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Ordered Mesoporous Ni Nanowires with Enhanced Hydrogenation
Activity Prepared by Electroless Plating on Functionalized SBA-15

Hui Li," Hong Lin," Songhai Xie,* Weilin Dai,* Minghua Qiao,* Yufeng Lu,*% and
Hexing Li*'

Department of Chemistry, Shanghai Normal University, Shanghai 200234, China, Department of
Chemistry, Fudan University, Shanghai 200433, China, and Chemical & Biomolecular Engineering
Department, University of California, Los Angeles, California 90095

Received January 15, 2008. Revised Manuscript Received March 29, 2008

Highly ordered mesoporous Ni nanowires were synthesized by Ni electroless plating on the amine-
functionalized SBA-15 (NH,—SBA-15) support, followed by removing the silica template with NaOH.
The incorporation of amine groups into the pore channels and the subsequent activation of NH,—SBA-
15 with PdCl, acetone solution are essential for generating Pd crystal seeds distributed in the pore channels.
As a result, the following Ni electroless plating occurred mainly in pore channels, leading to the formation
of ordered Ni nanowires catalyst with high surface area, ordered mesopore arrangement, and higher
activity than Raney Ni in liquid-phase p-chloronitrobenzene hydrogenation.

Introduction

Mesoporous materials have attracted much attention
because of their potential applications in adsorption, chro-
matography, gas storage, and catalysis.! To date, the
compositions of mesoporous materials have expanded from
silicas? to metal oxides,® metal sulfides,* metal phosphates,5
and hybrid organosilicas.® Since the first report of mesopo-
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rous Pt in 1997,7 a series of mesoporous metals have been
synthesized by using a soft-templating method (e.g., surfac-
tant-directed assembly).® However, the vigorous and often
exothermic reduction of metal precursors usually damages
the mesostructure of the soft template, leading to mesoporous
metals with poor long-range order.” Adopting mesoporous
silica as hard template was first introduced by Ryoo et al.,'”
which displays advantages in its specific topological stability,
veracity, predictability and controllability.'' Repetitive pro-
cess of impregnations and H, reduction of metal precursor
is necessary to full fill the mesoporous channels and
microporous channels within the pore wall with metal,’
which is essential to form an ordered mesoporous metallic
replica. To date, only noble metals (e.g., Pt, Pd etc.) with
mesoporous structure have been synthesized based on this
method.'? In viewpoint of practical applications, such as
industrial catalysis, synthesis of low-cost non-noble metals
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Table 1. Electroless-Plating Bath Composition and Plating
Conditions

concentrations and conditions

NiSO4+6H,0 0.1 mol/L
NiCl,+6H,O 0.25 mol/L
Na3C()H5O7'2H20 0.085 mol/L
NaH,PO,+2H,0 0.64 mol/L
NH4C1 2.0 mol/L
Pb(NO3), 5 x 107 mol/L
pH 8.7

temperature 298 K

are more preferable. However, repetitive impregnations and
H, reductions could not fully fill the porous channels in silica
template. Zhang et al. reported that the formation of Ni
nanowires in SBA-15 mesoporous channels by electroless
plating.'> To confined the growth of metal outside the
mesoporous channels, the external surface of the SBA-15
template was premodified with hydrophobic methyl group.
However, the weak ion-exchange capability of silica surface
resulted in the formation of mainly isolated Ni nanowires
within the mesoporous channels. 13 Herein, we report a new
approach to preparing mesoporous Ni nanowires with high
surface area by electroless plating on a Pd-activated amine-
functionalized SBA-15, followed by removing silica tem-
plate. Such a Ni catalyst exhibits much higher activity than
Raney Ni catalyst during liquid-phase p-chloronitrobenzene
(p-CNB) hydrogenation.

