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Abstract 

ased on consumer demand, the textile industry is moving toward the creation of value-added 

functional textile products. As a result, various novel finishing processes have been devel-

oped to functionalize textile substrates. In this way, the microencapsulation technique is one 

of the sophisticated technologies that has been utilized to give functional features to textiles such 

as flame-retardant fabrics, antibacterial activity, mosquito repellency, UV protection, and ther-

moregulation. The volatile and non-volatile components can be contained inside a thin polymeric 

film in microencapsulation, resulting in a delayed release of the chemical and a long-lasting func-

tional impact Various active compounds, such as essential oils, enzymes, and insecticides, have 

been effectively entrapped inside polymeric microcapsules. There are several papers in the litera-

ture that deal with the functionalization of textiles utilizing microencapsulated materials. This re-

view article discusses the principles of microencapsulation, its primary techniques, the material s 

used in microencapsulation and its morphology, its factors, and the relevant research that has been 

published in this field. The key essential oils utilized in microencapsulation are also discussed, as 

well as their functional benefits. The current and future research tendencies in this crucial field of 

textile chemical processing are addressed. 
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Introduction 

Microencapsulation is the process of encapsulat-

ing one material within another, resulting in micro-

scopic capsules ranging in size from one micron to 

several hundred microns. Polymer concentration, 

solvent solubility, solvent removal rate, and organic 

solvent solubility in water all influence the effec-

tiveness of microparticles, microspheres, or micro-

capsules. Microencapsulation includes confining 

chemicals within capsule walls for a set period, or 

they can be released gradually via the capsule walls, 

a process known as controlled release or diffusion, 

or when the capsule walls burst, melt, or dissolve. 

Microencapsulation can be accomplished using a 

variety of approaches. Micro-encapsulation is a 

process that involves surrounding tiny droplets with 

a coating to form miniature capsules. These cap-

sules are simply spheres with a homogeneous wall, 

with the substance within being the core, internal 

phase, or fill, and the wall is a shell, coating, or 

membrane. Microcapsules are a technology used to 

encapsulate active compounds in micron-sized cap-

sules of barrier polymers such as gelatin, plastic, or 

wax, with sizes ranging from a few micrometers to 

a few millimeters. These capsules transform liquids 

into solids, segregate reactive substances, preserve 

the environment, and improve material handling 

qualities. Microcapsules, unlike simple spheres, can 

have a core of crystals, jagged particles, emulsions, 

solid suspensions, or smaller microcapsule suspen-

sions, as well as numerous walls. [1-5] 

The issue is, 'Why employ microencapsulation 

technology?' Microencapsulation technology is used 

in a variety of sectors, encapsulating active chemi-

cals for a variety of objectives, depending on the 

final application. The aim of encapsulation differs 

according to the industry: 

a) Turning liquids into powders to reduce 

clumping and facilitate mixing. 

B 
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b) Preventing active components from being 

harmed by environmental conditions such 

as moisture, heat, oxidation, acidity, alka-

linity, or evaporation. 

c) This entails preventing components from 

reacting with other molecules, which might 

result in polymerization or destruction.  

d) Certain compounds have an unpleasant 

taste or odor. 

e) Improving the management of ingredients 

before processing. 

f) Controlled release of active substances 

g) shielding persons or entities from exposure 

to harmful chemicals. 

Microcapsule qualities are used in a variety of 

textile applications, including clothing, sportswear, 

outdoor wear, medicinal textiles, and engineering 

textiles. However, most textile firms, particularly 

those that make garments, do not normally under-

take development programs to create microencapsu-

lated formulations. A business with experience in 

encapsulation technology, such as flavorings or 

textile auxiliaries, might contact a textile producer 

to discuss the potential benefits of their formula-

tions and demonstrate how microcapsules can be 

applied to textiles using current equipment. The 

textile sector is dominated by microencapsulation 

firms, which are largely focused on the application 

of long-lasting scents and skin softeners, as well as 

phase change materials antimicrobial agents, UV 

protectors, flame retardants, dyes, vitamins, and 

pharmaceuticals. [6] This article takes an in-depth 

look into microencapsulation, covering its materi-

als, morphology, methods, purposes, advantages, 

release mechanism, and application domains. 

 

 
Fig (1): Microcapsule with Core and Coat  

Microencapsulation 

Microcapsule types (morphology) 

There are two general types of microcapsules: 

core-shell and matrix. 

A core-shell capsule: is similar to an egg, having a 

solid continuous shell around the liquid or solid 

active substance as the center. The active compo-

nent is released by shattering, melting, or digesting 

the shell, resulting in a quick one-time release. The 

capsule can be polynuclear or multi-shell. 

A matrix capsule: is more akin to a sponge in that 

it has the structure's pores that maintain the active 

substance in place by capillary action. The capsule 

fill is released to the surroundings outside by diffu-

sion, which is more continuous. If a different re-

lease mechanism is needed, matrix capsules can be 

covered with a shell. An organic polymer known as 

alginic acid (produced from brown seaweeds) is a 

popular substance utilized in the formation of ma-

trix capsules. When calcium ions are present, algin-

ic acid chains cross-link, generating a gel that can 

be soluble or insoluble.[7] 

The form of the microcapsules is determined by 

the sort of core material used. If the inner substance 

is crystal or solid, the resulting microcapsules will 

be uneven in shape. Spherical microcapsules may 

be produced by the liquid core. Many fine sub-

stance cores are evenly dispersed in an outer mate-

rial of a matrix construction. [8] 

 

Fig 2: (a) reservoir capsule. (b) polynuclear capsule 

(C) matrix capsule. (d) multi-shell. 

Core and shell Materials 

Core Material 

The substance that will be coated might be: 

- Liquid or solid  

- Liquid core, dissolved material, or dispersed 

material  

- organic (natural oil) or inorganic (perme-

thrin) [1] 

Coating Material (shell or wall) 

should be such that it is 

- Capable of forming a coherent layer on the 

core and stabilizing it. 

- Offer strength to the capsules. 

- The product does not have a distinct flavor. 

- coatings of suitable thickness on the core 

- Compatibility with the main substance 
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- Inert toward active substances. 

- Controlled release of substances under par-

ticular circumstances.  

- The coating might be flexible, brittle, rigid, 

thin, or any combination of these characteris-

tics.  

