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                                                              Abstract

Aim of this project is to evaluate the effect of time, absorbency of dyed material reflectance (%) value of different cellulose fabrics by dyeing of 100% reactive dye. We have cotton knit and woven fabrics for dyeing. These will specifically address the subject of dyeing at single stage and consideration to the selection of dyeing agent. It is to be hoped that by the end of theis paper the reader will have a better idea about the time, what are the importance of time in a dye bath and which time is better and widely used in the dyeing operation. Comments are made, to show relation between theoretical concept and practical data. By doing this project our idea about effect of times on dyeing of different cotton fabrics with reactive dye is clear by the help of Allah and our supervisor. This performance must applicable in our practical life. 
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Chapter-1: Aim of the Project
)	



· The main Object of the project is to observe the effects of time of different cotton fabrics with reactive dyeing.
    
· To know about the specification of different cotton fabrics.  
   
· To know the effects of scouring, bleaching, and mercerizing effects of different cotton fabrics.

· To observe how fabric properties are changed with the reactive dyeing. 
 
· To analyze the various fabric properties by the laboratory test.

· To learn how to do a project work & make report.
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Chapter-2: Introduction
 
)

Reactive dyes are extensively used in dyeing cellulose made knit and woven fabrics. But the effect of structure of fabrics varies due to the colorfastness properties. There are number of woven and knit structure and their derivatives but we used single jersey, interlock for knit and plain, twill for woven fabric. We also used reactive Blue RR for both cotton fabrics. The dye was used 1%. Specially we used reactive dyes for its multidimensional properties that are described later in this report. On the other hand cellulose fibers are the highest used natural fibers in the world including Bangladesh.
 By considering the process, method, desired shade formation we have used the cellulose fibers and reactive dyes. The wide descriptions are given in this project repot later.
 In this project we are supposed to find out the “The Effect Of Times on different Cotton fabrics Dyeing with reactive dye”


2.1 Why this subject been chosen:
This is very common asking of technical persons as well as common people what is the effect of time on cotton fabrics with reactive dye. But we did not know the answer before completing this project, “question is very common but answer is unknown” from this concept Assistant Professor Sumon Mazumder selected this topic as our project subject. That’s why it has been excellent, tremendous subject and we become so much interested to complete this project. 


2.2 Why cotton fibers & reactive dyes been used:
Cotton today is the most used textile fiber in the world. It is made of cellulose. Its current market share is 56 percent for all fibers used for apparel and home furnishings. Another contribution is attributed to nonwoven textiles and personal care items. It is generally recognized that most consumers prefer cotton personal care items to those containing synthetic fibers. World textile fiber consumption in 1998 was approximately 45 million tons. Of this total, cotton represented approximately 20 million tons. The earliest evidence of using cotton is from India and the date assigned to this fabric is 3000 B.C

2.3 Why time is necessary for dyeing cotton fabric with reactive dye:
The time required for dyeing with reactive dye depends on time, temperature and chemical used for dyeing. In general time is proportional to the temperature of the dyeing.

2.4 Effect of time for dyeing cotton fabric with reactive dye:
· Dye stuff is added in two portions.
· Salt added in two lots.
· Dyeing is continued for 30 to 90 min.
· The depth of shade and the reactivity of the dye decide the time of dyeing.
· For deeper shades, longer time is required.
Higher time means less temperature is needed for dyeing, as does higher concentration of dyestuff. If the time is increased then the dye is exhaust by the fiber up to a certain point and vice versa.
2.5 What is organic cotton and how is it grown
Organic cotton is cotton that has been grown for at least three years without chemical pesticides, defoliants, or fertilizers. Natural fertilizers and fertilizing techniques are used instead, including compost, manure, naturally derived mineral and plant fertilizers, and crop rotation. Third-party certification organizations verify that organic producers employ only approved natural methods and materials in organic production
2.6 Why does the industry want to use organic cotton

Organically grown cotton is seen as environmentally friendly, as no synthetic fertilizers, pesticides and herbicides are used in the growing of the cotton. Environmental stewardship is increasingly in the public eye and the use of organic cotton has become very trendy among consumers. Manufacturers and retailers are responding to their demand for more "natural" products. 

2.7 Characteristics of cotton:

Cotton, as a natural cellulosic fiber, has a lot of characteristics, such as:
· Comfortable Soft
· Good absorbency 
· Color retention 
· Prints well 
· Machine-washable 
· Dry-cleanable 
· Good strength 
· Drapes well 
· Easy to handle and sew 
2.8 Fiber Properties of according to Cotton:
	Length & Uniformity Upper Half Length

	Below 0.99
	Short

	0.99-1.10
	Medium

	1.11-1.26
	Long

	Above 1.26
	Extra Long

	Uniformity Index

	Below 77
	Very Low

	77-79
	Low

	80-82
	Low 

	83-85
	High 

	Above 85
	Very High



	Fiber fineness

	Fineness (millitex)
	Description

	Below 135
	Very Fine

	135-175
	Fine 

	175-200
	Average

	200-230
	Coarse

	Above 230
	Very Coarse


	

Fiber Strength(1/8 inch gauge strength in grams/tex)

	20 & Below
	Very Weak

	21-25
	Weak 

	26-29
	Base 

	30-32
	Strong 

	32 and Above
	Very strong 



	                                              Fiber Elongation (%)

	Below 5.0
	Very Low

	5.0-5.8
	Low

	5.9-6.7
	Average

	6.8-7.6
	High 

	Above 7.6
	Very High



	                                                       Fiber Maturity

	Maturity Ratio
	Description

	Below 0.7
	Uncommon 

	0.7-0.8
	Immature 

	0.8—1.0
	Mature 

	Above 1.0
	Very mature 


2.9 Fiber structure and formation:
The botanical name of American Upland cotton is Gossypium Hirsutum and has been developed from cottons of Central America. Upland varieties represent approximately 97% of U.S. production . 
[image: image008]Each cotton fiber is composed of concentric layers. The cuticle layer on the fiber itself is separable from the fiber and consists of wax and pectin materials. The primary wall, the most peripheral layer of the fiber, is composed of cellulosic crystalline fibrils.  The secondary wall of the fiber consists of three distinct layers. All three layers of the secondary wall include closely packed parallel fibrils with spiral winding of 25-35o and represent the majority of cellulose within the fiber. The innermost part of cotton fiber- the lumen- is composed of the remains of the cell contents. Before boll opening, the lumen is filled with liquid containing the cell nucleus and protoplasm. The twists and convolutions of the dried fiber are due to the removal of this liquid. The cross section of the fiber is bean-shaped, swelling almost round when moisture absorption takes place. 
The overall contents are broken down into the following components. 


