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In the design of adsorption systems for gas separa-
tion, of importance are the total number of similar
adsorbers 

 

n

 

 and their division into active adsorbers,
which are in the adsorption mode at a certain moment
of the cycle (their number is 

 

n

 

a

 

), and passive ones,
which are in the regeneration mode (discharge, purg-
ing, and pressure rise) at the same moment (their num-
ber is 

 

n

 

p

 

 = n

 

 – 

 

n

 

a

 

). Let us denote the fraction of active
adsorbers in the separation system as 

 

α

 

a

 

:

(1)

Most commercial air separation systems use two
adsorbers (one in the adsorption mode and the other in
the regeneration mode; 

 

α

 

a

 

 = 0.5) or three adsorbers
(two in the adsorption mode and the third in the regen-
eration mode; 

 

α

 

a

 

 = 0.66). The system for hydrogen sep-
aration from the products of methane conversion devel-
oped by the UCC company employs nine adsorbers [1].

The number of adsorbers 

 

n

 

 in the separation system
is usually chosen proceeding from economic consider-
ations. One should keep in mind that addition of one
adsorber to the separation system decreases the load per
adsorber and, thus, decreases the pressure drop upon
gas filtration through the bed, but dramatically compli-
cates control over the whole separation system. In addi-
tion, the smaller the number of adsorbers 

 

n

 

p

 

 at each
moment of the cycle, the better the cycle efficiency.

The provision for the value and continuity of the
product flow 

 

Q

 

, mol/s, is one of the major requirements
for the design of an adsorptive separation system. Let
us denote the product flow from one active adsorber as

 

q

 

, mol/s. Then, the number of active adsorbers equals

(2)

For the specific product flow 

 

j

 

 = 

 

q

 

/

 

S

 

0

 

, where 

 

S

 

0

 

 is the
cross-sectional area of an individual adsorber (m

 

2

 

),
there are natural upper limits imposed by the following
two factors: the pressure drop along the bed and the
convective instability of the adsorption front. The pres-
sure drop due to gas filtration through the adsorbent bed

αa na/n.=

na Q/q.=

 

of a given cross-sectional area depends on the weight
gas flow and the bed structure; this dependence is
expressed through many semiempirical relationships
proposed for the hydraulic drag of the bed [2]. The con-
vective instability of the adsorption front is determined
by the Archimedes adsorption number [3, 4].

The results of experiments carried out on a labora-
tory adsorber or testbed can be represented as the ratio
of the duration of the adsorption mode to the overall
duration of the cycle 

 

τ

 

0

 

 (s):

(3)

The duration of the adsorption mode 

 

τ

 

a

 

 (s) equals
the travel time of the adsorption front at the linear
velocity 

 

w

 

f

 

 (m/s) through the bed with the length 

 

L

 

 (m):

 

τ

 

a

 

 = 

 

L

 

/

 

w

 

f

 

. The duration of the discharge stage, 

 

τ

 

d

 

 (s), can
by analogy be identified with the travel time of the des-
orption front at the linear velocity 

 

w

 

f

 

 (m/s) through the
bed with the length 

 

L

 

: 

 

τ

 

d

 

 = 

 

L

 

/

 

w

 

d

 

. Let us denote the dura-
tion of auxiliary stages of the regeneration mode (purg-
ing and filing) as 

 

τ

 

0

 

 (s). Then, Eq. (3) becomes

(4)

where

(5)

Let us consider a system of an infinite number of
adsorbers,

as a set of random objects. From the fundamental
ergodic hypothesis for such a system, the fraction of
time during which one randomly chosen adsorber is in

ατ
τa

τc

----
τa

τa τd τ0+ +
---------------------------.= =

ατ
1

ϕ L( )
------------,=

ϕ L( ) 1
w f

wd

------
w f τ0

L
-----------.+ +=

n ∞, na ∞,
na

n
----- αa ∞,⎝ ⎠

⎛ ⎞ ,
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the active mode, 

 

α

 

τ

 

, equals the fraction of active
adsorbers among the set of all adsorbers, 

 

