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ABSTRACT

The possibilities of the estimation of the surface activity of dispersed
solids by gas adsorption surface area measurements and by ETA are compared.

In practice, it 1s often necessary to estimate the reactivity of a solid sub-
stance in its interaction with the surrounding medium, In a series of samples
with the same character of the phase boundary (i.e. of the surface of the sold
1n question) this reactivity is supposed to be proportional to the surface area.
Real solid substances represent often systems consisting of small particles
(aggregates) with an uneven surface containing pores of various forms and si-
zes, so that their total surface cannot be determined by geometrical (even mi-
croscopical) measurements, The surface area of the solid has therefore to be
determined indirectly by measuring its interaction (usually physical adsorption)
with a suitable fluid (gaseous or liquid ) phase.

The aim of all adsorption methods is to determine the amount of adsorbate
molecules needed for the formation of a completed monolayer on the solid phase
surface. The specific surface arca (usually 1n m? per gram of the solid) 1s then
obtained by multiplying the number of the adsorbate molecules by the efficient
area 6 of one molecule,

Adsorption measurements are mostly performed by determining the adsor-
bed quantity x of the gaseous phase as a function of its equilibrium pressure p
at a constant temperature T, The adsorption 1sotherm 1s usually represented by
plotting x/xIn against p/po (where Xy, is the supposed monolayer capacity
and p, the pressure of the saturated vapours of the adsorbate at the tempera-
ture T of the measurement), The specific area S may be calculated from X
(in cm3 (NTP) of the adsorbate per gram of the adsorbent) using the formula
xX
m
T 22414

N & x 10°%0 (1)

3
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where No 18 Avogadro's constant 6.023 x 102 molecules per mole,

The difficulty 1n the evaluation of these measurements consists in the de-
termination of the point on the adsorption isotherm corresponding to x/xy =1,
1.e. to the formation of the completed adsorbate monolayer. Besides the earliest
method of the inflexion point B (which, however, is not formed on all types of
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adsorption isotherms) a number of isotherm equations has been suggested (Tab.1).

Table 1: Equations of Adsorption Isotherms
-
Equation Note
Brunauer, Emmett, Teller (BET) /1/ | constant ¢ introduced, postulated li-
P
P 1 c=1 P near relation between —-—‘B-—'—and——
x(p_-p) " x < x c P x(po-p) Po
o ! m m o
Anderson, Brunauer [/2,3/ further constant k introduced
k.p 1 c-1 k.pP
(p =9 " x ¢ X et P
XAPy =P m m o
Frenkel, Halsey, Hill (FHH) /4/ empirical constants b and s (2 2)
P i ‘ ithmi t
In— . -p (_>5_ )s introduced, logarithmic plo
X
o m
Dubmin, Radushkevich (D-R) /5/ Vp total volume of micropores
p »  density of the adsorbate in liquid
X . 0,2 Y
In V—-g——:-D(R’Iln—;) state
P D constant characterizing the Gaus-
s1an distribution
Kaganer /6/ substitution of the term VPQ by xm
p
In % - D (RTIn-2)?
X p
m

In spite of the different ways of the evaluation of adsorption measurements
by 1individual authors and the resulting somewhat differing numerical values of
the specific surface areas these values represent, especially when obtained with
the BET method, data gencrally considered as standardized.

However, we have to keep 1n mind that both the temperature and pressure
range of adsorption measurements are very limted and situated well below the
temperatures and pressures at which the interactions we are interested 1n take
place and at which therefore the reactivaty of the solid phase should be deter-
mined .

On the contrary, cmanation thermal analysis (ETA) /7/ based on the mea-
surcment of the release of the radioactive 1nert gases from previously labelled
solids mav be used 1n a practically unhimited range of pressures and at all tem-
peratures above the boiling point of the inert gas 1n question. It allows us also
to perform dynamic measurcements, indicating rapid time changes of the reacti-
vitv of the solid phase (mcludmg not only the surface area but also the morpho-
logy. especially the microporous structure, and the delect state of the surface).
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The total emanation rate {emanation capacity) E represents a sum of three
terms corresponding to the individual mechanisms:

E=ER+EP+E

The character of the individual terms is presented in Table 2,

S ®

Table 2: Terms of the Total Emanation Rate E

TERM
Ep Ep Es
Mechanism Recoil of Rn atoms Diffusion through | Diffusion through
formed from Th the open pores the matrix of the
and for Ra solid
D _ 0.5 -1
ependence on ERN Sl ¢ EP ~ T 52 ES ~ T 53
temperature independent of T (macro- and
and surface
mesopores )
area
-1
EP ~ T 52
(micropores)
Concerned External surface Internal surface Sum of the cross-
surface area of the aggregates (total surface of ~-sections of the Rn
open pores) diffusion-paths in
both external and
l internal surface

At room temperature the term Eg is negligible: diffusion through the ma-
trix of the solid starts to play an important role only at temperatures of about
0.3 Ty, to 0.5 T, (where T, is the melting point of the solid ), Therefore. at
e.g. 25 °C it holds that
= ER +

=(k1x81)+(k sz) . (2)

Ezsoc Ep(250c)y 1+e Eagoc 2(25°C)
Both constamts depend on the type of the solid and 1ts morphology, kp besides
that also on temperature - e.g. for a series of ThOg samples the approximate
relation kg = ;,31:10’9 T3 was found /8/. Supposing that the external geome-
trical surfaca 8; of the aggregates is negligible in comparison with their in-
ternal surface 93, ye may consider Sj equal to Sgyqg (from adsorption mea-
surements) go that

Epsoc = Eg * (ky(ag00) ¥ Spgq) (3



- 76 -

The constant k2 varies not only with the chemical character of the solid but
also with the way of its preparation causing differences in the defect state and
therefore also 1n the reactivity of the solids. Thus for a NiO sample prepared
from carbonate ka(250C) was 0.36, whereas the same oxide prepared from
carbonate exhibited ka(250¢) = 0.27 /9/.

In contrast to the relationship Egpgoc ™ S,4q4 ©Originally accepted by some
authors /9,10/vthe equation with the constant ERin better agreement with the
adsorption measurements especially with samples with S 1n the range of 0.1 to
5 m2 (e.g. Fe203, ThO2) /11/. The proportionality between Epgoc and S 44
was observed only on samples (e.g. ThO2, NiO, MgO, ZrOj3) with S in the
range of 100 — 300 m2/g, where Eg << ka Sp /10/.

For the estimation of Sg at higher temperatures where the term Ep or even
Eg plays a greater role, the difference AE = EP(T) - EP(Z? oc) » which is
proportional to S9, was introduced. For a sample of ThO2 a linear relationship
between AE and S_4¢ for S, 4 ranging from 0.2 to 20 m2/g at T up to 1100 °C
was found, By this method, points on the time or temperature axis corresponding
to surface area changes (including those indicating the initial stages of sintering)
can be determined advantageously.

We wish to point out that the investigations in the reactivity of solids (espe~
cially oxides, sulphides and other materials employed as catalysts, pigments,
ceramic raw materials etc, ) should not be limited to adsorption measurements
but that they should include also the ETA which gives the possibility of studying
these materials directly in the atmosphere and at the temperature of their prac-
tical application.
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