2.10 Raw cotton components:
	80-90%
	Cellulose

	6-8%
	Water

	0.5 - 1%
	Waxes and fats

	0 - 1.5%
	Proteins

	4 - 6%
	Hemicelluloses and pectin’s

	1 - 1.8%
	Ash


During scouring (treatment of the fiber with caustic soda), natural waxes and fats in the fiber are saponified and pectin’s and other non-cellulose materials are released, so that the impurities can be removed by just rinsing away. After scouring, a bleaching solution (consisting of a stabilized oxidizing agent) interacts with the fiber and the natural color is removed. Bleaching takes place at elevated temperature for a fixed period of time. Mercerization is another process of improving sorption properties of cotton. Cotton fiber is immersed into 18- 25% solution of sodium hydroxide often under tension . The fiber obtains better luster and sorption during mercerization. 
After scouring and bleaching, the fiber is 99% cellulose. Cellulose is a polymer consisting of anhydroglucose units connected with 1,4 oxygen bridges in the beta position. The hydroxyl groups on the cellulose units enable hydrogen bonding between two adjacent polymer chains. The degree of polymerization of cotton is 9,000-15,000 . Cellulose shows approximately 66% crystalline, which can be determined by X-ray diffraction, infrared spectroscopy and density methods. 
Each crystal unit consists of five chains of anhydroglucose units, parallel to the fibril axis. One chain is located at each of the corners of the cell and one runs through the center of the cell. The dimensions of the cell are a = 0.835nm, b = 1.03 nm and c = 0.79 nm. The angle between ab and BC planes is 84º for normal cellulose, i.e., Cellulose.
2.11 Repeat unit of cellulose:
The current consensus regarding cellulose crystallinity (X-ray diffraction) is that fibers are essentially 100% crystalline and that very small crystalline units imperfectly packed together cause the observed disorder. 
The density method used to determine cellulose crystallinity is based on the density gradient column, where two solvents of different densities are partially mixed. Degree of Crystallinity is, then, determined from the density of the sample, while densities of crystalline and amorphous cellulose forms are known (1.505 and 1.556 respectively). Orientation of untreated cotton fiber is poor because the crystallites are contained in the micro fibrils of the secondary wall, oriented in the steep spiral (25-30o) to the fiber axis.
[image: image010]
2.12 Physical properties of cotton:
2.12.1 Fiber length
Fiber length is described [7] as "the average length of the longer one-half of the fibers (upper half mean length)" This measure is taken by scanning a "beard " of parallel fibers through a sensing region. The beard is formed from the fibers taken from the sample, clasped in a holding clamp and combed to align the fibers. Typical lengths of Upland cottons might range from 0.79 to 1.36in. 
Cottons come from the cotton plant; the longer strand types such as Pima or Sea Island produce the finest types of cotton fabrics .
2.12.2 Length uniformity  
Length uniformity or uniformity ratio is determined as " a ratio between the mean length and the upper half mean length of the fibers and is expressed as a percentage"[7]. Typical comparisons are illustrated below.
	Length uniformity 
	Uniformity  index [%]

	Very High
	>85

	High
	83-85

	Intermediate
	80-82

	Low
	77-79

	Very Low
	<77


Low uniformity index shows that there might be a high content of short fibers, which lowers the quality of the future textile product. 
2.12.3 Fiber strength 
Fiber strength is measured in grams per denier. It is determined as the force necessary to break the beard of fibers, clamped in two sets of jaws, (1/8 inch apart) [7]. Typical tensile levels are illustrated. The breaking strength of cotton is about 3.0~4.9 g/denier, and the breaking elongation is about 8~10%. [20]

	Degree of strength
	Fiber strength [g/tex]

	Very Strong
	>31

	Strong
	29-30

	Average
	26-28

	Intermediate
	24-25

	Weak
	<23


2.12.4 Micronaire 
Micronaire measurements reflect fiber fineness and maturity. A constant mass (2.34 grams) of cotton fibers is compressed into a space of known volume and air permeability measurements of this compressed sample are taken. These, when converted to appropriate number, denote Micronaire values. 
	Cotton Range
	Micronaire	

	Premium
	3.7-4.2

	Base Range
	4.3-4.9

	Discount Range
	>5.0


2.12.5 Color
The color of cotton samples is determined from two parameters: degree of reflectance (Rd) and yellowness (+b). Degree of reflectance shows the brightness of the sample and yellowness depicts the degree of cotton pigmentation. A defined area located in a Nickerson-Hunter cotton colorimeter diagram represents each color code. The color of the fibers is affected by climatic conditions, impact of insects and fungi, type of soil, storage conditions etc. There is five recognized groups of color: white, gray, spotted, tinged, and yellow stained. As the color of cotton deteriorates, the process ability of the fibers decreases.
Work at the University of Tennessee has led to color measurement using both a spectrometer CIE-based average color measurement and a color uniformity measurement using image analysis to improve the accuracy and provide additional measurement for color grading [19]. Later the investigators developed two color grading systems using expert system and neural networks.
2.12.6 Trash   
A trash measurement describes the amount of non-lint materials (such as parts of cotton plant) in the fiber. Trash content is assessed from scanning the cotton sample surface with a video camera and calculating the percentage of the surface area occupied by trash particles. The values of trash content should be within the range from 0 to 1.6%. Trash content is highly correlated to leaf grade of the sample. 

