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ABSTRACT 

  

This thesis presents the findings of the investigation on the 

effects of some printing variables on the colour yield of reactive 

dye printed cotton fabric. The main print variables investigated 

are squeegee strokes, print paste viscosity, paste storage time 

and superimposed print. The printing pastes, (pastes A, B and 

C) used in this work were prepared using cassava starch, 

NaCl, NaOH and Procion reactive dye (Procion M); and were of 

different viscosities. The printing operation was carried out on 

the cotton fabric by using the squeegee to pull the print paste 

back and forth for each of the variables investigated. Qualities 

of prints were established by visual inspection. It was 

established that; the four variables investigated contribute in 

no small measure to the colour yield of reactive dye printed 

cotton fabric. Particularly, increase in squeegee strokes is 

related to colour yield as well as paste viscosity. The 

investigation has greatly improved the understanding of the 

relationship between some print variables and the desired 

print results.    
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 CHAPTER ONE 

1.0  INTRODUCTION 

Printing is a technology widely used to pass on information 

and to decorate objects. This has resulted in printing being 

used on many surfaces ranging from aluminum cans, plastic 

bottles, papers and fabrics. This provides essential products’ 

identification and consumers’ information on consumers’ 

goods such as; foods and beverage packaging, containers’ 

labels, advertisement posters and clothing. 

 

Since the art of printing was invented, printers have tried to 

use the different processes of this art to put information 

across. In this work, attention is focused on screen printing 

and its application with particular reference to reactive dye 

printed cotton fabric. 

 

1.1 BACKGROUND OF THE STUDY   

Printing is one of the most significant technological 

developments in human history. It created the capability to 

distribute ideas and ensure their survival over generations. It 
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is possible to trace the origin of printing back to seals used to 

“sign” official documents as early as 255 B.C. In 1232, 

moveable metal characters were first used in Korea (Geopper 

and Lee-Kalish, 2000), and 200 years later, the German 

Johannes Gutenberg reinvented and spread this technique 

throughout Europe (John, 2002). 

 

Five major printing processes exist today (Kipphan, 2000; 

Marija, 1999) that entails the contact transfer of a pattern; 

these processes include: relief, intaglio, lithography, screen 

and electrophotography (xerography). 

 

Relief printing includes letterpress printing, flexographic 

printing and other processes of transferring an image from a 

raised surface. Letterpress printing is being replaced in many 

areas by flexography, a rotary relief printing process in which 

the image carrier is an elastic rubber plate (stamp) with raised 

image areas that is mounted or carved onto a seal or polymer 

back plane to provide the lateral stability. Intaglio printing or 

gravure is the inverse process of relief printing where an image 

is transferred from a sunken surface, while lithography uses a 
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chemically patterned flat surface with areas that accept ink 

and areas that repel ink. The original lithographic process 

provided the name for both today’s paper-printing technology 

and the optical lithographies used in semiconductor 

industries. Current printing processes are no longer 

planographic and performed with a platen press, but make use 

of high-throughput capabilities of cylindrical rotary presses. 

Screen or stencil printing has also been used to transfer image 

by pressing ink through openings in a stencil that has been 

applied a screen substrate. 

 

1.1.1 Textile Printing 

Textile printing is the process of applying colour to fabric in 

definite patterns or designs. In properly printed fabrics, the 

colour is bonded with the fiber, so as to resist washing and 

friction. Textile printing is related to dyeing but, whereas in 

dyeing proper, the whole fabric is uniformly covered with one 

colour. In printing, one or more colours are applied to the 

fabric in certain parts only, and in sharply defined patterns. 

 

In printing, wooden blocks, stencils, engraved plates, rollers, 

or silkscreens can be used to place colour designs on the 
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fabric. Colourants used in printing contain dyes and thickener 

to prevent the colour from spreading by capillary attraction 

beyond the limits of the pattern or design. 

 

Traditional textile printing techniques may be broadly 

categorised into four styles: (Taylor, 2000). 

 

 Direct printing, in which colourants containing dyes, 

thickeners, and the mordant or substances necessary for 

fixing the colour on the cloth are printed in the desired 

pattern.  

 The dye style, involves the printing of a mordant in the 

desired pattern prior to dyeing cloth; the color adheres only 

where the mordant was printed.  

 In resist style, a wax or other substance is printed onto 

fabric which is subsequently dyed. The waxed areas do not 

accept the dye, leaving uncoloured patterns against a 

coloured ground.  

 In discharge printing, a bleaching agent is printed onto 

previously dyed fabrics to remove some or all of the colour.  
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Resist and discharge techniques were particularly fashionable 

in the 19th century, as were combination techniques in which 

indigo resist was used to create blue backgrounds prior to 

block-printing of other colours (Delamare and Benard, 2000). 

Most modern industrialized printing uses direct printing 

techniques. 

 

Direct printing  

In direct printing, substrates are printed with printing paste 

made with dyes, thickeners, and the mordant or substances 

necessary for fixing the colour. It is in this category that screen 

printing falls. 

 

1.1.2 Screen Printing  

Screen printing is a development of the techniques of 

stenciling, in which a pattern or design e.g. word or number) is 

applied to a surface by allowing ink, paint or print paste to 

pass through holes cut in the form of a corresponding pattern 

in a stencil (Miles, 2010). 

Traditionally, screen method consists of: 

 Long table of about fifty to one hundred metres in length, 

covered with a resilient wool felt which is protected from 
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colour contamination by a cotton “back grey” or 

waterproof cover;  

 The fabric to be printed, which is rolled out along the 

table, and is fastened down with pins or an adhesive tape 

to prevent the shrinkage of the first printed areas which 

would lead to faulty pattern fitting.  

 A rectangular screen frame. 

 Printing paste which is poured unto one end of the screen 

when the screen is in correct position. 

 A squeegee blade, normally a length of rubber sheet set 

into a wooden holder, with the working edge ground to a 

chosen profile. 

Screen printing is relatively a simple method of printing 

which can be carried out without the use of complicated 

and expensive equipment. Proper reclamation of the screen 

renders it useful for as many printing productions as 

possible (Clarke, 2002).  

 

1.1.3 DYE 

Dye in textile terms is a soluble colourant that attaches in 

molecular form to the fibres. 
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Dye Classification 

Dyes can be classified in different ways; the chemist uses a 

classification based on chemical formulae, while dyers classify 

dyes according the method by which they are applied to the 

substrate, i.e. in dyeing and printing of textile, leather, and in 

mass colouration of polymeric materials (Horocus and Asand, 

2000; Chang, Wonogho, Waston and Caddy, 2008). 

Dye can also be classified as ‘cold’, ‘warm’, and ‘hot’ dyes that 

is based on their fixation temperature (Taylor, 2000).    

In this work, classification according to application is 

presented.   

Classification According to Application 

So far as the users and manufacturers of dyes are concerned, 

the function of a dye is to give rise to a particular hue in 

association with a substrate. Natural and synthetic fibres form 

the most important substrates in dyeing and printing (Beal, 

2008).  

