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ABSTRACT: <

Versatile layered fluoride-cerium nanosheets with thickness about 1.60 nm denoted
as F-Ce are fabricated by a convenient and environmentally friendly approach. Then,
Pebax-1657 is used as the polymer matrix and F-Ce as inorganic fillers to produce
mixed matrix membranes (MMMs) for gas separation. Versatile functions in
enhancing the membrane performances are exhibited by F-Ce with intrinsic dual-
channels. On one hand, the abundant mesoporous slits in F-Ce enhance gas diffusion,
constructs high-speed transport pathways of CO; and improve CO; permeability; on
the other hand, molecular-sieving d-spacing in F-Ce endows MMMs with prominently
preferential CO; transport, which favors the increment of CO./CH. selectivity.

Furthermore, F-Ce tends to horizontal arrangement and endows the MMMs with
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POP vs Linear membranes
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= Smaller ing
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» Maintain selectivity

ABSTRACT: Formation of porous organic polymer (POP) membranes is a great challenge due to their highly cross-linked nature
that prevents film formability. Here, we reported a series of mechanically strong POP membranes derived from a cross-linked
Triger's basc using 3,3"-dimethylbiphenyl-4,4'-diamine as a lincar monomer and 1,3,5-tris(4-aminophenyl)benzene (TPB) as a
cross-linking node. As the TPB content increased from (% (TPB-0) to 75% (TPB-75), these POP membranes show a contanuously
decreased chain spacing from 7.96 to 6.22 A, increased Brunauer—Emmer=Teller surface areas from 250 to 531 m?g™', and
enhanced ultramicropore volumes from 0.046 to 0.143 cm’”. Thereby, a huge increase in permeability without sacrificing selectivity
was observed for these TPB-based POP membranes. For example, TPB-75 exhibited not only over 19 times larger O, permeability
(790 vs 50.3 Barrer) but also slightly higher O,/N, selectivity (4.8 vs 4.5) than the linear TPB-0. The overall separation
performances quickly improved from below the 2008 trade-off curves for TPB-0 to near the latest 2015 curves for O2/N;, Hy/N,,
and H,/CH, as the TPB content increased. These results are attributed to the significandy improved ultramicroporosity that
enhanced the molecular sieving effect by the POP structure induced by in situ cross-linking. This design protocol and the POP
membranes provide a novel direction for advanced gas separation membranes.

. INTRODUCTIO One protocol for achieving high-performance gas separation
membranes is by forming polymer of intrinsic microporosity

Cosffective low-carbon techniques are driven drastically  to t o !
(PIM), which is composed of site-of-contortions that  cannot

mitigate the increasing carbon  emission-induced  serious

environmental and ccological pmblcms. Among the various form compact packing in the solid state,"" and consequently,
technologics investigated, the membrane-based gas scparation a large fractional free volume (FFV) and micropores are
is becoming more and more attractive due to its advantages of formed in the PIM membranes, which demonstrates high gas
low-energy consumption, small footprint, and easy operation, permeability and modest gas pair selectivity. "™ Troger’s base
which is considered as one of the most promising alternative (TB)-containing PIMs, as an emerging plaform of high-
methods for replacing those energy-intensive thermally driven performance PIMs, have a large specific surface area  and

disnllagon sef ions such as nitrogen/oxygen P n
natural gas purification, hydrogen recovery, and carbon dioxide
capture.)™ Currently, the widely applied polymeric mem-
branes are suffering from the trade-off effect between their
permeability and selectivity,"™ also called Robeson upper
bound.”™ Consequently, high-performance gas separation
membranes and their design protocols are greatly desired to
reinforce those energy-intensive industrial  processes.
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An exploration of novel natural gas leak detection based on the efficient
CH,4/N, separation of polymer blend membrane
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ARTICLE INFO BSTRACT

Keywards: The CH,/Na high-effici hy separation technology is capable of effectively enriching CH, from nat-
EVA ural gas, and holds great potemia] for application in the fields of biagas purification and natural gas pipeline leak
Pebax detection, However, preparing high-performance separation membranes is challenging due 1o the similarity

CHy/ N separation
Martural gas
Blend membranes

between CH, and Nz molecules. To enhance the CH,/N. separation performance, block polyetheramide copol-
ymer {Pebax)/EVA blended membranes were fabricated in this study. Additionally, a novel gas leakage detection
tube was prepared. The EVA14 (14 wit VA) membrane exhibits an optimal transport-facilitated channel among
a sevies of pure EVA membranes, resulting in a CH, permeability of 21.41 Barrer and CH, /N, selectivity reaches

1.80 under mixed-gas feed conditions at 35 °C. The CH; permeability of Pebax/EVA (30 wt%) reaches 120.5
Barrer by physical blending, and the CH, permeability is increased by 191 % in comparison with pure EVA14
membrane, The Pebax/EVA (10 wt%) membrane exhibits the optimum CHy/N: selectivity, and compared with
pure EVA membrane increased by 35.5 %. EVA and Pebax polymers are blended for the first time for  CHy /N2
ding of block polyeth i lymer i the 1}
formance comprehensively, The nsmml gas leak detection mhs was fabricated with a membrane, offering a new

separation, and the bl ‘s separation per-

and efficient CHy/N; separation stratepgy.

