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A study was made of the migration of moisture from corn to the desiccant bentonite when the two were in an intimate
mixture. Various initial moisture contents of the corn andthe bentonite were used, so that six setsof corndrying and
bentonite adsorbing datawere obtained. Thecurves of moisture content versus time were plotted. An equation having
theform m = n% ± a(\ - *rbt) was fitted to these curves. Themajority of themoisture transfer was completed within
the first 24 h, and the curves approached equilibrium between 48 and72 h. Since the curves are asymptotic, it would
be possible to storethe corn in bentonite without anyforeseeable damage due to overdrying. No significant amount of
bentonite is retained on the corn after the completionof drying.

INTRODUCTION

The use of such desiccants as bentonite

for drying cereal grains has much potential
(Sturton et al. 1981); however, to date
very little literature is available in this
area. Desiccant drying is well suited
where a predictable rate of drying is de
sired without thermal stresses and without

concern for such problems as the temper
ature and relative humidity of the heated
air, the volume of heated air passing
through the grain and the duration of
drying. Rodda and Rode (1977) found that
desiccant-assisted drying systems for soy
beans avoided the thermal-stress seed-coat
cracks associated with loss of germina
tion. Furthermore, the drying rate was al
most the same as that attained by high-
temperature drying.

Danziger et al. (1972) studied the
drying of field corn with silica gel. Al
though silica gel gave good results in
drying the corn, it is not being used today.
If a less expensive dessicant, capable of
efficiently drying corn and cereal grains
could be found, a desiccant system of
drying corn and cereal grains could be
both practical and economical.

Bentonite is a relatively inexpensive,
easily obtainable clay found in many parts
of the world. The predominant mineral in
bentonite is montmorillonite, a hydrated
aluminum silicate with sodium and cal
cium as the common exchangeable cat
ions. Adsorption, occurring when one
mineral adheres to another owing to mu
tual attraction, is an important property of
this clay. Because of this ability to adsorb
large quantities of water (or other polar
materials) between the weakly bonded sil
icate sheets, sodium bentonite can swell
from 15 to 20 times the original dry vol
ume (Anonymous 1964).

Bentonite is processed in several grades
of fineness and is readily available com
mercially as it is used in oil and gas well
drilling and in iron ore production as well
as in the food and feed industries where
is is used as a binding agent. The 1980
price for bentonite was about $0.10 per
kilogram delivered when purchased in
quantity. This is cheaper than silica gel
(Si02) or molecular sieves, which are also
used as desiccating agents. Furthermore,
previous research has indicated that ben
tonite is a more effective desiccant than

calcium chloride, queenstone shell, or
clay (Srivastava and Bilanski 1981).

To determine the practicality of a sys
tem of drying grain with bentonite, it is
necessary to know the magnitude and gen
eral pattern of the drying process. The op
timal drying time and the necessary initial
moisture content of the bentonite can then
be determined.

EXPERIMENTAL PROCEDURE

In 1981, six trials were conducted using
rewetted corn being dried in an intimate
mixture with the desiccant bentonite. The
bentonite used was an 80-mesh Wyoming
bentonite (in which sodium is the predom
inant exchangeable ion) purchased from
the Hamilton Facing Mill, Ontario. The
bentonite had been previously used in the
1980 season for drying tests on grains;
however, this previous adsorption would
not have influenced later adsorptions
(Mooney 1951).

These trials were conducted in 455-mL

(16-oz) mason jars using a ratio of 1 kg of
corn to 1 kg of bentonite (initial masses).
The corn and the bentonite were added

alternately to each jar to allow even dis
tribution of each component throughout
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the other. There were 10 replications for
each sampling. Sampling was done six to
eight times over a period of a week (ap
proximately 170 h).

When sampling, each jar was emptied
and the corn was sifted out of the bentonite
(sifting required no more than 5-10 sec of
shaking in a small sieve since the benton
ite falls out of the corn easily). The corn
and the bentonite were weighed sepa
rately, oven-dried (bentonite at 105°C for
48 h, corn at 105°C for 72 h American
Society of Agricultural Engineers 1977)
and reweighed. The moisture content was
calculated as a percentage of wet mass.

A range of initial moisture contents of
the corn and the bentonite were used. The

bentonite used in the intimate mixtures
had initial moisture contents ranging from
0.07% to 11.95% wet basis (WB). The
corn used had initial moisture contents

ranging from 22.95% to 32.21% (WB).
Since the corn had been purchased at 15%
(WB) moisture content, water was added
to the corn in an amount sufficient to bring
the moisture content to the desired level.
The mixture was refrigerated in sealed
plastic buckets for 5 days to allow the corn
to absorb the moisture without becoming
moldy. The corn and water mixture was
stirred twice daily to ensure even moisture
distribution. Before being used, the moist
corn was allowed to warm to room tem

perature. Previous research (Bilanski and
Sturton 1981) on drying with bentonite in
cluded drying tests on both rewetted corn
and on fresh field corn. No significant dif
ference in drying between rewetted corn
and field corn was noted.

The trials were conducted in a labora
tory with a room temperature of approxi
mately 20°C. The mason jars were com
pletely filled and then sealed so that the
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relative humidity of the room would have
no influence on these tests.