2.12.7 leaf grade 
Leaf grade is provided visually as the amount of cotton plant particles within the sample. There are seven leaf grades (#1-#7) and one below grade (#8). 
2.12.8 preparation   
Preparation is the classer's interpretation of fiber process ability in terms of degree of roughness or smoothness of ginned cotton. 
2.12.9 Extraneous Matter 
Extraneous matter is all the material in the sample other than fiber and leaf. The classer either as “light” or “heavy” determines the degree of extraneous matter. 
2.12.10 Neps:
A nep is a small tangled fiber knot often caused by processing. Neps can be measured by the AFIS nep tester and reported as the total number of neps per 0.5 grams of the fiber and average size in millimeters. Nep formation reflects the mechanical processing stage, especially from the point of view of the quality and condition of the machinery used.
2.3 Chemical properties of cotton: 
Cotton swells in a high humidity environment, in water and in concentrated solutions of certain acids, salts and bases. The swelling effect is usually attributed to the sorption of highly hydrated ions. The moisture regain for cotton is about 7.1~8.5% and the moisture absorption is 7~8%. 
Cotton is attacked by hot dilute or cold concentrated acid solutions. Acid hydrolysis of cellulose produces hydro-celluloses. Cold weak acids do not affect it. The fibers show excellent resistance to alkalis. There are a few other solvents that will dissolve cotton completely. One of them is a copper complex of cupramonium hydroxide and cupriethylene diamine (Schweitzer's reagent.
Cotton degradation is usually attributed to oxidation, hydrolysis or both. Oxidation of cellulose can lead to two types of so-called oxy-cellulose [12], depending on the environment, in which the oxidation takes place Cellulose is an organic compound with the formula (C6H10O5)n, a polysaccharide consisting of a linear chain of several hundred to over ten thousand β(1→4) linked D-glucose units.
[image: Cellulose_Sessel]
Cellulose, a linear polymer of D-glucose units (two are shown) linked by β (1→4)-glycosidic bonds
[image: Cellulose-Ibeta-from-xtal-2002-3D-balls]
Three-dimensional structure of cellulose. [1] (Black=carbon; red=oxygen; white=hydrogen.)

2.13.1Insert formula or equation oxy-cellulose
Also, cotton can degrade by exposure to visible and ultraviolet light, especially in the presence of high temperatures around 250~397° C and humidity. Cotton fibers are extremely susceptible to any biological degradation (microorganisms, fungi etc.) 
2.14 Optical properties of cotton
Cotton fibers show double refraction when observed in polarized light. Even though various effects can be observed, second order yellow and second order blue is characteristic colors of cellulosic fibers. A typical birefringence value as shown in the table of physical properties, is 0.047. 
2.15 Cotton classification
Cotton classification is used to determine the quality of the cotton fiber in terms of grade, length and Micronaire classification specifically identifies the characteristics of fiber length, length uniformity, strength, Micronaire, color, preparation, leaf and extraneous matter. In the past, these qualities were classified just by hand-and-eye of an experienced classer. Since 1991, all classification has been carried out with a set of up-to-date instruments, called "HVI"(High Volume Instrumentation) classification [1]. However, measuring techniques of other qualities of cotton fiber, such as fiber maturity and short fiber content, are also being developed. 
2.16 Cotton in non-woven’s 
Cotton is the most important apparel fiber throughout the world. It is a fiber that was used fairly extensively during the early, developmental period of the Nonwovens business primarily because the emerging dry-laid producers came from the textile industry and had an intimate knowledge of cotton and its processing characteristics .It was in the early part of 20th Century that a few cotton mills in the US wanted to find ways to upgrade the waste cotton fibers into saleable products. The first method used was bonding the short cotton fibers (fiber waste) with latex and resin. These products were used mainly as industrial wipes. After World War II, products like draperies, tablecloths, napkins and wiping towels were developed. It was realized that woven fabrics have much better properties than Nonwovens; so, the approach was to claim the market where superior qualities of woven or knit fabrics were not essential but where qualities better than those of paper were needed. As the quality requirements for nonwoven fabrics increased and particularly as the need for white, clean fabric emerged; the use of raw cotton became unacceptable and was abandoned by the industry except for a few isolated product areas. Within the last decade, bleached cotton fiber suitable for processing on conventional nonwoven equipment has become available and has substantially increased interest in this fiber. This is particularly true in medical and healthcare applications, wiping and wiper markets, and some apparel markets. The raw cotton consists of about 96% cellulose and 4% of waxes, pectin, and other pertinacious and plant material. These minor constituents that must be removed in the scouring and bleaching process to give the soft, clean, white, absorbent fiber that is satisfactory for the nonwovens industry after the application of an appropriate finishing oil. The fiber length of cotton is important, particularly as to its process ability. Longer staple cotton (0.75 in. to 1.25 in.) is satisfactory for nonwoven production. The fiber has excellent absorbency and feels comfortable against the skin. It has fairly good strength both wet and dry, and has moderate dimensional stability and elastic recovery. But the resilience of cotton is relatively low, unless it is cross-linked by a chemical treatment. In nonwoven applications, the purity and absorbency of bleached cotton are utilized in growing medical and healthcare applications. The spun lace process usually produces such fabrics. For similar reasons, cotton spun lace fabrics are well accepted in personal and related wipes, especially in Japan and the ASIAN region. In a sense, bleached cotton fiber for nonwoven application is a relatively new fiber. It is a comparatively expensive fiber and available from only a few sources. Consequently, its use still is restricted to specialized applications. This situation is likely to change in the future as the price is further reduced and availability increased.
2.17 Fiber processing
About 30% of world cotton machines harvest production. Australia, Israel and USA are the only countries where all cottons are picked by machines. Fifteen percent of world cotton production is ginned on roller gins and almost all rest of cotton is saw ginned in most countries [14].Cotton fibers in non-wovens are generally used in their bleached form. A lot of research and development has taken place for the efficient production of bleached fibers. The Kier bleaching process produces most of the bleached cotton fibers. Since cotton of lesser grades is useful for non-wovens, a conventional cleaning system does not suffice. This might include a coarse wire carding, called Cotton Master Cleaners, for cleaning the cotton. 
The conventional bleaching method for cottons meant for non-wovens is a 9 step process are: 
a) Fiber opening and cleaning
b) Alkali scouring application
c) Alkali reaction stage
d) Rinsing
e) Bleach application
f) Bleach reaction stage
g) Rinsing
h) Finish application
i) Drying
A continuous textile processing system and method have been disclosed recently for producing a nonwoven web containing bleached cotton fibers in a single line system which includes a supply of fibers such as a bale opening device, The final nonwoven web consisting of bleached cotton fibers may be made into highly purified and absorbent wipes, pads, and other articles for medical, industrial, or domestic use.
2.18 Cost of producing cotton
The international cotton advisory committee (ICAC) undertakes a survey of the cost of the production of cotton every three years based on the data from 31 countries. [16] Several factors are considered, such as land rent, fertilizers, insect control, irrigation, harvesting and ginning. The cost of seed cotton is more than $500 in USA to produce one hectare of seed cotton. The net cost of producing lint from one hectare (the value of seed and land rent were excluded from the total cost) is highest in Australia (US$1,056) followed by the USA (US$889), Pakistan (US$814), Zimbabwe (US$426) and China (US$416). It is most expensive to produce a kilogram of lint in the USA (US$1.20), Australia (US$0.75) and china (US$0.48)
2.19 Repeat unit of cellulose
The current consensus regarding cellulose crystallinity (X-ray diffraction) is that fibers are essentially 100% crystalline and that very small crystalline units imperfectly packed together cause the observed disorder. The density method used to determine cellulose crystallinity is based on the density gradient column, where two solvents of different densities are partially mixed. Degree of Crystallinity is, then, determined from the density of the sample, while densities of crystalline and amorphous cellulose forms are known (1.505 and 1.556 respectively). Orientation of untreated cotton fiber is poor because the crystallites are contained in the micro fibrils of the secondary wall, oriented in the steep spiral (25-30o) to the fiber axis.
[image: ]


