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Microencapsulation is a technique by which a layer of polymer or any other coating 
material is provided to small particles of solid or liquid substances. Microspheres 
are used for a number of purposes like in food industries, food preservation, drug 
formulations, and so on. Depending on purposes of use and production 
requirements, different methods are used. In case of drug formulations, 
microencapsules or microspheres facilitate masking bitter or undesirable taste of a 
substance, long duration of action, site-specific release, separation of incompatible 
substances, and protection against moisture degradation or oxidation, modifying 
elements’ physical characteristics.Microspheres can be produced in various ways. 
These methods can be categorized as physical, physicochemical and chemical 
methods. They can also be categorized as chemical and mechanical processes. 
Researchers have always explored different ways of microsphere production to 
discover new applications. In this review paper, we have highlighted different 
methods used for the microsphere and microcapsule preparation. Spray drying or 
congealing, coacervation and solvent evaporation techniques are most commonly 
used for drug formulation preparation. This research can be a guideline to find out 
the most suitable method of microsphere preparation depending on the desired 
output.  
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INTRODUCTION 
Microcapsules are coated with filmy coating 
elements by a method known as 
microencapsulation, where solid, liquid, or gas 
active components are packed inside with the 
coating shield of the size of 1 to 100 microns 
range [1, 2]. Desired active elements are coated 
with a shell named microcapsule (Fig. 1). The 
architecture of microcapsules varies from 
symmetrical spherical design to any type of the 
desired form. In the spherical system, a uniform 
shell acts as a cover of the core active material. 
The radius parameter of a microcapsule is 
ranged from 0.5 to 500μm. For mass production, 
a coating shell radius range from 1.5 to 400μm 
covers core active material range from10% to 
90% of the weight [3, 4].  
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If the radius is below 0.5μm, it is called 
nanoparticle, and if it is 500μm, the name will be 
microcapsule. Alternatively, it is also called 
microgranules [3-7]. 
 

 

Figure 1:  A Typical Microcapsule Structure 
 
Microencapsulation is a process where micron 
level solid, liquid, or gas material is covered with 
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a uniform film [8]. A particular type of uniform 
cover film protects the core active material from 
any kind of decay or damage from the external 
environment. The film has no reaction tendency 
with the core sample [4-6]. The uniform cover film 
will maintain an optimum decay period and 
active core release [9]. In agriculture, cosmetic, 
and textile systems, this encapsulation 
technology has been developed with immense 
progress. Now the uniform film coating 
technology is adapted to preserve the odor and 
quality of the active core sample, for optimum 
desired release, for better consistency, 
bioavailability of active samples. For a particular 
active molecule supply with maintained molecule 
flow, a multi-particulate dosage method is much 
reliable. 
 

A monolithic entity with a spherical shape is the 
main feature of a microsphere in which the 
active agent is evenly spread at the molecular 
level or the particle level. These two types of 
distributions are the broader type of 
microparticle. The radius range of a 
microparticle is 0.5μm to 500μm regardless of 
the internal or the external structure. Among all 
the microparticle types, the microsphere is an 
extended category of Microcapsules. In the 
microparticle, the core is surrounded by active 
material, where the material type is different 
from the core [1,10]. A microsphere is the uniform 
distribution of the active agent and the polymer. 
Besides, in microcapsules, the polymer film is 
used as a thin film coat with the random 
distribution of active drug inside [5, 6]. Different 
types of microparticle architecture have been 
shown in Fig. 2. The microcapsule turns into 
microparticle according to the attenuation of the 
size of the active drug [11].  
 

