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Drying grains with bentonite has several potential advantages over conventional methods, including uniform drying,
little chance of overdrying and independence from non-renewable fuels. Drying tests on wheat, oats and corn were carried
out using bentonite as a desiccant in an intimate mixture with the grain. It was found that if dry bentonite (no more than
3-4% moisture content (wet basis)) is used in an intimate mixture of wheat, oats or corn, a ratio of approximately 1 kg of
grain to 1 kg of bentonite should be sufficient to dry the grain. Bentonite has excellent handling characteristics. Within the
range of moisture contents which the bentonite would attain in drying grains, it flows freely and the bentonite mixes and
separates from the grain easily. Seed quality and viability comparisons between conventionally dried seeds and bentonite
dried seeds need to be investigated.

INTRODUCTION

In eastern Canada, cereal grains are
often harvested at moisture contents above

those at which they can be safely stored
(without risk of spoilage), and therefore, it
is necessary to dry them prior to storage.
The optimum moisture content (m.c.) for
harvesting with a minimum of seed loss is
18-20% wet basis (w.b.) for wheat,
15-20% for oats, and 25-32% for corn;
while the required moisture content for
safe storage for a year is 13-14% for
wheat, 14% for oats, and 13% for corn
(Brookeret al. 1974).

Bentonite is a widely distributed clay
material which is used as a filler in well-

drilling muds, a binder in foundry molds, a
pelletizing agent in iron-ore concentrates,
and in many other diverse applications
(American Petroleum Institute 1951; Vagt
1976). The predominant mineral in bento
nite is montmorillonite, a hydrated
aluminum silicate with sodium and

calcium as the common exchangeable cat
ions. An important property of the clay is
its ability to adsorb large quantities of wa
ter (or other polar materials) between the
weakly bonded silicate sheets. Sodium
bentonites can swell from 15 to 20 times

their original dry volume (Department of
Mines and Technical Surveys 1964).

This study investigates the possibility of
drying cereal grains in an intimate mixture
of Wyoming bentonite (80-mesh size), a
bentonite with sodium as the predominant
exchangeable cation.

DRYING METHODS

The conventional drying method for
grain in eastern Canada is to blo\v heated
or natural air through a bed of the moist
grain. Drying corn and the smaller cereal
grains with heated air utilizes fossil fuels

which are non-renewable resources rapid
ly increasing in cost. Much of this drying
is done at high temperatures which can
reduce the quality and viability of the
grain. Drying the grains with natural air is
a slow process, and there is the possibility
of mold developing before the grain can
dry sufficiently.

There is much research, past and pre
sent, into alternate methods to dry grain.
Among these are solar drying and desic
cant drying. Solar drying can be done in
directly, using solar energy to heat the air
which then dries the material in a separate
unit, or directly, with the solar energy
being absorbed directly by the grain (Bern
etal. 1979; Lof 1962; Shove 1977). Desic
cant research has been done utilizing silica
gel and also, over-dried corn as the desic
cant in an intimate mixture with the high
moisture content corn (Bern et al. 1979;
Danziger et al. 1972), and with calcium
chloride or silica gel in alternate layers
with corn (Bilanski 1980, unpubl. obs.).
Also, silica gel and calcium chloride have
been used to desiccate air which then dries

the grain (Aldis et al. 1978; Clark 1980,
unpubl. obs.; Danziger et al. 1972).

EXPERIMENTAL PROCEDURE

In August, September and October
1980, drying trials were run on freshly
harvested wheat, oats and corn to evaluate
the drying capabilities of bentonite.