The practical dyer or printer is primarily interested in dye 

application (E.R. Trotman, 2008). Based on this, the 
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classification of dyes according to their application is as 

presented below (Wilson, 2004). 

(i) Basic Dyes:  

These are dyes which react with acidic groups on fibres; 

sometimes called atomic dyes. Basic dyes are used primarily 

for acrylic fibres, though they can be used on some types of 

polyester, nylon, and occasionally for protein fibres. A wide 

range of bright colours are also available for basic dyes. Colour 

fastness on acrylic is generally excellent, but fastness on 

natural fibres is generally poor. 

(ii) Acid Dyes:   

These are the large class of dyes that are applied from acidic 

solution to polyamide fibres. These dyes are used for wool, silk 

and nylon. They are typically applied in a bath that may range 

from strongly acid to neutral, and usually at temperatures 

approaching boiling. Bonding between the dye and fibre can be 

complex. Some form ionic bonds between basic groups of fibre 

and acid groups of dye. 
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(iii) Direct Dyes:  

These are dyes whose application is essentially by immersion 

of the fibre in a solution of dye without the need for other 

chemicals to bond the dye to the fibre (though other chemicals 

may aid exhaustion). Direct dyes have high substantivity, but 

bond weakly to fibres and therefore usually have poor wash 

fastness. Light fastness varies from poor to very good. A post-

dyeing fixative is often used to improve wash fastness. 

Brightness can be limited in direct dyes, because brightness 

often is associated with small molecules and small molecules 

tend to make poor direct dyeing. 

(iv) Mordant Dyes:  

Mordant is a chemical that aids attachment of a dyestuff to 

fibres by bonding to both the fibre and the dye. A mordant 

must have high affinity for both the dye and the fibre, acting to 

attach the dyestuff to the fibre. Mordants are necessary for 

dyes that have low or no natural affinity for the fibre. They are 

often salts of metals such as chromium, copper, tin or iron. 

Mordant may be applied before, with or after the dye, 

depending on the nature of the dye, the fibre and the mordant. 
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Mordant dye therefore is a dye that requires the use of a 

mordant. There are very few synthetic dyestuffs currently in 

use that require a separate mordant, except for some dyes for 

wool, where mordant dyes are still quite popular. 

(v) Sulfur Dyes:  

These are class of dyes made by reacting sulfur with organic 

compounds; most are of unknown chemical structure. 

Sulfur dyes are insoluble in water, and must be converted to a 

soluble form for application. They are inexpensive, but dull in 

colour. They generally have good wash fastness, but are 

sensitive to bleaches. Sulfur dyes on fabric particularly some 

blacks, may decompose under warm, humid conditions, 

forming an acid. This can cause tendering of cellulose fibres, 

but can generally be prevented by making the finished fabric 

slightly alkaline. Sulfur dye is often used commercially to 

produce a good black at low cost on cellulose fabric. 

(vi) Azoic Dyes:  

These are class of dyes based on application method; they are 

sometimes called napthol dyes. Azoic dyes are chemically 

synthesized inside the fibre, and are not truly dyes, but 



11 
 

insoluble pigments. The soluble “napthol” component is 

applied to the firbe, then a solution of “diazo salt’ is used to 

develop the colour. 

(vii) Vat Dyes:  

These are dyes that can be converted from a water-insoluble 

pigment form to a soluble leuco form (using a reducing agent), 

applied by immersion to fabric, then converted to insoluble 

form (by oxidation). 

The name comes from “vating” which once meant using 

natural fermentation process in a vat to produce the reducing 

condition to make the dyes soluble. Indigo, the blue of blue 

jeans is a common vat dye. Vat dyes with the notable 

exception of indigo are generally very light and wash fastness. 

Many have very good resistance to chlorine bleach. 

(viii) Disperse Dyes:  

These are dyes that are almost insoluble in water. Disperse 

dye exists in the dye bath as a suspension or dispersion of 

microscopic particles, with only a tiny amount in true solution 

at any time. They are the only dyes that are effective for 

polyester; some are used for nylon and acetate fibres.     
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(ix) Reactive Dyes:  

These are dyes that attach to the fibre by forming a covalent 

bond. They are also referred to as fibre – reactive dyes. A fibre - 

reactive dye will form a covalent bond with the appropriate 

textile functionality. This is of great interest, since, once 

attached; they are very difficult to remove (Philip et al 2007). 

Reactive dyes are the newest class of textile dyes, first 

introduced commercially, for cellulose fibres, in 1956 - one 

hundred years after the development of the first synthetic dye 

(Wilson, 2004). Within a family, the range of colours available 

as ‘pure’ dyes (as opposed to mixture) is typically quite small – 

a dozen or fewer. Against this, reactive dye of the same family 

can generally be mixed to produce a very wide range of 

colours, while retaining good application characteristics and 

brightness. The reactivity among families varies widely. Some 

of them are easily applied at room temperature, some at 

boiling temperature and others at intermediate temperature. 

All types are suitable for exhaust dyeing, while many are 

suitable for pad-batch dyeing and for printing. Apart from cost, 

the biggest commercial drawbacks to reactive dye are that they 

require large amount of electrolyte (salt) in most processes, 
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and extensive rinsing and hot washing after dyeing to remove 

unfixed and hydrolysed dye. (Wilson, 2004) 

Reactive dyes are known for their bright colour and very good 

to excellent light and wash fastness, though poor resistant to 

chlorine bleach (Esten Giles and Gordon, 2001). There are 

several broad classes of reactive dyes. Most are intended for 

cellulose fibres, but some are intended specifically for wool. 

The most popular reactive dye family for textile printing is the 

Procion® MX family. Other reactive dyes families available to 

art dyers and printers include Procion® H, Procion® H-E, 

Remazol® and Cibacron® F.  

It is important to note that Procion®, Remazol® and Cibacron® 

are trade names for reactive dyes of specific companies.  

1.2 PROBLEM STATEMENT  

Appearance – colour, pattern or texture – is one of the major 

factors that attract customers to purchase one product over 

another. Most of the textile fabrics intended for personal use or 

sale at times do not meet these requirements due to; 

i. Irregularities in printing which may lead to extra cost due 

to the procurement of new fabrics or printing paste 
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ii. Poor colour yield of the printed fabrics, which leads to 

lack of attraction that normally draws customers’ 

attention. 

These and many other problems associated with printed 

fabrics are the basis why this project is conceived. Attempts 

will be made to find some of the factors that aid good design 

production in textile printing.   

1.3 OBJECTIVE OF THE STUDY 

The goal of this project was to investigate the effect of some 

printing variables such as; squeegee strokes, print paste 

viscosity, paste storage time and superimposed print on the 

colour yield of a reactive dye printed cotton. 

 

1.4 JUSTIFICATION OF THE STUDY 

The investigation is hoped to provide understanding of the 

relationship between some print variables and the desired 

print results    

The registration precision is hoped to be achieved by accurate 

positioning of the printing substrate and the screen and that 

the auxiliaries used are in conformity with one another.  



15 
 

1.5 SCOPE OF THE STUDY 

This study is limited to the following: 

1. Sourcing materials from locally available ones 

2. Using a wooden screen and a wooden squeegee of rubber 

blade. 