α

 

a

 

, 

 

∞

 

:

(6)

In a real system, which is some finite sample, the
fraction of active adsorbers 

 

α

 

a

 

 (1) is the ratio of two
integers, whereas the experimentally determined
parameter 

 

α

 

τ

 

 (3) is an arbitrary number. Therefore, the
ergodic constraint (6) for a real system with a finite
number of adsorbers should be considered only as an
approximate equality:

(7)

In order for the exact ergodic constraint (6) to match
the approximate equality (7), the parameter 

 

β

 

 should be
introduced so that

(8)

We note that the choice of the parameter 

 

β

 

 is much
affected by the intuition and skill of the researcher. For
a sufficiently large number of adsorbers 

 

n

 

 in the system,
this parameter should be on the order of unity. From
Eqs. (1), (2), (4), (5), and (8),

(9)

Equation (9) can help to derive certain conclusions
about the optimum gas-separation system. For exam-
ple, in many significant cases, the optimization of an
adsorption system consists in the minimization of its
weight and size. Let us consider the target function,

αa ∞, ατ.=

αa ατ.≈

1
β
---αa ατ.=

n
Q
βq
------ 1

w f

wd

------
w f τ0

L
-----------+ +⎝ ⎠

⎛ ⎞ .=

 

which is proportional to the volume (weight) of the sep-
aration system composed of 

 

n

 

 adsorbents:

(10)

Here, 

 

V

 

0

 

 is the volume of the auxiliary elements of
the system per adsorber. The first term in Eq. (10)
equals the adsorber volume; the second one equals the
volume of the process equipment (including valves,
throttles, and intrasystem pipelines). For simplicity, let
the volume of auxiliary elements per adsorber be inde-
pendent of the adsorber length.

Substituting relation (9) into Eq. (10), we express
the target function through the adsorber length 

 

F

 

(

 

L

 

):

(11)

Solving the algebraic equation ∂F/∂L = 0, we arrive at

(12)

To L* (12), the minimum F(L) target function (11)
corresponds (figure).

The calculated L* (12) value can be used to esti-
mate, from Eq. (9), the total number of adsorbers in the
separation system for the given output Q and load per
adsorber q.

In concluding, we should note that, distributing
adsorbers over adsorption stages, one should try to best
satisfy relationship (8), which is a consequence of fun-
damental equality (6). The simplest route is to increase
n, the total number of adsorbers in the system. For
example, let laboratory or bed tests result in ατ = 0.7.
Guided by the constraints imposed on the pressure drop
upon the filtration of the given gas flow to be separated,
the process engineer has to use a system of four active
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Schematic plot of the F(L) target function (11). To the minimum F(L) function, L* calculated from Eq. (12) corresponds.



MOSCOW UNIVERSITY CHEMISTRY BULLETIN     Vol. 62       No. 6      2007

NUMBER OF ADSORBERS FOR A GAS SEPARATION SYSTEM 319

adsorbers. At least two adsorbers operating in the
regeneration mode are required to provide the steady-
state operation of this system. In this case, αa = 0.66
and β = 1.06. If further experiments show that the load
per active adsorber q is still unduly high, a system of
seven adsorbers, including five active adsorbers (αa =
0.71), can be considered. In this case, β = 1.014.

CONCLUSIONS

An algorithm for the number of adsorbers in gas
separation systems has been designed. The target func-

tion has been designed for the optimization of the num-
ber of adsorbents.

REFERENCES
1. Sircar, S., Golden, T.C., and Rao, M.B., Carbon, 1996,

vol. 34, p. 1.
2. White, D.H. and Barkley, P.G., Chem. Eng. Prog., 1989,

vol. 85, p. 25.
3. Zelenko, V.L., Makeev, E.A., and Kheifets, L.I., Izv.

Akad. Nauk, Ser. Mekh. Zhidk. Gaza, 2006, no. 3, p. 77.
4. Makeev, E.A., Zelenko, V.L., and Kheifets, L.I., Vestn.

Mosk. Univ, Ser. 2: Khim., 2006, vol. 47, p. 318.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


