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ABSTRACT 

The factors that affect the colour yield of an acid dye on nylon fabric were 

investigated at a constant temperature of 500C, usingC.I. Acid Yellow 23,with 

citric acid and sodium chloride as auxiliaries. It was observed from the 

absorbance results that the colour yield of C.I. Acid Yellow 23 improved with 

increase in time of dyeing, while the absence or increase beyond 1% (acid) and 

5% (salt) reduced the colour yield of the acid dye on the nylon fabric. Also, at a 

constant dyeing time of 10minutes, the absence or increase in salt beyond 5% 

had the most effect of reducing the colour yield. The results also show that for 

any given time of dyeing in this study, colour yield improved when salt and acid 

concentrations were constant at 5% and 1% respectively. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Colouration of textiles involves the application of colour on textile materials by 

the use of a colourant. This is achieved either through a printing or dyeing 

process using a soluble dye or an insoluble pigment as the colourant. 

The application of colour to certain parts of a fabric in definite patterns or 

designs is known as textile printing. Several textile printing techniques and 

styles are in vogue today; examples include screen printing, spray printing, 

block printing, roller printing, digital textile printing among others. 

Dyeing on the other hand involves the uniform covering of a whole material 

with one colour. This may take place with the material in the form of fibres, 

yarn, cloth (fabric) or film.There are also several dyeing techniques and styles, 

examples includes tie and dye, batik, shibori, ikat, waterless fabric dyeing. 

As earlier mentioned, both dyeing and printing requires the use of a dye or 

pigment. A dye is  acoloured compound capable of being introduced into/unto a 

fibre and fixed inside the fibre whereas a pigment cannot penetrate into 

fibres.Pigments are generally insolublein water, with little or no affinity for the 

fibre (substrate) and hence must be fixed with a binder(Khatri, Z. et al. 2011) 

1.1.1 CLASSIFICATION OF DYES 

A dye can be of natural (animal, vegetable, or mineral) or synthetic (reactive, 

azo, disperse, vat, acid) origin. The first synthetic dye-mauveine was discovered 

by William Henry Perkin in 1856 and several thousands of synthetic dyes have 

since been produced which quickly replaced the traditional natural dyes(RSC, 

2006). 
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At present, dyes could be classified according to how they are used in the 

dyeing process and their dissociation in an aqueous solution (SathiyaMoorthi 

P.I et al, 2007): 

1. Acid dyes 

2. Basic dyes (cationic) 

3. Direct or substantive dyes 

4. Mordant dyes 

5. Vat dyes 

6. Reactive dyes 

7. Disperse dyes (nonionic) 

8. Azoic dyes 

9. Sulphur dyes 

Dyes/colourants can also be classified basedontheir level of fastness to wet 

treatment ( Price, H. 2002). Two groups clearly emerge in this classification: 

Group 1: Acid dyes, direct dyes, basic dyes and disperse dyes. These dyes 

cannot give dyeing of maximum fastness to wet treatment.  

Group 2: Sulphur dyes, vat dyes, Azoic components and composition, ingrain 

dyes, oxidation dyes, reactive dyes, Chrome dyes and pigments. Maximum 

fastness to wet treatment is achieved with these colourants if used properly. 

To use a dye properly involves in addition to other things a knowledge of how 

best such a dye can be applied to a material. Attachment of dye molecule to 

fibre is one of absorption, adsorption or chemical reaction and there are four 

kinds of forces by which either of these can be achieved: 

1. Ionic forces, (2) hydrogen bonding, (3) Van der Waals forces and (4) 

covalent chemical linkages (Whewell, C.S 2011). Dyeing of textilefibre is 

carried out in a solution, generally aqueous, known as the dye liquor or dye 
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bath. True dyeing takes place when the colouration is relatively permanent, 

that is, not readily removed by rinsing in water or by normal washing 

procedures. 

A compound functions as a dye only if it possesses the followingfour properties 

(Christie, R.M. 2001) 

(A) Intense colour: Two main parts of dyes are responsible for colour: 

I. The chromophore: This is the unsaturated part of the dye molecule. In 

textile dyes they are usually aromatic rings and azo groups 

II. The auxochromes: This is the electron-donor or electron acceptor group or 

atoms e.g. CO group (as in anthraquinone), NO2 (i.e. electron acceptors) or 

OH, OMe, NH2, NMe2 (i.e. electron donors) 

(B) Solubility in almost all cases, in an aqueous solution (either permanently or 

only during dyeing operations) 

(C) Ability to be absorbed and retained by the fibre (substantivity) or to be 

chemically combined with it (reactivity) 

(D) Fastness, that is, ability to withstand the treatment the fibre undergoes in 

manufacturing process and in normal use. 

 

1.1.2 COLOUR YIELD 

Colour yield is the depth of colour obtained when a standard weight of 

colourant is applied to a substrate under specified conditions 

(www.probrite.net,2012). Several factors can affect the colour yield of any 

particular dye, ranging from temperature of the dye solution, dyeing period, dye 

bath assistants, pH of dye bath, type of material being dyed, dyeing process and 

the geometry of the dye molecule. Colour yield of any dye will also depend on 

its rate of diffusion which is the process in which dye adsorbed on the surface of 

the textile fibre passes into the interior of the fibre. Also the rate of transferring 
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the dye from solution to the fibre  known as exhaustion will affect the colour 

yield. Other factors include the attractive power of the dye to the fibre 

(substantivity) and levelness quality of the dye (www.colour.experience.org 

2011) 

The chemical structure and composition of both the fibre and dye is of great 

importance because of the effect they have on absorption, diffusion, 

substantivity and fixation of the dye on the fibre. Hence certaindyes can only be 

used for certain garments (fibres) to achieve the best dyeing result. 

Colour yield is also affected by the dyeing procedure used. Two main dyeing 

procedures include exhaustion and impregnation followed by fixation 

(Schonberger, H. et al 2003). 

In exhaustion dyeing, the material to be dyed is in contact with the dye liquor 

throughout the whole dyeing process. The dye is selected and progressively 

absorbed by the material until equilibrium is reached. The dyeing method used 

in this procedure is always batchwise. 

Impregnation dyeing involves impregnating the material to be dyed with a 

solution or dispersion containing the assistant necessary to promote dye 

absorption and fixation. Care must be taken not to allow selective absorption of 

dye at this stage. This stage is always a continuous process. The impregnated 

material is then put under conditions which promote diffusion of the dye into 

and fixation of dye in the fibre. The fixation stage may be batchwise or 

continuous. 
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1.1.3 ACID DYES 

Edward C. Nicholson a chemist invented acid dye in 1862 and named the dye 

after the small amount of acid mixed with the colour (www.ehow.com Jan. 

2012). These dyes are used for protein fibres (25-30%) such as wool, angora, 

cashmere, for polyamides (70-75%) and for silk. (Burch, P, 2003). 

Interaction of the dye with the fibre is based partly on ionic bonds between 

sulphonate anions and the ammonium groups of the fibre and on secondary 

bonds such as van der waals forces. Such secondary bonds are established in 

particular in the case of higher molecular weight dyes, which form aggregates of 

high affinity for the fibre. 

Characteristics and Classification of Acid Dyes 

Acid dyes are azo (the largest group), anthraquinone, triphenylmethane, copper 

phthalocyanineChlomophoric systems. They are made water-soluble by the 

introduction of sulphonate groups in their molecule (www.inerisf... Dec. 2011). 

