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Mikrokapsule su male sfere, koje se razlikuju u pogledu morfologije i veličine. One se najčešće sastoje iz dva dela: jezgra i omotača. U zavisnosti od materije koja je enkapsulirana u jezgru, mikrokapsule se danas upotrebljavaju u različitim poljima primene, kao što su medicina, farmacija, poljoprivreda, građevinarstvo, hemijska i prehrambena industrija, biotehnologija, elektronska indutrija kao i tekstilna i štamparsa industrija. Kako bi ispunile svoju funkciju, mikrokapsule se moraju preneti bez oštećenja na ciljno područje određenog materijala, koristeći različite metode, najčešće oslojavanje, prskanje i štamparske tehnike. Cilj ovog preglednog rada je da se da generalni prikaz karakteristika mikrokapsula i tehnika njihove proizvodnje koje su prisutne u štamparskoj industriji, kao i njihove primene u okviru štamparske industrije.
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Microcapsules are small spheres, which differ in their morphology and size. Often they consist of two parts: the core and the shell. Depending on the encapsulated core material, microcapsules are today used in various fields of application, such as in medicine, pharmacy, agriculture, construction, chemical and food industry, biotechnology, electronics, as well as in printing and textile industry. In order to fulfill their functionality, microcapsules have to be applied to the target areas of the substrate material without damage, using different application techniques – mainly by coating, spraying and printing technologies. The aim of this review paper is to give a general overview of the microcapsules properties, production techniques used in the printing industry, and their applications within the printing industry.

Keywords: microcapsules, graphic arts industry, printing technologies


INTRODUCTION

Microcapsules are small spheres, which usually consist of two parts – the core (the inner part) and the shell (the outer part). The core is usually an active substance, which can be in the form of solid, liquid or gas, while the shell is most often made of natural or synthetic polymers and serves to protect the core material [1]. The basic idea of the microencapsulation process is to entrap the core inside the shell, thus enabling the encapsulated material to reach the area of action without being affected by the environment [2, 3]. A wide variety of core materials such as pigments, dyes, monomers, catalysts, curing agents, flame retardants, plasticizers, and nanoparticles can be encapsulated. The shells may have regular or irregular shape and are classified as mononuclear, poly-nuclear and matrix type (Figure 1). They can be permeable, semi-permeable or impermeable [1]. The microcapsule microscopic size is probably one of their most important properties, due to which the consumption of the core active agent is substantially lower compared to, for example, direct application of the liquid active agent [2, 4].

Microcapsules that are used in the graphic industry are mostly obtained by the following microencapsulation techniques:

· interfacial polymerization (e.g. fragrance encapsulation) [5, 6],
· in situ polymerization (e.g. fragrance, phase change materials (PCM), essential oils and antimicrobial agents encapsulation) [6-8],
· emulsification (e.g. essential oils encapsulation) [9],
· interfacial polycondensation (e.g. encapsulation of enzymes) [10],
· gelatin coacervation (e.g. perfume encapsulation for aqueous gravure or screen printing inks) [11] and
· sol-gel process (e.g. fragrance encapsulation in a polymer matrix) [12],

The first four mentioned microencapsulation techniques are classified aamong the chemical encapsulation methods, while the last two (gelatin coacervation and sol-gel process) among physico-chemical methods [1]. As the additional physico-mechanical method the ink-jet technology based on the microencapsulation method, used for biomedical applications, in also known [13].
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Figure 1. Types of microcapsules


