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FOREWORD 

In a world ever-evolving through the lens of innovation and technological 
advancement, the smallest elements often bear the potential for significant impact. The 
project presented within these pages delves into the fascinating realm of 
"Microcapsules in Household Items," a venture that explores the convergence of 
micro-scale technology with the fabric of our daily lives. 
 
The infusion of microcapsules into household items represents a paradigm shift, 
introducing a novel approach to enhancing functionality, efficiency, and even 
sustainability. This exploration is not merely confined to the boundaries of scientific 
curiosity; rather, it holds the promise of transforming the way we interact with the 
objects that surround us. 
 
The pages that follow encapsulate a meticulous exploration of the science behind 
microcapsules, their fabrication, and the manifold ways in which they can be harnessed 
to elevate the performance of everyday items. Beyond the scientific discourse, this 
project envisions a future where our immediate environment becomes more 
responsive, adaptive, and tailored to our individual needs. 
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DEVELOPMENT AND APPLICATION OF REACTIVE DYE 

MICROCAPSULES FOR COTTON FABRIC DYEING 

 

SUMMARY 

With the rapidly increasing world population, the number of consumers is also 

increasing. Considering the textile industry, cotton is the most common natural fiber 

used compared to other natural fibers. Within the scope of the project, we will carry 

out, aims to obtain an environmentally friendly process by encapsulating the reactive 

dyestuffs used in the pile structures we produce with microcapsule technology. 

Reactive dyestuffs used in cotton dyeing in the textile industry are generally applied 

in triple mixtures. These dyestuffs are mostly fed to HT machines in powder form 

without being suitable for automation. 100% of the dyestuffs used in the dyeing recipe 

applied in reactive dyeing cannot adhere to cotton. A maximum of 70% of it adheres 

to cotton. The remaining 30% of the dyestuffs pass into the water phase. The dyestuffs 

that pass into this water phase contain substances that are insoluble in water and are 

difficult to purify. At the same time, it increases environmental waste burdens. 

In the project scope, encapsulating reactive dyes with microcapsule technology is 

aimed to reduce both the amount of dyes used and the environmental waste burden. 

By doing so, dyestuff savings will be achieved. 

The textile industry is innovating and developing new production methods that are 

environmentally sustainable and energy-efficient. These new methods will help reduce 

the environmental impact of the industry while increasing its competitiveness in the 

market. Although textile industries do not want to give up conventional methods, 

responding to user demands and increasing market share is important in today's 

technology. In the changing world, the new product that will emerge from the 

beginning of the project will be completely based on these concepts, not only based on 

new products but also in terms of having the understanding of clean energy, clean 
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production, sustainable production, minimum waste amount, minimum chemical 

consumption and setting an example for other sectors in the industry. 

Within the project scope, detailed literature research was conducted. Currently, studies 

on the encapsulation of pigment dyestuffs are rare. The work to be carried out within 

the scope of the project is aimed to be one of the firsts. 
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PAMUKLU KUMAŞLARIN BOYANMASI İÇİN REAKTİF BOYARMADDE 

MİKROKAPSÜLLERİNİN GELİŞTİRİLMESİ VE UYGULANMASI 

ÖZET 

Hızla artan dünya nüfusuyla birlikte tüketici sayısı da artmaktadır. Tekstil sektörü 

dikkate alındığında diğer doğal liflere göre en yaygın kullanılan doğal elyaf pamuktur. 

Sunulan çalışmada, havlı kumaşların renklendirilmesinde kullanılan reaktif 

boyarmaddelerin mikrokapsül teknolojisi ile kapsüllenerek boyama banyolarında 

kullanılması, bu sayede de çevre dostu bir proses elde edilmesi amaçlanmaktadır. 

Tekstil sektöründe pamuk boyamada kullanılan reaktif boyarmaddeler genellikle üçlü 

karışımlar halinde uygulanmaktadır. Bu boyarmaddeler çoğunlukla otomasyona 

uygun olmayan toz halinde HT makinalarına beslenmektedirler. Reaktif boyamada 

uygulanan boyama reçetesinde kullanılan boyarmaddelerin %100’ü pamuğa 

bağlanamaz. Maksimum %70'i pamuğa bağlanır. Boyarmaddelerin geri kalan %30'u 

su fazına geçer. Bu su fazına geçen boyarmaddeler suda çözünmeyen ve arıtılması zor 

olan maddeler içermektedir. Aynı zamanda çevresel atık yükünü de artırmaktadır. 

Çalışma kapsamında reaktif boyaların mikrokapsül teknolojisi ile kapsüllenmesiyle 

hem kullanılan boya miktarının hem de çevresel atık yükünün azaltılması 

amaçlanmaktadır. Bu sayede boya tasarrufu sağlanacaktır. 

Tekstil endüstrisi, çevresel açıdan sürdürülebilir ve enerji açısından verimli yeni 

üretim yöntemleri geliştirmekte ve yenilemektedir. Bu yeni yöntemler sektörün 

çevresel etkisini azaltırken pazardaki rekabet gücünü de artıracaktır. Tekstil sektörü 

her ne kadar geleneksel yöntemlerden vazgeçmek istemese de günümüz teknolojisinde 

kullanıcı taleplerine cevap vermek ve pazar payının arttırılması önemlidir. Değişen 

dünyada, projenin başlangıcından itibaren ortaya çıkacak yeni ürün, sadece yeni 

ürünleri esas almak değil, aynı zamanda temiz enerji, temiz üretim, sürdürülebilir 

üretim, asgari düzeyde anlayışa sahip olmak açısından da tamamen bu kavramlara 

dayalı olacaktır.  
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Proje kapsamında detaylı literatür araştırması yapılmıştır. Günümüzde pigment 

boyarmaddelerinin kapsüllenmesine yönelik çalışmalar oldukça nadirdir. Proje 

kapsamında gerçekleştirilecek çalışmanın ilklerden biri olması hedefleniyor. 

Projenin sonucu daha sürdürülebilir bir üretim yöntemi yani konvansiyonel boyama 

sırasında karşılaşılan enerji, su ve zaman kaybı nedenlerinden uzaklaşarak daha hedefe 

yönelik bir üretim elde edilmesidir. Projenin beklenen sonucu Avrupa ve ABD test 

standartlarına uygun, çevreye ve insan sağlığına zarar vermeyen yenilikçi bir üründür. 
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 INTRODUCTION  

 Introduction  

The textile industry renews itself day by day and begins to expand its presence in the 

sector with different production methods and environmentally friendly processes. 

Although textile industries do not want to give up conventional methods, responding 

to user demands and increasing market share is important in today's technology. In the 

changing world, in order for our export customers to have an understanding not only 

of new products but also of clean energy, clean production, sustainable production, 

minimum waste amount, minimum chemical consumption and to set an example for 

other sectors in the industry, the new product that will emerge from the beginning of 

the project is completely based on this. It is aimed to be produced according to the 

concepts. 

The demand for textiles that encourage "well-being" will persist due to people's desire 

for a more fruitful and healthy way of living. With active delivery from microcapsules, 

textiles can "interact" with the user to promote comfort, relaxation, and a reduction in 

stress. The development of innovative medical textiles and performance fabrics with 

additional value for sports and outdoor applications has been the focus of the textile 

industry in the US, Japan, and Western Europe for the past ten years. 