  2.20 End uses of cotton
· Apparel - Wide range of wearing apparel: blouses, shirts, dresses, childrenswear, active wear, separates, swimwear, suits, jackets, skirts, pants, sweaters, hosiery, neckwear. 
Home Fashion - curtains, draperies, bedspreads, comforters, throws, sheets, towels, table cloths, table mats, napkins

That’s why cellulose fibers have been used.

2.22 Reactive dye:
Reactive dye is only class of dyes which makes co-valent bond with the fiber and becomes a part of it. This can be described as:
Reactive dyes + Fiber = Reactive dye-Fiber (Co-valent bonding)
If the general structure of a reactive dye is “R-B-X” then,
R-B-X + Fiber = R-B-X-Fiber (Dyed fiber)
Here,
R = Chromophore Group (Azo, Anthaquinone, Phthalocyanine, Metal complex group)
B = Bridging Group ( Imino, Ethyl & Methyl, Oxide, Sulphide group)
X = Reactive Group (-Cl, -Br, -SH, -OCH, etc)
Examples of reactive dyes:
2.23 Classification of Reactive Dyes
By depending on chemical constitution reactive dyes can be classified as:
· Chlorotriazine Dyes (MCT)
· Vinyl Sulphone Dyes (VS)
· Heterocyclic Helogen Containing Dyes (HHC)
· Mixed Dyes (MCT-VS)
By depending on application methods of temperature, reactive dyes can be classified as:
I.Cold brand reactive dyes: This type of reactive dyes is applied in very low temperature. Temperature lies between 25 -50 degree Celsius. They are highly reactive with fiber on this temperature.
II.Medium brand reactive dyes: This type of dyes is applied in a medium temperature range is 40 – 60 degree Celsius. Their reactivity is medium with fiber.
III.Low brand reactive dyes: This type of dyes has very low reactivity properties with fiber with comparison with medium and high brand reactive dyes. Dyeing is carried out on 60 -90 degree Celsius.
2.24 Properties of reactive dyes 
· Reactive dye is anionic in nature.
· Reactive dye is a water soluble dye.
· They have better wash and light fastness properties.
· They have better substantivity.
· They form strong co-valent bond with the cellulosic fiber.
· Alkaline condition is must required for dyeing.
· Electrolyte is must for exhaustion of dyes in the fiber.
· A certain amount of dyes are hydrolyzed during application.
· Wide range of color can be produced with reactive dyes.
· Comparatively cheap in price.
Influencing factors: 
Dyeing of cellulosic fiber with reactive dyes is influenced by some factor. Following factors should consider during dyeing operation.
· pH: Reactive dyeing is done in an alkaline conditon for this reason pH of the dyeing bath should control. pH should be between 11.5 -11.
· Temperature: Temperature should fix depending on the brand of reactive        dyes.
· Concentration of electrolyte: Concentration of electrolyte depends on the type of shade.
· Time: Dyeing time should be between 60 – 90 minutes.
· Liquor ratio: Huge amount of water is use during dyeing operation. Higher the liquor ratio betters the efficiency of dyeing.
Reactive dyes have some advantage and disadvantage to use. Different famous dyes manufacturing companies produce reactive dyes with different characteristics. So, select your ones depending on your demand.


Invention History

Until quite recently all method of dyeing cellulose fibers so that they would have really good wet-fastness depended upon converting soluble substances into relatively insoluble compounds in the fibers, & the process were always accompanied by a measure of difficulty in application. Direct dyes lacks of wet fast ness the force that retain them on the fibers are broken easily. For along time the chemist seeking a method of joining the dye molecule to the cellulose with a covalent bond .at last early in the 1900s reactive dyes was invented. In 1955 Rattee and Stephen developed a procedure for dyeing cotton with fibers-reactive dyes containing dicholorotrizine group. They established that dyeing cotton with these dyes under mild alkaline condition conditions resulted in reactive chlorine atom on the trizine ring being substituted by an oxygen atom from a cellulose hydroxyl group. In the following figure cell-OH is the cellulose with a reactive hydroxyl group, Dye-cl is the dye with its reactive chlorine atom, Cell-O-Dye the dye linked to the cellulose by a covalent bond. The roll of the alkali is to cause acidic dissociation of some of the hydroxyl groups in the cellulose, and it is the cellulose ion (Cell-O) that reacts with dye.
Cell-O +HO- =Cell-O-+H2O
Cell-O- +Dye→Cell-O-Dye+Cl-

[image: ]