Examples of acid dyes are as seen in appendix I 

Classification of acid dyes is by their dyeing behavior and wet fastness 

properties; hence an arbitrary classification normally adopted in order of 

increasing fastness is (www.chm.bris.ac...2002): 

I. Level – dyeing or equalizing acid dyes 

II. Fast acid, half-milling or perspiration-fast dyes 

III. Acid milling dyes 

IV. Supermilling dyes 

Class I dyes are subdivided into two classes, monosuphonated (mainly for 

polyamide) and disulphonated (mainly for wool). They have good leveling 

properties due to their poor affinity for the fibre and their wet fastness is also 

sometimes poor. 
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Class II dyes are also used for polyamide because they are generally 

monosulphonated. They have better fastness property than the class I but a 

lesser shade range. 

Class III dyes have a degree of fastness to wet treatment employed when 

milling (mild felting) woollen fabrics. A subdivision of this class of dyes 

includes the class IV dyes, which have good wet fastness properties due to their 

long alkyl side-chains attached to theirchromophore. 

It is important to note that the above classification is also based on the 

understanding that the acid dye is a generic term which includes several 

individual dye classes. 

Application 

Acid dyes are applied under pH conditions that vary from strongly acidic to 

neutral ones (3-7.5). This is done in an aqueous solution depending on the class 

the acid dye belongs. In order to improve the dye uptake of the fibre for low-

affinity dyes, level of cationisation of the fibre is increased by acidification. 

Under this condition, dyes with higher molecular weight and high affinity 

would adsorb too rapidly on the fibre hence alevelling agent will be required. 

(www.inerisf... Dec. 2011) 
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1.1.4 NYLON, ITS DYEABILITY AND USAGE IN TEXTILE 

INDUSTRY 

NylonFibre 

Nylon was the first truly synthetic fibre to be commercialized. It is  a polyamide 

fibre, derived from a diamine and a dicarboxylicacid.Several commercial nylon 

products abound, such as nylon 6, 11, 12, 6/6, 6/10, 6/12 etc. However, the most 

widely used nylon product in the textile industry are nylon 6 (Polycaprolactam, 

a cyclic nylon intermediate) and nylon 6/6 (polyhexamethyleneadipamide) 

(Hegde, R.R et al. 2004). Their chemical formulas are as follows: 

       

   

  

The difference between nylon 6 and nylon 6,6 is that nylon 6 has a much lower 

melting point than nylon 6,6. Nylon fibres have the luster of silk but have a 

higher tensile strength than silk, wool, rayon and cotton. It is chemically stable 

and is not attacked by mildew or bacteria.Also nylon 6 has six carbon atoms in 

its monomer while nylon 6,6 has two six carbon atoms in its monomeric unit. 

Dyeability of Nylon Fibre 

Its unique chemistry makes it possible to easily dye nylon using the same acid 

dyes that are commonly used on wool and other animal fibres (Burch, P.E 

2008). The dyeing efficiency of nylon fibre is enhanced due to the end groups    

– COOH (carboxylic) and – NH2 (amide) which exhibit polar and hydrophilic 

characteristics (Hedge, R.R. 2004). Dyes can be applied to the molten mass of 

nylon or to the yarn or finished fabric. 

 

NH – (CH2)6 – NHOC (CH2)4  CO –            

nylon 6,6 
n 

NH – (CH2)5 – CO           
nylon 6 

n 
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Usage of Nylon Fibres in Textile Industry 

The versatility of nylon gives it an outstanding characteristic in the textile 

industry. Nylon can be made strong enough to be used as tyre cords, it can  be 

made into fine strands for sheer, high fashion hosiery and it can equally be 

made so light to be used for parachute cloth and back packers teat. Nylon can be 

used both alone and in blend with other fibres, where its major contributions 

will be strength and abrasion resistance. Nylon dries quickly when washed, 

needs  little pressing and holds its shape well since it neither shrinks nor 

stretches especially when heat-set  (Hegde R.R, et al. 2004). 

 

1.2 PROBLEM STATEMENT 

The fact remains that the colour of some dyed nylon fabric does not match the 

colour depth of the acid dye used, thus leading to poor fabric appearance, low 

pricing in some cases and consequently financial loss to the producer. 

Also, the acid dye effluent load discharged into our surface water especially by 

our local fabric dyers and industries may be above the internationally permitted 

limit. This reduces availability of unpolluted fresh water and destroys aquatic 

life thus creating a major problem. Similarly, more time and cost will be 

incurred in order to clean up a high load of acid dye effluent discharged either 

for reuse or for onward discharge to fresh water. 
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1.3  OBJECTIVES OF THE RESEARCH WORK 

Some objectives of this work include: 

(a) To study the effect of some  factors on the dyeing of nylon fabric with 

acid dye 

(b) To identify some reasonsfor low or poor acid dye exhaustion and the 

consequent high effluent load. 

(c) To give a practical and easy guide to local nylon dyers especially to get 

good colour yield when using acid dye. 

 

1.4  JUSTIFICATION OF STUDY 

Proper understanding of some factors affecting the colour yield of acid dye on 

nylon fabrics is important for any dye colourist  working in the area of nylon 

dyeing .  

This study will help prevent the wastage of dye and resources which dyers are 

always faced with while trying to achieve their required result but cannot due to 

some factors. Also dye house effluent load could be reduced and our fresh water 

and aquatic life will be safer. 

In Africa, (Nigeria in particular) where there is strong campaign for the use of 

made- in- Nigeria textiles, it is hoped that understanding the factors that affect 

dyeing of textile fabrics will help our indigenous textile industries and local 

dyers to produce quality fabrics that can compete favorably with imported ones. 

This will boost the patronage of made in Nigeria textiles and  keep our industries 

and local dyers in business. 
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1.5  SCOPE OF STUDY 

This research work is restricted to the following: 

1. The use of acid dye (C.I Acid Yellow 23) 

2. Dyeing at a constant temperature of 50oc 

3. Using a wavelength of maximum absorption of 570nm to measure the 

absorbance and transmittance of the dye bath effluent solution. 

4. Dyeing of nylon6/nylon 6.6 plain white fabric. 

5. Use of 35%w/w sulphuric acid to confirm fabric type. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 PREVIOUS RESEARCH WORK WITH ACID DYES ON NYLON 

FABRICS 

Several research works have been done in relation to acid dyes on nylon fabrics, 

blends not inclusive. The volume of work done by researchers reveal a high 

interest on the improvement of the dyeability of nylon fabrics with acid dyes. 

Lin, Hsin-Jiant and Chen, Keng-ming (2003) investigated the effect of 

polyethylene glycol/polydimethylsiloxane polyester products used as leveling 

agents in nylon dyeing. These products were used as surfactants and it was 

observed that their presence retards the rate of nylon dyeing with acid dye. The 

result also showed that the low-foaming property of PEG (Polyethylene Glycol) 

– silicone polyesters makes it possible for the surfactants to be used as leveling 

agents for modern nylon dyeing with acid dye. 

The surface dyeability of nylon fabric coated with a novel porous silk 

fibroin/silicananohybrid has been investigated. (Li, et al, 2007). The actual 

dyeing of the coated nylon fabric occurred in the very thinnanohybrid layers 

exclusively, while the main body of the fabrics remained intacton the whole. 