3. Investigating the effects of squeegee strokes, print paste 

viscosity, paste storage time and superimposed print on 

the colour yield of printed cotton fabric. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW  

This chapter reviews the historical background, basic features 

of reactive dyes, the reactivity of reactive dyes and cellulose 

and basic information about printing paste and its auxiliaries. 

 

2.1 HISTORY OF REACTIVE DYE 

Chemical reaction for attaching dye to substrates were 

recognized clearly as such and became technologically 

important in 1956 (Aspland, 1997).  

First attempt by scientists in fixing a dye to a textile substrate 

through a covalent (chemical) bond was in 1895 (Freeman and 

Mock, 2007). Cross and Bevan in 1895, made coloured esters 

of cellulose by a six-step synthesis which was of course too 

complicated for practical application. In 1906 Schroeter   tried 

to synthesize azo dyes containing sulphochloride group which 

he wanted to react with cellulose, but he was unsuccessful in 

this synthesis of sulphochloride (Carsten, Diekter and Gunter, 

1996). This problem was later solved in the 1950s in the 
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course of the synthesis of azo compounds; relatively large 

molecular weight used as pigment dye (Gether and Pacifici, 

2005; Jerzy and Zbigniew, 2001). 

In 1925, Gunther found that azo derivatives of isotoic acid 

anhydride (sulphonic acid) react with cellulose under mild 

condition in the presence of sodium carbonate (Joonseok, Soo 

and Woo, 2005). 

 

            

 

Fig. 2.1 Azo derivatives of isotoic acid anhydride 

In 1929, Haler and Heckendron substituted cellulose with 

cyanuric chloride in organic aprotic solvents; the modified 

cellulose reacted with dyes containing amino group, which is 

an example of reactive group being supplied by the substrate 

and not the dye (Kamal, 2010). 

Guthrie reported in 1952 that cellulose fibres can be dyed with 

dyes of the type shown below from an aqueous dyebath, but 

owing to the high concentrations of sodium hydroxide 

OC O 

NH 

OC 
N = N HO3S       



18 
 

necessary for fixation, this group of dyes was not however 

investigated further (Zonllinger, 2003).   

 

 

 

Industrially, successful reactive dye technology began in the 

field of wool dyeing around 1930 with the introduction of 

chloroacetylamino (ClCH2CO – NH – group in dyes). Dyes with 

sulpho - β – Chloroethleneimide (- SO2NH – CHCH2 – Cl) 

groups were also used (Suzana, Marc and George, 2000); 

related compounds became more important some years later, a 

fact which demonstrate that old discoveries may become very 

interesting at a later date in the context of new experience. The 

same can be said of the wool-reactive Redmalan dyes of 

Farbwerke Hoechst, as well as for wool-reactive Cibalan 

Brilliant dyes of CIBA. The former are sulphuric acid esters of 

the β – hydroxyethylsuphone (- SO2 – CH2 – CH2 – SO3H) 

group, which is a precursor of a vinylsulphone group. These 

two reactive dye classes were introduced in the early 1950s. 

They were not very successful, but were however, very 

important as “precursors” for reactive dyes for cotton, as they 

SO3H 
N  HO3S – O – CH2 – CH2O      

 

N  

H - O 

SO3H 
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helped these two firms to enter the field of reactive dyeing of 

cellulose fibres shortly after the introduction of reactive dyes 

on cotton by Imperial Chemical Industries (ICI) in 1956, 

whereas for other dyestuff manufacturers, the situation was 

much more difficult owing to patent problem (Lewin and 

Pearce 1998). 

The introduction of reactive dyes for cellulose by ICI was the 

most important event in the history of reactive dyeing. These 

dyes are based on the discovery made in 1954 by Ratte and 

Stephen, who claimed that by applying water soluble dyes 

containing a dichlorotriazine group to cellulose from a neutral 

dyebath and then increasing the pH value, covalent bonds 

were formed between a triazine carbon atom and oxygen atom 

of a cellulose hydroxyl group. (Menachem 2007).  

An example of this group of reactive dyes is Procion Orange 

MX-G (C.I. Reactive Orange 1), which is structurally shown in 

Fig, 2.2. 
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Fig. 2.2 Procion Orange MX-G 

 

All major dyestuff manufacturers began investigation of new 

reactive group and application methods for cellulose fibres 

immediately after the introduction of Procion dyes. CIBA found 

that monochlorotriazine dyes also could be used as reactive 

dyes for cotton when the dyeing temperature and the pH 

values of the dyebath for the second part of the (batch) dyeing 

operation were increased. CIBA and ICI introduced the 

monochlorotriazine dye jointly in 1957 as Cibacron and 

Procion H (H for ‘Hot”) dyes respectively (Aspland, 1997). 

 

Hoechst in 1958 introduced cotton-reactive dye which 

contains sulphuric acid ester group of β-hydroxyethylsulphone 

under the trade name Remazol dyes (Jakes, Sibley and Yerkes, 

1994). 

 

SO3H 

N  

H 

O 

N  

HO3S  
NH 

N N 

N 

Cl 

Cl 
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Various dyestuff manufacturers later introduced further 

reactive groups among which are: 

(i) Procion MX (ICI) introduced in 1956 and  

(ii) Procion H (ICI) introduced in 1957,  

Both are used for cellulose fibres and have the same reactive 

group. 

 

 

 

Fig. 2.3 Structure of a Procion dye. 

 

Procion dyes were made by condensing an amino derivative of 

suitable dye with cyanuric chloride. (Jakes 2000). 

 

 

  

Fig. 2.4 Preparation of Procion dye 

+     HCl 
N N 

N 

Cl 

Cl  C →    Dye . NH Dye . NH2  + 
N 

Cl 
Cl 

N 

Cl 

N 

Dye . NH 

N 

N 

N 

Cl 

Cl 
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2.1.1  Outstanding Features of Procion Dyes (In relation 

to Procion dye printing) 

The outstanding features of Procion dyes include: 

(i) Very wide shade range of unique brilliance and intensity. 

(ii) Economically build-up to full shades.  

(iii) Suitability for roller or screen-printing. 

(iv) Suitability for printing cotton, viscose rayon, silk, wool 

and polyamide fibres as well as union of cellulosic 

fibres with synthetic and protein fibres. Simplicity of 

print paste preparation, using either sodium alginate 

or emulsion thickeners. 

(v) Very good solubility.  

(vi) Very good print past stability (in case of the procion H). 

(vii) Ease of fixation using conventional equipment. 

(viii) Very good washing-off behaviour.  

(ix) Very good all-round fastness. 

(x) Versatility in discharge and resist styles.  

 

 

2.1.2 The General Structure of A Fibre-Reactive Dye 
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Fig 2.5: Schematic representation of fibre reactive dye 

(Thesmarttime, 2002) 

Where: 

E = Chromogen: this is the coloured part of a reactive 

dye, it may belong to any of the chemical classes of 

commercial dyes, provided it has the necessary 

substantivity for the fibre. 

B = Bridging Group: this links the chromogen and the 

fibre reactive group.  

