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Modelling of Microporous Diffusion of N-Parafl'ms in Zeolite 5A 
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Abstract-Sorptive liquid-phase diffusion of two n-paraffins, C~0H2~ and CI~H~, dissolved in isooctane, onto micro- 
pore of 5A zeolite was studied to assess multicomponent diffusion and competitive effects. Diffusion coefficients for 
adsorbing components are detelmined from expelmlental batch reactor data. The experimental data indicate that 
diffusion through the microporous zeolite crystals is the primary diffusional resistance. A mathematical model of 
the rate of adsorption of a solute from a liquid by micropore adsorbent in a batch system was developed. The 
equation describing the mass tPaltsport by diffusion in a micropore adsorbent has been solved in order to obtain 
theoretical uptake curves for systems when the adsorption equilibrium isotherm is the favota-able and nolflinear one. 
A computer simulation of the microporous diffusion is performed by use of the ISIM-Interactive Simulation Lan- 
guage. The effect of main term and cross-term coefficients of micropore diffusion for the system considered is 
investigated. 
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INTRODUCTION 

The first step in develcrping a mathematical model for descrip- 
tion or prediction of adsorption dynamics is to provide a re- 
presentation of rate phenomena and equilibrium isotherm. 

Although extensive research has been conducted on adsorp- 
tion phenomena, most of the published papers in this field have 
dealt mainly with equilibrium behaviour, i.e., the interactive and 
competitive effects of various adsorbates on adsorbents under 
equilibrium conditions [Hulme et al., 1991; Periasamy and Na- 
masivayam, 1994; Lin and Hsu, 1995]. However, it is well re- 
cognized that maximum capacities of adsorbents are seldom fully 
utilized in most practical applications due to mass-transfer re- 
sistances. Therefore, both equilibrium and kinetic studies on ad- 
sorption are of importance for processes involving adsorption. 
Despite its importance, few kinetic studies have been reported 
on multicomponent liquid phase adsorption processes due to ex- 
perimental difficulties. Thus, little is known regarding multi- 
component diffusion effects for sorptive diffusion of multi-sol- 
utes onto adsorbents. 

Several versions of the rate equation model have been used 
to evaluate the available data for adsorption on zeolite to obtain 
values for diffusion coefficients. These include the homogeneous, 
heterogeneous, pore, surface, and combined diffusion models. 

The homogeneous diffusion model assumes that the particle 
is a homogeneous solid through which diffusion can be mod- 
elled by a solid-phase diffusivity [Ruthven, 1984; Klein, 1983]. 
The heterogeneous diffusion model assumes that diffusion in the 
particle occurs by macropore diffusion through the voids of the 
porous binder and micropore diffusion in the zeolite crystals 
[Rut_hven, 1984]. The micropore diffusion mechanism is assure- 
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ed to be solid diffusion only because molecular species in zeo- 
lite crystals should never be free from force fields associated 
with the pore wails. For liquid systems, macropore diffusion 
can be due to molecular diffusion and/or surface diffusion. The 
frequently used pore diffusion, surface diffusion, and combin- 
ed diffusion models are special cases of the heterogeneous dif- 
fusion model. 

Multicomponent models are usually extended from Nose appli- 
ed to binary component systems, and the competitive effects are 
most often accounted for through the multicomponent equilib- 
rium equations. 

Such work has been done using the film homogeneous dif- 
fusion, film-pore diffusion and film-heterogeneous diffusion mod- 
els with macropore and micropore diffusion [Moon and Lee, 
1983; McKay et al., 1987; Robinson et al., 1994]. Differences 
between the kinetic behaviour in binary and multicomponent 
systems have also been interpreted as being due to solute in- 
teractions during diffusion. In most cases, binary diffusivities 
could not be used to directly predict multicomponent data. 

In multicomponent diffusion, the flux of one component can 
be influenced by the concentration gradient of a second compo- 
nent. Such interactions can result in highly coupled mass-trans- 
fer phenomena, involving the special characteristics of multi- 
component diffusion [Lee et al., 1993]. 

The competitive adsorption of two adsorbing components in 
zeolites was theoretically analysed using a Monte-Carlo type of 
approach [Palenkar and Rajadhyaksha, 1985a, b]. It was found 
that the multicomponent diffusion effect was significant for the 
system studied and the contribution of a cross-term diffusivity 
could not be neglected. 