The result show that the dye uptake and colour fastness to water of the fabric 

increased when dyed with DisperseCation Red SD-GRL. However, no increase 

was observed for dye uptake of the coated fabric when dyed with Acid Red GSF 

dye due to saturation of the dye stuff attached on the controlled uncoated nylon 

fabrics, which concealed the contribution of the nanohybrid layer. 

Similarly, the use of cationized nylon as adsorbent for anionic residual dyes 

have been examined. The cationized nylon (EPTMAC-nylon) worked as an ion 
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exchanger and was prepared by reacting nylon – 6,6 with epoxy propyl 

trimethyl ammonium chloride (EPTMAC), using anhydrous tin chloride (SnCl2) 

as catalyst in a nonaqueous medium (Baouab, M.H.V. et al, 2004). The 

adsorption of four dyes (Acid Blue, 25, Acid Yellow 99, Reactive Yellow 23, 

and Acid Blue 74) from aqueous solution using abatch process was then studied 

according to the adsorption capacity of the cationized support. Adsorption 

isotherms were also determined at different temperature and modeled using 

Langmuir, Freundlich and Josseus equations. 

The need to develop environmentally safer methods and sustainable 

technologies for textile processing has led researchers examine enzymatic 

systems rather than conventional chemical methods. In this regard, changes 

induced on nylon 6,6fibre by enzymatic system using different proteolytic 

enzymes have been investigated (Parvinzadeh, M. et al, 2009). Nylon 6,6 

fabrics were first treated separately with different concentrations of four 

protease enzymes and dyed with two reactive and acid dyes. Results show that 

dye bath exhaustion was higher for enzyme treated fabrics compared with 

untreated fabrics. Also, that the more concentration of enzymes used, the darker 

the colour of dyed sample. 

A similar research work was also carried out using different concentrations of 

lipase enzymes to treat nylon 6 fabric (Kiumarsi, A and Parvinzadeh, M. 2010). 

The result were also similar to the previous work with protease enzymeon nylon 

6,6 and the work of protease on nylon 6 (Parvinzadeh, M. 2009). 

Nylon fabrics have also been modified with atmospheric pressure He and He-O2 

plasmas. Studies show that with such modification for a selected exposure time 

interval only a small difference in the surface carbon and oxygen contents can 

be observed between the treated and control groups. (McCord, M. G. et al, 

2002). dyeability is also slightly affected. 
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Acid-based monoazo disperse dyes have been used to investigate the dyeing and 

fastness properties of polyamide fabrics. (Sadeghi-Kiakani, M. et al, 2011). The 

results showed that the applied dyes are capable of producing red to bluish red 

lines on polyamide fabrics. The build up of these dyes when compared to 

commercial dyes e.g Disperse Red 60 and Disperse Red 73 revealed that most 

of the used dyes have higher build up than the commercial ones. They also have 

good wash, rubbing perspiration and heat fastness on polyamide fabrics. 

Studies have been done on the dyeing properties of nylon 6,6nano fibre with 

high molecular mass acid dyes. Effects of dyeing temperature, pH of dyeing 

solution, and concentration of acid dyes on dyeing properties such as rate of 

dyeing and the extent of exhaustion were examined and compared to those of 

regular fibre. It was observed from the result that nanofibre adsorbed acid dyes 

at lower temperature, got rapidly dyed and its extent of exhaustion at specific 

dyeing temperature were higher than regular fibre. However, washing fastness 

and light fastness of nanofibre was lower (Lee, K.S et al 2005). 

The relationship between the structural and dyeing properties of different 

structurally modified nylon 6 fibres were investigated by Strnad, S. et al (2003). 

using acid dyes. The results show that different crystalline modification caused 

different sorption properties and fibredyeability. Smaller increases (about 20%) 

of crystallinity degree caused a decrease in diffusion coefficients and contrary to 

expectations the significant increase of crystallinity degree (about 50%) had an 

influence on the increase of dyeability (Strnad, S. et al, 2003). 

Research has been carried out on the equalizing effect of β-cyclodextrins in 

dyeing of polyamide 6,6 woven fabrics. Six different acid dyes were used for 

the investigation. Cyclodextrins (CD) are produced from starch by the action of 

cyclodextringlycosyltransferase (CGTase) enzyme. It was determined from the 

experimental results that theβ-cyclodextrin shows a retarding and equalizing 
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effect on dyeing carried out with the dyes that show interaction with β-CD 

(Kumbasar, E.P.A. et al 2007). 

Investigation of the changes induced on nylon 6 fibres after treating it 

moderately with formic acid and sulphuric acid has been reported (Wang, X.C 

et al 2011). The dyeing property of such treated nylon 6 was measured with 

reactive dye and the result showed that the dyeability improved after the 

moderate acid treatment. It was reported that reactive dye which cannot react 

with the nylon can act as an acid dye if used with the addition of small amount 

of acid with the necessary application of heat (Burch, P.E 2008). 

Other investigation of reactive dyes on nylon includes synthesis and evaluation 

of a novel blue cationic dye for modified nylon 6.6. Tactelcoloursafe 

(Soleimani-Gorgani et al, 2011). The result also shows that under acidic dyeing 

condition the dyes fixed efficiently on nylon. Several reactive dye on nylon 

investigations are base on modification of nylon or use of enhanced condition of 

dyeing process for any meaningful result to be achieved (Kamel, M.M et al 

2003; Lewis, D.M. et al , 2003; El-Shistitawy, et al, 2003) 

The effect of UV Examiner laser on the dyeing properties of polyamide 

materials have been examined and reported (Yip, J et al 2002). It was observed 

that there was change in the crystallinity and chemical surface of nylon 6 fabric 

irradiated with 193nm ArFExcimer laser. Commercially available acid, disperse 

and reactive dyes were used to dye the modified nylon and the result show a 

remarkable change in the dyeing property of all the dyes on the modified nylon. 

Nylon 6 fabric, desized and scoured has been treated with liquid ammonia 

(NH3) at – 33.40C and the effect on dyeability and other factors investigated 

(Lee, M. et al 2002). The NH3 treatment increased the dyeing rate and 

equilibrium dye uptake.Tetrafluoromethane low temperature plasma have also 

been used to treat nylon 6 and then dyed with commercially available disperse 
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and acid dyes (Yip, J. et al 2002). The dyeing results in this case show that the 

plasma treatment slows down the rate of exhaustion but does not reduce the 

amount of absorption of acid dyes. Treated nylon has also been used as a 

photoactive self-cleaning material. To achieve this, photoactive 2-anthraquinone 

sulphonate sodium (2-AQS) was immobilized onto nylon fibres through an acid 

dyeing process due to its (2-AQS) acid dye like feature. 2-AQS can produce 

hydroxyl radical and after reactive oxygen species under UVA irradiation. The 

decolourization of colourants such as 2,6-dichloroindophemol (DCIP) by the 

treated material was investigated. (Liu, Ning and Sun, Gang, 2011). The result 

revealed that DCIP was first absorbed on the fibres and then degraded by 

hydroxyl radical and other reactive oxygen species generated by 2-AQS on the 

surfaces upon UVA exposure. Similar decolourizationeffects were maintained 

after five repeated test. 

