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From an analysis of the kinetic isotherms of adsorption of organic sub-
stances on activated carbon Supersorbon measured in the temperature
interval between melting point and boiling point it follows that the half-
-time of the process depends neither on temperature nor on the size of
grains. The half-time was determined from the whole kinetic isotherm on
the basis of the Trapnell equation and was found to be in a good agreement
with the experimental value resulting from the kinetic isotherm. From
the confrontation of activation energy with isosteric heat it may bhe conclu-
ded that the surface diffusion characterized by the activation energy equal
to a half of isosteric heat can manifest itself at higher values of adsorption.

Ha ocHoBe anaamsa 1130TepM ajcopOuul OpPTraHUYeCKUX BelecTB HA aKTH-
BupoBanuoM yrie Cymepcop0oH, I3MepeHHBIX B TeMIepaTypPHOM HHTepBaie
Mey TOUKOIl MaaBieHMsA M TOYKOIl KUIEHNA, MOAHO CieJaTh BHIBOJI, 4TO
nepuoj Noiypacnaja He 3aBICHT OT TeMIIepaTypH M OT pa3MepoB 3epHa.
ITepuopn nomypacnaja onpejeisscd 113 Bceil KMHETHYECKOI N30TePMBI HA OCHOBe
ypaBHenns TpanHeana n HaXo1ICA B XOPOIlIeM COrJACII ¢ HKCIePUMEHTATbHO
N0Jy4YeHHBIM 3HAYEHIIeM, KOTOpOe ONpefiesaloch 113 KIHeTIuecKoli 130TepMHI.
W3 cpaBHeHud 3Hepruil aKTHBAUIIM C 1130CTepllyeckoii TemsaoToil BHITEKaer,
4YTO NpPI TMOBBIUICHHBIX 3HAYEHHMAX ajCOpOLMI MOAET IIMeTb MeCTO MOoBepX-
HocTHasA and@ysud, KoTopas XapakTepH3yeTcA 3Heprueii aKTHBALII, PaBHOI
Mo BeJf4YiHe IOJOBHHE I130CTepPHYECKOIT TEemIoTH.

The kinetic isotherm expressing the dependence of the adsorbed amount of sub-
stance on time at constant temperature and pressure gives an information on the
character of the transport of adsorbate in the pores of sorbent. In the study of
adsorption kinetics we investigated the transport rate as a function of the structure
of adsorbent and the conditions under which the adsorption process took place.
There is a great variety of possible conditions: the adsorption may occur in a system
containing one-component or multicomponent gaseous phase, the adsorbent may
consist of one substance or substance mixture, the adsorbent may be in a moving
or fixed bed, efc. In our case, the investigated system consisted of a one-component
gaseous phase and the adsorbent containing only one substance in the chemical
sense. The adsorption kinetics can be measured by the following methods [1]:

* Presented at the 1st Czechoslovak Seminar on Adsorption, Bratislava, June 4—5,
1974.
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from the pressure change of adsorbate at a constant volume of apparatus, from the
decrease in the volume of liquid adsorbate measured in a microburette, and gravi-
metrically at a constant pressure.

Theoretical

In kinetic investigations, the adsorbed amount a is a function of temperature 7',
pressure P, and time 7. The increase in the amount adsorbed may be expressed
by the equation

da da [ da
de = | — dr + | — dP + | — ar. (1)
ot Jr.p oP ) p ¢ oT | p,+

Assuming that the adsorbent is evacuated at the beginning of experiment, the in-
tegration of eqn (/) gives the expressions

a) for the kinetic isotherm
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b) for the isothermal isochrone

P
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¢) for the isobaric isochrone

T
da
a=f — daT. (4)
eT | p,-
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For the limit 7 — « all these expressions imply equilibrium states, i.e. a) point
on isotherm or isobar, b) equilibrium isotherm, ¢) equilibrium isobar.

