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Abstract

The present situation of dying process in Knit se well established & successful. But there are
new challenges arising everyday which are tryingutgettle this progress. The process can be
improved more if some new technology is introduagader precise condition making sure that the
quality of production is not degraded. The knit idgeprocess of cotton is almost entirely using

Reactive Dyes & Exhaust methods, which are stidlaubtedly successful.

But there are some problems which were not preiyoiadken into consideration due to flexible
market situation, now the business is very comg@ead competitive. So now some of them are
playing vitally in the ratio of profit with qualityThe first & the foremost target of any industrial
production are to produce in the least time withximnaim quality. At present days our knit dyeing
industries are affecting with reduction of profiargin, economic crisis in countries, energy crisis
etc. In such hostile condition the industries sHadncentrate very carefully on the duration ot uni
production, making the dyeing right in the minimygmocess steps. That's why intense control of
process should be done to get as much as closed®wight-first-time dyeing. The “right first
time” (RFT) approach to dyeing requires managensrgervisors, and operators to focus on close
measurement and follow-up of all aspects of thedpeton system to ensure that each step is
operating as specified. Goal-oriented product $jpations are met on first-pass processing, so
material is not held in-process for dye additionsewvork dyeing. Rapid corrective action is taken
when any defect is identified in the process ordpod. Operator and technical teams define and
implement longer-term solutions to more frequemttcurring breakdowns or disruptions in the
process.

Fixation levels for reactive dyes, when doing ddgeing, can be as high as 70%. Tests in several
factories in Bangladesh have shown that curreimbtibn ranges from 40-65%. If, on average, the
fixation is 50% then about 20% of the dye is esafiptbeing wasted. If 20 kg of dye is used to dye
a batch of 200 kg of fabric then 4 kg is being wedgter batch. If, on average, dye costs Tk.460 per
kg then this is a loss of Tk.1840 per batch. laetdry dyes 1,000 tones of fabric each year, using
100,000 kg of dye and wastes 20% because of paatidn, this is the equivalent of a loss of Tk.
9,200,000 per year (approximately US$ 117,949)s Tixation level can increase achieving RFT
shade by changing the variables (pH, time, tempezatliquor ratio, dyeing process, process
parameters-different types of salt, alkali etc.y, modification the cellulose (cationization),
reducing water hardness. In this experiment it stagied most of the parameters related to RFT
concepts. Among them 22 points were summarizecugiravhich it can achieve the RFT shade.
All these factors were discussed in details. It wB® worked to utilize the 3M (Man, Machines
and materials). For this dyeing workers were trdit@ not using more or less dyes, chemicals,
machines were ensured accurate parameters and aseviats quality were tested in every lot.
Among the 22 RFT factors the water hardness etieateactive dyes fixation was worked more.
For this experiment there was used three reactjes chamely, Dychfix Red 3BXF, Dychufix
Yellow 3RXF, Dychufix Navy Blue 2GLXF. Their fixain efficiency was observed by using at
different dosing the chelating agent Liang710. dsvalso studied the change in color fastness due|
to using at different dosage of sequestering addm.result was compared among the sample dyed
without chelating agent and sample dyed with cirededgent.
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Introduction

Right First Time shade means to match the shadied fabric with the required shade at first
time without facing or facing minimum dyeing faulie other word RFT shade is matching the
dyed fabric shade with required without topping asddyeing.

Actually it was very difficult to achieve the RFhade in any dyed fabric manufacturing industries.
Because there are a lots of factors related imtaweufacturing process of dyed fabrics. Such as raw
materials (water, dyes, chemicals, and grey fadtdg, Process parameters, machines maintenance
manpower skill, utility support etc. All of theseed to very control for about dyeing at RFT.

To achieve the right first time shade into knit idhgeat first it was found out the existing reasons
behind dyeing faults & long process time of dyeifidnen reproducibility of lab to bulk was
analyzed. It was studied of the combination sadectif dyes. Water hardness was analyzed in both
in-house laboratory and outside standard laboratdisequestering agent was selected to work by
analyzing of different companies sequestering ag&ntoptimum dosage was also selected by
laboratory research work. The raw materials testyglem was developed. All the digital electrical
measuring balances were calibrated. Digital tentpegagun, pH meter, Hradness meter, peroxide
killing test kit etc. was provided. It was also dmped to provide computerized auto dyeing recipe
making system. The soda dosing and color dosintesysvas developed for the light, deep &
critical colors according to cycle time and theirafy of dye stuffs. There was also ensured the
minimum dyeing breakdowns and the maximum utilippgort. The R & D department was
involved to work with the dyes, chemical analysmtinuously to develop the fabric quality & to
reduce the dyeing cost. Then it was trained ther&@pe& Helper working in the dyeing floor &
dyes chemical store about the technical operaporgess, dyes chemicals handling. Finally there
was developed the optimum good housekeeping mwvall the floor.

Cellulose is a linear polymer of 1pDb-glucose units linked together by valence bonefsvben
the carbon atoms number 1 of one glucose molecwenamber 4 of another molecule. The degree
of polymerisation of cellulose molecule may be mhtas 10000. Cotton fibres also contain waxes,
pectins, organic acids and inorganic substanceshygroduce ash when fibre is burnt [1].

The dye molecule contains specific functional geotipat can undergo addition or substitution
reactions with the OH, SH, and NH2 groups presemxtile fibers. The dyeing with reactive dyes
is performed in the presence of an alkali such a€®; and caustic soda. The ionization of OH
group in cellulose fibres is accelerated with asréase in pH value, which facilitates their reactio

with reactive dyes. On the other hand, reactivesdlso react with water and are increasingly
hydrolysed, which is unfavorable for dyeing. Ingireal dyeing condition e.g. the kind and amount
of alkali, temperature and time, so that to mininthe hydrolysis of dyes and maximize the
reaction of reactive dyes with cellulose fibres arader taking place in the presence of alkali..[ 2]

Fixation is invariably achieved in the presence agfueous alkali. Under these conditions,
nucleophilic cellulosate ion, Cell-O-, is in comitien with hydroxide ion, OH-, for reaction with
the electrophilic reactive group(s) of the dye [B]is shown that the dye fixation to the fabric is
controlled by a solid—liquid interfacial processwever, the rate of this reaction is governed lgy th
availability of sites for the adsorption of dye malles on the fabric surface [4].

Reactive dyes fixation mechanism can be explainethé intermolecular force acting among the
dye stuffs and the application media. Water Hardglifess a great impact on the fixation level of
reactive dyes. If the dye bath water contain mietas like C&", F€™, Mg'™, then the dye stuffs
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will react with the this metal ions and create @hond. Calcium and magnesium ions reduce the
solubility of anionic dyes causing them to aggregat even precipitate on the fiber. Aggregated
and precipitated dyes cannot migrate or diffusey tteamain on the fiber surface as particular
deposits.A chemical compound which possesses two (or moh&mical groups, which can
surround a metal ion, resulting into a complexaliet! chelate. These chelates are more stable the
the simple salts formed with acid (i.e acetic anfiz acid) such simple salts formed with acids are
usually highly soluble and useful way of deminesialy cotton before dyeing][5

The most undesirable impurities in Fibre, Commalt, §&5lauber’s salt, Caustic Soda and Soda ash
are the di- and tri-valent e.g., Cat++, Mg ++ Cu Fe}+++ etc. These ions increase hardness of the
process bath and generate iron oxides in the Kkatltium and Magnesium reacts with alkali and
precipitates as a sticky substance on the textigenal, which creates patchy dyeing and
discoloration of the fibre.

Also the dye stuffs make H-bond reacting with theaisilable in the dye bath water. Hence it will
cause for Hydrolysis of reactive dyes. This carm®iavoid, because H-bond is negative inherent
reaction, which occurs at the same time of crea@iagalent bond with Cé€llof the cellulosic fibre.
This will be a part of cellulose as the covalemdb@s very stronger than ionic, H-bond and vander
walls force. And the amount of dye molecules take pn the covalent bond with the fire is the
total amount fixation of reactive dyes. Among thiends van walls force is avoidable with
increasing the temperature during dyeing. H-bonthoabe avoided. Covalent bond is our only
target to fix up the maximum amount of dye moleswa the substrate from the dye bath solution.
But the ionic bond can be eliminating using chegltor sequestering agent.

Sequestering agents work by a mechanism of comfgexration, also termed chelation. The
sequestering/chelating agent has groups at apptedocations in the molecule to form one or
more chelate rings with the metal ion. The complais formed remains soluble as well as stable

under given conditions. These chemicals usuallytainmitrogen, such as amines and substituted
amines, and oxygen in the form of carboxyl, phosploa hydroxyl groups. They form molecules
in which the ions are held securely (sequestefet)they can no longer react.
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CHAPTER - 01

OBJECTIVES

Objectives

To investigate how to dye cotton knit fabric witkactive dyes at RFT
To utilize the 3M(Man, Machine and Maerials)

To increase the reproducibility of lab and bulk

To improve the fixation (%) of reactive dyes usaigglating agent

To analyze the fixation (%) of primary colors (R&@llow, Blue)

To analyze the fixation(%) of combined colors

To compare the color fastness properties of diffedyes at different dyeing steps
To reduce the dyeing Faults

To reduce the dyeing process time

10 To improve the dyeing quality

11.To minimize the dyes fixation loss per year

12.To study the cost effectiveness for RFT shadeeaeinent

©CoNorwhE
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CHAPTER - 02
LITERATURE REVIEW

1. Cotton

Cellulose (Latin word cellula, “little cell”) is aomplex carbohydrate. In plants, cellulose is
normally combined with woody, fatty or gummy sulstes. Photoinitiated biosynthesis results in
the main product group of saccharides (particuleejulose and starch) besides proteins, fats and
oils. Payen suggested that the cell walls o f gelamumber of plants were constructed o f the same
substrate to which he gave the name o f cellul6sEr] [8]

Cotton fibre is one of the most important natueadtile fibres of plant origin and accounts for
about one third of the total world production aftike fibres. Cotton fibres grow on the surface of
the seed of cotton plant. Cotton fibre contains9®3 cellulose which is an organic compound
with the general formula @100s)n . Cotton fibres also contain waxes, pectinsanig acids and
inorganic substances which produce ash when fébmiint. Cellulose is a linear polymer of 1,4-
B -D-glucose units linked together by valence bonesvben the carbon atoms number 1 of one
glucose molecule and number 4 of another moledihe. degree of polymerisation of cellulose
molecule may be as high as 10000. The hydroxyl ggd@H protruding from the sides of the
molecule chain link neighbouring chains together ydrogen bond and form ribbon-like
microfibrils which are further arranged into larderilding blocks of the fibre. Cotton fibre is part
crystalline and partly amorphous; the degree adtatimity measured by X-ray methods is between

70 and 80% [9]. Natural cellulose fibers carry samegative charge =Pl = _11 mV) due to
the presence of some carboxylic acid groups froidation at the primary hydroxylic sites [10].

1.1 Molecular structure of cellulose
Cellulose is composed o f a large number of repgatnits of 1,4-D-glucopyranose as shown in
the following figure.

CH;OH CH;OH - CH>,OH
\ =2

L — ) [ i
S : | /]—0\ OH
OH . of | | 0] OH :
OH ™S ' LE | !
OH 2

'n-2 OH

Fig 1: Molecular structure of cellulose.

The distinguishing features of the polymer chaia tie main sequence of repeating intermediate
units (I), the non-reducing end group (ll), theueig end group (Ill) and the glycosidic linkage.
Each intermediate unit contains three alcohol gsptyo o f which are secondary alcohols and one
primary alcohol. The reducing end group is a cyhkemiacetal, which shows the characteristics of
both an alcohol and an aldehyde under appropratdittons as shown in the following Figu.
CH,OH

OH

CH,OH

|

0

—0

| Ol
o H

Fig 2: Cyclic hemiacetal group showing both an htd@and aldehyde characteristics
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1.2 Repeat unit of cellulose

The current consensus regarding cellulose crysitgili(X-ray diffraction) is that fibers are
essentially 100% crystalline and that very smajstalline units imperfectly packed together cause
the observed disorder.

The density method used to determine cellulosetaltiysty is based on the density gradient
column, where two solvents of different densities partially mixed. Degree of Crystallinity is,
then, determined from the density of the sampleilemiensities of crystalline and amorphous
cellulose forms are known (1.505 and 1.556 respelgl. Orientation of untreated cotton fiber is
poor because the crystallites are contained imrigeo fibrils of the secondary wall, oriented ireth
steep spiral (25-3Dto the fiber axis.

CH,OH g PH

C

L L
}Q/f: \;O—lc/im N
] \flf“_f/ RN/ L

]
OH CH, OH

Fig 3: Chemical Structure of cellulose 11

1.3 Morphology of cotton

The seed hair o f cotton consists o f three pastdlastrated in Figure 1.2. When looking at a
cotton-fibre cross-section, it shows a lumen ortredrcanal (S3), the secondary thickening (S2)
which is cellulose and the primary wall (Si) oriclg which forms a protective layer containing
pectin, proteins, waxes and mineral matter. Indéeelopment of the secondary wall, cellulose is
deposited in the form of fibrils. The fibrils inrtu consist of micro fibrils which contain polymer
chains that are well packed and almost identicatignted and thus are crystalline. The fibrils in
the fibre are formed in layers which are associatét the daynight cycles experienced during
growth. The fibrils are arranged spirally arouné #xis of the fibre, the direction o f the spiral
reverses from a left to right direction and vicesae many times along the length o f the filag [
[8].

Fig 4: Morphological structure of the cotton fibre
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1.4 Supramolecular structure of cellulose

Native cellulose is a highly crystalline materidtiash contains crystalline fibrils o f varying degre

o f complexity and undetermined length. The fibale placed in the fibre in such a manner that
they may be interspersed with material in which¢hain molecules are not as well ordered as in
the crystalline region. The same molecular chaiy owur in both crystalline and non-crystalline

regions of the fibre, along different portions ¢&f iength. The overall arrangement o f chain
molecules in a fibre, the supra molecular structunay also be explained in two concepts;
crystalline and fine structure. Several key feauwef the cotton cellulose molecule give rise to
important structural and mechanical characteristid¢be fibre itself £3].

¢ It is ribbon-like with an approximately rectanguéaoss-section.

¢ It is relatively flexible, through rotation abotiie bridging oxygen links between the glucose
rings.

¢ It features a high concentration o f hydroxyl grewalong its edges.

¢ It has directionality.

The disordered regions are important to faciligyeing, since the penetration o f dyes and other
chemical reagents is possible mainly through disi@d regions. Molecules that are located at the
surface of the crystallite areas are also accesstbthemical interactions and therefore size and
distribution of crystallites play an important rale determining the accessibility o f fibres. The
morphology of a cotton fibre is illustrated in Frgul.2. In addition to the form and structure @& th
fibre, the morphology of cellulose includes factofsfine structure such as fibrils and micelles,
accessible and non-accessible regians

Perfect Crystal

Para - ¢crystalline

Amorphous with Corrclation

Whelly Amorphous

Fig 5: Relative degrees of order in the packingladin molecules

All the different cellulosic fibres encountered dlyeing, including cotton, mercerized cotton,

viscose rayon, linen, ramie, hemp and jute, havguaty different morphologies derived from the

same basic cellulose material. Thus, chemical heha¥ these fibres towards water and dyes will
be similar but the overall behavior will be detemed by several variables depending on the
morphological structure o f the fibres such as abi@ristics o f the outer and inner layers, thiosat

o f crystalline to amorphous cellulose and the aizé distribution o f the crystallite regions. [8]
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2. Water

Water is the chemical substance with chemical féanthO: one molecule of water has two
hydrogen atoms covalently bonded to a single oxyafem. Water appears in nature in all three
common states of matter (solid, liquid, and gas) may take many different forms on Earth: water
vapor and clouds in the sky, seawater in the ogaeelergs in the polar oceans, glaciers in the
mountains, fresh and salt water lakes, rivers,aandfers in the ground.

As water and its quality play a very important rolevet processing, let us have a brief look into
the quality of water required for wet processinghvan emphasis on reactive dyeing. We get water
from various sources, like river, ponds, shallowisvand deep bore wells. According to the source
of water, it contains many dissolved and suspendwgulrities. The water from a running river
contains many dissolved salts (solids) like SulpbatChlorides, silicates, Carbonates and
Bicarbonates of heavy earth metals like Calciumgigsium, Iron, Aluminums, and Sodium etc.
The ratio of these salts varies according to thecsoof water.

Water is an important ingredient in the recipesteftile wet processing. Due to inadequate
availability of good quality surface water, manyitanare compelled to use ground water. The
guality of ground water is not always as good atase water, and it could contain soluble calcium

and magnesium salts, leading to hardness. Thisnbasdcan be corrected by using a water
softening plant, which can remove these metal saitsreplace them with sodium salts, but these
softening plants may not take care of other meti ®f Cu2+, Ni2+, Fe3+, Cr3+, etc, if present in

raw water, and these metal salts can cause proltet@stile wet processing

The quality of textile products is affected by thater quality. Chlorine, iron and treatment
chemicals have a major effect on dyeing procesad&lhvariation can be caused by chlorine
contamination of water. This can cause color lossifany classes of dyestuff. Shade variation also
be caused by metal such as iron, copper and ote&isn These metals are known to affect many
dyes, especially reactive dyes. Trace metals cangehthe shade of reactive colors, for example,
the colors of azo dyes are reduced by metallicssdlhe most common metals affecting shade
varigtion of textile goods in water are aluminiutopper, manganese and iron.[15] [16].

2.1 Sources of water
As you know, the earth is watery place. Estimatay\vout somewhere between 70 and 75% of the
earth’s surface is water covered. But water alsst®in the air as water vapor and in the ground as
soil water. Water is used in very large quantities, it must be cheap. Natural water mainly
obtained from the following sources:

Mains supply

Surface water

Sub-soil or ground water

Rain water

Sea water [17]

2.2 Importance of water

It has the great importance regarding to its usdggesed as 88% in agriculture, 7% in industries
and 5% in domestic useshe importance of water to the textile wet-proacegsndustries cannot
be stressed enough.idtnot just something to dissolve the dye in oafflthe textile around in; it is
one of the mosimportant substances used. It is certainly thetbaethe industry uses most df.
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textile industry, water plays a vital role, it usasl 52% in dyeing, 1% in finishing, 6% @ooling
and 41% in preparation (Preparatory processey.dbserved that, there is need of about 50 liter
water to dye 1 kg fabric [17].

2.3 Minimum standard water quality for dye house

In “Wet-processing sector” of Textile field, thelecof water is not negligible. It uses very large
volumes of water to carry out the processes adeociaith it. In this area it is utilized from
preparation to the finishing processes. Therefare/ery special care is taken while using the
processing water, so that it may not create anpleno during processes and required target is
achieved without any difficulty. The following ao®nsidered to be the essential requirements for
textile wet processing.

Table 1: Minimum standard quality of water for adyuse
Permissible
Parameters Concentration
. Color Colorless
. Smell Odorless
. pH Neutral (7-8)
. Hardness 25 PPM of CaGO
. Solid deposits 50mg/I
. Organic substance 10mg/I
. Inorganic salt 500mg/I
. Iron ( Fe) 0.1mg/l
9. Copper (Cu) 0.005mg/l
10. Nitrate ( NG) 50mg/I
11. Nitrite(NQ) 5mg/|
12. Manganese ( Mn) 0.02mg/I
13. Silica 3.0mg/I
14. Dissolved Solids 65-150mg/I
15. Suspended Solids 1.0mg/l
16. Filterable 50mg/l
17. Alkalinity to pH 30-65CaCQ

2.4 Water properties
Water has the physical and chemical properties riate it so unique and necessary for
living things. When we look at water, taste and lsmat could be more boring. Pure water
is virtually colorless and has no taste or smelltha hidden qualities of the water make it a
most interesting subject [17].

