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ABSTRACT

Hydrogen has been extensively accepted as a clean and efficient energy carrier to alleviate the mounting global
energy and environmental crisis. Therefore, an ever-increasing demand for high-quality hydrogen provides a
strong driving force towards developing efficient hydrogen purification technologies. Membrane-based gas
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separation technology for hydrogen purification has attracted considerable attention owing to the inherent
advantages over other conventional separation techniques. Benefited from the booming development of
chemical science, materials science and membrane science, an increasing number of advanced membrane

Keywords: materials and membranes have been developed for hydrogen purification in recent years. This review primarily
Gas separation focuses on the latest developments in design and fabrication of H,-selective membranes and CO,-selective
Hydrogen purification membranes for hydrogen purification, and the comparison of H,-selective membranes and CO,-selective

H,-selective membranes

’ membranes will be briefly discussed. In addition, future direction to further explore energy-efficient mem-
CO,-selective membranes

branes for hydrogen purification will be presented for discussion. It is anticipated that the present review will
provide the guidance for the future research and development of membrane materials and membranes for
hydrogen purification, and hence promote the development of sustainable and clean hydrogen energy.
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1. Introduction

Sustainable and clean energy development has become a major
global issue in terms of the world's energy shortage and en-
vironmental problem. However, fossil fuels are still expected to be
the predominant resource of energy by preference in the near
term (next 5-20 years or even more) despite that an increasing
number of renewable energies have received considerable atten-
tion over the several decades. Therefore, it is of great importance
and impendency to develop more efficient ways to utilize these
limited fossil fuels for sustainable development. Hydrogen has
been widely considered to be an attractive energy carrier and
storage medium with high efficiency for developing a cost-effec-
tive, environmental-benign and sustainable energy system, be-
cause it possesses distinct advantages of high gravimetric energy
density (1.43 x 108 J/kg) and low greenhouse gas emission [1]. In
addition, hydrogen is an important feedstock with increasing de-
mands for the chemical industries. Hence, about 53 million metric
tons of hydrogen worldwide was produced annually, and the hy-
drogen market valued at $88 billion in 2010 [2].

So far, hydrogen production is dominated by thermochemical
processes, and about 96% hydrogen is generated from fossil fuels.
In these hydrogen production processes, synthesis gas production
is an intermediate step, and CO in synthesis gas could further react
with water vapor via the water gas shift (WGS) reaction for en-
hancing H; yield. The shifted synthesis gas mainly consists of H,
and CO,, along with some minor contaminants such as CO, H,S
and CH4. Generally, H, content in shifted synthesis gas varies from
60 vol% to 80 vol%, which depends on the quality of feedstock and
process conditions. Moreover, biohydrogen production such as
dark fermentation is a very promising alternative method to
generate hydrogen, even if it contributes very limitedly to global
hydrogen supply nowadays [3]. Similar to conventional thermo-
chemical processes, the hydrogen product generated by bio-
technological technique also contains some impurities (mainly
CO,). The produced H,-rich gaseous mixture via various

aforementioned production techniques is considered as raw H,
product. However, it is difficult for raw H, product to meet the
demands for purity in most cases [4]. For example, high-purity
hydrogen ( > 99.99 vol%) supply is a prerequisite for the success of
fuel cell technology. Therefore, hydrogen purification is essential
to satisfy the purity requirements of various potential applications,
and it is an important issue for efficient hydrogen supply. More-
over, H,—CO, separation is a key process in pre-combustion CO,
capture for integrated gasification combined cycle (IGCC) power
plants, even though the required hydrogen purity for subsequent
electricity generation is generally lower than that of aforemen-
tioned applications [2]. It should be noted that hydrogen possesses
a very low volumetric energy density despite its aforementioned
advantages over conventional liquid fuels. Hence, hydrogen sto-
rage is vital for the widespread utilization of hydrogen as well as
hydrogen purification [5].

As a relatively new and rapidly developing technology, mem-
brane technology exhibits inherent advantages of energy-efficiency,
cost-effective and environmental compatibility compared to con-
ventional separation techniques. Moreover, membrane technology
can be facilely coupled with other separation techniques to enhance
the efficiency and economics of separation process. Nowadays,
membrane technology has been widely used in water treatment,
meanwhile it has also commercialized for air separation, natural gas
sweetening and hydrogen recovery from ammonia purge gas [6].
With the rapid development of hydrogen economy and membrane
science, membrane-based gas separation technology shows great
potential for the hydrogen purification market as well. Great de-
mands for high-quality hydrogen products provide the driving force
for research and development of advanced membrane materials
and membranes for hydrogen purification. Benefited from the re-
markable progress in materials science over the past several dec-
ades, some conventional membrane materials have exhibited no-
tably improved performances via structural optimization. In addi-
tion, an increasing number of advanced materials, such as metal
organic frameworks (MOFs), graphene-based materials, thermal
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