The general formula of reactive dyes

2.25 Why Reactive Dyes are called fiber Reactive Dye
Definition of” fiber reactive dye”: A fiber reactive dye "is a coloured compound which has a suitable group capable of forming a covalent bond between a carbon atom of the dye ion or molecule and an oxygen, nitrogen, or sulphur atom of a hydroxy, an amino or a mercapto group”.
Reactive dye is a class of highly colored organic substances, primarily utilized for tinting textiles that attach themselves to their substrates by a chemical reaction that forms a covalent bond between the molecule of dye and that of the fibre. The dyestuff thus becomes a part of the fibre and is much less likely to be removed by washing than are dyestuffs that adhere by adsorption.
The very first fibre-reactive dyes were designed for cellulose fibres, and are still used mostly in this way. There are also commercially available fibre-reactive dyes for protein and polyamide fibres. In theory, fibre-reactive dyes have been developed for other fibres, but these are not yet practical commercially. The dyes contain a reactive group that, when applied to a fibre in a weakly alkaline dye bath, form a chemical bond with the fiber. Reactive dyes can also be used to dye wool and nylon, in the latter case they are applied under weakly acidic conditions.
The most important characteristic of reactive dyes is the formation of covalent bonds with the substrate to be colored, i.e. the dye forms a chemical bond with cellulose, which is the main component of cotton fibers
Fiber reactive dye is the most permanent of all dye types. Unlike other dyes, it actually forms a covalent bond with the cellulose or protein molecule. Once the bond is formed, what you have is one molecule, as the dye molecule has become an actual part of the cellulose fiber molecule. No wonder you can safely wash a garment that has been dyed in bright fiber reactive colors with white clothing, a hundred times, without endangering the whites in the least - even if it is all different bright colors, or even solid black! In contrast to all other dyes the reactive dyes bind chemically to the textile fibers, significantly improving the product's color stability and wash ability. Thus reactive dying of cotton is currently the most widespread textile dying process in the world.

Reactivity of Reactive Dyes and its Application
All but one of the reactive dyes are built on a similar structure (Remazol Dye from Hoechst is the exception). This structure consists of (1) a chromospheres (the color-bearing group), (2) a reactive group (usually a heterocyclic carbon-nitrogen ring system), and (3) a "leaving group" which is part of the carbon-nitrogen group, which is generally a halogen compound (chlorine family).This "leaving group" splits off during the reaction with the fiber and is the point at which the bond is formed. The level of reactivity of dyestuff is mainly dependent on the reactive group and on the "leaving groupIn the earlier fiber reactive dyes (such as the Procions and early Cibacrons) the "leaving groups" were always chlorine, but later it was found that other groups could impart even higher reactivity. These groups could be attached to the dye molecules and affect such things as fixation rates, solubility, substantively (the attraction of the dye for the fiber), and build-up (the depth of color possible).
These early fiber reactive dyes based on chlorine chemistry were known as cholortriazinyl dyes. The reactive group was a triazinyl ring (a six-sided ring with three nitrogen’s); if it had one chlorine built into it the dye was called a monochlorotriazinyl dye (Fig 1); if it had two chlorines the dye was more reactive and called a dichlorotriazinyl dye. (Fig. 2)
In Fig. 1 is a typical monochlorotriazinyl dye and note that the chemical structure, and thus the dye itself, is identical for this Procion H Scarlet H-R and Cibacron E dye Scarlet RP. Not all the dyes in the two ranges are identical, but there are several overlaps.
	[image: react-fig1]

	Fig. 1 - a monochlorotriazinyl dye molecule


The Procion H series and Cibacron E series, both introduced in 1957, were monochlorotriazinyl dyes. These are less reactive than the Procion MX series and require higher temperatures, more alkali, and longer fixation times. They have a higher fixation level so less dye is lost, but they cannot be used at the low temperatures, which make the "cold water" types more attractive to textile and fiber artists.
ICI's first Procion MX dyes were dichlorotriazinyl dyes. They are the most highly reactive because of their two chlorine groups.
	[image: fig 2 - typical monochlorotriazinyl dye]

	Fig 2. - a typical dichlorotriaznyl dye



Some typical examples of reactive systems for cellulose and wool or polyamide fibres are reported in the following tables.
	Anchor system
	Denomination
	Commercial name

	 [image: image140]
	Dichloro-s-triazine (cold dyer)
	Procion MX

	 [image: image141]
	Amino-fluoro-s-triazine (warm dyer)
	Cibacron F

	 [image: image142]
	Trichloro-pyrimidine (hot dyer)
	Cibacron T-E
Dimaren X, Z

	-SO2-CH2-CH2-O-SO3Na
	Beta-sulphate-ethyl-sulphone (warm dyer)
	Remazol



2.26.1 Properties of reactive dyes
· Water soluble dye
· Makes covalent bond with fibers
· Dyeing is carried out in alkaline condition (Ph=11.5)
· Huge electrolyte is necessary
· Fastness properties (wash, rubbing, light, perspiration, etc) are better than other dyes
· Easy apply cable to cellulose and other fibers
· Very popular and widely used in Bangladesh as well as hole over the world.
· Comparatively cheap
· All kinds of shade can be produced
· Dyeing methods are easy.
· Low dyeing temperature (60 0-100 0c) 

2.26.2 Application properties of reactive dye
	Leveling
	Very good

	Exhaustion
	Good

	Migration
	Extremely good

	Acid fastness
	Dye fibers are hydrolyzed

	Alkali fastness
	Fair to good.index, 3-5

	Light fastness
	Very good.index, 5-6

	Cholorinefastness
	Limited

	Wash fastness
	V.good, index, 4-5

	Perspiration fastness
	Good index, 4-5

	Rate of dyeing
	Very rapid

	Dyeing process
	Exhaust

	After treatment
	Soaping and ringing to remove hydrolyzed dyestuff



That’s why we have used reactive dyes.
In our study we have used reactive RED, YELLOW and BLUE dyes.