Microencapsulation has the potential to contribute to this ongoing progress. For 

instance, it can enable the attachment of sensing chemicals to medical devices and 

sports apparel, which can alert users to potential risks or damage (Nelson, 2002). 

For over a century, urea-formaldehyde (UF) resin has been widely recognized as the 

most widely used bonding glue in the wood-based materials industry. The constant 

release of toxic formaldehyde, which could contaminate environments, especially 

indoor ones, and perhaps cause cancer and deformities, is the most significant 

downside of UF adhesive-based products. Thus, a considerable deal of research and 
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development has been conducted with the goal of lowering the formaldehyde emission 

caused by UF adhesives (Hongyun, 2015). 

Reactive colorants were developed by the industry as a substitute for traditional 

cellulosic fiber dyeing, and they are now the most popular for cotton fibers. Their basic 

idea is based on addition and substitution processes involving the fiber's hydroxyl 

groups. Although the system is homogeneous, alkaline, and catalyzed, the mechanisms 

are altered by the fibers' heterogeneity. As a result, secondary reactions take place that 

are roughly equal in size to the initial reactions. The alkaline environment in the 

solution interacts with the fiber and the water molecules. Lower wash fastness and a 

significant decrease in dyeing output are caused by the hydrolysis reaction with water. 

Applying a thin layer of polymer to a material is known as microencapsulation, and it 

is one way to improve the colorant's yield and protection. Microcapsules are being 

used more frequently and with considerable attention in the textile industry. The 

physical and chemical properties of the core, the interaction between polymers, and 

the solubility of the core determine the best encapsulation technique. The three primary 

categories among the numerous procedures currently in use are physical, chemical, 

and physical-chemical (Dutra, 2019). 

 Aim of the Study 

When we tried the reactive dyes on the %100 cotton towels and other household items, 

we have came across that during application the dyes especially red, yellow and blue 

have different exhaustion profiles. From operational side this caused more energy to 

the machines more use of water and more time spent during production. From the 

application side the different diffusion of dyes caused faulty dyeing. This led us to 

research on how to dye more accurately without compromising the quality. 

Microcapsule dyeing, while offering innovative solutions in various industries, is not 

without its constraints. One primary limitation lies in the potential for uneven dye 

distribution. Achieving uniform coloration across a substrate can be challenging, as 

the release of dye from microcapsules may not always occur uniformly. This can result 

in variations in color intensity and shade, affecting the overall quality of the dyed 

material. Additionally, the mechanical and chemical stability of microcapsules can 
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pose challenges, particularly in harsh processing conditions. The capsules may rupture 

prematurely, leading to unintended dye release or degradation of the encapsulated dye. 

Moreover, the scalability of microcapsule dyeing processes is a concern, as it may be 

complex and costly to implement on an industrial scale. Balancing the need for 

efficient dye delivery with economic feasibility and environmental considerations 

remains a key challenge in the widespread adoption of microcapsule dyeing 

technologies. Even though there is a wide range of textile goods containing 

microcapsules available, there is still much room for improvement. The stability of the 

microcapsules and the rate at which the active chemicals are released are the two most 

crucial characteristics ( Marinkovic, 2006). 
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 LITERATURE REVIEW 

 Household Textiles 

Since a person's home is an expression and reflection of who they are, it should be 

equipped with items that bring them joy, security, and comfort. The majority of our 

lives are spent at home, where there is a particular social and emotional significance 

that is shared by all cultures (Das, 2010). 

 Textiles used for interior design can be categorized as home textiles. It is made up of 

a variety of beautiful and utilitarian items that are mostly used to decorate our homes 

(Babu, 2018). 

 
Figure 2.1 Example of Household Textiles (Babu, 2018). 

Bath towels are the most important bathroom accessory and are used for bathing. A 

bath towel is a piece of absorbent material that is primarily used to dry the body by 

absorbing moisture, typically water, directly onto the fabric by rubbing or wiping the 

area.  Face towels are a smaller version of bath towels that are used as handkerchiefs 

and to wipe the face after washing. Terry and velour are the types of face towels that 

are sold in stores. The loops of cotton terry face towels are typically referred to as 

"pile" or "loop surfaces" since they are woven on a loom (Babu, 2018). 

 

Figure 2.2: Example of Towels 
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2.1.1 Dyeing processes in towels and fabrics 

After taking a shower, cotton towels—which can be made of cotton or a cotton-

polyester blend—are primarily used to absorb moisture from the body. The most 

popular textile structures for water-related absorbance are cotton towels. They are 

made via a terry-woven technique and have a soft, absorbent loop or pile structure that 

is used to wick and subsequently absorb water, keeping it away from the body 

(Sarikonan, 2016).  

The textile industries use a wide spectrum of synthetic dyes to suit the ever-increasing 

demands for quality, fastness, diversity, and color depth (Ponnusami et al. 2009). 

There are around 10,000 distinct pigments and dyes in use (Ponnusami et al. 2008b). 

The textile business uses a wide range of dyes, such as vat dyes, sulfur dyes, acid dyes, 

basic dyes, disperse dyes, and direct dyes (Varadarajan, 2016). The textile apparel 

sector favors reactive dyes because of their bright color, fastness, and simplicity of 

application (Ponnusami et al. 2007). 

Reactive dyes have good fastness characteristics when dyeing wool, silk, cotton, and 

regenerated cellulose fabrics. Because of the variety of hues available and their 

versatility in application, they are also a particularly useful class of contemporary 

synthetic dyes. All chromophores with pendant groups that can establish covalent 

connections with nucleophilic sites in fibrous substrates are considered reactive dyes. 

The ultimate user can anticipate outstanding wash fastness features of the coloring if 

these bonds hold up well during laundry (Smigiel-Kaminska, 2020). 

Reactive dyes consist of three main components: a colorant, a solubilizer, and a 

reactive component (Blaus, 2020). The dyes exhibit good resistance to moist 

conditions due to the covalent connections they establish with the hydroxyl groups of 

the fibers (Hoy, 2013). Generally speaking, compounds that help a textile fiber and 

dye bond are referred to as mordants (Smigiel-Kaminska, 2020). Figure 3 illustrates 

the structure of reactive dyes in a diagrammatic format, whereas Figure 4 provides an 

example of a reactive dye (Pal, 2017). 



7 

 

Figure 2.3: General Formula of Reactive Dyes 

 

Figure 2.4: Molecular structure of a reactive dye—C. I. Reactive Blue 109. 

Reprinted from Parimal P., IndustrialWater Treatment Process Technology, Pages 

243–511, Copyright (2017) 

  Definition of Microcapsules 

A wide variety of colloidal particles with varying sizes, morphologies, and chemical 

compositions are covered by the term "microcapsules" (see Figure 5). Usually, sub-

micronparticles are referred to as nanoparticles.Similarly, the term "encapsulation" 

usually refers to nanocapsules, while "microencapsulation" usually refers to 

microcapsules. Hereafter, however, we shall refer to the equivalent colloidal particle 

as either microcapsules or microencapsulation, regardless of its size and shape. The 

selected encapsulation method is determined by the planned release profile as well as 

the physical-chemical characteristics of the chemicals (surface activity, polarity, size, 

charge, etc.) (Trojer, 2015). 

