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Abstract

�e article presents the possibilities of using 

scanning electron microscopy (SEM) for the mi-

croencapsulation research purpose and for the 

visualisation of microcapsule applications on 

textiles. �e laboratory and industrial scale 

synthesis of aminoplast microcapsules with in 

situ polymerisation of melamine-formalde-

hyde prepolymers, containing fragrances, essen-

tial oils and phase change materials (PCM) as 

core materials, is presented. �e following prop-

erties of microcapsules were studied with the 

use of SEM in combination and in comparison 

with classical methods of microcapsule proper-

ties evaluation: (a) appearance, size and mor-

phology of microcapsules, including the deter-

mination of wall thickness, (b) visualisation of 

fragrance and/or essential oils containing ami-

noplast microcapsules on non-woven and wo-

ven textile carriers, (c) evaluation of mechani-

cal resistance of PCM microcapsule walls under 

pressure at an elevated temperature, and (d) 

detection of morphological changes of PCM mi-

crocapsules caused by ammonia scavenger. For 

graphical analyses, the processing of SEM imag-

es was performed with ImageJ so�ware.

1.1 Mikrokapsuliranje za tekstilstvo
-
-
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Figure 1: Trend of yearly new publications on microencapsulation in 

textiles and sub-segment of microencapsulated Phase Change Mate-

rials in textiles. Chemical Abstracts Plus database, search pro!le 1: 

(microencapsulation OR microcapsules) AND textile; search pro!le 

2: (microencapsulation OR microcapsules) AND textile AND (phase 

change material OR PCM)

1 Introduction

Microencapsulation is a process where the par-

ticles of µm dimensions are surrounded by a 

coating to produce small capsules with sever-

al useful properties. A container-type micro-

capsule is a small sphere with a liquid core (mi-

crocapsule core or !ll, internal phase) and a 

uniform wall around it (shell, coating or mem-

brane). 

Industrial applications of microencapsulation 

were !rst introduced at the end of the 1950s 

in the production of pressure-sensitive copying 

papers for the encapsulation of leuco dyes [1]. 

Since then, microencapsulation has been con-

stantly improved, modi!ed and adapted for 

a variety of purposes and uses. In addition to 

the graphic and printing industries, microcap-

sules have been used for pharmaceutical and 

medical purposes, in cosmetic and food prod-

ucts, agricultural formulations, as well as in the 

chemical, textile and construction materials in-

dustries, biotechnology, photography, electron-

ics, and waste treatment [2, 3].

Microencapsulation technologies o#er many 

opportunities to improve the properties of tex-

tiles or to give them completely new functions. 

�e !rst ideas of using microcapsules in tex-

tile products were born more than three dec-

ades ago (cf. Figure 1) and soon became a typi-

cal research !eld with a pronounced protection 

of industrial intellectual property rights. As a 

consequence, the number of patent applications 

strongly outnumbered scienti!c articles (cf. Fig-

ure 2). 

Extensive and detailed literature reviews of mi-

croencapsulation applications in textiles have 

been published in previous works [4, 5, 6]. Typ-

ical examples of patented microcapsule appli-

cations in textile products (cf. Figure 3) include 

microencapsulated dyes and pigments for tex-

tile dyeing and printing, thermochromic and 

photochromic e#ects, microencapsulated cata-

lysts and enzymes for special textile treatment, 

agents for textile sizing, adhesive bonding, wa-
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Figure 2: Publications on microencapsulation in textiles, analysed 

by document type. Chemical Abstracts Plus database, search pro!le: 

(microencapsulation OR microcapsules) AND textile

-
-

-
-
-

Figure 3: Applications of microcapsules in textile products (analysis and structuring of data from patents and 

scienti!c publications, CAPlus database search)

ter proo!ng, blowing agents for leather sub-

stitutes, so�ener and antistatic compositions, 

ingredients in textile detergents, microencap-

sulated textile fragrances, perfumes, !re retard-

ants, and special functional textiles with micro-

encapsulated insect repellents, antimicrobial, 

disinfectant and deodorant components, bioac-

tive medical and cosmetic textiles and textiles 

for active thermal control with microencapsu-

lated phase change materials (PCMs).  One of 

the fastest growing microencapsulation applica-

tions in textiles during the last decade has be-

come sportswear and special technical apparel, 

based on microencapsulated PCMs with heat 

and cold absorbing capacity (cf. Figure 1). Sev-

eral !rms compete for the intellectual proper-

ty rights and market shares in this !eld. Sports-

wear shops are o#ering coats, jackets, boots, 

socks and gloves with the active thermal control 

technology.