XG = Fibre-Reactive Group: this is the only part of the 

molecule that is able to react with the fibre.  

W = Water Solublizing Group: this is the ionic group of 

salts, which have the expected effects of improving 

the solubility, since reactive dyes must be in 

solution for application to fibres. 

 

E 

B 

XG 

W 
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2.1.3 Chemistry of Reactive Dye 

Reaction between the Procion dye and the fibre takes place in 

the presence of alkali and under the influence of heat. The 

excellent fastness properties of the Procion dyes arises from 

the direct chemical linkage (formation of covalent bond) that 

takes place between the fibre. (Procion dye printing) 

As the reactive dye enters into the fibre during the dyeing 

process, it becomes part of the fibre substances. The chemistry 

behind this chemical reaction can be explained thus; 

A reactive dye may be represented as:  

C – B – X 

Where  

C = Chromogen 

B = Bridging group 

X = Reactive system   

When it reacts with the fibre, F it becomes  

C – B – X – F  
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The wet fastness of the dyeing produced depends on the 

stability of the true covalent bond X – F. 

 

2.1.4 Application of Reactive Dye to Cellulose 

With respect to the scope of this work, application of reactive 

dye will be based on cellulose.  

 

2.2 CELLULOSE 

Cellulose is the most widely distributed plant polysaccharide. 

It forms the main constituent of the cell walls of plant and, in 

association with another (noncarbohydrate) polymer, lignin, it 

is the structural material of woody plants. Cellulose occurs 

almost in pure form in cotton and certain other plant fibers 

(flax, ramie fiber) (Baker, Helbert, Sugiyama and Miles, 2000). 

 

The economic importance of cellulose can be readily recognized 

when it is realized how widely paper products and cotton 

textiles are used. The commercial value of cellulose depends 

on the fact that it occurs in the form of fibre rendering it 
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suitable for making into paper or spinning of yarn for weaving 

(Karen and Carol, 2003). 

The composition of cellulose corresponds to (C6H10O5)n where n 

is a very large number. The structure is a condensation 

polymer of glucose, since complete hydrolysis gives a nearly 

quantitative yield of this sugar. Under milder conditions of 

hydrolysis the oligosaccharides cellobiose, cellotriose have 

been isolated. When the result of methylation studies, which 

have shown that 2, 3, 6 – trimethyl – D – glucose is nearly the 

exclusive product is added to these observations, the structure 

of cellulose can be described as a long chain of 1,4-linked β – 

D – glucopyranose unit as shown below (Kwahara, Shoya and 

Takavu 1996). 

 

 

Fig. 2.6 Structure of Cellulose 

Cellulose molecule has a number of hydroxyl (-OH) groups. 

These OH groups are the reactive sites for reactive dyes.  

 

2.3 REACTIVITY OF DYE AND CELLULOSE  
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Cellulose, a polyol (triol) with three hydroxyl group unit of 

glucopyranose; is capable of forming a covalent bond with any 

of the hydroxyl groups which is a potential reactive system 

used in a dye molecule for cellulosic fibres such as cotton (this 

reaction normally takes place when the cellulose ionizes in the 

presence of alkali). However, certain criteria must be met in 

order for this reactive system to be of practical use (Robert 

1992). 

The most important criterion is that the dye should be applied 

in an aqueous medium. In this instance, there are two 

competing reactions. One is the reaction of the dye and the 

fibre and the other is the reaction between the dye and water. 

In principle, it is possible to dye cellulosic fibres in an aqueous 

alkaline medium; with water-soluble dye under alkaline 

conditions where the hydroxyl groups in the cellulose 

molecules are partially ionized and can act as nucleophilic 

reagent (Jakes 2000), as shown in figure 2.7. 

The reactive system of the dye molecule can then react with 

either Cell-O- in cellulose or OH- in water. It has been shown 

that the dissociation constant for cellulose is higher that that 

of water (Aspland, 1997), thus, Cell-O- reacts faster than OH- 
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with the reactive group of the dye stuff. This preference of dye 

fibre interaction has been attributed to the higher 

nucleophoilicity of the aliphatic hydroxyl group of cellulose. In 

order for hydroxyl anion of cellulose to attract the reactive 

system of the dye, they must be in proximity, i.e. the dye 

molecule must be adsorbed into the fiber. This property, 

known as substantivity is the second fundamental condition 

that must be fulfilled before a dye-fiber interaction can take 

place (Morton and Hearle 1993). 

 

Another important condition is the covalent bond formed 

between the dye and the fiber. This must be stable to resist 

subsequent after treatments. In other words, the dye-fibre 

interaction must be relatively irreversible. In addition, the dye 

must have a suitable shelf-life and be nontoxic and economical 

to produce (Robertson and Grieve 1999). 

 

2.3.1 Reactive System Based on Nucleophilic Substitution 

This generally involves a based-catalyst addition of a 

nucleophilic functional group of the cellulose to the 

electrophilic center of the reactive group followed by the 



29 
 

subsequent displacement of a suitable leaving group. This 

mechanism applies particularly to hetrocyclic aromatic 

compounds containing liable leaving groups. The mechanism 

of a reactive dye fixation is shown below (Shamey and Hussein 

2005; Venkataraman, 2010). 

 

 

   

   (i)     (ii)    (iii) 

Fig. 2.7: The mechanism of a reactive dye fixation  

Where; 

(i)   shows nucleophilic functional group of cotton fabric 

ready to react with the electrophilic centre of the 

reactive group of reactive dye. 

(ii)    shows functional group of cotton fabric attacking the 

electrophilic centre of the reactive group of the reactive 

dye.  

(iii)    shows reactive dye reacted with the cotton fabric.   
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2.4 PRINTING PASTE 

Printing paste is a mixture of thickener, the colouring matter, 

solvent and fixing agent. (Clarke, 2002).  

 

2.4.1  Thickening Agents (Dohany, 1994).) 

A wide range of thickening agents exist, among which are 

starch derivatives, flour, gum arabic, guar gum derivatives, 

tamarind, sodium alginate, sodium polyacrylate, gum Senegal, 

gum tragacanth, British gum, dextrine, albumen and host of 

others.   

Starch 

Non modified Starch was the most extensively used of all the 

thickenings. It is applicable to all but strongly alkaline or 

strongly acid colours. With the former it thickens up to a stiff 

unworkable jelly, while mineral acids or acid salts convert it 

into dextrine, thus diminishing its viscosity or thickening 

power. Acetic and formic acids have no action on it even at the 

boil. Today mostly modified carboxymethylated cold soluble 

starches are used which have a stable viscosity and are easier 
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to rinse out of the fabric and give reproducible "short" pasty 

rheology. 

Gums 

Gum arabic and gum Senegal are both very old thickenings, 

but their expense prevents them from being used for any but 

pale delicate tints. They are especially useful thickenings for 

the light ground colours of soft muslins and sateens because 

of the property they possess in dissolving completely out of the 

fibers of the cloth in the washing process after printing and 

have a long flowing, viscous rheology, giving sharp print and 

good penetration in the cloth. Today guar gum and tamarind 

derivates offer a cheaper alternative. 

