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Determination of Surface Area of Fine-Grained
Soils by the Ethylene Glycol Monoethyl Ether

(EGME) Method

ABSTRACT: This paper describes a test procedure for determining the total surface area of fine-grained soils using the Ethylene Glycol Monoethyl
Ether (EGME). The test involves saturating a soil sample with EGME and then removing the excess EGME in a vacuum desiccator, until the EGME
forms a monomolecular layer on the soil surface. The results of the test are expressed as Specific Surface Area (SSA), which describes the surface
area/unit mass of dry soil with units of m*/g. Test results are presented demonstrating the effect of various test parameters on the results. Results for
a number of different fine-grained soils are presented. A detailed recommended test procedure is given. The proposed method uses simple and in-
expensive laboratory equipment, is relatively simple to perform, and allows for rapid determination of SSA.
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Introduction

It is well known that surface phenomena are important factors
influencing the behavior of fine-grained soils. Clay mineralogy,
cation exchange capacity, surface area, and clay fraction are all im-
portant factors. Surface area can exhibit a significant influence on
many physical and chemical properties of fine-grained soils. The
term “Specific Surface Area” (SSA) refers to the area/unit mass of
soil and is usually expressed as m%g. In addition to cation ex-
change capacity, SSA may be the dominant factor in controlling the
fundamental behavior of many fine-grained soils. Specific surface
area varies greatly between soils because of differences in mineral-
ogy, organic composition, and particle-size distribution. Clays con-
tribute the greatest amount of surface area of any of the mineral
constituents of soil, but may also differ a great deal in specific sur-
face area. For example, swelling clays such as montmorillonites
have specific surface areas up to 810 m?/g. Nonexpanding soils
such as kaolinites typically have specific surface areas ranging
from 10 to 40 m*/g. Consequently, the type of clay mineral present
in soil is of major importance in determining the effect of specific
surface area on soil properties. Since the surface area of a soil is
controlled by the grain-size distribution and clay mineralogy, it can
be considered an “intrinsic” soil property. It is a constant related to
the soil constituents and does not change with water content, time,
etc. Therefore, SSA is much like the grain-size distribution of a
soil, in that it is unaffected by external variables.

There is strong evidence in the literature that indicates that spe-
cific surface area may be the single most important contributing
factor that controls the engineering behavior of fine-grained soils.
For example, a number of studies have shown that there is a strong
relationship between specific surface area and liquid limit (e.g.,
Farrar and Coleman, 1967; Kuzukami et al. 1971; Warkentin 1972;
Ohtsubo et al. 1983; Locat et al. 1984; Smith et al. 1985; Morin and
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Dawe 1986; Churchman and Burke 1991). The swelling potential
of clays has also been related to surface area, as shown by a num-
ber of studies (e.g., Dos Santos and DeCastro 1965; Ross 1978;
Low 1980; Morgenstern and Balasubramanian 1980; Dasog et al.
1988). Several studies have also shown that surface area is one of
the most important parameters influencing frost heave in soils (e.g.,
Anderson and Tice 1972; Reike et al. 1983; Nixon 1991). The Seg-
regation Potential (SP), which describes the velocity of water ar-
riving at an advancing frost front, has been shown to be related di-
rectly to specific surface area.

Background

In the past. two general approaches have been used predomi-
nantly to determine specific surface area of clays: (1) the measure-
ment of external surface areas by the adsorption of simple
molecules, such as nitrogen at low temperatures, with surface areas
being derived from adsorption isotherm data and the application of
BET theory (Brunauer et al. 1938), and (2) the measurement of to-
tal surface area by the adsorption of polar liquids as a means of de-
scribing the behavior of expanding clay minerals, whose inner sur-
faces are inaccessible to nitrogen (Tiller 1990). Other techniques for
determining surface area have also been suggested, e.g., Water
Sorption (Newman 1983), Cetyl Pyridinium Bromide (CPB)
(Greenland and Quirk 1964), p-Nitrophenol Adsorption (pNP) (Ris-
tori et al. 1989), Internal Reflectance Spectroscopy (Mulla et al.
1985), and Methylene Blue Adsorption (Hang and Brindley 1970).
Some of these methods produce similar surface area values as those
obtained with theoretical soil structure equations, but are time-con-
suming or require expensive, specialized apparatus. Therefore,
other more simple methods were developed that are perhaps less ac-
curate and reproducible, but more time-efficient and economical.