PCMs are a subgroup of Heat Storage Materi-

als (HSMs) with a dynamic heat exchange pro-

cess taking place at the melting point tempera-
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1.2 Postopki mikrokapsuliranja
-

-
-

-

 – Mehanski

-
-

 – Koacervacijski -

 – Polimerizacijski

in situ 

polimerizacije -
medfazni polime-

rizaciji

ture. When a PCM undergoes a phase change 

transition from solid to liquid, energy is stored 

in the form of latent heat at a constant temper-

ature. Accumulated latent thermal energy is 

then released when the PCM solidi!es again. 

�e transition process is completely reversible. 

To overcome practical problems of solid-liq-

uid phase, PCMs have to be microencapsulat-

ed and turned into solid formulations for the 

use in various thermal management applica-

tions. Typical organic PCMs are higher hydro-

carbons – para$ns and their narrow fractions 

– which are chemically inert, non-corrosive, 

long-lasting, inexpensive, ecologically harmless 

and non-toxic. 

1.2 Microencapsulation processes

�e choice of the microencapsulation process 

for textile applications depends on the desired 

characteristics and uses of the textile product. 

For example, microcapsule size, shape, wall 

material, active substance, release mechanism, 

method of application, and compatibility with 

the formulation of additives must be adapted to 

the require ments of textile processing methods 

and uses of the !nal product. Most o�en, mi-

crocapsules are prepared with one of the follow-

ing three technological possibilities [7, 8]:

 – mechanical methods (e.g. spray drying, pan 

coating, extrusion, deposition in vacuum, 

solvent evaporation from emulsions) where 

the microcapsule wall is mechanically ap-

plied or condensed around the microcapsule 

core;

 – coacervation, a phenomenon taking place in 

colloid systems where macromolecular col-

loid rich coacervate droplets surround dis-

persed microcapsule cores and form a vis-

cous microcapsule wall, which is solidi!ed 

with cross-linking agents (cf. Figure 4), and

 – polymerisation methods where monomers 

polymerise around the droplets of an emul-

sion and form a solid polymeric wall. In the 

in situ polymerisation, monomers or pre-

condensates are added only to the aqueous 

phase of emulsion (cf. Figure 5), while in in-

terfacial polymerisation, one of the mono-

mers is dissolved in the aqueous phase and 

the other in a lypophilic solvent.
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Figure 4: Coating of microcap-

sules, produced by complex coac-

ervation of gelatin and carbox-

ymethyl cellulose (SEM, 630×) 

with so�er, elastic microcapsule 

walls

Figure 5: Coating of microcap-

sules, produced by in situ pol-

ymerisation of aminoaldehyde 

precondensates (SEM, 1900×) 

with impermeable, hard walls, 

which are pressure-sensitive

Microcapsules in water dispersions for textile 

!nishing have to be resistant to mechanical and 

thermal stress. �e microcapsule walls have to 

withstand the pressure of rollers and elevated 

temperatures when passing through the drying 

channels. 

In the past, the preparation of durable micro-

capsules for textile !nishing compositions was 

!rst based on coacervation (e. g. gelatin-gum 

arabic microcapsule walls), and later on poly-

merisation methods such as interfacial poly-

condensation (polyamide, polyester, polyu-

rethane walls) and in situ polycondensation 

(aminoaldehyde resin walls). When the micro-

capsules are designed to release their content 

during textile dyeing, washing or drying, the 

walls must be water soluble or heat sensitive 

to dissolve or melt at a desired temperature. In 

such cases, physical (mechanical) microencap-

sulation methods are o�en used, especially &u-

idised bed, spray drying and spray cooling. 

When the microcapsules with impermeable and 

pressure-sensitive walls are needed for technical 

applications, the in situ polymerisation of ami-

noaldehyde polymers continues to be the mi-

croencapsulation process of choice [9, 10, 11, 

12, 13, 14]. In the microencapsulation by the 

in situ polymerisation of amino-aldehyde resins 

[5], hydrophobic core materials are emulsi!ed 

in water, and all wall material components, dis-

solved in the continuous (aqueous) phase, react 

and distribute evenly over the surfaces of drop-

lets in the emulsion. A�er the microencapsu-

lation, formaldehyde residues can be removed 

from the suspension of microcapsules with the 

addition of scavengers, e.g. ammonium chloride 

[15] or ammonia. 