 

British gum or dextrin is prepared by heating starch. It varies 

considerably in composition; sometimes being only slightly 

roasted and consequently only partly converted into dextrine, 

and at other times being highly torrefied, and almost 

completely soluble in cold water and very dark in colour. Its 

thickening power decreases and its gummy nature increases 

as the temperature at which it is roasted is raised. The lighter 

coloured gums or dextrines will make a good thickening if 
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formulated from 0.9 to 1.35kg of gum to five litres of water, 

but the darkest and most highly calcined require from 2.7kg to 

3.8kg for five litres to give a substantial paste. Between these 

limits all qualities are obtainable. The darkest qualities are 

very useful for strongly acid colours, and with the exception of 

gum Senegal, are the best for strongly alkaline colours and 

discharges. Like the natural gums, neither light nor dark 

British gums penetrate as well into the fiber of the cloth so 

deeply as pure starch or flour, and are therefore unsuitable for 

very dark strong colours. 

Gum Tragacanth, or Dragon, is one of the most dependable 

thickening agents possessed by the textile printer. It may be 

mixed in any proportion with starch or flour and is equally 

useful for pigment colours and mordant colours. When added 

to starch paste it increases its penetrative power, adds to its 

softness without diminishing its thickness, makes it easier to 

wash out of the fabric and produces more level colours than 

starch paste alone. Used by itself, it is suitable for printing all 

kinds of dark grounds on goods that are required to retain 

their soft cloth feel. A tragacanth mucilage may be made either 

by allowing it to stand a day or two in contact with cold water 
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or by soaking it for twenty-four hours in warm water and then 

boiling it up until it is perfectly smooth and homogeneous. If 

boiled under pressure it gives a very fine, smooth mucilage 

(not a solution proper), much thinner than if made in the cold. 

Starch always leaves on the printed cloth somewhat harsh in 

feel (unless modified carboxymethylated starches are used) but 

are well suited to obtain very dark colours. Gum Senegal, gum 

arabic or modified guar gum thickenings are yielding 

beautifully clear and perfectly even tints comparing to starch, 

but give lighter colours and are easily washed away during the 

rinsing or washing of the printed fabric and are thus less 

suited for very dark colours. (The gums are apparently 

preventing the colours from combining fully with the fibers.) So 

a printing stock solution is mostly a combination of modified 

starch and gum stock solutions usually made by dissolving 2.7 

or 3.8kg of either in five litters of water. 

 

Albumen. 

Albumen is both a thickening and a fixing agent for insoluble 

pigments such as chrome yellow, the ochres, vermilion and 
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ultramarine. Albumen is always dissolved in the cold, a 

process that takes several days when large quantities are 

required. The usual strength of the solution is 1.8kg per gallon 

of water for blood albumen, and 2.7kg in five litres of water per 

gallon for egg albumen. The latter is expensive and only used 

for the lightest shades. For most purposes, one part of 

albumen solution is mixed with one part of tragacanth 

mucilage, this proportion of albumen being found amply 

sufficient for the fixation of all ordinary pigment colours. In 

special instances the blood albumen solution is made as 

strong as 50 per cent, but this is only in cases where very dark 

colours are required to be absolutely fast to washing. After 

printing, albumen thickened colours are exposed to hot steam, 

which coagulates the albumen and effectively fixes the colours. 

 

 

 

2.4.2  Selection of Thickening Agent and Dye System 

Combinations of cold water, soluble carboxymethylated starch, 

guar gum and tamarind derivatives are most commonly used 
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today in disperse screen printing on polyester, for cotton 

printing with reactive dyes alginates are used, sodium 

polyacrylates for pigment printing and with vat dyes on cotton 

only carboxymethylated starch is recommended. 

 

2.4.3 Printing paste preparation 

Preparation of printing paste can be done in one of the 

following ways:  

Starch paste can be made from 

(i)  Wheat starch, cold water, and olive oil, are boiled for 

thickening 

Hot water soluble thickening agents  such as native starch are 

made into pastes by boiling in double or jacketed pans, 

between the inner and outer casings of which either steam or 

water may be made to circulate, for boiling and cooling 

purposes. Mechanical agitators are also fitted in these pans to 

mix the various ingredients together, and to destroy and 

prevent the formation of lumps, keeping the contents 

thoroughly stirred during the whole time they are being boiled 
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and cooled to make a smooth paste. Most thickening agents 

used today are cold soluble and require only extensive stirring. 

(ii)  Cassava Starch, cold water and hot water 

Cassava starch is pasted in cold water, hot water is poured 

into the solution for thickening. 

Flour starch paste is made in a similar way to starch paste. At 

the present time it is rarely used for anything but the 

thickening of aluminum and iron mordants. In the impressive 

textile traditions of Japan, several techniques using starch 

paste resists of rice flour have been perfected over several 

centuries. 

Formerly colours were always prepared for printing by boiling 

the thickening agent, the colouring matter and solvents 

together, then cooling and adding the various fixing agents. At 

the present time, however, concentrated solutions of the 

colouring matters and other adjuncts are often simply added 

to the cold thickenings, of which large quantities are kept in 

stock. 

If the dyestuff, the fabric and the thickening agent are chosen, 

then the concentrated solution of the dyestuff is added to the 
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thickening agent, other solvents and fixing agents are added 

and the solution stirred to form a print paste. (Clarke, 2002) 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER THREE  

3.0 METHODOLOGY 

The materials and methods used in this research are 

presented in this part of report as follows. 
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3.1 MATERIALS  

The following materials were used in this work. 

 Procion M (Reactive dye); supplied by the Department of 

Polymer and Textile Engineering Federal University of 

Technology Owerri. 

 Cassava Starch; purchased from Owerri Main Market. 

 Sodium chloride; purchased from chemical shop in 

Owerri. 

 Caustic soda; purchased from chemical shop in Owerri. 

 Cotton fabric (desized, scoured and bleached); purchased 

from Owerri Main Market. 

 Backgrey (cotton fabric); purchased from Owerri Main 

Market. 

 Gauze (polyester fabric); purchased from Owerri Main 

Market 

3.1.1 Collection of Materials  

The dye used in this research work was produced by Imperial 

Chemical Industries (ICI). The trade name of this dye is 

Procion M. Sodium chloride and caustic soda were obtained 

from a chemical shop located in Owerri, Imo State. Other 
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materials were obtained from a local market also in Owerri 

town. 

 

3.2 APPARATUS 

The apparatus used in this research are: 

 Weighing balance 

 Beakers 

 Plastic containers 

 Viscosity drop funnel 

 Stop watch 

 Screen 

 Squeegee 

 Pattern (design) 

 Counting glass 

 Wood 

 Nails  

 Hammer  

 Tacks (Drawing pins) 

 Paint brush 

 Scissors 

 Desktop computer 
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 Printer 

 Masking tape 

 Printing table 

 Kitchen Stove 

 Kettle 

 Pressing iron 

 

3.3 METHODS 

One of the most important expectations of a textile printer is to 

produce a product that will be pleasing to the eye and also 

stand the test of time. In order to achieve these objectives 

using dyes on cotton fabric, the following processes were 

adopted.  