Dyeing of synthetic fibres is better done under increased temperature especially 

when using metal complex dyes. However, the use if benzyl alcohol as an 

auxiliary in the dyeing of nylon 6.6 proved that good diffusion can be obtained 

for the dye exhaustion with metal complex dyes at temperature more than 300C 

below the normal dyeing temperature for the dye exhaustion with such dyes 

(Domingues, M.S.Q et al. 2003). This is due to the lowering of the glass 

transition temperature (Tg) of the fibre when in the presence of benzyl alcohol. 

The kinetics and thermodynamics of the sorption process of Acids blue 45 dye 

on nylon 6.6 have been investigated (Espinosa-Jimenez, M. et al, 2002). The 

sorption was conducted at 293, 303 and 313± 0.1K for 48 hours from 10-5 10-4M 

solutions in the presence of 10-3M NaCl. The kinetic experiment result show 

that this time (48h) was sufficient to attain the adsorption equilibrium. While 

the sorption isotherm and calculated thermodynamic result show that at higher 

temperature (303-313K) more polar groups of polyamide 6.6 are accessible for 

the dye molecules, which may be due to a glass transition. In another 
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experiment, the surface free energy components for the nylon 6.6 and Acid blue 

45 dye were investigated. It was observed that in a broad pH range, both 

surfaces are negatively charged. Nevertheless, adsorption takes place. It 

therefore means that the attractive forces between the two surfaces (Acid blue 

45 and nylon 6.6) are higher than the electrostatic repulsive forces. Hence, it 

may be concluded that the adsorption process on the bare polyamide surface is 

of a chemical nature (Espinosa-Jimenez, M. et al. 2002). 

pH control that can be achieved in a reused dye bath have been examined. The 

study involved a phosphate buffer system and four pH sliding systems, 

including ammonium sulphate and three hydrolysable organic esters. The 

residual dyebath after each dyeing cycle was analysed using UV-Vis 

spectrophotometer and reconstituted to the required concentration of dyes, 

auxiliaries and acid donors. The dye bath was reused for 10 cycles. Result show 

that, comparison with ammonium sulphate and sodium dihydrogen phosphate, 

hyrolysable organic esters gave a stable and effective pH shifting in the dyebath 

reuse system. Also, no deterioration in colour fastness of the dyed fabrics over 

10 cycles of dye bath reuse was evident (Koh, J. et al. 2001; Koh, J. et al, 2004). 

Researchers have continued to search for more environmentally friendly 

alternative to chemicals already in use in the textile dyeing. The use of biomass 

waste as a source of chemicals with friendly environmental impact have been 

investigated (Savarino, P. et al. 2007). Result show that a humicacid-like 

material extracted from urban and green wastes compost exhibits very good 

surfactant properties. Also the biomass isolated humic acid like bio-surfactant 

performed well and even more than the commercial sodium dodecylsufate 

(SDS) and sodium dodecylbenzenesulfonate (SDBS) in nylon 6 micro fibre 

dyeing with water soluble (e.g. acid dyes) and insoluble dyes. 
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Improving nylon dyeabilty by using redox system have been investigated by a 

group of scientist. They subjected nylon fibre to four trials of dyeing using 

different redox systems ( Kamel, M. M. et al, 2001). Their result proved that the 

increase in dyeing rate and absorption of acid dyes on nylon fibres in the 

presence of redox system could be attributed to the decrease in pH that would 

lead to an ionic bond, and not to the covalent fixation of dyes on nylon fibres as 

claimed by some other scientist. 

In another development, an attempt to combine the dyeing and  functional 

finishing steps into one process was made by synthesizing two novel anti – 

bacterial monoazo acid dye based on N- ester –1, 8- naphthalimide . The dyes 

were applied on nylon 6 fabrics and the result show that the novel dyes gave 

good build up properties on the fabric. The anti- bacterial work of the 

synthesized dyes was also assessed with the result showing that the dyes were 

active against both Gram – positive and Gram- negative bacteria 

(Mohammedkhodaei, Z et al 2010) 

Investigation of the fading exhibited by optionally after treated metal complex 

acids dyes on nylon 6.6 during washing in an oxidative-bleach containing 

detergent have shown that such dyes exhibit low level of (oxidative bleach) 

fading in both the single cycle, stressed (UK-TOC600c) test andafter 

20,machine washes at 500C (Philips, D et al. 2001,Balci,O., et al. 2008) 

A similar work has also been earlier done using acid leveling and milling dyes 

on nylon 6.6. which showed that acid leveling dyes exhibit a much higher level 

of fading, both in the single cycle, stressed UK-TO test and after repeated 

laundering, than acid  milling dyes. Also their fading in each case was due to 

wash-down/desorption of the dye rather than an oxidative bleaching-effect as 

was observed with metal complex acid dyes (Phillips, D et al 2001). 
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Dye molecules often contain groups such as sulphonate, amino, and hydroxyl 

that serve as auxochromes, butare chemically reactive and potentially useful as 

linkers for attaching moieties to synthetic fibres.  Kim and his colleague 

implemented this in their study of functional modification of nylon. Their 

investigation was carried out by finishing acid dyed nylon 6.6 and nylon 6 

fabrics in a quaternary ammonium salt solution. This conferred a durable and 

refreshable antimicrobial function on the fibres. Result show that the add-on 

levels of the salts on the dyed and undyed fabrics are significantly different. 

Also quantitative antimicrobial evaluations of the treated fabrics reveal that 

there is significant reduction in bacterial populations up on surface contact with 

the finished fabrics and this antimicrobial function of the fabrics survives 

through ten launder-Ometer washes (Kim, Y. H and Sun, G. 2000). 

Effect of various presetting treatment (heat, steam and hot water process) on the 

dyeing properties of nylon 6.6 fibre with acid dyes have been examined. It was 

found that the colour yield is lower for dyed samples after  dry heat-setting, but 

in the case of samples that have been hot water-set, the colour yield increases 

slightly for light shades and remains constant for dark shades, compared with 

the unset dyed sample (Atav, R. et  al, 2006). 

 

2.2 HISTORY AND CHEMISTRY OF NYLON PRODUCTION 

Nylon is a synthetic polyamide. A polyamide is a polymer that contains 

recurring amide  (-CO-NH-) groups as integral parts of the main polymer chain 

(EncyclopediaBritannica 2011). 

The development of polyamide began in 1929 with the first publication 

describing polycondensation which is the major principles of nylon synthesis. 
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In 1935, Wallace H. Carothers synthesized polyhexamethyleneadipamide in a 

Dupont laboratory. This product was given the trade name Nylon, and also 

known as Nylon 6,6. (PERP programme 2011). This invention resulted in the 

first patent for the production of synthetic polyamides in 1937. Commercial 

production of the new fibre began in 1939 at dupont plant in Seaford, Del, U.S. 

The name nylon 6,6 is due to the presence of six carbon atoms in each of its two 

monomers (Encyclopedia Britannica 2011). Dupont introduced the first 

moldable nylon grades in 1941. 

Soon after the Dupontfibre was introduced and marketed, a German, P.Schack 

produced another polyamide of commercial importance, nylon 6 based on 

caprolactam at 1G FarbenIndustrie in Germany in 1938. The patent for nylon 6 

was issued in 1941. Nylon 6 and nylon 6,6 have almost the same structure and 

similar properties and are the most important polyamide fibres worldwide 

(Encyclopedia Britannica 2011). Below are the structures of the repeating unit 

of both polyamides. 