1. Introduction

The demand for energy consumption and exploitation by humans is
on the rise due to population growth and industrial development [1]. As
a key component of clean energy source, natural gas [nitrogen  content
< 4 %(vol)] produces less air pollution than gasoline and diesel in the
process of consumption [2], and it is anticipated that natural gas will
supplant traditional energy sources such as coal and petroleum in the
foreseeable future [3]. Natural gas is combustible, explosive, hazardous,
toxic and highly corrosive [4]. Buried gas pipelines are prone to be
corroded and difficult to maintain when passing through areas with
intricate topography during transmission [51. When the pipeline gas
leaks, that will cause damage to personal property and environmental
pollution. Therefore, it is important to detect and locate the leak location
of gas transport pipelines accurately in a timely manner.

So far, there are several main methods for natural gas pipeline leak
detection: artificial patrol method, acoustic detection method [6],

optical detection method [7], and membrane separation detection
metheds. Particularly, the detection tube based on the gas separation
membrane as the permeable layer can locate the tiny leakage of natural
gas in a timely accurately with low cost, excellent mechanical proper-
ties, and physicochemical stability. The principle of the membrane
separation method is based on the discrepancy in diffusion rates when
the mixed gases pass through the membrane, This allows characteristic
gas to pass through the membrane preferentially and to separate the
mixed gas selectively. Ultimately, attaining the goals of purification and
separation by membrane. Inside the pipeline, gas separation membrane
is used as a permeation layer to separate and enrich the leaked gas from
mixed gases. Thus, separation membranes are required to have a high
permeability and selectivity to the characteristic gas/N,. In the field of
oil gas or methane purification [8], polymer-based membranes arve
widely favoured for their low manufacturing cost, mature industrial
application conditions, and outstanding formation performance, In
recent vears, polymer-based gas separation membranes [9] are widely

*  Corresponding authors at: State Key Laboratory of Separation Membranes and Membrane Processes, Tiangong University, Tianjin 300387, China.

E-mail addresses: ingping@E@tangong edu.cn (. Xin), zhangve:
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Abstract Natural gas is an important resource that ensures
the energy supply and reduces CO, -emissions
simultaneously. However, many natural gases from well
head contain a certain amount of acid gas, which must be
removed to meet the pipeline requirement. Among the
existing natural gas sweetening process, membrane
technology is considered as a cost-effective, less energy
intensive method that can remove both CO, and H,S
simultaneously. The membranes with high permeability,
high selectivity, and good durability are developing very
fast. In this review, we summarized the latest state-of-the-
art membranes investigated for H,S/CH, and CO,/CH,
separation applications, including conventional polymer
membranes,  polyimides,  polymer  of intrinsic
microporosity, rubber polymers, carbon molecular sieve
membranes, hollow fiber membranes, and membrane
processes for H,S and CO, removal from natural gas.

Keywords natural gas purification, H,S removal, CO,
capture, membranes, hollow fiber

1 Introduction

The excessive greenhouse gas emissions by human
activities have resulted in a rapid increase in CO, content
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in the atmosphere, thus, causing serious environmental
and ecological problems that have attracted global
concern. Green, renewable energy is in high demand to
meet the carbon capture and storage target for different
countries [1,2]. Natural gas (NG) is considered the most
feasible choice to fulfill the energy consumption 3
increment and CO, emission reduction simultaneously,
because the CO, generated by NG is ~about of coal
burning based on the same calorific value [3]. Recently,
there has been a rapid growth in NG consumption (Fig. 1)
and the total amount reached 595 billion cubic meters in 35
2021 [4]. Meanwhile, over the past 10 years, the primary
energy consumption ratio among coal, NG, oil,
hydroelectricity, nuclear power, and renewable energies
has changed, contrary to the intensive CO, emissions
from coal and oil, the NG is the only primary energy4( source
that are continuously increasing (Figs. 1(a) and 1(b)) from
22.4% to 24.4%.

At present, there is an urgent need to develop new
technologies to improve NG production efficiently [5].
Generally, raw NG from well head contains CH, 45 (70%—
90%) and various associate components, including acid gases
(major CO, and H,S), water, and a certain amount of highly
condensable hydrocarbons [6]. About 40% of the global NG
contains a certain amount of H,S
and CO,, and in some cases, the H,S percentage can 5()
reach up to 23 mol % [7]. The acid gases should be
removed to increase the calorific value of NG and reduce
the pipeline corrosion, e.g., the pure CH, has a calorific
value of 9100 kecal-m™, and the biogas, which contains
35%-40% of CO,. only has the calorific value of 4800- 55
6900 kcal-m [8]. Furthermore, CO, needs to be

5]
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