- It is abundant and inexpensive. 

- May be organic or inorganic [9] as shown in 

the following table1 [9, 10] 

 

Tabel l: Organic and inorganic Coating 

Organic Coating  

materials 

Inorganic Coating  

materials 

Gums  
(Gum Arabic, sodium algi-

nate, Carrageenan) 

poly (melamine-urea-

formaldehyde) 

Carbohydrates 

(Starch, dextran, sucrose) 

Poly (melamine -

formaldehyde) 

Proteins 

(Gelatin, albumin) 

Poly (urea-

formaldehyde) 

Lipids 

Beeswax, stearic acid, 

Phospholipids  

Poly (methyl-

methacrylate) 

Celluloses and their de-

rivatives 

Plant cells 

Polystyrene 

Chitosan 

Shells of crustaceans 

Polyurethane 

Organo-Silica Inorganic Silica  

Microcapsules preparation by (solvent extrac-

tion/evaporation) method 

A multitude of techniques have been used to 

generate microspheres, each having competing and 

complementary features. Many microencapsulation 

techniques are variants of the three major processes: 

solvent extraction/evaporation, phase separation 

(coacervation), and spray drying. Although spray 

drying is a simple and high-throughput method, it 

should not be used for temperature-sensitive com-

pounds. Furthermore, managing particle size is 

challenging, and yields for small batches are low. 

Coacervation is typically hampered by residual sol-

vents and coacervating compounds found in micro-

spheres. It is also inappropriate for producing mi-

crospheres with diameters smaller than one mi-

crometer. The use of supercritical gases as phase 

separating agents was extensively researched to 

reduce the amount of potentially harmful residues 

in the microspheres, resulting in processes such as 

Precipitation with Compressed Antisolvent (PCA), 

Gas or Supercritical Fluid Anti-Solvent (GAS or 

SAS), and Aerosol Solvent Extraction System 

(ASES) [11]. For solvent extraction/evaporation, no 

extreme temperatures or phase separation-inducing 

compounds are required. Particle sizes can be ad-

justed in the nano to micrometer range, however 

careful encapsulation conditions and material selec-

tion are necessary to achieve high encapsulation 

efficiencies and a low waste solvent content. Micro-

spheres are produced via solvent extraction. Evapo-

ration is comprised of four major phases: (i) solu-

bility or dispersion of the bioactive factor, usually 

in an organic solvent containing matrix-forming 

material; (ii) This organic phase's emulsification in 

a second continuous (often continuous) aqueous 

phase is identical to the first.; (iii) The continuous 

phase is transformed by solvent extraction from the 

dispersed phase, which may or may not be followed 

by solvent evaporation., (iii) The droplets are har-

vested into solid microspheres, then the micro-

spheres are dried. [12-14] 

Incorporation of bioactive compounds: 

Bioactive compounds can be introduced to the 

matrix material solution by co-dissolution in a 

common solvent, dispersion of finely pulverized 

solid material, or emulsification of an aqueous solu-

tion of the bioactive chemical that is immiscible 

with the matrix material solution. [15] Codi-

solution may necessitate a schematic description of 

the four major process phases in solvent extrac-

tion/evaporation microsphere formation. Cosolvent 

to completely dissolve the substance in the matrix's 

solvent. Ultrasonication, impeller or static mixing, 

high-speed rotor-stator mixing, or microfluidization 

can all be used to disperse the solid or dissolved 

bioactive ingredient in the matrix-containing solu-

tion. 

Droplet formation by Stirring 

Stirring is the most fundamental method for cre-

ating droplets of the material/matrix dispersion for 

removing the solvent during the continuous extrac-

tion phase. The extraction phase is put into a jar and 

agitated by an impeller in the most basic manner. 

The material/matrix dispersion is subsequently add-

ed drop by drop or all at once while being stirred 

quickly enough to create the desired droplet size. 

Obviously, in the continuous phase, the impeller 

speed is the major parameter for defining the drop-

let’s diameter of the drug/matrix dispersion. Raising 

the mixing speed diminishes the microsphere in 

general. [12-14] 

Solvent Removal 

The dispersion phase solvent, such as the mate-

rial/matrix dispersion, must be a little soluble in the 

continuous phase in both solvent extraction and 

evaporation so that partitioning into the continuous 

phase can occur, resulting in matrix material precip-

itation. In solvent evaporation, the capacity of the 

continuous phase is inadequate to dissolve the 

whole volume of the dispersed phase solvent. As a 

result, to generate suitably hardened microspheres, 

the solvent has to evaporate from the surface of the 

dispersion. In solvent extraction, both the quantity 

and the composition of the continuous phase are 

chosen so that all of the amount of the dispersion 

phase solvent may be dissolved. Generally, a non-
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solvent continuous phase is better for the micro-

encapsulated bioactive chemical. While aqueous 

solutions are appropriate for lipophilic compounds, 

the use of hydrophobic, organic liquids as a contin-

uous phase for the encapsulation of hydrophilic 

substances is more sensitive. Hydrophobic extrac-

tion fluids may be hard to remove from the final 

product, perhaps leaving undesired residues. As a 

result of this, aqueous solutions are frequently used 

as continuous phases in many applications, includ-

ing microencapsulating hydrophilic compounds. In 

this instance, bioactive compound loss is often 

avoided by raising the quantity of the matrix mate-

rial solution; the increased viscosity prevents bioac-

tive component migration from the solidifying mi-

crospheres to the exterior phase via decreased diffu-

sion and improved stability. 

Microsphere harvest and drying 

Filtration or centrifugation are commonly used 

to separate the solidified microspheres from the 

continuous phase. After that, the particles can be 

washed with suitable solvents to remove any cling-

ing compounds, such as dispersion stabilizers or 

nonencapsulated pharmaceuticals. To limit the 

quantity of leftover solvent in the microspheres, 

rinsing may require using high temperatures or ex-

traction agents. Finally, the microspheres are dried 

at room temperature or under decreased pressure, 

heat, or lyophilization to produce a free-flowing 

powder. The drying technique eliminates not only 

the continuous phase and wash fluid that has ad-

hered to the surface of the microspheres, but also 

residues of solvents and continuous phase from the 

inside of the particles. Thus, the drying conditions 

and pace determine the quantity of solvent and 

moisture residue, microsphere shape and porosity, 

as well as drug recrystallization within the spheres, 

and are thus likely to alter the final product's release 

behavior. [16] 

Fig.3. A diagram depicting the four major process 

phases in microsphere production by solvent extrac-

tion/evaporation 

Factors affecting encapsulation 

Capsule structure 

The active material and the matrix polymer, 

which govern the rate of diffusion, are the two most 

significant components of a microcapsule. Under-

standing the shape, structure, physicochemical 

compatibility, and thermodynamics of the two ac-

tive and matrix polymers is crucial. The microcap-

sule coat can perform a variety of different stability 

functions: 

- Sensitive active components such as miner-

als vitamins, flavours, essential 

oils, unsaturated fats, and salts are protected 

from water, oxygen, and light. 

