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Abstract—A mathematical model has been introduced for the bed packed with porous particles in which
capillary condensation has occurred. Estimation methods for the parameters related to capillary condensation
were suggested using the results for the computation of the pore size distribution obtained from the experimen-
tal data during desorption process. Variations of the chromatographic response curve were predicted with
the degree of capillary condensation. As the degree of capillary condensation increases, response becomes
faster and the peak value of the normalized response curve increases within about 30%. Sensitivity test
revealed that Peclet number is the most sensitive parameter and partition coefficient becomes sensitive when
it is approximately greater than 1. Sensitivity of the gas phase effective diffusivity was found to be very
small and the optimum experimental condition for the determination of the reliable effective diffusivity was

examined.
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Fig. 1. Adsorption isotherm of cyclohexane vapor at 30.9°C
on y-alumina.
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Table 1. Results for the pore size distribution.

. D v 5 T, AV, AS, S,
! Do cm’/g A A cm®/g m?/g m?/g
0.996 81.24 4815 0
1 2585 0.802 0.0303
0.939 8047 353.9 0.020
2 245.6 157 0.624
0.843 79.13 1374 0.65
3 109.8 244 2.176
0.740 7727 82.2 28
4 74.0 434 5.73
0.679 74.25 65.8 8.6
5 62.4 6.69 1047
0.644 69.81 59.0 19.0
6 56.8 10.5 18.12
0.618 63.03 545 37.2
7 53.0 14.0 25.79
0.598 54.20 515 62.9
8 49.9 16.6 32.53
0.574 43.79 483 95.5
9 46.2 189 40.06
0.538 31.89 40 1355
10 40.9 16.3 38.89
0475 21.00 378 1744
11 335 742 21.65
0.359 13.61 292 196.1
12 259 1.09 412
0.241 9.36 226 200.2
13 20.6 0.708 3.36
0.159 6.40 18.6 203.6
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Fig. 2. Pore size distribution for the adsorption isotherm o/po

of cyclohexane.
Fig. 3. Variations of adsorbed veolume during desorption
and cumulative area of the adsorbed layer with re-
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Table 2. Relative pressure and fractional area of the adsor-
bed film with the degree of condensation.

P

q - t
0 0 1.0
0.1 0.21 0.992
0.2 0417 0.939
0.25 0.471 0.870
03 0.501 0.807
0.4 0.541 0.671
0.5 0.567 0.543
0.6 0.583 0.436
0.7 0.604 0.308
0.75 0.615 0.253
0.8 0.622 0.197
09 0.666 0.097
1.0 10 0.0
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Table 3. Details of column and adsorbent

Column temperature=230C
Column length=15cm
Interstitial velocity=2 cm/s

Bed void fraction=0.538

Pellet radius=0.159 cm
Macropore volume=0.156 cm®/g
Micropore volume=0.391 cm®/g
Apparent density=1.19 cm%/g
True density=3.39 cm®/g

Initial micropore porosity=0.464
Macropore porosity =0.186
Average macropore radius= 15004
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Fig. 4. Variations of response curve with degree of conden-
sation.
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Table4. Mean and various contributions to variance, com-
puted using the standard values given in the text

mean=1.383
variance = Vp,+ Vpy + Vit Vi = 3.827

where Vj,= ?2— ui=3.824
2 (1—8) (g+e-K)?

Vo= T N, =0.00284
_2 (-8 (5+egK? _
V= 3 . Bi-N, =0.00036
2 (1 €) E/ 14
Vo= 3 e N, =53X10

c(r,m)

Fig. 5. Variations of response curve with partition coeffi-
cient.
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Fig. 6. Variations of response curve with N,.
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Fig. 8. Variations of response curve with Biot number.
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: Biot number defined in eq. (12)
: concentration in the mobile fluid of the bed
: dimensionless concentration defined in eq. (6),

C[, Cp

: Laplace transform of the concentration C

: concentration in the adsorbed layer

: concentration at the bed inlet

: concentration in the stationary fluid of the pellet
: macropore effective diffusivity

: micropore effective diffusivity

: Knudsen diffusivity

: liquid phase diffusivity

: molecular diffusivity of hydrogen in the gas mix-

ture

: effective diffusivity in the pellet
: axial dispersion coefficient
: fraction of the surface area covered with the ad-

sorbed layer

:external film mass transfer coefficient

: partititon coefficient

: bed length

: dimensionless group defined in eq. (12)

: dimensionless group defined in eq. (12)

: partial pressure of the adsorbate vapor, pi, ps,

Pa

: Peclet number defined in eq. (12)
: saturation vapor pressure of the adsorbate
: degree of condensation based upon micropore

volume of the pellet

:radial coordinate in the pellet
: Kelvin radius(i.e. radius computed by the Kelvin

equation), ryy, Tk

:average Kelvin radius

: pore radius

: average pore radius

: mean pore radius

: dimensionless radial coordinate, or universal gas

constant
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Re
R,

Sc
Sh

<< 3" w»

==

Vk

: Reynolds number

: radius of the spherical pellet

: Laplace domain variable

: Schmidt number

: Sherwood number

: cummulative surface area of the pore walls co-

vered with the adsorbed film

: total surface area of the pellet per pellet volume
: time

: absolute temperature in °K

: interstitial velocity

: adsorbed vapor volume(STP) per gram adsor-

bent

: liquid molar volume of the adsorbate
:vapor volume(STP) of the adsorbed film per

gram adsorbent

: adsorbed volume(STP) of inner cylinder of ra-

dius rx per gram adsorbent

: actual pore volume(STP) per gram adsorbent
: depth coordinate in the adsorbed film

: mole fraction
: coordinate of the bed in the axial direction

agzlojA 22X}

8 :adsorbed film thickness, &, &;

A :difference at a desorption step

8(t) : Dirac delta function, &(t)

€ :bed porosity

€, :macropore porosity

g, :volume fraction of the adsorbed film, defined
in eq. (12)

€ :micropore porosity

g, :pellet porosity

y :surface tension between adsorbate and adsor-
bent

@ :variable defined in eq. (14)

y :variable defined in eq. (15)

p :density

p, :apparent particle density

p:  :true particle density

u; :mean or first absolute moment

o’ :variance or second central moment

0 :space time defined as L/v

S X}

a :macropore

CH : cyclohexane

i :micropore, or i-th desorption step

o :initial value
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