
INTRODUCTION

The consumer’s needs, demands and expectations of a healthier and more comfortable
life are greater every day even when it comes to clothing. Today textiles can be treated so
that they protect one from all kinds of adverse conditions yet at the same time are comfortable.
Clothes can be water resistant, anti-microbial, nonflammable etc. This kind of properties can
be achieved with special chemical compounds that are bound to the surface of the fiber. One
of the processes as a mean of applying different finishes and properties on textiles is
microencapsulation. The use of microencapsulation in the textile industry keeps on growing
(Nelson, 2002).

Microencapsulation of anti-microbial agents is also gaining popularity in sportswear and
medical textiles. This technique has a vast application in various fields like Textile Finishes,
Industrial chemicals, Agro chemicals, Food additives, Flavors and Essences, Pesticides and
Herbicides, Sealants, Cosmetics, Pharmaceuticals and Adhesives (Umer, 2011).

Microencapsulation
Definition:
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ABSTRACT
Microencapsulation technology allows a compound to be encapsulated inside a tiny sphere
known as microsphere/microcapsule, having an average diameter as small as 1 mm to several
hundred micro meters. Textile manufacturers are demonstrating increasing interest in the
application of durable fragrances to textile as well as skin softeners. Other potential applications
includes; insect repellents, dyes, vitamins, antimicrobials, phase change materials and in specific
medical applications, antibiotics, hormones and other drugs and defense. In defense sector this
technology has introduced the concept of self-healing composites as well as chemical
decontaminating fabrics. This review paper highlights the major reasons behind
microencapsulation, important techniques of microencapsulation and application of
microencapsulated products in textiles.
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It is the process by which individual particles or droplets of solid or liquid material (the
core) are surrounded or coated with a continuous film of polymeric material (the shell) to
produce capsules in the micrometer to millimeter range, known as microcapsules.

Morphology of Microcapsules:
The morphology of microcapsules depends mainly on the core material and the deposition

process of the shell.
1- Mononuclear (core-shell) microcapsules contain the shell around the core.
2- Poly nuclear capsules have many cores enclosed within the shell.
3- Matrix encapsulation in which the core material is distributed homogeneously into

the shell material. - In addition to these three basic morphologies, microcapsules can also be
mononuclear with multiple shells, or they may form clusters of microcapsules.

SHANU PARASHAR

Microcapsules are small particles a size of between one and several hundred micrometers
composed of liquid, solid or gas core and a coat, which protects the core material from
external conditions. The intention of microencapsulation besides the protection of core
substances is also separation of the reactants, controlled release, reduction of toxicity, reduction
of volatility, etc.

The polymer used for the coat may be natural or synthetic and it depends of the coat if
microcapsule is permeable or not. Regarding to the purpose of use the suitable microcapsules
are chosen. The impermeable coats can be ruined by:

– Outer force
– High temperature,
– Light
– Solvent or water
Microcapsules can be applied to silk, cotton, synthetic fiber, etc. and may contain

perfumes, dyes, antimicrobials, phase change materials, vitamins and other substances (http:/
/pro.wanadoo.fr/euracli/en/textile.htm, 2000).

Coating material properties:
– Stabilization of core material.
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– Inert toward active ingredients.
– Controlled release under specific conditions.
– Film-forming, pliable, tasteless, stable.
– Non-hygroscopic, no high viscosity, economical.
– Soluble in an aqueous media or solvent, or melting.
– The coating can be flexible, brittle, hard, thin etc.

Coating materials :
– Gums: Gum Arabic, sodium alginate, carageenan
– Carbohydrates: Starch, dextrin, sucrose
– Celluloses: Carboxymethyl cellulose, methycellulose.
– Lipids: Bees wax, stearic acid, phospholipids.
– Proteins: Gelatin, albumin.

Important feature of microcapsules :
The most significant feature of microcapsules is their microscopic size that allows for a

huge surface area, for example, the total surface area of 1mm of hollow microcapsules
having a diameter of 0.1 mm has been reported to be about 60 mm. The total surface area is
inversely proportional to the diameter. This large surface area is available for sites of adsorption
and desorption, chemical reactions, light scattering, etc.

Reasons for encapsulation :
Microencapsulation of materials is done to facilitate the area of action of the encapsulated

material without getting adversely affected by the environment through which it passes.
The principal reasons for encapsulation are as follows:
– Separation of incompatible components
– Conversion of liquids to free flowing solids
– Increased stability (protection of the encapsulated materials against oxidation or

deactivation due to reaction
– In the environment)  Masking of odor, taste and activity of encapsulated materials·

Protection of the immediate environment
– Controlled release of active compounds (sustained or delayed release

Microencapsulation processes:
Physical methods :

– Pan coating:
– Air-suspension coating:
– Centrifugal extrusion
– Vibration nozzle
– Spray–drying

Physio-chemical methods :
– Coacervation-phase separation

MICROENCAPSULATION IN TEXTILES
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– Coacervation-phase separation consists of three steps carried out under continuous
agitation.