- Changing difficult-to-manage liquids to pow-

dered systems allows for easier processing. 

- Two components separate during the storage 

hold time. 

From a structural or morphological standpoint, 

the microcapsules' type, size, form, and payload all 

have an impact on stability and release. Functional 

moiety and surface charge, temperature, solubility, 

Active molecular weight wettability, and concentra-

tion are all important properties. [17, 18] 

Capsules Types 

Morphological configurations such as microcap-

sule morphology, which contains the active ingredi-

ent in a microcapsule with a distinct matrix wall 

that surrounds the active ingredient, or microsphere 

morphology, which contains the active ingredient in 

several little discrete droplets dispersed in the ma-

trix material, can have a major effect on the active 

ingredient's stability and release. A microsphere's 

microscopic droplets may also be so minute that the 

active is spontaneously dissolved in the matrix pol-

ymer. The figure demonstrates the different struc-

tural designs of micro-encapsulated systems and 

how the active component is dispersed in the matrix 

polymer; nevertheless, both microsphere 

and microcapsule morphologies have to be devoid 

of flaws, pinholes, or high curvatures to give better 

stability. Defects can cause oxidative or hydrolyzed 

breakdown to occur over time. [17, 18] 

 

 
Fig. 4. Microcapsule (A, B, and C) versus micro-

sphere (D and E) morphology 
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The molecular weight of the active agent 

It is generally hard to adjust the size of a prod-

uct once its active ingredient has been defined. It is 

just essential to grasp that the size of the component 

that is active is crucial in this situation. Most food-

active compounds have molecular weights of less 

than 500 Da. These molecules are capable of pass-

ing through the tortuousness of the matrix polymer 

interstitial space or, in the example of a liposome, 

the polarized heads of the phospholipids due to their 

small molecular dimensions. As molecular size in-

creases, diffusion decreases exponentially. As a 

result, larger molecules cannot disperse as quickly. 

[17, 18] 

Charge of surface 

The active component's ionic surface charge can 

dramatically decrease diffusion by electrovalently 

attaching to matrix polymer moieties. When the 

active ingredient's solubility is, the ionic proper-

ties in the matrix phase change. Thermodynamics 

also has an impact on microcapsule stability and 

release.  Solubility, Concentration, temperature, and 

interfacial characteristics are all significant thermo-

dynamic factors in the performance and stability of 

the microcapsule. [17, 18] 

Concentration 

Molecules are continually moving and prefer to 

move from high-concentration locations to low-

concentration areas. Microcapsules are no excep-

tion. The active component moves from places with 

high concentrations of that material to areas with 

low concentrations of that substance. As the con-

centration difference between the surrounding out-

side and the inside of the microcapsules develops, 

so does the rate of diffusion. This is relevant from 

two points of view. To begin with, 

the microcapsule's initial concentration gradient is 

steep, which adds to the burst effect. In addition, 

when the concentration gradient decreases, so does 

the driving force related to release, creating a first-

order release in such a system.[17, 18] 

Solubility 

Most product development operations include 

determining whether the active component should 

be solubilized or dispersed. When the active is dis-

solved, it is released more quickly. Microcapsules 

with dispersed active components demand a trade-

off between release rate and stability. This is espe-

cially significant when the activity in the product 

into which the microcapsule is put is poorly soluble. 

The active component may move more easily 

through the matrix as it is dissolved in the matrix 

increases. [17, 18] 

 

 

Temperature 

Temperature is the most significant thermody-

namic factor determining active component release. 

In most cases, increased temperatures cause mole-

cules to move faster, boosting diffusion. The tem-

perature also allows the matrix to entropically relax 

from a metastable to an optimum state. As density 

increases, the molecule has fewer points of colli-

sions, allowing for faster diffusion. Similarly, low-

ering the temperature lowers the diffusion rate by 

lowering the energy of each particle. Microcapsules 

maintained under refrigeration or room temperature 

are thus more stable in comparison to those stored 

at high temperatures. Because temperature is a 

regulated property, it affects matrix polymers. 

Temperature-dependent phase transitions occur of-

ten in polymer matrices, transitioning from solid to 

molten, sol to gel, glassy to rubbery, and crystalline 

to amorphous. In each of the transitional periods. 

[19] 

Benefits of microencapsulation 

Microencapsulation is used to protect reactive 

cores from chemical harm, separate cores from their 

surroundings, safeguard vitamins from oxygen de-

struction, delay volatile core evaporation, enhance 

sticky handling of materials, and protect sensitive 

cores from chemical attack. In certain cases, the 

goal is to control the core's release rate instead of 

completely isolating it, similar to controlled drug or 

pesticide release. This might range from as simple 

as masking the flavor or smell of the core to as 

complex as improving the selectivity of an adsorp-

tion or extraction process. Capsules are designed 

and manufactured with the properties of the core 

material, intended for the product usage, and stor-

age environment in mind. Microcapsule-based 

goods have characteristics such as size, shape, 

chemistry, degradability, quality, permeability, and 

biocompatibility. These factors are important when 

deciding on the initial materials and microencapsu-

lation technologies for distinct applications. Micro-

encapsulation, which is distinguished by impermea-

ble coats, is used in products to isolate active sub-

stances, which are then released rapidly under spec-

ified conditions. Impermeable microcapsules offer 

various advantages, including the capacity to isolate 

reactive components, protect sensitive compounds 

from external impacts, minimize volatile substance 

volatility, turn liquid materials into solid forms, 

conceal flavor and odor, and reduce toxicity. Po-

rous-walled microcapsules, on the other hand, allow 

for the prolonged release of active molecules into 

the surroundings of the microencapsulated com-

pound's immobilization with limited activity. Mi-

croencapsulated fertilizers and pesticides with lim-

ited release to avoid groundwater leaking, and addi-

tionally microencapsulated enzymes, are examples 

of later improvements. [1] 
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Microencapsulation in Textiles 

