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Determination of soil specific surface area by water vapor adsorption
I Drying of soil samples
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Abstract. Drying of three mineral soil samples (clay content 4—58 %, organic carbon con-
tent I—s °7o) equilibrated at 75.5 % relative humidity was studied. The soils were dried in an
oven at +5O°C, +7O°C and + IO5°C for 4 and 8 hours and in a desiccator over pure con-
centrated H 2 S04 and P2 Os . Drying over desiccants for 8 hours removed less water than drying
at + 50°C. Dryingover desiccants for 3—7 days was as efficient as drying at +70°C, for 14—24
days as efficient as 4 hours of drying at + 105°C. Eight hours of drying at + 105°C seemed
to be too drastic, because it caused a greater weight loss in the clay sample of 5 % organic
carbon content than did prolonged desiccant-drying. Drying at + 70°C removed as much water
from fine sand which contained 4 % clay as prolonged desiccant-drying.

Index words: oven-drying, desiccant-drying, mineral soils

Introduction

High precision is needed in the determina-
tion of soil water content at high pF, e.g. in
the estimation of soil specific surface area by
water vapor adsorption. In such situations,
the method often used for drying soil sam-
ples is equilibration in a desiccator over a
desiccant like pure concentrated H 2S0 4 or
P,O s (e.g. Orchiston 1953, 1954, Pritc-
hard, 1971, Iwata 1974). A highly hygro-
scopic desiccant removing the moisture in the
air of a desiccator yields a relative humidity
near zero. Drying is further enhanced by eva-

cuation of the desiccator. However, a rela-
tively long time may be needed for soils to
reach constant weights. Equilibration may be
accelerated by elevation of the drying temper-
ature. Oven-drying is a common method for
determination of water content. The aim of
this study was to compare oven-drying and
desiccant-drying in the determinationof soil
water content at high pF.

Material and methods

The material consisted of three plough layer
samples (Table 1) which were air-dried and
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Table 1. Soil samples.

Soil Org.C, Particle-size distribution
sample % (pm), %

< 2 2—20 > 20

1 3.8 4 8610
2
3

1.1 28
S8

41 31
5.3 2814

ground to pass a 2-mm sieve. The particle-size
distribution of inorganic material was deter-
mined by the pipette method (Elonen 1971)
and organic carbon content by a modified
(Graham 1948) Alten wet combustion
method.

Soil, Ig, in a tared weighing bottle was
placed in a desiccator over saturated NaCl so-
lution at 75.5 °/o relative humidity correspond-
ing to pF 5.6 (Bolt and Frissel 1960). After
two weeks of equilibration at + 20°C the soil
-(-weighing bottle was weighed. Parallel sam-
ples were dried in an oven or over H2S0 4 or
P 2 05 . In oven-drying, the temperatures were
+ 50°C, + 70°C and 4- 105°C. The samples
were dried for 4 hours, weighed, dried for
another 4 hours and reweighed. In the desic-
cator, the samples were dried over pure con-
centrated H2S0 4 or P 2Os and weighed after 8
hours and then occasionally over a period of
3—4 weeks. The drying procedures were
carried out in duplicate.

Results and discussion

When the soils were oven-dried at + 50°C,
prolongation of drying time from 4 to 8 hours
increased the moisturepercentage of clay soil
No. 3 only (Table 2). Elevation of drying tem-
perature to + 70°C increased the moisture per-
centage of all soils. Prolongation of drying
time to 8 hours at + 70° C increased the mois-
ture percentage of fine sand sample No. 1. Ele-
vation of drying temperature to + 105°C no
more increased the moisture percentage of this
coarse soil, while the moisture percentage of
the other soils increased. Prolongation of
drying time to 8 hours at + 105°C increased

the moisture percentage of clay soil No. 3
which had the highest organic carbon content.

Drying over H 2S0 4 or P 2Os for 8 hours
removed less water than drying at + 50°C
(Table 2). Drying over P 2O s for 8 hours re-
moved more water from soil No. 3 than drying
over H 2S04 for 8 hours. Drying in a desicca-
tor for 3—7 days was as efficient as drying
at +7O°C. Desiccant-drying for 14—24 days
was as efficient as 4 hours of drying at
+ 105°C. Eight hours of drying at + 105°C
increased the moisture percentage of soil No.
3 more than prolonged drying in a desiccator.