– Formation of three immiscible chemical phases
– Deposition of coating
– Digitization of coating

Chemical methods :
– Interfacial poly condensation
– Interfacial cross-linking
– In-situ polymerization
– Matrix polymerization
– Solvent Evaporation
The use of microcapsules in textiles:

Phase-change materials:
Microencapsulation technology was utilized in the early 1980s by the US National

Aeronautics and Space Administration (NASA) with the aim of managing the thermal barrier
properties of garments, in particular for use in space suits. They encapsulated phase-change
materials (PCMs) (e.g. nonadecane) with the hope of reducing the impact of extreme
variations in temperature encountered by astronauts during their missions in space. Ultimately
the technology was not taken up within the space programme. However, the potential was
recognized and after further development the work was licensed by the inventor, the Triangle
Research and Development Co. Outlast has exploited the technology in textile fibers and
fabric coatings, and PCM capsules are now applied to all manner of materials, particularly
outdoor wear (parkas, vests, thermals, snowsuits and trousers) and in the house in blankets,
duvets, mattresses and pillowcases. As well as being designed to combat cold, textiles
containing PCMs also helps to combat overheating, so overall the effect can be described as
thermoregulation. The microcapsules have walls less than 1 m thick and are typically 20–40
m in diameter, with a PCM loading of 80–85%. The small capsule size provides a relatively
large surface area for heat transfer. Thus the rate at which the PCM reacts to an external
temperature changes is very rapid (Pause, 2000). Accord is, formerly Courtaulds Fibres, in
Bradford, UK, developed the technology of in-fiber incorporation of the Outlast microcapsules,
loading the fiber with 5–10% of microcapsules Cox, 1998. The process utilizes late injection
technology that was also used to produce the antimicrobial fiber Amicor. In this way the
PCM is permanently locked within the fiber; there is no change necessary in subsequent
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fiber processing (spinning, knitting, dyeing, etc.) and the fiber exhibits its normal properties
of drape, softness and strength.

Fragrance finishes:
Numerous trials have been made at adding fragrances directly to fiber and fabrics, but

the aroma vanished after one or two wash cycles. By the use of microencapsulation fragrances
remain on fabric for a longer period of time. Microcapsules may contain essential oil flavors
like lavender, rosemary, pine and other for the effect of aromatherapy. This is used mainly to
help with insomnia, headache, and to prevent bad odor. The Slovenian producer Aero Celje
has developed microcapsules with essential oil that were applied to shoe sock (Leskovšek,
2005).

Fire retardants:
Fire retardants have been applied to many textile products, but in certain cases they

can affect the overall handle, reducing softness and adversely affecting drape.
Microencapsulation has been used to overcome these problems for example in fabrics used
in military applications such as tentage (Kover et al., 1997). Others have incorporated the
microencapsulated fire retardants during spinning of a polyester fiber for blending with cotton
(Zubkova, 1997).

Polychromic and thermo chromic microcapsules (color-changing technology) :
The application of polychromic and thermo chromic microcapsules can be found in

textiles like product labeling and medical and security applications. One of the color changing
systems changes color in response to temperature, this is thermo chromatic and the other
changes color in response to UV light, the photo chromatic. Today even microencapsulated
thermo chromatic dyes are produced that change color at specific temperature - in response
of human contact (Nelson, 2002).

Colour :
Color changing technology has been around for a number of years, generally applied to

novelty application such as stress testers, forehead thermometers and battery testers. New
applications are now beginning to be seen in textiles, such as product labeling and medical
and security applications. In addition there is continued interest in novelty textiles for purposes
such as swimwear and T-shirts. There are two major types of colour-changing systems:

Thermo chromatic: which alter colour in response to temperature, and
Photo chromatic: which alter colour in response to UV light,
Both forms of colour-change material are produced in an encapsulated form as

microencapsulation helps to protect these sensitive chemicals from the external environment.

Antimicrobials:
Antimicrobial finishes can be applied to textiles also by microencapsulation. The release

of active substances of microcapsules with antimicrobial agent is slow or sustained. Textiles
with antimicrobial finishes are known in the market by different names, like Bacterbril,



Internat. J. Appl. Home Sci. | Oct. - Dec., 2014 | 1 (1-3)(46)

SHANU PARASHAR

Biofresh, Terital, Trevia Bioactive, Amicor etc. (Leskovšek, 2005).
Microencapsulated herbal extracts such as Aloe barbadensis Mill, Bitter Gourd, Ginger

and Cuminum cyminum Linn has successful application in which the herbal extracts are
used as core material. This wall material can be a chemical compound like Sodium alginate
or certain substances that has its origin from plants such as, Gum acacia.  They show
potential for anti-microbial activity against Staphylococcus aureus and Escherichia coli
(Ganesan, 2012). According to a study, microencapsulated extracts of Andrographis paniculata,
when applied on the fabric to impart mosquito repellency finish, gave good mosquito repellent
activity up to 30 washes (Ramya, 2014). The microencapsulated herbal extracts become
more effective when tested for anti-microbial activity and wash durability upto 20 washes
(Barari, 2009).