RESULTS AND DISCUSSION

The initial moisture contents of the corn

and the bentonite, and the corresponding
final moisture contents of these compo
nents after approximately 1 wk in an in
timate mixture together can be found in
Table I. The six corn drying and corre
sponding six bentonite adsorbing curves
are consistent among themselves in shape
and in magnitude as influenced by the in
itial moisture contents of both the com

ponents.
The corn moisture content reduced

quickly during the first 20 h or less. This
is highly desirable as it prevents spoilage
of the grain. This rapid rate of desiccation
also allows the bentonite to be reused

within 24 h. Since bentonite is an inert

substance, it can be dried quickly at an
elevated temperature. The equation for the
moisture content of the corn is

m = m0 - ac(l c')

and for the bentonite it becomes

m = m0 + ab(l - e'V)

(1)

(2)

where

m = moisture content (% WB) of the
component at a given time t (h)

m0= initial moisture content (% WB) of
the component

ahtC = constant which equals the difference
between the initial and final mois

ture content of the component at
equilibrium (t = o°)

b = bentonite

c - corn

fcbc = constant related to the rate at which
the curve approaches equilibrium.

The moisture content data were put in
the Hooke and Jeeves optimization com
puter program (Kuester and Mize 1973)
which optimized the values of ab>c and bbjC
for each of the six sets of curves. These

values of ab>c and bhtC as well as the min
imum response (the sum of the absolute
differences between each measured mois
ture content and the corresponding value
from the equation), are listed in Table II.
Figure 1 shows the measured data and the
optimized equations for one replication,
which is representative of all the results
obtained.

The values of ah and ac were found to
each follow a straight line and were de
pendenton the initialmoisturecontentdif
ference between the corn and the benton
ite. The six values of ac follow the
equation

ac = -0.3368 + (0.4296**0 (3)
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TABLE I. INITIAL AND FINAL MOISTURE CONTENTS OF CORN AND BENTONITE

Date
Initial moisture content % (WB) Final moisture content % (WB)

Time

1981 Corn Bentonite Corn Bentonite (h)

11 May 28.50 7.79 18.51 15.79 191

25 May 32.21 10.86 23.05 19.16 166

1 June 23.54 11.95 17.59 15.27 174

29 June 26.83 0.07 14.71 11.32 165

20 July 30.54 0.23 17.47 13.56 168

10 Aug. 22.95 0.23 13.86 9.23 168

TABLE II. VALUES OF ahc AND bhc AND THE MINIMUM RESPONSE FOR THE EQUATIONS:
m = m0- ac(l - e-^MCORN); m = m0 + ab(l - e~bbt) (BENTONITE)

Date
Corn Bentonite

1981 ac (% WB) Mh"1) Min. resp. ah (% WB) Mh-1) Min. resp.

11 May 9.171 0.2540 2.032 8.000 0.4099 1.534

25 May 8.740 0.2365 4.338 8.070 0.3344 2.926

1 June 4.828 0.4941 2.562 3.320 0.1774 1.712

29 June 11.190 0.2609 3.126 11.160 0.2660 3.818

20 July 13.070 0.2397 2.585 12.800 0.3116 2.724

10 Aug. 8.342 0.2491 1.929 8.770 0.3138 2.968

where d is the initial moisture content dif

ference (% WB) between the corn and the
bentonite, and have an /^-square value of
0.9565. The six values of ab follow the
equation

ah = -2.6671 + (0.5102**/) (4)

and have an /^-square value of 0.9983.
The values of bc and bh vary between

0.1744 and 0.4941. The curves come to

equilibrium between 48 and 72 h.
Thus, the moisture content decrease in

corn (ac) and the moisture content increase

35 r

in bentonite (ab) can be determined from
these equations for a ratio of 1 kg of corn
to 1 kg of bentonite when the initial mois
ture content of each component is known.
While bcand bh are not so easily obtained,
it was observed that the corn and bentonite

moisture contents will approach equilib
rium between 48 and 72 h after being com
bined in an intimate mixture. Similar

equations can be found in a similar manner
for other cereal grains when intimately
mixed with bentonite.

The ash content of the bentonite was

LEGEND

— predicted values
0 measured values

July 28, 1981

Figure 1.
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Measured moisture content data for 20 July 1981 and the optimizedequations for
this data.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 25, NO. 1, SUMMER 1983



measured and determined to be 94.7%
(dry basis), and the com ash content was
determined to be 1.8% (dry basis). Ben
tonite retained on the com would ob
viously increase the ash content of the
com. However, the bentonite is easily
separated from the com, and com which
had been dried with bentonite as previ
ously described was found to have an ash
content of 1.7%. Hence, it can be con
cluded that no discemable amount of ben
tonite is retained on the com after drying.

CONCLUSIONS

The drying of cereal grains and seeds
with bentonite shows promise.

Equationswhich predict the drying pat
tern of a com and bentonite mixture have
been determined.

Although a large ratio of bentonite to

com is required for adequate drying, the
bentonite is relatively inexpensive and
easy to handle, making it not an impract
ical possibility.
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