 

 

3.3.1 Screen Construction  

The screen fabric needed for the printing was purchased from 

a local market in Owerri. The warp and weft of the cloth were 

counted using a counting glass, in order to asses the sett 
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(warp and weft per cm) of the screen fabric. The screen fabric 

sett was 36 warp by 22 weft per cm. 

 

Frame construction  

The frame for the printing screen was formed with woods to 

the size of 45.72 x 45.72cm 

 

 

 

Fig. 3.1: Schematic representation of the screen frame 

 

Stretching of the screen fabric (gauze) 

The screen gauze was stretched over the frame by hand. Care 

was taken in drawing the gauze over the frame in order to 

obtain correct and even tension across the frame. 

During the stretching, metal tacks were used to fasten the 

gauze to the frame. The gauze was further firmly held to the 

frame with the aid of rubber adhesive. 

 

45.72 cm 

45.72 cm 
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Design Preparation 

The design to be used in the printing was created with the aid 

of a computer and printed with an impact printer. 

 

Transfer of the design to the screen 

The design was placed at the center of the screen and held in 

place with the aid of masking tape. The rubber adhesive was 

used to cover all areas of the screen where design is not 

needed. The screen was allowed to dry.  

At dry state of the screen, the masking tape and the design 

were removed while the positive of the design was left on the 

surface of the fabric. 

The sketch below shows the screen at its finished state. 

 

 

 

 

 

Screen gauze 

Designs  
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Fig. 3.2: Schematic representation of the screen 

 

3.2.2 Preparation of printing paste 

The preparation of the printing paste involves the following 

processes: 

(i) The starch was milled to a powder state; the milled starch 

was pasted in cold water and the starch stock paste 

was then prepared by introducing hot water. 

 

The starch stock paste was produced at different 

viscosities  (95 drops/min, 50 drops/min and 105 

drops/min). 950g of each of stock paste was weighed 

out using weighing balance and kept in plastic 

containers labeled A, B, and C. 

 

(ii) The auxiliaries were weighed out based on the quantity of 

stock paste using electronic weighing balance. 
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The following parameters were obtained  

 

Table 3.1: Percentage and weight of printing paste materials 

Auxiliaries Percentage (%) 

Based on starch 

Weight (g) 

Starch Stock paste 100 950 

NaCl 10 95 

NaOH 10 95 

Procion M 

(a) 

(b) 

 

2 

0.2 

 

19 

1.9 

 

(iii) For container A, of low viscosity (95 drops/min), the 

stock paste was allowed to cool. A solution of sodium 

chloride was prepared using the weighed 95g of 

sodium chloride and warm water in a beaker, and was 

poured into the stock paste and stirred. Also the 

weighed quantity of caustic soda was made into 

solution in a beaker and poured into the stock paste; 

the content of container was stirred vigorously. Finally, 

19g of the reactive dye (procion) dye was added while 
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still stirring the content. The stirring continued till 

homogeneity was attained. 

 

 

Table 3.2: Formulation for Paste A 

Auxiliaries Percentage (%) 

Based on starch 

Weight (g) 

Starch Stock paste 100 950 

Sodium chloride (NaCl) 10 95 

Caustic soda (NaOH) 10 95 

Procion dye (Reactive dye) 2 19 

 

(iv) For container B, of highest viscosity (50 drops/min), 

the stock paste was still hot when the auxiliaries were 

added with continuous stirring in each case. But in 

this case, the weight of the reactive dye was 1.9g. 

 

 

Table 3.3: Formulation for Paste B 

Auxiliaries Percentage (%) 

Based on starch 

Weight (g) 
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Starch Stock paste 100 950 

Sodium chloride (NaCl) 10 95 

Caustic soda (NaOH) 10 95 

Procion dye (Reactive dye) 0.2 1.9 

 

(v) For container C, of lowest viscosity (105 drops/min), the 

stock paste was still hot when the auxiliaries were 

added with continuous stirring in each case. (However, 

the solution of caustic soda (NaOH) was prepared a 

day before it was used (this was to compare effect of 

paste C and paste B) and the reactive dye 

concentration was 1.9g). 

 

 

 

 

 

 

Table 3.4: Formulation for Paste C 

Auxiliaries Percentage (%) 

Based on starch 

Weight (g) 
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Starch Stock paste 100 950 

Sodium chloride (NaCl) 10 95 

Caustic soda (NaOH) 10 95 

Procion dye 0.2 1.9 

 

3.2.3 DETERMINATION OF VISCOSITY  

 

The viscosities of the printing pastes were determined using 

viscosity drop funnel. The apparatus for this was set up as 

shown in fig. 3.3.  

 

 

 

 

 

 

Fig. 3.3: Set-up of Viscosity Drop Funnel 

Each of the printing pastes; A, B and C were poured in-turn 

into the viscosity funnel while the tap was still locked. The tap 

Printing Paste 

Funnel 

Tap 

Dropping Printing Paste 

Beaker 
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was then opened to allow the printing pastes to drop into the 

beaker.  

Stop watch was timed for one minute, while number of drops 

for each of the printing pastes within this one minute was 

counted. The following results were obtained. 

 

Printing Pastes    No of Drops 

 A      95 drops/min 

 B      50 drops/min 

 C      105 drops/min. 

 

3.2.4 Printing 

Preparation of printing table  

The printing table was prepared using the backgrey as 

cushion and the fabric to be printed was then laid on the 

backgrey. Tacks were used to hold them firmly to the 

printing table. 

Procedure for printing  
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Using Paste A 

Before beginning the print operation, the screen was “wetted 

out” with print paste A. A suitable amount of print paste A 

was poured into the well of the screen frame and transferred 

through onto a piece of spare fabric (test fabric) underneath, 

by drawing it to and fro across the screen with the 

squeegee. This was to ensure a good transfer of dyestuff 

paste to the subsequent fabric sample that will be printed.  

This was followed by the actual printing with print paste A. 

The screen was placed on the fabric, while the squeegee was 

pulled back and forth in strokes of 1, 3, 5, 7 and 9. This 

action was repeated using two more fabrics. Thus three 

samples D, E and F were printed using print paste A. 

 

Using Paste B 

For print paste B, the screen was also “wetted out” using 

the print paste and placed on the fabric while the squeegee 

was pulled back and forth in strokes of 1, 3, 5, 7 and 9 for 

three different sample G, H and I.  
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Two of these samples G and H were superimposed (duplex 

printed); after allowing the prints time to dry.  

The drying was achieved by exposing the printed samples to 

room temperature. It was necessary to wait until the print 

was dry enough to avoid picking-up and marking-off. 

Duplex printing was then carried out.   

Before carrying out the duplex printing, the screen was once 

again “wetted out” with the print paste and placed in careful 

register with first prints of each of the two samples; G and 

H. the printing process was carried out in the usual strokes 

of 1, 3, 5, 7 and 9 to superimpose the first prints. 

Sample G was superimposed on the same side of the fabric, 

while Sample H was superimposed on the opposite side of 

the fabric. 