Experiments of competitive adsorption of two dissolved or- 
ganic compounds onto actived carbon [Fritz et al., 1981] have 
shown deviations between experimental results with two ad- 
sorbing component systems and those calculated from diffusion 
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models using one adsorbing component data. The deviations 
were especially large for systems with significant internal dif- 
fusional resistance, large differences in the mobility of the dif- 
fusing molecules or marked displacement of one component by 
the other. The deviations were caused by diff~ional interactions 
between the two adsorbing components in the adsorbed phase. 

The investigation of adsorption of n-paraffins dissolved in dif- 
ferent solvents onto zeolite 5A used a macroporous controlled 
diffusion model [Jakimova et al., 1983]. The macropore diffu- 
sion coefficients were determined, and they were of order l(r  ~ 
m2s -1. M. F. M. Post [1991] presented results for microporous 
diffusion coefficients of n-paraffins on different zeolites. For 
zeolite 5A they were of order 10 1~ m2s 1. These considerations 
enabled us to assume a microporous ram controlling mechanism 
for adsorption study in the frame of this paper. 

In this investigation the ternary systems are studied. The effects 
of main term and cross-term coefficients of micropore diffusion 
for the system considered are investigated. The mathematical 
expressions for the kinetics curves will be used to develop a 
mathematical model of the fixed bed adsorption column which 
is based on a mass balance on the column and a mass bal- 
ance on the particles in the column. 

T H E O R E T I C A L  

Rate of adsorption in porous adsorbents is generally controll- 
ed by transport within the pore network, rather than by the in- 
trmsic kinetics of adsorption at the surface. So it is convenient 
to consider intraparticle transport as a diffusive process and to 
correlate kinetic data in terms of a diffusivity defined in accord- 
ance with Fick's first law [Crank, 1975]. Such a definition pro- 
vides a convenient mathematical representation. 

The rate of adsorptive diffusion was determined from the con- 
centration curve of adsorbing component as a function of time. 
A mathematical model using Langmuir adsorption isotherm was 
used to find the best fit of an effective diffusivity to the ad- 
sorptive diffusion data. Diff~ion of one and two adsorbing com- 
ponents dissolved in isooctane on zeolite 5A was modelled by 
a set of d i l~ ion equations combined with source-sink terms due 
to adsorption inside adsorbent particles. Since the model of ad- 
sorptive diffusion for one adsorbing component can be found 
elsewhere [Ruthven, 1984; Weber, 1984], only the model for 
two adsorbing components is presented here. The homogenous 
diffusion model assumes that the zeolite crystal is a homog- 
enous solid through which diffusion of each individual species 
can be modelled by a single solid phase diffilsivity. To account 
for the multicomponent diffusion effect, the generalised Fick's 
law flux equation was used to describe the diffusion process, 
where the driving force for diffusion of one adsorbing compo- 
nent is dependent not only on its own concentration gradient 
but also on that of the second adsorbing component [Lee et al., 
1993]. 

Accordingly, for the system with two adsorbing components 
in isooctane on 5A, the governing equations for adsorptive dif- 
fusion assuming spherical micropore in the zeolite crystal, are 

~q, ~,~ (c)%+_2c)cbj 
Ot ,=~t~ Or~ r Or; )' i=l ,  2 (1) 

L. T. Mmkovska et al. 

Subscripts i and j represent the adsorbing components. The di- 
agonal (D,:, j=i) and off-diagonal (D,:, j;ei) terms are called main- 
term and cross-term diffusion coefficients, respectively [Lee et 
al., 1993]. The diffusion coefficient D~may not be equal to Dj,. 
A nonzero value of a cross-term diffusivity indicates the influ- 
ence of the concentration gradient of one component on the flux 
of another adsorbing component 

If the uptake of the adsorbing component by the adsorbent 
is small relative to the total quantity of adsorbing component 
introduced into the system, the ambient concentration of the ad- 
sorbing component will remain essentially constant following 
the initial step change. 

The appropriate initial and boundary conditions are 

q,=0 at t= (1  
q,=q,* at r=r  i=l ,  2 (la) 

@~qr')=0 at r=0J 

where q~ is in equilibrium with initial fluid concentration co,. In 
this case transport within macropores in pellets can be assum- 
ed to be very fast, since the concentration of the adsorbing com- 
ponent throughout the pellet is essentially uniform. It means 
that the adsorbing component concentration at the surface of the 
microporous crystal is the same as the average adsorbing com- 
ponent concentration in fluid phase. 