NH(CH2)5C  n       

nylon 6       nylon 6,6  

 

Two basic reactions used in the synthesis of polyamides are (1) 

polycondensation of a dibasic acid and a diamine and (2) polymerization of an 

amino acid or lactam which can either be through batch or continuous 

process.(PERP Programme 2011) 

Nylon 6 is the linear addition polymer of caprolactam (6-amino-caporic acid) 

with three reversible reactions- hydrolysis, polyaddition and polycondensation 

as the steps in its production (PERP program 2011). 

Step 1: A hydrolysis reaction to open the caprolactam ring, forming 

.aminocaporic acid. 

C (CH2)4CNH(CH2)6NH n 
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Caprolactam    - aminocaporic acid 

This reaction proceeds in molten caprolactam in the presence of a small weight 

percent water. Phosphoric acid can be added at low concentration to act as a 

chain stabilizer and help achieve the desired final viscosity. 

Step 2: Polyaddition reaction which is mainly responsible for the growth of the 

linear polymer chain. 

 

 

 

 

 

Here the polymer dissolves in the unreacted caprolactam. Organic acids (e.g 

acetic acid) can be added as chain stabilizer. 

Step 3: Involves a polycondensation reactions where the linear polymer chain 

formed by polyaddition reaction can further increase in molecular weight. The 

reactive end groups polycondensate forming linear chain molecules and water 

as byproduct. Polycondensation is therefore, the most important reaction in the 

lasting phase of nylon 6 product. 

C(CH2)5NH H HO C(CH2)5NH H 

a+1 n 

C 

CH2 

CH2 

NH 

CH2 

CH2 CH2 

+ H2O 

C 

CH2 

CH2 

NH 

CH2 

CH2 CH2 

+ H2O HO – C – (CH2)5 – NH2 
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The conventional method of nylon filament manufacture is the two-step melt 

spinning method.It comprises of spinning and drawing.(Hedge, R.R et al 2004). 

This method involves melting, filtering and deaerating. The molten polymer is 

then extrudedthrough a spinneret into a chamber where the melt solidifies into a 

filament form. In order to achieve desirable properties through molecular 

orientation and crystallinity, the newly formed filament is drawn. Nylon can be 

cold drawn since its transition temperature (Tg) is below room temperature. 

However, hot drawing is frequently used. Nylon filaments can be drawn up to 

four times their initial length. 

Another fibre formation method is the one step high-speed spinning process. In 

this process, filament wind up speed relative to the extrusion speed is very high 

and orientation and crystallization occur in elongation flow along the spin line. 

When drawing as-spun fibres, the molecules are arranged randomly in 

amorphous region and as folded chains in crystalline region. 

There are also non conventionalfibre forming techniques which include (1) 

solution spinning (gel, wet, dry) enabling the spinning of high molecular weight 

polyamides, leading to high tenacity filament (2) Electro spinning. 

Nylon manufacturing technology, however have been improving from year to 

year. The high strength elasticity, abrasion resistance, mildew resistance, luster, 

dyeability and shape-holding properties of nylon material made it useful in 

apparel, home furnishings, automobiles and machinery. For apparel and home 

furnishings nylon is especially important in hosiery, lingerie, stretch fabrics and 

sports garments, soft-sided luggage, furniture upholstery and carpets 

(Encyelopedia Britannica 2011). 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

3.1 Materials 

The following materials were used for the research work; 

1. Nylon fabric  

2. Acid dye ( C.I Acid Yellow 23) 

3. Sulphuric Acid (H2SO4, concentrated) 

4. Citric acid ( C6H8O7) 

5. Sodium Chloride (NaCl) 

6. Water  

 

3.1.1 COLLECTION OF MATERIALS 

1.8m length of nylon fabric (plain white) was bought from Owerri Main market. 

The acid dye,sulphuric acid and water were collected from the Polymer and 

Textile Engineering Laboratory, FUTO while the citric acid and sodium 

chloride were bought from Pac Besh Scientific Co (Nig.) located in Owerri, Imo 

State. 

 

3.2 APPARATUS 

Equipment and instruments used for this research work includes the following: 

- Test tubes (100ml) 

- Measuring cylinders (100ml) 

- Thermometer 

- Electronic weighing balance: Setra BL-410S 
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- Pipettes (5ml and 1ml) 

- Beakers (500ml and 1000ml) 

- Glass bottle (150ml brown colour) 

- Retort stand with clamp 

- Glass stirrer 

- Stop watch 

- Scissors 

- Water bath: Thermostatic water cabinet. Model: HH size 64x35x31cm 

- Sample tubes 

- Spectrophotometer: Visible Spectrophotometer 728; wavelength range 

320nm to 1020nm 

 

3.3  METHOD 

3.3.1 CONFIRMATION OF FABRIC TYPE 

Nylon 6 and nylon 6.6 are the most widely used nylon product in textile 

industry and due to their very close similarity in chemical behavior the same 

solvent – 35% w/wsulphuricacid,dissolves them in 2 minutes (Perry, D.R et al 

1975). 

3.3.1.1 Solvent Preparation 

65ml of water was measured out with a measuring cylinder and poured into a 

brown coloured glass bottle. 35g of sulphuric acid [H2SO4 (conc.)] which is 

equivalent to 19ml was also measured out with a measuring cylinder. The acid 

was poured into the same brown glass bottle containing the 65ml water. The 

mixture is the 35% w/w sulphuric acid. 
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Observation 

As the acid was being poured into the water, the solution became hot (boiling). 

It was used after cooling down to the lab temperature (310C). 

3.3.1.2 Fabric Sample Preparation 

The fabric was cut with scissors and weighed with an electronic weighing 

balance. The cut fabric was carefully trimmed and weighed again to get 1g of it. 

Five different fabric samples of 1g each were prepared using the same 

procedure. 

3.3.1.3 Fabric Confirmatory Test 

 

The five fabric samples of 1g each was put each in an already washed and dried 

test tube. (A – E) 

Different volumes of the solvent (35% w/w sulphuric acid) were poured into 

each of the test tubes containing the fabric. 

Into test tube A, 10ml of the solvent was poured and stirred. Timing starts 

immediately the solvent was poured into the test tubes. 

Test tube B, solvent volume was 12ml, C was 14ml, D was 16ml and E 18ml. 

Observation 

As the solvent was poured in, the fabric became a whitish gel as it was being 

stirred, which later dissolved and became a whitish but cloudy solution. As the 

two minutes elapsed, the solution was still cloudy and some particles of the 

fabric were not dissolved. The solution became clearer and undissolved fabric 

parts reduced as the solvent volume increased. When the solvent volume was 

increased up to 18ml, the fabric (1g) completely dissolved within the 2minutes 

time interval and the solution was clearest. 
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This test therefore confirmed that the fabric in question is nylon 6 or 6,6 and 

that 18ml of the solvent will dissolve completely  1g of the fabric within two 

minutes interval. 

 

3.3.2 PREPARATION OF DYE STOCK SOLUTION 

1g of the acid dye was weighed out and put in a 500ml beaker. A small quantity 

of warm water (500C) was added to form a paste. More water (warm) was added 

and stirred to bring the volume to 250ml. this gave a dye solution of 0.4% 

concentration as stock. 