 

Figure 2.5: Microcapsule morphologies; a) core–shell, b) microsphere 

(monolithic/matrix), c) multicore–shell and d) core–multishell. (Trojer, 2015) 
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Microcapsules can be easily added to a dyestuff system with little effort and equipment 

needed. Since the microcapsules are added to wet dyestuff, there is no need for a 

particular dyestuff composition before applying the microcapsules. Because of this, 

microcapsules can be added at any point before the coating is applied, and commercial 

dyestuffs can also be utilized. 

Natural compounds can be microencapsulated using a variety of strategies. 

Microencapsulation techniques also vary according to the inner core material's 

physical and chemical characteristics. The complicated coacervation procedure is the 

one that is utilized the most frequently (Türkçen, 2021). Natural polymers make up the 

outside wall and inner core. This process relies on the fast solubility of cationic and 

anionic compounds in water. It is a coacervation method in which the phases of these 

natural polymers are separated from one other simultaneously. This split leads to the 

formation of two distinct stages. Complex coacervate is the region with a high 

concentration of natural polymers (Koç et al., 2010). 

                              

Figure 2.6: Steps for producing Microcapsules (Türkçen, 2021) 

2.2.1 Brief overview of microcapsules applications in textile 

When the technique of microencapsulating yeast was first invented, it had a wide range 

of uses in the food and other business sectors. The industry has been encouraged to 

use microencapsulation processes as a way to impart finishes and properties on textiles 

that were not feasible or cost-effective to achieve using other technologies by the move 

by the more developed countries into textiles with new properties and added value, 

such as medical and technical textiles (Nelson, 2002). 

2.2.1.1 Phase-change materials 

The US National Aeronautics and Space Administration (NASA) began using 

microencapsulation technology in the early 1980s to control the thermal barrier 

qualities of clothing, particularly for use in spacesuits.They enclosed phase-change 
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materials (PCMs), such as nonadecane, in the hopes of lessening the effects of the high 

temperature changes astronauts experience while in space.In the end, the technology 

was not implemented in the space program.Nonetheless, the creator, Triangle Research 

and Development Company, recognized the potential and, following additional 

development, licensed the technology to Outlast Technologies, a Boulder, Colorado-

based company.Outlast has made use of this technology in textile fibers and fabric 

coatings (see Fig. 6), and PCM capsules are currently used in a variety of materials 

(Zubkova, 1995a,b; Colvin and Bryant, 1998), especially in the home in blankets, 

duvets, mattresses, and pillowcases, as well as in outdoor clothing (parkas, vests, 

thermals, snowsuits, and trousers). 

 

Figure 2.7: Microcapsules on the surface (a) and on the fibre (b) (Nelson, 2002) 

2.2.1.2 Fragrance finishes 

With the use of technology, a textile maker can infuse various kinds of textile 

substrates, including undergarments, with scent, vitamins, moisturizers, or even insect 

repellents (Yamada and Yamada, 1999). Bibliographic data can confirm that 

microcapsules have a wide range of industrial uses, including "scratch and sniff" scent 

sampling, controlled medication and cosmetic release, medicine, food, and textile 

applications (Sofia, 2012). Coacervation, interfacial polymerization, and in situ 

polymerization are mentioned as the primary technologies utilized in the fragrance 

microencapsulation patents (Rodrigues, 2010). 
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Figure 2.8: SEM micrographs of commercial microcapsules. (a) Lemon_Bayer, (b) 

Lemon_Focor, (c) Lemon_Horquim,(d) Strawberry_Horquim, and (e) 

Jasmine_Focor (Sofia, 2012) 

2.1.2.3 PolyChromic and thermochromic microcapsules 

The two main categories of color-changing systems are photochromatic, which 

changes color in reaction to UV light, and thermochromatic, which changes color in 

response to temperature.Both types of color-changing materials are created in enclosed 

forms.The process of microencapsulation aids in shielding these delicate substances 

from their surroundings.Manufacturers can now create dyes that change color at 

certain temperatures for a variety of applications; for example, heat produced in 

reaction to human contact can cause color changes. Photochromic and thermochromic 

systems have been microencapsulated via physiological and chemical processes like 

coacervation and interfacial polymerization.But in order to achieve sufficient 

durability and shelf life for textiles, interfacial polymerization techniques—which are 

also utilized to create textile fibers and films like nylon, polyurethane, and starch—are 

almost always used (Nelson, 2002). The most popular method for microencapsulating 

thermochromic and photochromic inks is the use of formaldehyde-based melamine 

systems (Aitken et al., 1996). 

2.1.2.4 Fire retardants 

Many textile items have been treated with fire retardants, but in some circumstances, 

these treatments can negatively impact drape and reduce handle softness (Nelson, 

2002). To get around these issues, microencapsulation has been used, for instance, to 

fabrics used in military applications as tentage (Kover et al., 1997).Others have spun 
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polyester fiber with microencapsulated fire retardants mixed in to blend with cotton 

(Zubkova, 1997). 

2.1.2.5 Liposomes 

Liposomes have been employed as dyeing auxiliary materials in the textile industry 

recently, primarily for wool dyeing (Montazer, Validi, & Toliyat, 2006). Sunscreens 

applied to the skin are typically lipo-philic molecules mixed into surfactant-containing 

oil/water (O/W) emulsions. It is commonly recognized that a great deal of topical 

treatments contain emulsifiers, which have the ability to alter the lipid composition 

and barrier function of the skin (Marti, 2012). Using biomolecules with properties 

comparable to the lipids in the stratum corneum, such as liposomes made from internal 

wool lipids and containing ethyl hexyl methoxycinnamate (EHMC) as a sun filter, 

could be one strategy to prevent the negative effects of emulsifiers (Ramón et al., 

2005). 

2.1.3 Types of microcapsules  

Figure 8 depicts the schematic diagram of microcapsules with the wall and core 

materials. Microcapsules are typically made up of a wall known as the coating, shell, 

or membrane and a core material known as the internal phase or fill. The wall material 

controls the degree of protection for the core, the process efficiency, and the stability 

of the microparticles. Commonly used wall materials for oil microencapsulation are 

natural biomaterials (often proteins and carbohydrates) and synthetic polymers (Bakry, 

2015). 

Figure 9 displays a few microcapsule models (Raybaudi-Massilia and Mosqueda 

Melgar 2012). In general, the wall materials and preparation techniques determine the 

size and shape of the microcapsules that are created. Emulsification, spray-drying, 

coaxial electrospray system, freeze-drying, coacervation, in situ polymerization, 

extrusion, fluidized-bed coating, and supercritical fluid technology are among the 

frequently employed microencapsulation techniques (Devi and Maji 2009). 

Furthermore, the functional characteristics and prospective uses of encapsulated 

components may be ascertained using wall composition and microencapsulation 

procedures (Bakry, 2015).  
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Figure 2.9: Composition of an oil microcapsule in simplified form (Bakry, 2015) 

 

Figure 2.10: Different types of microcapsules: (i) simple microcapsule, (ii) matrix 

(microsphere), (iii) irregular microcapsule, (iv) multicore microcapsule, (v) multiwall 

microcapsule, and (vi) assembly of microcapsule. (Bakry, 2015) 

2.2 Encapsulation Technics   

2.2.1 Spray drying 

A range of encapsulated food components are produced using spray drying.Emulsify 

the core material first. This is usually a water-immiscible flavor, vitamin, fish or plant 

oil, in an aqueous solution of shell material that is concentrated (35–60wt%) till 1-3 

mm oil droplets are formed.Typically, the shell material is a water-soluble substance 

such as gum arabic, maltodextrin (hydrolyzed starch), modified starch, hydrolyzed 

gelatin, sugars, or different combinations of these substances.Approved for use with 

food.They are not chemically cross-linked and are soluble in water.The prepared 

capsules dissolve in water and release the core material, leaving no trace of the capsule 

shell debris behind.Figure 10 shows the steps that are involved in the procedure (Thies, 

2003). 
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Figure 2.11: Steps for Spray Drying (Thies, 2003) 

2.2.2 Extrusion 

The process of encapsulation by extrusion entails dispersing the core material within 

a mass of molten carbohydrates. By forcing this combination through a die and into a 

liquid that is drying out, the coating hardens and traps the core material. Isopropyl 

alcohol is the most often utilized liquid in the dehydration and hardening process. The 

solidified material filaments are broken into little bits, separated, and allowed to dry. 