 

Figure 2: Variations of microparticle 
formulations [12]  

Advantages of Microsphere and 
Microencapsulation Technology  [4, 5, 13, 14] 

To lessen the active agent's side effect, the 
microencapsulation technology is suitable as it 
more feasibly help the utility of the sample 
dosage [3]. For a specific application, the release 
profile of the active elements can be controlled 
according to the demand. The active material 
release includes faster release, prolonged 
release, and release to the target application. The 
microencapsulation method introduces 
membrane coating of severe testing agents for 
chewing drug intake where there is no need to 
drink water during intake. Hence in medical 
science, microencapsulation acts as a different 
type of medium for the desired application of 
active agents [7]. Despite all the development in 
the microencapsulation process, there are many 
resistances yet to be resolved in the way of 
precise fixation of the active agent, shell element, 
and product methodology [14].  
 

In most of the drugs taken orally, there is no 
mechanism of release maintenance or target 
fixation. That's why the conventional method 
incorporates a toxic range with the rising active 
molecule, and the active longevity becomes less 
than demand up to re-administration [4]. The 
adequate release of the active agent during the 
required period in fix target and application 
results in reduced drug toxicity and harmful 
after-effect. For desired and optimal active 
agents and targets, microencapsulation is the 
best option [3, 5, 15]. If a consistent plasma 
concentration is maintained, the formulation 
could decrease the dose-volume and side effects 
of the drug. The drug efficiency could be 
improved by a well-built drug system and well 
maintained active agent supply to the fixed 
target site. For this, different ways are to be 
adopted to deliver the drug for an appropriate 
release maintenance system of the active agent 
[16]. The microsphere formulation is one of the 
feasible ways [17].  
 
Microencapsulation Technologies [3-5, 13, 14]  
There are various methods of 
microencapsulation. The methods are divided 
into three types: 

1. Physical methods 
2. Physico-chemical methods 
3. Chemical methods 

 
 1.  Physical Methods   

 Spray drying and spray congealing 
 Fluidized bed technology 
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 Pan coating 
 Centrifugal extrusion 
 Spinning disk 
 Air suspension coating     

 
 2.  Physico-Chemical Methods 

 Coacervation  
 Polymer-polymer incompatibility 
 Solvent evaporation 
 Polymer encapsulation 
 Hydrogel microspheres 

 
3.   Chemical Methods 

 Interfacial polycondensation 
 Interfacial cross-linking 
 Interfacial polymerization  
 Matrix polymerization  

 

According to Curt Thies, there are two processes 
of microencapsulation [18]. The process is 
operated according to the phase [19]. They are as 
follow: 
 

I. A Type/ Chemical process 
II. B Type/ Mechanical process 

 
I. A Type: Here, the capsule formation is held 

entirely in a liquid-filled stirred type tank 
filled with liquid, or it is a reactor with a 
tubular system.  
 

II. B Type:  Here, the capsule formation held 
by coating elements covers the core 
element by spraying droplets of the 
coating element. That is why the 
encapsulated drug formed. 

 

Table 1: List of Type A and Type B processes 

Type A (chemical) 
processes 

Type B (mechanical) 
processes 

Complex coacervation Spray drying 

Polymer-polymer 
incompatibility 

Spray congealing 

Interfacial polymerization 
in liquid media 

Fluidized bed coating 

In situ polymerization Electrostatic Deposition 

Solvent evaporation or In-
liquid drying 

Centrifugal extrusion  

Thermal and ionic gelation 
in liquid media 

Spinning disk or 
Rotational suspension 
separation  

Submerged nozzle 
extrusion 

Polymerization at solid-gas 
or liquid-gas interfaces 

 Pressure extrusion or 
spraying into solvent 
extraction bath 

Stable dispersion and emulsion are very crucial 
for the two processes as A and B types. 
 