Eq. (1) represents two coupled partial differential equations 
which describe two adsorbing component diff~ion in adsorbent 
micropores. In treating dynamic adsorption data, it was shown 
[Meshko, 1990] that the adsorption rate is much faster than the 
diffusion rate, and hence local equilibrium can be assumed at 
the surface of the crystal. 

The boundary condition at the surface of the microporous 
crystal q,* depends on the isotherm being used. 

Many relationships have been proFosed to represent phase dis- 
tributions governed by adsorption equilibrium including the Gibbs, 
Freundlich, Largmuir, Dubmin, and Bmnauer-Emmet-Teller equa- 
tions [Yon and Tumock, 1971] In this investigation the ex- 
tended Langmuir isotherm equation is used: 

q2 k,c~ 
q,,,J = 1 + ~k~cj i = 1, 2 (2) 

It has been shown that this expression provides a reasonably 
good empirical correlation of the equilibrium data for the in- 
vestigated systems [Meshko, 1990; Poposka et al., 1990]. 

The average concentration for each adsorbing component 
throughout the zeolite crystal is defined as : 

- -  3 r ,  2 q,(t)=~f0q,(r,t)r dr i=l,  2 (3) 

The mathematical model cannot be solved analytically be- 
cause of its non-linearity and the complicated boundary con- 
dition on the surface of the microporous crystal. 

EXPERIMENTAL 

Adsorption equilibrium and kinetics studies were carried out 
in a thermostated batch reactor [Meshko, 1990] with mLxing 
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device and volume 1.5 dm 3. 
All the experiments were carried out using n-pamlTms (Cioi-I22, 

C11H24 , C12H26  , C13H28 ' C14H30  ) and a mixture of  two adsorbing 
components (C10H22 and CHH24) dissolved in isooctane. Each ex- 
periment was repeated three times. For the one adsorbing com- 
ponent diffusion study, the initial concentration of  each n-paraf- 
fin in isooctane was 5-150 mmol dm 3. For the two adsorbing 
component diffusion studies, the initial concentration of n-CHH24 
was two times the initial concentration of n-GoH~2. In this study 
the total initial concentrations were 30 mmol dm 3 and 76 mmol 
dm 3. Isooctane with purity of  99.3 % was used as solvent. The 
adsorbent used in this investigation was zeolite 5A (Union Car- 
bide product) with average particle diameter, 1.6 ram. The amount 
of  adsorbent employed per run varied in the range from 50 g 
to 150 g. Prior to an experiment the sieve was regenerated at 
673 K for a period of  24 hours in order to remove any traces 
of moisture or other contaminants. The sieve was cooled to room 
temperature, still under a nitrogen purge, and then transferred 
to the batch reactor which was filled with a lmown amount of  
pure solvent. It is necessary to perform the experiment imme- 
diately after the regeneration in order to minimise the possi- 
bility of  picking up moisture from the air. Usually a period of  
one hour was allowed for the non-adsorbable solvent to sat- 
urate the macmpores of the sieve. At time zero a known amount 
of  n-paraffin was introduced into the system. 

To maintain a uniform composition throughout the system 
the stirrer was operated at a fairly high speed (1,000 rpm). Pre- 
liminary experiments showed that above this speed, there was 
very little change in the experimental uptake curves. Under these 
conditions the film mass-transfer was assumed to be insignifi- 
cant. 

The temperature in the batch reactor was held constant at 295 
K. The volume of  the solution was 1 dm 3. The measurements 
were made by taking small samples (0.5 cm 3) from the solution 
at planned intervals. This means that it is possible to assume that 
the solution composition was constant during the runs. The con- 
centrations of  n-pamlTms were measured using Perldn-Elmer gas 
chromatograph 3920 B. For this purpose a glass capillary col- 
umn type WCOT-0.25 mm with OV-101 as stationary phase and 
FID detector were used. 

R E S U L T S  A N D  D I S C U S S I O N  

1. Details of  Computation 
The computer simulation of  the mathematical model described 

by Eqs. (1) to (3), was performed using ISIM-Simulation Lan- 
guage [ISIM, 1986]. This language is capable of  solving ordi- 
nary and partial differential equations and provides a choice of  
four different integration routines. In this investigation the cou- 
pled partial differential equations were transformed into a set of 
first order ordinary differential equations using finite difference 
method [Crank, 1975]. The Sarafyan fifth order variable-step 
explicit integration algorithm was used [ISIM, 1986]. 