Due to formaldehyde negative e#ects on health, 

Japan became the !rst country to introduce for-

maldehyde limits for textiles in 1973. �e Law 

No. 112 (Control of Household Products Con-

taining Harmful Substances), issued in 1974, 

set the maximum limit values for !ve substanc-

es, among them also for formaldehyde [16]. 

Moreover, in Europe, the legislation [17] re-

garding ECO is getting increasingly important. 

Directives are restricting the use of hazardous 

substances (Directives 76/769/EEC17, Annex 

to 76/769/EEC restrict the use of tris (2,3 di-

bromopropyl) phosphate, tris-(aziridinyl)-phos-
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1.3 Vrstična elektronska mikroskopija za vizualizacijo 
 in karakterizacijo mikrokapsul

-

-

-

-
-
-

-

phinoxide, polybrominatedbiphenyls (PBB), 

pentabromodiphenyl ether (pentaBDE) andoc-

tabromodiphenyl ether (octaBDE) in !reproof-

ing garments. �is, together with other legis-

lation presented below, restricts the potentially 

hazardous substances which may be found in 

textile products. �e new European Chemi-

cals regulation REACH (Registration, Evalua-

tion, Authorisation and Restriction of Chemi-

cals) was adopted in December 2006. REACH 

Regulation (EC) No 1907/2006 and Direc-

tive 2006/121/EC amending Directive 67/548/

EEC were published in the O$cial Journal on 

30 December 2006. �e emission of formalde-

hyde from the !nished textile must not exceed 

20 mg/kg for textiles for children in direct skin 

contact (< 24 months), 100 mg/kg for textiles 

in direct skin contact and 300 mg/kg for other 

textiles. �ese regulations place requirements 

on the !bre production, and the manufactur-

ing process of textiles and garments as whole. 

Accordingly, aminoaldehyde microcapsule sus-

pensions for textile applications have to be ad-

ditionally processed for the removal of residual 

formaldehyde.

Verifying the environmental and health param-

eters of textile products represents a signi!cant 

challenge for public authorities. �is is partic-

ularly di$cult for the criteria referring to the 

production processes where compliance cannot 

be judged by testing the !nal product itself. Fur-

thermore, non-experts cannot understand the 

complexity of the chemical information to be 

assessed. In some cases, the use of certain chem-

icals in the production process can to some ex-

tent be traced by assessing the !nal product, as 

residues remain.

�e morphology of microcapsules was analysed 

using SEM (Scanning electron microscopy) in 

previous works, e.g. by Su et al [18], where SEM 

was applied to study the structure and proper-

ties of microcapsules. SEM used in the research 

by �rishna et al [19] revealed that the micro-

capsules were spherical with a nearly smooth 

surface. �e characterisation of microcapsule 

properties, a�er the removal of excess formal-
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2.1 Sinteza aminoplastnih mikrokapsul
in situ poli-

-

-
-
-

Figure 6: Synthesis of microcapsules by in situ polymerisation process

dehyde by ammonia, was visualised with opti-

cal and SEM microscopy by Sumiga et al [20]. 

�e surface of microcapsules was studied to de-

termine the application to fabrics by Elham et 

al [21] to observe the heat stability during the 

manufacturing process. �e morphology of na-

nocomposite microcapsules with embedded 

ZnO nanoparticles was characterised with con-

focal microscopy, TEM, SEM and AFM before 

and a�er the ultrasound treatment by Kolesnik-

ova et al [22], where a remarkably high capsule 

sensitivity to ultrasound was observed. �e me-

chanical strength parameters including the rup-

ture force was studied by Hu et al [23] to deter-

mine the use of microcapsules for the functional 

materials with self-healing properties.

�e main purpose of our work was to present 

the possibilities of using SEM for the microen-

capsulation research purpose and for the visu-

alisation of microcapsule applications on tex-

tiles. �e synthesis of aminoplast microcapsules 

containing fragrances, essential oils and PCMs 
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2.2 Analiza in testiranje mikrokapsul

-
-

-
-

-

-

-

Figure 7: Direct pressure mechanical strength test of microcapsules in 

ventilated oven

2.3 Aplikacija mikrokapsul na tekstilne nosilce
-

 

-
-

as core materials, in laboratory and semi-in-

dustrial reactors, and their applications to dif-

ferent textiles is described as well. In addition, 

some properties of microcapsules are visualised 

with the use of SEM, in combination with clas-

sical methods of microcapsule properties eval-

uation. For a statistical evaluation and graph-

ical representation of analyses, the processing of 

SEM images was conducted with ImageJ so�-

ware.          