2.26.4 Chemical Structure of Reactive Blue

[image: ]

Reactive Blue 19
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3.1Materials
In our project work, we have taken cellulosic fabric (knit & woven) for observing the effect of Time. We have taken two pieces of woven fabric (plain weave &Twill weave) and two pieces of knitted fabric (single jersey & Interlock) as our materials for accomplishing our project work. The name of the sample and their construction & specification are given in below:

· Plain weave.
· Twill weave
· Single jersey
· Interlock

3.1.1 Specification of plain weave:

· Sample type                 =  1/1 (Plain Weave)

· Sample Nature             =  100% cotton

· Ends per inch (EPI)     =  120

· Picks per inch (PPI)     =  60       

· Warp count                  =  15Ne

· Weft count                   =  18Ne

· Warp twist                   =  22  

· Weft twist                    =  38

· Fabric GSM                 =  257

· State of Sample           =  Grey

3.1.2 Specifications of Twill weave:

· Sample type                 =  3/1 (Twill Weave)

· Sample Nature             =  100% cotton

· Ends per inch (EPI)     =  130

· Picks per inch (PPI)     =  60       

· Warp count                  =  19Ne

· Weft count                   =  16Ne

· Warp twist                   =  18  

· Weft twist                    =  28

· Fabric GSM                 =  268

· State of Sample           =  Grey

3.1.3 Specification of Single Jersey

· Sample type                 =  Single Jersey

· Sample Nature             =  100% cotton

· Course per inch (CPI)  =  63

· Wales per inch(WPI)   =  34      

· Yarn count                   =   28 Ne

· Yarn twist                    =  32 (TPI)

· Stitch Length               =  2.35

· Fabric GSM                 =  149

· State of Sample           =  Grey

3.1.4 Specification double Jersey

· Sample type                 =  Double Jersey Interlock

· Sample Nature             =  100% cotton

· Course per inch (CPI)  =  76

· Wales per inch(WPI)   =  38      

· Yarn count                   =   34 Ne

· Yarn twist                    =  26 (TPI)

· Stitch Length               =  3.16

· Fabric GSM                 =  238

· State of Sample           =  Grey

3.2. Methods:

3.2.1 Preparatory Process:
The weight of 80gm fabric from four samples (each sample contains 20gm) have been taken for the scouring & bleaching by using the following recipe:
Recipe:
01. Detergent/Wetting agent     = 1 gm/litre. (1% stock solution)
02. Caustic Soda (NAOH)         = 5 gm/litre. (5% stock solution)
03. Hydrogen Peroxide (H2O2)      = 8 gm/litre. (5% stock solution)
04. Peroxide Stabilizer               = 2.5 gm/litre. (1% stock solution)
05. M:L                                    = 1:20
06. Temperature                       = 98 0 C
07. Time                                  = 1hr.
08. Material Weight                  = 80 gm.
09. pH                                      = 9.5-11.5
3.2.3Calculation:
              	        
· Sample wt. = 80 mg
· Material liquor ratio = 1: 20
· 
Total liquor  (80  20) = 1600 cc
                                                         1 X 1600 
· Detergent  required    =   ----------------   =  160 cc
                                                         1000 X 1%

        
                                              		  5 X 1600 
· Caustic Soda  required     =  ----------------  =  160  cc
                                                              1000 X 5%

                                                                        8 X 1600  
· Hydrogen peroxide  required     = -----------------  =  256  cc
                                                                       1000 X 5% 

                                                                        2.5 X 1600 
· Peroxide Stabilizer  required    =   ----------------   =  400 cc
                                                                        1000 X 1%


· Water required = {1600  - (160 + 1600 + 256 + 400)} =  624 cc
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Fig: Process Curve of Scouring & Bleaching Process.

3.2.4 Working Procedure:	

1. Firstly, 20 gm of fabric from each sample has been taken for scouring & bleaching.
2. Prepare stock solution for all chemical which is necessary for scouring bleaching.
3. Set the bath at room temperature and add wetting agent, NaoH and check  PH. (PH = 9.5-11.5)
4. After checking PH of the dye bath, appropriate amount of peroxide stabilizer and sample is added into the dye bath.
5. Raise the temperature up to 600c and H2O2 is added into the dye bath.
6. Raise the temperature up to 980c and hold the temperature for 1 hr for proper scouring and bleaching action.
7. Then cool and rinse for removing fiber dust from the bath.
8. After rinsing the temperature is raised up to 700c for hot wash at 10 min. After completing the action the process is drained out. 

3.2.5 Dyeing Recipe:

01. Reactive dye      = 1%. (1% stock solution)
02. Salt                   = 45 gm/l. (30% stock solution)
03. Soda ash            = 15 gm/l. (30% stock solution)
04. Leveling agent   = 0.5 gm/l. (10% stock solution)
05. Temperature      = 600c.
06. M:L                   = 1:7
07. Material Weight = 4 gm.
08. Time                  = 40 minute
3.2.6 Calculation:  
        	        
· Sample wt. = 4 mg
· Material liquor ratio = 1: 7
· 
Total liquor  (4  7) = 28 cc
                                              4 X 1% 
· Dye  required    = --------------  =  4 cc
                                                 1%

        
                                              45 X 28 
· Salt required     =  ----------------  =  4.2  cc
                                            1000 X 30%

                                                15 X 28  
· Soda  required     = -----------------  =  1.4  cc
                                              1000 X 30% 

                                                                  0.5 X 28 
· Levelling agent  required    =  ----------------   =  0.14 cc
                                                                1000 X 10%

· Water required = {28  - (4 + 4.2 + 1.4 + .14)} =  18.26 cc
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3.2.8 Working Procedure:

1. Firstly, reference recipe was collected from our honorable project supervisor.
2. Then 4 gm of fabric from each sample has been taken for dyeing.
3. Prepare stock solution for all chemical which is necessary for dyeing.
4. Take dye solution, salt, leveling agent, soda with substrate in the jar.
5. Raise the temperature up to 600c and run for 40 minute.
6. After 10 minute, take four jars from the dyeing process and run for 30 minute.
7. After 20 minute, take four jars from the dyeing process and run for 20 minute.
8. After 30 minute, take four jars from the dyeing process and run for 10 minute.
9. After 40 minute, unload and wash in cold water.
10. Hot wash for 15 minute at 900c with washing agent.
11. Then wash in cold water.
12. Finally, squeeze and dry.
 
