Permeation dryer

The <Hective and continuous remova of water vgpour is peformed by leading the flue-gas
through a tube. Water vapour isaosorbed through the tubing wals and moves through it. Dry
purge ges is flowing a the outdde of the drying-tube in the oppodte direction and caries
thewater vapour away. Virtudly dl edementsof the flue-gas sample remain unchanged, only the
water vgpour is removed. The drying effect is redive to the difference in vapour pressure
between the gas outside the tube and the wet gasinsde.

Gas permestion is the term used to describe a membrane separation process using a non-porous
semi-permegble membrane. In this type of process, a gaseous Sream is separated into permesting
and non-permegting streams.  The non-permesating stream is generdly cdled the non-permegte in
gas separdions terminology.  Trangport occurs by a solution diffuson mechanism, and membrane
sdectivity is based on the rdative permegtion rates of the components through the membrane.
Each gaseous component trangmorting through the membrane has a characteritic permeetion reate
that is a function of the ability to diffuse through the membrane materid. The mechanism for
trangport is based on solubility and diffuson. The two reationships upon which the eguations are
based are Fick'slaw for diffuson and Henry's law for solubility.

Diffusive flux through the membrane can be expressed by Fick's Law related to the membrane
system as given by:
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Where: J : flux of component i (mole/nf/s)
D; : diffusivity of component i (mPl9)
L : thickness of the membrane (m)

Cima: concentration of component i inside membrane on feed side (mole/n)
Cimz: concentration of component i inside membrane on permeate ide (mole/n®)
From Henry's Law:

Cm=S*p 1))
Where, S : solubility congtant for component i in the membrane (mol/m”.Pa)
p : partia pressure of component i in the gas phase (Pa)
Permestion through the membrane is a function of solubility and diffusivity:
P=Di*§ (1)

Separation efficiency a; is based on the different rates of permestion of the gas components,
datathat is not commonly avalable:
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An experimental separation factor ajj is frequently used to quentify the separation of a binary
sysem of components i (oxygen) and | (nitrogen), where Cp and Cr represent molar
concentraions in the permeate and retentate (non-permeate) streams, respectively.  The
separation factor can dso be defined in terms of C, and G, i.e, concentrations in the permeste
and feed streams, respectively [1, 4]. These rdationships can be written in terms of mole fractions
Xp, % and X, which is more convenient in this experiment since the oxygen andyzers messure
concentrations in mole % .
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Recovery is defined by the equations below, where Q, Q and Q represent the volumetric flow
rates of permeste (or non-permeate) and feed streams, respectively (nP/s).
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Stage cut defines the ratio of permeete flow rate to totd feed flow rate. This assumes that both
concentrations and volumetric flow raies ae messured a amospheric pressure in both the
permeste and the non-permesate streams.

i
Thetota flux of acomponent, J may be caculated from the expression below:
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Where, Qip: volumetric flow rate of speciesi in the permeate (M®/sec).
r :density of permeste (mole/nm).
A : areaof membrane (m?3)
n : number of modules used.
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