These trials were conducted in 150-L

plastic barrels, using plastic sheeting for
lids. From preliminary drying tests, ratios
of 1 kg, 2 kg, and 0.5 kg of grain to 1 kg of
dry bentonite (initial masses) were found
to be adequate for producing a realistic set
of drying curves. The wheat and oats trials
had these ratios. The corn trials were con

ducted with moister bentonite. therefore
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ratios of 1kg of grain to 1kg, 2 kg and 3 kg
of bentonite were used. The barrels were

filled by adding alternate layers of grain
and bentonite in approximately 15-kg in
crements. For the wheat trials, the mixture
was stirred as the layers were added. In the
latertrials, it was just as efficient to fill the
barrels, lay them on their sides and roll
them. The barrels were kept sealed except
during the time required to take a sample.
For the wheat and oats trials, samples were
taken from the entire depth of the barrel
using a grain sampler. It was very difficult
to push the grain sampler through the
bentonite-grain mixture, and in the corn
trials the barrels were tilted and a sample
was scooped from the center. Samples
were taken twice a day for the first few
days during maximum drying, then once a
day until the end of the week. The grain
was sifted out of the bentonite, and the
separate components were oven-dried to
determine their moisture contents. The

bentonite was dried at 105°C for 48 h, the
corn at 105°C for 72 h, and the oats at
130°C for 22 h (ASAE Standard S352).
The wheat was dried at 105°C for 72 h

(ASAE standard specified 130°C for 19 h;
however, a second drying oven was un
available at that time, so the oven at 105°C
was used, with 72 h set as the time for
biological materials). Because sample-
taking resulted in some settling of the
bentonite to the bottom of the barrel, the
barrels were rolled to remix the compo
nents every 1 or 2 days depending on the
amount of settling. At the end of the week,
the mixture was separated by passing it
through a fan mill.

Bentonite at 2.5% and 2.8% moisture

content, wet basis was used to dry the
wheat (15% m.c.) and oats (22% m.c),
respectively. Bentonite at 7.8% and 8.2%
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m.c. was used to dry the corn (22.6% and
29.5% m.c, respectively).

For the wheat and oats, the bentonite
had been dried in large ovens at Canadian
General Electric, Guelph, and had not
been previously used. For the corn trials,
the bentonite was reused, but not dried.

The wheat and oats trials were repli
cated four times for each ratio, and the

corn trials were replicated three times for
each ratio. During the wheat trials and the
second corn trial, one barrel (1:1 and 1:2

ratio, respectively) was wired with ther
mocouples connected to a recorder to
monitor the temperature. Every 5 min, a
reading was taken from one of nine loca
tions in the wheat barrel and six locations

in the corn barrel.

RESULTS AND DISCUSSION

The results of the oats trial, shown in

Fig. 1 and listed in Table I, are representa
tive of the curves and data obtained in all

the trials. Drying with bentonite takes
place quickly with the major portion of the
drying occurring within the first 24 h. By
72 h, the drying was effectively com
pleted.

A ratio of 1 kg of wheat (15.1% m.c.) to
-1 kg of bentonite (2.7% m.c.) dried the
wheat to 11.8% m.c after 24 h, with no

further decrease in moisture content over

163 h. A ratio of 1 kg of oats (21.6% m.c)
to 1 kg of bentonite (3.9% m.c.) dried the
oats to 14.5% m.c. after 28 h and to

13.7% m.c. after 166 h. A ratio of 1 kg of

TABLE I. OATS AND BENTONITE IN AN INTIMATE MIXTURE

Moisture content (ck w.b.)
Average

1: 1 Ratio 1:2 Ratio 2: Ratio

(h) Oats Bentonite Oats Bentonite Oats Bentonite

0 21.61 3.87 22.61 1.96 21.44 2.70

4.57 17.10 6.95 16.37 5.64 18.27 6.93

16.87 14.76 7.83 14.70 6.76 16.91 9.50

28.48 14.46 7.92 15.08 7.25 17.79 9.64

40.94 15.70 8.45 13.89 7.42 17.19 10.28

48.81 15.17 9.54 14.24 7.56 17.37 11.32

67.88 14.99 9.96 13.16 7.86 16.53 11.56

91.42 14.02 10.32 13.01 7.65 17.02 11.86

117.40 13.26 9.78 12.71 7.97 16.63 12.24

141.23 14.00 9.89 12.13 7.92 16.02 12.17

165.80 13.71 9.80 13.02 8.44 15.98 12.04

com (22.6% m.c) to 2 kg of bentonite
(7.8% m.c.) was necessary to dry the corn
to 15.6% m.c. after 31 h, and down to
14.2%' m.c. after 173 h. Likewise, 1 kg of
corn (29.4%) to 2 kg of bentonite (8.2%
m.c.) dried the corn to 18.7% m.c. after