 

3.3.3 PREPARATION OF DYE BATH 

The dye bath is a mixture of dye solution and auxiliaries. Before this was 

prepared, the stock of the auxiliaries at different concentration was first 

prepared. The auxiliaries used were citric acid and sodium chloride. The 

required stock concentrations prepared are: 

Citric acid: 1%, 2%, 3%, 4%, 5%, and 6% 

Sodium chloride: 5%, 10%, 15%, 20%, 25%, and 30% 

1% of the citric acid stock was prepared by weighing out 1g of citric acid and 

dissolving it in a beaker with 99ml of warm water (500C). This procedure was 

followed for the different concentrations of acid and salt. 

The quantity of dye solution or auxiliaries to be used for the dye bath was 

calculated using the formula below.( Giles, C.H. 1974) 

No of ml of stock solution required  = WxP  
             C 
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Where  

   W = Weight (in grams) of sample to be dyed. 

   P = Percentage of dye or auxiliary to be used. 

 C = Concentration (%) of dye or auxiliary stock solution. 

For the purpose of this work, a liquor ratio (i.e liquor to fabric ratio) of 100:1 

was used. Therefore, after adding up the calculated dye stock solution, and 

auxiliary stock solution in a 1000ml beaker (dyeing vessel),the total volume of 

the dye bath was made up to 100ml by addition of water. 

 

Calculation Of Quantities Of Dye Solution To Be Used. 

In carrying out this work, 1g of nylon fabric is to be dyed to a depth of 2% 

using 4% citric acid and 20% sodium chloride (salt) as auxiliaries at different 

concentration. 

Hence using the formula WxP 
         C 

   W =  1g nylon fabric 

   P =  2% for dye to be dyed on fabric 

    4% for citric acid 

    20% for NaCl 

   C =  0.4% for dye stock solution 

    1% – 6% for citric acid stock solutions 

    5% – 30% for salt stock solutions 
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For dye stock solution 

1x2  = 5ml 
       0.4 
For acid stock solution at 1% concentration 

1 x 4   = 4ml 
       1 

For salt stock solution at 5% concentration 

1 x 20   = 4ml 
5 

Different values were calculated for the acid and salt for each concentration 

being used. The values calculated are shown on table 3.1, 3.2 and 3.3. 

Table 3.1: Effect of Time on Acid dye and Nylon fibre 

Time (min) Salt 5% conc. 

(ml) 

Acid 1% 

conc. (ml) 

Dye stock 

0.4% conc. 

(ml) 

Water (ml) 

5 4 4 5 87 

10 4 4 5 87 

15 4 4 5 87 

20 4 4 5 87 

25 4 4 5 87 

30 4 4 5 87 
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Table 3.2: Effect of Salt on Acid dye and Nylon fibre 

TIME 

(min) 

SALT 

conc. (%) 

SALT (ml) ACID 1% 

conc. (ml) 

DYE 

STOCK 

0.4% (ml) 

WATER 

(ml) 

10 5 4 4 5 87 

10 10 2 4 5 89 

10 15 1.33 4 5 89.67 

10 20 1 4 5 90 

10 25 0.80 4 5 90.20 

10 30 0.67 4 5 90.33 

 

Table 3.3:Effect of Acid on Acid dye and Nylon fibre 

TIME 

(min) 

SALT 5% 

conc. (ml) 

ACID 

conc. (%) 

ACID (ml) DYE 

STOCK 

0.4% (ml) 

WATER 

(ml) 

10 4 1 4 5 87 

10 4 2 2 5 89 

10 4 3 1.33 5 89.67 

10 4 4 1 5 90 

10 4 5 0.80 5 90.20 

10 4 6 0.67 5 90.33 

 

Dye bath was kept at a constant temperature of 50oc using a water bath. 
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3.3.4 VARIATION OF SALT CONCENTRATION DURING DYEING 

The experiment on salt was carried out using data in table 3.2 results. 

PROCEDURE 

Water was poured into the water bath and heated to a temperature of 500C. 

The clean 1000ml beakers were then put into the water bath and left for a while 

in order to take up the temperature of the water bath. 

The already calculated quantity of auxiliaries, dye stock and water for 5% salt 

concentration was put into each 1000ml beaker using a pipette (5ml and 1ml) to 

get the accurate quantity of each auxiliary. A measuring cylinder was then used 

to measure out the requiredquantity of water to make up the dye bath to 100ml. 

Each dye baths (in 1000ml beaker) were left in the water bath for sometime 

before measuring its temperature with a thermometer. This was necessary 

because the dye bath for this work must be at a temperature of 500C before the 

nylon fabric is dyed. When the dye bath temperature got to 500C, 1gnylon fabric 

already wetted in warm water was dropped into each dye bath and dyed for 

10min. Starring was done at an interval of 3min using a glass stirrer to ensure 

proper leveling of the dye on all parts of the fabric. The dye bath vessels were 

labeled A and B. After 10 min, the fabrics were removed from the dye baths and 

dried. 

This procedure was also used for dying with 10%, 15%, 20%, 25% and 30% 

salt concentrations. Temperature, time and acid concentration remained 

constant. 
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3.3.5 VARIATION OF ACID CONCENTRATION DURING DYEING 

The same procedure for the variation of salt test was followed. However, in this 

case the salt concentration used as auxiliary was constant- 5%. Temperature and 

time was also constant 500C and 10min. respectively 

The test on addition of acid was carried out using data in table 3.3 results. 

 

3.3.6 VARIATION OF TIME DURING DYEING 

This test was carried out using data in table 3.2 results. 

The same procedure for the variation of salt test was followed. However, the 

concentration and quantity of salt and acid auxiliaries were constant only time 

was varied. Temperature was also kept constant at 500C. 

For each of the tests carried out, samples of the dyebath after dyeing was 

collected with sample test tubes. This was done for each variable tested. The test 

tubes were labeled A and B for each variable tested. 

3.3.7 OPTICAL DENSITY (ABSORBANCE) AND TRANSMITTANCE 

MEASUREMENT 

The measurement of absorbance and transmittance was done using a 

spectrophotometer. The absorbance of the dye bath solution was taken. 

The absorbance and transmittance for the dye bath solutions for each of the 

variables tested was measured with the spectrophotometer using water as the 

blank. The wavelength of the spectrophotometer used was 570nm. This 

wavelength was used because the colour wavelength range for yellow colour in 

the colour spectrum is within 565nm-590nm. Since the yellow colour being 

measured is not a deep yellow, 570nm wavelength is most appropriate to be 

used for such measurement for maximum light absorption. 
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The measurements were done by pouring dye bath solution samples into the 

spectrophotometer cuvette. Three 1cm square cuvettes were used. The first 

cuvette contained the blank (water). The other two cuvettes contained samples 

A and B of each test dye bath solution being measured.Before any reading was 

taken,the spectrophotometer was “zeroed” with the blank. Therefore, the 

absorbance and transmittance of the dye bath solutions was measured relative to 

the blank.Yellow light at 570nm was then beamed on each cuvette containing 

the dye bath solution and readings of absorbance and transmittance taken. 
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CHAPTER FOUR 