Since the wall material entirely encloses the core material during extrusion, real 

encapsulation is achieved. The material meets the drying liquid, and all remaining oil 

or core material is removed from the surface as the wall hardens. Products made in this 

way have a very long shelf life since there is no leftover surface oil and full 

encapsulation (Risch, 1995).  

 
 

Figure 2.12: Schematic of Emulsion Technic (Dubey, 2003) 

2.2.3 Emulsion 

This technique calls for the addition of the monomer (alkyl acrylates) dropwise to the 

stirred aqueous polymerization solution containing the core material (material to be 
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encapsulated) and an appropriate emulsifier (Tiarks, 2001). Primary nuclei are formed 

when the polymerization process starts and the first polymer molecules created 

precipitate in the aqueous media. These nuclei increasingly expand and simultaneously 

ensnape the core material to produce the final microcapsules as the polymerization 

process continues (Dubey, 2009). Materials that are lipophilic—that is, insoluble or 

barely soluble in water—are typically better suited for encapsulation using this 

method. Using this method, insulin-loaded poly (alkyl cyanoacrylate) nanocapsules 

have been created (Damge, 1997). 

 Studies on dyeing with microcapsules 

We discovered that the reactive dyes, particularly red, yellow, and blue, exhibited 

distinct fatigue profiles when we applied them to 100% cotton towels and other 

household items. From an operational perspective, this resulted in the machines 

consuming more energy, using more water, and taking longer to produce. Improper 

dyeing was produced by the varied diffusion of the dyes from the application side. 

This prompted us to look into more precise dying methods without sacrificing quality. 

2.3.1 Microencapsulation of C.I. reactive orange 122 via solvent evaporation 

The dye molecule is shielded by microencapsulations from further reactions and is not 

released until it comes into touch with the fiber and is stimulated. Optical microscopy 

was used to corroborate the process, which was carried out with poly(lactic-acid-co-

glycolic-acid), or PLGA, and polyvinyl alcohol, or PVA. The effectiveness of the 

encapsulation was evaluated by UV-VIS spectroscopy, and the controlled-release of 

dye was quantified using Korsmeyer-Peppas and Higuchi's mathematical methods. 

The microcapsules were uniformly sized and perfectly spherical, forming a core-shell 

structure. The apparent diffusion coefficient was obtained by making release 

modifications. 

The wall material, PLGA (Sigma Chemical, Germany) and host molecule, C.I. 

Reactive Orange 122 (RO122, Golden Technology, Brazil) were the precursors of the 
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microcapsules. PVA (Sigma Chemical, Germany) and the reagent of purity, 

dichloromethane, (Panreac, Spain) were also used (Dutra, 2019). 

 
Figure 2.13: (a) release of microcapsules in the bath in function of time, (b) profile 

of concentration of the bath in function of the square root of time, for the two 
mathematical approaches suggested. 

2.3.2 Low-Salt or salt-free dyeing of cotton fibers with reactive dyes using 

liposomes as dyeing/level-dyeing promotors 

The primary goal of this study was to develop reactive dyes' ability to dye and level 

color cotton fiber by encapsulating them in liposomes as an alternative to sodium 

chloride. 

The results showed that liposomes, particularly cationic liposomes, have a notable 

influence on cotton fibers to promote level dyeing, albeit not as effectively as sodium 

chloride did. When liposomes were utilized as the dyeing and level-dying promoters, 

the best dyeing and level-dying results were obtained at a dye-fixing temperature of 

85 °C, sodium carbonate concentration of 10 g/L, and dye dosage of 2% (on the basis 

of oven-dry cotton fibers). Cotton fiber dyeing and level dyeing can be greatly aided 

by the combination of sodium chloride and cationic liposomes. These findings 

suggested that cationic liposomes might be used as microencapsulated dye wall 

materials for reactive dye dyeing applications or as innovative dyeing and level dyeing 

boosters.  

Regarding the dyeing-promotion property, NaCl, CL, and NL were the K/S sequences 

arranged from high to low. On the other hand, for the level-dyeing promotion property, 

the level-dyeing property sequence was CL, NL, and NaCl, arranged from high to low. 

NL and CL are only suitable for use as level-dying and dyeing boosters on light-

colored materials. Dark-colored fabrics require the combination of NL/CL and NaCl. 
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Combining NL and NaCl to dye can cut the amount of NaCl in half, while using CL 

and NaCl to dye can cut the amount of NaCl in two thirds. These findings suggest that 

CL has the potential to be used in reactive dye dyeing applications as a 

microencapsulation dye wall material or as a new dyeing and level dyeing booster (Ru, 

2018). 

Table 2.1. Results of Dyeing Combinations 
 
 

Dyeing 
Promoter 

Reactive Red 3BS Reactive Yellow 3RS Reactive Blue FBN 
K/S Level-

Dyeing 
Property 

(10-2) 

K/S Level-
Dyeing 
Property 

(10-2) 

K/S Level-
Dyeing 

Property 
(10-2) 

84 mmol/L 
NL +5g/L 

NaCl 

5.45 1.4 1.73 1.3 4.21 1.9 

84 mmol/L 
NL +10g/L 

NaCl 

6.54 1.6 2.07 1.5 5.10 2.1 

84 mmol/L 
NL +20g/L 
NaCl 

8.47 1.8 2.82 1.6 6.62 2.2 

84 mmol/L 
NL +30g/L 

NaCl 

9.87 1.9 3.40 1.6 7.92 2.5 

84 mmol/L 
CL +5g/L. 

NaCl 

7.57 1.0 2.21 0.9 5.98 1.4 

84 mmol/L 
CL +10g/L. 

NaCl 

8.54 0.9 2.84 1.1 6.79 1.5 

84 mmol/L 
CL +20g/L 

NaCl 

10.04 1.0 3.39 1.0 7.97 1.7 

84 mmol/L 
CL +30g/L 

NaCl 

10.11 1.2 3.41 1.1 8.10 1.9 

60g/L NaCl 10.08 3.0 3.41 2.8 8.05 3.7 
       

 

2.3.3 The development of eco-friendly dye microcapsules for wool fabric dyeing 

application 

It is imperative to lessen the negative effects of the wool cloth dying process on the 

environment without sacrificing its dyeing effects.A viable solution to meet the 



17 

growing demands for efficient wool fiber dyeing and to transition to a cleaner 

production process is microcapsule technology. Auxiliary-free dye microcapsules 

were utilized to dye the wool fabrics after reactive dyestuff microcapsules were created 

using reverse-phase evaporation techniques. In order to increase the encapsulation rate, 

the processing parameters were examined and adjusted using the response surface 

methodology. Microcapsule dyeing produced a higher fixation rate (80.13% vs. 