The textile business and research have been 

constantly developing during the last 30 years. Tra-

ditional textile goods, which were initially created 

to cover or conceal the individual's body, developed 

into more technical products in the 1990s, becom-

ing more smart functional, and multifunctional tex-

tiles that met customer needs and environmental 

standards. Smart fabrics are garnering greater atten-

tion in terms of research and development, as well 

as prospective capabilities, delivering significant 

added value and rising market opportunities. In this 

instance, using microencapsulation technologies to 

create functional and smart-coated fabrics is criti-

cal. As a result, as compared to other industries, 

employing Microencapsulation as a possible meth-

od for functionalizing textile supports was intro-

duced late in the manufacturing process. Today, it is 

used in a variety of textile applications such as 

medical, technical, beauty products, and cosmetics 

for aesthetic impacts, protection, comfort, and skin 

care, and various properties such as functional coat-

ings, which offer additional benefits without chang-

ing the product structure or its characteristics, are 

becoming increasingly important in the competitive 

textile market. [20] Commercial uses of microen-

capsulation in the textile industry are developing in 

the twenty-first century, particularly in North 

America, Western Europe, and Japan. The devel-

opment of developed nations into novel characteris-

tics and additional value, such as technical and 

medical textiles, has spurred this growth, making 

microencapsulation procedures more viable and 

cost-effective. [6] 

Insects’ repellency with microencapsulation 

Many investigations on pesticide repellents in-

corporated into fabrics and clothing suited for out-

door activities have been done in recent years. [21] 

In most cases, insect-repellent textiles are created 

by correctly treating the cloth in its final state with 

repellent chemicals. In this instance, suitable binder 

compositions that can stick to the textiles while also 

supporting the mosquito-repellent agents should be 

utilized to fix the insect-repellent agents on the fab-

rics. [22] insect-repellent textiles may be made be-

fore material preparation by adding repellent chem-

icals into the substance of fiber or yarn. In this situ-

ation, insect repellents are used throughout the fi-

ber-spinning process. 

Mosquito repellency with limonene & permethrin 

Capsules 

For preparing mosquito repellent fabrics. Perme-

thrin and Limonene were encased with an ethyl 

cellulose shell to compare bio-based and manufac-

tured mosquito-repellent agents. Coacervation was 

used, which is an easy and repeatable encapsulation 

process with high production efficiency. Morpho-

logical examination revealed that the capsules had 

smooth outsides and a spherical form. Laser diffrac-

tion analysis confirmed the capsules' homogeneous 

size distribution. The capsules had a limited size 

distribution, with the mean size of the particles of 

the limonene and permethrin optimal formulations 

being 1 and 1.3 m, respectively. The size of the 

capsules generated was deemed adequate for textile 

applications. [22] The FTIR results indicated a 

chemical structural similarity between capsules and 

shell material. Cotton textiles were individually 

treated with limonene and permethrin capsules via 

the padding method. After 20 washing cycles, the 

existence of capsules on the materials was con-

firmed. Insecticide activity was assessed against 

common house mosquitos (Culex pipiens) using the 

World Health Organization's cone bioassay. Mos-

quitoes were seen to avoid treated textiles, with 

fatality rates of 41% and 54% for limonene and 

permethrin, respectively. Even though fabric effica-

cy declined with increasing washing, the materials 

retained repellency after 20 washing rounds. The 

capacity of mosquitoes to fly or stand was similarly 

reduced when they came into contact with materials 

containing both active chemicals. [22]Fabrics carry-

ing limonene capsules were shown to have de-

creased mortality toward Culex pipiens in compari-

son to those containing permethrin. Insecticides are 

assured with a significantly low dose of insecticides 

when active ingredients are used in capsular form. 

Furthermore, because the active component is sur-

rounded by a polymer, the end-user is not in contin-

ual touch with these agents, as is the case with sev-

eral other products on the market (such as insect 

repellent sprays and lotions). As a result, both acute 

and long-term negative effects can be avoided. Fur-

thermore, because the active components are re-

sistant to oxidation and washing with encapsulating 

information the new product would not require re-

peated application. End users are going to be able to 

reduce or discontinue their usage of topical prod-

ucts in this manner. The results showed that textile 

materials treated with capsules carrying limonene 

and permethrin have acceptable insect-repellent 

characteristics, and they might be an effective and 

promising alternative to market items. [22] 

Mosquito repellency with Coleus aromatic extrac-

tion capsules 

The Box Behnken experimental design tech-

nique was used to improve the combination of anti-

bacterial and mosquito-repellent treatment on wo-

ven cotton fabrics using Coleus aromaticus cap-

sules. [21] The basic extract of Coleus aromaticus 

was prepared using methanol-based solvent extrac-

tion. Gum acacia was used as the outer layer and 

Coleus aromaticus extract as the core material to 

make the microcapsules. The pad-batch approach 

was used to apply these capsules to the Cotton fab-
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ric. Three process parameters were chosen for op-

timization: microcapsule concentration (GPL), 

BTCA concentration, and curing temperature. The 

treated textiles were tested for antibacterial activity 

and mosquito repellency. Following that, a polyno-

mial equation was created for both antibacterial 

activity and mosquito repellency behavior. [21] The 

impacts of each process variable on how it respond-

ed were examined using RSM analysis. The best 

process parameters were the microcapsule concen-

tration of 40gpl, the BTCA concentration of 

67.5gpl, and a temperature for curing of 116°C. The 

total desirability coefficient was determined to be 

0.792. Following that, SEM and FTIR experiments 

were carried out to establish the efficiency of mi-

croencapsulated therapy. Both antibacterial activity 

and mosquito repellency required the development 

of a polynomial equation. The model of regression 

was significant for both antibacterial activity and 

mosquito repellency, with 98.10% and 98.10% ade-

quacy, respectively ANOVA revealed that all of the 

coefficients of linearity of the process factors in 

both models were significant. The interaction coef-

ficient of microcapsule (GPL) concentration and 

BTCA concentration was significant for the regres-

sion model of antimicrobial activity, while the in-

teraction coefficient of BTCA concentration and 

temperature of cure was significant for the model 

of regression of mosquito repellency. [21] 

 

 
Fig.5: Plant leaf of Coleus aromatics. 