Experimental Procedures

Material Preparation. First, NH,—SBA-15 support was syn-
thesized by co-condensation of (3-aminopropyl)triethoxysilane
(APTS) and tetraethyl orthosilicate (TEOS) with the molar ratio
of 1: 9 in the presence of surfactant P123 as a template.'* The
surfactant and other organic residues were removed by refluxing
in ethanol at 353 K for 24 h. Then, 0.60 g of the as-prepared
NH,—SBA-15 was added into 50 mL of acetone containing certain
amount of PdCl,. The solution was stirred at 298 K for 8 h, which
ensured the complete coordination between Pd*" ions and NH,
ligands in NH,—SBA-15." After being refluxed in dichloromethane
for 14 h, the solid was centrifuged, washed thoroughly with
dichloromethane, and dried in a vacuum at 298 K, followed by
reduction with hydrogen flow at 573 K for 3 h to generate metallic
Pd nanoparticles as crystal seeds.'®

Electroless plating was carried out in 50 mL of aqueous solution
with the composition and reaction condition modified from previous
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Figure 1. FTIR spectra of the (a) NH,—SBA-15, (b) Ni-30-1, (c) Ni-30-2,
and (d) Ni-30-3 samples.
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Figure 2. XPS spectrum of the Ni-30-2 sample.
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Figure 3. XPS survey spectrum of the Ni-30-2 sample.
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Figure 4. Wide-angle XRD patterns of (a) Ni/NH,—SBA-15, (b) Ni-30-2,
and (c) Raney Ni samples. The inset is the SAED image of the Ni-30-2
sample.

literature work'” (see Table 1). In this plating process, NiSO, and
NiCl, were used as the sources of metal ions; NaH,PO, was used
as a reducing agent; Na;C¢HsO; was used as a complexing agent
for Ni** in solution; NH4CI was used as buffering agent for pH
control; Pb(NOs3), was used as an additive to stabilize the solution
and improve the morphology of the nickel coating. The nickel
plating process was based on the following redox reaction'”®
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Cathodic reaction: Ni;(C,H;0,), +6e —3Ni + 2CH,0O,
@

Anodic reaction: H,PO, +30H — HPO; +2H,0 + 2¢e
an

Overall redox reaction: Niy(C,Hs0,), +3H,PO, +
90H™ — 3Ni + 2C,H,0,~ + 3HPO,”” + 6H,0 (III)

Because the standard reduction potential of the Ni3(C¢HsO7),/Ni
pair (—0.37 V vs standard hydrogen electrode, SHE) is higher than
that of the H,PO, /HPO3>~ pair (—1.57 V vs SHE), Ni*" ions
could be reduced into nickel by hypophosphite.'”®

The silica template was removed by refluxing the silica/Ni
composites in 250 mL of 4.0 M NaOH solution at 353 K for a
certain time, followed by washing thoroughly with water until the
pH reached 7. Finally, the solid was washed with ethanol (EtOH)
three times and kept in EtOH until the time of use. The as-received
sample is denoted as Ni-x-y, where x and y refer to the electroless
plating time (minutes) and the etching time (days) in NaOH
solution, respectively.

Characterization. The bulk composition was analyzed by
inductively coupled plasma-optical emission spectroscopy (ICP-
OES; Varian VISTA-MPX). N, adsorption—desorption isotherms
were obtained at 77 K using a Quantachrome NOVA 4000e
apparatus. Specific surface area (Spgr) was calculated by using
the multiple-point Brunauer—Emmett—Teller (BET) method in the
relative pressure range of P/Py = 0.05—1.0, and pore size
distribution curve, together with average pore size (D,) and pore
volume (V}), were obtained by the Barrett—Joyner—Halenda (BJH)
model. Solid-state NMR (*°Si and '*C MAS NMR) spectra were
obtained on a Bruker AV-400 NMR spectrometer. Fourier transform
infrared (FTIR) spectra were recorded on a Nicolet Magna 550
spectrometer by KBr technique. X-ray powder diffraction (XRD)
was carried out on a Rigaku D/Max-RB diffractometer with CuKa
radiation. Scanning electron microscopy (SEM) images were
obtained using a JEOL JSM-6380LV microscope operating at 20
kV. Transmission electron microscopy (TEM) images were per-
formed on a JEOL JEM2010 electron microscope at an acceleration
voltage of 220 kV. X-ray photoelectron spectroscopy (XPS)
measurements were performed on a Perkin-Elmer PHI 5000C ESCA
system. All the binding energies were calibrated by using the
contaminant carbon (C 1s = 284.6 eV) as a reference.