2.4.1 Chemical Properties of Water

The hydrogen atoms are “attached” to one side efakygen atom, resulting in a water
molecule having a‘¥ charge on the side where the &toms are, and the'<on the other
side, where the oxygen atom is. Since oppositaralat charges attract, water molecules
tend to attract each other, makingQH"sticky”. As the diagram shows, the side with the
hydrogen atoms (positive charge) attracts the axygde (negatives charge) of different
water molecule. Water is called the “Universal sol, because it dissolves more
substances than any other liquid. This means thatever water goes, either through the
ground or through our bodies, it takes along vdkriaihemicals, minerals and nutrients.
Pure water has a natural pH of 7, which is nei#tegglic nor basic [17].
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2.5 Impurities of water
There are many salts and other particles are disgah water or scattered in the water from the
rock touching to the ground, when water float tlytoglaciers to rivers and canals. There are two
main types of impurities which are present in tlaer, which are as follow;

* Physical impurities

* Chemical impurities

2.5.1 Physical impurities (insoluble):The impurities which are due to the scattered gesi
present in the water like sand, clay and otheliggast Those impurities are;

e Turbidity

» Color

2.5.2 Chemical impurities (soluble):The impurities which are due to the dissolved pkasiin the
water are known as chemical impurities or solubipurities. In these impurities most important
are:

* Hardness

* Metals

* Chlorides

» Carbon dioxide

2.6 Hard water

Water is said to be hard when it contains high eatration of Calcium and Magnesium sakliard
water is that water which contain with a charge-®f especially Ca+ and Mg+. These ions do not
pose and health threat but they can engage inimaacteave insoluble mineral deposigater is
said to be hard when it does not easily form lattién ordinary soap, but does after so much soap

is consumedHard water reacts with soap ;(83sCO,Na) to give a precipitate of (@H3sCO,Ca)
instead of good lather. While soft water would diypiive the good lather with soagdard water is
undesirable because it may lead to greater soaguogstion, scaling of boilers, causing corrosion
and incrustation of pipes and also making foodetass. The acceptable level for textile wet
processing purposes is around 40 ppm GHCQ

2.6.1 Metals

The most trouble making metals are iron, mangamesk copper. They may create trouble in
altering the shade and fastness of some dyes andtdtyze processes such as bleaching of the
textiles. The acceptable level of metals is:

Fe=0.1 PPM

Mn = 0.05 PPM

Cu=0.01 PPM

2.6.2 Chlorides

Ground water contains high concentration of chiesigharticularly when bore holes are sunk into
the salt-bearing rocks. It may also be high inmvbecause of the discharge of sewerage. The
chloride content is not trouble making in textiletyprocessing. So, its acceptable level is 250 PPM
but their concentration should be fairly consténdtighout the water.

2.6.3 Carbon Dioxide

The ground water contains high concentration obalieed carbon dioxide gas. It may create
trouble in steam raising boilers as corrosion. iitaximum acceptable level of carbon dioxide is 50
PPM.

Page 21 of 110




2.6.4 Causes of hard water
There are some causes of hard water which are geienv;
Geology
Mining
Industrial discharge
Sewerage out flow

When our sewerage goes into the rivers and cahals this salt goes to the water and
causes the hardness of water. The range of safr vgads below [17].

Table 2 : The range of soft water

Hardness Concentration of Calcium Concentration of Calcium Carbonate
rating Carbonate (mg/L) (grains/US gallon)

Soft 0 to <75 0to<bh.2
Medium hard 75 to <150 5.2t0<10.5
Hard 150 to <300 10.5to <21

Very hard 300 and greater 21 and greater

2.6.5 Problems due to hard water in textile wet proessing
Hard water consumes larger amount of soap in wggthinpose.
Hard water can be cause of scaling in boilers fodpcing steam.
It may cause of deposits on goods which are difficuremove.
Solubility of dyes is affected in the process oéithyg.
Hard water to be used in processing can causedbtage of heat.
If hard water is also used for drinking purpose limmg period, it may cause stomach
diseases in the workers of the industry [17].
If calcium and magnesium are not sequestered, tisetbe strong possibility of their
combining with natural “soaps” which have been gatezl during the alkaline scouring
process, to form waxy substance. These have bémned to as “Lime soap deposits” they
can deposit not only on the substrate itself be ah the surface of machinery.
Calcium and magnesium ions reduce the solubilityanfonic dyes causing them to
aggregate or even precipitate on the fiber.
Aggregated and precipitated dyes cannot migratéffuse they remain on the fiber surface
as particular deposits.
In the bleaching of cotton with peroxide, pinholariks in fabric and hosiery, lower tensile
strength in the case of yarn, and poor spinnalilitipleached cotton fibre are the result of
iron and copper impurities. Sometimes, pinhole mamkay not be seen but DP values
would be lower, though whiteness remains the saism, the presence of calcium can
rapidly decompose hydrogen peroxide.
In reactive dyeing, precipitation of dyestuff cotiédke place due to the presence of calcium,
leading to dye spots and poor colour yield, anddiifig reproducibility.
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* In washing off of reactive dyestuffs, poor waslhtri@ss and wet rub fastness result from the
presence of calcium.

2.7 Hardness of water
Hardness may be due to the minerals dissolved iterwd&hose minerals are Carbonate,
bicarbonate, sulphates or chlorides of Calcium agMesium. The acceptable level for textile wet
processing purposes is around 40 ppm CaCO3. Theteva types of hardness:

* Temporary hardness

* Permanent hardness [17].

2.7.1 Temporary hardness

Soluble salt of Bi carbonate of Ca & Mg is calleéniporary Hardness.The presence of
bicarbonates of Calcium and Magnesium in wateraited temporary hardness. When the water
containing these salts are heated to boil,

HCO == O +CQ
The temporary hardness is due to the presencea@fi@0;),and Mg(HCQ),. The above salts get
precipitated in alkaline medium and a turbiditylve# formed. If these Calcium and Magnesium
salts are converted to water soluble Sodium ghks, the precipitation will not be there. The
process of changing the basic radicals viz., CatMg++ in to Na+ is taking place in the ion—
exchange type water softening plants.

2.7.2 Temporary hardness salts
» Calcium Carbonate (CaGpD- Known as limestone, rare in water supplies.geatalkalinity
in water.

Calcium Bicarbonate [Ca(HGR] - Forms when water containing G@omes in contact
with limestone. Also causes alkalinity in water. &hheated CQis released and the
calcium bicarbonate reverts back to calcium cartstiaus forming scale.

Magnesium Bicarbonate [Mg(HGJ)] - Similar to calcium bicarbonate in its propestie

Magnesium Carbonate (MgGO- Known as magnesite with properties similar ébcmm
carbonate.

Permanent hardness

If the sulphates, chlorides and nitrates of calcmmmagnesium are present in water then
water is said to be permanent hard. This hardresssiat be removed by simple boiling and
therefore such water requires some special treasmemake it soft [17].

2.7.4 Permanent Hardness Salts
» Calcium Sulfate (CaS£)- Know as gypsum, used to make plaster of p&Vil. precipitate
and form scale in boilers when concentrated.

Calcium Chloride (CaG) - Reacts in boiler water to produce a low pHa@kivs: CaC} +
2HOH ==> Ca(OHy + 2HCI

Magnesium Sulfate (MgSp- Commonly known as epsom salts, may have |lagagitect
if great enough quantity is in the water.
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Magnesium Chloride (MgG) - Similar in properties to calcium chloride.

: Waterproo
{ . Family

Fig 6: Digital water Hardness test meter

3. Chelating agent

Chelating and sequestering agents have had coaBldeapplications for many years. These
materials usually form complexes or coordinatioompounds by reaction of their negatively
charged donor groups with polyvalent metal ionshsla++, Mg ++ Cu ++, Fe+++ etc. The most
undesirable impurities in Fibre, Common salt, Gt salt, Caustic Soda and Soda ash. These
ions increase hardness of the process bath andagenen oxides in the bath. There are several
classes of chelating agents including the EDTAyletiediamine tetra acetic acid) type and the
aldonic (sugar) acid group. An aldonic acid is ahy family of sugar acids obtained by oxidation
of the aldehyde functional group of an aldose tonfa carboxylic acid functional group. Gluconic
and citric acid are examples of the latter. Thei@hof chelating agent depends to a great extent
upon the conditions under which it is applied faample, the EDTA family is effective in acid,
neutral, or alkaline media whereas the sugar dcidstion best with which this note concerned
[18].

The present invention relates to a novel compasibibmatter having utility in the sequestering or
complexing of metal ions particularly calcium anat flnagnesium ions. More patrticularly, the
present invention is uniqgue combination of watetulsie aminopolyacetate demonstrating
improved chelating properties. Sequestering agenemployed in a number of applications such
as builders in detergent formation to eliminateiifdaring effects caused by dissolved metal salts,
particularly calcium or magnesium salts. Sequesgeragents are also employed in other
applications requiring control of metal ion contant agueous solution such as waste water
treatment, potable water conditions, micro-nutrgsltbilization, gas conditioning, photographic
development processing catalysis of chemical psadinishing and conditioning of textile, etc.
[19].

3.1 Invention of chelating agent

The present invention is an improved sequestegegtacomprising of a mixture of from about 2%
to 20% by weight of iminodiacetic acid or waterwgmé salt thereof (IDA) and from about 80% to
98% by weight of nitrilotriacetic acid or water gble salt thereof (NTA). Iminodiacetic acid,
HN(CH,CO:H),, often abbreviated to IDA, is an polyamino carbaxwgcid. It is discovered that
the sequestering agent corresponding to the abefuged range of composition provides improved
sequestration or chelation, particularly of calciamd magnesium ions in aqueous solution, over
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the performance of each component of the compasitmlividually, thereby resulting in a
synergistic addition of chelating properties. Etyualirprising is the fact

that addition to a composition of large amountd@A than called for by the present invention
deleteriously affects the performance of the selgueg agent. [1P

A preferred application of the present sequesteaiggnt is as a detergent builder in combination
with additional components such as surfactantsrebye providing an improved detergent,
particularly suited for use in water containingsditved calcium and/ or magnesium iof29].

One of the most important sugar based chelatingtageodium gluconate, which has found an
extensive use as a chelating agent in the daitgrgkent, brewing, leather and textile industries.
Medicinally it is used as a carrier for calcium arah intreatment of deficiencies of these elements
Gluconates are prepared commercially by enzymeditstormation of D — glucose with glucose
oxidase (EC 1.1.3.4 - D — glucose: oxygen oxidoctahe) or by catalytic air oxidation of glucose.

Higher members of the series such as sodium glgptohate can be prepared by addition of
sodium cyanide to glucose followed by hydrolysisctlobionic acid and its amides were less
effective as chelater for iron then were correspumd@luconic acid compounds. The EDTA and
Lactosyl urea were ineffective under this conditibhe presence of an additional carboxyl groups,
as in saccharic acid or sodium mucate, affordedbartefits over gluconic acid in the amount of
ferric chloride complexes. Amides formed by reattad glucono or Lactobiono-Lactone with 2-
methyl-2 aminopropanol were slightly superior ireleting power to their parent aci@4].

3.2 Advantages of chelating agent/sequestering agen
Prevention of pinhole formation due to catalytiagdation caused by iron during bleaching
(chelates iron / heavy metals).
During dyeing, it prevents spots, shade changeusmedenness by chelating heavy metals
and dispersing impurities.
Improved rinsing due to the scale inhibition (effee at low concentration such as its
presence in rinse bath).
Improve the fixation level of reactive dyes.

During fabric preparation sequester also provides chelating to prevents fabric / yarn damage
and provides additional stabilizing effect on tlyeltogen peroxide [19

3.3 Use of sequestering agent in dyeing

The three main stages in which sequestering ageatssed are:
1. Pretreatment

2. Dyeing

3. After treatment

3.4 Classification of sequestering agent

The five main classes of sequestrant used in #igeténdustry are:
1. Aminocarboxylic acid base products

2. Phosphates and Phosphonates

3. Hydroxy carbroxylates

4. Polyacrylates

5. Sugar acrylates [19
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3.4.1 Aminopolycarboxilic acid sequestering agent

In aminopolycarboxylates, it is assumed that onéeoube of sequestering agent complexes with
one ion of metal. Depending upon the pH of the mn@dlii e acidic, neutral or alkaline, the
preferential sequestering order or each produddachange.

Some of the characteristics of some of these segjugg agents are summarized as below:

3.4.1.1 Features of EDTA

One of the oldest known, and most widely used fifexdequestrant “ EDTA is cheap and forms
strong complexes with a broad spectrum of metas.idNeight for weight comparison shows
significantly inferior sequestering capacity tottbhpolyphosphonic acid.

Good sequestering agent for Ca/ Mg at high pH wliit only in the absence of oxidizing
agents). But for the ferric ion (Fe+++). The sedqemsg action is excellent at low pH values but
begins to decrease at pH 6. At higher pH valuesTADecomes completely ineffective at
controlling Fe+++. Never likely to provide protemi for localized “pinhole damage” in peroxide
bleaching. The failure of EDTA to sequester iromabpH 8 renders it useless as a peroxide bath
sequestrant / stabilizer — unless it is used inlgpation with a second sequestrant which can bind
iron in the pH range 11 — 13.

EDTA can demetalise many metal containing dyesallysuesulting in a drastic shade change.
EDTA is not suitable as a dyebath sequestrant. Bewared, Bordeaux and burgundy shades
turning a very dull blue (almost purple). EDTA iartly soluble in acidic pH, and is often used,

therefore, in the form of a sodium or ammonium.dais good sequestering agent for calcium and
magnesium at alkaline pH but no sequestering agentse3+ at alkaline pH. It is not stable with

oxidizing agents. It has low solubility in acidicegium. [19.

_:00CH,C CH,COO: _

\\ N = CHy= CHy = N
_:DDCHEC/ \EHjCDD: i

Fig 7 : Ethlene diamine tetra acetate ion][19

Fig 8 : EDTA Ferric Chelate [19

3.4.2 Features of Polyphosphonate sequestrants
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Very high sequestering capacity for Ca and Mg fig#h5 — 13; And for Cu / Fe from pH 1 — 13.
The resultant sequestrant — metal complexes ar@rggn highly soluble, and not easily
precipitated (even in the presence of Rock saltisSea salts which are known to contain very high
levels of alkaline earth metal impurities). By a@st, aminopolycarboxylic acids are more easily
precipitated; and have higher limits of effectivemever a narrower pH range.

Improve dyestuff solubility, by deflocculating amdisaggregating effects.Avoid dye spotting
problem.

Polyphosphonic acids (rather like aminopolycarbmxycid) do not readily biodegrade in a
laboratory activated sludge test. However, in mreadistic die — away river tests, these substances
are rapidly degraded in the presence of sunligtitfarric ions. These are also degraded in the soil.
They do not bio-accumulate on aquatic species endeadily eliminated by fish.

Polyphosphonates can be eliminated from water &gsatal treatment with aluminum sulphate
or lye treatment. Due to their low concentratiom &trong adsorption on sewage sludge and on
sediments, mobilization of heavy metals into theadig environment is low. [19

However, they are not always resistant to predipiacondition and also often easily stripped of

the metal ion by a dyestuff molecule, obviouslys ik the opposite of the effect requifed]. One

of the main class of sequestrant is polyphosphatether most commonly used sequestrant of
textile industry is EDTA, which is considered asgnstable complex, because the metal atom is
enclosed in a 5 or 6 member ring. These sequegtagents are divided in two broad classes:

« Inorganic polyphosphates such as sodium hexa métsppate (SHMP), sodium
polyphosphate, sodium tri polyphosphate, sodium tneta phosphate, sodium
pyrophosphates

+ Phosphonated amino polycarboxylates such as EDTMFMP, ATMP, HEDP, DTPMP

Compared to popular amino polycarhoxylic acid basequestering agents, these phosphonates
based sequestering agents have a high chelation Agiart from better chelation value or better
chelation ratio, these phosphonates also haverlrettechelation than EDTA and NT

Phosphates of aminopolycarboxylic acids or phosptesnare derivatives of phosphorous acid and
are characterised by a C-P bond, which has stromggnolytic stability than the P-O-P bond of
polyphosphates. This type of sequestering agentehayged as a major class of sequestering
agent, since these possess more features tharchedation.

3.4.3 Hydroxy carboxylates sequestering agent

Organic compounds that have several hydroxylic gsoaften have the property of preventing

precipitation of bi and trivalent metal cationis an alkaline medium. Some of the well known

products in this category are: Citric acid, Tadaacid, Gluconic acid and Oxalic acid.These are
less important sequestering agents, compared toogarboxylic acid or phosphonates. Gluconic
acid/sodium gluconate has been found to be anteféechelating agent for iron under alkaline

conditions.

3.4.4 Polyacrylates sequestering agent

Polyacrylates are effective dispersants, with roiidlation values and protective colloid properties.
The chelation values of polyacrylates have no deliie@hg effect on metal containing dyestuffs.
They are completely non foaming.

They are very suitable as dyebath conditioneriagaagents and washing aids. Being non surface
active agents they are easily rinsable and thusceethe quantity of water required for removing
their traces from the substrates, unlike all sudiats. The typical chelation values offered by
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polyacrylates do not come close to the chelatidnesoffered by amino polycarboxylates or the
phosphonates. This problem has been overcome lejagewent of sugar acrylates.

3.4.5 Sugar acrylates sequestering agent

Sugar acrylates have sequestering values as higlmia® polycarboxylates or the phosphonates.
They are biodegradable, effective components itulosic fabric pretreatment during desizing,
scouring, bleaching and mercerising. These prodargscharacteristed by good chelation values
from the acidic to the alkaline range and from termapures of 45 to 115°C. They also exhibit no
demetalising effect on metal-containing dyestufisd aare non-foaming. They are ideally
recommended in pretreatment for desizing, scouang bleaching and as dyebath conditioners
during the cellulosic dyeing.

3.5 Chemistry of sequestering agent

In dyeing with metallised reactive or direct dyemtaining metal ions, the sequestering agent
should not demetallise the dyestuff, i e. removéainens from dye molecules, which will lead to

shade change. Let us review the chemistry of varibgpes of sequestering agents and the
conditions under which these are most effectivequBstering agents work by a mechanism of
complex formation, also termed chelation. The setpimg/chelating agent has groups at
appropriate locations in the molecule to form onanore chelate rings with the metal ion. The
complex thus formed remains soluble as well aslestabder given conditions. These chemicals
usually contain nitrogen, such as amines and dutedli amines, and oxygen in the form of
carboxyl, phosphate or hydroxy groups.

3.6 The factors should be consider before selectimgsequestrant

Different sequestering power. (i.e, the strengtthefsequester - metal complex)
Different specific sequestering power for indivitioeetal.
Sequestering power not only depends on the spegfjoestrant / metal pairing, but also on
pH and temperature.
Different sequestering capacities.
Sequestering capacities which are metal ion specifi
Difference in the spread of pH over which a patticisequestrant will combine with a
particular metal ion.
That not all sequestrants are stable to high teatyess.
That not all sequestrants are stable to oxidatrdrydrolysis.
That some sequestrants will de-metallise/pre-ms¢atlyes.
That some sequestrants can affect the shade regibdityl of some dyestuffs (the effects
can be very dye-sequestrant specific).
That some sequestrant does not satisfy the enveotahand toxicological requirements of every
market. [19.
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4. Textile raw materials testing procedure

To achieve a RFT shade we should consider thetguailiall raw materials, right from the
processing of fabric or yarn to all the dyes anenaitals. Because if there are changes in quality of
raw materials (Dyes, chemicals and auxiliariesyilt cause for a unmatched shade. The basic
parameters (pH, hardness, specific gravity, visgogiurity, strength, solubility etc.) should be
checked and compared with TDS for new arrival raatemnals and compare with previous standard
quality for old raw materials. Some of the raw miale testing procedures are given below:

4.1 Basic chemicals testing procedure
Industrially the following chemicals are known asste chemicals. These should test randomly.
Caustic Soda
Soda ash
Acetic acid
H.0O,
Glauber’s salt

4.1.1 Purity testing procedure of Sodium HydroxidgNaOH)

Preparation of indicators
Pheophthalein indicator : Dissolve 1 gm of indicatoL of alcohol
Methyl Orange indicator: dissolve 1 gm of indicatod 00 ml distilled water.

Procedure

*  Weigh 1 gm sample of NaOH flakes

» Dissolve in 50 ml distilled water and cool
Transfer 25 ml of the solution into a 250 ml cohitax
Warm at 80’c for 2 minutes before titration
Add 1 to 2 drops phenolphthalein indicator
Titrate with 1N HCI from pink to colorless end pband record volume of titer as B
Transfer another 25 ml of the solution into a 23@amical flax.
Add 1 to 2 drops Methyl Orange indicator and teraith INHCI from yellow to light
salmon. Record volume of titer as A

Now purity % of NaCQOs in NaOH = (A-B) x M.wt of NaOH x 100
Wi. of sample

Where,

B = volume of titer using Phenophthalein

A = volume of titer using Methyl Orange

N = Normality of HCI used in titration

M.wt of NaOH = 40amu/1000 = 0.04

Wt. of sample =25 ml x 1 gm/50 ml = 0.5 gm

Again,
Purity % of NaOH (Alkalinity) = _B x N x M.wt oNaOH x 100
Wt. of sample

So,
Total Alkalinity = (A + B) x M.wt of NaOH x 100
Wt.sdmple

4.1.2 Purity test procedure of Sodium Carbonate (N&£0O3)
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Preparation of 1N HCI
*  Weigh 42 ml of HCI (36.46 gm/mol) or 83.3 ml of H@2N) and dissolve in litre distilled
water.

