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Abstract. The diffusion of volatile components trough polymers or other 

materials of different geometry (plane, spherical or cylindrical) is essential for 

many industrial applications. In order to characterize the mass transport in these 

processes, an effective diffusion coefficient is needed. 

  The diffusion coefficients estimation, usually using indirect methods, is 

based on experimental measurements of volatile components diffusion, retained 

on sorbents. Hence, the diffusivity is assessed by measuring pressure, sample 

weight or concentration, externally. These calculations require an appropriate 

model which describes the processes and the occurring transport phenomena.   

 In this paper we present estimations of the diffusion coefficients using 

theoretical and experimental methods. These experimental methods are based on 

the kinetics of the solvent retention within materials of different shapes. 
 

Keywords: cylindrical geometry; diffusion; planar geometry; process; 

spherical geometry. 
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1. Introduction 

 

Solute transport through a planar, spherical or cylindrical matrix has a 

great importance in many processes (polymer films drying, biopolymer 

devolatilisation, air conditioning, drug release, etc). A lot of adsorbent or 

catalyst grains, medicine tablets etc. are in spherical or cylindrical form. In 

many cases, the active component may diffuse in a planar polymeric coating. 

Spherical and cylindrical carriers such as synthesised silica sol–gel, modified 

chitosan and hydroxyapatite have been used for drug encapsulation and 

controlled release (Rong et al., 2007). An effective diffusion coefficient is 

desired to characterize the mass transport in these processes. 

Various techniques for the measurement of diffusion have been 

developed (Mămăligă et al., 2004; Negoescu and Mămăligă, 2013). For a large 

number of the indirect methods, the diffusing species, or its concentration 

profile in the microporous material, is not directly observed; the diffusivity is 

rather calculated from the external measurement of pressure, concentration, or 

sample weight. Such computations require suitable models which describe all 

transport phenomena and possible sorption processes that can occur in the 

experimental setup. The diffusion coefficients determination is based on 

uptaken measurements of the volatile component in sorbents. Analysis of the 

sorption data can be accomplished by various means. 

In air conditioning, water vapor adsorption is one of the most important 

practical applications.  

In these studies, methods to determine apparent and effective diffusion 

coefficients within polymeric films, spherical and cylindrical porous granules, 

were developed. Diffusion coefficient can be expressed as a function of the 

normalized adsorption and the length to radius ratio. Its values were determined 

from individual time and adsorption points. The effective diffusion coefficient 

of water in a polymeric cylinder was determined by fitting radial diffusion 

curves to experimental data (Rong et al., 2007; Smith et al., 2004).  

In the current paper, some theoretical and experimental methods for 

diffusion coefficient estimations are presented. The experimental methods are 

based on the overall kinetics of solvent/gas uptake within polymer films, 

spherical and cylindrical grains. 

 
2. Polymer Film Diffusion 

 

The diffusion of gases and vapors in polymeric films is of particular 

importance in industry and technology. Some examples are: devolatilization 

processes, which involve the removal of monomer traces, polymer films and 

polymer-based adhesives drying, polymeric membranes manufacture. 
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 A diffusion process in a planar sheet can be described by Fick’s second 

law, as follows: 
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with the initial and boundary conditions for a 2l film thickness (-1 to 1) exposed 

to an infinite quantity of solvent: 
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where C is the concentration and D is the mutual diffusion coefficient. A 

solution of Eq. (1) with conditions (2) was given by Crank (1975) in the 

following form: 
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For sorption experiments based on gravimetric techniques, the 

following equation can be obtained (Crank, 1975): 
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where Mt is the total amount of solvent diffused into the polymer at time t and 

Meq is the equilibrium corresponding amount. For low values of the diffusion 

time, Eq. (4) can be set as: 
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and, in the simplified form: 
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Following the graphical representation of the Mt/Meq - t  dependence 

(Fig. 1), we can determine the diffusion coefficient from the slope at the initial 

moment S, according to the equation (Mămăligă et al., 2004): 
 

                    22 lS
4

π
D                                                  (7) 

 
Fig. 1 ‒ Initial slope estimation from kinetic data. 

