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A B S T R A C T

The unpromoted and B-promoted 10%Ni/SBA-15 catalysts synthesized via sequential incipient wetness im-
pregnation approach were assessed for combined steam and CO2 reforming of methane (CSCRM) at various
reaction temperatures of 973–1073 K and stoichiometric feed composition. An expected and noteworthy drop in
mean NiO crystallite size and BET surface area with boron promotion from 1% to 5%B loading could be due to
the agglomeration of B2O3 particles and deboration reaction during calcination and hence blocking mesopores of
SBA-15 support at elevated B composition. The complete NiO reduction to metallic Ni0 form was achieved during
H2 activation and the reduction temperature of NiO phase was shifted towards higher temperature with B-
addition owing to enhancing interaction between the acidic B2O3 and basic NiO phases. For all reaction tem-
perature employed, 3%B appeared to be the optimal promoter loading in terms of reactant conversions and 3%B-
10%Ni/SBA-15 catalyst revealed the greatest H2 yield (69.4%) at 1073 K. In addition, CH4 and CO2 conversions
were enhanced about 23.2% and 32.4%, correspondingly with rising reaction temperature from 973 to 1073 K.
Ratio of H2 to CO varied from 1.26 to 2.71 and the desired H2/CO ratio of about 2 favored for Fischer-Tropsch
synthesis was achieved on 3%B-10%Ni/SBA-15 sample at 973 K. Boron promoter suppressed graphitic carbon
formation and the amount of carbonaceous deposition was reduced about 4 times. Noticeably, 3%B-10%Ni/SBA-
15 was also resilient to metallic Ni0 re-oxidation throughout CSCRM.

1. Introduction

The growing concerns towards the depleting non-renewable petro-
leum resources and the excessive release of anthropogenic CO2 green-
house gas from the industrial combustion and residential consumption
of fossil fuels have led to rising interests in exploring an alternative,
sustainable and clean energy as well as diversifying energy sources [1].
In fact, reducing CO2 emission, replacing petroleum-based energy with
less carbon-intensive fossil energy sources and decreasing the currently
significant dependency on non-renewable energy are an essential and
urgent task. Amongst alternative energies, syngas consisting of H2 and
CO has appeared as a promising and flexible building block for the
following downstream production such as synthetic long-chained hy-
drocarbons via Fischer-Tropsch synthesis (FTS) [2,3] and other

essential chemicals, namely, methyl tert-butyl ether (MTBE), dimethyl
ether (DME) and methanol in petrochemical industries [4].

In general, the conventional steam reforming of methane, SRM (cf.
Eq. (1)) is currently employed in industry for syngas production.
However, this approach yields undesirable ratio of H2 to CO greater
than 3 and substantially releases a large amount of unfavorable CO2

gaseous by-product [2,3]. Although dry reforming of methane (DRM,
see Eq. (2)) could transform unwanted CO2 greenhouse gas to a value-
added syngas, the resulting H2/CO ratio of less than unity makes this
process inappropriate for FTS and methanol production requiring a
stoichiometric H2/CO ratio of 2 [5,6]. Thus, the implementation of this
approach could impose auxiliary separation and purification steps in
the downstream process for adjusting H2/CO ratio to around 2 [7] and
hence increasing capital cost.
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