Activity Test. The hydrogenation of p-CNB was performed at
1.0 MPa H, and 353 K in a 200 mL stainless steel autoclave
containing 0.40 g of Ni catalyst, 20 mmol of p-CNB, and 50 mL
of EtOH. The reaction system was stirred vigorously (1000 rpm)
to eliminate the diffusion effect. The reaction mixture was sampled
at intervals for product analysis through a gas chromatograph (GC
9800) equipped with a flame ionization detector (FID) and an AC-5
column by using n-C;pHsOH as internal standard, from which
reaction conversion and selectivity were calculated. The GC
conditions are following: injector temperature, 513 K; oven
temperature, programmed from 373 to 513 K at a ramping rate of
15 K/min; carrier gas N,, 30 mL/min. Reproducibility was checked
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Figure 5. Representative TEM image of the Ni-30-2 sample. The inset is
the HRTEM image. The arrows indicate the Ni nanopegs for fixing the Ni
nanowires in an ordered arrangement.

by repeating the runs at least three times and was found to be within
acceptable limits (£A5%).

Results and Discussion

The '*C CP MAS NMR spectrum (see the Supporting
Information, Figure S1) of NH,—SBA-15 displays three well-
resolved resonance peaks around 42.8, 21.1 and 9.2 ppm,
corresponding to three carbon atoms in the NH,—
CH,—CH,—CH, group.'® Meanwhile, the *°Si CP MAS
NMR spectrum shows three upfield resonance peaks corre-
sponding to Q* (6 = —109.8), Q* (5 = —100.6), Q* (6 =
—91.0) and two downfield peaks corresponding to T* (§ =
—65.2) and T? (6 = —57.2), where Q" = Si(0Si),(OH),-,
(n =2—4) and T" = RSi(0S1),,(OH)3_,, (m = 1—3)." From
the FTIR spectra in Figure 1, one could see that NH,—SBA-
15 displays two bands at 2928 and 2856 cm ™!, characteristic
of asymmetric and symmetric vibrations of C—H in the
NH,—CH,—CH,—CH, glroup.20 Meanwhile, the absorbance
band at 1641 cm ™' indicative of N—H bending vibration is
also clearly observed, though the vn—g vibration peak at 3300
cm™' is overlapped by O—H vibration at 3500 cm™~'."® These
results confirm that NH,—CH,—CH,—CH, group has been
successfully incorporated into the pore channels of SBA-
15. In comparison with Ni-30-1, both Ni-30-2 and Ni-30-3
samples display no signals indicative of the NH,—
CH,—CH,—CH, group. Even the absorbance bands at
1000—1130 and 1200—1250 cm ™" indicative of Si—O and
Si—C vibrations®' disappear completely in either Ni-30-2
or Ni-30-3 sample. Thus, one could conclude that the
NH,—SBA-15 template has been completely removed after
being treated in NaOH solution for 2 or 3 days, which could
be further confirmed by EDX analysis (see the Supporting
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Figure 7. Low-angle XRD patterns of (a) NH,—SBA-15, (b) Ni/NH,—SBA-15, and (C) Ni-30-2 samples.

Information, Figure S2). The XPS spectrum (Figure 2)
demonstrates that all the Ni species in the Ni-30-2 sample
are present in the metallic state, corresponding to the binding
energy of 853.1 eV in the Ni 2ps;, level.””> Because no XPS
peaks indicative of Pd species are observed (Figure 3), it
could be concluded that no significant amount of Pd species
are present on the outer surface of the final product.
Moreover, the XPS survey spectrum also reveals that the
as-prepared Ni-30-2 contains some contaminants, including
C, O, P, and S. The C 1s peak is probably due to the surface
contaminant carbon. The O 1s peak is maybe related to the
presence of oxides, such as phosphorus oxide. The presence
of P species is inevitable, because the reactions for nickel
plating produce phosphorus in both the oxidized state and
alloying state with Ni.'”*The presence of S 2p could be
attributed to the inclusion of SO,*" in the deposit.'’® As
shown in Figure 4, both Ni/NH,—SBA-15 and Ni-30-2
samples display high-angle XRD patterns similar to those
of Raney Ni with well-resolved crystalline diffraction peaks
characteristic of Ni(111), Ni(200), and Ni(220), which could

(22) Salvati, L.; Makovsky, L. E.; Stencel, J. M.; Brown, F. R.; Hercules,
D. M. J. Phys. Chem. 1981, 85, 3700.

be further confirmed by the attached SAED image.” In
comparison with Ni/NH,—SBA-15, the broad peak around
26 = 22° indicative of amorphous SiO,>* disappears totally
in Ni-30-2, suggesting that NH,—SBA-15 template has been
completely removed by NaOH etching for 2 days. This is
consistent with the conclusion drawn from FTIR spectra.

