hydrogenolysis to propanediols.
Table III shows the influence of reaction temperature
and period on hydrogenolysis of glycerol to 1,2-/1,3propanediols over Co90 Cu10 urchins. With increasing
reaction temperature, the conversion of glycerol significantly was raised with the gradually incremental acetol,
1-propanol, ethylene glycol and ethanol at the expense
of the target 1,2-/1,3-propanediol. This indicates that
1,2-/1,3-propanediol is the intermediately produced by
one hydroxyl group removal and higher reaction temperature could promote this intermediate to the mentioned byproducts by further hydrognolysis. Reaction
time showed the similar tendency to the reaction temperature based on glycerol conversion and product selectivity and the maximal 1,2-/1,3-propanediol yield of
DOI:10.1063/1674-0068/26/03/347-354

33% was obtained at 220 ◦ C and 14 h.
Confirmed by previous reports, hydrogenolysis of
glycerol in aqueous solution proceeds along different pathways and obtains versatile products dependent on reaction medium and catalyst.
Under
acidic environment, glycerol could transfer to 1,2propanediol via acetol intermediate dehydrated by removal of tip hydroxyl group and 1,3-propanediol via
3-hydroxypropionaldehyde intermediate dehydrated by
removal of the middle hydroxyl group, followed by hydrogenation of these intermediates [28, 43] (Scheme 1).
In parallel, glycerol tends to convert into ethylene
glycol through the sequential dihydroxypropanal by
dehydrogenation and hydroxyacetaldehyde by RetroAldolization (C−C cracking), followed by hydrogenation of the latter intermediate [17]. Both of 1,2-/1,3propanediol and ethylene glycol may be further hydrogenated to 1-propanol and ethanol, respectively. Additionally, glycerol could transform into H2 , CO2 , and
CH4 by aqueous phase reforming due to its intrinsic
activities over metal supported on basic oxides (this is
also confirmed by our experiments) [44, 45]. In our
cases, 1,2-propanediol presented as the major product
with small amounts of acetol intermediate, indicating
that hdyrogenolysis of glycerol mainly proceeds with
the a pathway (1) (see Scheme 1) over the current CoCu
urchins. Despite 1,3-propanediol and ethylene glycol
presented in final products, none of the relative intermediates was detected, possibly due to that the aldehyde contained intermediates have faster hydrogenation
rate compared to acetol and can’t be accumulated into
c
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Scheme 1 Possible reaction pathway in hydrogenolysis of glycerol.

a detectable threshold by gas chromatography.
The recyclability of Co90 Cu10 catalyst was investigated (Fig.5). After 3 times of runs, the 1,2-/1,3propanediol selectivity was more than 60%, but the
glycerol conversion significantly reduced to less than
20%, implying deactivation of this materials. The TEM
image shows that the urchin-like shape disappeared instead of the severely agglomerated particles (Fig.5),
which gave the main reason of deactivation of such materials. Meanwhile, the pH value of solution after each
run increased from 4.0 at the initial to 5.2 at the third
run (Fig.5), demonstrating that some acidic substances
formed during glycerol hydrogenolysis although we can
not identify them under the present conditions. These
acidic substances could improve dehydration of glycerol
and obtain the higher target product yields, but also accelerate aggregation of CoCu materials and induce its
deactivation.
IV. CONCLUSION

Bimetallic CoCu urchin-like nanocomposites were
synthesized in the presence of Ru as the heterogeneous
nucleation agent and stearic acid as the surfactant in
polyol. During the formation process, cobalt and copper stearate initially form as the solid intermediates to
decrease the reduction rate of Co2+ and Cu2+ in solution and the Cu2+ is firstly reduced to the Cu spherical
particles via Cu2 O mesophase. The Cu particles afford surface for the subsequent reduction of Co2+ and
the normal growth of Co nuclei into nanorods under
the capping effect of stearic acid, forming urchin-like
nanocomposites with Cu core and Co nanorods. As
compared to Co nanowires, the CoCu urchins showed
DOI:10.1063/1674-0068/26/03/347-354

FIG. 5 Recyclability of the Co90 Cu10 catalyst in hydrogenolysis of glycerol to propanediols and its TEM image
after 3 times of recycling. The reaction condition is the same
as that in Table II.

