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ABSTRACT

The method of extrapolation'of.equilibrium valués of adsorbed
mass to determine -the nitrogen isotherm as presented in Berlin
involvéé'applioation of an exponontial equation. This_method has
been found suitable for deterhinations in the meso- and macropore
region. For tke micropore range transformation ﬁsing a quadratic
éouation and subsequent application of linear regréssion is pre-
ferable in several cases. The.resultant values are evaluated by
means of the Dubinin-Radushkevicﬁ method. The results of the
determinations by these two extrapolation methods are in good
agreement. _

Linear regressiohﬂis also suitable for the evaluation of

adsorption kinetics measurements.

METHODS.OF_REDUCING THE MEASURING TIME
The'measﬁrémént of'adsorption isotherms is very time-~-consuming.

-Therefore,'several methods of reducing the measuring time have

'”been developed. These include'

- automation of. the measuring apparatus,

- -reduction of the’ number of measuring points.

- -continuous measurement.

- 'extrapolation of the mass ‘adsorbed at each measuring point,
g :calculation of the results by means. -of a -computer (ref. 1, 2).

)The results of these investigations will be published in.

‘Mikhail/Robens: Structure Analysis and Thermogravimetry of Solid
_ Surfaces' Heyden, London . 198“ S .

: 0040-6031/81[0000—0000[$02 75 ® 1981 Elsevier Scientiﬁc Publishing Company
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adsorbed mass

Fig. 1: Extrapolation of equilibrium values of mass adsorbed.

A wide variety of automatic instruments, both volumetric and
gravimetric, are in use; some of them are commercially available.
Single-point measurement is a reasonable means of making routine
measurements of specific surface area. Continuous measurement 6f
pore size distribution by slow increase and subsequent decrease of
the pressure cannot be recommended because the error involved
cannot be estimated and because the fine structure of the isotherm
gets blurred.

In the following it will be shown that extrapolation of the
equilibrium value of the adsorbed mass (or volume) at each point
of the isotherm is an effective means of speeding up the measurement

without loss of accuracy (Fig. 1).

PREVIOUS EXTRAPOLATION METHODS

Some extrapolation methods for the evaluation of thermogravimetric
experiments have been published. Jantti, Junttila and Yrjadnheikki
presented an extrapolation method for adsorption measurements bgsed-
cn model concepts of the adsorption process at the Ninth Conference
on Vacuum Microbalance Techniques 1969 in Berlin (ref. 3). They

arrived at the following equation suitable for numerical calculation:

2
o XY(2)T - Y(1)-Y(3)
Yo = T¥E Y1) - ¥(3) (1)

with Y(1), Y(2), Y(3) being the adsorbed mass measured 5, 10 and
15 min after a pressure change and Y, the extrapolated mass

adsorbed in equilibrium.
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velocities the'denominétor.mai-become zero; this can be avoided,

however, by adding small artifical_values to the denominator.

Whereas in the BET fégioh and in the fegion of mesopore filling

very good results have been obtained (ref. 4-7), remarkable

differences were observed in the micropore range. This

igs attributed

to the fact that adsorption theories made for the mesopore region

fail for microporous activated carbons. As Inhola (ref. 7) pointed

out, reliable results will be obtained, however, by using the

Dubinin-Radushkeviéh equation. For the region of applicability of

this eqdation (lower part of the isofherm), the extrapolation method

presented in the following is well suited.

Extrapolation by Linear Regression
A widely used method_to extrapolate values is linear
(=]

(method of smallest squares). thod

ccording tce this m
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even by some pocket computers.

- Systematic deviations are visualised.

regres
=

line is calculated which best approximates the measured scattering
B .