Using Paste C 

For print paste C, the screen was equally “wetted out” with 

the print paste. It was then placed on the fabric as in the 

previous operations. The squeegee was also pulled in the 

usual strokes of 1, 3, 5, 7 and 9. The sample printed with 

this paste was labeled J. 
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Care of the Screen 

The screen was washed as soon as the printing operation 

was completed to ensure that the screen do not dry with the 

paste, which if happens leads to the blocking the screen 

mesh, that may eventually render the screen useless for 

future printing. 

 

Fixation 

The prints were allowed sufficient time to dry and fixation 

was done using a hot pressing iron to run through the 

prints for 20 seconds in order to fix the dye molecules on 

the fibres. 
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CHAPTER FOUR 

 

4.0 RESULTS AND DISCUSSIONS 

At the end of the experiments and sample anaylysis, results 

were obtained and discussions were made based on the results 

and these formed the basis of this chapter. 

 

4.1 RESULTS 

From the work carried out on the effect of screen printing 

variables such as: squeegee strokes, paste viscosity, print 

paste storage and superimposed prints on the colour yield of 

reactive dye printed fabric, the following results were obtained. 

 

4.1.1 Effect of Squeegee Strokes on the Colour Yield of 

Reactive Dye Printed Cotton Fabric (Appendix A) 

The number of squeegee strokes influenced the print 

appearance of the cotton fabric printed with reactive dye 

printing paste. Five different numbers (1, 3, 5, 7 and 9) of 

squeegee strokes were applied. It was observed that: 
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(i) with printing paste A, of  medium viscosity (95 

drops/min) in appendix A, there was no visible change 

in colour yield, especially after 3 strokes of the 

squeegee irrespective of the sample type. 

(ii) with printing paste B, of very high viscosity (50 

drops/min), colour yield of the printed fabric increased 

with increase in squeegee strokes, but after 3 strokes 

no colour change is noticed. 

(iii) With printing paste C, of very low viscosity (105 

drops/min), colour yield also increased with increase 

in squeegee strokes up to 3 strokes. It could be 

concluded that increase in squeegee strokes leads to 

increase in colour yield, but after 3 strokes, the fabric 

gets saturated and can take no more colour, hence; no 

appreciable change in colour yield is noticed.   
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4.1.2 Effect of printing paste Viscosity on the Colour 

Yield of Reactive Dye Printed Cotton Fabric 

(Appendix B) 

The cotton fabric printed with highly viscous print paste, has 

less of print paste penetrating the fabric structure and showed 

an increased colour yield before washing. 

There may be many reasons for the above observations; - at 

low viscosities, the paste and the dye molecules appear to 

penetrate the fabric structure more, thus leaving less colorant 

at the fabric surface. But at very high viscosity, the colorants 

tend to “sit” on the fabric surface and colour intensity is 

“apparent” and not actual. Thus high viscosity gives rise to 

surface coating of the fabric giving rise to poor rubbing 

fastness. All these happen before washing off of the printed 

fabric. After washing off, the reverse is noticed. Low viscous 

paste gives rise to high colour yield since the colourants 

penetrate the fabric structure where reaction and fixation take 

place, while high viscous paste gives low colour yield as seen 

above, since the colourants “sit” on the fabric surface and not 

much reaction takes place between the dye and the fibres.   
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4.1.3 Effect of Printing Paste Storage on the Colour 

Yield of Reactive Dye Printed Cotton Fabric 

(Appendix A) 

There was no marked difference between the print results 

obtained with respect to print paste storage time (three days). 

Printing paste A produced samples D, E, and F in three 

different days. These samples had the same colour yield. 

Printing paste B printed three samples in three different 

operations in different days. The print of the first and second 

days showed no appreciable difference in colour shade but the 

third print made on the fourth day showed a marked difference 

(decrease in colour shade) from the first print. As usual, there 

could be many reasons for this observation. It could be that 

within the first and second day, dye waste due to reaction 

between dye and water as a result of hydrolysis was not much 

as to show any appreciable change in colour yield, but when 

the print paste was left for four days, the waste occurred as 

result of reaction between dye and the water (alkaline past and 

OH group in water) and less dye was available for colouration; 

hence low colour yield on the fourth day storage. In the 
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reaction mechanism of a reactive dye and cellulose, cellulose 

dissociates in alkaline media to produce the anion which 

reacts with the dye as follows (Lewis, 2004): 

Cell – OH + OH- → Cell – O- + H2O  

The covalent bond between the reactive dye and the cellulose 

can be formed by nucleophilic substitution or addition. The 

reaction is as shown in Figure 4.1. 

 

 

 

Figure 4.1: Reaction between Procion dye and cellulose 

Thus, after longer time of storage of the printing paste, the 

viscosity as well as the colour yield of the printing paste 

decreased; since the dye has been “wasted” due to reaction 

between dye and water during the storage period as shown in 

Figure 4.2. 
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Reactive dye reacting with water hydrolysed reactive dye  

Figure 4.2: Hydrolysis of Procion Dye (Lewis, 2004). 

4.1.4 Effect of Superimposing Prints on the Colour 

Yield of Reactive Dye Printed Cotton Fabric 

(Appendix C) 

The Print of the highly viscous print paste was of low colour 

depth and shade, but when superimposed (duplex printed), the 

colour depth and shade increased. As seen earlier, the high 

viscous print paste gave a low colour print after washing. This 

could mean that more “sites” were still available for dyeing and 

this happens if extra strokes are given after drying or washing 

of initially printed fabric. In reality, this was what happened. A 

second print superimposed on the already printed area gave 

rise to a high colour result. This could be the foundation of the 

so-called duplex or the Real wax print or the “Hollandise, 

proudly worm by the Nigeria Ladies of fashion. 
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4.2 DISCUSSION 

From the results of the experiment carried out on the four 

variables and the results obtained as presented above, it can 

be said that; 

(a) In Appendix A, the percentage of dye used in paste A 

was much higher in relation to those of other 

auxiliaries hence the paste colour yield was high, 

hence there was no significant difference in colour 

observed with variation in the squeegee strokes. On 

the contrary, for print pastes B and C, the percentage 

of the dye was appreciably reduced and hence it was 

easier to detect the variation in colour yield and 

appearance. 

 

(b) Increase in the squeegee strokes will increase the 

colour yield but after 3 strokes, no noticeable colour 

difference was observed on the prints. This implies 

that 3 strokes of the squeegee could be adopted as the 

maximum number of strokes when printing cotton  
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fabric with reactive dye (Procion M). Commercially, this 

is the acceptable number of strokes used in the textile 

firms. 

 

(c) The low colour yield observed on the fabric printed with 

printing paste B of high viscosity showed that; at high 

viscosity, the colorants do not penetrate the structure 

of the fabric; thus giving rise to poor wash fastness. 

Conversely, the fabrics printed with printing paste of 

low viscosities showed appreciable colour yields 

because the colourants in each them penetrated the 

fabric structure therefore they were able to show good 

wash fastness.   