The most frequently used definition for a
dry soil is the mass of a soil sample after it
has come to constant weight in an oven at a
temperature between + 100°C and + IlO°C
(Gardner 1965, Baver et al. 1972). How-
ever, there exists no unique temperature at
which different soil minerals can be heated to
drive offall adsorbed water and leave behind
only the water of crystallization. Such drying
temperatures range from + 100°C to over
+ 400°C. Organic materials may oxidize at
temperatures as low as +5O°C (Gardner
1965, Baver et al. 1972).

Table 2. Moisture percentages after drying.

Drying Drying H 2O %of dry soil
method time Soi] , Soi , 2 Sojl 3

50°C 4 h 1.25b 2.02b 2.95"
8 h 1.34b 1.90b 3.1 l d

70°C 4 h 1.58- 2.35" 3.90'*
8 h 2.01 r* 2.49" d 3.64"

105°C 4 h 1.96"* 2.94 s 4,17"
8 h 2.06 s 2.88's 4.74 k

H 2S0 4 8 h 0.87» 1.43» 2.06»
3 d 1.68“* 2.50cd 3.73"
7 d 1,78"d" 2.64 dc 3.97*"

10 d 1.77"d" 2.64 dc 3.978"
17 d 1.88"* 2.77"« 4.13"

21 d 1,85 dcf8 2.70" 4.05*'"
P 20 5 8 h 1.00» 1.52» 2.22b

3 d 1,73"dc 2.50" d 3.75"
7 d 1.89"* 2.65 dc 3.97*"

10 d 1.89d"8 2.64 dc 3.97e h

14 d 1,92d"8 2.70" 4.03*"'
24 d 2.03* 2.83r* 4.21'
28 d 1.99'* 2.73" 4,10""

Soils tested separately

64



The non-colloidal particles have a small
quantity of adsorbed water which is easily
removed from their surfaces by heating
(Gardner 1965). Soil No. 1, representing
soils of low clay content, seemed to be dried
at a temperature as low as + 70°C. Water pre-
sent in the clay fraction may be considered in
two categories, structural and adsorbed water,
and it is often difficult to distinguish between
the two (Gardner 1965).

In desiccant-drying, soil organic matter is
not decomposed and lost from the sample.

Oven-drying with prolonged heating can re-
move structural water or cause decomposition
of organic matter. Four hours of drying at
+ 105°C seemed to be sufficient, moisture
percentage did not significantly deviate from
those obtained by prolonged desiccant-drying.
Eight hours of drying at + 105°Cwas possibly
too drastic, because it caused additional
weight loss in sample No. 3 of about 5 %

organic carbon content. It is possible that
some decomposition of soil organic matter has
occurred.
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Maan ominaispinta-alan määrittäminen
vesihöyryn adsorption avulla
I Maanäytteiden kuivausmenetelmien vertailu
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Kolmella kivennäismaanäytteellä (saves-% 4—58, org.
C-% I—s), jotka oli tasapainotettu 75,5 prosentin suh-
teellisessa kosteudessa, verrattiin kuivatusta lämpökaa-
pissa jakuivausaineiden avulla. Maanäytteitä kuivattiin
lämpökaapissa lämpötiloissa 50°C, 70°C ja 105°C nel-
jän ja kahdeksan tunnin ajan ja eksikkaattoreissa puh-
taan väkevän rikkihapon ja fosforipentoksidin avulla.
Kuivausaineet poistivat kahdeksassa tunnissa vähemmän
vettä kuin kuivaus 50°C:ssa. Kuivausaineet poistivat 3 —7

päivässä yhtä paljon vettä kuin haihtui 70°C:ssa ja 14—24
päivässä yhtä paljon kuin poistui neljän tunnin kuivauk-
sessa 105°C:ssa. Kahdeksan tunnin kuivaus 105°C:ssa vai-
kutti liian tehokkaalta, koska savimaanäyte, joka sisälsi
5 % orgaanista hiiltä, keveni enemmän kuin pitkässä kui-
vauksessa kuivausaineilla. Toisaalta 4 % savesta sisältä-
välle hietamaanäytteelle kuivaus 70°C:ssa oli riittävä pois-
tamaan yhtä paljon vettä kuin pitkä kuivaus kuivausai-
neilla.
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