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Drying

ALBERT S. RANKELL, HERBERT A. LIEBERMAN,
and ROBERT F. SCHIFFMANN

There is hardly a pharmaceutical plant engaged
in the manufacture of tablets or capsules that
does not contain dryers. Unfortunately, the op-
eration of drying is so taken for granted that ef-
forts for achieving increased efficiency in the
production of tablets do not include a study of
drying. This chapter introduces the industrial
pharmacist to the theory and fundamental con-
cepts of drying.

Definition. For the purpose of this discus-
sion, drying is defined as the removal of a liquid
from a material by the application of heat, and is
accomplished by the transfer of a liquid from a
surface into an unsaturated vapor phase. This

definition applies to the removal of a small
amount of water from moisture-bearing table
salt as well as to the recovery of salt from the sea
by evaporation. Drying and evaporation are dis-
tinguishable merely by the relative quantities of
liquid removed from the solid.

There are, however, many nonthermal meth-
ods of drying, for example, the expression of a
solid to remove liquid (the squeezing of a Wetted
sponge), the extraction of liquid from a solid by
use of a solvent, the adsorption of water from a
solvent by the use of desiccants (such as anhy-
drous calcium chloride), the absorption of mois-
ture from gases by passage through a sulfuric
acid column, and the desiccation of moisture
from a solid by placing it in a sealed container
with a moisture-removing material (silica gel in
a bottle).

Purpose. Drying is most commonly used in
pharmaceutical manufacturing as a unit process
in the preparation of granules, which can be dis-
pensed in bulk or converted into tablets or cap-
sules. Another application is found in the proc-
essing of materials, e.g., the preparation of dried
aluminum hydroxide, the spray drying of lac-
tose, and the preparation of powdered extracts.
Drying also can be used to reduce bulk and

weight, thereby lowering the cost of transporta-
tion and storage. Other uses include aiding in
the preservation of animal and vegetable drugs
by minimizing mold and bacterial growth in
moisture-laden material and facilitating commi-
nution by making the dried substance far more
friable than the original, water—containing drug.

Dried products often are more stable than
moist ones, as is the case in such diverse sub-

stances as effervescent salts, aspirin, hygro-
scopic powders, ascorbic acid, and penicillin.
The drying reduces the chemical reactivity of
the remaining water, which is expressed as a '
reduction in the water activity of the product.
Various processes for the removal of moisture
are used in the production of these materials.
After the moisture is removed, the product is
maintained at low water levels by the use of
desiccants and/or low moisture transmission

packaging materials. The proper application of
drying techniques and moisture-protective
packaging requires a knowledge of the theory of
drying, with particular reference to the concept
of equilibrium moisture content.

Psychrometry
A critical factor in drying operations is the

vapor-carrying capacity of the air, nitrogen, or
other gas stream passing over the drying mate-
rial. This carrying capacity determines not only
the rate of drying but also the extent of drying,
i.e., the lowest moisture content to which a
given material can be dried. The determination
of the vapor concentration and carrying capacity
of the gas is tenned psychrometry. The air—-
water vapor system is the system most com-
monly employed in pharmaceutical drying oper-
ations and is therefore included in this
discussion.

The concentration of water vapor in a gas is
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