Surface Area Determination by Adsorption of Polar Liquids

Dyal and Hendricks (1950) introduced a method for estimating
surface areas of soil specimens based on wetting a sample with
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ethylene glycol, equilibrating, and then removing the excess liquid
by evacuation. Samples were removed periodically and weighed
until a constant mass was obtained. The specific surface area was
computed from the mass of the retained liquid under the assump-
tion that a monomolecular layer of ethylene glycol was adsorbed
on the surface. This method appeared to be very useful and suc-
cessful and has been reported by a number of investigators for a
wide range of soils (e.g., Rai Puri et al. 1963; Mortland and Kem-
per 1965; Sridharan 1972; Tiller and Smith 1990). However, for
some soils, the use of ethylene glycol proved to be very time-con-
suming, in some cases taking up to a week for equilibrium to occur
depending on the clay mineralogy.

To overcome this problem, Carter et al. (1965) suggested the
use of a more volatile liquid, ethylene glycol monoethyl ether
(EGME). This polar liquid has a higher vapor pressure at room
temperature than ethylene glycol, which allows the evaporation to
take place more quickly. In addition, samples are handled fewer
times using EGME, and therefore, there are potentially fewer er-
rors, since the chances of introducing water vapor and other
sources of errors are minimized (Carter et al. 1986). Another ben-
efit to using EGME is that the maximum time to reach equilib-
rium is generally on the order of 16-24 h, depending on the soil
type, desiccant age, desiccator size, and other factors. This means
that the test is completed in less time than when using ethylene
glycol.

Molecular coverage for EGME is calculated with the same as-
sumption applied earlier by Dyal and Hendricks (1950) for ethy-
lene glycol. 810 m%g was used as the theoretical specific surface
area for montmorillonite, and a measured value of 23.7 mg
EGME retained/gram of clay was assumed by Dyal and Hen-
dricks (1950). The calculated quantity of EGME to cover 1 m® of
clay surface with a monomolecular layer was 2.86 X 10™* g. The
convenient and rapid EGME method for estimating surface area
of soils and clays has been accepted as a standard practice by Soil
Science Society of America, and is described by Carter et al.
(1986).

Procedure

The test procedure described in this paper follows the general
methodology presented by the Soil Science Society of America:
Methods of Soil Analysis, Physical and Mineralogical Methods,
Standard Test Method for Ethylene Glycol Monoethyl Ether
Method (EGME) for Determination of Specific Surface Area
(given by Carter et al. 1986). Since the present applications of SSA
being considered by the authors are related to the field of soil me-
chanics rather than agronomy, a number of variations in this test
procedure were evaluated in order to determine the reliability of the
measurements.

Apparatus

Specific surface area tests were conducted in four vacuum des-
iccators: two having a 210-mm inside diameter and two with a 250-
mm inside diameter measurement. Four aluminum tares were used
in the two smaller desiccators, and six aluminum tares were used in
the two larger desiccators. Aluminum tares were used, since the
mass remains constant during the evacuation and handling while
weighing. A shallow tare is used, since it is important that the soil
be spread thinly in the bottom of the tare to ensure that there is com-
plete coverage of the EGME over all soil particles. Aluminum tares
with a diameter of 76 mm and a height of 25 mm were used. This
size tare allows the soil to be spread adequately over the bottom and
efficiently fit several tares into the desiccators at the same time.
Figure 1 shows the arrangement of the test equipment.

A Calcium Chloride and EGME desiccant were mixed and
placed in a glass dish at the bottom of each desiccator. Approxi-
mately 110 grams of 40-mesh Anhydrous Calcium Chloride was
first placed in an oven for 1 h. The Calcium Chloride was then
taken out of the oven and 100 grams was poured into a beaker.
Twenty millileters of EGME was added to the beaker and mixed
thoroughly. The desiccant mixture was then spread evenly into a
glass dish and placed in the bottom of the desiccator. The desiccant
should always be stored in a sealed desiccator when not in use.
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FIG. 1—Arrangement of testing equipment.