2 Experimental

Microcapsules were prepared with a modi!ed 

in situ polymerisation method [24, 25] of ami-

noaldehyde prepolymers (cf. Figure 6) in a 1 L 

laboratory reactor, and in 10 L and 200 L in-

dustrial stainless steel reactors. Para$n phase 

change materials – PCM (Rubitherm), essen-

tial oils and fragrances (Etol) were microencap-

sulated for textile applications. As a prepolymer 

for the microcapsule wall, partly methylated tri-

methylolmelamine (Melamin) was used in the 

presence of an anionic emulsi!er/modifying 

agent. A schematic representation of the synthe-

sis process is presented in Figure 6. 

�e microcapsule diameter and size distribu-

tion were measured with an Alcatel Cilas Laser 

Granulometer 715. �e pH values of microcap-

sule suspensions were determined with a labo-

ratory pH meter with a glass electrode. �e vis-

cosities of suspensions were determined with a 

viscosity meter Anton Paar DV-1 P. �e di#u-

sion of core materials from dry microcapsules 

at an elevated temperature was measured in a 

ventilated oven as a mass loss at 135 °C, which 

corresponded to the temperature reached dur-

ing the process of applying microcapsule sus-

pensions to non-woven textile carriers. �e 

mechanical strength of microcapsules was test-

ed with a direct pressure mechanical strength 

test, based on a di#usion test [26] with a mod-

i!cation that samples were subjected to a direct 

force of di#erent weights, in comparison with a 

sample without any force applied (cf. Figure 7). 

�e pressure was generated by three standard-
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Figure 8: Impregnation of non-woven textile with aqueous formu-

lation of microcapsules and binders: transport of textile carrier 

through impregnation basin, followed by drying

2.4. Vizualizacija in karakterizacija mikrokapsul z uporabo 
 mikroskopije SEM 

-
sul so bili naparjeni z ultra tanko plastjo ogljika, zlata in platine 

-
-
-

-

kot so kontrast, ostrenje, glajenje, analiza robov, in tudi analizo 

3.1 Videz, morfologija, velikost mikrokapsul, debelina sten 
 z analizo SEM 

-
-

por, kar je značilno za in situ  

ised weights (500 g, 1500 g, 3000 g) on a 19.6 

cm2 surface of 3 g microcapsule samples. �e 

morphology and average particle size of micro-

capsules were characterised using a JEOL JSM 

6060LV scanning electron microscope (SEM).      

For the application of microcapsules to textile 

carriers, di#erent techniques were used. In most 

cases, aqueous microcapsule suspensions were 

applied with impregnation, using a technique 

based on the transport of the textile through 

the impregnation basin (cf. Figure 8) [27]. On 

the samples in Figures 4 and 5, the microcap-

sules were printed with screen printing, whereas 

on the samples in Figures 19 and 20, they were 

coated using a semi-industrial coating machine 

(Dixon). Polyester, polypropylene, and cellu-

lose-polypropylene non-woven textiles (types of 

20, 30, 40, 45 g/m2, and 250 g/m2 for shoe in-

soles) were used as textile carriers. Acrylic latex 

was used as the binder in microcapsule suspen-

sions for textiles. All textile samples were ac-

quired from the AERO R&D archives.  

Scanning electron microscopy (SEM) [28] was 

used for the visualising and studying of micro-

capsules in a suspension, a�er spray drying, 

or applied on textile carriers, as well as for the 

morphological characterisation and mechani-

cal wall resistance of microcapsules in relation 

to the amount of ammonia used as a scaven-

ger. �e samples of microcapsules and textile 

carriers with microcapsules were coated with 

an ultra-thin coating of carbon, gold and plat-

inum with high vacuum evaporation. �e ob-

servations were performed with a JEOL JSM 

6060LV SEM microscope at 10kV, which gave 

bright images of microcapsules [29]. With re-

gard to the size of microcapsules, large mag-

ni!cations up to 15,000× were required to ob-

serve the microcapsule wall thickness or for the 

e#ects of ammonia scavenger on the microcap-

sule morphology. 