» Allow the solutions to cool before using

Procedure
* Weigh 1 gm sample of Sodim carbonate {8!&s)/Soda Ash
* Dilute to 50 ml with distilled water
» Titrate with 1IN HCI using Methyl Orange indicator
Record the volume of HCI used until the solutioarges from light yellow to salmon.
Make two trials for accuracy.
Calculate the purity (%) of Soda ash using theofeihg formula:

Purity (%) of NaCO; = (N x V) x M.wt of N&COs;x 100
wt. of sample

where,

N = Normality of HCI used in Titration

V = Volume of HCI used in titration

M.wt of NaCO; = 106amu/2000 = 0.053
Wit. of sample = 50 ml x 1 gm/50 ml grh

4.1.3 Purity testing procedure of Acetic Acid (CHCOOH)
Preparation 0.1N NaOH

* Weigh 4.17 gm NaOH flakes

» Dissolve in 1000 ml distilled water

» Allow the solution to cool before using

Procedure
Weigh 5 gm sample of Acetic acid
Dilute to 50 ml with distilled water
Pipette 25 ml from the diluted solution
Take 1ml from the solution for titration
Add 2 drops of Phenophthalein indicator
Titrate with 0.1 N NaOH until a pink end point. MaR trials for accuracy
Find the purity of Acetic acid using the followifigrmula:

Purity (%) of CHRCOOH = (N x V) x M.wt. of CHCOOH x 100
Wt. of sample

Where,

N = Normality of NaOHused in titration

V = Volume of KMnQ,used in titration

M.wt of CH;COOH= 60amu/1000 = 0.06

Wt. of sample =1 ml x 5 gm/1000 ml = 0.1 gm

4.1.4 Purity testing procedure of Sodium SulphateBlauber’s Salt (N&SO,.10H,0)
Procedure

Weigh 5 gm sample of N8O, into a beaker

Dilute to 500 ml with distilled water

Pipette 25 ml from the diluted solution in a 250awohical flask

Add 10 ml of HCI (6N) and shake

Add 50 ml distilled water and shake
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Add 10 ml BaC} (10%) and sake

Then boil the solution for 5 minutes

Take a filter paper and record the wt. of emptefipaper
Filter the solution and collect sediment (Bayan filter.
Dry the filter paper, take weight at room tempemtu
Find the purity (%) of Ng5O, using the following formula:

Purity (%) of HO, = (Wt. of BaSQ (Sediment) x M.wt of N&50O, / M.wt. of BaSQ x 100

Wt. of sample
Where,

M.wt of NSO, = 142
M.wt of BaSQ =133.4
Wi. of sample =25 ml x 5 gm/500 ml = 0.25 gm

4.1.5 Purity testing procedure of Hydrogen peroxid€éH,05,)

Preparation of 10% Sulfuric Acid

Measure 90 ml distilled water in conical flask.
Then slowly add 10 ml of 98% Sulfuric acid.
Cool the solution before using.

Preparation of 0.1N KMnO,

Weigh 3.89 gm of KMn@anddissolve in 1000 ml distilled water. Warm and stir
until the crystals are dissolved.

Heat to just below boiling point for 30 minutes.
Cover the solution with a watch glass and allomditag overnight.
Filter the permanganate solution and store in breeagent bottle.

Procedure

Weigh 5 gm sample of Hydrogen peroxide
Dilute to 1000 ml with distilled water
Pipette 25 ml from the diluted solution
Add 25 ml 10% Sulfuric acid

Titrate with 0.1 N Potassium permanganate up té& pimd point. Record the result
of two trials.

Find the purity of Hydrogen peroxide using thedeling formula:

Purity (%) of HO, = (N x V) x M.wt. of HO, x 100
Wi.sample

Where,

N = Normality of KMnQ,used in titration

V = Volume of KMnQ,used in titration

M.wt of H,O, = 34amu/2000 = 0.017

Wi. of sample =25 ml x 5 gm/1000 ml = 0.125 gm

Page 31 of 110




4.2 Dyeing auxiliaries testing procedure
4.2.1 Quality of surfactants (like wetting, scouring agets) testing procedure

Solid Content

Weigh accurately 10 grams of the material to betes a pre-weighed porcelain crucible;
let the weight be "A" grams. Dry the crucible irhigh temperature electrical over at 95C
for 2 hours. Take out the crucible and re-weigkeitthe weight after drying be "B" grams.

Then the solid content of the material = 100 x (B-Empty Crucible wt)
(A-Empty Crucible weight).

Wetting Time

Various methods have been used for testing wettiggnts. Asimple test is to determine
the number of seconds required for a 1-inch sqperee of No. 6 canvas to sink in a 1 per cent
solution of the wetting agent at 8223 C.

lonic Nature
lonic nature of a wetting agent may be decided bxery simple test. Dissolve 2 grams of the
wetting agent in 100 ml of distilled water. Caliglas Solution 'A'.

Anionic

Take about 10 ml of this solution (A) in a 20 ndtteube. Add 10 drops of 2N Hydrochloric acid in
to this and shake well. If a white cloud or pretEp is formed, then the surfactant tested

is Anionic in nature.

Cationic

Take about 10 ml of the solution (A) in a 20 mittege. Add 10 drops of 2N sodium hydroxide
solution and shake well. If a White cloud or préeie is formed, then the tested product is
Cationic in nature.

Non-ionic
If no precipitate or cloud is formed either withdor alkali, then the material tested is  Non-
ionic in nature.

Amphoteric
Amphoteric wettings will make a very slight whiteepipitate with acids and the precipitate will
not settle down to the bottom or the test tube aftar few hours. It will remain in suspension.

Cloud Point

The non-ionic surfactants exhibit a property calleldud point. Upon slowly raising the
temperature of 2 grams per liter of solution (predausing distilled water), at a particular
temperature the clear solution becomes cloudyt #émaperature is called the cloud point of that
non-ionic wetting agent. After the cloud point tearggture it is said that the nonionic products do
not exhibit its intrinsic properties, such wettingzouring, rewetting, emulsifying etc. So if a
wetting agent's cloud point is 70C, then it shduddunderstood that above 70C, it should not used
as wetting agent. For example if you are doing snguand bleaching at 90C, then a 70C cloud
point wetting agent is not suitable for this pupo Most of the non-ionic wetting agents
have the cloud of more of less 70°C.
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Foaming Test

Formation of foam during processing especiallyangnd soft-flow type of machineries is a big
headache for the dyer. So in these machines pg@ogler only no-foaming or very low foaming
wetting agents only. Compare two wetting agentsnigking .01% solution, in two 500 ml
measuring jars. Shake the jars for about 3 miraneskeep them intact for some time. Compare the
height of the foam. Lower the height better thetingtagent.

4.2.2 Testing procedure of residual peroxide on thiabric
Preparation of Titanyl Chloride solution:

e 100 ml titanium (IV) chloride (50%w/v) are addedpgrwise, with stirring to 200 ml of
conc hydrochloric acid (SG 1.18). The reaction $&hdne carried out in a fume cupboard as
the reaction is exothermic and hydrogen chloride igagiven off. It is essential that each
drop is added slowly and the reaction mixture isstantly stirred with a magnetic stirrer.

When all the titanyl chloride has been added, tieti®n is heated to boil and, after boiling
for approximately one minute, 800 ml of dilute hychloric acid (2 parts conc hydrochloric
acid 10 1 part water) is added. On cooling theeats ready to use.

Procedure for textiles: Spot 2 — 3 drips of tharnyl chloride solution onto the fabric,
and wait for 15-20 seconds for reaction, if anyteour. If no colour develops, there is no
peroxide. If yellow — orange colour develops th@u ynay compare the colour with the
stripes on the scale L and determine the inteasiperoxide present.

4.2.3Quality testing procedure of cationic dye fixing agnts

Solid Content: Take approximately 3 gram of the sample and weigttc¢urately in a glass dit
Place it in the oven for 4 hours at 110C. Afterloapin the decicator, weigh the dish accurately.

Solid content % = Dry weight x100
Actuatight

Free Formaldehyde content

Take about 2.0 grams of the sample in a glassathshweigh it accurately. Then dissolve it ir
ml of distilled water in a 250 ml beaker. Pour 25 rhheutralized sodium Sulphite solution
10ml of 1.0N HCI. Immediately titrate with 0.5N N&fusing Thymothaline as the indicatdEnd
point will be indicated by the appearance of lighie color. Also take the blank readingFree
formaldehyde % = Difference x 0.5 x 3/ weight.

Actual fixing test
Do fixing test of dyed fabric using the recommendedcentration. Test the treated fabric fc
tone change, b) wash fastness and c) crocking.

4.3 Quality testing procedure of dye stuffs

Dyes are main important materials to dye a fabbngeneral we face a problem of shade varic
in batch to batch dyeing. There may be lots ofarado responsible for this. But dyes lot tc
quality plays a vitarule in this shade variation. Especially this paps due to the differenc
between the previous and new lots of dyes. Pradigtioge observed by testing there are 1%
strength differences with previous one. This ddfere may be more/less than gtendard. So th
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should be tested randomly from every new lot andnfeeveral drums also. Generally
following parameters should check of dyes:

Strength difference

Dye solubility

Fixation%

Impurities in dyes

4.3.1 Strength difference testing procedure of dyes

It is nothing but to dye a specific shade% of agg tbllowing the available lab dyeing procedi
Generally 2% shade is preferred dge for easy evaluation. For this it should keeporé of
standard shade% dyed sample of every dyes of eampany used in dyeing. This record ¢
should store in the spectrophotometer. When anylaeaf dye comes it can dye in 2% shade
compare with the recorded standards. The besta&iatucan get from the spectrophotoméldtC
report. The difference can also evaluate on viguall

4.3.2 The solubility testing procedure of a dyestéf
Requirements for this solubility test:

1) Whatman filter paper,

2) a good digital micro-balance,

3) an electric oven,

4) distilled water,

5) measuring flaks 500 ml capacity.

6) 250 ml drying crucible

Procedure:

. Weigh accurately 100 grams of the dyestuff and tiegeexact balance reading as A grams.

. transfer this dyestuff in to a 500 ml clean beaker

. Slowly add hot distilled water (60°C) and makenitd a paste andldte it further with colc
distilled water.

. Transferthe dissolved portion of the dyestuff liquor inttee 500 ml standard measur
flask (SMF).

. To the un-dissolved semsplid mass of dyestuff remaining in the beaker daidher
guantity of distilled wagr and dissolve it. Again transfer the dissolved ilyto the standa
measuring flask. Repeat the process until aboutlo®water is added into the SMF. N
make the remaining quantity of dyestuff in the e¥ahk to a slurry by adding further wa
and transfer the whole slurry in to the SMF flask

. Make up the volume of water to 500ml in the SMF.

. Shake well for about 10 minutes.

. Weigh a whatman filter paper blank - let the weightB grams. Filter the dissolved dye-
liquor through a pre-weighed whatman filter paper-do not add any water duri
filtration. make use of the solute only for allnsders.

9. After filtering dry the filter paper at 110C fori®urs. cool it in a decicator and weigh
paper along with the content. Let the Weight bea&hts.

10.Then the un-dissolved dyestuff in the filter pafigy = C - B grams

11.The the solubility of the dyestuff (S1) = (A -D)®& 1000 grams per liter.

12.To counter check this value, measure 100 ml ofctear dissolved dyestuff solution &
transfer in to a 250 ml preeighed drying crucible. Evaporate and dry it ahstan
temperature of 95°C for 3 hours.

13.Check for drying in to powder mass and cool thecitde, weigh it. Find the weight «
dissolved dyestuff - x grams.
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14.So0 100 grams of the solution contain x grams oftyfé- calculate for 1000 ml. let it S2.

Evaluation:
Compare S1 and S2if-the difference is very small then average ow@ tivo readings or repe
until you get both readings are very close.

4.3.3 Fixation% measurement procedure of dyes
It is described at 13.5.9 in this paper.

5. Light

Visible light (commonly referred to simply as lighs electromagnetic radiation that is visilbé:
the human eye, and is responsible for the sensegbf[23]. Visible light is usually defined
having a wavelength in the range of 400 nanométers, or 400x10° m, to 700 nanometres —
between the infrared, with longer wavelengths drel ultraviolet, with shorter wavelengths [24-
25]. These numbers do not represent the absofuties [of human visionbut the approximate ran
within which most people can see reasonably wetlearmost circumstances. Various sou
define visible light as narrowly as 420 to 680 ZB-as broadly as 380 to 800 nm.[28-29hdel
ideal laboratory conditions, people can see inftarp to at least 1050 nm3p] for children ant
young adults ultraviolet down to about 310 to 3b3[B1- 32].

5.1 Mechanism of light’s production

All light comes from atoms. It iproduced by atoms that have gained energy eithexblgrbing
light from another source or by being struck byeotparticles. An atom with such extra enerc
said tobe excites by giving up its extra energy. It cantdfive off) Light. But light can also t
described as a small particle called a photon. Edciton moves on straighté much as a po
ball does [33].

5.2 Properties of visible light

Primary properties of visible light are:
intensity,
propagation direction,
frequency or wavelength spectrum and
polarization,

While its speed in a vacuum, 299,792,458 metersgevnd, is one of the fundamental constafits
nature. Visible light, as with all types of electragnetic radiation (EMR), is experimentally fot

to always move at this speed in vaculmmcommon with all types of EMR, visible light isnéted
and absorbed in tiny "packets" called photons, extdbits properties of both waves and patrticles
This property is referred to as the wave—particlality. The study of light, known as optics,ar
important research area in modern physics.physics, the term lighsometimes refers
electromagnetic radiation of any wavelength, whetgble or not [34-35].
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5.3 Electromagnetic spectrum and visible light
Electromagnetic spectrum

- Increasing energy
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Fig 9: Electromagnetic spectrum with light highligt

In the above picture, we can see that visible lighvery small fragment of Electromagnt
spectrum (a form on energy described in terms oeleamgth and amount of energy).
* Wave lengths of light between 400nm and 700nmfaeange of light energy where 9!
of human color response occurs; it is called aviheal range and is commonly referre
as the visual spectrum.

If there is no light there is no Color for examplgou close your eyes your eyes sensot
not detect visible wave- Length thus your braircperes the black color.

The white light is composed of seven colors ( Tolers of Rainbow)

In the below, the RED shirt has absorbed all oligiits (Wavelength) except the red li
which is reflected all by thehirt. Thus we see the red shade this functiomme dy the re
dyes and pigments in the fabric. That is why whenhave different dyes, we have differ
tones of colors.

The wavelength of color light is measured in nanense

The numbers shown belomere are the number of nanometers between each afdigit
[33].

Table 3: The range of visible light

L No. Light Wavelength (nm)
Ultra — Violet Below 380

Violet 380-450 nm
Blue 450-490 nm
Green 490-560 nm
Yellow 560-590 nm
Orange 590-630 nm

Red 630-780 nm
Infra-red Above 780 nm

o|~N|o|o|Aw|N R

Above the range of visible light, ultraviolet lighecomes invisible to humans, mostly because
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absorbed by the cornea below 360 nanometers anat#real lens below 400. Furthermore,
rods and cones located in the retina of the hungarcannot detect the very short (below 360.)
ultraviolet wavelengths, and are in fact damagedlbwviolet. Many animals with eyes that do
require lenses (such assects and shrip) are able to detect ultraviolet, by quantum pheto
absorption mechanisms, in much the same chemigatived humans detect visible light.

The distance between each waveight is very small; there are one billion nhanometer one
meter. So the waves of light are extremely smatltbay make all the colors difference. It is t
different in wavelengths of light that the humae e\etects as different col[83].

6. Color

6.1 Definition of color
There is a famous saying that color does not eRsiipr is in our mind.

Figure 10: Color is in human mind

There are many ideas ofhat color is. Artists believe color is an expressi8cientists beliey
color is a substance of some kind and philosopbelisve that color is a creation of the mind
/or to a certain extent a sensation.
Thus the topic of color is very complex becausedludes many factors::

« Color is physics of light

Figure 11: Color is physics of light
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» Color is the chemistry and physics of the materials

Figure 12: Color is the chemistry and physics efrtmterials

» Color is the human response to light.

Figure 13: Color is the human response to light

* Color is the human judgment of the color response

Figure 14: Color is the human judgment of the codsponse

» All above together create the human sensation W€ obor.
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Figure 15: human sensation for color

Thus, the color can be defined as follows:

» Color is actually the light which comes throughhliggource (Sun Bulb Tub light etc.)
reflected by the object (Shirt Fabric Yarn, Any eral) and which is sensed by our ¢
Therefore color is not a physical thing. It is jadight. Coming from the object.

» My Favorite definition of color is: the color of afject is not contained within the obje
The color is the result of the light which strikbe object and is reflected by it.

» Color is formed from an interaction between lighthject, and the viewer (Eye). It is li¢
that has been modified by an object in such a nrata¢ the view or such as the hur
perceives the modified light as a distinct colofl three elements must be preséot
color to exit [33].

6.2 Three elementary things of color

In order to see Color, we need three things:
1. An object

2. Light

3. Eye

This is also called Triplet of coloit is the biology (eye) the reflected light entgair eye
and stimulates vien cells. These cells are composed of rods andscdrhe rods are or
active in the dark and in dim light. In normal Digiit you see exclusively with the col
and they distinguish color. Three types of conéfgdintiate the various colors. These are
RED, GREEN, And BLUE cones. There are about 120ionilrods and about 6 to
million cones in the human eye.

6.3 Causes for materials to appear colored
When light hits the object some of it will refleoff the surface. The rest enters
material normally do three things:

* Light can scatter by the material and thus you db see the tight color. TF
property is applied on carpet fiber whose crossi@eds designed such a way t
most light is scattered and you do not see the&dgwbil on carpets. TiB gives so
hiding properties carpet fiber.

» Light is perfectly reflected by the dyes and cofdsaon the surface and you see
right color appearance.

» Light is scattered, reflected and also pass thrdquefracted) the material and co
out the otheside we call these materials transparent matesiatd as a grass
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water. This is important when a shade assessmepériermed by eye of |
spectrophotometer. Otherwise the background colbraffect the color of fabri
[33].

6.4 Causes of a color seems specific
Colored light travels in the form of electromagnewaves. Different colors have differ
wavelengths, and different cones response to tfieret wavelengths. So when a partic
wavelength is sensed by cones, they give a messdgain which recognize that color. There
some other wave lengths which we cannot see fanpkaultraviolet and infra red rays.
First, it is the physics. Light strikes the objaat is reflected.

» Reflection Diffusion , And scattering of light

* The nature /Type of light and its properties

* The object ‘s physical properties

Second, it is the biology (eye), the reflected tighters our eye and stimulates vision cells. T
cells are composed of rods and cones. The rodsrdyeactive in the dark anahidim light. Ir
normal Daylight you see exclusively with the coresl they distinguish color. Three types
cones differentiate the various colors. These ege green, and blue cones. There are abol
million rods and about 6 to 7 million cones in theman eye [33].

Short- Cones: Blue light 400nm
Medium —Cones Green Light 500nm
Long —Cones Red light 700nm

6.5 Color chemistry

The dyes or pigments in the colored material asparsible for absorption / reflection of lit
thus giving thdinal color. There is a very important chemicaltparthe dye called chromopho
who is the real responsible part for providing aipalar color. There is another part of the
called auxochrome which increase ht intensity colar [33].

6.5.1 Chromophore

A chromophore is the part of a molecule responsibieits colour The colour arises wher
molecule absorbs certain wavelengths of visibléntlignd transmits or reflects others. -
chromophore is a region in the molecule where thergy difference between two differ
molecular orbitals fallswithin the range of the visible spectrum. Visibight that hits th
chromophore can thus be absorbed by exciting astretefrom its ground state into axcitec
state.

In biological molecules that serve to capture dedelight energy, the chromophore is the maoiety
that causes a conformational change of the moleghda hit by light.

)

Figure 16: Chemical structure of beta-carotene.

The eleven conjugated double bonds that form thensbphore of the molecule angghlighted ir
red.
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Some of these are metal complex chromophores, wduiotain a metal in a coordination compilex
with ligands. Examples are chlorophylhich is used by plants for photosynthesis
hemoglobin, the oxygen transporter in the bloodetebrate animals. In the two examples,
metal is complexed at the center of a tetrapyrméerocycle ring: the metal being iron imet
heme group (iron in a porphyrin ring) of hemoglqlan magnesium complexed in a chlotype
ring in the case of chlorophyll. The highly conjtegh pibonding system of the macrocycle r
absorbs visible light. The nature of the centratahean also influence the absorption spectru
the metal-macrocycle complex or properties sucheasited state lifetime [36] [37The
tetrapyrrole moiety in organic compounds which @& macrocyclic but still has a conjugated pi-
bond system still acts as a chromophore. Examplesuch compounds include bilirubianc
urobilin, which exhibit a yellow color.