Examples of use of microcapsules in the printing industry

Printing industry has been one of the first industry which successfully commercialized use of microcapsules. It was the carbonless copy paper, which has been manufactured since 1954 [14, 15]. Today, the main markets involve areas of cosmetics (e.g. microencapsulated perfumes), cosmeto textiles, paper and non-woven materials, graphic arts and printing industry, special coatings in textile industry, odor maskers (e.g. shoe liner) and deodorants, food industry, detergence-phytosanitary products, biotechnology, photography, electronics, medicine, pharmacy, agriculture, construction, waste treatment, chemical industry, photography etc. [16-20].
Microcapsules are used for the production of the pressure sensitive films, which are used in packaging, printing and papermaking processes for nip pressure intensity and pressure distribution measurements and control [21, 22]. Microencapsulated scents in the form of liquid essential oils can be successfully used in printing applications [23]. Fragrant substances (mostly essential oils) can be produced in the form of fluids, emulsions and fluid solutions, gels and as solids (in the form of microcapsules). They stay enclosed in the (micro)capsule until pressure force is applied, under which microcapsule shell ruptures and releases the core material [24, 25]. These microcapsules are mostly used in „scratch-n-sniff" applications e.g. samples parfume inserts in the newspapers and magazines, promotional advertising campaigns, and „peel-apart” applications for stickers, children's books, cookbooks, etc. [26, 27]. There are special printing inks that contain encapsulated thermochromic (TC) materials, which are mainly used for smart packaging, security printing, and marketing activities. The TC materials change their colour in response to the temperature changes, by losing their colour during heating and regaining it during cooling [28-31]. Another microcapsule type that is used in the printing industry (board and paper cups production) are the expandable microcapsules (microspheres). They increase bulk, thickness and improve the thermal insulation of the cardboard materials [32]. The expandable microcapsules can be introduced as a “foaming agent” into printing inks, coatings, sealants, adhesives, artificial and genuine leather, paint, non-woven materials, paper and board, coatings for paper and board etc. [33]. Another interesting microcapsules utilization is the encapsulation of the enzymes in bioactive paper, biosensors, and biofuel cells manufacture [10]. For the production of thermal CTP offset printing plates, where the plate is imaged using the appropriate light source, the microcapsules in the photo-sensitive layer of the plate burst and release the substance that triggers a chemical reaction, which turns the surface property of the imaged areas of the plate from the ink-repelling to the ink-accepting [14].
The selection of the microencapsulation technology, besides other factors, depends on the microcapsules core material release properties [1]. In the printing industry, microcapsules with several different release properties are commonly used. External pressure release mechanism is the firstly developed microcapsule activation mechanism, which enables a breakage of the microcapsule shell and the subsequent release of the encapsulated core material (pressure-sensitive copying papers, deodorants and fungicides for shoes, polishing pastes, aromas and sweeteners in chewing gums, pressure sensitive films for measuring nip pressures) [22, 34]. The microcapsule core material can also be released by the heat via burning of the microcapsule walls (used for fire-proof materials such as: wallpapers, carpets, curtains, fire-protecting clothes, and added to plastics and coatings for electric devices and wires), by the change of pH value or by the dissolution of the wall in the solvent. Microcapsules in special photographic emulsions, light-sensitive papers and toners for photocopiers can also be decomposed by light [1, 6, 35].


Printing techniques for microcapsules transfer

The main advantage of the microcapsules deposition by printing processes is that microcapsules could be evenly applied onto the target areas of the printing substrate [7, 36]. Printing technologies that are used for microcapsules transfer are screen printing, sheet-fed and web offset printing (usually through coating unit), gravure and flexography, while as printing substrates, different materials can be used such as paper, cardboard, plastic materials. The microcapsules could generally be used in the water-based inks, as well as in the UV and the plastisol inks [10, 11, 14, 23, 37-39]. Digital printing technologies such as ink-jet, are not suitable for printing with microcapsules due to clogging of the nozzles unless their size is smaller than 1µm. Only the process based on valve jet technology allows the application of the microcapsules with diameters below 10µm [1]. The electrophotographic printing process is used for printing of 3D patterns with thermally intumesced electroscopic powders (foam forming microspheres are blended with the powdered ink or toner) [40].
When the microcapsules are printed using sheet-fed offset printing technique they need to have adequate size (max. 10μm), because they tend to crack before they reach the surface of the substrate material [41]. The coating units of the offset printing presses (through which the microcapsules are usually applied) require high printing pressures to transfer the printing ink onto the substrate material, thus many microcapsules during this phase fracture [42].
Microcapsules are printed in the form of dry microcapsules or microcapsules in water-suspension. Printing with dry microcapsules (mostly used in offset lithography printing process) could be hindered by agglomerates, to which microcapsules are prone during drying. Agglomerates are of sizes 50 μm and more and as such can influence printing process [43]. In screen printing technique the ink path is very short, while in offset, a much longer ink path is used. Offset inking unit consisted of rollers and cylinders that transfers ink or varnish from each other to the substrate material surface [42]. Such inking unit design prevents the passage of big microcapsule agglomerates between rollers and cylinders, which leads to smaller agglomerates as well as a smaller number of agglomerates on the offset prints [42]. In case of screen printing, both dry (in combination with solvent-based inks) and microcapsules in water suspension (in combination with water-based inks) can be used, where the later are much less prone to agglomeration. The printing method itself determines the amount of microcapsules that can be deposited onto the substrate material, where the increase of the varnish or printing ink thickness on the substrate surface will increase the number of microcapsules in the printed layer [10, 42]. The highest quantity of microcapsules in the prints can be obtained using screen printing technology [10, 42].