�e SEM images were further analysed by the 

ImageJ [30] program, which is designed for the 

processing and analysis of images in various 
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Figure 9: SEM photograph of microcapsules with rose fragrance (a) eucalyptus essential oil (b) and para$nic 

PCM (c), SEM 2000×

formats, and can be used online or as a stan-

dalone application. �e program calculates the 

area and pixel value statistics of user-de!ned 

selections, thus creating density histograms 

and line pro!le plots. �e program enables the 

measuring of dimensions, as well as standard 

functions for image processing, e.g. contrast, 

sharpening, smoothing, analysis of the tunnel 

and colour analysis. It also supports standard 

image processing functions, e.g. contrast manip-

ulation, sharpening, smoothing, edge detection 

and median !ltering. 

3 Results

SEM was applied to visualise and character-

ise the surface morphology of produced micro-

capsules. A comparison of SEM photographs of 

microcapsules with three di#erent core materi-

als revealed a smooth melamine-formaldehyde 

resin microcapsule wall surface without pores, 

which seems to be characteristic for the in situ 

polymerisation process in oil-in water emulsion 

systems (cf. Figure 9).  

Furthermore, with the assumption that all wall 

material uniformly forms the walls around the 

microcapsule cores and that microcapsules are 

spheres with a diameter D, we can derive Equa-

tion 1 for the calculation of microcapsule wall 

thickness (Equation 1), where d – wall thick-

ness, D – diameter of microcapsules, R – ratio 

of wall material to core material, ρ
j
 – density of 

core material and ρ
s
 – density of wall material. 

In the chemical process of microencapsulation 

by the in situ polymerisation, the microcapsules 

–
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3.2 Mikrokapsuliranje dišav in eteričnih olj ter vizualizacija 
 mikrokapsul na tekstilnih izdelkih

in situ -
-
-

-

-
trajno učinkovitostjo, izdelanega iz sintetične netkane tekstilije, 

Figure 10: SEM visualisation of microcapsule wall thickness

Figure 11: Microcapsule sizes obtained with SEM (le�) and microcapsule size distribution obtained with laser 

granulometry (right)

in a resultant suspension of microcapsules are 

of di#erent sizes. By using the results of micro-

capsule size measurements in volume % made 

with a particle size analyser, it is possible to ob-

tain an average wall thickness of produced mi-

crocapsules by applying Equation 2, where  
d
–

 – average wall thickness, w
i
 – proportion of 

microcapsules with calculated d
i
 from the par-

ticle size analysis and d
i
 – a calculated diame-

ter of microcapsules with a selected D from the 

particle size analysis.

�e mathematically calculated values of the 

wall thickness were compared with the mi-

crocapsule wall thickness visualised by SEM. 

When using only Equation 1 and an aver-

age microcapsule diameter obtained with laser 

granulometry, the predicted microcapsule wall 

thickness was 104 nm. Additionally, by taking 

into account Equation 2, the calculated thick-

ness of microcapsule walls was 112 nm. �is 

was in accordance with the observed dimen-

sions of the wall thickness in broken microcap-

sules on SEM images (cf. Figure 10).

In addition, the SEM image analysis with Im-

ageJ so�ware was applied to obtain the aver-

age microcapsule size on SEM photographs. 

�ese values were then compared with the par-

ticle size analyser measurements based on la-

ser granulometry (cf. Figure 11). A comparison 

shows that it is possible to some extent to use 

SEM as the tool not only for the size determina-

tion of some microcapsules, but also for obtain-

ing the average microcapsule size. 
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�e main parameters of the in situ polymerisa-

tion process for the microencapsulation of fra-

grances and essential oils in a 10 L reactor are 

listed in Table 1, and the properties of produced 

microcapsules in Table 2. In order to visualise 

the microcapsules, their morphology and distri-

bution on textiles, SEM images of aminoalde-

hyde microcapsules on woven and non-woven 

textile products, were compared at magni!ca-

tions 500× and 2000× (cf. Figures 12–20). 

Some of the textiles from Aero R&D archives 

were produced more than 10 years ago. �eir 

recent SEM analysis (cf. Figures 12–20) reveals 

that microcapsule walls produced by the in situ 

polymerisation of aminoaldehyde resins have 

Table 1: Main parameters of in situ polymerisation process for microencapsulation of fragrances and essential 

oils 

Stirring rate

Table 2: Properties of microcapsules containing fragrances and essential oils 
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Figure 12: SEM of pressure-sensitive microencapsulated fragrances on decorative wrapping ribbon; fragrances 

are released by mechanical pressure applied by handling

Figure 13: SEM of long-lasting dry refreshing handkerchief made of synthetic non-woven textile, impregnat-

ed with pressure-sensitive microencapsulated eucalyptus oil. Essential oil is preserved in the microcapsule core, 

protected from oxidation, until microcapsule wall bursts open by mechanical pressure when the handkerchief 

is used.