Type A Encapsulation Processes 
Complex Coacervation 
There are two methodologies to conduct 
coacervation. One is simple and the another is 
complex processes. In the simple method, the 
phase separation is held by adding an agent, 
which will be desolvation type. Besides, during 
the complex method, two polymers which are 
differently charged are being incorporated [20]. 
First of all-polymer solution is being dispersed 
with the core element (usually oil) (a cationic 
aqueous polymer, gelatin). After that, polymer 
(anionic, water-soluble, gum arabic) solution is 
then added to the prepared dispersion. The 
coating material deposits over the core particle 
when the complex of the two polymers 
happened. An addition of salt or a change of pH 
or thermal condition or the medium dilution 
accelerates the process. In the end, with 
formaldehyde cross-linking, desolvation or 
thermal adaptation, the microcapsules become 
stabilized. Microcapsules are being 
manufactured from Complex coacervation, which 
contains fragrant oils, liquid crystals, flavors, 
dyes, or inks as the core material. 
 
Polymer-Polymer Incompatibility 
Incompatibility between polymer and polymer is 
known as a phase separation process. In this 
process, two types of polymer have been used, 
which are soluble in a common solvent but do 
not mix with each other. Among the two phases 
of the polymer, one phase becomes the shell of 
the capsule, and the other phase act as a 
separator. Besides, the second phase polymer is 
not a part of the capsule shell. A cross-linking of 
chemical or nonsolvent material desolves the 
shell. This way, microcapsules are manufactured. 
The capsule is prone to attach to each other 
during the production process [20]. In an aqueous 
or aqueous free environment, the encapsulation 
between polymer and polymer incompatibility is 
conducted. Besides, organic media is essential in 
the initial stage. 
 
Interfacial Polymerization (IFP) in Liquid 
Media 
Over the outer surface of the active core, a coated 
shell will be formed by reactive monomer 
polymerization [20]. The monomer is a 
multifunctional type. The monomers are used 
with a single form or combined form. In the 
liquid core material, the multifunctional 
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monomer is dissolved, which will result in 
dispersion in the aqueous phase that holds the 
dispersing element. An amine type additional 
reactant will be mixed. After an accelerating 
polymerization, the coated shell will be formed. 
 

The reaction between isocyanate and amine 
results in polyuria membrane. Consequently, 
acid chloride and amine reaction result in 
polynylon or polyamide—a reaction between 
isocyanate and hydroxyl results in polyurethane 
shell. By the Interfacial polymerization process, 
polyurethane-urea encapsulates diammonium 
hydrogen phosphate. The elemental analysis 
makes 62% by weight DAHP, which will act as 
fill. This fill will produce 22% microcapsules in 
powder form. 13.35mm is the normal size of 
DAHP, and 30.1mm is the average size of 95% 
particle.  
 
In Situ Polymerization  
In the encapsulation reactor, the addition of 
polymerization monomers creates a capsule 
coated shell as same as IFP. In this process, no 
reactive elements are mixed with the core 
element.  In the continuous phase of the 
dispersed core element, polymerization happens. 
In the beginning, the weight of the polymer that 
creates the shell will be less. After that, the 
thickness of the polymer will grow when the 
time progresses and the polymer will become a 
capsule shell.A unique feature of in situ 
encapsulation technology is that polymerization 
occurs in the aqueous state the polymerization 
occurs. This criterion makes the in situ 
encapsulation process different from other 
methods. For this reason, over the dispersed type 
core element, a condensed material shell is 
created. In this process, the coated capsule 
membrane has higher cross-linked vale, water 
insolubility. The total polymerization process 
happens in the aqueous area; that's why the 
reactive material does not dissolve in the core 
element. This method has become a widely 
introduced way for the mass production of 
capsules. 
 
Evaporation of Solvent or Drying of In-Liquid 
[21]  
This method has also been widely adapted for 
microencapsulation. The introduction of 
emulsification with active agent and polymer 
with an extra medium do not dissolve 
throughout the emulsification process.It is a 
simple method for microcapsules with different 
types of compound elementscontain a variety of 
polymers [22, 23]. To whole evaporation technique 

can change microsphere properties. The 
dispersing element, the ratio between the active 
element and polymer, core material solubility, 
the rate of stir accelerate the emulsion and 
production process [23, 24]. The hydrophilic or the 
hydrophobic behavior of the drug is the deciding 
factor for effective drug encapsulation. For 
hydrophobic drug material, oil-in-water process 
is mostly used. This oil-in-water method is easy 
to execute, and a different method follows this 
method. Four significant stages of oil-in-water 
method as follows:  
 

1. Hydrophobic drug is dissolved in polymer 
organic solvent.  

2. The dispersed phase indicates about 
emulsification of the organic element. 
Besides, an aqueous phase indicates 
continuous phase. 