Mosquito repellency with lemongrass oil capsules: 

Chitosan nanocapsules carrying lemongrass 

(Cymbopogon citratus) oil (LGO) were created in a 

gel form with acrylate (Ac) as a thickening and fab-

ric binder. To obtain long-lasting and washable 

mosquito repellency, the gel was injected on cloth. 

FTIR and XRD were used to analyze the interaction 

of cotton fibers with gel. Using SEM and GC-MS, 

the wash resistance of gel was compared to that of 

chitosan nanocapsules with no acrylate (LGO-

encap). SEM analysis demonstrated that acrylate-

containing nanocapsules remained on the cloth after 

several washings. According to the GC-MS data, 

the percentage of oil components in fabric was 

found to be greater following a series of washings 

in acrylate-containing nanocapsules (LGO-encap-

Ac), pointing to better wash resistance and capsule 

retention on fabric. The bio-efficacy findings of 

post-fifteen washing revealed 75% repellency 

against mosquitoes with the application of acrylate, 

but only 51% repellency was achieved in nanocap-

sules without acrylate. Furthermore, the repeated 

use of nanogel on Swiss albino mice for 36 days 

revealed no symptoms of skin harm. As a result, the 

formulation is appropriate for impregnating the 

clothing of military personnel and those who must 

undertake field duties and are at a higher risk of 

mosquito bites. [23]  

Silverfish repellency with natural oils: 

The article concentrated on the creation of mi-

crocapsules utilizing two essential oils. It suggests 

using eucalyptus oil and cedarwood oil as natural 

insecticides. The goal of this work is to show how 

created microcapsules may be used to transmit in-

sect repellency on textile substrates. The publica-

tion chose an experimental investigation in which 

two essential oils and gum were used to produce 

microcapsules utilizing a simple co-aseravtion en-

capsulating approach. The produced solution was 

examined, including size and structural confirma-

tion. To demonstrate enhanced capabilities as a re-

pellent fabric, a developed finish was additionally 

applied to the substrate. The research focuses on the 

practical creation of microencapsulated cloth by 

combining gum acacia and eucalyptus oil as inner 

and coating materials. The created fabric repels 

silverfish better than the microencapsulated fabric 

made using gum acacia (coat) and cedarwood oil 

(basic). [24] 

Due to a shortage of time and essential oil avail-

ability, only two oils were employed to investigate 

the repellent's behavior. [24]  

This work addresses an identified requirement 

and has implications for the creation of a very ef-

fective natural pesticide to repel silverfish insects. 

This bug is a prevalent issue in textile closets and 

bookshelves; it mostly targets fabrics with cellulose 

content and starch. The use of these microencapsu-

lated finished textiles will assist society greatly by 

repelling silverfish from their homes and keeping 

their apparel and books safe for a longer length of 

time. These essential oils' natural scent and medical 

properties should never be overlooked.  

This study proposes a novel method for repel-

ling insects such as silverfish from bookshelves and 

garment closets. In these shelves and wardrobes, an 

insect-repellent microencapsulated finishing cloth 

may be incorporated. It is an environmentally 

friendly strategy that uses natural essential oils ra-

ther than artificial pesticides. This experiment also 

showed that microencapsulated fabric using gum 

acacia + eucalyptus oil repelled silverfish better 

than microencapsulated fabric using gum acacia + 

cedarwood oil. [24] 
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Fig.6: Silverfish 

Antimicrobial textiles with Micro capsulation 

Antimicrobial finishing is a chemical treatment 

designed to kill or prevent the growth of microscop-

ic organisms, however also causes functional, sani-

tary, and cosmetic issues. Antimicrobial protection 

in textiles can perform two distinct purposes. The 

first is to protect the user against infections or odor-

producing microbes. The second step is to protect 

the cloth from mold, mildew, or rot-producing mi-

crobes.[25] In other words, the former is rot-

proofing finishing, which offers material protection 

against physical deterioration or the use of various 

aesthetic finishes that control odor development; the 

latter is hygiene finishing, which focuses on the 

control of infections and unwanted bacteria. Fur-

thermore, antimicrobial treatments in medical tex-

tiles aim to reduce harmful microorganism cross-

contamination and the transmission of infectious 

illness through contaminated garments. Textile an-

timicrobial finishing has arisen as a significant 

market area that includes consumer and technical 

goods for healthcare and hygiene control.   

Nosocomial infections in hospitals, as well as 

surface contamination with microorganisms, 

demonstrated the importance of antimicrobial fin-

ishing. Antimicrobial finished textiles were wanted 

to limit microbe development and transmission. The 

study on antimicrobial textile finishing resulted in a 

large volume of published research material. [26] 

This reflected an increase in the use of antimicrobi-

al finishing chemicals and antimicrobial fibrous 

materials. However, an antibiotic that inhibits or 

causes the death of microorganisms may be detri-

mental to other living species, including humans. 

An antimicrobial contained in clothes, healthcare 

fiber products, and home textiles may come into 

touch with an individual's skin or harm any living 

species in the surrounding environment. As a result, 

understanding environmental problems is necessary 

to manufacture antimicrobial fibrous goods with 

acceptable environmental impact, such as Micro 

capsulation. [21] 

Antimicrobial textiles with Thyme Oil Microcap-

sules 

The goal of this research was to create antimi-

crobial agent-loaded microcapsules for use in medi-

cal textiles. [25] Thyme oil with antibacterial action 

was effectively encapsulated for this purpose utiliz-

ing a complicated coacervation technique using 

gelatin and gum Arabic as wall components. Images 

of optical microscopes were used to observe the 

production of microcapsules. The resulting micro-

capsules possessed a spherical form, a continuous 

core, and a continuous shell. The effects of the 

quantity of oil and the concentration of the wall 

material on encapsulation yield, mean particle size, 

and oil loading were examined. Encapsulation yield 

often increases with increasing amounts of oil. Sim-

ilarly, increasing the concentration of wall material 

resulted in increased encapsulation yield up to a 

specific concentration. [25, 26]  

There were no capsules created after that. As 

predicted, as the amount of oil grew, so did the size 

and oil content of the microcapsules, although they 

tended to clump together. Agglomeration was also 

generated by a high concentration of wall material. 