23 h, and down to 15.5% m.c. after

171 h. One kilogram of this corn to 3 kg of
bentonite dried the corn to 17.0% m.c

after 23 h, and to 14.9% m.c after 172 h.
A 1:1 grain mass to bentonite mass ratio

with dried bentonite was sufficient to dry
wheat and oats. With the corn trials, and

moister bentonite as the desiccant. a 1:2 or

1:3 corn mass to bentonite mass ratio

would be necessary to dry the corn suffi
ciently. However, a 1:1 ratio could be
satisfactory if drier bentonite was used in
the intimate mixture. The final moisture

content of the grain is dependent on the
initial moisture content of the grain and
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bentonite and on the mass ratio. The exact

ratio of grain to bentonite which should be
used to prevent overdrying would have to
be prediced from graphs or equations
based on previous drying.

Mooney (1951), doing adsoprtion
studies on Wyoming bentonite (200-mesh
size), found that in successive adsorption-
desorption cycles on the same samples, the
desorption curves were reproducible,
while the adsorption curves were depen
dent on the initial water content at which

the adsorption was commenced. It seems
probable that the adsorption curves would
be equally reproducible if a completely dry
sample were used to begin each adsorption
isotherm. Therefore, it is not expected that
repeated usage of the same bentonite for
drying will affect the drying capacity of
the bentonite. It is anticipated that the
bentonite would last through many uses
and years.

One disadvantage with heated air drying
is the possibility of overdrying the grain in
the area where the heated air enters the

grain bin. After 3 to 4 days, bentonite and
grain in an intimate mixture approach
equilibrium (Fig. 1). There is no introduc
tion of heated air. and the whole bin com

mences and completes drying sim
ultaneously. Thus there is no chance of
any area being overdried. provided that the
correct grain to bentonite ratio is used, and
that the mixture is fairly uniform and well
mixed. In a production system, the bento
nite and grain could flow into the bin sim
ultaneously, allowing even distribution of
each component as the bin fills.

Bentonite at moisture content of 8%

(w.b.) was found to have a bulk density of
1121 kg/nr1. At the range of moisturecon
tents encountered in these trials (0-16%),
bentonite flows freely and is easily hand
led. At moisture contents above 20%. it
was observed that the bentonite begins to
cake, stick and swell. Separating the
bentonite from the grain in the fan mill was
easily and simply accomplished, with the
bentonite readily flowing out of the grain.
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Figure 1.
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Moisture content of oats and bentonite in an intimate mixture.
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High drying temperatures can adversely
affect the viability and quality of grain and
seeds. During the temperature-monitored
drying trials, no significant temperature
differences from ambient were observed

(ambient was 2O-30°C during the wheat
trial; 15-20°C during the second corn
trial). Because intimate mixture bentonite

drying takes place at normal ambient
temperatures, no quality deterioration or
reduction in viability can take place due to
excessive heat. This suggests that a system
such as this might be valuable for drying
seed grain and seeds with a high sensitivity
to temperature.

As opposed to depleting non-renewable
forms of energy such as those presently
used in some of the grain-drying methods,
bentonite could be dried with a permanent
source of energy, such as solar. When the
sun is used to dry the grain directly, there
is the limitation that drying can proceed
only so long as the sun shines. This can be
overcome by using a desiccant which is
dried by the sun. While the grain must be
dried immediately upon harvesting, the
drying of the desiccant can be spread out

throughout the year to coincide with the
availability of solar energy. Silica gel and
calcium chloride are desiccants which can

be regenerated using solar energy; howev
er, they are prohibitively expensive. A
metric tonne of bentonite costs $140.

Over-dried corn has also been used as the

dessicant; however, it is uncertain whether

other grains could also be overdried for
this purpose without a loss in quality.

Bentonite is edible in small quantities,
and is presently used as a thickener and
filler in foods and medicines, and as a

binder in pelletized animal feeds. A small
amount of bentonite which might stick to
the grain should not be harmful to man or
beast.
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