6.5.2 Auxochrome
An auxochromas a functional group of atoms attached to the mimghore which modifies tl
ability of the chromophore to absorb light, altgrthe wavelength or intensity of the absorptio .
Important chromophores are :

* Azo(-N=N-)

* Carbonyl (C=0)

* Methine (-CH=)

* And nitro (NO2)

Important auxochromes are :

* Hydroxyl(OH)

*  Amino(NR2)
Dyes are aromatic compounds their structure indwadgl rings which have delocalized elec
systems. These are responsible for the absorptfoelextromagnetic radi@n of varying
wavelengths depending on the energy of the electlmuds. Choromophres are ato
configuration which can alter the energy in del@s system. They are composed of at
joined in a sequence composed of alternating siagtedouble bcds. If the atoms with douk
bonds are not adjacent, They are other termedtésbldouble bonds and exist independent
other bonds in the same molecule. If adjacent attwnge double bonds, they are ten
conjugated double bonds and the bonds interactesith other.

A —
i \| i Y X XM X
-C=C-C=C-C-C-C-

Figure 17: Conjugated double bonds in a carborseri

In summary, Chromospheres are atomic configurahahcontains delocalized electrons. UsL
they are represented as nitrogen carbon oxygers@ptur that have alternate gie and doubl
bonds. If the energy incorporated in to the electttoud is change then the wavelength of
radiation to absorb will also change. If this changthe wavelength to be absorbed is sufficie
cause any absorption at all within the visible etigen the compound will be colored [33].

In addition, given that humans can perceive ovér rillion different hues [38].tlhas bee
suggested that the number of possible color cortibmais virtually infinite thereby implying th
predictive color harmony formulae are fundamentatigound [39].

A triadic color scheme adopts any three colors @pprately equidistant around a color wt
model. Feisner and Mahnke are among a number dioeutwho provide color combinati
guidelines in greater detail [J0It is important to note that while color symlssii and colc
associations exist, their existence does not peoeddential support for color psychology
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claims that color has therapeutic properties [41].

6.6 Color theory
In the visual arts, color theory is a body of piadtguidance to colamixing and the visual effec
of a specific color combin@n. There are also definitions (or categoriestabrs based on t
color wheel:

e primary color,

* secondary color and

* tertiary color.
Although color theory principles first appearedie writings of Leone Battista Albeitt.1435
and the notebooks of Leonardo da Viwil490), a tradition of "colory theory" began het18tt
century, initially within a partisan controversyoand Isaac Newton's theory of color (Optic:ks
1704) and the nature of so-called primary coldfom there it developed as an indepen
artistic tradition with only superficial referenteecolorimetry and vision science [33].

6.7 Types of color mixing

It is important to remember that there are two $ypecolor mixing:
* Additive color mixing
* Subtractive color mixing

6.7.1 Additive color mixing

This is applied to mixg of lights only, like color television, computenonitor, film
projectors, etc. this is not applied in textile ihge printing or other coloration proce
The additive color system is what computer monitord TV screens user any color sol
that enits the light itself. If we look very closely at oscreen we will see that it is built
of tine red green and blue dots. Take same dropatér and place it on your screen
see the red green blue dots, experience thishénadditive system we gehite when th
three primary colors are present 100%s the name suggests the lights are added 1
new colors. When you project light you are sending frequencies of light that a
together to form a certain color beam [33].

In additive color mixing the primary color are:
* Red
 Green
* Yellow

Figure 18: Additive color mixing

And the secondary color are:
e Cyan
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* Magenta
* Yellow

If we mix all three colors we get, White color

6.7.2 Subtractive color mixing

This color mixing is briefly applied to industriedyes, pigments, dyeing, printing, painting,
The color we see on fabric, yarn, garment stcreated using a subtractive color mixing mc
where the light frequencies that are not absortis/dhe object is seen as color. In other word
objects absorb or subtract all lights and sendhe@®nly light which we see as a color.

Y

M C

Figure 19: Subtractive color mixing

However in textile dyeing and printing industrié® thormal practicess to use Red, Yellow ai
Blue as primary colors, they are also called Toomats. If we mix all three color we get, Blick
[33].

7. Human eye

The human eye is an organ that reacts to lighthaslseveral purposes. As a CONSCISeIsS:
organ, the mammalian eye allows vision. Rod anceamlls in the retina allowonscious ligr
perception and vision including color differentatiand the perception of depth. The humar
can distinguish about 10 million colors [42].

Similar to the eyes of other mammals, the humansegen-image-forming photosensgiv
ganglion cellsn the retina receive light signals which affecjustinent of the size of the puj
regulation and suppression of the hormone melatanthentrainment of the body clock [43].

The eye acts much like a camera, with the lens ifgnthe image of the scene on the li¢ht-
sensitive retina. There are several kinds of lidgtiectors, called rods and cones. The cone
grouped into three types, each responds to a podiothe spectrum, with peak respor
corresponding to blue, gneeand red light. The interaction of these growgpthen responsible f
the stimulus which is interpreted by the brain @ec This widely accepted theory on color vis

is known as Trichromatic Theory.
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7.1 General properties of human eye

The eye is not shaped like a perfect sphere, atfissed twgiece unit. The smaller frontal ur
more curved, called the cornea is linked to thgdaunit called theclera. The corneal segmer
typically about 8 mm (0.3 in) in radius. The scterachamber constitutes the remaining fve-
sixths; its radius is typically about 12m. The cornea and sclera are connected by a aifegldhe
limbus. The iris — the color of the eyeand its black center, the pupil, are seen instddtiae
cornea due to the cornea's transparency.

7.2 Components of human eye

The eye is made up of three coats, enclosing ttregesparent structures. The outermost ¢
known as the fibrous tunic, is composed of the earand scleral’he middle layer, known as i
vascular tunic or uvea, consists of the choroibgrgi body, and iris. The innermost is the retina
which ges its circulation from the vessels of the choradagll as the retinal vessels, which
be seen in an ophthalmoscope. Within these coattharaqueous humour, the vitreous hady
the flexible lens. The aqueous humour is a claad flhat is contained in two areas: theteriol
chamber between the cornea and the iris, and tsienpar chambebetween the iris and the le
The lens is suspended to the ciliary body by tispensory ligament (Zonule of Ziynmade up ¢
fine transparent fibers. The vitreous body is a clelly ghat is much larger than the aque
humour present behind the lens, and the rest debed by the sclera, zonule, and lens. The
connected via the pupil.

7.3 Color blindness

Color blindness, or color vision deficiency, is timability or decreased ability to see color
perceive color differences, under normal lightimpditions. Color blindness affects a signifit an
percentage of the population [44]here is no actual blindness but there is a defayieof colo
vision. The most usual cause is a fault in the bigreent of one or more sets of retinal cottes
perceive color in light and transmit that infornoatito the optic nerve. This type of color blindr

is usually a sex-linkeatondition. The genes that produce photopigmentscarged on the .
chromosome; if some of these genes are missingraaded, color blindness will be expresse

Page 44 of 110




males with a higher probability than in females hmseamales only have one X chromosom
females, a functional gene on only one of the twchkXomosomes is sufficient to yield the nee
photopigments [45].

7.3.1 Causes of color blindness
Some of the inherited diseases known to cause bbtainess are:
cone dystrophy
cone-rod dystrophy
achromatopsia(aka rod monochromatism, aka stationary cone dyliro aka con
dysfunction syndrome)
blue cone monochromatism,
Leber's congenital amaurosis.
retinitis pigmentosdinitially affects rods but can later progress tmes and therefo
color blindness).
About 8 percent of males, but only 0.5 percenteshdles, are color blind in some way
another, whether it is one color, a color combomtor another mutation [46].

7.3.2 Ishihara color test

The Ishihara color testvhich consists of a series of pictures of col@pdits, is the test most of
used to diagnose red—green color deficiencies.gAré (usually one or more Arabic digits
embedded in the picture as a number of spots iglatly different color, and can be seen v
normal color vision, but not with a particular coldefect. The full set of tests has a variet
figure/background color comhkations, and enable diagnosis of which particulauai defect i
present. The anomaloscope, described above, isis¢gbin diagnosing anomalous trichromac'.

7.3.2.1 Example of an Ishihara color test plate.
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Figure 21: Example of Ishihara test (74).
Here he numeral "74" should be clearly visible to viesveisith normal color vision. Viewers wi

dichromacy or anomalous trichromacy may read it2ds, and viewers with achromatopsizay
not see numbers [33].
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Figure 22: Example of Ishihara test (2).

An Ishihara test image as seen by subjects witmabcolor vision and by those with a variet
color deficiencies

8. Metamerism

When two objects have the exact color match inlaghe, But have different of colomisecon
light. It is called metaerism and pair is called mesmeric match. Thisgtigrvery easy to see, |
hard to understand.

8.1 Types of metamerism
There are four types of metamerism:

8.1.1 llluminant metamerism

This is the most common type of merism which is experienced when different liglatre
used. Thus color pair matches in one light but domatch in 2 light. This is a big issue
dyeing and printing when dyer changes the dyestuff.

8.1.2 Observer metamerism
Every individual perceives color slight differentlhus a pair of shirt seem marched to
person but could be mismatched by the other.

8.1.3 Geometric metamerism

Identical color appear different wh viewed at different angles, Distances, lighttpmss etc
It can be argued that one reason men and women péeeive color differently is that t
distance is on between woman ‘s eyes average lgligggs than a man ‘s and that sli
different angle of stereoscopic viewpoint also dalinder thecategory of geometr
metamerism.

8.1.4 Field size metamerism
A pair which is good match from a distance (Smieldf of view), Do not match when view
neat the pair (Large field of view) [33].

8.2 Measuring of metamerism
The best-known measure of metamerism is the CoéordBring IndeXCRI), which is a linee
function of the mean Euclidean distance betweends$ieand reference spectral reflectaveetor:
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in the CIE 1964 color space. A newer measure, faylight simulators, is the MICIE
Metamerism Index [47].

which is derived by calculating the mean color eléince of eight metamers (five in thisible
spectrum and three in the ultraviolet range) in B or CIELUV. The salient differece
between CRI and Ml is the color space used to tatleahe color difference, the one used in
being obsolete and not perceptually uniform.

MI can be decomposed into {{land MUy if only part of the spectrum is being considerele
numerical result can be interpreted by rounding orte of five letter categories [48 ].

Table 4 : Category of metamerism index

Category

MI (CIELAB)

MI (CIELUV)

<0.25

<0.32

0.25-0.5

0.32-0.65

0.5-1.0

0.65-1.3

1.0-2.0

1.3-2.6

>2.0

>2.6

9. Spectrophotometer
In chemistry, spectrophotometiy the quantitative measurement of the reflectiotransmissio
properties of a material as a function of wavelbrjg®].

It is more specific than the general term electrpmesic spectroscopy that spectrophotomet
deals with visible light, near-ultraviolet, and néafrared, but does not cover timesolvec
spectroscopic techniquesSpectrophotometry involves the use of a spectrapheter. /
spectrophotometer is a photometlkeat can measure intensity as a function of thet lgpurc
wavelength. Important features of spectrophotorsedee spectral bandwidth and linear ranc
absorption or reflectance measurement.

A spectrophotometer is commonly used for theasurement of transmittance or reflectanc
solutions, transparent or opaque solids, such kshed glass, or gases. However they can al
designed to measure the diffusivity any of the listed light ranges that usually coamounc
200 nm - 2500 nm using different controls and catibns!” Within these ranges of ligl
calibrations are needed on the machine using stdsdaat vary in type depending on
wavelength of the photometric determination [50].
Spectrophotometer is just like an artificial Ey@stequipment can help you in several ways.

Color pass/fall decision

Color difference

Color recipe formulation

Whiteness

Color sorting & Quality control

Metamerism

Reliable Specbphotometer must do above tasks with great repgiggaand with

accuracy.
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Spectrophotometer

Saurce! datacnion

Figure 23: Spectrophotometer (Datacolor B0

9.1 Key points about spectrophotometer
» Understand the dye/recipe formulation software
» Understand the Q.C software in your spectro.
Do daily and periodical calibration
Know instrument geometry (If using 2 different gguient)
Do replace parts as per manufacturer’s recommenrdati
Pay special attention on the temperature and hiynafi the room where spectro
installed
Color is often thermochromic and most colors whiange with the temperature at whic
made Also color is often hydrochromic and most colorifi @hange with the humidity .
which measurement is made [33].

9.2 Design of a spectrophotometer
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Figure 24: Single beam spectrophotometer

There are two major classes of devices: single beawoh double beam. A double be
spectrophotometer compares the light intensity betwtwo lidit paths, one path containing
reference sample and the other the test samplengledeam spectrophotometer measures
relative light intensity of the beam before anckat test sample is inserted. Although compa
measurements from double-beam instruments arer eaglemore stable, singleeam instrumen
can have a larger dynamic range and are opticatipler and more compact. Additionally, so
specialized instruments, such as spectrophotomeitgis onto microscope®r telescopes, a
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single-beam instruments due to practicality.

In short, the sequence of events in a modern sg@uitometer is as follows:
1. The light source is imaged upon the sample.
2. A fraction of the light is transmitted or reflectte]dm the sample.
3. The light from the sample is imaged upon the ertasiit of the monochromator.
4. The monochromator separates the wavelengths dfdigth focuses each of them onto
photodetector sequentially.

9.3 Mechanism of spectrophotometer’s work

Lights fall on the object and the reflected ligkt measured by electronic sensors w
converts their analysis in to color equation whielts us vhat is the color difference pass/
results etc. Thus this instrument measures the amofiright that an object reflec
(reflectance) in each spectrum and translate thesmteasy language [33].

9.3.1 Measurement

Modern spectrophotometers contain machromators and photodiodes that measure
reflectance curve of a product’s color every 10amiess. The analysis gen rates typicall’
or more data points with which an exacting colomposition can be calculate@ihese thre
element are:

1. Hue

2. Lightness

3. Chroma

9.3.1.1 Hue or shade

This refers to the color in its purest form Recellgw, Blue , Green etc. In sample terms ht
how we see an object’s color and the very firsiddsscription of color . For example a red ¢
NAVY yarn orange bed sheet etc.

9.3.1.2 Lightness or darkness

In simple terms lightness scale refers to how clbgecolor is to black or white and how mi
light is reflected form the color. We know thatdiaabsorbs nearly 100% light. The scale bety
them is light nest & Darkness scale. The lightness scales is thireersional and goes insi
color diagram.

9.3.1.3 Chroma or saturation
Chroma is how bright a color appears or how clogetp being the pure color (Purity ) . If a cc
has more chroma it can also be described as :

More saturated/ Less saturated

Stronger / Weaker

Brighter / Duller

More chroma /Less chroma

More Gary / Less gray [33].
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10. Dyes

Unlike most organic compounds, dyes possess ctlecause they 1) absorb light in thisible
spectrum (400-700 nm), 2) have at least one chrborep(colourbearing group), 3)have
conjugated system, i.e. a structure with altergatitouble and single bonds, and 4)exl
resonance of electrons, which is a stabilizingdarcorganic compounds [51].

When any one of these features is lacking fromnttwdecular structure the colour is lost.
addition to chromophores, most dyes also contangs known as auxochrom@dlour helpers
examples of which are carboxylic acid, sulfonicda@mino, ad hydroxyl groups. While these .
not responsible for colour, their presence cant shd colour of a colourant and they are r
often used to influence dye solubility. The relatbips between wavelength of visible and cc
absorbed [52]

10.1 Reactive Dyes

Reactive dyes cover the major part of the textjleirnlg industry. They offer bright shades wit
full range colour. Reactive dyes became very papafi@r the first Reactive dye was introdu
by ICI in 1956, the first dye for cellulosicbfies which would actually react with the fi
molecules to form a covalent dye-fibre bond][E8ecause of their covalent fixation with the &l
the dyes exhibited good wet-fastness properties [8]

The most important distinguishing characteristicezttive dyes is that they form covalent bo
with the substrate that is to be colored during dpelication process. Thus, the dye mole
contains specific functional groups that can undeaddition or substitution reactions with
OH, SH, and NH2 groups present in textile fibers.

Cross and Bevan first succeeded in fixing dyes lemtly onto cellulose fibers (in 1895) [54jut
their multistep process was too complicated foctical application. Early work by Schroter w
sulfonyl chloride-based dyes was unsuccessful [Bbit Glnther later did succeed in fix
derivatives of isatoic anhydride onto cellulosesfib[56].

Reactive dyes are so called because their molecedes chemically with the fiber polymers
some fiber to from a covalebhbnd between the dye molecules and fiber polymeacRve dye i
a class of highly colored organic substances, priynatilized for tinting Textiles that atta
themselves to their substrates by a chemical wadhat forms a covalent bond between
molecule of dye and that of the fiber. The dyesthéfs becomes a part of the fiber and is n
less likely to be removed by washing them are dytssthat adhere by adsorption. The very
fiber-reactive dyes were designed for celluloserhand are still used mostly in this way.

10.1.1 General properties of reactive dyes
Reactive dyes are anionic dyes.
Reactive dyes are found in powder, liquid and donm.
During dyeing the reactive group of this dye foroosalent bond with fibre polymer dn
becomes an integral part of fibre.
Reactive dyes are soluble in water.
They have very good light fastness with rating al&ou
The dyes have very stable electron arrangementcandorotect the degrading effect
ultra-violet ray.
Textile materials dgd with reactive dyes have very good wash fastnwétsrating abot
4-5 due to strona covalent bonds formed betwear fiblymer and reactive aroup of dye.
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Reactive dyes give brighter shades and have maderabing fastness.

Dyeing method of reactiveyd is easy. It requires less time and low tempegafar
dyeing.

Reactive dyes are comparatively cheap.

Fixation occurs in alkaline condition.

Reactive dyes have good perspiration

10.1.2 The main advantages o f reactive dyes
e Good light-fastness dyeings
e Give full range of colours on cotton and polyamiidbees
* Good fastness properties when dyed on cotton alydpale fibres [8].

10.1.3 Reactive dyes have some big drawbacks
« Hydrolysis of the dye giving coloured effluents
* Addition of electrolytes to increase their subgtatyt for cellulose
» Lengthy washing-off processes when applied to tla fibres [8].

10.1.4 General structural requirements of reactivelyes

Fibre reactive dyes contain one or more reactioeigs, capable of reacting with the teaphilic
groups in a fibre to produce a covalent diypee linkage. Reactive dyes have the general siral
requirements of a reactive group (R), a chromopli@je a bridging group (B) and one or m
solubilising group (S), as shown in Figure 25 [8].

Solublising Bridging
group group

\ Pl

S C B R

Y \

Chromophore Reactive
group

Figure 25: General structural requirements of reactye.

where the four different components of the readtiyes are:
» The chromogen is as mentioned before (azo, carpanttiraquinons, triphenatioxazine
or copper phthalocyanine group). The chromophaweig is liable for color yielding

The water solubilising group (ionic groups, oftefpdionate salts), which has the expe
effect of improving the solubility, since reactigiges must be in solution for applicatior
fibres. This means that reactive dyes are nokerlcid dyes in nature.

The bridging group that attach the reactive gratipee directly to the chromophores ol
some other part of the dye molecule. Frequenttylthdging group is an amino, -N}-
group. This is usually for convenience rather tftarany specific purpose.

The fibre-reactive group (-Cl, -Br, -SHQEH, etc.) is the only part of the molecule abl

react with the fibre [5[7 Reactive group is the reasons of active covalbemd betwee
fibre & dve molecule.
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ono chloro Tri-agent
Functional group

Chromogen

Figure 26: Cl Reactive Red 1

Reactive dyes are generally divided into two batasses according to differences in the ma
in which they bind to the cellulosic fibre.