the higher glycerol conversions and 1,2-/1,3-propanediol
yields based on unit surface area in hydrogenolysis of
glycerol, possibly due to the synergistic effect of interface contained Co and Cu component.
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and F. Fiévet, Adv. Mater. 17, 338 (2005).
[14] M. Pagliaro, R. Ciriminna, H. Kimura, M. Rossi, and
C. Della Pina, Angew. Chem. Int. Ed. 46, 2 (2007).
[15] C. W. Chiu, M. A. Dasari, W. R. Sutterlin, and G. J.
Suppes, Ind. Eng. Chem. Res. 45, 791 (2006).
[16] Y. G. Zheng, X. L. Chen, and Y. C. Shen, Chem. Rev.
108, 5253 (2008).
[17] E. P. Maris and R. J. Davis, J. Catal. 249, 328 (2007).
[18] L. Z. Qin, M. J. Song, and C. L. Chen, Green Chem.
12, 1466 (2010).
[19] E. D’Hondt, S. Van de Vyver, B. F. Sels, and P. A.
Jacobs, Chem. Commun. 6011 (2008).
[20] L. Ma, D. H. He, and Z. P. Li, Catal. Commun. 9, 2489
(2008).

DOI:10.1063/1674-0068/26/03/347-354

Qi-ying Liu et al.

[21] T. Miyazawa, S. Koso, K. Kunimori, and K. Tomishige,
Appl. Catal. A 318, 244 (2007).
[22] J. Chaminand, L. Djakovitch, P. Gallezot, P. Marion,
C. Pinel, and C. Rosier, Green Chem. 6, 359 (2004).
[23] I. Furikado, T. Miyazawa, S. Koso, A. Shimao, K. Kunimori, and K. Tomishige, Green Chem. 9, 582 (2007).
[24] Y. Nakagawa, Y. Shinmi, S. Koso, and K. Tomishige,
J. Catal. 272, 191 (2010).
[25] Y. Amada, Y. Shinmi, S. Koso, T. Kubota, Y. Nakagawa, and K. Tomishige K, Appl. Catal. B 105, 117
(2011).
[26] Y. Nakagawa, X. H. Ning, Y. Amada, and K.
Tomishige, Appl. Catal. A 433/434, 128 (2012).
[27] A. Perosa and P. Tundo, Ind. Eng. Chem. Res. 44, 8535
(2005).
[28] M. A. Dasari, P. P. Kiatsimkul, W. R. Sutterlin, and
G.J. Suppes, Appl. Catal. A 281, 225 (2005).
[29] J. Zhao, W. Q. Yu, C. Chen, H. Miao, H. Ma, and J.
Xu, Catal. Lett. 134, 184 (2010).
[30] S. Wang and H. C. Liu, Catal. Lett. 117, 62 (2007).
[31] Z. W. Huang, F. Cui, H. X. Kang, J. Chen, X. Z. Zhang,
and C. G. Xia, Chem. Mater. 20, 5090 (2008).
[32] Z. L. Yuan, L. N. Wang, J. H. Wang, S. X. Xia, P. Chen,
Z. Y. Hou, and X. M. Zheng, Appl. Catal. B 101, 431
(2011).
[33] E. P. Maris, W. C. Ketchie, M. Murayama, and R. J.
Davis, J. Catal. 251, 281 (2007).
[34] J. X. Zhou, L. Y. Guo, X. W. Guo, J. B. Mao, and S.
G. Zhang, Green Chem. 12, 1835 (2010).
[35] Z. J. Wu, Y. Z. Mao, X. X. Wang, and M. H. Zhang,
Green Chem. 13, 1311 (2011).
[36] K. M. Bratlie, H. Lee, K. Komvopoulos, P. D. Yang,
and G. A. Somorjai, Nano Lett. 7, 3097 (2007).
[37] N. Tian, Z. Y. Zhou, S. G. Sun, Y. Ding, and Z. L.
Wang, Science 316, 712 (2007).
[38] Y. B. Cao, X. Zhang, J. M. Fan, P. Hu, L. Y. Bai, H.
B. Zhang, F. L. Yuan, and Y. F. Chen, Cryst. Growth
Des. 11, 472 (2011).
[39] S. H. Im, Y. T. Lee, B. Wiley, and Y. N. Xia, Angew.
Chem. Int. Ed. 44, 2154 (2005).
[40] E. Hatta, T. Maekawa, and K. Kukasa, Phys. Rev. B
60, 14561 (1999).
[41] N. Q. Wu, L. Fu, M. Su, M. Aslam, K. C. Wong, and
V. P. Dravid, Nano Lett. 4, 383 (2004).
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