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DRYING
The term drying refers generally to the removal of moisture from a substance. It is one of the
oldest, most commonly used and most energy consuming unit operation in the process
industries. Drying is often necessary in various industrial operations particularly in chemical
process industries to remove moisture from a wet solid, a solution or a gas to make it dry and
choice of drying medium is depends on the chemical nature of the materials. Three basic
methods of drying are used today:
1) Sun drying, a traditional method in which materials dry naturally in the sun,
2) Hot air drying in which materials are exposed to a blast of hot air and
3) Freeze drying, in which frozen materials are placed in a vacuum chamber to draw out the
water.
The drying of materials is often the final operation in a manufacturing process, carried out
immediately prior to packaging or dispatch. Drying refers to the final removal of water, or
another solute, and the operation often follows evaporation, filtration, or crystallisation. In
some cases, drying is an essential part of the manufacturing process, as for instance in paper
making or in the seasoning of timber, although, in the majority of processing industries,
drying is carried out for one or more of the following reasons:
(a) To reduce the cost of transport.
(b) To make a material more suitable for handling as, for example, with soap powders,
dyestuffs and fertilisers.
(c) To provide definite properties, such as, for example, maintaining the free-flowing nature
of salt.
(d) To remove moisture which may otherwise lead to corrosion. One example is the drying of
gaseous fuels or benzene prior to chlorination.
With a crystalline product, it is essential that the crystals are not damaged during the drying
process, and, in the case of pharmaceutical products, care must be taken to avoid
contamination. Shrinkage, as with paper, cracking, as with wood, or loss of flavour, as with
fruit, must also be prevented. With the exception of the partial drying of a material by
squeezing in a press or the removal of water by adsorption, almost all drying processes
involve the removal of water by vaporisation, which requires the addition of heat. In
assessing the efficiency of a drying process, the effective utilisation of the heat supplied is the
major consideration.
The fundamental nature of all drying process is the removal of volatile substances (mainly
moisture) from mixture to yield a solid product. In general drying is accomplished by thermal
techniques and thus involves the application of heat, most commonly by convection from
current of air. Throughout the convective drying of solid materials, two processes occur
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simultaneously namely, transfer of energy from the local environment in the dryer and
transfer of moisture from within the solid. Therefore this unit operation may be considered as
simultaneous heat and mass transfer operation. Drying processes and equipment may be
categorised according to several criteria, including the nature of material and the method of
heat supply and the method of operation. For example In the sugar industry washed and
centrifuged sugar crystals are dried to get finished product for packing. Drying is an
important operation in food processing. Milk is dried in a spray chamber to produce milk
powder.
All the above examples indicate that wet material loses moisture in direct contact with hot
air/gas. The hot air/gas supplies the energy required for drying and also carries away the
moisture released by the solid. For heat sensitive materials much of the resistance to drying
resides within the material. Unduly high heat and mass transfer rates applied at the surface
only result in overheating or over drying of the surface layer resulting in quality problems
without major increase in the drying kinetics. The rate of migration of the moisture from
within the solid to the evaporation front often controls the overall drying rate. Therefore,
drying may be defined as an operation in which the liquid, generally water, present in a wet
solid is removed by vaporization to get a relatively liquid free solid product. Drying of a solid
does not demand or ensure complete removal of the moisture. Sometimes it is desirable to
retain a little moisture in the solid after drying. Dryer and drying process selection for a
specific operation is a complex problem, and many factors have to be taken into account.
In general, with respect to the rate and total drying time, dryer performance is dependent on
the factors such as air characteristics, product characteristics, and equipment characteristics.
But despite the many commercially available drying techniques at present most dehydrated
products (i.e. fruits and vegetables) are still produced by the method of hot air drying. There
is other water/liquid removal processes such as filtration, settling, centrifugation, supercritical
extraction of water from gels etc. In all these operations liquid is removed by mechanical
means but a considerable amount of liquid is still retained in the solid. This residual liquid
can be removed by drying. One such example is the production of condensed milk involves
evaporation, but the production of milk powder involves drying. The phase change and
production of a solid phase as end product are essential features of the drying process. Drying
is an essential operation in chemical, agricultural, biotechnology, food, polymer,
pharmaceutical, pulp and paper, mineral processing, and wood processing industries.

GENERAL PRINCIPLES OF DRYING
The moisture content of a material is usually expressed in terms of its water content as a
percentage of the mass of the dry material, though moisture content is sometimes expressed
on a wet basis. If a material is exposed to air at a given temperature and humidity, the
material will either lose or gain water until an equilibrium condition is established. This
equilibrium moisture content varies widely with the moisture content and the temperature of
the air. A non-porous insoluble solid, such as sand or china clay, has an equilibrium moisture
content approaching zero for all humilities and temperatures, although many organic
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materials, such as wood, textiles, and leather, show wide variations of equilibrium moisture
content.
Moisture may be present in two forms:
Bound moisture. This is water retained so that it exerts a vapour pressure less than that of free
water at the same temperature. Such water may be retained in small capillaries, adsorbed on
surfaces, or as a solution in cell walls.
Free moisture. This is water which is in excess of the equilibrium moisture content.
The water removed by vaporisation is generally carried away by air or hot gases, and the
ability of these gases to pick up the water is determined by their temperature and humidity.

MECHANISM OF DRYING
Drying does not mean only removal of the moisture but during the process, physical structure
as well as the appearance has to be preserved. Drying is basically governed by the principles
of transport of heat and mass. When a moist solid is heated to an appropriate temperature,
moisture vaporizes at or near the solid surface and the heat required for evaporating moisture
from the drying product is supplied by the external drying medium, usually air or a hot gas.
Drying is a diffusion process in which the transfer of moisture to the surrounding medium
takes place by the evaporation of surface moisture, as soon as some of the surface moisture
vaporizes; more moisture is transported from interior of the solid to its surface. This transport
of moisture within a solid takes place by a variety of mechanisms depending upon the nature
and type of the solid and its state of aggregation. Different types of solids may have to be
handled for drying crystalline, granular, beads, powders, sheets, slabs, filter-cakes etc.
The mechanism of moisture transport in different solids may be broadly classified into (i)
transport by liquid or vapour diffusion (ii) capillary section, and (iii) pressure induced
transport. The mechanism that dominates depends on the nature of the solid, its pore structure
and the rate of drying. Different mechanisms may come into play and dominate at different
stages of drying of the same material. The following term are commonly used in designing of
drying systems. Moisture content of a substance which exerts as equilibrium vapour pressure
less than of the pure liquid at the same temperature is referred to as bound moisture..
Moisture content of the solid which exerts an equilibrium vapour pressure equal to that of
pure liquid at the given temperature is the unbound moisture.
The moisture content of solid in excess of the equilibrium moisture content is referred as free
moisture. During drying, only free moisture can be evaporated. The free moisture content of a
solid depends upon the vapour concentration in the gas. The moisture contents of solid when
it is in equilibrium with given partial pressure of vapour in gas phase is called as equilibrium
moisture content. Similarly, the moisture content at which the constant rate drying period
ends and the falling rate drying period starts is called critical moisture content. During the
constant rate drying period, the moisture evaporated per unit time per unit area of drying
surface remains constant and in falling rate drying period the amount of moisture evaporated
per unit time per unit area of drying surface continuously decreases.
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