* Nucleophilic substitution reaction

* Nucleophilic addition reaction

10.1.5 Nucleophilic substitution reaction
The first class (Figure 1.16) contains dyes thattrdy a nucleophilic sshitution mechanisi
(Figure 27).
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Figure 27: Chemical structure of Cl Reactive R¢d]2
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Figure 28: Nucleophilic substitution reaction occuring withttom cellulose and hydroxyl anions
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10.1.6 Nucleophilic addition reaction

The second class (Figure 1.18) involves dyes #attrwith a cellulosic fibre by a nucleoph
addition reaction (Figure 1.19) via an activatetboa-carbon double bond in the dye. In tlase:
of vinylsulphone dyes the unsaturated carbarbon double bond is only formed from an est
hydroxyethylsulphone during the application; thesitncommon precursor system used in dy
this type is the sulphonic acid ester of phydrokykstulphonewhich eliminates to produ
vinylsulphone residues during the dyeing proceks [8

= OH NH;
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Figure 29: Chemical structure of Cl Reactive Black

' L 0

[o R :0OH ¥ I BPFTHE" ) L
S—CH>;—CH>—0OS03Na E}—SF—C‘H =f[‘i-ig + NaH504
Y Y

O 0 l\\:}i

Sulphatoethylsulphone Vinylsulphone

O 0
=1 iy I

' -H

;__;;'L_.["II_,._(.'HE Y mEEe o D ——%——(‘}—('H; X

el

O O Intermediate form

X = OH or Cel-0
Figure 30: Nucleophilic addition reaction occugriwith cotton cellulose and hydroxyl anions

10.1.7 Factors influencing the performance of reante dyes
10.1.7.1 Molecular structure of dye
Number of reactive groups
Chemical nature of reactive groups
Molecular mass (size)
Number of sulphonic acid groups
Ratio of sulphonic acid groups to aromatic carbons
hydrophobic — hydrophilic balance
Linear / planar structure (shape)
Other functional groups present
Realtive positions of functional groups (incl. reae groups)

10.1.8 Classification of reactive dye

10.1.8.1 Classification of reactive dye on the basof reactive groups
I. Mono-Functional Reactive dyes
ii. Bi-Functional Reactive Dyes
iii. Multi-Functional Reactive Dves
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Bi-Functional reactive dyes

The reactive groups increase the molecular wtyesdut not enhance any chromogenic valt
strength. Such increase in raolilar wt. of dye has impact on cost. They alsluanfce the varie

of important physical properties of dye, solubiligggregation, substantivity, migration and so on.

10.1.8.2 Classification of reactive dyes on the ha®f controllable parameters
i. Alkali Controllable dyes

il. Salt controllable dyes

ii. Temperature controllable Reactive dyes

Alkali Controllable dyes

These dyes have optimal fixation temperature betw® C & 6(°C. They are characterized
relatively low exhaustion in the neutral salt ¢smlo before alkali is added. They have
relatively & care should be taken to produce ledgting. Typical example of this dye DC
Dichlorodifluoro pyrimidine, Dichloroginoxaline & 8 d dyes.

Salt controllable dyes

Dyes in this group low optimal fixation temperatusetween 8%C & boil. Such dye exhit
comparatively high exhaustion af' F that is neutral medium, so it is important to amdt
carefully to ensure level dyeing. Typical examplé tbis class is Trichloropyrimidin
Aminochlorotriazine & bis(Aminochlorotriazine) etc.

Temperature controllable Reactive dyes

This group of dye react with cellulose above thd boabsence of alkali although this can
applied between 8C & boil in alkali medium. Dyes of this group haafdeveling characteristics
There is no need additional auxiliaries to achiexel dyeing. Good result can be achievel
controlling the temperature only the Kayacelon R€KYK) range of bis (aminochlorotriazin
dyes belong to this group.

10.1.8.3 Classification of reactive dyes On the b of reactivity

There are 3 types of reactive dyes on the bagsisaativity:

i) Lower reactive dyes: here pH is maintained 1518% using NaOH in bath.

i) Medium reactive dyes: here pH is maintained1Plby using NaC®in dye bath
iii) Higher reactive dyes: here pH is maintained11l0by using NaHC®in dye bath.

10.1.8.4 Classification of reactive dyes On the bha®f dyeing temperature & method

There are 3 types:

i) Cold brand: This type of dyes contains reactvaups of high reactivity. So dyeing can be d
in lower temperature i.e. 380°C. For example Procion M, Livafix E.

i) Medium brand: This type of dyes contains reaetgroups of medium reactivity. So dyein:
done in higher temperature i.e.°’601°C. For example Remazol, Livafix.

iii) Hot brand: This type of dyes contains reactgreups of low reactivity. So dyeing is done
higher temperature i.e. #93°C. For example Procion H, Cibacron.

10.1.9 Dyeing mechanism of reactive dye

10.1.9.1 Cotton Preparation

The purpose o f scouring is to remove cotton waas other impurities such as pectin, hemi-
cellulose and mineral salts from the fabric. Teisisually achieved by the application of deter
and an alkali such as sodium hydroxide. Bleach&itbe whitening o f the fabric and is achie

by solubilising and removing impurities from théfee including natural and synthetic fats :
waxes. The end aoals of the bleachina processoaehieve a sufficiently hiah and unifo
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degree of whitenesshich is stable to storage, a high and level absormt f water, dye and ot
chemicals by the fabric and the fabric should motdamaged to a great degree. Bleachinc
traditionally been carried out using oxidising educing chemicals such as hypluzite, chlorite
hydrogen peroxide and sulphur based reducing clas{is8].

10.1.9.2 Cellulose during dyeing

The most important properties o f cellulose acaaydd dyeing point o f view are hydrophilici
accessibility to water, physical behaviour in agquesolution and chemicakeactivity. The
important fact is that all the different cellulodibres encountered in dyein@cluding cotton
mercerised cotton, viscose rayon, linen (from flagmie (from chingrass), hamp and jute, h¢
uniquely different physical organisations (morplyylpof thesame basic raw material: cellule
or Cell — OH. It means, although the overall cheahlmehaviour of these fibres towards wi
and dyes will be similar, properties such asabeessibility o f thdibres to aqueous solutions
dye molecules will be governed to a largeent by several variables. These variables a
morphological characteristics o f thires in both the outer and inner layers, theosatd -
crystalline to amorphous cellulose aheé size and the distribution o f the crystalliegions [8].

10.1.9.3 Basic principle in dyeing with reactive dgs
e Exhaustion ( E%)
e Fixation ( F% )
e Washing off/Rinsing

Exhaustion ( E%)

It involves the exhaustion of the dye onto the fiber in the preseof electrolyte. Exhausti
occurs during immigration of dyes to the fabric.hBystion means, how much dye is exhat
with fabric. In fabric dyeing maximum 60-70% dyepisk up during migration.

Fixation

Fixation is the addition of alkali to provide théernical reaction between dye and cellul
Fixation is necessary to fix the exhausted dyehwofabric. Performance of dyeing depend:
how much dye is fixed with the fabric. Fixationrstéa bythe soda dosing. Generally soda do
is performed for 40 min at gc. The dyeing with sedtda and dye sum for 50 min at

Fixation is invariably achieved in the presence agfueous alkali. Under these conditic
nucleophilic cellulosate ion, Cell-O-, is in comitienh with hydroxide ion, OH-for reaction witl
the electrophilic reactive group(s) of the dye][38is shown that the dye fixation to the fabis
controlled by a solid—liquid interfacial processwever, the rate of this reactia governed b
the availability of sites for the adsorption of dyelecules on the fabric surface [60].

Washing off/Rinsing

It needs to wash dyed fabric after dyeing proc@gashing is performed for removing of unfi
& hydrolyzed dye from the material in order to anla the desired results dyes.
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11. Intermolecular bonds

Intermolecular bonds play a critical role in prawigl necessary strength to the fibres and in fixt
of dye molecules in the fibre structure. There fang types of bonds that can be formed bety
the monomers in the fibre polymers and between rdpéecule and the molecule of the fi
polymer. Typically the strength of the bond is cwerized by the energy of interactions betv
the atoms involved. Ais energy can be calculated using methods of quambechanics (Atkin
1994 ) and usually is given in kJ per 1 mol, whkmmol is the amount of substance that con
the same number of atoms or molecules as ther@ames in exactly 12 g of carbon-12,

C 12 . This number is known as Avogadro’s constidm, = 6.02214179(30) x 1023

11.1. Van der waals bond

Van der Waals bonds are formed due to the intercnde forces between two chemically ir
molecules. These include electrostatic attractrees between polar molecules, dipoles of vai
natures and repulsive forces between the atomileindte van der Waals bonds are characte
by low energy of up to 8.5 kJ/mdDne of the examples of van der Waals bonds asethetwee
carbon and nitrogen atom in the CN group of polylacitrile (PAN).

11.2 Hydrogen bond

Hydrogen bonds are formed by attractive interachetween a hydrogen atom, H and anothel
atoms in the form AH...B, where A and B are electronegative atoms. Tlaeeethree elemer
which form the most effective hydrogen bonds, NeO and F. The hydrogen bonds are stro
than the van der Waals interactions but weaker twh ionic and covalent bondSxamples c
hydrogen bonds in fibre polymers include (i) bobéswveen CO antliH groups in polyamide ai
protein fibres and (ii) between hydroxyl groups @#thin and between neighboring chains
cellulose molecules. The latter bonds facilitate thrmation of microfibrils in cellulose fibr
which defi ne their strength.

11.3 lonic bond

lonic bonds are formed as a result of a completesfer of electrons between two atoms.
happens, for example, in the formation of NaCl whesodium atom (Na) donates one electror
chlorine (Cl) atom. The energy of ionic bonds candalculated using the Borbande equatio
(Johnson, 2002 ) or Born—Haber cycle. This enenggome typical salts is as follows: NaCr87
kJd/mol; KCI — 717 kJ/mol; CaCl — 2255 kJ/mol.

11.4 Covalent bond

Covalent bonds are formed between two neighbowatoms sharing a pair of electrons like,
example, in the molecule of hydrogen H 2 . Thesedbacan be nopelar in the case of equa
shared electrons (Cl 2 ), or polar if the electrares shared unequally (HCI). There are two the
describing the formation of covalent bonds. Theemaébond theory assumes that the bon
formed by two overlapping atomic orbitals of twamts each containing one unpaired elec
whereas the molecular orbital theory does not cemsihe shared electrons as beloggio an
individual atom but rather distributed in molecutabitals over the entire molecule. The cove
bonds are the strongest of the bonds mentioned.
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12. Right First Time (RFT)

The concept of right-first-time (RFT) processingexhaust dging became established in the late 1
and early 19800riginally it was termed ‘no addition’ dyeing if éhdyeing was found to be
shade at the colour assessment stag#liod dyeing’ if colour assessment was carried afiér
the batch had been removiedm the dyeing machine. Elimination of an inspectstage made
significant saving in itself. Both techniques were based oneaghg a high percentage of bulk
dyeings that did not need colour correction or eepssing. The original benefits weseen as co
savings and increased productivity in the colorapoocess. Howevethe introduction of concef
such as just-in-time (JIT) production and quickpasse(QR) resulted in major financial savir
by minimising stock holding by the retaileRFT processing became an essential mea
achieving these objectives. This Hecome even more necessary now that long suppigschave
been establishdaoetween the sources of raw materials and the eetail

In dyehouses "Right First Time Dyeingad been a proven boon to Textile chemical proog
industry. It helps to eliminate extra expense owlyeing, reshading and reproducing the co
This paper deals with dye selection criteria, psscavolved while dyeing, assigning dye upt:
machneries developed, type and principles of reactiyeird) and benefits involved in right fi
time dyeing. In dyehouses processing, cellulogier8 with reactive dyes, much progress has
made in the quest for zero defect production byirthevativeintroduction of controlled coloratic
technique that has supported the dyeing performdideaust dyeing using reactive dyes qua
dye migration properties, the degree of processrabto achieve shade reproducibility and le
dyeing performance. Ehconcept of Reactive Dye compatibility Matrix (RECMill allow to
identify dyes with similar properties and used ambination to support right first time producti
It can also be used as a diagnostic tool when daptign application techniques. Hendbis
becomes an important factor for industries to poeda value added product at a higher prof
that both the manufacturers and consumers ardisdti61].

To improve the financial performance i.e. to irase profit margin by decreasing the ng
capital and to withstand intemadonal competitiven@se has to focuss attention on the nee
right first time production. This demands the ehation of wastes at all stages of the te
production chain. The trends thus are towards loatsss to increase productivity throi*gh redu
fillings draining, heating and cooling fibres and teduce chemicals. The Reactive
compatibility (RCM) can be used to achieve thisderstanding RCM will allow dyes with simil
properties to be identifiednd used in combination to support tight first tipr@duction. Dy
selection criteria are based on accurate and densistandardisation of dyes is the princ
requirement for optimized dye house efficiency &gt first time production [61].

Exhaust dyeing of cellulose with reactive dyes is a ptax process. It involves the exhaustiol
dye onto the fibre in the presence of electrolytd #gen the addition of alkali to promote
chemical reaction between dye & cellulose. Durihg tRight Fist Time" production in tr
exhaust application of reactive dyes to celluldsefollowing will affect the dye regularity.

» Hardness in the dye bath

* Bicarbonate in the dye bath [61]

12.1 Benefits of RFT dyeing
RFT production in textile dyehouses has arthtic effect upon the efficiency, production capa
and delivery schedules as well generating greaties durnover and profitability. The impact
RFT dyeing on the dyehouse performance may be mezhsuterms of three parameters, namely:
The cost of non-conformance
The additional profit generated by improved producefficiency through conformance
requirements; and
The cost of quality [62].
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12.2 Cost of non-conformance

The batchwise dyer incurs severe financial pergltieRFT processing fis and a significar
proportion of batches are wrong-fitstae (WFT). A single colour correction adds betw@dnanc
36% to the cost of the initial dyed batch, depegdn the dye/substrate system and the sta
manufacture at which dyeing is carried out. Strmgpand redyeing can increase the initial dye
cost by between 170 and 200%. These costs, howakemnly some of the penalties incur
since they can be equalled or exceeded by theitossvenue and profit which occurs wi
machines with should be processing the next batches are @mmtwyth corrective treatments,
shown in the following Table [62].

Table 5: Cost of non-conformance (right-first-timé00)

Process Cost Productivity  Prohit
Blind Dyeing 100 10D
Smuall addirion 110 80
Large addition 135 G4
Serip and re-dye 206 48
[63].

The cost of non-conformance for a knitgoods comimmsslyehouse habeen calculated usil
computer modeling techniques as long ago as 1983satabulated in Table Because of co
increases for machinery and equipment, labour dhditiities since 1993 the costs of non-
conformance are likely to be even more detrimetat@roduction costs and dyehouse profitab

in 2012

If RFT dyeing is carried out the effect on machamel overall dyehouse productivity can be »
marked, provided that there are materials to bel dydill the spare production capacity genedzite
A focus on total quality management (TQM) is regdirwhich embraces the application
controlled coloration and RFT dyeing. The costafforming to the required quality depends u
the following factors:

* Prevention of off-quality e.g. laboratory cosgintenance of quality systems and procedures;
» Appraisal - fabrics examination and quality cohsystems;

* Reprocessing - internal and external,

* Claims / debits i.e. cost of non-conformance,;

» Shading additions and re-dyes i.e. cost of narfaronance;

» Consequential - lost profit opportunity.

One of the wider consequences of the RFT dyeingoagp is that it minimises the use of resou
e.g. textile materials, dyes, auxiliaries, wated anergy as well as decreasing the effluent volume
that requires decolorization / treatment. Thus Rlfding is the most sustainable approach to te
dyeing offering textile dyehouses greater sustalitgbproductivity and profitability, a triple wi
situation. The right-first-time dyeing philosophyo®ampasses three major approactoeproductio
dyeing, namely:

» Standardization of dyestuffs;

» Shade reproducibility; and

* Robust dyeing processes.

Close control over the storage conditions in the diore and over the operations of weigl
dissolving ad dispersing of dyestuffs in the colour kitcheressential. Robotized equipment
automated electronic check weighing of dyestuffs powder form is available from ma
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manufacturers such as Color Service, Lawer and draoma, and automated dispensofdiquid
dyestuffs to high accuracy is also available. Semhipment eliminates the weighing errors that can
occur with manual weighing systems [ 63].

12.3 Factors for RFT processing
When reproducibility is the aim of any dyeing prsgethe followingactors should be taken in
account. To achieve RFT processing, three objectivest be met:

» ahigh level of within-laboratory reproducibilityd accuracy

» accurate transfer and scale-up from laboratorytk b

* repeatability between bulk batches dyed to the szotwair.

Various workers have emphasised the importancendémtiaking an initial audit to identify thc
factors that must be brought under tighter contipomeet the necessary limits of accuracy.
limits of accuracy can be defined as thagtical process control limits that must be applie the
dyeing operation and in all the preceding manufaoguprocesses so that the sum of their ef
on colour variation are equal to or less than thssffail colour tolerance limits. An adeqt
support laboratory is essential. The design, eqguipmperation and procedures required inc
methods for achieving laboratory-bak reproducibility in dyeing. Accurate laboratatyeing is
highly cost-effective stage on the road to achig\RFT poduction since it has been shown th
bulk correction on a 300 kg batch costs as muchaas/iing out between three and twefitye
laboratory dyeings, or one sample dyeing of 3 t&kg,Owhereas a rdyeing of such a batch co
the same as 25 to 85blaratory dyeings, depending on the process andodgehinfrastructur
Approximately twenty factors must be controlled thre dyeing process by the availability
standard operating procedures (SOP) or monitorynthé laboratory. These are in areadudimng
dye selection, optimisation and standardisatiortewquality; substrate dyeability, preparation
weighing; weighing and dispensing of dyes and chatsj standardised dye application techni
and colour assessment. These factors are summarigesifollowing Table:

Table 6: Important factors influencing RFT prodanti

Monitor by lab | Control by SOP
Factor check

Startfing marerials

Purity of water

Dvyeability of textile substrate
Preparation of textile substrate
Standardisation of dve supply
Moisture content of dye supply
Dveing process control

Weighing of substrate batch to be dved
Weighing and dispensing of dyes
Weighing and dispensing of chemicals
Control of liquor ratio

Control of pH

Time/temperature profile

Control of liquor flow or

Control of substrate circulation

Colonr conirol

Selection of dyes

Behaviour of dyes in combination
Accuracy of laboratory dyeing recipe
Accuracy of transfer to bulk-scale recipe
Batch to batch reproducibility in bulk-scale dveing
Method of colour assessment
Determination of metamerism index

e e b s I s s Bl Ee s e ] b
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12.3.1 Testing prepared cotton for residual chemids

For any cotton in an aqueous medium there are thinases which we need to concern oursi
with:

» The aqueous bath

» The surface layer

* The internal Bath.

Most testing regimes which screen for the efficieatpreparation focus upon the concentratic
chemicals in last aqueous rinse before dyeing.&'hee three chemicals which can interfere
successful dyeing with reactive dyes if carriedvard from preparation into the dye bath:

* peroxide (some dyestuff chromophores are extrgseisitive to peroxide)

» Hardness {all dyes susceptible to one degreaothar)

 Alkali (which will cause premature fixath before migration and premature hydrolysis be
exhaustion and fixation).

Once a prepared substrate is placed in an aqugaubath, the temperature will be raised
minimum of 60 'C. Therefore, anything which is hetinterior of the prepared tton can desol
into the bath. So - it is the Internal conditiontb& prepared cottowhich should be of prin
concern.

T e Do o S

el o] ep—
s

IN——_— A\ ~—

Test the prepared fibre here _

Figure 31: Internal bath of cotton

Fortunately, it is relatively easy to ensure thas ithe interior of the fibre which is test, and nc
simply the surface condition. This can be achiebgdextraction of the prepared cotton in boi
distilled water (at the same liquor to goods rasathat used in dyeing). The extract can be c
to room temperature, and then measured for

° pH

* peroxide

* Hardness [61]

12.3.2 Dye selection criteria

Accurate and consistent standardization of dyethesprincipal requirement for optimized (
house efficiency and right-firdstme production. The external factors which infloerthe proce:
have been identified and segregated into two viasab

* The Assignable variables - e.g. internal fabricgHhe start'of the dyeinghe liquor ratio
the temperature gradient, the fixation temperatine glectrolyte concentration, the addi
profiles of dye, electrolyte and fixation alkahetfixation pH and time.

The random variablese.g. the impurities in cotton, water supply, cheatgcand the dys
selected to reproduce the target shade [61].
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12.3.3 Controlled coloration

The modern conceptfacontrolled coloration depends on implementing thik aspects of tl
original RFT philosophy, discussed above. It isieobd through a combination of gc
management, dye and application technologies. Byecton based on accurately standard
robust, compatible, stable and consistent productssserdial. Proper dye selection to en
consistent laboratory-tbulk reproducibility is very important. The dyerads to follow systemat
application methods allied to computer-aided opgedi dye seldion, according to substra
equipment type and cost. The influence of dye stetigation on the likelihood of achieving R
production has been demonstrated, based on thatiselef reactive dyes for cellulosic substra
Application methods for tise dyes can be optimised to ensure RFT productong uhe Reactiv
Dye Compatibility Matrix (RCM), based on substaityiy migration and level dyeing facto
Improved dyeing machinery design, together withcpss control, is an additional factor
achieving RFT production. Improved machinery desigrieads the range of dyes within
application classification that will give RFT retul Online monitoring of key parameters |
allowed new and highly productive dyeing and wagtoiff procedures to beegteloped. This led"
the development of the concept of smart rinsingcvhiesults in significant savings in time
more effective use of water, improving the degréeamtrol of the wet processing cycle with
detracting from RFT performance or pratiguality. In the exhaust dyeing of reactive dyey
using optimised preparation techniques, RFT dyéiaged on controlled coloration methods
smart rinsing technology, it is possible to achiev8oad to unload’ production concept of f
hours orless. Although the continuous dyeing sector wasndwessity, the first to recognise
need for RFT processing, its achievement has reddess attention. Selection of matched pai
dyes for each fibre in the dyeing of polyesteridelic blends gave improved laboratorykok
reproducibility with a reduction in dye inventor&. control strategy has been developed whic
essentially a program to define the limits of aecyrrequired, to improve production efficienc
the continuous dyeing gfolyester/cellulosic fabrics. It has been demotetrahat high levels

laboratory-tobulk reproducibility are achieved with the Econt{®onforts) continuous dyeir
process based on appropriate dye selection andalaipp equipment that accuratelypreduce
bulk conditions.