In the current investigation, it was determined that 

10 mL of oil and 2% wall concentration produced 

the greatest results in terms of microcapsule size. 

Encapsulation yield was 74.72%, mean microcap-

sule size was 25.37 microns, and oil loading was 

36.38% in these circumstances. Antibacterial activi-

ty studies demonstrated that thyme oil-filled micro-

capsules exhibited significant antibacterial action 

against E. coli. coli, S. aureus and C. Albicans. Fol-

lowing that, produced microcapsules were grafted at 

four different concentrations onto a nonwoven fab-

ric to impart antibacterial properties to this fabric. 

The results demonstrated that even the lowest con-

centration (10 g/l) offered enough antibacterial ac-

tion to the cloth. 

 

 
Fig.7: Flow chart of the microencapsulation process 

by complex coacervation. 
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Antimicrobial textiles with oil Mixture (Cinnamon 

oil & Cloves oil) 

We provide an examination of the chemical 

components of essential oils extracted from the 

barks of Ceylon cinnamon and Syzygium aromati-

cum cloves, as well as research on their antibacteri-

al activity. Oil components were identified using 

Gas Chromatography/Mass Spectrometry (GC-MS) 

analysis, and antibacterial activity was tested using 

the disk diffusion test. [21] The synergistic impact 

of a blend of essential oils (cinnamon oil and clove 

oil) was investigated. Cellulosic fibers were given 

antimicrobial characteristics via microencapsulation 

with citric acid as a green binding agent. Coacerva-

tion was used to encapsulate an essential oil combi-

nation utilizing chitosan as a wall material and so-

dium hydroxide as a hardening agent. The dimen-

sion of the microcapsules formed ranges between 

12 and 48 m. Attenuated Total Reflectance-Fourier 

Transformed Infrared (ATR-FTIR) spectroscopy, 

optical microscopy, and scanning electron micros-

copy (SEM) examination were used to demonstrate 

the attachment of the generated microcapsules to 

the surface of cotton textiles. The findings reveal 

that microcapsules were successfully adhered to 

cotton fabric surfaces, imparting antibacterial activ-

ity without changing their qualities appreciably. 

The resultant cotton textiles have good mechanical 

and wettability qualities. [27] 

Antimicrobial textiles with Silver capsulated Com-

positions 

The efficiency of a technique for the manufac-

ture of silver nanoparticles employing oxalic dial-

dehyde as a reducing agent and polyguanidine as a 

stabilizer is demonstrated. The authors report a 

study of photon correlation spectroscopy data de-

scribing the sizes of produced particles in the Ag-

polyelectrolyte system. The biocidal impact of 

manufactured silver nanoparticles has been proven. 

The system of biodegradable polyelectrolytes chi-

tosan-xanthan gum is chosen for the manufacture of 

the capsule shell with silver nanoparticles. This will 

allow stable polyelectrolyte capsule shells contain-

ing oyster mushroom mycelium extract to develop. 

The method of successive adsorption of chitosan 

polyelectrolytes and xanthan gum on calcium car-

bonate templates was used to create microcapsules. 

The capsule shell contains silver nanoparticles, 

while the center contains a physiologically active 

medication (oyster mushroom mycelium extract). 

[27-35]  

The technical methodology of immobilization of 

complicated capsules on a textile material by the 

layer-by-layer method is explained. A system of 

polyelectrolytes, positively charged chitosan and 

negatively charged xanthan gum, is used to immo-

bilize multilayer microcapsules on a fibrous sub-

strate. The discovered multifunctional coatings ena-

ble the addition of antibacterial, antimycotic, and 

high-hygroscopic qualities to textile materials. Oys-

ter mushroom mycelium was successfully employed 

as a model filling of the capsule core in this investi-

gation. The suggested approach for the creation of 

microcapsules, the shells of which are doped with 

silver nanoparticles, provides for the most focused 

antibacterial action on the site of infection. The 

encapsulated oyster mushroom mycelium extract 

was released for a long period and offered a more 

effective wound-healing effect in this situation. 

Cellulose tissue samples coated with silver-

containing microcapsules revealed significant anti-

bacterial, antimycotic, and wound-healing action. 

[27] The ideal concentration of the microencapsu-

lated medication for successful wound healing was 

discovered to be 1%-2% of the weight of the textile 

material. To heal the skin in the event of burn 

wounds, the material should be replaced at least 

every two weeks. Changing the capsule core filler 

(biologically active ingredient) allows you to impart 

a range of diverse qualities to the created medicine 

as well as the textile material with different sorts of 

final finishing. [36] 

UV Protection textile with Micro capsulation 

UV light is electromagnetic radiation with a 

wavelength ranging from 10 to 400 nanometers 

(nm). The UV spectrum has several effects on hu-

man health, both positive and negative. Increased 

UV light exposure, on the other hand, has negative 

consequences such as sunburn, inflammation, and 

skin cancer. Studies on UV wave blocking are pri-

marily undertaken in the cosmetics industry; how-

ever, they are increasingly being conducted in the 

textile industry as well. [37] To provide textiles the 

capacity to block UV radiation, they are usually 

treated with an organic UV absorber. UV protection 

textiles are created by the use of an organic UV 

absorber and processes such as mixing, coating, 

adsorption, and microencapsulation. Durable UV 

protection textiles are created using the mixing pro-

cedures by adding a UV absorber during the spin-

ning stages of synthetic fibers. [32, 34-36, 38-44]  

Coating technologies lower the handling and air 

permeability of fabric and are consequently used in 

umbrellas and cold clothing. Adsorption techniques 

used to adsorb a UV absorber on the surface of 

cloth create skin issues since the wearer's body is 

exposed to it. Because the organic UV absorber 

employed as the core material is covered by shell 

material, microencapsulation technologies can re-

duce contact between the wearer's skin and the or-

ganic UV absorber. Furthermore, the use of micro-

capsules is not confined to a certain type of cloth. 