Counterfeiting:
In high added value textiles and in branded and designer goods there is great pressure

to protect from illegal copying within the marketplace. Microencapsulation can be used to
help with this problem by offering a covert yet distinctive marking system. One example of
this technology is that developed by Gundjian and Kuruvilla, 1999 of Nocopi Technologies.
This system for combating textile counterfeiting utilizes microcapsules containing a colour
former or an activator applied to, for example, a thread or a label. The microcapsules adhere
to the textile and, depending on the type of chemical within the capsules can be detected at
a later date to check authenticity. Detection may be achieved directly using UV light or more
likely by using a solvent to break open the capsules, releasing the contents and allowing a
colour to develop.

Studies related to microencapsulation:
According to Cheng et al. in their research on Cosmetic textiles with biological benefits:

gelatin microcapsules containing vitamin C which was published on October 1, 2009, in
recent years, textile materials with special applications in the cosmetic field have been
developed. A new sector of cosmetic textiles is opened up and several cosmetic textile
products are currently available in the market. Microencapsulation technology is an effective
technique to control the release properties of active ingredients that prolong the functionality
of cosmetic textiles. Gelatin microcapsules containing vitamin C were prepared using emulsion
hardening technique. Both the optical microscopy and scanning electron microscopy
demonstrated that the newly developed microcapsules were in the form of core-shell spheres
with relatively smooth surface. The particle size of microcapsules ranged from 5.0 to 44.1
micro m. with the average particle size being 24.6 micro m. The gelatin microcapsules were
proved to be non-cytotoxic based on the research findings of the toxicity studies conducted
on human liver and breast cell lines as well as primary bone marrow culture obtained from
patient with non-malignant hematological disorder. The gelatin microcapsules were
successfully grafted into textile materials for the development of cosmetic textiles.

According to Tyagi et al. in their research on Development of phase change materials
based microencapsulated technology for buildings, Feb. 2011, thermal energy storage
(TES) systems using phase change material (PCM) have been recognized as one of the
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most advanced energy technologies in enhancing the energy efficiency and sustainability of
buildings. There are several methods to use phase change materials (PCMs) in thermal
energy storage (TES) for different applications. Microencapsulation is one of the well known
and advanced technologies for better utilization of PCMs with building parts, such as, wall,
roof and floor besides, within the building materials. Phase change materials based
microencapsulation for latent heat thermal storage (LHTS) systems for building application
offers a challenging option to be employed as effective thermal energy storage and a retrieval
device. Since the particular interest in using microencapsulation PCMs for concrete and
wall/wallboards.

Development of Phase Change Materials in Clothing Part I: Formulation of
Microencapsulated Phase Change, September 18, 2009, Microcapsules containing phase
change material for textile thermal insulation were synthesized and characterized. Prior to
the encapsulation, the formation, the stability and phase change behavior of paraffin mixture
were studied to define an optimum formulation with a wide temperature range. The addition
of approximately 4 wt-% tetraethyl orthosilicate in n-hexadecane-n-eicosane mixture was
found to improve latent heat of phase change. Microcapsules with approximately 70 wt-%
paraffin in core material were investigated by using Fourier transform infrared spectroscopy,
differential scanning calorimetric, thermal gravimetric analysis, and scanning electron
microscopy.

According to Dubeyet et al. in Microencapsulation Technology and Applications Rama,
T.C. (Defense Materials and Stores Research and Development Establishment, Kanpur-
208 013) January 2009, the research in the area of microencapsulation has huge potential to
give raw materials advantageous traits resulting in superior products. Periodically new
developments in this area have led to new products, e.g. the first remarkable product was
carbonless copy paper, and the second was controlled release of drugs. At present, paper-
like displays, self- healing structures and chemical decontaminating fabrics are receiving
much attention.

By the researches of New Cloth Market about Development of Cosmetic Textiles
Using Microencapsulation Technology, owing to the rapid development of novel sciences
and technologies, textile materials have also found applications in the cosmetics field in
recent years. A new sector of cosmetic textiles is launched and the textile industry is very
optimistic that these products will open up new target groups and sustainable markets.

On contact with human body and skin, cosmetic textiles are designed to transfer an
active substance for cosmetic purposes. One particular example is the transfer of skin
moisturizing substances. The principle is achieved by simply imparting the cosmetic and
pharmaceutical ingredients into the fabric of the clothing so that with the natural movements
of the body, the skin is slowly freshened and revitalized. To achieve these functional effects,
microencapsulation technology appears as an alternative way to provide satisfactory
performance with increased durability.

Conclusion:
Today there is almost no field where microcapsules would not be presented. Encapsulation

became a very powerful tool, because it is invisible and comes to life at the slightest touch.
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In today’s world of developing technologies, the technique of microencapsulation is applied
in almost all the fields. It has become a prominently effective technique which enhances the
property imparted to the fabric and assures its durability. The examples of application of this
technique discussed in this paper are just a few of very interesting ones. A vast use of this
technique can be witnessed in functional finish fabrics, medical and healthcare textiles,
aromatherapy, cosmetic textiles and many more. The possibilities of application of
microcapsules to textiles described in this paper are just some of the most interesting. Today
there is almost no field where microcapsules would not be presented. Encapsulation became
a very powerful tool, because it is invisible and comes to life at the slightest touch.
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