72.03%) for dyed wool fabric, but it also produced lower dyestuff absorbance (0.071 

vs. 0.96), chemical oxygen demand (COD, 190 mg/L vs. 1395 mg/L), and biological 

oxygen demand (BOD5, 83.5 mg/L vs. 649.3 mg/L) for residual wastewater when 

compared to conventional dyeing methods. Furthermore, the outcomes showed that 

distilled water could be substituted with recycled dyebath made from the filtrated 

effluent from microcapsule dyeing. As a result, we creatively created a unique dye 

microcapsule for the purpose of dying wool cloth, substantially reducing the amount 

of pollutants released into the environment while also conserving energy and water. 

The outcomes showed that the LC dyestuff core was effectively encapsulated in the 

microcapsules, with the best encapsulation rate possible achieved with the use of the 

RSM. Furthermore, compared to the control group, the LC-Ms dyeing process 

achieved greater dyeing fixation and K/S value even without the use of an auxiliary, 

suggesting that it may eventually replace traditional dyestuffs in the dyeing of wool 

materials. In addition, the LC-Ms can be gathered by filtration to lessen the release of 

pollutants, and the leftover wastewater can be recycled as a dyebath to save water 

(Zhao, 2019). 

Table 2.2: Wastewater properties of conventional and microcapsule 

Process COD (mg/L) BOD5 (mg/L) Absorbance 
(596 nm) 

Conventional Dyeing 1395 649.3 0.96 
Microcapsule Dyeing 190 83.5 0.071 
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 Experimental Work 

 Materials 

%100 cotton towels with pile 20/1 ring, weft 16/1 open end and base 20/2 ring have 

been used for the application supplied by BURSALI TEXTILE company. Ethyl 

Cellulose & Melamine-Urea-Formaldehyde are used as the outer wall material of the 

microcapsule. Na2SO4 (Salt) solution is used as an intermediate material for the 

microcapsule formation. Reactive Dye is used to form the color as a trichromatic 

recipe. Citric Acid is used as a cross-binding material to form the microcapsule. Soda 

Solution (NaOH) or Tween 80 is used to adjust the basic environment at the pH 

required for the microcapsule formation. Ethyl Acetate & Tween 20 & Chloroform for 

dissolving the dyestuff. The production has been described in Figure 3.1. 

 

Figure 3.1 : Production Steps For Microcapsule 

 Equipment Used 

3.2.1 Weaving 

For weaving, we have used Tsudakoma and Smit weaving machines. Tsudokama has 

been used for the base and the Smit machine for the pile part. 

 

Figure 3.2 : Tsudakoma and Smit Weaving Machine 
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3.2.2 Panther 3006L 

With features similar to those of industrial homogenizers, PantherNS3006L is a stand-

alone, fully furnished laboratory unit ideal for food and beverage, pharmaceutical, 

biotechnology, cosmetic, chemical testing, or small-scale production applications. 

 
Figure 3.3 : Panther NS3006L Machine 

3.2.3 Padding machine 

Padding machine units are made up of two distinct systems that share the same 

architecture. For applications requiring a high squeezing effect, the first system is the 

Standard padding machine unit, which is comparable to conventional foulards. The 

second system is the High-Pressure padding unit, which alters the spin and pick-up 

values following the padding in comparison to conventional systems. Both kinds of 

padding are suitable for use as finishing and crimping padders. cloth opening 

equipment can be set up as an expander, double spiral opener, or combination ahead 

of the squeezing rollers, depending on the type of cloth. Depending on the type of 

cloth, a chain or butterfly speed control mechanism is added to the system at the 

padding machine exit. 

 

Figure 3.4 : Padding Machine 

 Testing 

In this section, information will be given about the test that have been done for the 

understand the quality of the material that we have used. The tests have been done to 
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their corresponding ISO standards. Conventional dyed and microcapsule dyed samples 

were tested for color fastness to rubbing according to ISO 105-X12, color fastness to 

washing  according to ISO 105 - C06 option A1S. Also, the color measurements are 

made according to ISO 105 - J01. 

3.3.1 Color measurement 

Color measurement has been done using a spectrophotometer, can be done with an 

original fabric or a colored fabric which the color we are trying to reach and the fabrics 

we have produced to meet the color. All the fabrics have been folded to 4 and placed 

to the sensor of the spectrophotometer. After the sensor have measured the L*, a* and 

b* the device give us the results of the color difference called DE. The formulation is 

below.  

DE = [(DL*)^2 + (Da)^2+ (Db*)^2]1/2 (Gulrajani, 2010) 

 

Figure 3.5 : Spectrophotometer 

3.3.2 Color fastness to rubbing 

Color fastness to rubbing has been done according to ISO 105-X12. One dry and one 

wet rubbing cloth have been used. Inserting them one by one to the rubbing finger, for 

each cloth we rub the finger 10 times. After the test we wait for the wet cloth to dry, 

after that we examine them under D65 light in a dark room with grey scales for staining 

and color change. 

 

Figure 3.6 : Crockmeter 
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3.3.3 Color fastness to washing 

A test specimen measuring 100 mm by 40 mm is sewn to a multi-fiber adjacent cloth 

measuring 100 mm by 40 mm by sewing along one of the shorter edges. The multi-

fiber is positioned next to the specimen's face, gathering the sample in bulk, followed 

by a 6 hour conditioning period creating a specimen that measures 4 cm by 10 cm. The 

specimen is sewn at one end using DW standard multifiber of the same size, forming 

the composite testing specimen. Washing solution was prepared with 1g/L of sodium 

perborate and 4 g/L of ECE standard detergent. The composite testing specimen is then 

placed in the container which is further placed in the testing device, namely Gyrowash. 

After completion of the washing test, the composite specimen is rinsed with hot water 

followed by rinsing with cold water. Finally he composite speciment is let to dry freely 

at room temperature. Then we compare the non treated sample and the treated sample 

under D65 light in a dark room and measure them by a grey sacle for staining and color 

change.  

 

Figure 3.7 : Color Fastness to Washing Test Machine – Gyrowash 
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 Results and Discussion 

 Experimental Work 

4.1.1 Experimental design 

For the design, it has been decided that the color of the towels should be the most used 

and preferred. Also, the colors must be lighter or darker than each other so that we can 

understand the reaction of the trichromatic recipe and also compare accurately. The 

colors that have been selected are shown in Table 4.1.  

Table 4.1 :  First Experimental Design 

Color 
Light Grey 

Dark Brown 
Mauve 
Purple 

Power Blue 
Mustard 

After selecting the colors and comparing conventional and microcapsule dyeing the 

idea of high cost of the microcapsules have been a limitation. So to reduce the cost 

another design has been made by diluting the recipe and cutting the cost of the 

chemicals. In this design dilution have been limited to %15-17,5. The idea is to reach 

the similar results with nondiluted sample and have high fastness properties. The 

second design is shown in Table 4.2. 

Table 4.2 :  Second Experimental Design 

Color Dilution 
Berenjena %5-7.5-10-12.5-15  

Purple %5-7.5-10-12.5-15-17,5 
Black %5-7.5-10-12.5-15 

Terracota %5-7.5-10-12.5-15 
Orange %5-7.5-10-12.5-15 

Navy blue %5-7.5-10-12.5-15 
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4.2 Recipe 

So, after the production of the microcapsules, we tested the materials and as for a ref-

erence we also tested the conventional dyed materials. Below you can see the dyes, the 

trichromatic recipe and the method below on Table 4.3. 