The effect of main term and cross-term coefficients of  micro- 
pore diffusion on the kinetic curves was investigated. 
2. Results of Simulation 

The investigation of  adsorption equilibrium and kinetics of n- 
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Fig. 1. Equilibrium adsorption isotherms of n-paraffins dissolv- 

ed in isooctane with zeolite 5A as adsorbent, T=295 K, 
experimental points. 

: C10H22 , A : C i i H 2 4  , �9 : Ci2H2~,, �9 : C~3H2s, + : C i4H30  - : 

Langmuir isotherm 

paraffins in isooctane on zeolite 5A was carried out with one 
adsorbing component (C10H22, CI1H)4, C12H2(,, Ci3H2s, and Ci4H30) 
and two adsorbing components (C,M22-C~lH24). 

Experimental results from one adsorbing component equilib- 
rium adsorption study of  n-paraffins in isooctane on zeolite 
5A are shown in Fig. 1. The temperature of  the solutions was 
held constant at 295 K in these tests. All adsorption isotherms 
display a nonlinear dependence on equilibrium concentration c* 
[Poposka et al., 1990]. The same shape of  the adsorption iso- 
therms was obtained at other temperatures. The adsorption data 
for all five n-paraffins were fitted by Langmuir isotherm. Val- 
ues of model parameters % and k for each adsorbate-adsorbent 
pair, determined from the experimental data by nonlinear re- 
gression program REPROCHE [1992], are given in Table 1 and 
they are estimated from experimental data which do not cover 
the concentration range till attaining plateau state. The goodness 
of  fit is shown by the curves of  Fig. 1 and is also indicated 
by the magnitude of  the mean residual square in the Table 1. 

It is expected that the values of  % have to decrease with in- 
creasing the chain length because the molecular mobility in- 
creases in the cavities of  molecular sieves and their bonds with 
cavity surface become weaker. But in this study the values of  
model parameter q,, given in Table 1 and the experimental data 

Table 1. Langmuir model parameters qm and k for investigated 
systems, T=295 K 

System %, mmol k, Mean residual 
g~A dm3mmol ~ square, ~2, 

C,,H22-isooctane-5A 0.625 0.434 0.2328x104 
CHH24-isooctane-5A 0.710 0.261 0.1275x104 
C12H26-isooctane-5A 0.636 0.103 0.1150xl04 
C13H28-isooctane-5A 0.643 0.064 0.1235x10 ~ 
C14H30-isooctane-5A 0.688 0.034 0.2653x10 ~ 

~(q~*,~,, q~,,z~) 2 

,0_2  - i 
f 
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Fig. 2. Equilibrium adsorption isotherms of adsorbing compo- 
nents in system. 
CmH2e(1)-CuH24(2) dissolved in isooctane with zeolite 5A 
as adsorbent, T-295 K, experimental points: �9 : C10H22, 
A : C l l H 2 4  , - �9 Langmuir isotherm Eq. (2) 

presented in Fig. 1 do not show this effect. 
The two adsorbing component equilibrium adsorption studies 

of  n-paraffins in isooctane on zeolite 5A are performed by use 
of  the extended Langmuir isotherm equation [Eq. (2)] which ap- 
peared to be suitable for fitting the experimental data. This equa- 
tion, which assumes that all adsorbing components compete for 
the same adsorption sites, has been widely used due mainly to 
its simplicity and predictive ability within an acceptable accu- 
racy for engineering purposes. It has been found to correlate 
binary adsorption uptakes if the adsorbing components are simi- 
la3: in nature and follow the Langmuir isotherm relation. 

The adsorption isotherms of two adsorbing components in the 
system CIoHzz-CIIH24 dissolved in isooctane on zeolite 5A axe 
consistently lower than those of the corresponding single adsorb- 
ing component as can be seen from Fig. 1 and Fig. 2. 