 
3. Diffusion in Spherical Granules  

 

Studies of water vapors adsorption kinetics in porous media offer useful 

information for air conditioning and gas purification plants design and 

optimization (Aristov et al., 2006; Simonova et al., 2009). A relatively high 

number of studies performed on adsorbents such as silica gel or various types of 

zeolites emphasizes that the adsorption rates are influenced by the water vapor 

diffusion into adsorbent pores (Kaerger and Rhutven, 1992; Ruthven, 1984). 

The effective diffusion coefficient, De, includes three different transport 

mechanisms: molecular, Knudsen and surface diffusion (Kaerger and Ruthven, 

1992). To measure the effective diffusion coefficient, several methods were 

proposed. The solute diffusion into porous spherical particle can be described 

by the equation given by Ruthven (1984): 
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where De is the effective diffusion coefficient,  – material porosity, q – the 

adsorbate concentration in the solid phase, and C – the adsorbate concentration 

in the gaseous phase. 
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 If the concentration variation is low, the equilibrium relationship can be 

considered linear: 
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with K = K(C0) = constant. Eq. (8) becomes: 
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or:  
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The initial and boundary conditions are as follows: 

 

                   C(Rp, 0) = C0,  q(Rp, 0) = q0;                                           (12) 

                  C(Rp, ) = C,  q(Rp, ) = q;      (13) 
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where Rp is the particle radius. 

The solution of the Eq. (11) is given by Crank (Crank, 1975):  
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where: 
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q is the adsorbed quantity at time t, and K is the slope of the adsorption 

isotherm. 

A simplified equation valid for the beginning of diffusion is given by 

Ruthven (1984): 
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where A and V represent, respectively, the particle surface area and volume. In 

case of spherical particles: 2A/V = 3/Rp. From Eq. (17), one can obtain: 
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which represents the curve slope obtained when graphically representing m/m 

as a function of t
0.5

. If the particle radius and curve slope (S) at the initial time 

are known, the apparent diffusion coefficient, Dap, can be calculated with the 

equation: 
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Using the Eq. (18), the apparent diffusion coefficients for spherical 

grains of SSB silica gel and two other composite materials, obtained by silica 

gel impregnation with a hygroscopic salt (MCSS1 and MCSS2), were 

calculated (Mămăligă et al., 2010). Their values obtained at a temperature of 

323 K and at various water vapor pressures are shown in Fig. 2. 

 

 
 

Fig. 2 ‒ Apparent diffusion coefficient for water vapors in SSB and 

composite materials MCSS1 and MCSS2, at 323 K (Mămăligă et al., 2010). 
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4. Diffusion in Cylindrical Granules 

In Terzyk et al. developed (Terzyk and Gauden, 2002; Terzyk et al., 

2003), a method to determine diffusion coefficients within cylindrical and 

spherical carbon granules, was prsented. They expressed diffusion coefficient as 

a function of normalized adsorption for spherical adsorbents. In the present 

case, the diffusion coefficient was defined for normalized adsorption using both, 

the cylinder length and radius.  

Time dependent adsorption for a finite cylinder, with radius R and 

length L, is given as (Carslaw and Jaeger, 2005; Crank,1975): 
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where qt and qmax are the quantities retained at time t and at saturation, 

respectively, D is the effective diffusion coefficient and αn are the roots of the 

zero-order Bessel function: J0(n )=0. 

Eq. (20) is computationally exact but can not be conveniently used in 

practical numerical valuation.  

 In order to obtain the expression for adsorption within a finite cylinder 

we can use the expression for adsorption in an infinite planar sheet and in an 

infinite cylinder. The equation for a planar infinite sheet of L thickness is given 

by (Carslaw and Jaeger, 2005; Crank, 1975): 
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A solution for a small Dt/L
2 
is given by (Rong and Vadgama, 2006): 
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where ierfc(y) is the integral of the error function erfc(y), and ierfc(y) = 

exp(−y
2
)/π

0.5
 − y erfc(y).  