In [2—4] the half-time was determined by means of the Trapnell equation which
had been originally derived for chemisorption. This equation is, however, applicable
also to physical adsorption as a correlation equation. It may be written

da a \2 .
— = wofl — — (9)
dr ar

If eqn (5) is integrated for the initial condition (the sample evacuated at the beginning
of experiment), it may be linearized in 7/a ~ T coordinates

Eo—g i, (6)

a Wo Qr

where wp is the initial rate wy = a; f and a; is the equilibrium amount adsorbed
under given conditions T', P. The half-time to.5 = 1/ was determined from the
ratio of the intercept to the slope.
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The dependence of diffusion coefficient on temperature may be expressed by the
equation
alnD_ 8ln'ro,5_ E

(7)

oT T  RT?

Assuming that the activation energy is constant in the investigated temperature
interval, by the integration of this equation it is possible to calculate the activation
energy as evident from the subsequent expression

ln(P—?)=ln [(To.s)x]z_ﬂ(i_i). 8)
D, (t0.3)2 R \T, T

In [5, 6] the kinetic measurements have been confronted with equilibrium iso-
therms. From a few experimentally determined isotherms or from a characteristic
curve we can determine the course of isosters and provided this course is linear,
from the slope isosteric heat can be calculated. From the half-time vs. pressure
relationship for equal values of pressure (as for isosters) the half-times can be de-
termined. The half-time is inversely proportional to the diffusion coefficient so that
the activation energy may also be determined from the temperature dependence
of half-times (see eqn (8)) and confronted with isosteric heats.

For the calculation of diffusion coefficient it is possible to use the relationship
between the relative adsorption (a/ar) and the dimensionless Fourier criterion Fo =
= D t/R2, where D is the diffusion coefficient. R is the size of grain, and 7 is time.

The monograph [1] contains a critical compilation of the formulae for the cal-
culation of diffusion coefficients by means of half-times for different geometrical
shapes of grains.

From the kinetic isotherms measured at different temperatures and pressures we
may obtain not only the data for the characterization of the transport mechanism
of adsorhate in pores but also the equilibrium data. By using the terminal isotherms
we can draw the characteristic curve which gives the relationship between adsorp-
tion potential ¢ and adsorption volume W or the relationship between ¢ and the

Table 1

Formulae for the calculation of effective diffusion coefficients by means of half-times

G otrical shape Effective diffusion Accuracy of the
eometrica’ Shape coefficient calculation of D,
of grain 5
D, %
Cylindera 1.96 L%/(n2 To.5) 0.1
Cylinder? k R2/(7 To.5) 1
Sphere 0.308 R2/(n2 19.5) —

a) Adsorbate enters the grain only through one base of the cylinder.
b) The value of the constant k for different ratios of the length L and the radius R.

LR 1 2 4 ©
k 0.168 0.318 0.450 0.599
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adsorbed amount referred to the expansion factor v = T¢/(z Pr) where Ty is reduced
temperature, Pr is reduced pressure, and z is the compressibility factor.

The characteristic curve may be drawn not only by means of isotherms but also
on the basis of isosters or isobars. The isothermal or isobaric isochrones can be also
used for the construction of the characteristic curve. In [7] the assertion presented
in [8—10] was confirmed that the half-time does not depend on temperature provided
the kinetic measurements are performed at temperatures below the normal boiling
point of adsorbate. If the measurements are performed at temperatures above
the boiling point, the half-time depends on pressure at lower temperatures while
it 1s independent of pressure at higher temperatures.

Results and discussion

For n-pentane and n-hexane the dependence of half-time on pressure is governed
by the following equation (at temperatures below the boiling point)

T0.5 = K P17, (9)

where K and n are constants. By inserting the logarithms and differentiating eqn
(9) with respect to temperature at a constant amount adsorbed, we obtain the follow-
ing relation between activation energy and isosteric heat

E = nQiso- (10)

If it is not possible to express the relationship between half-time and pressure in
simple terms, the correlation of isosteric heats with activation energy may be de-
termined graphically. For equal pressures as those of individual isosters we read
the half-times at corresponding temperatures. The activation energy is then to be
calculated according to eqn (8).

The kinetic isotherms measured at different temperatures and pressures enable
us to correlate the kinetic data in terms of isothermal and isobaric isochrones.
This correlation makes it possible to determine the course of kinetic isotherm under
different conditions. According to eqn (4), the adsorbed amount—temperature

0.4

Fig. 1. The adsorbed isobaric equi-
librium amount as a function of
temperature.

