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ABSTRACT

Nanostructured Co—Ni—B catalysts were prepared on the Cu sheet by electroless plating for
catalytic hydrogen evolution from alkaline NaBH, solution. Depositional pH values were
adjusted to enhance catalytic activity. The result revealed that the increase of pH value
from 9.5 to 10.0 leaded to obvious improvement in catalytic activity because of the for-
mation of a furrow-like Co—Ni—B catalyst. The novel architecture provided high surface
roughness and lots of active sites on the catalyst surface. The fastest hydrogen evolution
rate for NaBH, hydrolysis was 14778.1 mL min’
calculated to be 42.8 k] mol . More importantly, the hydrogen generation rate maintained

g and the activation energy was

about 87.9% of its initial value after 5 cycles. It can be concluded that the catalytic per-
formance and stability of the furrow-like Co—Ni—B catalyst was favorably comparable to
those of recently reported catalysts.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

convenient, highly efficient hydrogen generation ap-
proaches. Nowadays, as an important member of hydrogen
storage materials, sodium borohydride (NaBH,) has attrac-

Because of the growing energy crisis and environmental
pollution, hydrogen is considered to be a much promising
energy carrier due to its high calorific value and environ-
mental benignity. However, the practical application in
large scale of hydrogen is severely limited by the lack of the

ted extensive research interest due to high theoretical
hydrogen capacity (10.8 wt. %), low price and high stability
in alkaline solution [1-3]. The production of hydrogen by
means of hydrolysis of NaBH, has proven to be a potential

* Corresponding author. Institute of Catalysis for Energy and Environment, College of Chemistry and Chemical Engineering, Shenyang
Normal University, Shenyang 110034, PR China. Fax: +86 24 86593072.

** Corresponding author. Fax: +86 24 86593072.

E-mail addresses: wangyan11287@mail.nankai.edu.cn (Y. Wang), gkzh2003@aliyun.com (K. Qi).

http://dx.doi.org/10.1016/j.ijjhydene.2016.11.134

0360-3199/© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Please cite this article in press as: WeiY, et al., Fast hydrogen generation from NaBH, hydrolysis catalyzed by nanostructured Co—Ni—B
catalysts, International Journal of Hydrogen Energy (2016), http://dx.doi.org/10.1016/j.ijjhydene.2016.11.134



mailto:wangyan11287@mail.nankai.edu.cn
mailto:qkzh2003@aliyun.com
www.sciencedirect.com/science/journal/03603199
www.elsevier.com/locate/he
http://dx.doi.org/10.1016/j.ijhydene.2016.11.134
http://dx.doi.org/10.1016/j.ijhydene.2016.11.134
http://dx.doi.org/10.1016/j.ijhydene.2016.11.134

2 INTERNATIONAL JOURNAL OF HYDROGEN ENERGY XXX (70T6> 1—8

approach at room temperature. Although ruthenium, plat-
inum and other noble metals or their alloys have shown
excellent catalytic activity to accelerate the hydrogen gen-
eration rate for NaBH, hydrolysis process, high cost and low
abundance have hindered their wide applications. There-
fore, it is urgent to exploit a highly efficient and inexpensive
catalyst material.

Recently, non noble metal catalysts have been extensively
concerned and gradually developed towards the hydrolysis of
NaBHy, including Fe [4], Co [5—8], Ni [9], Cu [9], Fe—B [10], Co—B
[11,12], Ni—B [13], Cu—B [11], Co—P [14], Ni—P [15], Co—Ni—B
[16,17], Co—Ni—P—B [18], Co—Ni—P [19] and so on. Tradition-
ally, impregnation-chemical reduction method is a common
preparation method for non noble metal catalysts in powder
form. However, powder catalysts are easy to aggregate and
difficult to be recovered from the reaction system, which
limits the reuse in multi-cycle applications. Hence, from a
practical point of view, it is necessary to prepare above-
mentioned catalysts in a thin film form.

Electroless plating has been widely used as a convenient
method to prepare supported metal based thin films. This
technique can easily deposit nanostructured films on various
substrates with good bonding strength, high average rough-
ness and small particle size distribution. For the past few
years, Co—P [20], Ni—P [15], Ni—B [21], Co—B [22], Co—P [23] and
Co—Ni—P [24] thin films have been successfully prepared on
the Cu sheet, Cu foam or Ni foam by this method. By opti-
mizing the deposition conditions (such as temperature, time,
concentration and pH value), the microstructure of the films
can be changed and the catalytic activity for NaBH, hydrolysis
can be improved. Among them, Co—and Ni—based catalysts
have demonstrated to be the inexpensive materials with high
catalytic activity. Especially, the catalytic activity can be
remarkable improved by introducing boron to transition
metals (Co and Ni). Moreover, the active sites of metal Co and
Ni in metal borides (Ni—B and Co—B) can be protected against
oxidation. Li et al. [17] have reported that the mixed boride
(Co—Ni-B) shows excellent activity for the hydrogenation of
CH;CN. Recently, Ingersoll et al. [25] indicate that Co—Ni—B
catalyst can be also used for the hydrolysis of NaBH,. Fer-
nandes et al. [26] have revealed that Co—Ni—B catalyst can
exhibit much superior catalytic activity as compared with
Co—B powder for the hydrolysis of NaBH,. They have pointed
out that the synergetic effect of the Co and Ni atoms is
beneficial to lower the activation energy of the hydrolysis re-
action. But the preparation of Co—Ni—B catalyst has not been
reported by electroless plating in the form of supported thin
films for NaBH, hydrolysis before, except for chemical
reduction method.