For Dt/L
2
<0.08, the second part of Eq. (22) is negligible and it becomes: 
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For adsorption in an infinite planar sheet, Rong and Vadgama (2006) 

derived the equation: 
 

                                      






 





2

2

2

max,t

t
s,i

L

Dt
exp

8
1

a

a
f                          (24) 

 

valid for 52.0a/a,D/L05326.0t max,tt

2  , and: 

  

                                              

5.0

max,t

t

s,i

Dt

L

4

a

a
f 










                                    (25) 

 

for 52.0a/a,D/L05326.0t max,tt

2   

The diffusion coefficient is calculated from the saturation half time as: 
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A similar equation at the adsorption in an infinite cylindrical granule is 

given by: 
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where R is the granule radius and n are the roots of the zero-order Bessel 

function: J0(n )=0. 

At the adsorption in an infinite cylinder, for small dimensionless time 

(Dt/R
2
), the Eq. (27) becomes: 
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For the adsorption in an infinite cylinder, a bipartite expression can be 

obtained as: 
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The diffusion coefficient is calculated from the saturation half time as: 
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The equation for adsorption within a finite cylinder is (Rong and 

Vadgama, 2006): 
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An example of the adsorption kinetics (Iacob Tudose et al., 2015) at 

303 K, for the same sample of MCA, at two different water vapor pressure 

values, successively applied, is presented in Fig. 3.  

For the investigated materials, the kinetic curves were obtained at 

different values of water vapor pressure. From these plots, the half time of 

diffusion (t0.5) was determined and used to calculate the apparent diffusion 

coefficient (Fig. 4). 
 

 
 

Fig. 3 ‒ Water uptake at 303 K, in cylindrical MCA granules,  

at two values of water vapor pressure, 16.78 and 31.46 mbar 

 (Iacob Tudose et al., 2015). 
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Fig. 4 ‒ Half time of diffusion (t0.5) from kinetic data. 

 

Values for an apparent diffusion coefficient, for cylindrical granules of 

A and MCA, were obtained at a temperature of 323 K and at various pressures 

of water vapors and are shown in Fig. 5. 
 

 
Fig. 5 ‒ Apparent diffusion coefficient of water vapors, in A and 

 MCA samples, at 323 K (Iacob Tudose et al., 2015). 
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particles. In the case of cylindrical particles with both length and diameter of 

2.5 mm, the form factor differs slightly in comparison to a sphere, with the 

same diameter. This is a particular case, since the length and the diameter of the 

cylinder are the same. For L/D ratio larger than 1, some differences can occur. 

The experimental diffusivities calculated in these ways are presented in Fig. 6. 

 

 
Fig. 6 ‒ Apparent diffusion coefficient estimated using the  

cylindrical and spherical models. 

 
5. Conclusion 

In this paper, the theoretical models used to estimate the apparent 

diffusion coefficient when retaining volatile components or gases onto materials 

of regular shape (films, spherical and cylindrical) were presented. We have also 

given some examples based on experimental data which have indicated that one 

can determine the diffusion coefficient for polymer particles of cylindrical 

shape with equal length and diameter, using the equations for spherical grains.  
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Difuzia componentelor volatile prin materiale de geometrie diferită (plană, 

sferică sau cilindrică) prezintă o mare importanţă pentru aplicaţiile industriale. Pentru a 
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caracteriza transportul de masă în aceste procese, este necesară cunoaşterea unui 

coeficient efectiv de difuzie. 

Determinarea coeficientului de difuzie în majoritatea metodelor indirecte se 

bazează pe măsurătorile componentelor volatile reţinute de sorbenţi. Acest lucru se 

datorează faptului că specia ce difuzează nu poate fi observată. Prin urmare, 

difuzivitatea se calculează  prin măsurarea externă a presiunii, greutăţii probei sau 

concentraţiei. Aceste calcule necesită un model adecvat care să descrie procesele şi 

fenomenele de transport de masă care apar. 

 În aceasta lucrare am prezentat estimări ale coeficienţilor de difuzie folosind 

metode teoretice şi experimentale. Acestea din urmă se bazează pe retenţia unor 

vapori/gaze în materiale de diferite forme. 
 

 