Linear regression programs are generated by most computers and

- The desired equilibrium value becomes visible as the ordinate

intercept.

asymptotic towards an equilibrium value, is transformed into a

straight line. The equation used need not be vaiid for

. T
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curve, but only for the part of interest betwéen the mass Yo before

‘the pressure change and the mass Yes adsorbed at equilibrium. The

following equations have been considered:

Y = A.+_ BT
Y = A - &BT
- n ~B
D 4 = A * T

Y .-- A + B/T
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Fig. 2: Linear regression program CURFIT.
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Fig. 3: Adsorption of nitrogen Ffig. 4: Linearisation of the

at 77 K and a relative

pressure of 0.0013 on activated
carbon as a function of time.

adsorption curve (Fig. 2) using

abscissa.

the inverse time scale as
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= i)(A.+”BT)f.-'. ' - : ' . (6)
= T/(A + BT) | (7)
= A+B - log T : - (8)

-The guitability'of the equations was tested using experimental
data of nitrogen adsorption at 77 K on activated carbon at a
relative pressure of p/po = 0.0013 (ultramicropore region) as
shown in Fig. 2. For the calculation the CURFIT program of Hewlett-
Packard written in BASIC was used (Fig. 3). The squares of correla-
tion (determination index) are given by equation (12).

In most cases, the best approximation was achieved with equation
(5). In our example the transformation is shown in Fig. 4: Using
1/T as abscissa, the equilibrium mass adsorbed is given by the
ordinate intercept.

Results of the adsorption measurements as a function of the
observation time (s) at a relative preasure of 0.0013 on different
activated carbons are shown in Table I together with the equilibrium
values obtained by exponential extrapolation and linear regression.
The difference between the two extrapolated values is under
10 percent. At a relative pressure of 0.01 and above, the difference
was found to be below 1 percent.

FURTHER APPLICATIONS

Time derivation of equation (5) yields the adsorption velocity
dY/dX = - B/XZ (13)

Application of the extrgpolation method to the desorption process
during degassing can help to detect any bulk decomposition, which
in general is connected with a change of the surface area, and
thus to find'the optimuﬁ degassing temperature. To speed up the
degéssing'procGSS. the'highest possible degassing temperature haa
to bé_chosen which does not damage the sample material. Plotting
of the transformed experimental values in the Y-1/T diagram
(Fig. 4) reveals systematic deviations from the straight line which
may be due t§.a1decom§os1t1on process superposed to the degassing
.pfocéss. _ E S . ' .

An extension of the method can bz used to calculate the decomposi-

.tion velocity; this may be useful-for.thérmograviﬁetric hppiications.
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THE DUBININ PLOT OF EXPONENTIAL AND LINERR EXTRAT.DATA OF 30 CARBONS
TRE UP CEXPY IS 1IN RIGHY POSITION, THE OTHER NOUVED DOUN =
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Fig. 5: The Dubinin-Ra-dushkevich plot for various charcoais.

It should be noted that linear regression can also be dpplied to
the Dubinin-Radushkevich equation

Tz 2
InW = 1in wo - B B—z- (1n p/po) (14)

If the experimental results are plotted in an 1ln W versus 1ln p/po
diagram, a straight line should be obtained, Using the equation

t = 0.61 - 0.247 1n po/p (nm) : (15)

for the laye= thickness, we obtain the micropore volume by multi-
" plying the layer thickness by the specific surface area of the
~ mesopore region

wi' = t - smeso - (16)

In the D-R -diagram (Fig. 5) the ordinate intercept gives the
micropore volume W, In our measurements on activated carbons this
value, was found to be in good agreement with values obtalned by
conventional calculation. The slope of the regression curve gives

:lnformation on’ the pore width (ref. 6). In Fig. 5 the ‘second line
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has purposely drawn parallel and below its correct position in order
to facilitate comparison wlth the line of exponent1e1 extrapolated
data. The degree to which it has been lowered ‘is moted: efter the
title, ’ B

GENERAL RESULTS _ _

Our evaluation of nitrogen ieotherms is based on Juhola's procedure
(ref. 7)., The equilibrium value of nitrogen adsorbed on activated
carbons at low relative pressures (micropore renge) can be extra-
polated using a quadratic equat;on followed by 1inear_regression.

At higher relative pressures (mesopore range), approximation using
an expounential equation is more favorable.

Using these extrapolation methods the measuring time to obtain
nitrogen adsorption isotherms can be remarkably reduced. With regard.
to the heterogeneity of surfaces and pore systems it is suspected .
that a generally applicable extrapolation method does not eiist.

The calculation methods described allow easy comparison of different
extrapolation methods and thus selection of the most suitable method.
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