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Abstract. Numerous technologies for Hp-rich gaseous mixture production has
been know through studies. However, most approaches do not satisfy the purity
level for certain process such as fuel cell technology that demands a high-purity
hydrogen supply (>99.99 vol%). Therefore, purification technology to purify
hydrogen is taken into consideration in order to meet purity requirement by cer-
tain applications, and it is a key factor to efficient hydrogen supply. In addition,
CO, capture in pre-combustion of integrated gasification combined cycle
(IGCC) power plants include the separation of H,-CO, to generate electricity at
a lower hydrogen purity. Advantage of hydrogen gaseous are its low volumetric
energy density compared to other materials and the storage is essential for wid-
er applications using hydrogen as well as hydrogen purification.
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1 Introduction

Abundance and longer lifetime of natural gas has initiated the idea of using it as pri-
mary feedstock in most petrochemical processing industries. Compared to other ener-
gy sources available, natural gas is the cleanest sources, generating low pollution than
fuel. According to literature, it is expected that worldwide natural gas consumption
will reach 182 trillion cubic feet in 2030, increasing from 95 trillion cubic feet in
2003 [1]. However, raw natural gas contains impurities such as methane (CH4), and
other hydrocarbons such as ethane (C2H6), propane (C3H8), butane (C4H10), CO2
coexists and other impurities such as hydrogen sulphide (H2S), sulphur dioxide (SO2)
and nitrogen (N2) are also present [2]. Therefore, it needs to undergo purification
prior to the usage to prevent and minimized the fouling effect, corrosion, as well as
pipeline rupture [3]. In addition, calorific value and transportability of natural gas



would increase when carbon dioxide is removed from the gas mixture [4]. This sepa-
ration can be achieved by employing thin barriers called membranes to remove the
unwanted components and the technique was proven to be economically and techni-
cally excellent by past researchers [5]. Currently, performance H,-selective mem-
branes have been widely studied for separation of gas mixture H,-CO,. Molecules of
H, are known to possess smallest kinetic diameter compared to other types of gases
molecules, thus, it has a large diffusion coefficient which is suitable for permeation
through membranes. Despite the reported achievements of hydrogen, gas separation
via membrane technology still require lot of intensive investigations before being able
to practice in a large-scale industrial application [6]. This is due to low quality hydro-
gen production from the reported H,—CO, separation that unable to satisfy the re-
quirement. To improve competitivity of membrane-based separation in terms of tech-
nology and economy, few challenges that need to be addressed by both scientific and
engineering community has been outlined below [7]:

I. Materials’ ability to develop a perfect, crack-free thin layer on porous supports
or a self-standing thin film with enough mechanical strength, is the most essen-
tial factor in order to reach successful practical application, but are rarely inves-
tigated [8]. Even though the chosen materials possess a high permeability, it is
unable to be practiced in industrial sector if it cannot be easily synthesized into a
thin-selective layer. Therefore, fabrication of thin membrane with large area
need to be handled alongside the advancements in advanced membrane materi-
als. It should be noted that pre-requisite for a membrane to be successfully ap-
plied commercially are the stability of its separation performance under different
practical conditions (i.e. pressure, temperature and impurities).

Il. Development in materials science since the past decades has also shows im-
provement in performance of conventional membrane materials via structural
optimization. Introduction to several advanced materials for novel membrane
fabrication include metal organic frameworks (MOFs), graphene-based materi-
als, thermal rearranged (TR) polymers, polymers of intrinsic microporosity
(PIMs), ionic liquids (ILs) and functionalized polymers, which are specialized
for hydrogen purification and produced from thermochemical and biotechnolog-
ical method. Membranes for H,—CO, separation can be classified as H,-selective
membranes or CO,-selective membrane depending on its favorable gas species
permeations. Alternatively, the gas mixture can be separated according to type of
membrane materials, specifically inorganics membranes; polymeric and mixed
matrix membranes. The only well-known H,-selective membrane is molecular
sieving mechanism for microporous membranes which resulted in high-
efficiency gas transport. To achieve molecular sieving effects, complete control
of pore structures need to be achieved first [9]. It includes pore size, shape of
pores and pore size distribution. MOFs shows all the aforementioned require-
ments and thus, became the potential candidate for molecular sieving Hy-
selective membranes. It is predicted that investigations for new fabrication ap-
proaches can produced a highly molecular-sieving MOF membrane.