The Langmuir model parameters (Table 1) obtained from sin- 
gle adsorbing component equilibrium adsorption studies of  n- 
pasaffms in isooctane on zeolite 5A were used for simulation of  
the uptake curves. In this investigation microporous diffusivities 
were estimated by matching the predictions of the adopted the- 
oretical model to the experimental results for n-paxaffms (C10H22, 
Cull24, C~2H2~,, C~3H28, and CHH30). The theoretical model used 
in this investigation was defined by the equation for diffusion 
of one adsorbing component [Ruthven, 1984; Crank, 1975]. This 
equation can also be derived from Eq. (1) by setting i - j -1 .  
The simulation studies were performed in order to obtain the 
microporous diffusivities for single adsorbing component system. 
The initial range for varying the diffusivities was estimated by 
the standard procedure [Ruthven, 1984]. By plotting the exper- 
imental values of  ~ against ,fi ,  the diffusional time constant 
D~l/r~ or diffusivity D,  (provided that r~ is known) can be di- 
rectly evaluated from the slope. The simulation of the theoret- 
ical uptake curves based on assumed microporous controlled dif- 
fusion with Langmuir isotherm indicates satisfactory agreement 
with experimental data especially in the range of low initial con- 
centmtions of n-paraffins (Fig. 5) and for n-paraffins with smaller 
chain length (Fig. 3 and Fig. 4). The obtained diffusivities of  
n-paraffins in 5A zeolite decrease with increasing chain length 
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Fig. 3. Calculated and experimental data of the uptake curves 
for the systems. 
C~0H22-isooctane-5A, T-295 K, c0-10 mmol dm 3, D,-1.9• 
10 16 m 2 s-1 
CuH24-isooctane-5A, T-295 K, co-20 mmol dm 4, D22-2.6• 
10 " m 2 s 

: experimental points for C I O H 2 2  , - : calculated curve Eq. 
(3) for i-1 

: experimental points for C l l H 2 4 ,  - : calculated curve Eq. 
(3) for i - 2  
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Fig. 4. Calculated and experimental data of the uptake curves 
for the systems. 
C.)H22-isooctane-5A, T-295 K, c0-25.35 mmol dm 3, D , -  
1.7xl0 " m 2 s 
CnH24-isooctane-5A, T-295 K, c0-50.7 mmol dm 3, D22- 
2.4• 16 m 2 s 1 

: experimental points for C~oH22, - : calculated curve Eq. 
(3) for i-1 

: experimental points for C l 1 I ~ 2 4 ,  - : calculated curve Eq. 
(3) for i-2 

and their magnitudes are in agreement with M. F. M. Post [1991]. 
The procedure of  determining the microporous diflhsivities of 

two adsorbing components in system C10Hzz(1)-C11H24(2) dis- 
solved in isooctane on zeolite 5A is accomplished by an @pro- 
priate simulation program. 

To a first approximation, the data for the two adsorbing com- 
ponents were treated by assuming that each adsorbing compo- 
nent diffuses independently with the same diffusivity as in the 
case of  single adsorbing component diffusion. Under such as- 
sumption the obtained diflhsivities were in the range 1.0xl0 ~(~ 
mZs i to 3.0• 16 mZs i for both adsorbing components and 
for different initial concentrations. No cross-term coefficients 
in Eq. (1) were considered and the competitive effect was taken 
into account only through the extended Langmuir isotherm, Eq. 
(2). In this case the deviations between the experimental data 
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Fig. 5. Calculated and experimental data of  the uptake curve 
for the system. 
C,4H30-isoocta~e-5A, T=295 K, co 8 mmol dm 3, D, =0.58x 
1 0 16 m2s 1 

�9 : experimental points, - :calculated curve Eq. (3) for i=l 

and the estimated data using the model was unacceptable. 
In order to achieve better agreement of  the experimental data 

with the model, multicomponent diffusion effects were further 
investigated. The main-term diffusivities of  C,0H22 and CllH24 
in the system with two adsorbing components were assumed 
to be the same as those in the system with one adsorbing com- 
ponent. Then, non-zero cross-term diffusivities were incorporat- 
ed into the mathematical model [Eq. (1)] to fit the experimen- 
tal data of  C10H22(1)-CuU24(2 ). First the values of  the cross-term 
coefficients were assumed to be equal (D,2-D2,) due to the prin- 
ciples of  irreversible thermodynamics, less than main-term coef- 
ficients and they had a negative sign. Lee et al. [1993] indicated 
that the negative sign implies that the diffusion rate of  one ad- 
sorbing component is proportional to the reverse of  the con- 
centration gradient of  the second component, signifying that the 
diffusion flux of  the second adsorbing component has a retard- 
ing effect on the diffusion of  the first component. The agree- 
ment between the experimental data and model was still unac- 
ceptable. 