12.3.4 Automation

RFT processing is an essential peguisite to the introduction of automation andatods. The
major financial savings from the concept of RFTalebon firm discipline in a manually opera
or semi-automatelly controlled (SAC) dyehouse. This requires definthe limits of accurac
standardising dye selection and application tealesqusing computer colour matching (C(
methods for recipe generation and colour matchifgial automation, however, yield®ajor
savings in direct labour costs

12.3.5 Lab to bulk reproducibility constraints

There will be differences between factors in theolatory and on the factory floor for exam
agitation of fabric and machine efficiency. There also differences procedures such as: -
number and type of auxiliaries added; the numbevadheffs; and the vigour of washing. The
differences may mean that the shade attained itathes different to that on the factory floor,
example more vigorous washean lighten the shade. When differences occurdbipe is usuall
altered in some way, such as a dye addition, te the correct shade. If this is done, all cha
must be recorded and documented properly to retihéceeed to repeat them. For exampieis
regularly observed that a 10% shade addition isired when going from lab to bulk, then this
be added to the recipe from the start. This shaulorove the frequency of “right first tim
dyeing. These variations between the lab and tttria floor mean that there needs to be st
communication between laboratory staff and stafftlom factory floor. Lab Managers and [
House Floor Managers need to establish a goodaeship and work together towards follow
the optimal recipes eated in the laboratory and reproducing them onfdahtory floor. Careft
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observation and monitoring need to take place smenthat the correct shade is produced, an
variables are considered and compensated for dtheyansfer from laboratory to bulk dyeing.

Points to be considered
Due to mechanical restrictions, matching the liqtadfos and the agitation speeds of
dye baths can be difficult, but the liquor ratib®sld be made as close as possible.
The material to be dyed should be the same aslyfeatin the laboratory.
It is advisable that the test in the laboratoryudtidoe conducted with same lot of dye:
what is being used in production, particularly tiee light shades.
If manual pipetting is used for measuring the dy#solution:
1. Use calibrated pipettes.
2. Use Smaller volume pipettgserever necessary; afyou have to pipette 9 ml
a solution, use a 5 cc pipette for 5 plus 4 ml. Ebml use 2 measures of 5 cc dntheasure of
CC pipette.
3. Do not use pipettes, if tips are broken.

Good housekeeping in laboratory for dyes storagerder to prevent them from extre
conditions of heat and moisture is also crucial.

The dyeing auxiliags that are used should be consistent and saméaasbeing used
bulk.

The quality of water should be same for both patarse

The temperature control of the dyeing machines Ishioel accurate in laboratory

12.3.6 Liquor Ratio

The correct liquor ratio for the recipe must be meined otherwise incorrect concentration
dyes and other chemicals will be present in thelthth and the right shade will not be achie
first time. The water gauges should be clean so tieat tan be easily read and shoulc
monitored at each step during the entire dyeinggs®. The liquor ratio will be altered when e
water is added to mix the dyes, the salt and tkalialThis shoull be factored into the liquor ra
in the recipe, i.e. if a total of 1000 L is needmd 50 L of caustic soda will be added, then
volume of water initially put in the dye bath shdie 950 L.

12.3.7 pH Control

The pH must be measured after the alf@g. soda ash) is added to ensure that itassdme ¢
that specified in the recipe. Different dye typegquire different pHs and the recipe should acc
for this but in general pH must be within pH 1058

12.3.8 Time and temperature profile
Time: Allowing the correct timings for each process fessun reproducialble results.

Temperature Control

Check frequently the calibration of the thermomeltéaintaining the correct temperature for e\
process is very important. Dyes, enzymes aathe inorganic chemical treatment too rec
specific temperature. Maintaining the correct terapege gives better repetitive resulfferent
dyes require different temperatures and times foin@al dyeing. The recipes are created to en

that the best conditions are used for each dys.thterefore very important that these temperatures
are maintained for the correct period of tirBeme machines might take a longer period of tin
reach the temperature required. These should bé&onethand adjusted so thae required time 1
reach the right temperature is maintained. Recsindslld be kept of any changes.

[64].
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12.3.9 Dye ability of substrate
Prior to start dyeing - uniformity in absorbencyhitgness and pH of the fabric have to beet:st
and uniform conditions have to be maintained fbbatches/processes.

12.3.10 Weight of substrate

Everywhere it is generally taken for granted areleight is calculated according to the mete

or number of cheeses or number of bundles instéattually weighing the materials ready
processing. In lab, we use RFD material for dyeiwere as in batch dyeing machines, we
only greige fabric that would be affected by up&ao 1® weight loss after scouring &
bleaching. The correct niedd is to find out the actual average weight loierascouring an
bleaching and use this figure as a correction fdotopredicting the recipe for dyes and chemicals.

12.3.11 Weighing of dyes and chemicals

A important phase of operation - first the recipéculation part recheck once or twice; secon(
the weighing balance calibratiaand its worthiness in weighing small quantitiesirdtphase i
actual weighing. A proper supervision is a mughis phase.

12.3.12 Moisture content of substrate

In padding operations, the moisture content, teatpeg of fabric should be maintained unifori
as a constant. You should find out the mosituretastnof fabric before starting the opera
(padding).

12.4 Summery
The above mentioned parameten® considered very important for Right First Timgeinc
concept.

Usually, at first, test dyeing for color matchirgy ¢onducted in a laboratory, and the data
gained is important for reproducibility in practicyeing because it is used to decie practice
dyeing conditions. It is difficult to perfectly reguce the dyeing conditions of the laborator
practice, but it is important to try to get themclsse as possible.

Color matching equipments make real ease towasdalibve concept.iE results of the laboratc
dyeing and the practical dyeing can be measuredamefficient for the degree of difference ¢
time the dye is used can be calculated. If thidfimdent is not constant, the reproducibility
results just within the ladratory or in the practical environment should legified before th
reproducibility of results between the laboratond ahe factory is considered. If this coeffici
shows a constant trend for all of the dyestuf€aib be used as a correction caméint and crosse
with the laboratory results in order to decide phactical dyeing conditions.

In the case of certain dyes that show large de@rata dye may have bad compatibility, ar
change of dye class should be considered. Moshekkhaust yers prefer the bifunctional a
vinyl Sulphone type of dyes. However, HE (High Ex$@d dyes have recently made their entr;
due to various advantages over the conventionahdygystem. Nevertheless, hetifunctiona
and vinyl Sulphone still dominates the cellulosyeitig in exhaust system.

So it is dear that using "Rigjit First Time Dyeingdnceptsprovides broad scope of increasin
profit by reducing the after treatments. This saclby the following flow chart In this competit
world "Only the fittest will survive". The Indian textil@dustry must improve its Productivity, ¢
particularly in the Dyeing & Finishing sector; amdist target the Valu@&dded sectors. This can
achieved mainly by introducing innovative ideas apglying ©iemistry to decrease the produc
cost and give more quality products so that thditpmmargin is increased. Also this type of dye
is ecofriendly
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Figure 32: Strategy of profit for manufacturing tuni
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CHAPTER - 03
MATERIALS AND METHODS

13. Materials and methods
The materials and method or process used for tkperament are given in deta
below:

13.1Fabric 100% cotton Single Jersey - 180(G.S.M)

13.2Dyes:
Name of Dyes

Functional
Group

VS + MCT

Type of Dyes Dyeing

Temperature
60'c
60'c

Bi-Functional

Vinyl Sulphone VS

Dychufix Yellow 3RXF-150%
Dychufix Red 3BXF-150%

Dychufix Navy Blue 2 GLXF Bi-Functional VS + MCT 60'c

13.3Chemicals and auxiliaries:
SL No. Name of chemices

Technical Name (usage)

01 Texsanscour CS (PCLF)

Detergent

02

Texsantifoam AF (JET)

Antifoaming Agent

03

Liang-710

Chelating Agent

04

Cetalube NFL

Anticreasing Agent

05

Eripon R (Liq.)

Soaping Agent

06

STABILIZER A pdr.

Stabilizer

07

CETATEX PC

H,O; killer

08

Hydrogen Per-Oxide (3#D,) 50%

Bleaching Agent

09

Caustic Soda

Strong Alkali

10

Rossacid N Liquid (Green Acid)

Acid

11

GXM Ultra

Enzyme

12

ASTROLEVEL CO

Leveling Agent

13

Soda Ash Light

Mild Alkali

14

Glauber’s Salt

Electrolytes

13.4Machines:

SL No.

Name of Machine

Brand

Origin

01

Lab Dip Dyeing M/C

IRDYER

Taiwan

02

Lab Dryer M/C

RAPID

Taiwan

03

Spectrophotometer

DATA COLOR

USA

04

Light Box

VERIVIDE

UK

05

Electronic Balance Meter

SHIMADZU

JAPAN

06

Roter wash

Rapid

China

07

Q-Sun

Xenon

USA

08

Precison oven

FYICHINA

China

09

Electric pH Meter

Hanna

Romania

10

Crock Master

James H.Heal

U.K
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13.5.2 Selection of Chelating agent:

In this experiment we worked to eliminate the iobénd which involve from the metal ions cor
from water, substrate, salt, alkali etti€éEe metal ions in general increase the water BasdnBu

it is observed that the suitable water hardneghendye bath should below 60 pp¥§vhere ou
supplied water for dyeing was in 74-78 ppm and rgldslauber’s salts and fabric it becomes 90-
110 ppm.For this reason we tested first a sevegadst of sequestering agent fromfeliéni
company by changing the dosing and adding theasdlteveling agent. Among them the best
Liang-710 was selected to do the experiment. It alss analyzed and selected the dosing db@.-5-
ppm by using Liang-710.

13.5.3 Water hardness testing procedure:
In the laboratory the following testing proceduraswised to determine the water Hardness:
Take 50 ml of sample water into a 250 ml conicakklor beaker.
Add about 1 ml. ammonium buffer solution
Add 1 drop of insolated total hardness indicaatdt Eriochrome Black T
Stire well until dissolved the presence of hardngsfiown by a wine color or red
Titrate with the 0.01M EDTA solution until the stibn is bluish purple.

Calculation:

Total Hardness (in terms of CagQO = Burette Reading (volm. of EDTA) 2000
Samamount

In house sequestering agent selection test repshiawn in Table 7

Table 7: Water hardness test report of differeefating agents

Total
hardness

Dosing (g/1) (ppm)
Pump Water 80

M/C Water 82
MT - 0.5 g/l 60
MT -0.75 g/l 50
MT -1.0 g/l 35
Pump Water 78

heoc®! | MIC Water 80
Ltd. WT - 0.1g/l 70
WT - 0.2 g/l 64
Pump Water 80
Kappa | Kap Chem | M/C Water 82
Com E12 Ltd. E12 - 0.2 g/l 78

E12 -0.54¢/ 78

SL | Chemica| Company
No. | Name Name

Innovation
world
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E12 - 1.0 g/l

E12 - 2.0 g/l

Kappa
Com E12

Kap Chem
Ltd.

Pump Water

M/C Water

Water + Ast.Co - 1.0 g/l

Water + Ast.Co - 1.0 g/l + E12-1.0 g/l

Water + Ast.Co-1.0 g/l + E12-1.0 g/l +
Slat-50.0 g/l

Water + Ast.Co - 1.0 g/l + E12-2.0 g/l +
Slat-50.0 g/l

Kappa
Fos D11

Kap Chem
Ltd.

Pump Water

M/C Water

D11 -0.1 g/l

D11 - 0.2 g/l

D11 - 0.3 g/l

D11 - 0.5 g/l

Salt - 50.0 g/l + D11-0.3 g/l

Salt - 50.0 g/l + D11-0.5 g/l

Kap Chem
Ltd.

Pump Water

M/C Water

Ast.CO - 1.0 g/l + D11-0.3 g/l

Ast.CO - 1.0 g/l + D11-0.3 g/l + Salt-60.(

g/l

Exim Chem
Ltd.

Pump Water

70

M/C Water

72

710 - 0.2 g/l

25

710 - 0.3 g/l

0

Ast.CO - 1.0 g/l

68

Ast.CO-1.0g/l + 710 -0.4 g/

0

Ast.CO - 1.0 g/l + 710 -0.4 g/l + Salt - 70
g/l

40

Exim Chem
Ltd.

Pump Water

78

M/C Water

80

Ast.CO - 1.0 g/l + NFL- 1.0 g/l

70

Ast.CO - 1.0 g/l + NFL- 1.0 g/l + 710 -0.3
g/l

0

Ast.CO - 1.0 g/l + NFL- 1.0 g/l + 710 -0.3
g/l + Salt-60 g/l

50

Exim Chem
Ltd.

Pump Water

12

M/C Water

74

710 - 0.2 g/l

20

710 - 0.3 g/l

0

710 -0.3 g/l + Salt-50.0 g/l

45

Page 68 of 110




710 -0.4 g/l + Salt-50.0 g/|
Pump Water
. M/C Water
Exim Chem
Ltd. 712 - 0.2 g/l
712 - 0.5 g/l
712 - 1.0 g/l
Pump Water
. M/C Water
Exim Chem
Ltd. 210N - 0.2 g/l
210N - 0.5 g/l
210N - 0.8 g/l
Pump Water
. M/C Water
Exim Chem ) :
Ltd. Leing-711 (Exim Chem Ltd.)
711 - 0.5 g/l
711 - 1.0 g/l
Pump Water
M/C Water

Metaplex MERN SQ -0.3 g/l

MIRN | Innovation | MERN SQ - 0.4 gl

o) world  FERN SO - 0.5 gl

Ast.CO -1.0 g/l + MIRN SQ-0.3 G/L
Ast.CO -1.0 g/l + MIRN SQ -0.3 G/L +
Salt -50.0 g/l

13.5.4 Cotton knitdyeing process (Exhaust method)

The dyeing procedure was followed of the reactixieaeist dyeing method. There were used f
dyesnamely, 1.Dychufix red 3BXF, 2.Dychufix yellow 3 RX3.Dychufix Navy Blue 2GLXF ar
each color is dyed in three variables, 1.with ndrwater, 2.adding Chelating agent Liai§© a
0.3 g/l , 3.adding Chelating agent Liang-710 atdil6

13.5.5 Pretreatment of cotton fabric

To make the 100% cotton fabric ready for dyeingpmbined scouring and bleaching process
carried out as pretreatment. Where NaOH was tha efamical for scouring with assistance
NaCOs Here both two alkalisvere used to prevent the cellulose degradation. ¢t was the
main chemical for bleaching. The following chemgcahd auxiliaries were used for completio
pretreatment:
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Table 8 : Recipéor pretreatment:
Sl | Name of Chemical
No

01 Texsanscour CS (PCLF)

02 Texsantifoam AF (JET)

03 Liang-710

04 Cetalube NFL

05 STABILIZER A pdr.

06 Hydrogen Per-Oxide (H202)50%
07 Caustic Soda

08 Soda Ash Light

09 CETATEX PC

10 Rossacid N Liquid (Green Acid)
11 GXM Ultra

13.5.6 Pretreatment procedure
. Liquid Chemicals are added atd@or 5 minutes
. Caustic is added at @Otemperature for 5 minute
. Temperature increase at'@0
. Hydrogen per Oxide (H202) is added for 5 minutes
. Temperature increase at®@% continues for 60 minutes
. Sample check (to check Absorbency, if absorbehkgy
. Cold wash at 4@ for 5-10 minutes
. Hot wash at 9@ for 5-10 minutes (per oxide killer hot)
. Acetic acid is added at room temp.(for neutediaon)
. Temperature increase afé@or 20 minutes
. Cold wash at 4@ & drain
. pH check at 4.5 (For Enzyme)
. Temperature increase af&5
. Enzyme is added & run for 60 minutes &tc55
. Temperature increase af8@or 10 minutes
. Cold wash at 4@ and drain

1
2
3
4
5
6
7
8
9

13.5.7 Dyeing recipe

All the dyes were taken from 1.0% stock solutiod #me Glauber’s salt, soda ash were taken
25% stock solution. 10 ml pipette was used for siyl@ition, 10 ml pipettéor Galuber’s salt and

ml pipette for soda ash. A liquor ratio was follahef 1:9.

Each dye was dyed in three different steps, 1. ditladding Chelating agent, 2.adding Chelating
agent at 0.3 g/l, 3. Adding Chelating agent atgiL6
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Table 9: Dyeing Recipe for Yellow 3 RXF — 150 %

Dyeing Recipe 1: Dyeing Recipe 2: Dyeing Recipe 3:

1. Dychufix Yellow 3 RXF-150%| 1. Dychufix Yellow 3 | 1. Dychufix Yellow 3 RXF-
-2.0% RXF-150% - 2.0% 150% - 2.0%

2. Levelling Agent — Astrolebel | 2.Sequestering Agent | 2.Sequestering Agent — Liang
CO -1.5¢l/ Liang 710- 0.3 g/l 710- 0.6 g/l

3.Glaubers Salt — 50g/I 3. Levelling Agent — | 3. Levelling Agent — Astrolebel
4. Soda Ash -12 g/l Astrolebel CO -1.5¢g// CO -1.54¢/

4.Glaubers Salt — 50g 4.Glaubers Salt — 50g/I

5. Soda Ash -12 g/l | 5. Soda Ash -12 g/l

After Treatment: After Treatment: After Treatment:

5.Acetic Acid - 1.0 g/l 6.Acetic Acid - 1.0 g/l| 6.Acetic Acid - 1.0 g/l

6. Wash Off Eriopon R— 0.5 g/l | 7. Wash Off Eriopon | 7. Wash Off Eriopon R— 0.5 g/I
R- 0.5 g/l

* Other two dyes (Red & Blue) were applied on knit usg same recipes.

13.5.8 Laboratory sample dyeing procedure

. Measure 5gm of knit

. Make dyeing recipe and calculate

. Pipette the dyes and chemicals (Sequestering,dgeeling agent, salt, soda) accurately
. Close the dyeing pot and shake continuously

. Insert the sample pot into dyeing machine agbin

. Run the Machine at 60 ‘c for 60 Minutes

. Cold wash the sample

. Acid wash the sample (for neutralization)

. Take the wash off chemical ( Eriopon R) inte Byeing Pot

10. Put the sample on it

11. Start the washing machine to run at 90’c fonf2Qutes

12. Cold wash the sample

13. Start the Dryer machine to dry the sample atclfdr 160 seconds
14. Iron the sample.

1
2
3
4
5
6
7
8
9

13.5.9 Fixation (%) of dyesFixation levels can be calculated based on therphben of visible light by
dyes in solution, in dye baths and in wash batsisigua spectrophotometer. We used the Dataco®f'60
liquid measurement instrument.

13.5.10 Integral strength measuring procedure:
1. Prepare the dye solution (leveling agent, dyals, water, sequestering agent) without adding
alkali.
. Put this dye solution in to the TransmissionsSla
. Keep the transmission Glass in the e Liquid meag instrument
. Open the cover of the Spectrophotometer
. Place the liquid measuring g instrument in #rguired area inside the spectrophotometer
. Measure solution for a specific dye as the steahd
. Then after Bath drain again measure the intesgrahgth of residual dye solution as the batch
. After wash off then again measure the integrahgth.
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9. Calculate the fixation (%) using the followingula:

Formula to calculate the fixation %

Fixation% of dye stuff = [100 — {Color Strength t@gral) % of the solution after B/D + Color
Strength (integral) % of the solution after wash}]|%

F% = {100- (a+b)}%

Table 10 : Fixation (%) of Dychufix Red 3B XF

Salt/'So _ Integral Strength %
SL Shade da Dyeing

% Dosing | Step
(9/1) B/D (a)

Dyes Name Process

No.
wash Total

off (b) (F%)

60 x 60'| Normal water | 38.19 6.53 55.28
50/12 | 60x60'| 710-0.3¢g/l 36.95 8.37 54.68
60 x 60| 711 - 0.69/I 37.01 6.56 56.43
60 x 60'| Normal water | 41.26 10.39 48.35
60 x 60'| 710 -0.3g/l 36.1 9.8 54.10
60 x 60| 711 - 0.69/I 34.14 12.66 53.20
60 x 60'| Normal water | 42.31 10.09 47.60
60 x 60'| 710 -0.3g/I 40.4 9.58 50.02
60 x 60'| 711 -0.69/ 39.54 12.12 48.34
60 x 60'| Normal water | 38.39 14.59 47.02
60 x 60'| 710 -0.39g/I 33.17 11.46 55.37
60 x 60'| 711 -0.69/ 34.14 12.66 53.20
60 x 60'| Normal water | 47.86 6.51 45.63
60 x 60'| 710 -0.3g/l 47.96 5.77 46.27
60 x 60| 711 - 0.69/I 41.37 10.56 48.07

Dychufix
Red 3BXF

Dychufix
Red 3BXF

Dychufix
Red 3BXF

Dychufix
Red 3BXF

Dychufix
Red 3BXF
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Table 11: Fixation(%) of D

ychufix Yellow 3R

SL
No.

