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MEASURI NG SURFACE AREAS | N CATALYSTS

This Altamira Note gives a basic background on the measurement of BET
surface area as applied to catalysts and catalytic supports as well as discusses
the flow techniques for measurement of surface area

Surface Area

The total surface area of a catalyst is perhaps one of the most basic
properties of catalysts. Although several methods e xist for measuring the
surface area, the so-called BET method is almost un iversally used with common
catalytic materials. The technique is named after t he authors of the paper
describing the equation (Brunauer, Emmett, and Tell er, J. Am. Chem. Soc., 60, 30
(1938)) and is based on the physical adsorption of a non-selective gas at low
enough temperature to cause the condensation of the adsorbate on the surface.
The trick to determining the surface area is to mea sure when exactly one
monolayer of the gas has been adsorbed on the surfa ce. At monolayer coverage the

surface area of the solid is given by Equation 1:

S Surface Area = a-(v VvV MN avo

where: V , is the volume of the adsorbed monolayer;
\Y/ mis the molar volume of the adsorbate;
N avo 1S Avogadro's number; and a is the cross sectional area of a single
molecule of the adsorbate

Nitrogen gas, with a cross sectional area of 16.2 A , IS typically used in
BET measurements.

The experimental procedure involves measuring the u ptake of adsorbate as a
function of partial pressure and plotting the resul ting data in the form of the
BET equation, viz.:
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Where: P 4is the pressure at which the measurement was taken :

P av.p) Isthe vapor pressure of the adsorbate at the temp erature of
the measurement;
V 1 is the total volume adsorbed; and C is a constant.
The BET equation is of the form of a straight line so that a plot of:
P A P A
Versus —_—
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results in a straight line with a slope equal to (C -1)/V C and an intercept
equal to 1/V »C. The monolayer volume is thus V m= 1/(slope + intercept), and the

surface area can be directly calculated from Eq. 1.

How Applicable is the BET Equation?

In 1940 Brunauer published his now famous classific ation of adsorption
isotherms (Brunauer, Deming, Doming, and Teller, J. Am. Chem. Soc., 62, 1723
(1940)). He divided all isotherms into five classes , depicted in Figure 1,

according to their general shape.
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Figure 1. Brunauer's classification of isotherms

Type 1, is typically exhibited by microporous adsor bents in which the average
pore size is not much larger than the molecular dia meter of the adsorbate; this
type is commonly observed with zeolites. Types Il a nd Il are seen with
adsorbents having a wide range of pore sizes, rangi ng from micropores to
macropores where sorption proceeds from monolayer a dsorption, to multilayer, and
finally to condensation. The Type Il isotherm is th e one that is most often
observed in supported catalysts. Types IV and V are less common. A Type IV
isotherm suggests a bimodal pore network where two surface layers may be formed.
Type V is encountered when the adsorbate exhibits | arge intermolecular effects.

The BET equation works well for Type Il and Type IV isotherms within a
small range of partial pressures, typically P AP avpy <0.3. The equation does
not work well for Type Ill or Type V isotherms. For Type | isotherms, an
apparently accurate value of surface area can be ob tained from the BET equation,
but its physical meaning is questionable since no m ultilayer adsorption can
occur. Indeed, for microporous materials other equa tions, such as the Dubinin-
Radushkevich equation, better describe the adsorpti on process. We discussed the
characterization of microporous materials in the Al tamira Note of September,
1991.

Flow Technique for Measuring the BET Surface Area
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Figure 2. Flow experiment for measuring surface are a
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detection for nitrogen. For the latter, krypton can be used as an adsorbate. Its
lower vapor pressure at liquid nitrogen temperature and its larger atomic size
increase the range of the technique.