The TEM morphology and the attached HRTEM image
(Figure 5) demonstrate that Ni-30-2 is present in the form
of nanowires with the average diameter around 8.0 nm,
almost the same as the pore diameter of NH,—SBA-15.%°
These Ni nanowires are fixed in ordered arrangement via
thinner Ni nanowires, known as nanopegs.’ Figure 6 reveals
that both NH,—SBA-15 and Ni/NH,—SBA-15 samples
display well-defined type IV N, adsorption—desorption
isotherms with H1 hysteresis indicative of two-dimensional
hexagonal mesoporous structure.”® Although the isotherm

(23) Bao, J. C.; Liang, Y. Y.; Xu, Z.; Si, L. Adv. Mater. 2003, 15, 1832.

(24) Rioux, R. M.; Song, H.; Hoefelmeyer, J. D.; Somorjai, G. A. J. Phys.
Chem. B 2005, 109, 2192.

(25) Wan, Y.; Zhang, F.; Lu, Y. F.; Li, H. X. J. Mol. Catal. A: Chem.
2006, 267, 165.

(26) Gregg, S. J.; Sing, K. S. W. Adsorption, Surface Area and Porosity;
Academic Press: New York, 1982.
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Scheme 1

Ni nanopegs

Template
removal

D S—

of Ni-30-2 shows a significant reduction in nitrogen uptake
relative to NH,—SBA-15 because of an increase in the
scaffold density, a type IV isotherm is still observed for Ni-
30-2 with a similar shape to those observed for other
mesoporous transition metal oxides formed by hard tem-
plating.”” Ni-30-2 displays a narrow pore size distribution
(calculated from the adsorption isotherm) centered around
3.5 nm, which is similar to the wall thickness of NH ,-SBA-
15 (4.1 nm).*® These results demonstrate that the mesoporous
structure of SBA-15 is successfully replicated in Ni-30—2.
The low-angle XRD patterns in Figure 7 further confirm that
both Ni/NH,—SBA-15 and Ni-30—2 reserve the mesoporous
structure in NH,—SBA-15, corresponding to a well-resolved
peak around 26 = 0.8° that is indicative of (100) diffraction.?
The reduced peak intensity and the disappearance of two
small peaks indicative of (110) and (200) diffractions® imply
a lower ordering degree of the mesoporous structure.
Scheme 1 schematically illustrates the formation of ordered
mesoporous Ni nanowires. The Pd(II) ions first coordinate
with the NH; ligands linked on the mesoporous channels of
NH,—SBA-15 template and are then reduced into metallic
Pd nanoparticles. These Pd nanoparticles then act as crystal
seeds, promoting the growth of metallic Ni inside the pore
channels. Removal of the NH,—SBA-15 template results in
Ni nanowires with an average diameter similar to the pore
size of NH,—SBA-15. These Ni nanowires are fixed in
ordered arrangement by Ni nanopegs formed within the
microporous pore wall in the NH;—SBA-15.>’" The meso-
pores formed between the Ni nanowires could be considered
as the pore wall of NH,—SBA-15, which is dissolved in
NaOH solution. As a result, the average pore size in Ni-
30-2 is similar to the wall thickness of the NH,—SBA-15

(27) (a) Jiao, F.; Harrison, A.; Jumas, J. C.; Chadwick, A. V.; Kockelmann,
W.; Bruce, P. G. J. Am. Chem. Soc. 2006, 128, 5468. (b) Dickinson,
C.; Zhou, W.; Hodgkins, R. P.; Shi, Y.; Zhao, D.; He, H. Chem. Mater.
2006, 18, 3088.

—

Coordinating
Pd** with amine

: Pd**
Reduction of °: Pd’
Pd** to Pd’

Electroless
plating

template. The decrease in ordering degree could be mainly
attributed to the damage of mesoporous channels during
etching NH,—SBA-15 in NaOH solution. In the absence of
NH, groups, only sheetlike Ni could be obtained (see the
Supporting Information, Figure S3). Meanwhile, activation
of NH,—SBA-15 with a suitable number of Pd crystal seeds
is also essential for achieving ordered mesoporous Ni
nanowires (Figure 8a). In the absence of Pd activation, only
Ni nanoparticles deposited on the outside surface of NH,—
SBA-15 support were observed, corresponding to randomly
dispersed Ni nanoparticles after removing the template
(Figure 8b). However, activation of NH,—SBA-15 with
excess Pd leads to the formation of thin Ni film covering
the surface of NH,—SBA-15 during Ni electroless plating
(Figure 8c) due to the presence of high-density Pd crystal
seeds on the outer surface.