Dyes Name

Shade
%

Salt/So
da
Dosing
(a/)

Dyeing
Step

Process

Integral Strength %

B/D (a)

wash
off (b)

Total
(F%)

Dychufix
Yellow 3R
XF

60 x 60'

Normal water

22.93

20.09

56.98

60 x 60'

710 - 0.3g/l

22.28

17.87

59.85

60 x 60'

711 - 0.6g/l

20.8

20.7

58.50

Dychufix
Yellow 3R
XF

60 x 60'

Normal water

21.64

14.86

63.50

60 x 60'

710 - 0.3g/l

20.3

10.08

69.62

60 x 60'

711 - 0.6g/l

22.07

9.77

68.16

Dychufix
Yellow 3R
XF

60 x 60'

Normal water

22.81

20.33

56.86

60 x 60'

710 - 0.3g/l

24.46

18.97

56.57

60 x 60'

711 - 0.6g/l

24.52

20.83

54.65

Dychufix
Yellow 3R
XF

60 x 60'

Normal water

38.39

14.59

47.02

60 x 60'

710 - 0.3g/l

33.17

11.46

55.37

60 x 60'

711 - 0.6g/l

34.14

12.66

53.20

Dychufix
Yellow 3R
XF

60 x 60'

Normal water

22.28

17.87

59.85

60 x 60'

710 - 0.3g/l

21.57

14.49

63.94

60 x 60’

711 - 0.6g/l

21.34

14.86

63.80

Table 12: Fixation (%) of Dychufix Navy Blue 2GLXF

SL
No.

Dyes Name

Shade
%

Salt/So
da
Dosing
(9/l)

Dyeing
Step

Process

Integral Strength %

B/D (a)

wash
off (b)

Total
(F%)

Dychufix
Navy Blue
2GLXF

50/12

60 x 60'

Normal water

34.19

22.28

43.53

60 x 60'

710 - 0.3g/l

33.67

21.28

45.05

60 x 60'

711 - 0.6g/l

34.19

22.28

43.53

Dychufix
Navy Blue
2GLXF

60 x 60'

Normal water

28.71

22.92

48.37

60 x 60'

710 - 0.3g/l

29.39

21.46

49.15

60 x 60'

711 - 0.6g/l

34.35

17.86

47.79

Dychufix
Navy Blue
2GLXF

60 x 60'

Normal water

34.17

17.89

47.94

60 x 60'

710 - 0.3g/l

33.89

17.77

48.34

60 x 60'

711 - 0.6g/l

37.85

16.89

45.26

Dychufix
Navy Blue
2GLXF

60 x 60'

Normal water

37.78

17.24

44.98

60 x 60'

710 - 0.3g/l

28.71

22.92

48.37

60 x 60'

711 - 0.6g/l

28.78

22.97

48.25

Dychufix
Navy Blue
2GLXF

60 x 60'

Normal water

33.26

21.54

45.20

60 x 60'

710 - 0.3g/l

34.89

17.77

47.34

60 x 60'

711 - 0.6g/l

37.65

16.89

45.46
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13.5.11 Getting RFT shade controlling 22 points

To get ashade at Right First Time (RFT) in exhaust dyesgary difficult. Because there a lots
process paraaters and process need to accurately controlleathieve a RFT shade. Any ¢
among them can the cause for a not RFT shade hBuptocess and process parameters may
in different industries. This experiment was cafrat in a medium quality exbat dyeing uni
Form the working experience in this industry, itssgummarized in 2Roints, controlling these c
be achieved the RFT shade. These were based dmgxsoblems and improper utilizatiarf 3M
(Man, Materials and Methods). The summarized pantsmentioned and described at below:

1. Increasing lab to bulk reproducibility
2. Dyeing Recipe should be done computerized to avalicllation mistake, to save timz2

3. The dyes, chemicals measuring balance must beadmid must need to calibrate: at
least twice in a month to get the accurate reading

. The dyes and chemicals quality have to check adsziving a new LC in lot tot anc
several drums to drums

. After H,O; Killing it must need to check either it has remadwa not by HO, killing
test kit/strip

. The fabric absorbency after scouring should chedkh vihe 0.5% Potassiu
Permanganate Solution to observe easily as auflitifcle

. Water Hardness in the all the dyeing process, @lpem dye bath must need below 5
ppm

. The temperature of the M/C should check often bynferature Gurduring dyeing
process, because temperature sometimes vary fragngon monitor to M/C inside

9. Liquor ratio must be controlled in every batch

10.The fabric core pH should be measured especiailyidbt & critical Colors to bette
fixation

11.Grey fabrics shades should be checked before Igadio M/C, because sometime
varies.

12.Dyes, chemicals TDS & MSDS must have a@oalyze accurately by the R ¢
department always and compare with required prigsert

13. Neutralization after scouring and B/D must be aatwithin a pH of 6.5-6.8

14.Cycle time of the fabric must have to maintaincslyi such as 2.30 min to 2.45 min
light & critical colors

15. Dissolve the dyes perfectly.

16.Soda & Color dosing must have to give accordmdjvidual rules of different shade¢
Generally three steps (progressive system) sodaglissbest for light & critical color.

17.Have to avoid the dye bath addition specially i finst Batch.

18.The shade matching decision must be provided byetttenical person only.

19. Wash off after B/D, Hot wash, fixing must clearthsre has no any colored water.
20.Right combination selection of shade is most imgoairt

21.The maintenance section must provide the minimur@ Mieakdown during runnir
and provide best M/C parameters.

22.Finally a good housekeeping should be controllealliover the dye house.
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13.5.12 The practical reasons & remedies againgid 22 points

| have summarized the above mentioned points teeaeRFT shade because | have faced -
types of problems during practical working. So teasons and remediese explained in bri
below:

1. Increasing the lab to bulk reproducibility
Assuming the above factors are well controlleduaictab practice is another factor which can
seriously impact RFT and lab to bulk reproducipiliQuite often, lab dyeing is carried out on |re-
bleached, dry fabric, which can lead to immediaters, both from a liquor ratio and from a dye
concentration point of view. In bulk practice, wayrstart with grey fabric, which can contain up
to 10% impurities. After pre-treatment, a 100 kgchacan actually weight as little as 90 kg.
However, everything is calculated for 100 kg —dsalf, alkali, etc. If we start in the lab with dry
pre-bleached fabric and base all calculations @) the have immediate errors — exacerbat2d
impurity level is high. Ideal lab practice is tckéacustomer's grey fabric and cut into, say, 10 g
portions; then bleach and dry (check weight to konfamount of impurities — if say 9.5 g, you
know that fabric contains 5% waxes etc) and theryaaut the lab dyeing on this fabric assuming
the original weight of 10 g. An alternative methedo check quantity of impurities first — and then
if impurities are say6%, use 9.4 g of dry pre-bhetfabric for your lab dyeing instead of 10 g, but
still basing all your calculations on 9.4 g. s&sitnandatory to consider the following factors lbefo
start lab dip dyeing:

Fabric must be same of both lab and dyeing (yatgryarn count, fabric G.S.M, separate
Scouring).

The fabric must be RFD before start dyeing.
Accurate weight in calculation of fabric due todstbed fabric in lab and grey fabric in bulk.

Dyeing process should be same (usually All in oyedrdy method in lab, progressive methodl
and isothermal method in bulk).

Should use the same chemicals in both lab and(butth as sequestering agent, leveling agent,
fixing agent, softener etc.).

Fabric is 60 minutes in dye solution in lab, buburk after 2.303.0 minutes fabric touches dy
solution once. Where say for example 2.0-2.15 neisiit solution and rest seconds is without
touches dye solution.

Dyes, chemical and auxiliaries must be of same lot
The Lab Dips must be matched under at least 2 1Sghitce.

The Fabrics used for lab dip dyeingshould be collected from the same fabric whic
will be provided during bulk production:

In the knit manufacturing industries there is acpical phenomenon that sometimes the fabt
different from Lab Dip to Bulk Production Fabrich& fact is wherswatch is match first time
send for approval then it is done from availablarifain the Lab. And when the lab dip is appro
as well as the order is confirmed then the swatehedo re match with the approval Shade.
time the available fabricare used again. But the problem is the Bulk Faisrinot same as tl
available fabrics. Because of the following parasreet

a. Yarn lot

b. Yarn count
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Yarn type (Card/Comb)
Properties of yarn (TPI, TM, Natural color, deadt@o, matured fibre, cellulose, prote¢:
pectin etc.)
. S.L of the fabric
Scouring & Bleaching quality of Fabric

So if any parameter of above is different thendhera great possibility to shade variation. Adiudlis
very difficult to ensure the same quality of yarmddabric parametsrbefore getting any orders. But this
be done easily to ensure the same yarn, fabricemaring-bleaching quality during ofecking the lab d
before going to bulk production by collecting thmsred sample during sample dyeing for Pre prodo
sample approval.

+« Cotton yarn quality test

It is unfortunately true that we never test quatifyyarn through which we dye a fabrin. several times w
faced problems related yarn thae should check from the yarn supplier. The proBlarise from poc
quality of yarn are such as thithn , patta, dead cotton, yarn contamination,iralify or skewnes
problem and G.S.M problem for count variation whs tested for several yarn couatsd observed fi
some cones, there were 0.8-1.1 count variationgdegt the actual and tested samplethese problems a
mostly visible after dyeing. So if any of these wted, there is nothing to do immediatelyertgh it is
mandatory to test the minimum standard quality afyor at least the collect the tesport from the
supplier in every L/Qo arise these problems. Otherwise again the paor guality will also affect the RF
shade. The standard quality parameters of comhgahcgarn for knit dyeing is shown in table 13:

Table 13: Standard quality parameters of combewrgtarn for Knit Dyeing

Required value for 30s
combed

30(29.6 to 30.4)
Less than 1.5

Yarn Characteristic Other combed counts

Nominal count plus or
minus1.3%

Less than 1.5%
3.5t03.6
Less than2.5%
50 to 10% uster stat. value
5to 10% uster stat. value
5to 10% uster stat. value

Average count

Count C.V%
Twist Multiplier (T.M) 3.5t03.6
TPI C.V% Less than 2.5
U% 9.2t09.8
-50% thin place /100m Less than4
-30% thin place /100m Less than650
+50% thick place /100m Less than30
+200 Neps/100m Less than50
Total imperfection/100m Less than85
RKM(tenacity)gms/tex More than16.5
RKM c.v% Less than7.5
Elongation % More than 5.5
Hairiness H 40to4.5

Hairiness standard
deviation

Objectionable classimat

5to 10% uster stat. value

5to 10% uster stat. value

5to 10% uster stat. value
More than16.5
5to 10% uster stat. value
More than 5.5
<50% value of uster statistics

Less than 1.5 25% uster stat value

faults(both short and long

Less than 1per 100km

Less than 1 per 100km

Total classimat faults

Less than150

5 to 10% uster stat.value

H1-thin faults

Less than 5per 100km

5 to 10% uster stat.value

Shade variation on cones
in UV lamp

No shade variation

No shade variation
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% The Lab Dips must be matched under at least 2 Lighource

Generallythe lab dip is matched under one light source. $ioms it creates a lot of problem in sh
matching between Manufacturing Unit and The BuyBecause they can match the shade in their ave
light source or without any light source or normaii the office room. As a result the lab dip may no
matched sometimes as their requirements. Mosteot#ises the buyer provide the light source to nihi
colors. Generally they recommend one light sourcspite of this we should match the lab unes light
sources for our benefit. So the shade will be clasel the less chance to metameridhe Lab Di
Recheck must be between the Original swatch andpipeoval swatch. Then the Bulk Product
Reproducibility will be efficient in bath to batcBE value must keep within 0.5

+ The fabric must be RFD before start dyeing
The Ready For Dyeing (RFD) fabric must have follogvcriteria:

. pH

. Absorbency power
Residual HO;
Degree of whiteness
Hairiness

The most important criteria of a RFD fabric isogoabsorbency power. Because if the fabric hagoot
absorbency power, it cannot absorb the further cda@aand specially the Dye stuffs. So better s
cannot accept from less absorbable fabric. Thezesaveral tests to check the absorbency of a stoure
bleached fabric. Among them the drop test is widedged around the industries. But 0.1% potas
permanganate solution gives preferable result adlstd water. As a result the circle is clearer lgg€ne
drop is suggested).

Another important Gteria of a RFD fabric is having good degree ofitetiess. Because the degre:
whiteness depends specially on the removal of abtator. The fabric which natural color does rerpve
fully there is yellowish tone present in the fabiidis is absaltely against in case of light colors dyeing
well as the critical color also. Hence the more diegree of whiteness the better shade reprodugils
achievable. It depends on the quality ofOsl purity %. In general there are both 35% and 50%tyu
available in the market. But it should test theliygaf H,O, in the laboratory.

Hairiness is an optional criterion for a RFD fabag it depends on the Buyer requirements. Butfiusc
practically the shade is more even, smooth andrghiof a g@d hairiness removal fabric. But in this c
the softness is less.

2. Dyeing Recipe should be done computerized to avoo@lculation mistake, to save time.
Most of the industries do the dyeing recipe maryualls a result the following problems are
face:

a. Writing mistake

b. Dosing mistake

c. Calculation mistake

d. Incomplete digit

e. Time Killing

First three points are vital issue to complete @imty recipe. If any one of these are mistaken it be
great problem for any shade matching. Such asifdires,chemical name is wrong it will be rejection
fabric. Sometimes the recipe man mistakes the camaoging of chemicals, which can damage the fe
The mistake of calculation is very dangerous fangaecipe manually. It can provide any kind of lgiemn
in the desired shade.
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The calculated digits are maintained with negligeimccase of both dyes and chemicals. But thers@re
chemicals which can effect adversely due to mas/tuantity. Especially for dyes it will impact gtly
due to more/less quantity.

All of this can hamper the shade matching easiheré is another fact that the recipe man think ke
takes the more digits which is very little amouBtit it is analyzed that there is huge amount ofs
chemicals we can save monthly aglwas yearly due to taking the right digits of dyehemical
consumption.lt is also very time consuming to do the recipe wadly. Whereas computerized rec
making will save the time as well as manpower. Bseaone person is enough to do computerizeipe
against three to four.

3. The dyes, Chemicals measuring balance must be digitahd must need to calibrate at leas
twice in a month to get the accurate reading.

The measuring balance is an important issue ineahdyse to measure the dyes,noival to produce a RF
shade. There are several types of measuring balAnweng them the digital balance is more preferab
measure accurately. But most of the industries alocalibrate the balance timely. For which the ¢
chemical amount vary. It is analyzed in our indestsometimes it varies 50 gnil60 gm of each 1 kg
product. As a result it can be a barrier to prodineeRFT shade. Measurement variation mostly effe
dyes. If there is a little amount of variation iped measuringhat may the cause of shade variation. Si
calibration of measuring balance is hardly neededfdye house.

4. The Dyes and Chemicals Quality have to check afteeceiving a new LC in lot to lot and
several drums to drums.

Dyes and chemicals qualityust be tested in the laboratory of manufacturimdystries. It shou
test the qualityof each new LC product. The reference quality reporTechnical Data she
should have in hand to compare the tested resu#i.dnalyzed that sometimes the Dyeshad
varies due to the strength difference betweenuhaing and new coming LC dyes. But this ca
adjusted by doing the related tests before goimgutih the new Dyes in production. It is &
suggested to test the strength and other qualite@s lot to lot for each new LC. Becal
sometimes it varies the strength even in lot to Tdtis will be a silent reason of shade matc
problems. Sometimes for this problem the batch rieettidition and topping. The following te
can be done for each new LC Dye Stuff quality check

. Single shade matching (1%, 2%, and 4%) and compisinaeference visually.
Measure the DE value of the single with the savaddard by Spectrophotometer.
Measure the strength difference% of single shaala fityed fabric sample.
Measure the fixation % from the dye solution aBéD by liquid measurement etc.

New Chemicals quality check:
. pH
. Specific Gravity
. Hardness
. Strength
Purity etc.
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5. After H,0; Killing it must need to check either it has removd or not by H,O- killing test
kit/strip.

After scouring and bleaching with Hydrogen peroxédeeoxide killer is used. Otherwise there is yellov
tone on the fabric. Whether a fabric is free frogdkbgen peroxide this can be tested by using alsipg
oxide killer test strip. The value is acceptablaap.5 mg/l.

Figure 41: Peroxide test strip

6. The fabric absorbency after scouring shod check with the 0.5% Potassium Permangana
solution to observe easily as a full circle.
The quality of scoured fabric must need to cheakueately. Because without well scouring, tuether
process will be affected and may cause for ag®&k§t. Scouring test can be tested by the followeg
methods:

1. Immersion Test

2. Drop Test Method

3. Column Test Method

Among thesehte Drop Test method is widely used due to its dititpl& short time. It can be test by wa
drop. If the drop on the fabric is a full circlégn the scouring quality is excellent. But only teter Droy
is not clear to understand. In this case 0.8%t®on of Potassium permanganate can be usecetdifg the
circle clearly.

7. Water Hardness in the all the dyeing process, gscially in dye bath must need below &

ppm.
Hardness must be checked of raw water every dagteMteatment Plant should installed before set up

dyeing unit for good dyeing performance. If the ¢hass is controlled the following advantages wéll b
added to the dyed batch:
* Prevention of pinhole formation due to catalytiddation caused by iron duril
bleaching ) chelates iron / heavy metals)
During dyeing, it prevents spots, shade changeuamegen less by chelating he:
metals and dispersing impurities.
Provides improved fixation level of dyes.
Improved rinsing due to the scale inhibition(effeetat low concentratiosuch as i
rinse bath)
During fabric preparation sequester also provides chelating to prevents fabri
yarn damage and provides additional stabilizingafbn the hydrogen peroxide.
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To control the hardness of water have to follow théollowing process:
* Raw water hardness must need to test
* Hardness of the scouring bath has to test.
* Hardness of the dye bath before dye stuffs dosiolyding the salts and leveling nee«
test.
In the laboratory this work can be done randomiil setting the dosig of chelating ager
It can be repeated on different salt and soda dasitio.

Use suitable chelating ageintall the dyeing process (Scouring, enzyme, dyesadtene
etc).

Special care of dyeing water
* We in general talk about the hardness of watescouring, dye bath or after treatment.
there are some crucial processes where we nediechardness, such akiring dye
dissolving in the drums for long time before dosimgthe machine. And th
dissolving process is observed in the mediumityudye house. Here, if there ¢
metal ions in that dissolving water they will readth the anionic reactive dye
thus create ionic bonds. i.e. that will be the aggtion of dye stuffs. So it is ve
important to use chelating agent in the dissgvinums as well as in the mixtt
tanks on a required amount. Some leveling agenalsanbe used for better result.

Another important process which we neglect gengréfiat is during addition wv
most of all forget about the hardness of water.aBsewhen we drain some liqu
from dye bath before addition, then we need to byl fresh water at requir
amount. But we don’t use chelating agent to cortestiness of the dye bath. Ag
when we give dosing of addition’s color, we dottiink about the &rdness of tr
mixture tank.

Before softener dosing if we add chelating agerdtber water softening process
control water hardness, it was observed there whbeast softness quality also.

So in these cases the water hardness must neashtimldor better fixation as well :
softness quality.

8. The temperature of the M/C should check often by t@perature Gun during the process:
The temperature may change during process fronugdah the machine. Suppose we set
process temperature 60’ctime program, but actually the temperature insigentlachine may va
to 58'c or 62’'c. So this variation should be chetlgy using a temperature gw¥hich help tc
measure the inside temperature of the machine glay processSome machines might taka
longer period oftime toreach the tempertequired. These should be monitored and adijsstéha
the required time to reach the right temperaturen&gntained.Check frequently the calibration of |
thermometer or temperature gun. Ktaining the correct temperature for every progessery importan
Dyes, enzymes and some inorganic chemical treattoentequire specific temperature. Maintaining
correct temperature gives better repetitive results

The above mentioned parameters are considered inggrtant for Right First Time dyeing concept.
Usually, at first, test dyeing for color matchirg donducted in a laboratory, and the data thusedais
important for reproducibility in practical dyeingtause it is used to decide tpractical dyeing conditior

It is difficult to perfectly reproduce the dyeingraitions of the laboratory in practice, but ifrigoortant tc
try to get them as close as possible.
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Figure 42: Digital laser temperature gun

9. Liquor ratio must be controlled in every batch.

The correct liquor ratio for the recipmust be maintained otherwise incorrecteotrations c
dyes and other chemicals will be present in thelihte and the right shade will not be achieved firse.
The water gauges should be clean so that they can dily e@ad and should be monitored at each
during the entire dyeing process.