Table 4.3 : Colors, Recipe and Method 

Color Trichromatic Recipe Method 
Light Grey Everzol Yellow LX – 0,2208 

Everzol Red LX – 0,1245 
Everzol Blue LX – 0,508 

Conventional- Microcapsule 

Dark Brown Everzol Yellow LX – 0,36 
Everzol Red LX – 0,181 
Everzol Blue LX – 0,478 

Conventional- Microcapsule 

Mauve Everzol Yellow LX – 0,147 
Everzol Red LX – 0,293 
Everzol Blue LX – 0,43 

Conventional- Microcapsule 

Purple Everzol Yellow LX – 0,257 
Everzol Red LX – 0,342 
Everzol Blue LX – 0,784 

Conventional- Microcapsule 

Power Blue Everzol Yellow LX – 0,049 
Everzol Red LX – 0,0251 
Everzol Blue LX – 0,48 

Conventional- Microcapsule 

Mustard Everzol Yellow LX – 0,752 
Everzol Red LX – 0,0415 
Everzol Blue LX – 0,518 

Conventional- Microcapsule 

Also, for seeing the best method for producing we also made a with different recipes 

with microcapsules for seeing the best recipe and the best result. 

Table 4.4 : 2nd Color, Recipe and Method 

Color Trichromotic Recipe Method 
Berenjena Everzol Yellow ED-R - 0,171 

Everzol Red ED-3B - 1,14 
Everzol Blue LED - 0,349 

1,25/250 
(%5-7.5-10-12.5-15 diluted) 

Purple Everzol Yellow ED-R - 0,0513 
Everzol Red ED-3B - 1,377 
Everzol Blue LED - 0,156 

NaCL-NaOH added 

1,25/250 
(%5-7.5-10-12.5-15-17.5 di-

luted) 

Black Everzol Yellow ED-R - 0,562 
Everzol Red ED-7BN - 0,119 

Setazol Black SDN - 2,02 

1,25/250 
(%5-7.5-10-12.5-15 diluted) 

Rose Everzol Yellow ED-R - 0,191 
Everzol Red ED-3B - 0,812 

1,25/250 
(%5-7.5-10-12.5-15 diluted) 

Terracota Everzol Yellow ED-R - 0,291 
Everzol Red ED-7BN - 0,412 

Everzol Blue LED - 0,019 

1,25/250 
(%5-7.5-10-12.5-15 diluted) 
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4.3 SEM and Optic Microscope  

The images have been taken to see the stability of the microcapsules. SEM images 

have been shown in Figure 4.1. 

 

  a)    b)         c) 

Figure 4.1 : SEM Images a) Standard Towel b) Microcapsuled Towel 300 

micrometer c) Microcapsuled Towel 30 micrometer 

From the images we can see that microcapsules have been successfully placed and 

the process is successful. 

Also from the optic microscope, images have been taken to see the microcapsules 

indivudally. Optic microscope images have been shown in Figure 4.2. 

 

a)    b)         c) 

Figure 4.2 : Optic Microscope Images a) 200 Micrometer b) 200 micrometer c) 100 

micrometer 

The images shows us that microcapsule process is succesful and they are stable. 

4.4 Color Fastness to Washing 

Washing fastness results are shown in Table 4.5. 



26 

Table 4.5 : Color fastness to Washing Test Results 

Color Dyeing Process Color Fastness to Washing (A1S) 
Wool Acrylic Polyester Polyamide Cotton Acetate 

Light Grey Conventional  4/5 4/5 4/5 4/5 4 4/5 
Light Grey Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 

Dark 
Brown 

Conventional  4/5 4/5 4/5 4/5 4 4/5 

Dark 
Brown 

Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 

Mauve Conventional  4/5 4/5 4/5 4/5 4 4/5 
Mauve Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 
Purple Conventional  4/5 4/5 4/5 4/5 3/4 4/5 
Purple Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 
Power 
Blue 

Conventional  4/5 4/5 4/5 4/5 3/4 4/5 

Power 
Blue 

Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 

Mustard Conventional  4/5 4/5 4/5 4/5 4 4/5 
Mustard Microcapsule 4/5 4/5 4/5 4/5 3/4 4/5 

 
The findings of washing fastness indicate that, aside from that, cotton staining 
performance has slightly decreased; otherwise, the results are the same and fall well 
within permissible bounds. A 4/5 was obtained for color change across all dyeings. 
 
For the second batch results are shown in Table 4.6. 
 

Table 4.6 : Color Fastness to Washing Results (Second Batch) 

Color Dyeing Process Color Fastness to Washing (A1S) 
Wool Acrylic Polyester Polyamide Cotton Acetate 

Berenjena 1,25/250 
(%5 diluted) 

4/5 4/5 4/5 4/5 3/4 4/5 

Berenjena 1,25/250 
(%7,5 diluted) 

4/5 4/5 4/5 4/5 3/4 4/5 

Berenjena 1,25/250 
(%10 diluted) 

4/5 4/5 4/5 4/5 3/4 4/5 

Berenjena 1,25/250 
(%12,5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Berenjena 1,25/250 
(%15 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Purple 1,25/250 
(%5 diluted) 

4 4/5 4/5 4/5 3/4 4/5 

Purple 1,25/250 
(%7,5 diluted) 

4 4/5 4/5 4/5 3/4 4/5 

Purple 1,25/250 
(%10 diluted) 

4 4/5 4/5 4/5 4 4/5 
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Table 4.6 : (continued). Color Fastness to Washing Results (Second Batch) 

Purple 1,25/250 
(%12,5 diluted) 

4 4/5 4/5 4/5 4 4/5 

Purple 1,25/250 
(%15 diluted) 

4 4/5 4/5 4/5 4 4/5 

Purple 1,25/250 
(%17,5 diluted) 

4 4/5 4/5 4/5 4 4/5 

Black 1,25/250 
(%5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Black 1,25/250 
(%7,5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Black 1,25/250 
(%10 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Black 1,25/250 
(%12,5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Black 1,25/250 
(%15 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Rose 1,25/250 
(%5 diluted) 

4 4/5 4/5 4/5 4 4/5 

Terracota 1,25/250 
(%5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Terracota 1,25/250 
(%7,5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Terracota 1,25/250 
(%10 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Terracota 1,25/250 
(%12,5 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Terracota 1,25/250 
(%15 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Orange 1,25/250 
(%5 diluted) 

4 4/5 4/5 4/5 3/4 4/5 

Orange 1,25/250 
(%7,5 diluted) 

4 4/5 4/5 4/5 3/4 4/5 

Orange 1,25/250 
(%10 diluted) 

4 4 4/5 4/5 3/4 4/5 

Orange 1,25/250 
(%12,5 diluted) 

4/5 4/5 4/5 4/5 3/4 4/5 

Orange 1,25/250 
(%15 diluted) 

4/5 4/5 4/5 4/5 4 4/5 

Navy blue 1,25/250 
(%5 diluted) 

4 4 4/5 4/5 3/4 4/5 

Navy blue 1,25/250 
(%7,5 diluted) 

4 4 4/5 4/5 3/4 4/5 

Navy blue 1,25/250 
(%10 diluted) 

4 4 4/5 4/5 3/4 4/5 

Navy blue 1,25/250 
(%12,5 diluted) 

4 4 4/5 4/5 3/4 4/5 

Navy blue 1,25/250 
(%15 diluted) 

4 4/5 4/5 4/5 4 4/5 
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With the color in the recipe being lighter with each new sample, after %10 percent the 

results for cotton washing fastness get better to 4 which is better than ¾. Other than 

that the results did not change much with nearly all being 4/5 which is near perfect 

results.  