4.0   RESULTS AND DISCUSSION 

4.1   RESULTS 

The result of the spectrophotometer readings of the absorbance and 

transmittance of the dye bath of each test carried out after dyeing were recorded 

as shown in table 4.1-4.3 below 

Table 4.1 Dyeing at Different levels of Salt concentration 

Salt Concentration (%) Absorbance  Transmittance 

0 0.738 0.184 

5 0.476 0.343 

10 0.613 0.242 

15 0.681 0.209 

20 0.706 0.200 

25 0.733 0.187 

30 0.769 0.169 

 

Table 4.2:  Dyeing at Different levels of Acid Concentration 

Acid Concentration (%) Absorbance  Transmittance  

0 0.687 0.205 

1 0.476 0.343 

2 0.562 0.274 

3 0.649 0.228 

4 0.637 0.226 

5 0.673 0.216 

6 0.674 0.190 



33 
 

Table 4.3: Dyeing at Different Time Intervals 

Time  (min) Absorbance  Transmittance  

0 0.888 0.126 

5 0.522 0.299 

10 0.476 0.343 

15 0.406 0.384 

20 0.428 0.373 

25 0.379 0.410 

30 0.377 0.415 

 

Samples of the dyed nylon fabric are displayed accordingly as shown; for visual 

examination. 

Fabrics Dyed at different salt concentrations 

 

 

 

       0%   5%   10% 

 

 

 

       15%   20%   25% 

 

 

       30% 



34 
 

 

Fabrics Dyed at different acid concentration  

 

 

 

       0%   1%   2% 

 

 

 

       3%   4%   5% 

 

 

 

       6% 
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Fabrics Dyed at different Time Intervals 

 

 

 

      0min    5min   10min 

 

 

 

 

       15min   20min   25min 

 

 

 

      30min 

 

4.2   DISCUSSION  

Spectrophotometer absorbance reading of the dye bath is an indication of the 

amount of dye particles left in the dye bath after dyeing. This also tells how 

much of the dye was absorbed or adsorbed by the fibre. Transmittance is an 

indication of the clearness of the dye bath after dyeing. The discussion here will 

be based on the absorbance result of each test carried out. 

 



36 
 

4.2.1  EFFECT OF SALT 

From table 4.1 the absorbance was high at 0% salt concentration but dropped 

sharply at 5% concentration and went up again at 10% salt concentration. The 

increase in absorbance them became gradual from 10% - 30% salt 

concentration. This salt effect can also be seen in figs 4.1 – 4.3. The increase in 

absorbance at 0% salt indicates that much of the dye molecules were not 

absorbed by the fibre thus leaving many dye molecules in the dye bath after the 

dyeing interval. 

In an aqueous solution acid dyes dissociate into a coloured anion [sulphonate 

group (SO3
)] and metal cation (Na+) as shown below (www.inerisf...2011). 

 

 

It is the colouredanion that interacts with the nylon fibre which is cationic to 

colour it as shown below(www.slideshare.net.2002) 

H3-N
+-R-….-N+H-CO-….-R-COOH 

Cationic nylon fibre 

 

 

A-SO3
- H3N

+-R-….-N+H-CO-….-R-COOH 
    -O3S-A 

Reaction between acid dye anion and nylon. 

The absence of salt which is an electrolyte may have affected the quick 

dissociation of several acid dye molecules such that only very 

fewcolouredanions were released to interact with the nylon fabric. Another 

possible reason could be thatsaltas an electrolyte is the medium that gives the 

colouredanion a quick movement towards the fibre (Hubbe, et. al. 2012).Its 

A – SO3Na 
H2O 

A – SO3
-   +   Na+ 

Acid dye 

 

Coloured anion 
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absence means that the coloured anion will not move fast enough to interact 

with the nylon fibre within the dyeing interval or the coloured anion will not 

have enough energy to interact with the fibre. 

In an aqueous solution sodium chloride as an electrolyte releases free ions Na+ 

and Cl-. Increase in salt concentrationabove what is required makes the solution 

to have high concentration of ions. At high concentration of ions, the electrolyte 

sodium chloride inhibits the migration of the acid dye due to competition 

between its chloride anion (Cl-) and the coloured anion (A-SO-
3) of the dye to 

interact with the cationic sites on the nylon fibre. The increase in absorbance 

could therefore mean that the chloride anion occupied more cationic sites on the 

fibre causing much of the dye molecules to be left in the dye bath after dyeing. 

More cationic sites were then occupied by the chloride anion as their 

concentration increased with increase in salt concentration. The absence and/ or 

increase in salt concentrationaffected the dye exhaustion and consequently dye 

absorption. A close look at the dyed fabrics shows the physical effect of 

variation of salt concentration on the fabric in agreement with the 

spectrophotometer readings. Sodium chloride therefore has effect on acid dye 

colour yield on a nylon fabric. 
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Salt Conc. (%) 

Figure 4.1: Effect of percentage (%) salt concentration on the Absorbance 

of Acid dye on nylon fabric (Absorbance vs. salt concentration). 

 

 

Salt Conc. (%) 

Figure 4.2: Effect of percentage (%) salt concentration on the 

Transmittance of Acid dye on nylon fabric (Transmittance vs. salt 

concentration). 
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    Transmittance 

Figure 4.3: Relationship between Absorbance and Transmittance (when 
dyeing nylon fabric with Acid dye) (Absorbance vs. Transmittance, 
at a given salt concentration). 

 

4.2.2  EFFECT OF ACID 

Citric acid concentration in the dye bath had similar effect on the acid dye 

colour yield on the nylon fabric as the salt as seen in table 4.2. Acid dye 

interaction with nylon fibre is majorly ionic in some cases hydrogen bond and 

Van darwaals forces also come into play(www.scribd...2012). In an acidic 

medium nylon a polyamide gives out cationic sites –H3N
+ (ammonium ions) 

due to the presence of amide –NH groups on its chain.(Hubbe, et al 2012)   

The absence of citric acid in the dye bath implies that nylon fibre will not have 

cationic sites to interact with the acid dye anions or it will have very weak and 

small cationic sites which can only interact with a small amount of the acid dye. 

Therefore several acid dye molecules will be left in the dye bath after dyeing, 

thus giving rise to the high absorbance recorded in table 4.2 at 0% acid 

concentration. 
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From 2% acid concentration to 6%, the absorbance of the dye bath gradually 

increases. It would have been expected that increase in acid concentration 

would mean more cationic sites on the nylon fibre and consequently more  dye 

attraction and absorption which would have left less dye in the bath and less 

absorbance unfortunately it was not so. This can be attributed to the fact that 

citric acid has three carboxylic (-COOH) groups and in aqueous solution gives 

out three cationic ions as shown below (www.chemicalformula.2011) 

 

 

 

An increase in citric acid concentration will lead to high concentration of its 

cationic ion (-H+). Therefore the increase in absorbance could be that the excess 

cation interacted with the coloured anion of the dye neutralizing them before 

they could interact with nylon fibre thereby leaving more dye molecules in the 

dye bath after dyeing. The dyed fabric appearance also correlates this result. 

Citric acid absence and /or increase therefore has effect on acid dye colour yield 

on nylon fabric because it affects dye substantivity and exhaustion. Figs. 4.4-4.6 

are graphical representations of the result. 