2 Fuel Cell Development

Fuel cells advancement as well as environmental strains for example climate change
concern lead to increasing global attention of hydrogen as clean energy carrier of
high-quality in the recent years [10,11] . Purification and separation technologies are
crucial in thermochemical operations of transforming fossil fuels into hydrogen.
Membrane reactors demonstrate exceptional potential in equilibrium shift involving
water—gas shift reaction in forming hydrogen from carbon monoxide. Membranes are
also significant in hydrogen purification. There are two classification of inorganic
membranes for hydrogen purification and production which are porous ceramic as
well as metal alloys and dense phase metal membranes. Hydrothermal technique and
sol-gel are usually used in preparing the porous ceramic membranes with qualities
such as high durability and stability in elevated temperature, severe contamination as
well as hydrothermal surroundings [12] . Particularly, microporous membranes exhib-
it potentials in water gas shift reaction at elevated temperatures. Registry of mem-
brane technology importance and relevance to recent creation of zero-emission power
technologies is necessary in order to study the vital concerns involved with these
membranes according to economic and technical benefits as well as shortcomings.
Hydrogen economy concept can be defined as hydrogen utilization as the primary
energy carrier. This concept is already well-known among the policy makers and
futurists for several decades. Promising prospective brought by hydrogen is widely
recognized for nearly two centuries. Hydrogen was used as fuel in the first combus-
tion engine build by Isaac de Rivaz in 1805 [13] . Fig. 1 illustrates hydrogen as fuel
system [10].

[ Fig. 1 here]

Nevertheless, steam and petroleum preceded hydrogen in powering engines until now.
Implications of shifting to hydrogen economy are seriously considered by various
countries. Increasing attention gained by hydrogen is attributed to its potential in solv-
ing two main concerns faced by the global economies which are achieving independ-
ence in energy while reducing the effect of economic activity on the environment
[11]. Realization of hydrogen economy needs to be preceded by the development of
four crucial technologies which are:

1. Cost effective hydrogen manufacture in carbon restricted system of global energy.
This area comes with a few trials such as hydrogen production from fossil fuels
with inclusion of carbon sequestration as well as growing employment of renewa-
ble sources.

2. Hydrogen storage and purification technologies with abilities to separate as well as
refine hydrogen streams according to subsequent usage and storage systems essen-
tials. US DOE target of 6.5 wt% needs to be achieved in developing practical and
efficient hydrogen storage devices.

3. An effective, broadly accessible with sound management hydrogen distribution and
delivery structures.



4. Effective fuel cells as well as other energy transformation technologies utilizing
hydrogen (Fig. 2).

[Fig. 2 here]

3 Generation of H, and Purification Needs

Separation and purification technology are very crucial for H, derived from fossil
fuels. In the process, water-gas shift reaction occurs and carbon monoxide is convert-
ed to H, inside a membrane reactor. In this context, membrane reactor shows a great
potential in shifting the equilibrium. It should be noted that membranes also play an
important role in purification mechanism of H,. Economical way to produce H, is by
stream reforming, where steam reacted with hydrocarbons and nickel are added to
accelerate the process [14,15]. Example of competitive separating technology for H,
from the streams is amine absorption, pressure swing adsorption (PSA), and mem-
brane separation [16]. Among the list, gas separation using membrane system are
more cost-effective than PSA in comparison to the relative capital investment and unit
recovery cost [17]. Selective removal of H, from the reaction system shifted the reac-
tion equilibrium to the products side, resulting in higher conversion of CH, to H, and
carbon dioxide, and it can be obtained at lower temperatures. A simulation study
which employed Pd-based disk membrane with 100pum of thickness proved the en-
hancement of steam reforming performance in a real membrane catalytic system
[18,19]. From their study, the production of H, was increased but at high temperature
range of 700 or 800°C. However, available commercial membrane for Pd-based
membrane are too thick and does not work effectively at temperature suggested. Few
properties of a good membrane reactors include high separation selectivity, high gas
permeance, and the durability and stability of the membrane itself. There are two
inorganic membrane classes for production and purification of H, which are dense
phase metal, metal alloys and ceramics, and porous ceramic membranes [20].

4 Conclusion

Currently hydrogen-based technology is used in various gas separation processes such
as H, recovery, H, purification, as well as H, storage. Although H, have been exten-
sively applied for gas separation process and fuel cell development, these technolo-
gies are less competitive as compared to the conventional processes concerning to
their performance and the durability. Few challenges that need to be addressed has
been outlined in order to achieve a high-quality gas separation performance. Purifica-
tion technology is essential, and it is a key factor to efficient hydrogen supply.
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