The role of the plating time is illustrated in Figure 9. Ni-
10-2 displays Ni nanorods because the pore channels of
NH,—SBA-15 could not be completely filled by Ni within
the short plating time (10 min). Because no Ni nanopegs
are formed in the side-micropores of NH,—SBA-15, these
Ni nanorods could not be fixed in ordered arrangement. Thus,
only randomly dispersed Ni nanorods have been found in
the TEM image. Ni-20-2 shows mesoporous Ni nanowires
owing to the full filling of metal Ni in mesoporous channels
of NH,—SBA-15 after Ni electroless plating for 20 min.
However, the plating time is still not long enough to fill Ni
in the side micropores of NH,—SBA-15. Thus, these Ni
nanowires could not be fixed in ordered arrangement due to
the absence of Ni nanopegs. Ordered mesoporous Ni
nanowires are obtained at plating time of 30 min owing to
the complete filling of metal Ni in both the mesoporous and
the side-microporous channels of NH,—SBA-15 (see Figure
5). Besides the plating time, the etching time in NaOH
solution is also important for obtaining ordered mesoporous
Ni nanowires. As confirmed by aforementioned FTIR (Figure
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Figure 8. Effect of Pd content used for activating NH,—SBA-15 on the
SEM morphologies of the Ni/NH,—SBA-15 obtained by Ni electroless
plating for 30 min: (a) 0.0048, (b) 0, and (c) 0.018 g. The inset in (a) is the
SEM image of the NH,—SBA-15 template. The inset in (b) is the SEM
image of the corresponding Ni sample after removal of the NH,—SBA-15
template.

1), etching the Ni/NH,—SBA-15 precursor for less than 2
days could not completely remove the NH,—SBA-15 tem-
plate. However, a very long etching time (>3 days) could
reduce the ordering degree of Ni nanowires (see Figure 9c),
possibly because of the damage to the Ni nanopegs.
Meanwhile, low-angle XRD pattern (Figure 10a) and N,
adsorption/desorption isotherms (panels b and c in Figure
10) of Ni-30-1 and Ni-30-3 indicate the long-range structural
order of these samples, although the diffraction peak intensity
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Figure 9. Representative TEM morphologies of the (a) Ni-10-2, (b) Ni-
20-2, and (c) Ni-30-3 samples.

and the nitrogen uptake reduce in some degree relative to
Ni-30-2 because of the decrease in the ordering degree of
the mesoporous structure.

Other structural parameters are summarized in Table 2.
Ni/NH,—SBA-15 displays lower Sggr and Vp than NH,—SBA-
15, obviously because of the filling of Ni nanowires inside
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Figure 10. (a) Low-angle XRD patterns of the Ni-30-1 and Ni-30-3 samples and adsorption/desorption isotherms of (b) Ni-30-1 and (c) Ni-30-3. The insets

are the corresponding pore size distribution curves.

Table 2. Physical Parameters and Catalytic Performances of Different Ni Samples”

sample Sper (M?/g) Dp (nm) Ve (cm*/g) conversion®(%) selection “(%) yield ?(%) time “(min)
NH,—SBA-15 546 8.0 0.96
Ni/NH,—SBA-15 307 8.0 0.43
Ni-30-1 118 3.5 0.31 97.8 97.6 95.4 150
Ni-30-2 209 3.5 0.42 97.2 97.9 95.2 90
Ni-30-3 151 3.2 0.33 98.5 96.3 94.9 120
Raney Ni 79 3.2 0.08 97.4 95.3 92.8 320

“ Reaction conditions: Ni-based catalyst containing 0.40 g of Ni, 20 mmol of p-CNB, 50 mL of EtOH, T = 353 K, Py, = 1.0 MPa, stirring rate =
1000 rpm. * Values corresponding to the maximum yield of p-CAN.
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the mesoporous channels.?® Ni-30—1, Ni-30-2 and Ni-30-3
samples exhibit similar Dp values regardless of the etching
time, which further confirms that the pore size is dependent
on the pore wall thickness in the NH,—SBA-15 template.
Both Sger and Vp increase with the increase of etching time
from 1 to 2 days, obviously because of the removal of silica
template, leading to the formation of mesopores between Ni
nanowires. However, a further increase in etching time to 3
day causes a significant decrease in both Sggr and Vp because
of partial damage of the mesoporous structure.

