SOLUTION OF THE DIFFUSION EQUATION OF MATERIAL
IN A SPHERICAL GRAIN WITH AN ARBITRARY FUNCTION
OF CHANGE IN ADSORBATE CONCENTRATION

8. P. Grekov, A, E, Kalyusskii, UDC 541,183,5:518,61:542,47
N, A, Rodimova, and B, P, Pyasetskii

A mathematical model of isothermal adsorption in boundary conditions of the third kind, with an
arbitrary function expressing the change in adsorbate concentration, is developed, An analytical
solution of the problem is presented,

In {1], 2 solution of the diffusion equation of gas in a sphere with constant adsorbate concentration at its
surface and the absence of "sinks" was presented, In [2], sorption of material in the sphere was taken into
account by introducing a mass-transfer coefficient 8 in the boundary coundition, while in the initial equation the
diffusion coefficient was replaced by some reduced value including the Henry coefficient,

It is suggested in the present work that the physical model of the adsorption of material by the sphere
may be more expediently considered as follows, The model of the system consists of adsorbent in the form of
a porous particle of radius R, which is placed in a flux of adsorbate, Initially (7 = 0), the adsorbate concentra-
tion outside the particle is equal to the concentration inside the pore of the particle, c; (in the particular case
¢ = 0). When 7= 0 and cop* 0, some of the material is adsorbed at the surface of pores of the particle, and is
in equilibrium with the adsorbate inside the pore; the relation between the adsorbed material and that in the free
state is taken in accordance with the dependence gy = ycy.

Starting at T > 0, the adsorbate concentration in the flux varies arbitrarily: cy(7) = £(1). The adsorbate
concentration in the pores of the particle also varies, because of diffusion of material into the sphere from the
flux (or, conversely, from the sphere into the flux), and also in connection with sorption (or desorption) of
material by the pore surface of the sorbent, Mass transfer at the boundary of the flux with the sphere surface
occurs according to Newton's law,

The mathematical formulation of the proposed physical model of the sorption process takes the form
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Laplace transformation of Egs, (1) and (2), taking the condition in Eq, (5) into account, yields the system
of equations

(p+By)c* = o

pa* — ay = yPe* — Pa*
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with the conditions
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Eliminating ¢* from Eqs. (6) and (7) gives
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The solution of Eq, (11), taking Eq, (9) into account, takes the form
Ashir « ¢,

c* = +—_1

r p

where

A = l/i ( 1+ _E}’__) .
¥ p+p-/
Satisfying Eq. (8), the value of A is obtained
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Thus, the solution for c* is obtained in the form
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It may be shown, analogously to the proof in [1], that c¢* is a meromorphic function of p with simple poles

at the points where
ARchAR + (HR—1)shAR =0,

as well as the point A = 0,

(16)

At the point p = 0, there is no pole, Since Eq. (16) has purely imaginary roots, the following notation

is adopted
AR = iy,
Then, the characteristic Eq, {16) takes the form
peosp + (HR— 1) sinp = 0,

and the solution in Eq. (15) becomes

~ where :
Sp=pcosp+ (HR— 1)sinp .«

Let py be the positive roots of Eq, (20). Then it follows from Eq. (13) that
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Introducing the notation

Ppy?

p—vb— o
o), = 5 ; (24)
| = Vo +F, (25)

the roots of Eq, (21) may be written in the form

P = op—v, —B, (26)
PP = 0y + v — . (27)

Adopting the Cauchy residue theorem for the transformation, as shown in [1], it is found that
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elr, 1) == 2R E Ak———smuk—R—[(vk—Gh)(cg)— p(x))e + (v + 0x) (Cf)_ el )ek J" (28)
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Averaging cl{r, 7 with respect to r according to the formula
3
c=—=\¢(r, ©)ridr,
R ) (r, 7) (31)
i}
it is found that
_ 0 o pi)e ;o bo p()e
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The value of g{7) is calculated from the formula
T
a(r, 1) = [a0+ B Jf e(r, 1) eﬁtdt] e—br, (33)
0

Consider the sorption of nitrogen by sandstone, The change in nitrogen concentration in the mixture
enclosing the rock sample is taken in accordance with the dependence

€o (1) == ¢y + (6 — co)(1 — 7). (34)
Then the solution in Eq, (31) takes the form
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Fig, 1. Theoretical curves (1-3) of the total amount of absorbed nitrogen, ad-
sorbed gas, and gas filling the pore space, respectively, and _experimental data
(points) on the total amount of adsorbed nitrogen., T, h; N NO, G- Go, Q- QU,
ml/g,

Fig. 2. Theoretical dependence of the total amount of absorbed nitrogen (curves)
and experimental results (points) on the sorption of nitrogen by sandstone shale
(1) and clay shale (2). T, h; N— Ny, ml/g.

