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ARTICLE INFO ABSTRACT
Published: 30 Sept 2025 Spray drying is a widely employed technique for converting liquid feed into dry powder
Keywords: by atomizing the liquid into fine droplets and exposing them to a heated drying medium.
Spray dryer, Bioavailability, This method ensures rapid moisture removal while preserving the physical and chemical
Atomizer, Principle, properties of the material. The process begins with the Finely divided liquid drops,
Instrumentation, Nano forming droplets with a high surface-area-to-volume ratio, which accelerates drying.
particles, Applications The droplets come into contact with hot air, causing evaporation of the solvent, and the
DOTI: resulting dried particles are collected using cyclones filters. Spray-desiccator offers
10.5281/zenodo.17235524 advantages such as controlled particle size, high product stability, and suitability for

temperature-sensitive products. The efficiency of drying depends on several factors,
including inlet air temperature, feed flow rate, atomization method, and droplet size.
Recent studies emphasize the importance of optimizing these parameters to enhance
product yield and quality. Spray drying finds extensive applications in pharmaceuticals,
food processing, and chemical industries, where it is used to produce powders,
encapsulated materials, and granules. Overall, spray drying of liquid droplets represents
a critical unit operation that combines engineering principles with process optimization
to achieve high-quality dried products.

scalability, and Competence to turn liquid
INTRODUCTION formulations into stable dry powders in a one step.
A spray dryer is essentially a device that atomizes
a liquid feed into fine droplets, exposes them to a
stream of hot drying gas, and quickly removes the
solvent, resulting in dry product, free-flowing
powder. This technique has become indispensable
for heat-unstable materials, bioactive compounds,
and formulations requiring precise Oversight of

fine particle measurement and morphology.

Drying process is one of the most Predominantly
used unit operations in the pharmaceutical, food,
chemical, and biotechnology industries, has a key
function in enhancing the stability, shelf life, and
handling properties of products. Among the
various drying techniques, spray drying has gained
remarkable attention owing to its versatility,
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The development of spray drying technology dates
back to the late 19th century, and since then, it has
undergone significant advances in design, process
optimization, and application. Its unique ability to
handle diverse feedstocks—such as solutions,
emulsions, suspensions, and slurries—makes it
superior relative to the conventional drying
process. Unlike oven or tray drying, spray drying
offers rapid moisture removal due to the large
surface area of atomized droplets, thus minimizing
thermal degradation of sensitive molecules.
Additionally, the process allows for the production
of uniform, spherical particles with customizable
characteristics such as porosity, bulk density, and
Droplet size distribution. These advantages have
led to its extensive utilization in pharmaceuticals
for drug formulation, in food processing for
coating or encapsulating of flavors and probiotics,
and in materials science for developing functional
powders.

The effectiveness of spray drying depends on
several critical parameters including atomization
method, inlet and outlet air temperature, feed
concentration, and drying chamber design.
Different droplet formation methods such as rotary
atomizers, pressure nozzles, and two-fluid nozzles
are employed depending on the feed properties and
desired particle attributes. Temperature control is
particularly important dealing with
thermolabile substances like proteins, enzymes,

when

and vitamins, as inappropriate conditions can lead
to denaturation or loss of activity. Furthermore, the
ability to integrate excipients and stabilizers
during the drying process makes spray drying
highly suitable for producing amorphous solid
dispersions and encapsulated bio actives, thereby
improving solubility and bioavailability.

During the past decade, the importance of
Atomized drying has expanded in advanced
pharmaceutical technologies, including the
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preparation of inhalable powders for pulmonary
drug delivery, nanoparticle engineering, and
controlled release formulations. Similarly, in the
food industry, spray drying has enabled the large-
scale production of milk powders, instant coffee,
encapsulated flavors, and nutraceutical ingredients
with enhanced stability. Continuous innovations,
such as closed-loop systems for organic solvents,
low-temperature spray drying, and integration
with supercritical fluid technology, have further
broadened its applications.

1. Principles of Spray Drying

The spray dryer operates on the basis of the
creation of a highly dispersed liquid state in ahigh
temperature gas zone. Three equally important
processes must occur-

e Atomization
¢ Drying of liquid drops
e Spray gas mixing

1.1. Atomization

The atomization is the first stage to improve
evaporation condition and produce dried material
with the good properties. Atomization is the heart
of spray- drying processes. Its principal effects are
to produce a finely divided product with special
physical characteristic of particle shape and
density. Three fundamentally different methods
can be used to atomize liquid in spray dryers.