For a system with two adsorbing components the lower dif- 
fusivity values compared to those obtained for the system with 
one adsorbing component were expected. So in the further in- 
vestigation the values of  the main-term coefficients and their 
ranges of  varying were assumed to be smaller. Two main-term 
and two cross-term diffusion coefficients were varied simulta- 
neously. The methodology of  experimental planning was used 
[Fdprijanova and Markovska, 1993]. The full factorial design with 
four independent variables (D., D22, D12, D21) was applied and 
sixteen simulations were carried out in the first step. The dif- 
fusion coefficients had their lower and upper levels in the fol- 
lowing ranges : 

DIIxl016 E (1.3 to 1.8) m2s 1 
D,2• ~ (-0.1 to -0.02) m2s i 
D2,• e (-1.0 to -0.5) m2s i 
D22• I~' E (2.0 to 2.5) m2s i 

The values of  the cross-term coefficients were not considered 
to be equal because the initial concentrations of  two adsorbing 
components in the investigated system were not identical. The 
initial concentration of  n-CHH24 was two times the initial con- 

centration of  n-C10H22 . 
The agreement between the experimental data and the model 

was better for C10H22 than for C.H24. So further simulations were 
accomplished and both diffusion coefficients for the first ad- 
sorbing component were held constant (D.-1 .7xl0  16m2sl and 
D12--I.0• 18m2sl). In order to obtain information about sen- 
sitivity for various values of  the both diffusion coefficients for 
the second adsorbing component a few simulations were carri- 
ed out. The simulations for D22-2.0• 1~, m2s i, D22_3.0• 16 
m2s I and different ranges for D21 (-1.0 to -0.1)xl0 ~' m2s ' and 
D21 (-2.5 to -1.7)x10 ~(' mes ', respectively, were performed. 
The results are presented in Fig. 6 and Fig. 7. The varying of  
the cross-term diffusion coefficient I)2, did not show sensitiv- 
ity on the uptake curves. The goodness of fit is indicated by the 
mag-nitudes of  mean residual square as is shown in Table 2. 
As can be seen in Figs. 6 and 7 and Table 2 for the system 
with two adsorbing components, C~0H22(1)-C.H24(2), for differ- 
ent total initial concentrations of  both adsorbing components 
the agreement between the experimental results and the calcu- 

02500 

2 

mmol gSA 

0.1250 

. . . . .  )'_ .... 

0.0625 

0.000 , 
000 0 7S t 50 225 300 

t. h 

Fig. 6a. Calculated and experimental data of  the uptake curves 
for the system. 
C.JA22(1)-C,.H24(2)-isooctane-5A, T-295 K, co-30 mmol 
dm~ (c01-10 mmol dm 3, c02-20 mmol dm 3) 
Diffusion coefficients : D u -- 1.7•  l 0 1,, m 2 s  I ' D I  2 _ _ 1 . 0 x  l 0 is 

m2s 1, D22-2.0• 16m2s1,  D 2 1 - ( - 1 . 0 ,  -0.1, 0.3)x10 16 m 2 s  1 

�9 : experimental points, - : calculated curves Eq. (3) 
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Fig. 6b. Calculated and experimental data of  the uptake curves 
for the system. 
C ,0H22(1 )-C,,H24(2)-isooctane-5A, T = 295 K, co = 30 mmol 
dm 3 (c01= 10 mmol dm 3, C02=20 mmol dm 3) 
Diffusion coefficients: D .  = 1.7x10 '~' m2s ', Die -1.0xl0 ,s 
m2s  1, D 2 2 = 3 . 0 •  16m2 s 1, D21 (-2.5, -1.7, 0.4)x10 16 m 2 s  1 

: experimental points, - : calculated curves Eq. (3) 
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Fig. 7a. Calculated and experimental data of the uptake curves 
for the system. 
C10H22(1)-CuH24(2)-isooctane-5A, T 295 K, c0=76 mmol 
dm 3 (c0, 25.3 mmol dm 3, c02 50.7 mmol dm 3) 
Diffusion coefficients: DH=I.7xl0 16 mZs 1, Du=_l.0• 18 
m2s ~, D22=2.0• " m2s ~, D21=(-1.0, -0.1, 0.3)• " m2s i 