and the solution in Eq, (33) is written as follows
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The experimental data of [3] on the sorption kinetics of nitrogen by sandstone are used, Before the experi-
ment, the rock samples were kept in air, and therefore, it may be assumed that the N, concentration in the sor-
bent process was the same as in the surrounding air, i.e,, 987,5«10° mg/m?, According to the data of [3], ¢, was
1120+ 10% mg/m?,

It is assumed here, as in the formulation of the physical model, that loss of nitrogen from the mixture
surrounding the sorbent occurs as a result of filling of the pore space and its adsorption at the surface of the
pore walls, Then the relative amount of N, filling the rock pores is

Q= ¢ (1), 37
VD
and the amount of adsorbed N, is
— [ -
G=-""aw. (38)
. VD

Theoretical curves of Q, G, and the total amount of absorbed nitrogen N are shown in Fig, 1, together
with the experimental data of [3]. In the calculations, the following parameter values were assumed: H = 15 m!;
¥ =2,5+10" m?/sec; B= 3-107¢ sec™; R =0.009 m; & = 0.15; vy = 2.6 ton/m’; @ = 5.2+107* sec™; v = 4.6;
Yy = 0.8°107¢ m?/mg,

The mean-square deviation of the experimental data from the theoretical results over the entire sorption
period was 0,0006 ml/g, and the variation coefficient was 0,23%. From this it may be concluded that the
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agreement of the proposed dependences with the experimental data is good.

The given mathematical model of the absorption of material by a sphere was also used in the analysis
of experiments on the sorption of nitrogen by other rocks — sandstone and clay shales, The theoretical curves
reflecting the dependence of the total amount of nitrogen absorbed on the sorption time and the experimental
data of [3] are shown in Fig, 2, In the calculations, the parameter values assumed for sandstone shale were:
R = 0,009 m; € = 0.15; ¥y = 0.8 10~ m3/mg; vy = 2.6 tons/m3; @ = 5,2-10% sec™; H= 15m; y = 4.107% m?/
sec; 8=1.8 .10~ sec'i; v = 8,8; those assumed for the clay shale were; R = 0,009 m; € = 0.1; Yy = 0.8+107°
m3/mg; vp = 1.9 ton/m’%; @ = 5.2 +10~ sec~!; H=15 m=; ¢ = 6,7.10" m*/sec; = 2.6-107* sec-; v = 16.4,

The mean-square deviation of the experimental data from the theoretical results after the sorption period
and the variation coefficient for sandstone shale were 0,0019 ml/g and 0.4%, while those for clay shale were
0.0053 ml/g and 0,66%.

NOTATION

¢, adsorbate concentration, mg/m?; ¥, diffusion coefficient, m?/sec; R, radius of sorbent particle, m; 5,
adsorption coefficient, sec~!; v, Henry coefficient; a, amount of sorbed material, referred to sorbent mass,
mg/m?; &, sorbent porosity; Bi = HR, Biot number; c,(7), function expressing change in adsorbate concentra-
tion, mg/m?; yy, specific volume of sorbate, m®/mg; yp, density of sorbent, ton/m?; 7, time, sec,
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SORPTION ON HYDROPHILIC SWELLING MATERIALS

N, I. Gamayunov and A, V., Tvardovskii UDC 66,081

A sorption equation for swelling, colloidal, capillary-porous bodies is obtained by the methods of
statistical physics. The results of the calculations are in good agreement with experiment,

Vapor and gas absorption by swelling materials may be regarded as a process of mixing of active centers
of the sorbent with sorbate molecules [1]. It is assumed that each such center comprises saveral molecules,
In considering pair interactions in solutions, only the nearest neighbors of the active centers need be taken into
account, The change in sorbate enthalpy on sorption may be expressed as the product [2]

AH &~ — Awgppys. (1)

The number of contacts averaged over the sorbent volume is
Pio = 251U,y = zgny U, (2)

Each active center may interact locally with some number of sorbate molecules differing from z;, but on
average over the volume the number of interactions is z,, In addition, the probability of a reaction between
sorbate molecules and the active centers of the sorbent depends on the volume fraction of the sorbent U, in the
sorbate —sorbent system, '

Substition of Eq. (2) into Eq, (1) yields
AH =~ — Aoyzgn, U, (3)

If the total number of molecules n; is replaced in Eq. (3) by Avogadro's number N, then the change in enthalpy
AH; per mole of sorbate is obtained:

Kalinin Polytechnic Institute. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol, 41, No, 5, pp. 854~
858, November, 1981, Original article submitted October 24, 1980,

0022-0841/81/4105-1221$07.50 © 1982 Plenum Publishing Corporation 1221