 

R –(COOH)3 

Citric acid 

R –(COO-)3 + 3H+ 

Citrate group         Cationic hydrogen 

H2O 
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acid  conc(%) 

Figure 4.4: Effect of percentage (%) acid concentration on the Absorbance 
of Acid dye on nylon fabric (Absorbance vs. acid Concentration). 

 

 

Acid Conc.(%) 

Figure 4.5:Effect of percentage (%) acid concentration on the 
Transmittance of Acid dye on nylon fabric (Transmittance vs. acid 
concentration). 
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Figure 4.6: Relationship between Absorbance and Transmittance (when 
dyeing nylon fabric with Acid dye) (Absorbance vs. Transmittance at 
a given acid concentration). 

 

4.2.3 EFFECT OF TIME VARIATION 

Table 4.3 shows that increase in time from 0min resulted to decrease in 

absorbance. This may be due to more absorption of the dye by the fabric with 

time leaving less dye molecules in the dyebath after each dyeing time. It also 

indicates that the acid and salt concentrations were at a good level to permit 

proper dyeing without interference. The difference between 0min timeand 5min 

is very high because at 0min the fabric was not put in the dyebath for dyeing, 

hence dyeing did not take place. The record in the table is therefore the 

absorbance when dyeing did not take place, that is, no dye molecule left the dye 

bath. The dyed fabric sample above also shows this result with the graph in figs 
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Time (min) 

Figure 4.7: Effect of time on the Absorbance of Acid dye on nylon fabric 

(Absorbance vs. Time) 

 

 

Time (min) 

Figure 4.8: Effect of time on the Transmittance of Acid dye on nylon fabric 
(Transmittance vs. Time). 
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Figure 4.9: Relationship between Absorbance and Transmittance (when 

dyeing nylon fabric with Acid dye) (Absorbance vs. transmittance at 

a given Time). 

4.3  COMPARISON OF THE EFFECTS OF SALT, TIME AND ACID 

This comparison is necessary to determine which of the factors affected the 

colour yield of the acid dye on the nylon fabric more. The results of the 

spectrophotometer readings of the dye bath after 10min dyeing in each case will 

be used and is shown below in table 4.4. 

 

Table 4.4: Comparison of effects of Time, Salt and Acid variables at 

10min dyeing. 

Variables  Absorbance  Transmittance  

Time (min) 10 0.476 0.343 

Acid concentration (%) 0 0.687 0.205 
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From table 4.4, dyeing for 10min with 1% acid concentration and 5% salt 

concentration, the nylon fabric absorbed more dye hence the low absorbance 

result of the dye bath. However, dyeing for the same 10min, with 5% salt 

concentration but without acid, the fabric absorbed less dye which is reflected 

by the rise in absorbance result. Dyeing without salt, for 10min with 1% acid 

concentration gave a much higher absorbance result which implies that the 

fabric absorbed lesser dye than in the absence of acid. The implication of this is 

that the colour yield of the acid dye on the nylon fabric for 10min dyeing was 

best when 1% acid and 5% salt concentrations were used and poorest when no 

salt was used for the same dye time and acid concentration. 
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CHAPTER FIVE 

5.0  CONCLUSION AND RECOMMENDATION 

5.1  CONCLUSION 

This research work shows that sodium chloride, citric acid and dyeing time all 

have profound effect on colour yield of C.IAcid Yellow 23 dyeon nylon fabrics. 

To get a good dye colour yield for a two percent (2%) colour shade at 500C 

dyeing temperature, the dye assistant required are 5% sodium chloride solution 

and 1% citric acid solution. Absence of either Sodium Chloride or Citric acid 

will result to a very poor colour yield of the dye.  Increase in the concentration 

of either of them while keeping the other constant will also result to poor colour 

yield. However, at 5% salt and 1% acid, increase in time of dyeing resulted to 

deeper dye colour yield. 

The effect of the three factors studied in this work on the colour yield of acid 

dye on nylon fabric can be attributed to their effect on the attractive power of 

acid dye to nylon fibre (substantivity). The rate of migration of dye to the fibre 

(exhaustion) was also affected and consequently absorption of the dye by the 

fibre. Colour yield of any dye on any fabric will be affected by any thing that 

can affect the dye substantivity, exhaustion and absorption. 

Each of the factors studied affected one or all these three conditions. Salt had 

the most effect on colour yield followed by acid and then time. This was 

substantiated by the comparison made using the ten minutes dyeing time results 

in each case. 

 The choice of the acid dye auxiliaries used in this research work was carefully 

done based on the following: 

i. Availability 

ii. Cost effectiveness 
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iii. Environmental factors 

Sodium Chloride and Citric acid are readily available. Citric acid is extracted 

from fruits which are vast in our country. Both of them are easily affordable 

even to our local dyers. There will not be a need for importation of such 

commodities which would have increased the cost due to foreign exchange 

value. Environmentally, citric acid is very friendly, it is biodegradable 

therefore does not harm our environment. The research has also shown that a 

small percentage of Sodium Chloride is needed to achieve appreciable colour 

yield hence it is still within the internationally accepted limit. Sodium 

Chloride can also be reclaimed from the dye bath effluent and reused. Also 

there have been improvements in nylon modification which does not permit 

the use of salt in nylon dyeing especially where it would have been required 

in very high quantity. 

Also, to achieve pale colour from the acid dye, citric acid concentration 

should be increased while keeping salt at constant concentration. This is 

because citric acid is not environmentally harmful even at high 

concentrationunlike sodium chloride.Similarly, time reduction may imply 

that there won’t be enough time for dye attached to the surface of the fibre 

(adsorption) to diffuse into the fibre. 

5.2  RECOMMENDATIONS 

1. For acid dyeing of nylon fabric, citric acid and sodium chloride can be used 

in place of sulphuricacid(a strong acid), ammoniumsulphate orglaubers salt. 

2. To achieve high and good colour yield 5% salt and 1% acid at 500C dyeing 

temperature should be maintained. This will also reduce dye wastage for any 

dyeing time. 



48 
 

3. To achieve a pale dyecolour for a particular dyeing time interval, citric acid 

concentration should be increased instead of sodium chloride because citric 

acid is not harmful to the environment even when discharged into the 

environment at a high concentration 

4. Further investigations should be carried out to check the wet fastness of nylon 

fabric dyed under these conditions. There is need to know if at lower 

temperaturethe same or better result can be achieved so as to save some heat 

energy. Again further investigations can be carried out to know if lower 

absorbance readings of the dye bath can be achieved at a lower salt and acid 

concentrations than 5% and 1% respectively. 
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APPENDIX I 

 

     Examples of Acid dye (www.inerisf...2011) 
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APPENDIX II 

 

 

 

 

 

C.1. Acid Yellow 23 (www.chemicalbook...2010) 

Acid Yellow 23 property 

Deep yellow powder 

Molecular formula: C16 H9N4Na3O9S2 

Mp: 3000C 

Colour index: 19140 

Water solubility: 260g/L (300C) 

Sensitive: Hygroscopic 

Stability: Stable, Hygroscopic. Incompatible with strong oxidizing agents. 
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APPENDIX III 

 

 

 

 

 

   Citric acid molecular structure (www.pubchem...2004) 

IUPAC NAME: 2-hydroxypropane-1,2,3-tricarboxylic acid. 

Molecular Formula: C6H8O7 

Molecular Weight: 192.123  

Colourless translucent crystals or powder 
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