UV Protection textile with Silica Microcapsules 

The goal of this work was to create UV protec-

tion textiles using microencapsulation technologies, 
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silica microcapsules with an organic UV absorber 

as their core and silica as their exterior. In an 

O/W/O emulsion, spherical silica microcapsules 

were created using the sol-gel technique. Microcap-

sules were attached to cotton-knitted textiles to cre-

ate UV protection materials. [37] For microencap-

sulation, the following conditions were used: 20% 

(w/v) UV absorber content, 0.5% (w/v) HPC (hy-

drophyl-cellulose) addition concentration, 6% (w/v) 

PEG (polyethyleneglycol) addition concentration, 6 

h agitation time, and 1000 rpm agitation speed. The 

particle distribution of microcapsules generated 

under the proper circumstances ranged from 2 to 12 

m, with an average particle size of 6.27 m. Given 

that the optimum microcapsule size for textile 

treatment is around 10 m, the capsules produced in 

this work would be acceptable for textile treatment. 

Regarding the thermal properties of the microcap-

sules, the first peak showed at 152C, followed by 

the second peak at 250C. Even after repeated 

washing, cotton-knitted textiles coated with silica 

microcapsules retained an 80-90% UV protection 

rate. [37] 

UV protection textiles with (Lemon& AZO) 

Using an aluminum-doped zinc oxide (AZO)-

embedded lemon microcapsule and SiO2 dual-layer 

coating, multifunctional textiles with UV protec-

tion, thermal insulation, and superhydrophobic and 

aromatic performance were effectively created. In-

terfacial polymerization was used to create AZO-

loaded lemon microcapsules with an average di-

ameter of 1.5 mm. [37] The high concentration of 

the AZOembedded lemon microcapsule contributed 

to improved performance and visible and near-

infrared light transmission, according to the results. 

Lemon extract included up to 2.789 mg/g (weight of 

essence: weight of fabric). The AZO's doped Al2O3 

concentration was determined to be 13.5 wt%. As 

the number of AZO-embedded lemon microcap-

sules grew, the light transmittance dropped. When 

the AZO-embedded lemon microcapsule dose was 

6%, the UV protection factor value reached 88.78. 

Given the research findings, cotton fabric coated 

with the AZO-embedded lemon microcapsule and 

SiO2 bi-layer composite coating might find use in 

water/oil purification and functional protective tex-

tiles. [45] 

 
Fig.8.Schematic illustrating the preparation of ver-

satile aromatic cotton fabrics. 

AZO: aluminum-doped zinc oxide; NP: nanopig-

ment; PVA: polyvinyl alcohol. 

Flame retardant textile with Micro capsulation 

Flame resistance can be a naturally occurring 

feature in fibers or developed by chemical treat-

ments that provide the material with indirect im-

munity to combustion. Flame retardant yarns and 

textiles are used to make a variety of items such as 

ready-made clothes, industrial protective apparel, 

children's clothing, lint fabrics, upholstery fabrics, 

carpets, and curtains. [45] Cotton textiles are sub-

jected to two types of treatments to achieve the at-

tribute of resistance to combustion: First, there are 

non-permanent therapies. Second, there is perma-

nent treatment. [4, 5, 46-51] Thus, the function of 

flame retardant materials is to avoid or limit the 

development of materials that aid in the continua-

tion of fire or to alter the distribution of materials 

caused by thermal cracking. 

Flame retardant textiles with RP(Red Phosphorus) 

Red phosphorus (RP) particles are commercially 

accessible as a polymer flame retardant ingredient. 

RP is typically encased with a protective organic 

covering. In this paper, we suggest an alternate 

method for encapsulating RP with an inorganic 

SiO2 shell (SiO2@RP) for use in textiles. The silica 

shell was created in two phases by sol-geling a TE-

OS precursor in RP aqueous dispersion. [45] A uni-

form silica shell was regularly produced. Fourier 

Transform Infrared (FTIR) spectroscopy, X-ray 

diffraction (XRD), and scanning electron microsco-

py (SEM) were used to describe the chemical struc-

ture and morphology of the as-obtained powder. 

Through thermogravimetric coupled-differential 

thermal analysis (DT-TGA), the effect of the silica 

coating on the thermal stability of RP was evaluat-

ed, which demonstrated increased thermo-oxidative 

stability. The produced coated and uncoated RP are 

then studied as flame retardant additives for fabric 

back-coating. Only the textiles treated with 

SiO2@RP effectively self-extinguished the flame 

during the BS-5852 flammability test, attaining the 

no-ignition classification necessary for a practical 

application. The suggested entirely inorganic en-

capsulation technique opens the door to innovative 

and efficient RP-based flame retardant solutions 

that might be used in a variety of applications. [46] 
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Fig.9:  Scheme of RP coating with p-doped SiO2 by 

two-step sol-gel process and schematic view of the 

fabric back-coating with FR paste. Pictures of treat-

ed fabrics with FR pastes are provided at the bottom 

of the picture. Silica encapsulation results in faded 

red on the fabric's backside 

Flame retardant textiles with diphenyl phosphate 

A flame retardant nonwoven substrate was cre-

ated using a microencapsulated flame retardant. 

[46] Melamine-formaldehyde polymer-shell micro-

capsules with Afflamit® PLF 280 (resorcinol 

bis(diphenyl phosphate) as the core substance were 

impregnated with an outer thermoplastic wall (poly-

styrene (PS) or poly(methyl methacrylate)). To 

connect the microcapsules to the textile fibers, the 

outside wall of the microcapsules was heated to the 

softening temperature of the thermoplastic shell. 