Figure 11 shows the concentration change of both the
reactant and the products with the reaction time during
p-CNB hydrogenation over Ni-30-2 and Raney Ni catalysts.
Except for the main product p-chloroaniline (p-CAN), only
aniline (AN) and nitrobenzene (NB) are identified as byprod-
ucts under the present conditions. Thus, the reaction pathways
could be simply described in Scheme 2.>° Obviously, Ni-
30-2 has an induction period, whereas Raney Ni has no

(28) Huang, M. H.; Choudrey, A.; Yang, P. D. Chem. Commun. 2000, 1063.
(29) Coq, B.; Tijani, A.; Figuéras, F. J. Mol. Catal. 1991, 68, 331.

induction time. Two possible explanations exist to account
for this observation. For Ni-30-2, the surface contaminants
(O, P, S, etc.) maybe cover the catalyst surface and thus the
activity is lower in the initial period. The catalyst is activated
gradually in this period through reducing these oxide species
by hydrogen. On the other hand, in general, the rate-
determining step is a nucleophilic attack of hydride ion on
the nitrogen atom of the nitro group.® Accordingly, Ni-30-2
has a lower activity in initial period, taking into account for
more time needed for hydrogen to diffuse and adsorb on the
catalyst surface, whereas Raney Ni does not have an
induction time, because this catalyst contains no surface
oxide species and has adsorbed more hydrogen formed during
catalyst preparation process.’! The catalytic parameters are
summarized in Table 2. Although Ni-30-2 displays similar
selectivity and yield toward p-CAN to Raney Ni, it exhibits
much higher activity than Raney Ni, corresponding to shorter

(30) Lu, P.; Toshima, N. Bull. Chem. Soc. Jpn. 2000, 73, 751.

(31) Hoffer, B. W.; Crezee, E.; Devred, F.; Mooijman, P. R. M.; Sloof,
W. G.; Kooyman, P. J.; Van Langeveld, A. D.; Kapteijn, F.; Moulijn,
J. A. Appl. Catal., A 2003, 253, 437.
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Figure 11. Change of the solution composition with the reaction time during
p-CNB hydrogenation over (a) Ni-30-2 and (b) Raney Ni. Reaction
conditions are given in Table 2.

time needed for achieving maximum yield of p-CAN. The
much higher Sger of mesoporous Ni catalysts could account
for their enhanced activities, which might provide more
active sites for reactant molecules.*> Comparing the catalytic
performances of Ni-30-1, Ni-30-2, and Ni-30-3 samples, one
could find that etching time exhibits no significant influence
on the selectivity to p-CAN because it could not change the

(32) Schmid, G. Chem. Rev. 1992, 92, 1709.
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nature and structure of Ni active sites. However, the catalytic
activity is strongly dependent on the etching time. Ni-30-1
exhibits much lower activity than Ni-30-2 because the
NH,—SBA-15 template that covers the Ni active sites has
not been completely removed. Ni-30-3 also displays lower
activity than Ni-30-2 because a very long etching time causes
partial collapse of the mesoporous structure, leading to lower
SBET-

The stability of Ni-30-2 catalyst is examined by treating
the sample either in N, flow at 473 K for 12 h or in ethanol
solution at 353 K for 10 days. The TEM images (see the
Supporting Information, Figure S4) demonstrate that Ni-30-2
is still present in ordered Ni nanowires. Meanwhile, both
the low-angle XRD patterns (see the Supporting Information,
Figure S5) and the N, adsorption—desorption isotherms (see
the Supporting Information, Figure S6) demonstrate the well
preservation of the ordered mesoporous structure. These
results confirm that Ni-30-2 is very stable during heating
treatment in either the gas phase or the liquid phase, which
guarantees the recycling use of Ni-30-2 catalyst.

Conclusions

In summary, the present work supplies a facile method to
prepare ordered mesoporous Ni nanowires by Ni electroless
plating on Pd-activated NH,—SBA-15, followed by removing
silica template in NaOH solution. Such Ni catalyst exhibits
high er activity than Raney Ni in liquid-phase p-NB
hydrogenation because of the higher surface area. Other metal
catalysts could also be prepared on the basis of the present
method, which offers more opportunities for designing new
and powerful catalysts for industrial applications.
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