In this paper, Cu sheet supported nanostructured Co—Ni—B
catalysts in the form of thin film were prepared by electroless
plating for NaBH, hydrolysis. The catalytic activity was proved
to be correlated to depositional pH values. When pH value was
10.0, the as-prepared Co—Ni—B catalyst with a furrow-like
nanostructure presented the fastest hydrogen evolution rate
of 14778.1 mL min~! gz} and low activation energy of
42.8 kJ mol ™! for the hydrolysis reaction of NaBH,. Stability
was also investigated and about 87.9% of its initial activity was
maintained after 5 cycles.

Experimental
Catalyst preparation

In order to study the influence of the depositional pH values
on the microstructure and catalytic activity, nanostructured
Co—Ni—B catalysts were prepared at different pH values. Cu
sheet (0.5 mm thick, 99.95%), Cobalt chloride hexahydrate
(CoCl,-6H,0, AR), glycine (NH,CH,COOH, AR), nickel chloride
hexahydrate (NiCl,-6H,0, AR), sodium hydroxide (NaOH, AR)
and ethanol absolute (CH;CH,OH, AR) were purchased from
Sinopharm Chemical Reagent Co., Ltd. and. Sodium borohy-
dride (NaBHjy, 95%) were purchased from Sigma Aldrich. All of
the reagents are not further purified. The detailed plating
parameters of reagents and conditions have been listed in
Table 1. Before deposition, commercial Cu sheet chosen as the
substrate was cut into 4 x 4 cm? pieces and then pretreated,
including acid pickling, alkaline cleaning, sensitizing and
activating process. Subsequently, the pretreated Cu sheet was
dried, weighted and then transferred to the electroless plating
bath for 3 min to deposit Co—Ni—B catalyst. Finally, the as-
deposited Co—Ni—B/Cu sheet sample was removed from the
plating bath, washed, dried and weighted. The weight of the
Co—Ni—B catalyst was determined according to the following
equation:

MNco-Ni-B catalyst = IMlCo—Ni-B/Cu sheet — IMlCu sheet (1)

where Meo - Ni-—B catalyst, Mco—Ni—B catalyst aNd Mcy sheet TEPresent
the weight of Co—Ni—B catalyst, Co—Ni—B/Cu sheet sample
and bare Cu sheet before depositing, respectively.

Catalyst characterization

Powder X—ray diffraction (XRD) patterns of the as-prepared
Co—Ni—B catalysts were obtained with a Rigaku—Dmax 2500
X—ray diffractometer using Cu Ko radiation (A = 1.54178 A).
The surface morphologies were characterized by the Scanning
electron microscopy (SEM) on Hitachi S—4800. Surface topog-
raphies in three dimensions were studied by atomic force
microscopy (AFM) using Bruker Dimension Icon.

Hydrogen generation testing

The hydrogen generation catalyzed by the Co—Ni—B cata-
lyst in an alkaline solution (5 wt% NaBH4 + 1 wt% NaOH)

Table 1 — Detailed plating parameters of reagents and
conditions for preparing the Co—Ni—B catalysts.

Reagents and conditions Plating parameters

CoCl,-6H,0 0.1 mol L1
NiCl,-6H,0 0.1 mol Lt
NH,CH,COOH 0.6 mol Lt
NaBH, 0.08 mol L*
Deposition temperature 25°C

Deposition pH
Deposition time

9.5, 10.0, 10.5 and 11.0
3 min

Please cite this article in press as: WeiY, et al., Fast hydrogen generation from NaBH, hydrolysis catalyzed by nanostructured Co—Ni—B
catalysts, International Journal of Hydrogen Energy (2016), http://dx.doi.org/10.1016/j.ijhydene.2016.11.134



http://dx.doi.org/10.1016/j.ijhydene.2016.11.134
http://dx.doi.org/10.1016/j.ijhydene.2016.11.134

Download English Version:

https://daneshyari.com/en/article/5146812

Download Persian Version:

https://daneshyari.com/article/5146812

Daneshyari.com


https://daneshyari.com/en/article/5146812
https://daneshyari.com/article/5146812
https://daneshyari.com