Black points denote the values of
adsorption determined from isosters,
white points denote the experimental 00

values.

0.3
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; T T T T Fig. 2. The slopes of isobaric

L isochrones as a function of time.
—=0Oy Y, = (da/dt),/(da/dt),,
d20 Y = (da/dt)./(do/d?).
T is time in minutes and R de-
signates equilibrium.
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relationships at a constant pressure and a given time moment were drawn. In the
investigation of the system benzene—Supersorbon in the temperature interval
between 7 and 90°C a bending was revealed at about 50°C which appeared not only
on the equilibrium isobar (Fig. 1) but also on individual isochrones. Similar bendings
were described in [7,9].

Besides the equilibrium isobar Fig. 1 shows the relationship between the density
of liquid adsorbate and temperature expressed in the same modulus as used for
the relationship between the adsorbed amount and temperature. The black points
denote the values of adsorption determined from isosters. Fig. 2 shows the slopes
of isobaric isochrones referred to the value of the slope of equilibrium isobar ¥, =
= (da/dt):/(da/dt); for cyclohexane ([]), in the temperature interval 0—50°C, for
benzene (/A\), 0—50°C, the slope as a function of time 7 (), between 50—90°C.
Fig. 2 also presents the slopes of isobaric isochrones referred to the value of the slope
of the dependence of the density of liquid adsorbate on time

S}
«
N
w
~
Al

Y = (de/d#);/(do/d?).

The denotation of the time interval and adsorbates is the same as the one used
for Y. As obvious from Fig. 2, the course of the dependence Y vs. T in the tempe-
rature interval 0—50°C is already in the first minutes close to the value Y =1
(black point) for both benzene and cyclohexane. For benzene, the course of Y
is gradual in the temperature interval 50—90°C. The dependence of Y on time is
analogous to that of Y, but for benzene the ratio of the slopes attains the value
of about 2 in the temperature interval 50—90°C while it reaches only a half this
value in the temperature interval 0—50°C. For benzene and cyclohexane in the tem-
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perature interval 0—>50°C the temperature change in the adsorbed equilibrium
amount equals approximately to the temperature change of normal liquid.

Fig. 3 shows the kinetic isotherm of n-heptane on activated carbon Supersorbon.

The black point indicates the half-time determined from the Trapnell equation.
The halved point expresses the value of the half-time read from the kinetic isotherm.
As obvious from Fig. 3, these values of half-times are in good agreement.

Fig. 3. Kinetic isotherm of n-hep-
tane on activated carbon Super- 041 -

a 1s the adsorbed amount in grams
per 1 gram of adsorbent, 7 is time 00

U R

T T
a T

03kF OO OO0

e

0.2 %

sorbon.
P = 2.7 torr, t = 0°C.

2

in minutes. 0 g 10 15

References

. Timofeev, D. P., Kinetika adsorptsii. (Adsorption Kinetics.) Moscow, 1962.

. Sedlédc¢ek, Z., Collect. Czech. Chem. Commun. 34, 3985 (1969).

. Sedléddek, Z., Thesis. Institute of Chemical Technology, Prague, 1969.

. Fenelonov, V. B., Fenelonova, L. E., Salyukov, A. N., and Mazin, V. N., Tseolity,

ikh sintez, svoistva i primenenie. (Zeolites, their Synthesis, Properties, and Appli-
cation.) Izd. Akad. Nauk SSSR, Moscow, 1965.

. Timofeev, D. P., Kinetika adsorptsii. (Adsorption Kinetics.) P. 132. Moscow, 1962.
. Dacey, J. R. and Fendley, J. A., The Structure and Properties of Porous Materials.

Butterworths, London, 1958.

. Doskoéilova, S., Diploma Thesis. Institute of Chemical Technology, Prague, 1974.
. Sedlddek, Z., Sbornik VSCHT B 16 (1973). (Collected Papers of the Institute of

Chemical Technology.) Prague.

. Ruzi¢ka, V., Jr., Diploma Thesis. Tustitute of Chemical Technology, Prague, 1972.
. Sedlédeek, Z., Collect. Czech. Chem. Commun. 37, 1765 (1972).

Translated by R. Domansky

Chem. zresti 29 (3) 338 — 343 (1975) 343



