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Abstract- Platinum is a suitable electrode for electrochemical production of hydrogen, but it
is expensive and its resource availability very limited. Shimalite Ni is a catalyst for reduction
in gas chromatography, which commonly used for methane conversion of carbon monoxide,
carbon dioxide, formaldehyde, and so on. In this study carbon paste electrode was modified
by the proposed catalyst and the modified electrode was used for electrochemical hydrogen
evolution in acidic media. Some parameters including oil and catalyst percentage in the paste,
pH and supporting electrolyte type were examined. The best conditions and composition was
13% catalyst, 20% paraffin oil and 1.5 M H2SO4. Due to the low cost and high performance
of this catalyst, it can be considered a good candidate for production of hydrogen without
using Pt. Also against very reports, in this study by applying successive potential cycles on
the modified electrode surface, the performance of the electrode improves.
Keywords- Hydrogen Production, Shimalite Ni, Carbon Paste Electrode, Electrolysis

1. INTRODUCTION
Hydrogen is one of the most promising candidates for “the fuel of the future” [1,2].
Unlike the fossil fuels, the combustion products of hydrogen are free from pollution. In
addition, hydrogen is becoming more important as an energy source for fuel cells, so it is
essential to develop active and efficient catalysts for H2 production.
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There are various methods for hydrogen production including steam reforming,
gasification, electrolysis [3], hydrolysis [4], thermal catalysis, thermochemical [5],
photocatalysis [6,7], and photoelectrocatalytic [8]. In the electrochemical method, platinum is
regarded as an ideal catalyst for hydrogen production from aqueous solutions. According to
some analyses [9,10], the present available sources of Pt are to cover only 20% of
automotive industry needs. Therefore, the search for new methods to reduce loaded Pt or
replace other materials in the hydrogen evolution reaction (HER) has been a topic of current
interest [11,12].
Shimalite Ni is a catalyst for gas chromatography which, according to its MSDS (No.
10003E-GC), contains 13.5% Ni and 85.5% diatomaceous earth [13]. It is catalytic particles,
which has the thin layer of the metallic nickel structure on the diatomaceous earth particle
surface for the reduction. It is effective as a reducing agent to convert the material, which
does not have the sensitivity for hydrogen flame ionization detector (FID) such as carbon
dioxide (CO2) and carbon monoxide (CO) into methane (CH4) [14,15]. The analysis of ovendried crude ore blocks of diatomaceous earth (or diatomite) typically shows 80% to 90%
(sometimes 95%) silica (SiO2) plus alumina (2% to 4% attributed mostly to clay minerals)
and hematite (0.5% to 2%), with an analytical ignition loss of 4% to 6%. Apparent block
density is 320 to 640 grams per liter with 80% to 90% voids [16]. Therefore this catalyst
contains Ni, SiO2, Fe2O3 and alumina; four species that have been widely used for hydrogen
generation [17-21].
Due to the spontaneous presence of these species in Shimalite Ni, and the porosity of the
diatomite, in this study the proposed catalyst was used for electrochemical hydrogen
production in acidic media.

2. EXPERIMENTAL
2.1. Apparatus
Electrochemical studies were carried out using a Metrohm computer-controlled
electroanalyzer model of 797 VA Computrace. The instrument software for signal analyzing
was 797 VA Computrace (version 1.2). The three-electrode system consists of the bare or
modified carbon paste electrode as working electrode, Ag/AgCl (3 M KCl) as a reference
electrode and a Pt wire as a counter electrode. The body of the working electrode was a
Teflon cylinder (2.0 mm i.d.), which was tightly packed with carbon paste. A stainless steel
rod was inserted into the Teflon tube containing carbon paste to establish the electrical
contact [22].
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X-ray diffraction (XRD) studies were performed at room temperature (25 °C) by an X-ray
diffractometer model of Bruker D8 advance, with a Cu (Kα) radiation source (λ=1.5418 Å)
generated at 40 kV and 25 mA. The step time was 0.05° s-1 and 5°≤2θ≤100°.
2.2. Materials and solutions
Shimalite Ni catalyst was purchased from Shimadzu. Acetic acid, orthophosphoric and
sulfuric acids were obtained from Merck. Paraffin oil with spectroscopic grade (Uvasol®)
and graphite fine powder (extra pure, particle size ≤50 μm), which were used for paste
preparation, were obtained from Merck.
All materials and reagents were analytical grade and were used without further
purification. All solutions were prepared with deionized water.
2.3. Preparation of bare and modified carbon paste electrode
Carbon paste electrode (CPE) was prepared by carefully hand mixing the graphite powder
with paraffin oil (70:30) to obtain a uniform paste. This paste was packed into the end of the
Teflon cylinder hole, and then polished with smooth paper.
For preparing the modified carbon paste electrode (MCPE), Shimalite Ni (13%), graphite
powder (67%) and paraffin oil (20%) were mixed well for about 10 min to obtain a uniform
modified paste. This modified paste was packed into the end of the Teflon cylinder hole, and
then polished with smooth paper. For removing O2, before each measurement, the solution in
the electrochemical cell was purged with a flow of N2 inert gas for 10 min, and during the
measurements, this flow was established on top of the solution. For removing H2 bubbles on
the working electrode surface, during all measurements the electrode was rotated.