3.3 Color and Colorfastness:
Colorfastness, in normal sense, refers to the resistance of color of a dyed or printed textile to various types of influences (water, rubbing, light, etc) to which they are normally exposed in textile manufacturing and in practical sense. So we can say color fastness is the resistance of the color to fade or bleed by some agencies like washing, light, water, chlorine, perspiration etc.
The stability of the color of a dyeing/printing or its fastness is one of its most important properties. A fast dyeing will show no significant visible fading during the useful or printed material may lose its color for the following.
· Due to decomposition of dye molecules in the fibers (as in light fading)
· Due their removal (bleeding) in to the external medium (as in washing)
· Due to reaction with acid, alkali or perspiration (as in perspiration fastness)
· Due to friction of outer surface (as in rubbing)

Color fastness is usually assed separately with respect to-

· Change in color of the specimen being tested which color is fading
· Staining of undyed material which is in contact with specimen during that is color bleeding

3.4 Color Fastness Tests Used in Textile:

The outstanding important properties of the dyed material are the fastness of its shade. A number test is necessary to cover all the important properties of any one shade. AATCC has described 66 color fastness tests, which are available in the manual of S.D.C (Society of Dyers and colorists) and ISO.
According to the agencies tending to fade the color shad, color fastness considered in different types-
Such as:
· Color fastness to light.
· Color fastness to wash.
· Color fastness to rubbing.
· Color fastness to water.
· Color fastness to perspiration.
· Color fastness to sea-water.
· Color fastness to acid.
· Color fastness to alkalis.
· Color fastness to bleaching.
· Color fastness to mercerizing.
· Color fastness to cross dyeing.
· Color fastness to anti shrinkage treatment.
· Color fastness to heat.

And so on. But of the above the first five are more important.

3.5 Grey scale:

Grey scale is an empirical scale containing a series of pairs of neutrally colored chips, showing increasing contrast within pairs. It is used visually to assess contrasts between the pairs of patterns.
For example in order to giving numerical assessment of color changing and staining two sets of standard grey scale are used.
The ISO grey scale has two series of chip against which the change of color of a specimen can visually assessed and rated on 1-5 scale.

[image: grey_scale]

Fig: Grey scale
The gradation of grey tones in the scales are defined in N.B.S (National Bureau of Standards) units one units being defined as the smallest difference in depth, which is of commercial significance. Difference in depth in shade i.e. the differences in N.B.S units are spaced geometrically. Here is a chart showing difference in color in N.B.S units and corresponding fastness rating-
	Color difference in N.B.S units
	Fastness rating

	0
	5

	4
	4

	8
	3

	16
	2

	32
	1


In light fastness, grey scale is 1 to 8.
In all other grey scale rating is 1 to 5.

	Fastness grade
	Shade change of tested sample
	Fastness quality
	Staining of adjacent white sample

	1
	No change
	Excellent
	No Staining

	2
	Slightly loss in depth
	Good
	Very slight Staining

	3
	Applicable loss
	Fair
	Moderate Staining

	4
	Significant loss
	Poor
	Significant Staining

	5
	Great loss in depth
	Very poor
	Deep Staining



3.6 Color Fastness tests:

3.6 Color Fastness to Washing:
The resistance to loss of color of any dyed material to washing is referred to as its wash fastness. If dye molecules have not penetrated in to the inter p0olymer chain space of fiber or have not attached to the fibers with strong attractive force, poor wash fastness results.
Method: ISO 105-C06
3.6.1 Required Apparatus:
· Multi-fiber fabrics.
· Grey scale.
· Washing machine.
· Dryer.
· Color matching cabinet.
· Sewing machine.

3.6.2 Procedure: 

· Size of specimen: Cut sample & multifibre at (10 × 4)cm then stitch.
· Detergent: 4g/l ECE detergent (WOB) + 1g/l sodium per borate put in distilled water & cooled at 20°C & measured PH (where necessary).
· Run the program in the following way: -
     Test no.    Temp°C     Liq.volume ml     Time min.     Steel balls   Adjust pH
            A2S           40°C               150                      30                 10             10.5±1        
· Rinse the sample twice with cold water.
· Dry at 60°C by hanging or by flat iron pressing but temperature should not less more than 150°C.
· After that dyed sample are separate from the multifibre fabric by removing the stitch.
· Finally, Grey scale is used for grading.

3.7 Color fastness to water (ISO 105 EO1):

The resistance to loss of color of any dyed material to washing by normal water is referred to as its color fastness to water. If dye molecules have not penetrated in to the inter polymer chain space of fiber or have not attached to the fibers with strong attractive force, poor wash fastness to water results.

0. Sample size: Cut the specimen & multi-fiber at 10 cm X 4 cm & one sight is sewn together.
0. Solution: Wet in distilled water at room temperature for 30 minute.
0. Place it in acrylic resin plates & put the weight on to the plates.
0. Keep it in oven & keep the temperature at 37± 2°C for 4hrs.
0. Open the specimen & dry it in the air hot exceeding 60°C.
0. Assess the staining & shade change with gray scale.

3.8 Color fastness to perspiration Alkaline & Acid solution (Method: ISO 105- E04):

3.8.1 Procedure:
             Cut the specimen & multifibre at 10×4cm & sewn together.
3.8.2 Prepare solution:
Start to prepare 0.1 mol/l Hydroxide (NaoH) by solving 4.0g NaoH in 1 litre distilled water.
3.8.3 Alkaline Solution:
Prepare alkaline solution containing per litre distilled water.
· 0.5g/l of 1-histadine mono hydrochloride monohydrate
· 5g/l of sodium chloride.
· 2.5 g disodium hydrogen orthophosphate.
This solution is brought to pH - 8 with 0.1 mole/l caustic solution.
 3.8.4 Acid solution:
Start to prepare acid solution containing per litre distilled water.
· 0.5 g/l of 1-histadine monohydrochloride monohydrate
· 5g/l of sodium chloride.
· 2.2 g/l of sodium dihydrogen orthophosphate dehydrate.
This solution is brought to pH - 5.5 with 0.1 mole/l caustic solution.
3) M: L = 1: 50
4) Wet the specimen in flat dish containing acid & alkaline solution & keep for 30min. Then take the specimen & squeeze the excess solution by two glass rods.
5) Put the specimen in to the acrylic resin plates & put wt. on the plates.
6) Keep it in the woven at 37°C ± 2°C for 4hrs. 
7) Open the specimen 6 multi fibre & dry separately in the air temperature not exceeding 60°C.
8) Access the staining & shade change with grey scale.  (
For Wet Fastness
Shade Percentage: 3.0%
Color Name: Reac Red R
) (
For Dry Fastness
Shade Percentage: 3.0%
Color Name: Reac Red R
) (
For Wet Fastness
Shade Percentage: 2.0%
Color Name: Reac Red R
) (
For Dry Fastness
Shade Percentage: 2.0%
Color Name: Reac Red R
)
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a) Color fastness to wash result.
b) Color fastness to water result.
c) Color fastness to perspiration test result.
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4.1 Results for Color fastness to water:

	Sample
	% of dye staff
	Time
min
	Hue
	Rating
	Fabric structure
	% of dye staff
	Hue
	Rating

	plain
	1%
	10
	Blue
	4
	Single jersey
	1%
	Blue
	4

	plain
	1%
	20
	Blue
	4
	Single jersey
	1%
	Blue
	4-5

	plain
	1%
	30
	Blue
	4-5
	Single jersey
	1%
	Blue
	4-5

	plain
	1%
	40
	Blue
	5
	Single jersey
	1%
	Blue
	5

	Twill
	1%
	10
	Blue
	4-5
	Interlock
	1%
	Blue
	4

	Twill
	1%
	20
	Blue
	4-5
	Interlock
	1%
	Blue
	4-5

	Twill
	1%
	30
	Blue
	4-5
	Interlock
	1%
	Blue
	4-5

	Twill
	1%
	40
	Blue
	5
	Interlock
	1%
	Blue
	5



4.1.1Graphical representation of water fastness properties of cotton fabric:



4.1.2 Discussion for Color fastness to water:

From our observation we see that when the dyeing time of cotton fabric is increased then the colorfastness properties of these fabrics are increased.

In the case of color fastness to water the ranking of fabrics are excellent almost 5 when the dyeing time is 40 minute. on the other hand we see that the color fastness to water for fabrics are good to fair, when the dyeing time is 10 minute. Earlier we have shown graphically the result.
4.2 Results for Color fastness to wash:

	Sample
	% of dye staff
	Time
min
	Hue
	Rating
	Fabric structure
	% of dye staff
	Hue
	Rating

	plain
	1%
	10
	Blue
	4
	Single jersey
	1%
	Blue
	4

	plain
	1%
	20
	Blue
	4-5
	Single jersey
	1%
	Blue
	4-5

	plain
	1%
	30
	Blue
	4-5
	Single jersey
	1%
	Blue
	4-5

	plain
	1%
	40
	Blue
	5
	Single jersey
	1%
	Blue
	5

	Twill
	1%
	10
	Blue
	4-5
	Interlock
	1%
	Blue
	4

	Twill
	1%
	20
	Blue
	4-5
	Interlock
	1%
	Blue
	4

	Twill
	1%
	30
	Blue
	4-5
	Interlock
	1%
	Blue
	4-5

	Twill
	1%
	40
	Blue
	5
	Interlock
	1%
	Blue
	5



4.2.1 Graphical representation of wash fastness properties of cotton fabric:

     


4.2.2Discussion for Color fastness to wash:

In the case of color fastness to wash the ranking of fabrics are excellent almost 5 when the dyeing time is 40 minute. On the other hand we can see that the color fastness to water for fabrics are good to fair, when the dyeing time is 10 minute.
 
4.3 Results for Color fastness to perspiration:

	Sample
	% of dye staff
	Time
min
	Hue
	Rating
(Acid)
	Rating
(Alkali)
	Fabric structure
	% of dye staff
	Hue
	Rating
(Acid)
	Rating
(Alkali)

	plain
	1%
	10
	Blue
	3-4
	4
	Single jersey
	1%
	Blue
	3-4
	4

	plain
	1%
	20
	Blue
	4
	4-5
	Single jersey
	1%
	Blue
	4
	4-5

	plain
	1%
	30
	Blue
	4
	4-5
	Single jersey
	1%
	Blue
	4-5
	5

	plain
	1%
	40
	Blue
	4-5
	5
	Single jersey
	1%
	Blue
	4-5
	4-5

	Twill
	1%
	10
	Blue
	4
	4-5
	Interlock
	1%
	Blue
	4
	3-4

	Twill
	1%
	20
	Blue
	4
	4-5
	Interlock
	1%
	Blue
	4
	4

	Twill
	1%
	30
	Blue
	4
	5
	Interlock
	1%
	Blue
	4
	4-5

	Twill
	1%
	40
	Blue
	4-5
	5
	Interlock
	1%
	Blue
	5
	5



4.3.1 Graphical representation of perspiration fastness properties (Acid) of cotton fabric:


4.3.1Graphical representation of perspiration fastness properties (Alkali) of cotton fabric:



4.3.2 Discussion for Color fastness to perspiration:

In the case of color fastness to perspiration the ranking of all fabrics are excellent almost 5 when the dyeing time is 40 minute. On the other hand we see that the color fastness to perspiration for fabrics is good to fair, when the dyeing time is 10 minute. Earlier we have shown graphically the result.

4.4 Final result:

Above all we can say that when the dyeing time is increased then the color fastness results are excellent. On the other hand when the dyeing time is decreased then the color fastness results are good to fail up to a certain period of time.
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Chapter-6: 
Conclusion:
)

Effect of time is very important in textile wet processing .By these tests we can know and asses how long the color will be retained by textiles material, its longevity, substantively, resistance etc and all the tests are executed according to world recognized method. There are 66 test methods existing but color fastness to light, water, rubbing, perspiration is more important. We have done 3 tests in our experiment. We have used the same dyes, dyeing chemicals both in woven and knit fabrics. But variation in results are occurred due to the times difference, and dramatically we see that when time is increased then the dye absorbing capacity of a material is also increased at a certain period of time and the color fastness results are also excellent at a certain  period of time.  
At the end we can say that the curiosity, the questions that were arises in our mind are been solved after doing this project. So we can say that our project is successful and thanks to all persons who help us to complete this project.
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