4.5 Color Measurement 

The spectrophotometer DE results are shown in Table 4.7.  

Table 4.7 : Color Measurement Results 

Color Production 
Process 

DL Da Db Color 
Difference 

(DE) 

K/S 

Light 
Grey 

Conventional 
Dyeing 0.03 0.21 0.05 0.87 86.72 Light 

Grey 
Microcapsule 

Dark 
Brown 

Conventional 
Dyeing 0.04 0.31 0.07 0.71 79.74 Dark 

Brown 
Microcapsule 

Mauve Conventional 
Dyeing -0.05 -0.03 0.08 0.49 88.19 

Mauve Microcapsule 
Purple Conventional 

Dyeing 
 

0.05 
 

0.38 
 

0.09 
 

0.53 
 

89.11 
Purple Microcapsule  

 
0.08 

 
 

0.6 

 
 

0.14 

 
 

0.49 

 
 

78.65 
Power 
Blue 

Conventional 
Dyeing 

Power 
Blue 

Microcapsule 

-0.58 -0.22 0.37 0.72 81.37 Mustard Conventional 
Dyeing 

Mustard Microcapsule 

The majority of the outcomes fall within the acceptable range and are less than 1. The 

data for light grey, dark brown and purple are less than 0,5 and mouve being 0,1 

indicates that they are almost equal and much below 1. All of the colors are acceptable 

as a microcapsule. Also the K/S values are high which means the colors are vivid in 

the application of microcapsules 

For further we did the tests for the second batch and the results are shown in Table 4.8. 
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Table 4.8 : Color Difference - DE Results (Second Batch) 

Color Concentration Dl Da Db Color Differ-
ence (DE) 

K/S 

Berenjena 1,25/250 
(%5 diluted) -0.05 -0.03 0.08 0.10 76.14 

Berenjena 1,25/250 
(%7,5 diluted) 0.04 0.32 0.07 0.3 77.61 

Berenjena 1,25/250 
(%10 diluted) 0.2 0.32 0.05 0.38 73.54 

Berenjena 1,25/250 
(%12,5 diluted) -0.1 -0.55 -0.51 0.76 79.86 

Berenjena 1,25/250 
(%15 diluted) 0.14 1.01 0.24 1.05 84.52 

Purple 1,25/250 
(%5 diluted) 0.05 0.36 0.08 0.37 75.41 

Purple 1,25/250 
(%7,5 diluted) 0.05 0.38 0.09 0.39 78.82 

Purple 1,25/250 
(%10 diluted) 0.05 0.36 0.08 0.4 79.01 

Purple 1,25/250 
(%12,5 diluted) 0.73 0.19 1.26 0.71 67.54 

Purple 1,25/250 
(%15 diluted) 1.28 0.61 1.1 1.79 81.01 

Purple 1,25/250 
(%17,5 diluted) 0.86 1.12 1.48 2.05 82.11 

Black 1,25/250 
(%5 diluted) 0.03 0.24 0.06 0.25 79.14 

Black 1,25/250 
(%7,5 diluted) 0.07 0.53 0.12 0.5 76.41 

Black 1,25/250 
(%10 diluted) 0.07 0.53 0.12 0.55 72.56 

Black 1,25/250 
(%12,5 diluted) -0.03 0.33 1.56 1.59 74.21 

Black 1,25/250 
(%15 diluted) -0.03 0.33 1.58 1.61 75.38 

Terracota 1,25/250 
(%5 diluted) -0.15 0.42 -0.38 0.59 89.87 

Terracota 1,25/250 
(%7,5 diluted) 0.23 0.53 1.02 1.17 78.98 

Terracota 1,25/250 
(%10 diluted) 0.32 0.54 1.02 1.2 76.95 

Terracota 1,25/250 
(%12,5 diluted) 0.41 0.53 1.02 1.22 75.14 

Terracota 1,25/250 
(%15 diluted) 0.45 0.62 1.08 1.32 74.32 
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Table 4.8 (Continued) : Color Difference - DE Results (Second Batch) 

Orange 1,25/250 
(%5 diluted) 0.05 0.4 0.09 0.4 73.47 

Orange 1,25/250 
(%7,5 diluted) 0.051 0.4 0.09 0.41 71.13 

Orange 1,25/250 
(%10 diluted) -0.58 -0.22 0.37 0.72 72.64 

Orange 1,25/250 
(%12,5 diluted) 0.18 0.57 0.53 0.80 75.47 

Orange 1,25/250 
(%15 diluted) 0.33 0.76 -0.83 1.17 78.65 

Navy blue 1,25/250 
(%5 diluted) 0.05 0.39 0.09 0.40 83.41 

Navy blue 1,25/250 
(%7,5 diluted) 0.07 0.53 0.12 0.55 72.56 

Navy blue 1,25/250 
(%10 diluted) 0.05 0.6 0.14 0.6 73.82 

Navy blue 1,25/250 
(%12,5 diluted) 1.29 -0.89 -0.2 1.58 77.23 

Navy blue 1,25/250 
(%15 diluted) 0.86 1.12 1.48 2.05 73.1 

As expected when the color in the recipe gets lighter the DE gets higher, but with even 

with 5% to 10% percent the results are overally good. Also nearly all of the K/S values 

are over 75 which means colors are vivid even with dilution of the recipe. 

4.6 Color Fastness to Rubbing 

Color fastness to rubbing results are shown in Table 4.9. 

Table 4.9 : Color Fastness To Rubbing Results 

Color Production Process Color Fastness to Rubbing 
Dry Wet 

Light Grey Conventional Dyeing 4/5 4/5 
Light Grey Microcapsule 4/5 4/5 

Dark Brown Conventional Dyeing 4/5 4/5 
Dark Brown Microcapsule 4/5 4/5 

Mauve Conventional Dyeing 4/5 4/5 
Mauve Microcapsule 4/5 4/5 
Purple Conventional Dyeing 4/5 4/5 
Purple Microcapsule 4/5 4/5 

Power Blue Conventional Dyeing 4/5 4/5 
Power Blue Microcapsule 4/5 4/5 

Mustard Conventional Dyeing 4/5 4/5 
Mustard Microcapsule 4/5 4/5 
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The findings show us almost perfect scores. Every hue that is tested in both the 

conventional and microcapsule versions is the same. This demonstrates how 

thoroughly the microcapsules are exhausted into the fiber. 

For the second batch the results are shown in Table 4.10. 

