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Simultaneous diffusion and adsorption of 1,2-dichloroethane from air into activated carbon pa
was studied at ambient temperature. The measurements were carried out in adsorbers wit
height equal to the diameter of activated carbon particles. On the basis of the assumption of di
and adsorption in a quasihomogenous porous medium, effective diffusion coefficients were
lated. Their values are linearly dependent on the concentration of adsorptive in the inlet gas. |
evaluation of errors, mass transfer resistances in the fluid and solid phases were calculate
maximum value of the former did not exceed 12.5% of the overall resistance.
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Here we report a study of diffusion in solid porous media, aimed at obtaining vel
parameters required for the design of commercial separation and catalytic proce:
well as for the identification and description of particular process steps participati
the mass transfer within solid phase pores. Numerous works have been devotec
investigation of mass transfer within a precisely defined porous zeolite stfattu
various measuring methods being used for these investigations. Differences be
values of diffusion coefficients of substances in zeolite crystals measured und
same conditions by NMR, gravimetric of chromatographic techniques cover se
orders of magnitucde Some of the causes of the differences are known; however, |
the present time, no procedure has been reported for the employment of these
describing mass transfer necessary for the design of adsorbers. An approach is ¢
to designing adsorbers which uses the rate data obtained under the same or
assumptions concerning mass transfer as they are used in the design. In the
contribution, we assume that diffusion with sorption proceeds in a quasihomoge
medium, which is also considered in the design of sorption equipments.
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THEORETICAL

Mass Transfer in a Quasihomogeneous Medium

Let is consider a solid porous medium with pores filled with a fluid phase, whic
isotropic from the standpoint of mass transfer. If adsorption of one component
place in the pores and there exists a concentration gradient of this component
fluid phase, then the unsteady mass transfer in porous media can be described
following relationship:

dcy, 0da
P + ot =D'Ac, . @

Diffusion coefficientD’' of substance A in a porous medium characterizes the r
transfer in solid phase pores by molecular, Knudsen or surface diffusion and/or

combination. If one assumes an infinitely rapid trapping of the adsorptive from
close vicinity on the adsorption surface and the validity of a linear isotherm in the fol

aa =Ky @

then one can rewrite Eql)(into the following form

0Cp
F = De ACA ) (3)

in which diffusion coefficienD, is given by the relation

__D
E_B+K' (4)

D

Equation 8) can be solved analytically or numerically for a given form of particle
the porous medium and for chosen initial and boundary conditions. For cylindrica
ticles and symmetric diffusion, Eq3)(can be rewritten to:

% _p D%, 106 0%

ot epar? Troar T 0225' ©)

If the cylindrical particle of the sorbent having radRiand length_ is supposed to be
without adsorbate and adsorptive and, from a certain time, a constant concentra
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adsorptivec,, is kept on the particle surface, one can define both initial and boun
conditions by

Ca(r,z0)=0; ca(RzZT)=cCpy;  Ca(rxL/27) =cCpy

dca(021) 0 dca(r,01)

o 0z ©
By solving Eq. §) for conditions 6), one obtaines the following restlt
P Z Z Ky 1(un) = Wﬁ#““n*ﬁ) '
n=1n¥1
os@n - 1)T|z expl 3.& (2n- 1)2BD T[| @

Equation {) makes it possible to calculate the concentration of adsorptive in an
trary place of the cylindrical adsorbent particle at a chosen time. In determinin
values of effective diffusion coefficient, one should know the adsorbed amount or
centration of adsorbate at a chosen time. The required relation derived fro2) Bgd (
(7) is giverf by:

_AM O 0498 @em-12m0 0
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EXPERIMENTAL

1,2-Dichloroethang DCE) contained 99.67 wt.% of DCE, and 0.29 wt.% and 0.04 wt.% of lov
and higher-boiling substances, respectively.

Activated carbonSupersorbon HS-4 in the form of cylinders with a mean diameter of 4.61
and a mean length of 6.70 mm.