Figure 14: SEM of scented nylon pantyhose with microencapsulated rose oil in pressure-sensitive microcapsules
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Figure 15: SEM of green decorative fabric with long lasting microencapsulated fragrance of spruce, incorporat-

ed in impregnation composition

Figure 16:  SEM of red non-woven decorative fabric with long-lasting fragrance of strawberry in pressure-sen-

sitive microcapsules, applied e.g. for table cloth 

Figure 17: SEM of long-lasting vanilla fragrance in pressure-sensitive microcapsules impregnated on yellow 

non-woven textile carrier, applicable for decoration and packaging
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Figure 18:  SEM of non-woven fabric impregnated with microencapsulated co#ee fragrance, applicable for food 

advertising and packaging

Figure 19: SEM of textile shoe insole (Step on citrus): synthetic non-woven textile impregnated with long-last-

ing pressure-sensitive microcapsules, containing citrus oil as deodoriser, which is released during walking. 

Figure 20: SEM of textile shoe insole (Nature): non-woven textile impregnated with pressure-sensitive micro-

capsules, containing composition of antimicrobial essential oils of lavender (Lavandula sp.), rosemary (Ros-

marinus o$cinalis) and sage (Salvia o$cinalis). Essential oils are protected from oxidation until microcap-

sules are opened by mechanical pressure during walking and the antimicrobial compound is released. 
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Step on citrus

-
Nature

Lavandula sp Ro-

smarinus o$cinalis in žajbelj Salvia o$cinalis

-

in situ po-

 

3.3 SEM kot podpora vizualizacije na mikroravni 
 za oceno mehanske odpornosti sten mikrokapsul

-

-
º

-

-

been durable and stable for at least a decade. 

Additionally, the SEM visualisation con!rmed 

that during the processes of applying microcap-

sules to textile carriers, the microcapsules had 

a su$cient mechanical and thermal resistance 

not to be damaged, broken or decomposed. Af-

ter applying an external mechanical pressure, 

fragrances and essentials oils were released 

from the microcapsule core and produced a 

strong characteristic smell, even a�er a decade 

of storing the samples at a room temperature. 

  

 walls 

Impermeable walls with good mechanical re-

sistance are particularly important in the mi-

croencapsulation of PCM, which should not 

fracture during the production and use of 

a product. Otherwise, by passing the phase 

change temperatures, PCM would drain away 

and the product would become useless.

�e mechanical resistance of microcapsules was 

examined with a direct pressure mechanical 

strength test of microcapsules, by placing 500 g, 

1500 g and 3000 g weights on a 19.6 cm2 round 

surface of 3 g microcapsule samples in a layer, 

at an elevated temperature of 135 °C. At these 

conditions, the release of the core material was 

measured gravimetrically as the percentage of 

mass loss with time (cf. Figure 21). In all cases, 

the mass loss was below 2.5%, indicating a good 

mechanical resistance of melamine-formalde-

hyde polymeric walls to direct pressure. Slight 

di#erences were observed in release pro!les. As 

expected, the mass loss increased at higher pres-

sure. Microscopically, the di#erences in micro-

capsule wall damage were visualised with SEM 

(cf. Figure 22).

�e main process parameters and properties of 

PCM microcapsules produced by the in situ pol-

ymerisation in a 200 L industrial reactor, using 

ammonia for the removal of residual formalde-

hyde, are listed in Tables 3–4. 

SEM was applied to detect potential morpho-
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logical changes of microcapsules a�er the re-

moval of residual formaldehyde from micro-

capsule aqueous suspensions with ammonia 

scavenger. Comparisons of SEM images taken 

with microcapsules, treated with di#erent am-

monia concentrations suggested that ammonia 

scavenger a#ected microcapsule wall charac-

teristics (cf. Figures 23 a–28 a). Microcapsules 

with no ammonia scavenger tended to have 

more brittle and pressure-sensitive walls, which 

were prone to cracking, while by increased the 

concentrations of ammonia, microcapsules 

tended to have more elastic/durable walls.