Table 4.10 : Crocking Fastness Results (Second Batch) 

Color Production Process Color Fastness to Rubbing 
Dry Wet 

Berenjena 1,25/250 
(%5 diluted) 

4 4/5 

Berenjena 1,25/250 
(%7,5 diluted) 

4 4/5 

Berenjena 1,25/250 
(%10 diluted) 

4/5 4/5 

Berenjena 1,25/250 
(%12,5 diluted) 

4 4/5 

Berenjena 1,25/250 
(%15 diluted) 

4/5 4/5 

Purple 1,25/250 
(%5 diluted) 

3/4 4/5 

Purple 1,25/250 
(%7,5 diluted) 

3/4 4/5 

Purple 1,25/250 
(%10 diluted) 

3/4 4/5 

Purple 1,25/250 
(%12,5 diluted) 

4/5 4/5 

Purple 1,25/250 
(%15 diluted) 

4 4/5 

Purple 1,25/250 
(%17,5 diluted) 

3/4 4/5 

Black 1,25/250 
(%5 diluted) 

4/5 4/5 

Black 1,25/250 
(%7,5 diluted) 

4/5 4/5 

Black 1,25/250 
(%10 diluted) 

4 4/5 

Black 1,25/250 
(%12,5 diluted) 

4/5 4/5 

Black 1,25/250 
(%15 diluted) 

4/5 4/5 

Terracota 1,25/250 
(%5 diluted) 

4/5 4/5 

Terracota 1,25/250 
(%7,5 diluted) 

4/5 4/5 

Terracota 1,25/250 
(%10 diluted) 

4/5 4/5 
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Table 4.10 (Continued) : Crocking Fastness Results (Second Batch) 

Terracota 1,25/250 
(%12,5 diluted) 

4 4/5 

Terracota 1,25/250 
(%15 diluted) 

4/5 4/5 

Orange 1,25/250 
(%5 diluted) 

4/5 4/5 

Orange 1,25/250 
(%7,5 diluted) 

4 4/5 

Orange 1,25/250 
(%10 diluted) 

4 4/5 

Orange 1,25/250 
(%12,5 diluted) 

4 4/5 

Orange 1,25/250 
(%15 diluted) 

4 4/5 

Navy blue 1,25/250 
(%5 diluted) 

4/5 4/5 

Navy blue 1,25/250 
(%7,5 diluted) 

4/5 4/5 

Navy blue 1,25/250 
(%10 diluted) 

4 4/5 

Navy blue 1,25/250 
(%12,5 diluted) 

4/5 4/5 

Navy blue 1,25/250 
(%15 diluted) 

4 4/5 

Nearly for all when the color in the recipe got lighter, the results got higher, which is 

normal because there is less color to get out. Most results are acceptable between the 

area 3/4 to 4/5. Which is important to get 4 to 4/5 to get in the wet crocking fastness 

because these are towels and mostly going to be used wet to human skin. 
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 CONCLUSIONS AND RECOMMENDATIONS  

In conclusion, the evolving landscape of the textile industry reflects a commitment to 

sustainable and environmentally friendly practices. The increasing demand for cleaner 

production methods and reduced environmental impact is pushing textile 

manufacturers to explore innovative techniques. One such method, microcapsule 

dyeing, has emerged as a potential solution, addressing concerns related to 

conventional dyeing processes. 

The text underscores the industry's dual challenge of maintaining conventional 

methods while responding to market demands and technological advancements. The 

focus on not only introducing new products but also incorporating clean energy, 

sustainable production, and minimal waste aligns with global efforts towards a greener 

future. 

The specific application of microcapsule dyeing on %100 cotton towels from 

BURSALI TEXTILE reveals a complex process involving various materials and steps. 

The outer shell of the microcapsule comprises ethyl cellulose and formaldehyde, with 

Na2SO4 serving as the intermediate material. Reactive dye, along with binding 

materials such as citric acid and acetic acid, is employed in the trichromatic recipe. 

The study also addresses the challenges associated with microcapsule dyeing, 

including uneven dye distribution, mechanical and chemical stability, and scalability 

issues. 

The experimental phase, conducted according to ISO standards, produces insightful 

results. Washing fastness tests indicate a slight decrease in cotton staining 

performance, yet the overall results remain within acceptable limits. A noteworthy 

finding is the improvement in washing fastness when the color in the recipe becomes 

lighter, showcasing the adaptability of microcapsule dyeing. Spectrophotometer tests 

reveal good color retention despite the expected increase in color difference (DE) with 

lighter shades. 
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The study places particular emphasis on wet crocking fastness, crucial for towels used 

in wet conditions. The need to achieve scores between 4 and 4/5 underscores the 

practical relevance of the research, aligning with the intended application of the dyed 

towels. The color difference is in the accaptable region also few of them being lower 

than 0,5 shows that the microcapsules worked well. Also for the second batch for 

testing with the dilution as we foreseed the results for color change detoriates but for 

the darker colors it still stays in the accaptable area. For color fastness to washing 

nearly all results are betwwen 4-4/5 which is near perfect. But for the microcapsule 

the results are 3/4 which is accaptable but as we need on cotton fabrics we need to 

focus on this. For the diluted tests as we could foresee again the results gets lower with 

the increase of dilution. The overall conclusion is cautiously optimistic, 

acknowledging the challenges of microcapsule dyeing but highlighting its potential to 

offer equal or improved results compared to conventional methods, particularly in 

terms of sustainability and color fastness. 

However, the conclusion also acknowledges that the scalability of microcapsule 

dyeing processes, along with economic feasibility, remains a significant hurdle. As the 

industry seeks to strike a balance between efficient dye delivery, cost-effectiveness, 

and environmental considerations, further research and development are imperative 

for the widespread adoption of microcapsule dyeing technologies. 
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 FUTURE WORK 

Future work in the realm of microcapsule dyeing for textiles, particularly in the context 

of %100 cotton towels, could explore several promising avenues. 

Investigate the potential integration of exhalator technology into the microcapsule 

dyeing process. Exhalators, or exhaust systems, play a crucial role in expelling fumes 

and gases generated during industrial processes. Implementing an efficient exhalator 

system in microcapsule dyeing could help mitigate any harmful emissions and create 

a more environmentally friendly production environment. 

Evaluate and optimize the use of caustic substances in the microcapsule dyeing 

process. Caustic solutions, such as caustic soda (NaOH), are commonly employed to 

adjust the basic environment and pH during microcapsule formation. Future research 

could focus on minimizing the quantity of caustic substances used while maintaining 

the effectiveness of the dyeing process. This optimization could contribute to reducing 

resource consumption and the environmental impact of the production method. 

Conduct a comprehensive examination of the environmental footprint associated with 

microcapsule dyeing. This assessment should include a life cycle analysis to quantify 

the environmental impact from raw material extraction to end-of-life disposal. 

Evaluate the energy consumption, water usage, and chemical emissions associated 

with each stage of the microcapsule dyeing process. This examination would provide 

valuable insights into the overall sustainability of the technique and identify potential 

areas for improvement. 

Explore the use of alternative and eco-friendly materials in the microcapsule 

formulation. Substituting certain chemicals with more sustainable options can 

contribute to reducing the environmental impact. For instance, investigating bio-based 

or renewable materials as alternatives to formaldehyde or exploring eco-friendly 

alternatives for the outer shell of the microcapsule could align with the industry's 

sustainability goals. 

Address the challenges associated with the scalability of microcapsule dyeing 

processes. Investigate ways to optimize and streamline the technique for large-scale 

industrial applications. This includes assessing the economic feasibility of widespread 
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adoption and identifying potential challenges in transitioning from laboratory-scale 

experiments to full-scale production. 

By addressing these aspects, future research can contribute to the continuous 

improvement of microcapsule dyeing technology, making it more sustainable, cost-

effective, and environmentally friendly. This holistic approach ensures that 

innovations in the textile industry align with both market demands and broader 

environmental objectives. 
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