Apparatus schematically drawn in Fig. 1, consists of two flows necessary for ensuring th
quired flow rate of pure air and a required concentration of DCE. The prepared mixture of a
DCE passes the adsorber with an activated carbon bed height equal to the particle diameter
ther adsorbers filled with activated carbon, in which the rest of the adsorptive is quantitative
trapped. In the adsorbers, the activated carbon bed was placed in the centre of the adsorber
the upper and the lower parts of the equipment were filled with hollow glass cylinders of ap|
mately equal thickness and length as those of the activated carbon particle.
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Prior to the measurement, all adsorbents were activated by heating &€ EiOsmall flow rates
of dried air for about 3 h. After reaching constant values of flow rates and adsorptive concen
(about 30 min), the flow rate of saturated air was switched to one of the adsorbers. The time
of the adsorbed amount was estimated by weighing the adsorbers. In our measurement, at I
adsorbers with a bed height equal to the particle diameter were used. The adsorption was catr
in one of these adsorbers and the other was weighed. The inlet concentration of adsorptive w
mated from the total adsorbed amount and the amount of air.

RESULTS AND DISCUSSION

From the measured set of data,( 1;) and using Eq.§), values of effective diffusion
coefficients were calculated by the optimization method. As an optimization func
Eq. @) was used:

DMmD mm0o o o
%mmgneas gxmmgalc ()

The calculated values of effective diffusion coefficients along with measuring cc
tions are listed in Table | and plotted in Fig. 2.

The utilized measuring method, as it follows from initial and boundary conditins
necessitates keeping a constant concentration of adsorptive on the outer adsorpt
face. It is obvious that the fulfiiment of this condition requires a zero resitance to
transfer in the fluid phase and, relative to the supplied amount of adsorptive, a
gible portion of adsorptive entrapped in the adsorber investigated. The foregoing
are manifested in the plét, vsflow rate of gas. Figure 2 reveals that the used flow r
of 18 | mirr! is necessary for the adsorber utilized. At a flow rate of 4.8 t'nihe
mass transfer resistance in the fluid phase, especially at higher adsorptive con

Fic. 1

Diagram of the experimental apparatdsmano-

meter,2 distribution valve,3 adsorber filled with
activated carbor4 adsorber filled with silica gel,
5 needle valvep flow-meter,7 saturator,8 ad-

sorber with a differential bed of adsorbefitad-

sorber filled with activated carbod0 adsorber
filled with silica gel, 11 cock, 12 outlet of gas
into the fume chamber
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tions, cannot be neglected. The mass transfer resistance in the fluid phase affe
accuracy in determininB, by the given method under conditions for which the deil
mined value oD, practically does not change with an increase in the flow rate. Fo
conditions of measurements, the mass transfer resistance in the flowing gaseo
solid phases was calculated using the following relations

TaBLE |
Effective diffusion coefficients of 1,2-dichloroethane in particles of activated carbon Supers
HS-4
. Superficial Adsorptive Effective diffusion
Measurement Temperature Air f_Io_vY velocity of air concentratiorc,, coefficientD, . 10°
No. () | min m S_l _3 2 1
gm m- s
1 24.3 4.8 0.0349 1.0 0.35
2 26.0 4.8 0.0349 13.3 217
3 27.6 14.0 0.1019 125 4.13
4 26.4 18.0 0.1301 0.9 0.75
5 27.0 18.0 0.1301 5.8 2.01
6 27.1 18.0 0.1301 9.2 3.55
7 27.0 18.0 0.1301 12.0 4.34
8 27.6 18.0 0.1301 135 5.24
6
D, .10%°
m2 S—l
4 —
2 -
Fic. 2

12
Car1,9M

16

Dependence of the effective diffusion coefficier
(Dg) on the concentration of adsorptivg4) in the
flowing inert gas at various flow rates:4.8 | min?,

0 14.0 | min?, O 18.0 | mint
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Na = Kc(Ca = Cag) = KydCa — Caj) = Ks{Tai — a) (10
1_1, 1
Ko ke Ky 4y

The value ofky. was calculated from the dimensionless relation for the flow of ge
through a fixed bed of solid particles/alues ofksqwere calculated from the relatfon