The thermogravimetric analysis was used to assess 

the thermal stability of the microcapsules. A scan-

ning electron microscope was used to examine the 

textile samples, and the flame retardancy perfor-

mance was assessed using the NF P92-504 stand-

ard. [46]  

The findings reveal that the composition of the 

outer polymeric shell affects the thermal stability of 

the microcapsules, with particles with a PS shell 

being more stable. Furthermore, the microcapsules 

were more concentrated on the nonwoven surface 

without changing the sample thickness. According 

to the NF P92-504 test findings, the flame spread 

rate was reasonably modest for all of the evaluated 

formulations. Only the formulation with the lowest 

PS concentration was classed as M2, while the rest 

were classified as M3. [52] 

 
Fig.10: Schematic representation of the microen-

capsulation process 

Phase change material with Micro capsulation 

Fabric, being the first and most frequent layer in 

continuous touch with human skin, is an excellent 

interface for providing covering as well as heat and 

cold insulation. PCMs are organic and inorganic 

compounds that have the potential to absorb and 

release significant quantities of latent heat during 

phase transitions between solid and liquid phases at 

low temperatures. [53] Because PCMs undergo 

phase shifts (liquid-solid and solid-liquid transi-

tions) while collecting and releasing thermal heat, 

they should be enclosed in polymeric shells, known 

as microcapsules, if they are to be used for an ex-

tended period. Microencapsulation and nanoencap-

sulation techniques have been developed to limit a 

PCM's reactivity with the outside environment, im-

proving ease of handling, and lowering diffusion 

and evaporation rates. [52] The methods for incor-

porating PCMs into textiles, such as electrospinning 

and measuring thermal characteristics, were sum-

marized. Because of their high thermal storage den-

sity, repeatability of phase change, thermal stability, 

small volume change during phase transition, chem-

ical stability, non-toxicity, non-flammability, non-

corrosiveness, and low cost, paraffin waxes appear 

to play an important role in confronting climate 

change and global warming. Textiles containing 

PCMs are influenced and react proportionally to the 

temperature of the ambient by changing the temper-

ature of various regions of the body as well as the 

temperature of the environment. [4, 50, 53-64]  

Because the physical state of PCMs (liquid-

solid, solid-solid) changes under different heat set-

tings, the employment of microencapsulation tech-

nology is required to conserve, protect, and opti-

mize the usage of PCMs. Because the primary func-

tion of clothing is to protect the body from various 

temperature fluctuations, the introduction of micro-

capsules containing PCM (micro PCM) in textile 

production and finishing processes will considera-
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bly improve and increase their thermoregulating 

properties. Microencapsulated phase change materi-

als (mPCMs) undergo solid-liquid and liquid-solid 

transitions while receiving and storing thermal en-

ergy and releasing it. The process described above 

is known as phase transition (phase change). [53] 

PCMs store thermal energy during the heating 

process and release previously stored thermal ener-

gy during the cooling phase, hence they are widely 

used in the manufacture and finishing of various 

fabrics. They can be used directly within fibers 

(acrylic fiber) and foams (polyurethane foam) as 

well as as a liner in the manufacture of different 

textiles. Naturally, the body can adjust to fluctua-

tions in temperature under various climatic circum-

stances. [65] 

Metal salt as phase change material: 

Polyethoxysiloxane (PAOS) was used as a 

cross-linker to create pure inorganic silica capsules 

that contain inorganic hydrated salt. During this 

work, six different hydrated inorganic salts evaluat-

ed to be used as inorganic phase change materials 

(namely: calcium nitrate tetrahydrate (Ca(NO3)2. 

4H2O), calcium chloride hexahydrate 

(CaCl2.6H2O), sodium sulfate decahydrate 

(Na2SO4.10H2O), disodium hydrogen phosphate 

dodecahydrate (Na2HPO4. 12H2O), ferric nitrate 

nonahydrate (Fe(NO3)3.9H2O), and manganese (II) 

nitrate hexahydrate (Mn(NO3)2. 6H2O)) in silica-

based micro-capsules. Inorganic phase transition 

materials have been investigated for use in textiles. 

The best results are obtained using sodium sulfate 

decahydrate and disodium hydrogen phosphate do-

decahydrate. [52] At the extrusion step, the micro-

capsules with good phase change properties were 

implanted in a polypropylene film. The novel mate-

rial's basic mechanical characteristics are identical 

to those of pure polypropylene. Polypropylene (PP) 

is a very flexible polymer that is mostly utilized in 

interior textiles. This material was used to incorpo-

rate PCM silica capsules to increase its heat storage 

ability. The PP grains were combined with 5% 

PCM-silica capsules before being extruded at 

200°C. [53] 

 

 
Fig.11: Schematic illustration of the preparation of 

the inorganic PCM capsules based on silica nano-

particles 

Eicosan as Phase change material 

In situ polymerization was used to create mela-

mine-formaldehyde microcapsules containing eico-

sane. The microcapsules were characterized, includ-

ing particle size and size distribution, shape, ther-

mal characteristics, and stability. [52] To create 

thermoregulating textile materials, the produced 

microcapsules were applied to polyester knit tex-

tiles using a traditional pad-dry-cure procedure. The 

treated textiles' morphology, thermal characteris-

tics, and washing qualities were also studied. The 

spherical microcapsules have melamine-

formaldehyde shells encapsulating eicosane. The 

microcapsules were sturdy enough to withstand 

swirling in hot water and alkaline solutions. The 

heat storage capacity increased as the microcapsule 

concentration rose. The heat storage capacity of the 

thermoregulating textiles ranged from 0.91 to 4.44 

J/g, depending on the concentration of the micro-

capsules. After five launderings, the treated textiles 

preserved 40% of their heat storage capacity. [66] 

 

 
Fig 12.Effect of the Water Temperature and pH on 

the Heat Storage Capacity of the Microcapsules 

Summary 

So far, various innovative finishing processes 

have been developed to functionalize textile sub-

strates. In this respect, one of the modern technolo-

gies that has been utilized to give functional quali-

ties such as antibacterial activity, scent, mosquito 

repellency, UV protection, and thermoregulation to 

textiles is microencapsulation. The volatile and 

non-volatile components can be contained inside a 

thin polymeric film in microencapsulation, resulting 

in a delayed release of the chemical and a long-

lasting functional impact. Essential oils, enzymes, 

medicines, insecticides, and vitamins have all been 

effectively entrapped inside microcapsules con-

structed from various polymeric materials. Micro-

capsules provide a variety of advantages, including 

the ability to convert liquids to solids, separate reac-

tive substances, provide environmental protection, 

and improve material handling qualities. After that, 

active ingredients are enclosed in micron-sized cap-

sules made of barrier polymers (gelatin, plastic, 

wax, etc.). However, many microcapsules have lit-

tle similarity to these basic spheres. The core might 

be a crystal, a jagged adsorbent particle, an emul-

sion, a solids suspension, or a microcapsule suspen-

sion. The microcapsule may even have numerous 

walls, which may be organic (gums, polysaccha-

rides, proteins, etc.) or inorganic (polymelamine-

formaldehyde, polystyrene, polyurethane, etc.). 
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