�e ImageJ analysis [30] (Figures 23 b, c–28 b, 

c) was used to additionally analyse SEM pho-

tographs. To observe the noticeable di#erences 

3.4 SEM za odkrivanje morfoloških sprememb mikrokapsul 
 po dodajanju amoniaka kot lovilca ostankov 
 formaldehida

 
nih z in situ -

-
-

-

-

Figure 21: Release of microcapsule core material under 500 g, 1500 

g, and 3000 g weights, compared to control (no weight) at elevated 

temperature of 135 °C 

Figure 22: SEM visualisation of microcapsules with no weight and a�er exposure to direct pressure of 3000 g 

weight in ventilated oven at 135 °C

between microcapsules, samples were analysed 

and compared at 5,000×, 10,000× and 15,000× 

magni!cation. �e ImageJ analysis plot pro!les 

were more irregular in the case of samples with 

no ammonia added. �e addition of ammonia 

resulted in pro!les with higher regularity, indi-

cating that the microcapsules were more uni-

form, with less broken spheres. In 3D surface 

plots, all these observations were even more ev-

ident.

�e ImageJ analysis of samples suggested that 

the microcapsules with 1.35% added ammonia 

were more uniform, spherical, with fewer dam-

aged/irregular capsules. �e samples with no 

added ammonia were more diverse, with larg-

er di#erences between the spherical/whole and 



Mikrokapsuliranje za tekstilno uporabo in uporaba analize SEM posnetkov 

Tekstilec, 2011, letn. 54, št. 4–6, str. 80–103 

97

-

-
-

Table 3: Main process parameters of in situ microencapsulation in 200 l reactor

Stirring rate 

Table 4: Properties of PCM microcapsules produced in 200 l reactor

damaged capsules. Noteworthy were the injured, 

i.e., capsules. In the determination of microcap-

sule morphology, all the presented analyses were 

useful, all suggesting that the use of ammonia 

resulted in better, stronger microcapsules.

To con!rm the observations obtained with a 

SEM morphological characterisation of PCM 

microcapsules, additional tests were performed 

with gravimetry, i.e. mass loss measurements, 

at an elevated temperature of 135 °C. �e PCM 

mass loss measurements con!rmed a positive 

Figure 23: a) SEM image of microcapsules with no ammonia added (5,000×), b) ImageJ analysis pro!le, c) In-

teractive 3D surface plot
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Figure 24: a) SEM image of microcapsules with 1.35% ammonia added (5,000×), b) ImageJ analysis pro!le, c) 

Interactive 3D surface plot

Figure 25: a) SEM image of microcapsules with no ammonia added (10,000×), b) ImageJ analysis pro!le, c) 

Interactive 3D surface plot

Figure 26: a) SEM image of microcapsules with 1.35% ammonia added (10,000×), b) ImageJ analysis pro!le, 

c) Interactive 3D surface plot

Figure 27: a) SEM image of microcapsules with no ammonia added (15,000×), b) ImageJ analysis pro!le, c) 

Interactive 3D surface plot



Mikrokapsuliranje za tekstilno uporabo in uporaba analize SEM posnetkov 

Tekstilec, 2011, letn. 54, št. 4–6, str. 80–103 

99

-

-
-

-
rokapsul so se kot uporabne izkazale vse predstavljene analize; 

-

-
-

º -

-

-
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Figure 29: Gravimetric PCM mass loss measurements of microcap-

sule samples with 0.00 and 1.35% ammonia scavenger in microcap-

sule suspension a�er in situ polymerisation process at elevated tem-

perature in ventilated oven (135 °C)

e#ect of ammonia scavenger on the mechanical 

characteristics and thermal resistance of ami-

noaldehyde-resin microcapsules, produced by 

the in situ polymerisation microencapsulation 

(cf. Figure 29). In addition to reducing residu-

al formaldehyde content, ammonia positively 

contributed to the microcapsule wall durabil-

ity and reduced the PCM mass loss from mi-

crocapsules. �is was an advantage for the mi-

croencapsulated PCMs, which have to remain 

permanently enclosed in the microcapsule and 

functional over numerous phase transition cy-

cles during the whole product life. 

4 Conclusions 

Microencapsulation is a knowledge intensive 

technology, characterised by rapid growth of 

new publications. A bibliometric analysis re-

veals that new patents, describing industrial in-

novations and applications of microcapsules, 

exceed the number of scienti!c articles, report-

ing on new basic research and testing of micro-

capsules. Microencapsulation is therefore a fast 

developing and competitive research and indus-

trial domain. 