These are

1. Pressure atomization by means of pressure
nozzles.

2. Two-fluid or gas stream atomization usually
with air or stream as the atomizing fluid.

3. High speed rotating disks, which atomize by
bringing a liquid up to a high

3686 | Page



Gudavalli Yathishwar Rao, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 9, 3685-3694 |Review

velocity by centrifugal force and discharging into
a hot gas zone.

tangential inlet
hot air

vapour

separator

%] Dry product

Frigure 1. Principal of Spray Dryer

1.1.1. Drying of Liquid Droplets

In the spray dryer chamber, the liquid feed is
microdroplets into fine droplets using a nozzle or
rotary atomizer. These droplets are introduced into
a current of hot air inside the drying enclosure. As
each droplet comes in contact with the heated air,
rapid moisture evaporation begins at its surface.
The rate of drying depends on droplets size,

temperature, dampness in the air, and airflow
e | ’ .
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pattern. Initially, the surface moisture evaporates
quickly, leading to the formation of a thin solid
layer around the droplet. Later, the remaining
moisture diffuses from the interior to the surface
and continues to evaporate until a dry particle is
formed. This process enables the conversion of
solution feed into free-flowing dry powder in a
very short time, making spray drying highly
suitable for heat-fragile compounds.
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Figure 2. S}iray Dryer

1.1.2. Spray Gas Mixing
The mixing pattern of the drying and the Desiccant
gas determine the effectiveness of thermal and

)
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material transfer. Spray dryers can operate in co-
current, counter-counter, or mixed flow systems.
In co-current flow, both the atomized droplets and
the drying gas move in the same direction, which
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is preferred for heat-sensitive materials snice the
highest temperature exposure is brief. In counter-
current flow, the droplets move opposite to the gas
stream, providing longer drying time but higher
thermal stress. Mixed flow designs combine both
mechanism to balance drying efficiency and
product stability.

2. Types of Spray Dryers

2.1. Centrifugal Spray Dryers

Centrifugal spray dryers, among the very common
types, use a high-speed rotating disc to atomize the
solution Atomize into fine droplets. These droplets
come into interaction with warm air swiftly
vaporization of water content. Absolute for
producing fine, agreeing powders.

Benefits:

e Rapid drying
e Uniform particle size
e Perfect for heat-sensitive materials

Centrifugal Spray Dryer
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Figure 3. High-Speed-Centrifugal Spray Dryer

2.1.1. Pressure Spray Dryer

A pressure spray dryer is a type of spray drying
system where liquid is atomized into fine particles
using a high-pressure nozzle. The liquid is forced
through a small orifice at elevated pressure, which
breaks it into fine mist. The droplets are then
exposed to a stream of hot air, leading to rapid
evaporation of the solvent and formation of dry
powder particles. This method is widely used in
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the pharmaceutical, food, and chemical industries
because it allows efficient conversion of liquid
formulation into stable, free-flowing powders.

Benefits:

e Efficient Atomization
e High Throughput
e Versatility
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Figure 4. Pressure Spray Dryer in Industry

2.1.2. Two-Stage Spray Dryer

A two-stage spray dryer is an advanced drying
system designed to improve energy efficiency and
product quality compared to conventional single-
stage dryers. In this process, atomized droplets
from the feed solution are first exposed to hot air
in the drying chamber, where the majority of the
solvent is evaporated rapidly. Instead of collecting
the powder immediately, the partially dried
particles are transferred to a secondary drying unit,

such as a fluidized bed dryer. This arrangement
allows the final removal of residual moisture under
milder conditions, minimizing heat damage and
enhancing powder stability.

Benefits:

e Improved Energy Efficiency
Scalability
e Reduced Stickiness
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Figure 5. Two-Stage Spray Dryer

2.1.3. Rotary Atomizer Spray Dryer

A rotary spray dryer is a type of spray drying
equipment in which atomization of the liquid feed
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is achieved through a high-speed rotary atomizer
or wheel instead of a pressure nozzle. The solution
formulation is fed onto the rapidly rotating disk,
which disperses it into fine droplets due to
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centrifugal force. Thes droplets are then
introduced into a stream of moisture and the
formulation of dry, free-flowing powder. Rotary
atomizers are particularly advantageous when
dealing with high-viscosity feeds or when precise

control over particle size distribution is required.

Benefits:

Uniform particle size distribution

Operational flexibility

Reduced risk of nozzle blockage

Figure 6. High-speed Rotary Spray Dryer

3. Design and Assembly of a Spray drier

A Nozzle atomizer dryer is a specially designed
equipment that converts solution feed into dry
powders through atomization and rapid drying in a
thermal draft vapor. The basic construction
consists of several key components:

3.1 Drying Chamber- A large, usually cylindrical
or conical chamber made of stainless steel, where
Dispersed droplets come into contact with hot air
and undergo rapid solvent evaporation. The
chamber heat loss.

