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Gas Separation by Membranes

Membrane technology in gas separation and purification has grown exponentially since they were
first introduced about 30 years ago. Compared to other conventional gas separation processes such
as cryogenic distillation and absorption, membrane technology provides advantages like the
simplicity of operation, ease of scale-up, smaller footprints and, low operating and capital cost. In
membrane gas separation, a gas mixture that is fed to the unit gets split into two streams: permeate
and retentate which either can be the product depending on the application. Some of the main

applications of membrane technology are:

N2/O separation in Nitrogen/Oxygen generation

H> removal from purge gas in Ammonia production

H2/CO> separation in SMR (Steam Methane Reformers)

H2/HS separation in Hydrotreatment

H>/light hydrocarbons in Hydrocrackers

Recovery of helium from rejected gas streams in Natural gas processing [1, 2, 3].

Membranes used in gas separation.can be divided into two major groups: inorganic (metals,
ceramics, ...) and organic (polymers). Although inorganic membrane can be more selective than
polymers, it is difficult to produce defect-free thin films, which makes them more expensive to
make [4]. Some of the polymers that are used in membrane technologies are: polyimide (PI),
cellulose acetate (CA), polyetherimide (PEI), and Polyethersulfone (PES) [2].

The separation in polymeric membranes is usually explained by the solution-diffusion model.
According to this model, the gas molecules are first adsorbed on the polymer surface, diffuse
through the polymer and desorb on the other side. The membrane unit usually works between two
pressures: feed pressure and permeate. Permeate pressure is always lower than the feed pressure.
[1, 2, 4]. Permeability and selectivity are two major factors that should be considered when

choosing a membrane for a specific gas separation/purification purpose.

A Safety Quality & Performance Driven'



— Z
=)

re= A Safety, Quality & Performance Driven’

Membrane Modules

A module is a building block of a membrane which can be flat or tubular. Different types of
membrane modules are shown in table 1. As it can be seen from the provided data, hollow fiber
membranes have the largest packing density. They are a bundle of capillary tubes which are
arranged parallel to each other. Permeates gas can be collected in the housing of the fibers or pass
to into membrane bore [3]. A schematic of a hollow fiber membrane module is shown infigure 1.

Table 1- Membrane Modules ( : )'
Module Type Module Configuration Packing Density(m?/m3)

Plate-and-frame 100-400
Spirally-wound 300-1000
Hollow fiber 10,000-30,000
Tubular N/A

Permeate

Permeate

—p Retentate

Mixed GaSm——

Figure 1-Membrane Gas Separation Unit
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Performance of a Membrane Unit:

The key parameters in a membrane performance are selectivity, permeability, and durability.
Effective gas separation (high purity and high capacity) requires membranes with high selectivity
and permeability. However, there is a tradeoff between these parameters. In other words, a
membrane with a higher selectivity has a lower permeability and vice versa [5]. /Fhe most
favorable combination of these two parameters is represented by a correlation which.is known by
Robeson upper bound or gas separation trade-off limit. The correlation is used in the development

of high-performance membranes [6]. The correlation is defined by equation 1[7]:

_ Bas
Qy/B = pjT/B Eq. 1

In the above equation, o (A/B) is selectivity, P_A is permeability and the other two parameters
(B (A/B) [andA] _(A/B))are empirical parameters which.are a function of the gas pair in binary
mixtures. The upper bound correlation for different gas pairs has been reported in the literature [7,
8]. According to diffusion-solution theory, gas permeability (PA) is a function of gas diffusivity

(DA) and solubility (SA) and is defined by equation 2[7]:
PA = DA X SA Eq 2
And gas selectivity (a,,5.) is defined by equation 3 [7]:

P
(XA/B = ﬁ Eq 3

The diffusion coefficient is a function of the size of the penetrant size, flexibility of chains and the
free volume in. the membrane polymer. The solubility coefficient is a function of gas
condensability (critical temperature, normal boiling point, ...), the gas-polymer interactions and

morphelogical features of the polymer [9].
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For more information please visit:
www.FedaNitrogen.com

or
contact us at:
832-804-89838

Tech@fedanitrogemcom
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