3. A continuous phaseextract the solvent from 
the dispersed phase where solvent 
evaporates become solid material from 
droplets. 

4. To get rid of the residual solvent drying 
and recovery process is useful. 

 
For highly hydrophilic drug material, there is a 
need for a different method.  There is a 
probability that the organic solvent will not be 
able to dissolve the highly hydrophilic drug. At 
the emulsion period, the active agent may reach 
the continuous phase, which will result in drug 
loss [17, 25]. 
 
The feasible alternative way as follows: 

a) Water-oil-water double emulsion method: 
The emulsion of hydrophilic drag in an 
aqueous solution happens in the organic 
phase. Then again, an emulsion process will 
happen in an aqueous solution for a second 
emulsion layer. 

b) Oil-water co-solvent method: If the drag 
doesn’t dissolve in the organic solvent, then 
an auxiliary is introduced to make the drag 
soluble.  

c) Method of Oil-water dispersion: With a 
powder and solid form of the drug is 
dispersed in a polymer and the organic 
solvent.  

d) Method of oil-oil non-aqueous solvent 
evaporation: The oil takes the place of the 
aqueous phase. 

 
At first, the drag should be in an aqueous form. 
There should also be a viscosity builder and 
stabilizer element in the arrangement. Some 
solvents named dichloromethane, chloroform is 
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essential for the formation of water by a high, 
stirring process.  
 

With PVA or PVP, an emulsifier is introduced in a 
high amount of water for the emulsion process in 
the water-oil-water method. For the evaporation 
of the organic part in the solvent, the emulsion is 
then directed to a high, stirring process. 
Afterward, by a washing and drying process, the 
final microspheres are prepared. 
 
Type B Encapsulation Processes 
Spray Drying 
In a polymer solution the core drag materials are 
dispersed, and a hot chamber is used for 
spraying. After the evaporation of the applied 
solvent, the outer membrane material becomes 
solid. Finally, a polynuclear or matrix kind of 
microcapsule is formed [26]. The encapsulating 
method is cost-effective. In this process, the 
quality of the drag oil, fragrance and flavor 
remains unchanged.  
 
Spray-Congealing 
The coating material is melted, and the core 
element is dispersed in it. If the spraying process 
of a solution happens in a cold air stream, then 
the solid coating shell forms [27]. 
 
Fluidized Bed Technology 

By this method, Solid and liquid get absorbed 
inside the porous material.Using jet air, the Solid 
external material gets away.27 After that, a liquid 
coated material is being sprayed over it. An 
accelerating evaporation process makes an 
external layer over the material. The process is 
being continued till the required weight and 
thickness are achieved [27]. There are various 
types of units for the fluid-bed coater [28]: 
 

a) Top-spray 
b) Bottom-spray  
c) Tangential-spray 

 
a) Top-Spray Units 
Fat and wax get met in a hot environment. That's 
why this type of spraying material is being 
introduced over the solid material bed, which 
was fluidized before. With this method, the 
capsules are being made bearing solid shells. In 
the production of water-soluble type drug or 
food production, this method is common. In the 
application of solution spraying to the shell 
element, the top-spray method has limitations. 
During the spraying, the solution droplets pass in 
the opposite direction of the stream of the gas, 
which will disappear from the fluidized bed. For 

a superficial coating of shell element deposition 
and evaporation, this method is very propitious 
[27].  