Fig. 1. XRD pattern of the Shimalite Ni catalyst, marks □, * and ■ are respectively related to
quarts, SiO2 (Cristobalite) and Ni (cubic) peaks. (Step time: 5o s-1)
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2.4. XRD study of the Shimalite Ni
In order to obtain more information about the catalyst composition, the X-ray diffraction
method was used. Fig. 1 shows the XRD pattern of the Shimalite Ni catalyst. The results
show that the main constituents of this catalyst are Ni (cubic), SiO2 (Cristobalite, with a
tetragonal crystalline structure) and quartz (with hexagonal crystalline structure). The related
peaks are marked in this figure. The peaks related to alumina and hematite is not obvious,
which may be due to their very low quantity in the catalyst.

3. RESULTS AND DISCUSSION
3.1. HER on CPE
The over voltage of hydrogen evolution on the CPE is very high. Fig. 1 shows the
voltammograms of CPE in various pHs. As illustrated in this figure by increasing hydronium
concentration (decreasing pH), the HER current density is increased, but the over voltage is
still high. Therefore in this study Shimalite Ni, which has four HER catalyst materials
together, was used for reducing this overvoltage and increasing current density.

Fig. 2. HER voltammograms on bare CPE in: (a) PBS (pH=9.7), (b) PBS (pH=7.0), (c) PBS
(pH=2.7) and (d) 2 M H2SO4 (scan rate: 100 mV s-1)
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3.2. HER on MCPE
To obtain better conditions for HER on the Shimalite Ni modified CPE, the effect of
some parameters should be investigated and optimized.
3.2.1.pH and electrolyte effect
Initially the effect of pH and electrolyte on HER was investigated in phosphate buffer
solutions (pH=2.2, 7.0 and 9.0), 1 M KOH and various concentrations of sulfuric acid (0.5,
1.0, 1.5 and 2.0 M). The modified electrode contains 13% catalyst and 20% oil. In each
solution, in the potential range of 0 to -0.8 V successive CVs with a scan rate of 100 mV s-1
were applied on the electrode surface. Fig. 2 illustrates the last CV of HER for each solution.

Fig. 3. Cyclic Voltammograms of HER on MCPE (13% catalyst and 20% oil) at different pH
and supporting electrolyte; a) 1 M KOH, b) PBS 9, c) PBS 7.0, d) PBS 9.0, e) 0.5 M H2SO4 ,
f) 1 M H2SO4, g) 1.5 M H2SO4 and h) 2.0 M H2SO4.(scan rate=100 mV s-1)
As illustrated in this figure, among these solutions the best result is for 1.5 M H2SO4.
With this solution, the onset potential for hydronium reduction is smaller than other media
(about -0.4 V) and its current density is larger; thus compared to other examined solutions the
HER performance is the best, and therefore this solution was used for the rest of the
experiment.
3.2.2. Catalyst percentage
The amount of catalyst has an important effect, therefore in this experiment the paraffin
value was fixed at 20%, and the extent of catalyst was changed (5, 10, 13 and 15% catalyst)
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and its effect on the HER performance in 1.5 M H2SO4 was examined. For this reason several
successive CVs were applied on each modified electrode until a relatively stable signal was
obtained. The results of these experiments are shown in Fig. 3. In this figure the last CV for
each of MCPEs are illustrated. Even though the 15% has the larger current density, its signal
stability is poor. Therefore, for the remainder of the experiments the 13% catalyst, with
respect to the smaller catalyst percentages having larger current density, smaller HER onset
potential and reasonable stability, was chosen.

Fig. 4. Cyclic Voltammograms on MCPE with different percent of Shimalite Ni catalyst in
H2SO4 (1.5 M), scan rate: 100 mV s-1
3.2.3. Oil (binder) amount effect
Since the binder is nonconductive, the amount of paraffin oil affects the electrode
performance. Fig. 4 shows the CVs of MCPE with 13% catalyst and various amount of
binder (5, 10, 20 and 30%) in 1.5 M H2SO4. Among these binder percentages, the 20% has
the best HER current density and potential.
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Fig. 5. Effect of oil percent on the HER performance of MCPE with 13% catalyst in H2SO4
(1.5 M) and scan rate of 100 mV s-1
3.2.4. Electrode stability
One of the most important properties of the electrode used for hydrogen generation is its
stability. For this reason with the selected composition and conditions, 220 successive CVs
were applied on the electrode surface. The results of this experiment are illustrated in Fig. 5,
which shows that during application of these CVs, hydrogen generation not only does not
reduce, but improves considerably (the HER onset potential is decreased and its related
current density is increased).
As has been described in the literature the associated mechanism for HER on Ni in
sulfuric acid media involves three steps [23] the electro-adsorption of hydrogen at the
electrode surface (Volmer reaction), followed by an electrochemical desorption of H2
(Heyrovsky reaction), and/or a chemical desorption of H2 (Tafel reaction).
M + H++e  MHads
MHads+H++e−  H2+M
2MHads  H2+2M

Volmer
Heyrovsky
Tafel
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Fig. 6. Successive CVs on the MCPE surface with the scan rate of 100 mV s-1 at the selected
conditions (13% catalyst, 20% oil, 1.5 M H2SO4). Only the 1st, 22, 44, 88, 110, 132, 154, 176,
198 and 220th CVs are presented

4. CONCLUSION
Shimalite Ni catalyst contains Ni, Al2O3, SiO2 and Fe2O3, four materials that have been
used for hydrogen production. When the CPE is modified with Shimalite Ni, the overvoltage
of hydrogen reduction becomes low and its current density increases. Also applying
successive CVs on the electrode surface does not reduce the performance of the electrode for
HER. In contrast, by applying successive CVs the overvoltage reduces, and the current
density for HER increases. In conclusion, according to the ease of preparation, low cost and
favorable performance of the proposed modified electrode, this can be an acceptable
candidate for electrochemical hydrogen production.
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