=g ? - 12

The resistance of the fluid phase calculated from Et). did not exceed 12.5% of the
total resistance. The relation used for the calculation of the mass transfer coeffici
the fluid phase is valid for adsorbers with a fixed bed of adsorbent. The used ad
had the activated carbon bed with a height equal to the diameter of particles surrc
from both sides by inactive glass particles. Hence, the concentration field of adso
in the neighbourhood of adsorbent particles was more suitable than in the case
adsorber filled only with activated carbon particles. The computed values of Sh nt
andk,.are, therefore, lower than the real ones. Thus, the estimated mass transfer
ance of the fluid phase is the maximum value. The fact that the greatest possible
of this resistance is 12.5% suggests that the value of the mass transfer resistanc

1

0.0 0.1 0.2 037 %% 04
T T T
12 - f
Ca1
gm™
gl _
4k i
Fic. 3 0 | ‘ |
. . . 1
Adsorption isotherm of 1,2-dichloroethane on ac- 459 005 010 045 020 025
tivated carbon Supersorbon HS-4 g gcm™

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



620 Bobok, Besedova:

solid phaseR,, is loaded with a maximum error of 12.5%. By substituting the def
tion of ky;from Eqg. (2) into the expression fdR;, one obtains

- dp 13

De

From the last equation follows that the relative erroDgfis given by the sum of
relative errors ofd,, K andR;. For low values oK, provided that the adsorption isc
therm of 1,2-dichloroethane on activated carbon could be approximated by a st
line, the relative error dd.does not exceed 20%.

A linear isotherm is assumed in the model used. Figure 3 shows that this condi
only fulfilled for the investigated system at low concentrations. From the viewpoit
the magnitude of the driving force during adsorption, the real nonlinear course
equilibrium curve is more favourable than the linear course used in the model.

In the literature, values of effective diffusion coefficients of DCE in activated car
particles are not available. There is no discrepancy between the determined valu
data published for other systems. From Fig. 2, a linear relation between the eff
difffusion coefficient and the adsorptive concentration, ranging from 1 to 14 gsn
apparent. Then, the relation obtained by the least-squares method has the fol
form:

D.=3.53.10%%c,, +2.52.10% . 14
e AL

Measurement No. 6 was carried out in such a manner that, prior to measureme
adsorber was saturated with water vapour at its partial pressure 124 Pa. The sal
tial pressure of water vapour was also in the air used in the measurerdgnfafcan
be seen in Fig. 2, the moisture content in the investigated range does not signif
influence the value of the effective diffusion coefficient. The moisture content il
has an influence on the equilibrium-adsorbed amount which, due to moisture, dec
by about 3 g/100 g activated carbon.

SYMBOLS
ca adsorptive concentration, kg
Cai interfacial concentration of adsorptive in air, kg®m
Cas fictitious concentration of adsorptive in equilibrium wik, kg nT3
Ca1 adsorptive concentration in air at the adsorber inlet, 8 m
dp diameter of spherical particle, m
De effective diffusion coefficient, As?
D' diffusion coefficient in porous media,2rsrt
lo Bessel function of the first kind and zero order
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I1

Bessel function of the first kind and first order

Kgc individual mass transfer coefficient in fluid phase (defined by £g),(m s?
Ksq individual mass transfer coefficient in solid phase (defined by F), (m s*
K equilibrium constant (defined by Eq))
Ke overal mass transfer coefficient (defined by Bd@),(m s?
L length of the adsorbent cylinder, m
Amy increment of the adsorbed amount per timkg
Amy, increment of the equilibrium adsorbed amount, kg
Naz mass flux of component A indirection relative to stationary coordinates, kf &t
ga adsorbate concentration, kg
gai interfacial concentration of adsorbate, kg*m
gat increment of adsorbate concentration per timkg nT3
JAw equilibrium adsorbate concentration, kg®m
r radial coordinate, m
R radius of adsorbent particle, m
Rs mass transfer resistance in the solid phase;ls m
z axial coordinate, m
B porosity of solid medium
Mn roots of Bessel function of the first kind and zero order
T time, s
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