b) Bottom-Spray Units 
Professor D.E. Wurster first improved this unit. 
So the alternative name of this unit is Wurster's 
Coater. A chamber is mainly used in this unit for 
coating purposes, which contains a nozzle with a 
cylindrical shape and a plate with a perforated 
bottom. The function of the cylindrical shaped 
nozzle is to spray the coating elements.6The drug 
is driven through the perforated plate and then 
went through the nozzle. In this way, the drug is 
encapsulated with the coating 
element.Afterward, from an evaporation process 
of the coating solvent and from a decreasing 
thermal condition; the coating element adjusts 
over the drug. Over several repetitions of this 
process, a required thick and adequate shell is 
obtained [27, 29].  
 
c) Tangential-Spray Units  
The name of this unit itself describes the 
operation. Here the coating element is applied on 
the circular bottom of the container from a 
tangential angle with the circle. A rotating disk 
makes an evenly distributed uniform coating 
shell. The rotation speed always remains 
constant for a uniform coating. A Consider flow 
bed provides consistent air circulation for 
fluidization. Besides, the rest of the procedures 
are the same as the other methods. By this unit, a 
uniform and adequate coating shell can be 
produced. The release of the active agent from 
the drug is essential. In this unit, a controlled 
release of an active agent drug can be 
manufactured. To prevent an unfortunate drying, 
the spray material is driven to a nozzle 
connected to the production bed.  
 
Centrifugal Extrusion [30]  
There are nozzles by which two kinds of solution 
can pass through it, and at the same time, it can 
spin. For the core and shell elements, the liquid 
can be driven by a pump through the nozzle.Here 
for two-fluid mechanisms, a metal rod or column 
is used. This metal column divides the solution 
into droplets, which are mainly spherical in 
shape when the solution passes through the 
nozzle. The shell membrane element is the 
deciding factor for the way of capsules 
conversion from the droplets [27, 30].  
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Spinning Disk or Rotational Suspension 
Separation 
Rapid, low-cost, and easy to execute criteria 
make this method very efficient for 
production.There is a rotating disk where the 
solution of the core material is poured.The 
mechanism of spinning makes the membrane 
shell over the core element.After the end of the 
shell building mechanism, the unwanted 
particles are thrown away by the centrifugal 
force of the rotation of the disk.Finally, by 
decreasing thermal condition, the coated 
element becomes rigid and firm over the surface 
of the core agent. 
 
Other Processes Widely Used For 
Microencapsulation  
Pan Coating 
It is a physical method of microencapsulation. To 
manufacture small-sized coating particles it is a 
widely used commercial method.Here the 
coating element is taken with the dry condition 
along with the required solid particles.After the 
rise in the heating energy, the coating element 
get melts, and the gap between the coating 
material and the core element eliminates. When 
the thermal condition decreases, then the shell 
material turns into a solid form [27].  
 
Air Suspension Coating 
Professor Dale E. Wurster from the University of 
Wilconsin first introduced this method.Here 
particles of solid drug elements are applied in an 
auxiliary stream of air. There is a chamber for the 
coating process where the drug particle is 
separated with a stream of airflow. The 
operation condition of the chamber is significant 
for coating performance. 
This process is operated up to a hundred times 
for better coating shell production. The thermal 
condition of the applied air stream is 
acceleration the drying process of the product. So 
here, the airflow and the thermal condition of the 
air is directly accelerating the drying process of 
the product [31].  
 
Supercritical Fluids Rapid Expansion for 
Polymer Encapsulation 
Highly compressed gases are considered to be 
super critical fluids that have a lot of properties 
along with the liquid and gaseous form.In these 
criteria, Carbon-di-oxide and Nitrous-oxide are 
dominant in applied section.Thermal condition 
and the operating pressure are crucial game 
changing factor for the density of the fluid [32]. 
  