3.1.1. Nozzle System- The feed solution or
suspension is dispersed into fine droplets using
either a rotary disc atomizer or a high-pressure
nozzle. The atomizer ensures uniform droplet size
distribution, which directly affects the particle
properties of the final product.
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3.1.2. Air Heater and Blower- Ambient air is
drawn in using a blower and heated through an
electric or steam-based air heater. The temperature
and flow of the hot air are carefully controlled to
optimize drying efficiency while protecting heat-
sensitive materials.

3.1.3. Feeding System- A pump delivers the
solution feed at a constant rate of the atomizer.
This ensures continuous and uniform spraying
during the drying process.

3.1.4. Cyclone Separator- After drying, the fine
powder is separated from the exhaust air using a
cyclone separator or bag filter system. This
prevents powder loss and ensures collection of the
final dried product.

3.1.5. Powder Collection Unit- The dried fine
powder is collected at the base of the drying
chamber or from the cyclone separator in a
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container, from where they can be further
processed or packaged.

3.1.6. Exhaust System- Remaining air and
moisture are released through an exhaust system,
sometimes equipped with scrubbers to minimize
environmental impact.

4. Operation Of a Spray Dryer

A spray dryer is a mostly used in the
pharmaceutical industry, food,
industries for converting liquid feed into a dry
powder in a single step. The process involves
atomization of the liquid feed, rapid drying
through contact with a hot drying medium, and

collection of the final powder.

and chemical

4.1. Atomization

The sample feed (solution,
emulsion) is pumped into the spray dryer chamber

suspension, or

through an atomizer. Atomization converts the
liquid into fine particles, significantly increasing
the surface area available for drying.

4.1.1. Exposure to Heated Air

The Microdroplets are introduced into a drying
chamber, Where they immediately come into
contact with hot air or gas. The drying medium is
usually introduced in a co-current, counter-
current, or mixed flow pattern, depending on the
design.

4.1.2. Moisture Evaporation

Due to the high surface area of the droplets,
moisture evaporates rapidly. The temperature
inside the chamber is carefully controlled to ensure
efficient drying without degrading heat-sensitive
materials. Evaporation occurs within a few
seconds, leading to the information of solid
particles.
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4.1.2. Separation of Dried Product

The dried particles, now in powder form, are
parted from the drying air stream. Centrifugal
separator, or Cottrell precipitator, are commonly
used to recover the product.

4.2. Collection

The final powder is congregate, at the bottom of
the chamber or in the cyclone collector. It is then
further processed, packed or stored.

5. Applications

5.1. Application of Spray Dryers in Food
Manufacturing

e Milk powder: Converts fresh milk into a
shelf-stable powder with 18-24 months shelf
life.

o Whey protein: Creates concentrated protein
supplements for sports nutrition.

e Flavor encapsulation: Protects volatile flavor
compounds from degradation.

e Seasoning blends: Creates uniform powder
mixtures for convenience foods.

5.1.1. Application of Spray
Pharmaceutical Industry

Dryers in

o Inhalable powders: Produces precise particle
sizes for pulmonary drug delivery.

e Microencapsulation: Creates controlled-
released formulation with specific release
profiles.

o Thermostable vaccines: Creates heat-

resistant formulation that reduce cold chain

requirements.

e Mucosal vaccines: Develops powder
formulations for nasal or oral administration.

e Industrial catalysts: Produces uniform

particles with consistent catalytic activity.
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5.1.2. Application of Spray Dryers Chemical
Industry

e Polymer encapsulation: Protects sensitive
materials within polymer shells.

e Redispersal polymer powders: Creates
construction additives that reactive with
water.

e Composite material: Combines polymers
with functional additives in uniform particles.

o Laundry detergents: Creates porous, quick-
dissolving powder particles.

e Surfactant processing: Converts liquid
surfactants into convenient powder form.

o Ceramic pigments: Develops color-stable
powder products with consistent properties.

CONCLUSION

Spray desiccator remains a versatile and reliable
technique for producing stable and uniform
powders from liquid feedstocks. Its role in
pharmaceuticals and food processing continues to
expand, especially with advancements in nano-
spray drying and encapsulation technology.
Although challenges such as energy consumption
and processing of viscous feed persist, innovations
in Construction and operation are steadily
improving its efficiency and applicability.
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