Printing recommendations

Different combinations of the ink, the varnish and the microcapsules will inevitably change mechanical (bursting strength, tear resistance, tensile strain), physical (surface structure, thickness) and optical (color change) properties of substratec [41, 42, 44-47]. In the research [41] it was noticed, that microcapsules, printed on the substrates with the rougher surface structure stayed undamaged (sheet-fed offset lithography printing by varnish) [41]. In the sheet-fed offset printing technology (varnishing unit), the reduction of the printing pressure and the incorporation of the microsphere “distant pieces” into the printing ink, increase the quantity of undamaged microcapsules in the prints [23]. Because the microsphere “distant pieces” are bigger than the microcapsules, they protect the microcapsules from the excessive pressure forces generated during the printing process between the printing rollers and cylinders in the printing press. To ensure the maximum ink or varnish transfer to the printing substrates using offset lithography printing method, the minimum quantity of the fountain solution should be used [23]. UV varnishes usually have a strong inherent smell and are very firm after hardening, which might set certain difficulties when trying to activate (e.g. scratching) the printed area with microcapsules to release their scent [23].
The amount of the ink binder in the gravure and the screen printing inks, must not be too high because the microcapsules can collapse during drying or can be completely covered by the binder, which reduces the effect of the perfume-containing microcapsules. Also, the use of the binder or the polymer having an organic solvent properties can greatly influence the fragrance [11]. The printed substrate with the fragranced microcapsules should be dried at or slightly above the room temperature (four to six hours). Namely, the blown heat or the ultraviolet irradiance can lead to the evaporation and reduction of the scent in the final prints [46].
Microcapsules should be printed in the final ink or varnish layer otherwice, incorporated into previouslayers they will barely release any odor [42]; on the other hand by printing a mixture of microcapsules and varnish on the top of the previously printed ink layer, it will not affect previously printed image. Thus release process of the microcapsule core by rubbing the surface of the prints will not damage the printed surface, and the core material release possibility is much higher [46].
In the flexographic printing process, larger microcapsules and clusters break under the shear force effect of a doctor blade on the anilox roller. This is most likely because the larger microcapsules aren’t able to fit in the anilox roller cells. This problem can be solved with the use of smaller microcapsules with narrower size distribution, as well as by applying certain surfactants to reduce agglomeration of the microcapsules [10].


CONCLUSIONS

The applications of microcapsules became more and more versatile with constant growth and development and consequently, they can be found and used in different industries. Printing with microcapsules undoubtedly affects the optical (color change), physical (surface structure, thickness) and mechanical characteristics (bursting strength, tear resistance, tensile strain) of the printed substrate. Therefore, it is important to select the application where slightly different properties of the final prints will be allowed. Despite the fact that microcapsules can be printed using different printing technologies, the printing method has very important influence on the quality and a number of deposited microcapsules onto the substrate material. Most authors consider screen printing technology as the best possible solution because of the simplicity and the reliability of the process, as well as the highest amount of the microcapsules that can be transferred to target areas of the substrate materials, which increase the functionality of the printed regions. Besides taking into account the advantages and the disadvantages of the printing technology intended to be used for printing of microcapsules, it is important to consider the microencapsulation process as well, because it affects the most important microcapsules physical and mechanical properties.
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