�e technique of microencapsulation depends 

on the physical and chemical properties of the 

material to be encapsulated, and on the desired 

characteristics of microcapsules and their func-

tions in the !nal products. �e encapsulated 

materials are protected, structured and immo-

bilised on a micro-level to be released at precise 

targeted conditions. �e microcapsule morpho-

logical properties depend on several process pa-

rameters of the microencapsulation process, 

and are of key importance for the microcapsule 

Figure 28: a) SEM image of microcapsules with 1.35% ammonia added (15,000×), b) ImageJ analysis pro!le, 

c) Interactive 3D surface plot
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-

-
-
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in situ -
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-
vo raziskovalno orodje za: 

 – -
ne sten,

 –

netkanih tekstilijah v končnih izdelkih, 
 – -

 –

-
penziji ob koncu in situ -

functionality in the !nal products. 

Mechanical tests and chemical analytical meth-

ods can precisely determine some characteris-

tics of microcapsules, e.g. mechanical resistance 

of the material or quantity of residual mono-

mers a�er the completion of synthesis. Howev-

er, they cannot directly determine the micro-ef-

fects on the microcapsule wall morphology, e.g. 

deformations and cracking.

In our research, microcapsules of fragrances, 

antimicrobial agents and phase change materi-

als were produced by the in situ polymerisation 

of melamine-formaldehyde prepolymers for the 

applications in textiles. Scanning electron mi-

croscopy (SEM) was applied as an e#ective and 

environment-friendly morphological analysis 

tool for a detailed micro-level determination of 

microcapsules, their morphology, mechanical 

resistance and distribution on non-woven and 

woven textiles. 

�e characterisation of microcapsules with 

SEM was a successful research tool for: 

 – the determination of appearance, morphol-

ogy, microcapsule size and wall thickness of 

microcapsules,

 – the visualisation of microcapsule distribu-

tion on non-woven and woven textiles in !-

nal R&D products, 

 – the visualisation of mechanical resistance of 

microcapsule walls on a micro-level, includ-

ing the deformations and opening of reser-

voir-type microcapsules, and

 – the detection of morphological changes of 

microcapsules (elasticity, deformations and 

cracking of microcapsule walls) induced by 

the scavenger during the removal of residual 

formaldehyde from suspensions at the com-

pletion stage of the in situ polymerisation. 



Mikrokapsuliranje za tekstilno uporabo in uporaba analize SEM posnetkov 

Tekstilec, 2011, letn. 54, št. 4–6, str. 80–103 

101

-
Microencapsulation – processes and applications

-
Microcapsule patents 

and products -

in Chemistry 

& Industry,

in
Microcapsule patents and products

in
in situ po-

J. Microencapsulation, 

in
Teksti-

lec

.  Mi-

crocapsule patents and products. 

Microencapsulation : des sciences aux technologies. an-
oncelet in ubra -

in 
-

Acta Polym,

in  

Acta Polym, ,

in
Acta polym,

in
-

. Acta Polym,

in -

in -
-



Mikrokapsuliranje za tekstilno uporabo in uporaba analize SEM posnetkov

Tekstilec, 2011, letn. 54, št. 4–6, str. 80–103 

102

in -

Colloid Polym Sci, 

OECD – Organisation for Economic Co-operation and Deve-

lopment. �e development dimension of trade and environment: 

Case studies on environmental requirements and market access. 

-

 -

]
in -

-
241st ACS National Meeting & 

Exposition, Anaheim, CA, United States, March 27-31, 2011

in -
Pharmbit, 

in

Slovenski kemijski dnevi, Maribor, Slo-

venia 2010. [Elektronski vir]. -

in

. Iranian 

Polymer Journal, 

in
Advanced Functional Mate-

rials,

in
-

Materials Chemistry and Physics,

Process of preparing of microcapsules -

in  Process for preparing carriers satu-

rated or coated with microencapsulated scents. -

-

Acta chim., 



Mikrokapsuliranje za tekstilno uporabo in uporaba analize SEM posnetkov 

Tekstilec, 2011, letn. 54, št. 4–6, str. 80–103 

103

in
In-

dian J. Fibre Text. Res

-
Advances in imaging and 

electron physics

in 

walled carbon nanotubes on insulators by scanning electron 
Applied Physic. Letters

 ImageJ – Image processing and analysis in Java, available on 


