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a b s t r a c t

Methane and acetylene represent cleaner fuels, which are considered as ideal alternatives to fossil fuels.
Due to low volumetric energy density at ambient conditions, it is highly desirable to develop porous
materials such as metal–organic frameworks that exhibit good adsorption properties with respect to
them. In this review, we firstly introduced the development history on the design and synthesis of porous
metal–organic frameworks for acetylene and methane storage in which some representative examples
were analyzed; and then we focused on discussing their adsorption mechanisms including the gas bind-
ing sites and gas-framework interactions. At last, some structure–property relationships and synthetic
strategies for improving gas adsorption properties with respect to them were summarized.

� 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The growing shortage of fossil fuels, combined with increas-
ingly serious environmental issues and climate changes caused
by the excessive carbon dioxide emission produced by burning fos-
sil fuels, as a result of rapid industrialization and civilization, has
spurred an initiative to develop alternative cleaner fuels. Among
the various possible fuels, hydrogen is being considered as the
most ideal clean energy source carrier because of its pollution-
free burning and high chemical energy. In addition to hydrogen,
natural gas, whose main component is methane, is also regarded
as a preferable alternative fuel because of its potential for reduced
carbon emission and higher thermal efficiency, coupled with the
increasing accessibility. However, the volumetric energy density
of hydrogen and methane under ambient conditions is relatively
low, which severally hinders their widespread usage, in particular
for mobile/transportation applications. Compression and liquefac-
tion have been proposed to increase their volumetric energy den-
sity, which however suffer from high storage costs and safety
issues resulting from the harsh operating conditions. As an alterna-
tive, adsorption technology using porous materials that bind gas
molecules via van der Waals (vdW) interactions may offer an
appealing option. The key to the success of adsorption technology
lies in development of highly efficient porous materials that can
store a large amount of gases at mild conditions.

To direct the research and development of porous materials for
the above applications, the U.S. Department of Energy (DOE) has
set up the targets for on-board hydrogen and methane storage.
For hydrogen storage, the 2017 uptake targets are 5.5 wt% on a
gravimetric basis, and 40 g L�1 on a volumetric basis at an operat-
ing temperature of 233–333 K under a maximum pressure of 101
bar (ultimate targets: 7.5 wt% and 70 g L�1) [1]. For methane stor-
age, the U.S. DOE in 2000 set a storage target of 180 cm3 (STP) cm�3

(the volume of gas adsorbed at standard temperature and pressure
per volume of the storage vessel) deliverable for an operational
ANG (adsorbed natural gas) vehicular systemworking at a pressure
of 35 bar and 298 K. Recently, the Advance Research Projects
Agency-Energy (ARPA-E) of U.S. DOE updated the target for
methane storage materials for ANG applications. Specifically, the
adsorbent-level volumetric energy density at room temperature
must be more than the energy density of CNG (compressed natural
gas) at 298 K and 250 bar (9.2 MJ L�1) which is equivalent to 263
cm3 (STP) cm�3. If the packing loss (25%) is taken into account,
the adsorbent-level volumetric energy density must exceed 12.5
MJ L�1 at room temperature, which corresponds to a volumetric
storage capacity of 350 cm3 (STP) cm�3 for the adsorbent material.
Additionally, to avoid a heavy tank, U.S. DOE also set a target con-
cerning the gravimetric energy density of 0.5 g g�1. These targets
provide intuitive and useful guidance for the researchers working
on adsorbent-based hydrogen and methane storage.

Besides hydrogen and methane, acetylene, as the simplest
alkyne and unsaturated hydrocarbon, also plays a very important
role in daily life and modern chemical industry. It is widely used
as gas fuel for oxy-acetylene welding and metal cutting due to high
oxy-acetylene flame temperature up to 3273–4273 K. Also, acety-
lene is utilized as a key starting material to manufacture various
fine chemicals (such as vinyl chloride, and methyl acrylate) and

electronic materials. For its widespread use, one issue we have to
address is concerning its storage which is very challenging because
it cannot be stored in a steel cylinder under high pressure like
hydrogen and methane due to its highly explosive nature. It is well
known that pure acetylene stored at a pressure above 2 bar risks
exploding at room temperature, even in the absence of oxygen.
The current storage method involves dissolving acetylene in ace-
tone placed in a vessel along with an adsorbent. Nevertheless, such
a method suffers from low acetylene purity due to the volatile sol-
vent contamination. Analogously, physical adsorption technology
is regarded as one of the most competitive methods because of
low cost and high efficiency, and is expected to overcome the
above-mentioned issues. Therefore, development of new porous
materials exhibiting high-capacity acetylene storage under ambi-
ent conditions is also highly desirable.

Emerging as a new class of porous materials, metal–organic
frameworks (MOFs) have been investigated intensively over the
past two decades and continue to receive considerable scientific
interest. They are composed of metal ions or metal-containing
clusters coordinated to polytypic organic bridged ligands to form
multidimensional network structures having well-defined pore
systems (channels, cages, etc.). Compared with the traditional acti-
vated carbons and zeolites, MOFs possess distinctive characteris-
tics including large surface area, high porosity, chemically
adjustable pore dimension and functionalized pore surface. Also,
MOFs tend to possess the ordered crystal structures than can be
determined by single-crystal X-ray diffractions, which is conducive
to their structure–property relationship elucidations and func-
tional optimizations. These attractive characteristics offer MOFs
great promise for a wide variety of applications including but not
limited to gas storage [1], molecule separation [2–14], heteroge-
neous catalysis [15–21], chemical sensing [22–24], and drug deliv-
ery [25]. In particular, porous MOFs are recognized as prospective
adsorbents that can provide potential solutions to the enduring
challenges pertaining to the safe storage and efficient use of hydro-
gen, methane and acetylene [6,26–32]. For hydrogen storage, the
reader can refer to many excellent reviews [33–38]. Herein, we
only discuss the current status related to acetylene and methane
storage in porous MOFs.

2. Acetylene storage in MOFs

2.1. Design and synthesis of MOFs for acetylene adsorption: A brief
history

Cu2(pzdc)2(pyz) is the first MOF whose acetylene adsorption
properties were examined [39]. In the as-synthesized compound,
the guest water molecules residing in one-dimensional (1D) chan-
nel interact via hydrogen bonding with the uncoordinated car-
boxylate oxygen atoms on the pore surface, indicating that these
oxygen atoms on pore surface can potentially serve as active func-
tional sites for binding guest molecules, especially those with
acidic hydrogen atoms such as acetylene. These observations
prompted the authors to investigate its acetylene adsorption prop-
erties (Fig. 1a). As they expected, the compound exhibited high
adsorption affinity toward acetylene molecule (42.5 kJ mol�1) with

168 Y. He et al. / Coordination Chemistry Reviews 373 (2018) 167–198



Download English Version:

https://daneshyari.com/en/article/8942863

Download Persian Version:

https://daneshyari.com/article/8942863

Daneshyari.com

https://daneshyari.com/en/article/8942863
https://daneshyari.com/article/8942863
https://daneshyari.com