: experimental points, - : calculated curves Eq. (3) 
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Fig. 7b. Calculated and experimental data of the uptake curves 

for the system. 
C,oH22(1)-CHH24(2)-isooctane-5A, T-295 K, co-76 mmol 
dm ~ (c0~-25.3 mmol dm 3, c02-50.7 mmol dm 3) 
Diffusion coefficients : D11-l.7• ~' m2s ~, O12--1.0• I~ 
m2s ~, Dzz-3.0• " m2s ~, D21-(-2.5, -1.7, 0.4)• ~' m2s 

: experimental points, - : calculated curves Eq. (3) 

Table 2. Goodness of fit of uptake curves for system C.~H22-C.H24-isooctane-5A 

C 0 D n x l 0  I(' D12• 1 0 Is D22• 1 0 "  D21• 1 0 "  ~3 2 • 4 O2• 4 
(mm01 dm 3) (m 2 S I) (m 2 s i) (m 2 s i) (m 2 S i) (C 1)H22 ) (CllH24) 

30 1.7 -1.0 2.0 -1.0 0.463 0.462 
-0.7 0.623 
-0.4 0.866 
-0.1 0.766 

76 1.7 -1.0 2.0 -1.0 1.03 10.3 
-0.7 12.3 
-0.4 14.0 
-0.1 13.0 

30 1.7 -1.0 3.0 -2.5 0.46 0.86 
-2.1 0.57 
-1.7 2.20 

76 1.7 -1.0 3.0 -2.5 1.03 8.2 
-2.1 9.8 
-1.7 20.3 

lated kinetic curves is satisfactory for the set of  diffusion coef- 
ficients used. 

C O N C L U S I O N S  

The study of diflhsion of  two n-paraffins, C10H22 and C 1 1 H 2 4  , 

dissolved in isooctane, onto micropore of 5A zeolite showed that 
the adsorption rate of  one adsorbing component was slowed 
down by the presence of  the second adsorbing component in 
the system. 

The results obtained during this work revealed that for the 
system with two adsorbing components, two main-term and two 
cross-term diffusion coefficients might be obtained by fitting the 
experimental data to the mathematical model. Based on our re- 
suits it appeared that introducing the cross-term diffusion coef- 
ficients led to better agreement between the experimental data 
and those calculated from the model. However, the goodness 
of  fit was better if the values of  the cross-term diffusion coef- 
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ficients were not equal, which is contradictory to the principles 
of  irreversible thermodynamics. In such a case the possibility 
of  including another diffusion resistance in the mathematical 
model has to be considered. For a system with five adsorbing 
components (C,M?2-CHH?4-C~2H?,,-C~3H?8-C~4H30) the number of  
diffusion coefficients is very high and this leads to the ap- 
pearance of many difficulties in procedure of their determination. 
For such systems determining only the main-diffusivities using 
the proposed simulation technique is recommended. 

The mathematical expressions for the uptake curves for the 
system with two adsorbing components will be used to develop 
a mathematical model of  the fixed bed adsorption column which 
is based on a mass balance on the column and a mass balance 
on the particles inside the column. In this case the choice of  
the best kinetic curves will be a very tedious and time con- 
suming procedure. 

It is hoped that this work provides an incentive for further 
research on multicomponent diffusion. 
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N O M E N C L A T U R E  

C0 

C* 

f 
k 
q 
q, 

q~, 
r 

r~ 
t 
T 
o-2 

concentration of n-paraffins in the liquid phase [mmol 

initial concentration of n-paraffins in the liquid phase 
[retool dm -3] 
equilibrium concentration of n-l~raffms in liquid phase 
[retool dm -3] 
micropore diffusivity [m~s '] 
number of degree of freedom 
parameter in Langmuir equation Eq. (2) [dm3mmo1-1] 
adsorbed phase concentration of n-paraffm [mmol g~] 

�9 equilibrium adsorbed phase concentration [mmol g;1] 
: average adsorbed phase concentration [retool g;~] 
:parameter in LangmuJr isotherm Eq. (2) [mmol gs~] 
:radial coordinate of zeolite crystal [m] 
:radius of  zeolite crystal [m] 
:time [s] 
:temperature [K] 
:mean residual square 

Subscript 
i, j :adsorbing components i and j 
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