The effective agent material and the coating 
element are kept in heavy pressure, and the 
element release is maintained in normal room 
pressure through a dedicated nozzle. These 
changes of pressure make the coating material 
dissolve and arrange over the core element and 
create the coating membrane [32, 33]. Active 
elements are being encapsulated by this 
process—for example, taste, vitamin & mineral, 
color, pigment & pesticides. For the outer shell 
membrane paraffin type wax and glycol from 
polyethylene are mainly applied.There is one 
condition to be met: The active element and the 
shell element need to be soluble in the fluids, 
which is supercritical [32].  
 
Hydrogel Microspheres 
Microspheres made of gel-type polymers are the 
constituent elements of the microsphere, for 
example, from the polymer dissolved method in 
aqueous solution. Then, the active element needs 
to be separated from the mixing total. To make 
micro-level droplets, the elements need a precise 
device that makes the element harder step by 
step through a stirring process. Then fall into a 
hardening bath that is slowly stirred where a 
solution of calcium chloride is present [34]. This is 
an aqueous solution-based method. Here the 
residual elements are being separated in the 
microspheres.  
 
The particle size is maintained by: 

 Changing extruders measurement. 
 Changing flow rate of the polymer. 

 
Polycondensation of Interfaces 
A rapid reaction occurs in an interface between 
two reactants.  Here the reaction of Schotten-
Baumann occurs for chloride acid and reactive 
hydrogen-containing compound materials. The 
most known materials are polyester, 
polyurethane. But alcohol holding OH group, 
amine, and polyuria are also applicable [35]. In 
this method, a thin, flexible membrane is being 
formed in the interface using this condition. A 
solution is taken, which will be an aqueous type, 
and there will be some additional amine and 
polyfunctional isocyanate. The reaction process 
is acidic. To make it balanced according to pH 
value, there is a presence of a base. Over the 
interface of the droplets of the emulsion, a 
condensed membrane shell is produced. 
 
Interfacial Cross-Linking 
This type of cross-linking is explored from 
interfacial polycondensation [36]. To reduce the 
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toxic effect of Diamines, this method is used. In 
addition to this, in commercial medicine 
production and the cosmetic industry, this 
method is also widely used. The polymer from 
biosource takes the place of a small bifunctional 
monomer as same as protein. This type of 
monomer has reactive hydrogen. Over the 
surface of the emulsion, the reaction mechanism 
occurs. The reaction between different types of 
protein functional groups and the acid chloride 
results in the membrane shell [37].  
 
Matrix Polymerization 
At the time of the particle formation, there is an 
embedded process for the core element in the 
matrix of the polymer. A spray and drying 
mechanism accelerates the solvent evaporation 
in the matrix material. A change in the chemical 
environment can ameliorate the solid form of the 
matrix [38].  
 
DISCUSSION 
All these methods are being successfully used for 
microsphere preparation Researchers have 
always searched for various upgraded 
approaches of microsphere production for 
different purposes. In our study, different 
methods used for the microsphere and 
microcapsule preparation have been discussed. 
We found that spray drying or congealing, 
coacervation and solvent evaporation techniques 
are most commonly used for drug formulation 
preparation. 
 
CONCLUSION 
The latest analysis paper shows that 
microspheres are a great approach for the drug 
delivery. In days ahead, microsphere 
preparation could be a great way for targeted 
drug delivery, sustained or immediate action of 
drug, better bioavailability, low cost from 
manufacturing point of view and low price for 
consumers.  So, proper method for microsphere 
formulation is crucial to determine the cost and 
feasibility. Spray drying or congealing, 
coacervation and solvent evaporation techniques 
are most commonly used for drug formulation 
preparation as the previous studies show. But 
depending on materials involved, we can opt for 
different methods. On basis of this research, we 
would be able to determine the most suitable 
method for microsphere preparation specific to 
our purposes. The research describes different 
microsphere preparation methods, facilities 
required for using different methods of 
preparation and concerned convenience. So, it 

can be a guideline to find out the most suitable 
method of microsphere preparation based on the 
budget, available set-up, objectives of 
preparation and target of the food and 
pharmaceutical industries. 
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