From the above findings, it then implies that printing paste 

behavior is characterized by its rheology for fine and even 

prints. It is important therefore that the paste can be printed 

easily to really penetrate the fabric structure and produce the 

required fine pattern and designs without having to “sit” on the 

surface of the fabric which in the real sense gives “apparent” 

colour yield. This implies that it must be easy to squeegee the 

paste over the surface and through small openings of the 
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screen to deposit the paste on the fabric. For this purpose, the 

paste must exhibit a shear thinning or pseudo-plastic 

behavior. After raising the screen, the paste must completely 

release from the screen opening and regain its structure fast, 

so that it does not spreads of slump. Slumping will cause the 

printed pattern to lose shape and gain width, starting just 

after the screen is released.  

 

(d) The same colour shade obtained with prints of different 

days showed that short storage time of printing paste 

prepared by the auxiliaries used in this project does 

not affect the colour yield of reactive dye printed 

cotton fabric significantly. This is because the 

reactivity of dye and cotton fabric is not necessarily 

dependent on the storage time of printing paste but 

on the strong chemical bond that holds the reactive 

dye and the cotton fabric together. However, long 

storage time affects the colour yield of the printed 

fabric due to the action of hydrolysis, which extracts 

the colouring part of the dye, thus leaving the paste 

with little or no dye for proper colouration. 
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(e) The Print of the highly viscous print paste was of low 

colour depth and shade, but the colour depth and 

shade increased, when it was duplex printed. Duplex 

printing or superimposition of first prints helped to 

boost the colour yield of the fabric.  

 
(f) The increase in colour shade of the undefined prints or 

low colour yield cotton when superimposed or 

duplex printed showed that undefined prints of low 

colour yield of printed cotton fabrics can be 

compensated by superimposing or duplex printing 

the first print. 

 

Also, after longer time of storage of the printing paste, the 

viscosity as well as the colour yield of the printing paste 

decreased as result of hydrolysis and a side reaction between 

the reactive site of dye molecule and the hydrogen molecule of 

water (Lewis, 2004). In effect, the reactive dye printing paste 

should not be stored for longer length of time before printing to 

reduce the amount of hydrolysis of the dye molecule which is 

favoured by storage time.    
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4.3 ACHIEVEMENT / CONTRIBUTION TO KNOWLEDGE  

 

From the investigation carried out on the effects of some 

printing variables such as; squeegee strokes, print paste 

viscosity, paste storage time and superimposed print on the 

colour yield of reactive dye printed cotton fabric; it has been 

shown that:  

(i) Three strokes of the squeegee strokes could be adopted 

as the maximum number of strokes when printing 

cotton fabrics. Incidentally, this is the practice in the 

textile industry. 

 

(ii) In the preparation of printing paste, the viscosity should 

not be too high or too low, in order to push the paste 

through the small openings of the screen so that the 

colourants will penetrate the fabric structure to exhibit 

good wash fastness  and avoid spreading which may 

lead to undefined print. 

 
(iii) A solution of Procion dye (reactive dye) looses its 

intensity when stored for a longer time as a result of 
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hydrolysis. Hence, it is best to prepare small quantities 

as required and use them within five (5) days. 

 
(iv) Superimposition can be used to redefine colours of 

prints that were not defined in the first print operation     

 
(v) If the percentage of dye used in the preparation of print 

paste is higher in relation to those of other auxiliaries, 

the colour yield will be too high; hence there will no 

significant difference in colour observed with variation 

in the squeegee strokes. On the contrary, if the 

percentage of the dye is reduced appreciably it will be 

easier to detect the variation in colour yield and 

appearance. Hence for experimental purposes, the 

percentage of dye in relation to other auxiliaries should 

not be too high (Not more than 0.2%). 

 

 

This work can assist screen printers to avoid or reduce 

appreciably irregularities in printing and poor colour yield of 

the printed fabric that could render the fabric unsalable. 
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The textile printer is therefore encouraged to take these 

findings into cognizance so as to really produce good 

product designs and market them with good profits.  

 

 

 

 

 

 

 

 

 

 

 

CHAPTER FIVE 

 

5.0 CONCLUSION AND RECOMMENDATIONS 
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5.1 CONCLUSION  

The approach of investigating the effects of some variables 

(squeegee strokes, print paste viscosity, paste storage time 

and superimposed print) on the colour yield of reactive dye 

printed cotton fabric using visual inspection was successful.  

Paste viscosity should be moderate so that it can be easy to 

squeegee the paste over the surface and through small 

openings of the screen to obtain the required fine pattern 

and designs with good colour yield. 

With the results obtained in this work, it was established 

that; the four variables investigated contribute in no small 

measure to the colour yield of reactive dye printed cotton 

fabric. The screen printer is therefore expected to take these 

variables into cognizance so as to avoid; 

(i) Irregularities in printing, which may lead him to 

incurring extra cost due to procurement of new fabric 

or print paste. 
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(ii) Poor colour yield of the printed fabric that will render the 

fabric unattractive, thus will not have the power to 

attract customers. 

Finally, if these variables are adequately handled, they will 

appreciably aid good design production in textile printing.  

  

5.2 RECOMMENDATIONS 

Based on the work carried out, the following 

recommendations are necessary in order to ensure good 

design production in textile printing. 

(i) The viscosity of the print paste should not be too high nor 

too low; since a very high viscosity paste will not give 

good colour fastness since the dye will not adequately 

penetrate the fabric structure, while too low viscosity, 

though may give good colour fastness could lead to 

colour spreading, hence given rise to undefined print. 

Therefore, the viscosity should be such that the colour 

can really enter the fabric structure without spreading. 
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(ii) In screen printing of this nature, 3 strokes of the 

squeegee will be enough to put the design on the 

fabric. 

(iii) Printing paste which contains the reactive dye and 

other auxiliaries, should not be stored for more than 

one week. This is to avoid hydrolysis between the 

reactive dye and water, which ends up extracting the 

colouring part of the dye. 

(iv) Duplex printing can be used to increase the colour of 

an already printed design when the first print has poor 

colour yield.     
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APPENDIX A 

Printed samples showing the effect of storage 

time/squeegee strokes on the colour yield of reactive dye 

printed cotton fabric. 

Printing   Samples          No of Squeegee Strokes              Storage  
Paste                  Time 
 

           1   3       5       7         9           

        D               day 1  

 

A  E              2days 

 

  F              4days 

 

  G               day 1 

 

 B  H              2days 

   

I              4days 

 

C  J                     day 1 
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APPENDIX B 

Printed samples showing the effect of print paste viscosity 

on the colour yield of reactive dye printed cotton fabric. 

 

Paste viscosity   No of squeegee strokes  

        1     3    5   7      9 

 

A  - low viscosity  

 (95 drops/min) 

  

 

 

 

B     - highest viscosity  

 (50 drops/min) 

 

 

 

 

C  - lowest viscosity  

 (105 drops/min) 
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APPENDIX C 

Printed samples showing the effect of superimposition on 

the colour yield of reactive dye printed cotton fabric. 

 

Sample      No of squeegee strokes  

    1+1          3+3       5+5     7+7    9+9 

 

G (same side) 

 

 

        

  

 

 

 

 

1+1          3+3       5+5     7+7    9+9 

 

H (opposite sides) 
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