The liquor ratio will be altered wheextra water is added to mix the dyes,salt and tt
alkali. This should be factored into the liquor ratidhe recipe, i.e. if a total of 1000 L is needbed 50 L o
caustic soda will be added, then the meluof water initially put in the dydathshould b
950 L. At lower liquor ratios, there is Higher exhaustamng Higher color strengtBo it is mandatory to maint
the total liquor ratio after adding dyes, saltalkli in the process and control batch to batch.

10. The fabric core pH should be measured espechalfor light & critical Colors to better
fixation.

For better fixation of cellulosic fabric it must\eathe core pH 5.5-0 before starting dyeing.
after scouring the fabric must be neutralized watid it should check the pH after leveling dosing.
Dyeing slould be started at neutral pH. Otherwise if theipHigher at starting point then fixati
will start earlier before exhaustion. As a resuiéven dyeing occurs.

% Influence of pH in reactive dyeing at every stagefalyeing

In the beginning of dyeing, ¢hwater bath should be carefully adjusted to araktd slightly
acidic pH, as otherwise premature hydrolysis ofstiyi will take place and cause (a) une
dyeing and (b) lighter depths than the previouschest or in other words batch to be
variation will occur.

If the fabric or yarn has not been neutralized priypthe core alkali presence will advers
affect the dyeing, forming patchy uneven dyeinge Phaces were alkali residue was high |
the tendency to make deeper dyeing.

Lower alkali dsages and hence lower pH leads to partial reacofiogactive dyes; most of t
dye may remain in water; the dyestuff that hasagpsiorbed in to the fiber would also have
tendency to get fixed on to it, leading to poor ag and rubbing fastness.

Higher dosage of alkali may cause hydrolysis ofstiy# in the water itself. Thus lower de|
of shade and poor washing and rubbing fastness.

After dyeing is over, when the alkali still fullgmain on the fiber, if we do not neutralize
alkali propely with adequate quantity of acid, that also ledmhigher amount of dyestt
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bleeding during subsequent soaping and hot wastatpes.

Finally after completing the dyeing, before unloaygiif we do not keep the pH neutral -
alkaline pH will slowly hylrolyze the dyestuff in the fiber and acid pH vidhder the cottc
fiber itself.

Every dyestuff appears in different tone underedéht pH conditions. Bright Lemon yellow
allowed dry under alkaline pH, it will turn to alttedder yellow and simalrly Turquoise blue
and royal blues will appear yellowier and dulleaikaline pH and brighter and redder in ac
pH. So make sure that the pH is exactly neutralightly acidic during final drying process.

Final cationic fixation and cationic sefting treatment if not done in acidic pH, that Walhve
higher tonal changes and improper dye fixationiargroper softening effect.

Figure 43: Digital electronic pH meter

11. Grey fabrics shades should be checked beforatting into M/C.

It plays avery important role in shade variation after dyeiintipe grey fabric shade is not chec
properly. We observed for several times that thee lot of variation in shades of grey fabric:
roll to roll. It can easily occur when yarn lotriexed up @ yarn count is mixed up. But this sho
be checked before loading into dyeing Machine. Tdiéferent shades should be separated.

12. Dyes, chemicals TDS & MSDS must have to analyzeaurately by the R &D Department
always and Test the Dyes, Chemicals Required Progegs.

The technical data sheet (TDS) and Material sadatg sheet (MSDShust have to collect fro
every supplier of dyes, chemical. Then check thmpgnties by inhouse laboratory testing &
compare the standard properties in the TDSugtdthe chemicals and auxiliaries dosing kee
relation with the optimum recommended dosing byrttenufacture. Store the dyes, chemical
auxiliaries maintaining the best storage conditkafe area according to MSDS. The life tim
chemicals andwuxiliaries should find out from the TDS and maimtep get the best quality. Su
as in general the life time of enzyme is 6 monslesafter exceeding its activity will reduce.

13. Neutralization after scouring and B/D must be ecurate within a pH of 6.5-6.8

Scouring and bleaching was carried out in highkalihe media at pH 10.51.0. If this alkalin
media is neutralized then it will hardly affect thether process especially in dyeing. Sucl
uneven dyeing, color spots etc. and if the fabsioat neutralized after B/D, there will furtf
possibility to fixation of unfixed des deposited @abric surface. Hence again it will cause
uneven, running shade problems. So it is mandatongutralize the fabric after scouring and
ata pH 6.5-6.8
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14. Cycle time of the fabric must have to maintain stctly, such as 2.30 min to 2.45 min fc
light & critical colors.

Uneven dyeing is a very common dyeing fault andeaigheadache for the dyers. Too much difficulty tt
be faced in maintain a remed degree of levelness of the dyed goods. Khigteods are usually dyes in Ic
or a Continuous rope from in which or jet dyeingcimae.

The time required to move the whole loop is terraedtycle time .In exhaust dyeing method cycle tis
important factor. If the integef movement of the loop can be ensured during dasing and run time th
every portion of the rope will get same time toystathe liquor contact. Naf contracts is the number
time of which the fabric comes into contadtiwthe dye; liquor during dyeing process. Thislw#pend o
the fabric rope speed and number of jet nozzlesgg®s. In consequence each portion of the looy
absorb the same amount of dyestuffs. To ensurartiierm dyeing one should calculate tin@ximum rop:
length with a fabric of particular weight per sgriameter and rope speed has to maintain the sane
length. Cycle time was determined by the followatmiation.

Cycle time, t =

Where
k= Load per nozzle in kg.
w= wt of one meter fabric (open width) in kg
v= velocity (reel speed) in m/min

+ Dosing time:

Dosing time is the term used to denote the timaired in minute for transferring the dyes or cheats
from the addition tank to the interior of the mamhi

< Runtime:

After any dyes or chemical dosing the fabric nesmine time to absorb that dyes or chemical befopéhat
chemical dosing this time is usually known as tioretin the textile wet processing industries.

N x L x CPI x 36
The linear weight per linear yard (lbs) =
36 x 840 x Ne
Where,
N= Number of needles in the machine
L=stitch length in inches
CPI= courses per inches
Ne=cotton count
For the simplification of the calculation the falllmg formula can also be used:

Open width of the fabric in inch x Grey G.S.M\t of 1 meter fabric in kg

39.37x 1000

Load per nozzle in kg
Loop length in meter

Wt ofrdeter fabric in kg

Page 83 of 110




+ Importance of Cycle time
Say for example cycle time of lzatch is 3.0 minutes. And the color dosing, sakimlp run time, soc
dosing are fixed without considering the cycle tirtiehe reel speed is 300 m/mirp ¢he following will
occur:

Color dosing =28 min=3x9+1
Color run time=23 min=3x7+2
4 salt dosing =10 min=3x3+1
Run time =5 min=3x1+2

% salt dosing =10 min=3x3+1
Run time =10 min=3x3+1
Soda dosing =50min =3x16+2

From the above expression it is observed that duraglor dosing the whole loop in a nozzle will &®h@
times in 27 min and remaining 1 min only 300ofnthe whole loop will travel in the nozzle. On ththel
hand during color run time the loop will travelifhés in 21 min and in remaining 2 min onl§08n of the
whole loop will travel in the nozzle. So these 30@nd ®0m of the loop will get more time to absorb ¢
stuff. So dye absorption will uneven throughout Wiele loop. In the same waluring every dosing ai
run time the loop will travel a fractional on ofrxs through the liquor which will cause uneven apson
and uneven fixation. Finally uneven dyeing willuksn.

But when each dosing & run time is selected comsigehe cycle time which is described below:
Color dosing =27 min=3x9

Color run time=18 min=3x6

% salt dosing =15 min=3x5

Run time =9 min=3x3

% salt dosing =9 min=3x3

Run time =15 min=3x5

Soda dosing =45min =3x15

From the above expression it is observed that dwolor dosing the whole loop in a nozzle will ®&@
times in 27 min and there is no remaining fabr@n the other hand during coloun time the loop wi
travel 6 times in 18 min and there is no remairfadgric also. So dye absorption will evemdhghout th
whole loop. In the same way during every dosing rmdtime the loop will travel a full of turns thugh the
liquor which will cause even absorption and eveatfon. Finally even dyeing will result in.

It can be concluded from this resdawork that by selecting each dosing and run tisytha multiple of th
cycle time, uneven dyeing of the knitted goodsleamneduced dramatically.

15. Dissolve the dyes perfectly before start dosing

Dissolving process and temperature varies in diftetypes of dye stuffs and companies. But the taig
same to dissolve the dyes before start dosingeiheigl the temperature is used at 80°c hot watadl. tAe
process can be highlighted that firstly make agabhigh density of dyes with less wat€hen slowly ad
water with continuous stirringJse some amount of chelating agent and levelgeniain the dissolvir
drums. Finally turn the mixture motor of tank amghim use steam water. The solubility of dye staéB be
tested as described in 4.2.5 (Solubility test & diuffs).

We know turquoise is hdirand dye stuff. So it needs near boiling tempeeatn dissolve it. Industrially v
are familiar with a common term “migration” meatnansfer to another form previous. We normally e
migration process to dye a turquoise color. Actud#tlig is nothing but the dye solubility. To disselthe
color perfectly we use this migration, generally®&@ 80°c. from experience we observed for sevérads
that in spite of doing migration thewlre some dye spots on the fabric surface, whictuss to dye
coagulation.i.e there the dye stuffs have not tirssbperfectly yet. In this case we again increts
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temperature form 80°c to 90°c and run for 20 tarB0utes. Finally those dye spots remove dramayichd
fact there were dye dissolve problems. The actlisdolve process of independent dyes of diffe
companies may be different, that should colleatnftbe supplier or the direct manufacturer.

16. Soda & Color Dosing must have to ges according individual rules of different shades
Generally progressive dosing is best for light & atical color.

Actually the color and soda dosingmends on affinity of the dye stuff to the substrddyes o
lower affinity, there is no need to give d®o dosing at long time. But in case of hic
affinity/reactivity of dyes, it should set the sodasing for long time. Otherwise there will hi
possibilities of immature dye fixatio®o before set the dosing time of color, salt arthsee hav
to knowthe functional groups of the used dyes as welhasaffinity or reactivity of that dye
Reactivity properties of major reactive dyes aregibelow:

Table 14: Properties of major reactive dyes

Sl Exhaust
No | Functional Group Commercial Name Reactivity Dyeing
Temp.(°c)

Dosing Time
of salt, color
and soda

Procion MX
(Zeneca)
Procion H (Zeneca)
Procion EXL
(Zeneca) Basilen
(BASF) Cibacron
C (Ciba)

Cibacron F (Ciba)

Dichlorotriazine

(DCT) high

25-40 less

Monochlorotriazine
(MCT)

Monoflurotriazine

(MFT) medium

Moderate

Drimarine K

Diflurochloropyrimidi
ne (DFCP)

(Clarient) Levafix E-
A (Dystar) Levafix
P-A (Dystar)

Moderate to
high

medium

Dichloroquinoxaline

(bCQ)

Levafix E
(Dystar/Bayer)

moderate

medium

Vinyl sulphone (V.S)

Remazol (Dystar)

Moderate to
low

Trichloropyrimidine
(TCP)

Drimarine X
(Clarient) Cibacron
T (Ciba)

low

However industrially the following two rules of gp@ssive dosingfollow for dosing color an
soda for best results:

1% Rule

1/10" part at 40'c for 15 min (set by cycle time)
Run time 5 min

3/10" part at 40'c for 15 min (set by cycle time)
Run time 5 min

6/10tth part at 40’c for 15 min (set by cycle time)
Run time 15 min

Check shade
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2" Rule

20% at 40’c for 15 min (set by cycle time)
Run time 5 min

30% at 40’c for 15 min (set by cycle time)
Run time 5 min

50% at 40’c for 15 min (set by cycle time)
Run time 15 min

Check shade

And the salt is given in portion wise dosing:
1% portion in 15 min

Run time 5 min

2" portion in 10 min

Run time 5 min

17. Have to avoid the dye bath addition speciallyithe first Batch.

Dye bath addition should strictly avoid getting @od quality dyed fabric. Because we know
dyeing must start under neutral pHpi@vent immature fixation. This causes uneven nmshad

or other dyeing faults. But in the dye bath alretithre are alkaline media, so addition of any ¢
may cause uneven dyeing, color spot, running sledeso if the shade is lighter or tonally
different, which needs to add some color, thers ibetter to add som&his will increase th
exhaustion. If it is not enough and it must neetutther addition of color, then firstly it is betttc
drain the dye bath solution almost half and tdlewarm water by heating and dosing systen
the alkali pH will reduce some. Now one can add eawlor, but still is risky. However withc
drain some or half of the dye bath solution it e&dly advisable for not add any color dui

dyeing. Especiajf in the first batch it is not allowed to give atiloin in dye bath. It is suggestec
find out the lab to bulk ceelation and when one can know it, that will playadvantage to set t
correlation between lab to bulk and also it willdsesier to do recipe correction before dying.

18. The shade matching decision must be provided lblge technical person only.

There are lots of technical parameters which efthet color or shade variatio®so the shac
matching person should minimum technical to usterd the parameters and also to apply -
practically. Some the parameters are given below:

« Previous experience
Experienced person knows the color tolerance vesl. Whis experience may vary according
educational background also. Such as for a nomtealhperson there should be at leastl20year:
experience in the dyeing shade matching job. Wisete® years for B.Sc eng in textile & Gear:
for Diploma engg,.in textile.

< Age
The more age, there is a possibility of observeemed in the shad@lder people see redder tc
in shades. When there is an older worker in a ayesé, his colleagues make fun of him saying
he has developed red eye.

% Background effects
During the shade difference assessment, It is meigeimportant that pragr light box with prope
grey color is used because it affect on color juelgihof the person. It is normally observed
color of light cabinet is faded with the use andiarerepainted to bring to original color wh
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reflects around 30% light. The aggrance of a color is influenced by surroundingl If we
place the same color against different backgrowtors, the color will look different in each ca
In addition a color appears lighter when surrounoled dark background than when surrouhbdyg
light background. This color vision effect is callehromatic induction trust.

We can experience one color vision effect bghverging half a sheet of brightly colored p:
with plain white paper. If we stare at the coloseda for about 30 seed s and then remove 1
white paper. Iseems lighter because our eyes adapt to colorssuual effect is called chroma
adaptionlIf we look at a colored image for about 30 secamd then look at a white surface we
an afterimage. The afterimadnas the same shape as the original image batetitf colors. Whe|
the image green the afterimage will be red. Blieas become yellow and yellow areas bec
blue. Black and white also reverses.

+ Opacity (Sample thickness)
It is important that fabric is opaque (ndransparent). So that background color doesn’ti@rfte
the object color. If a sample it too thin you caake it opaque giving many folds to the sample

% G.S.M
The sample shade, one wants to match can vary, Wwhed.S.M is differentwith the require
shade.So it should make sure before matching a shadetliba.S.M of both sample and tai
shade’s fabric is of same G.S.M

% Fabric type
A shade can also vary due to fabric types. Suehsisde of same color %, the single jersdyi€
will be lighter than single lacost or interlock fababout 15%. So in case of a same colc
different fabric types are observed then the redimee for single jersey should reduce all over
in lacost fabric, gradually reduce 15-20% in IrdeK fabric and 5:0% for rib. These are only 1

deep colors. And in case of light color it may retmreduce a little or not.

++ Orientation (Sample Positioning)
Since fabric’s warp or weft direction (in woven) ¥fales and courses (in knits) have a défd
look thus color appearance could be different wkadmic direction /Orientation is change . |
important to decide one orientation for all sampiéséch require color assessment.

% Shade change in long time

The standard or required shade with viahiice sample has to be matched should not cotheddbmc
time like 20 days -ene month. Because it is observed that most otalses the person who me
the shade, he matched a shade correctly with thgable standard sample. But when it goe
finishing section it does not match with their stard. The reasonn dyeing section where t
color is matchedthere the standard sample is most of the time dewufight and it is handle
frequently to match a shade. So after every 15 daiesast thestandard sample should be char
it will be a great advantage during shade matchaspecially in the case of whit&€his sam:
procedure should follow of lab swatch.

% Right Viewing Techniques
During the shade assessment it is important toidenseveal points so that accuracy of cc
different to consider several points so that acoudd color different is ensured.
Samples should be placed side by side and theraaright box
Light Box should be placed at such a height sotti@tziewing angle is around 45° degree.
Don't use tinted eyeglass or contact lenses
The person who is checking shade difference shootdvear bright clothing and no bric
nail polish
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* When sample and standard are of different sizis, utseful to make rectangular hsler
grey card to evaluate color difference otherwisss¢htwo shades will look very differt
because of different sizes.

19. Wash off after B/D, Hot wash, fixing must cleaas there has no any colored water.

After B/D (Bath drain of color steam) of yamatch, it needs to rinse and wash for severatg
especially for deep and critical color (where tlor? of each dye is almost same or ne
Otherwise the unfixed and hydrolyzeges will remain on the fabric surface, which wateate
problem in tirther process. Such as if without clear the B/Bhwit is given the fixing agent o &
batch there is possibilities of running shade moblAnd it also causes for poor rubbing fastr
Rubbing and wash fastness also occurs due to pbevaksh as welas poor wash off after h
wash. Again the running shade may occur when tlsaret clear wash off after fixing agent.

20. Right Combination selection of shade

The selection of reactive dyestuff for a tri-chrdimaor bi-chromatic combination plays ary
important role in the performance and reprodudibihf reactive dyeing in textile processing. -
following points are to be borne in mind, whileesglng the dyestuff for a combination shade.

Solubility of individual dyestuff in grams liter Wiou salt (straight) and with salt should
checked prior to dye selection for a combinatioadgh In a triehromatic combination, all the dy
should have almost similar solubility property. Tdgestuff that gets affected by the presenc
salt would, aproduce tonally different shade, b) produce pobbitnig and wash fast dyeing anc
batch to batch difference in depth and tone woeduallt.

Some important Criteria to be considered while selding dyestuffs for a tri-chromatic
matching:

% Use of Primary colors
One should try to use the Basic Colors such as Redelaw and Blue. The secondary col
should be avoided as far as possible. The Red'8arels varies with shade and requiremer
fastness properties.
Such as in Ornage shade, the right combinatioor&)ge + yellow or orange + red. But it shc
avoid orange + red + yellow. There should be pdgsibof running shade.

Dyes with similar exhaustion and fixation values
The Reactive dyeing takes place in three steps:
. Exhaustion ( primary and secondary)
. Fixation
3. Wash off
Primary Exhaustiors the amount of dyestuff migrated on the substnatthe presence of s¢
While secondary exhaustion is the total amountyef mhigrated on the substrate in the presen
salt and alkali.
While selecting a combination, one has to ensure tt@tPercentage Exhaustion (PE) and
Percentage Fixation (PF) of dyes should be similar.
In the case of
Reactive ME Dyes PE is 60 to 70%
Reactive HE dyes PE is 70 to 80%
Reactive VS dyes PE is 40 to 50%
If is always preferable to use dyes with PE abdutd® 70%, i.e., ME dyes. Patchy dyeing r
occur if proper care is not taken while using dyés higher PE, or lower PE.
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% Dyes with similar affinity
Geneally the dyes are classified as Low, Medium, Hagid Very High affinity dyes. Fi
Exhaust dyeing, High and very high affinity dyee @referred. Whereas low affinity dy
are used in continuous dyeing.

21. The maintenance section must provide the mininma M/C breakdown during running.

The maintenance section should have good schedhilgenance and preventive maintenance prograr
should maintain accurately. They should provideabeurate machine parameters. Such as reel spead
speed, temperature gradingboth monitor and machine. Machine breakdown dusada dosing, col
steam will cause dyeing faults. Also the machineupeeters variation also causes dyeing faults.

Machine: Winch Dyeing Machines

Table 15: Mechanical check points for a winch dgenachine
SINc. | Item need to be checked & Serviced
01 Crease the winch bearing.
02 Complete cleaning of machine
03 Cleaning of drain valves, replace seals if required
04 Check air supply filter, regulators, and auto diseals
05 Clean filters element and blow out
06 Greasing of Unloading Roller Bearings.
07 Checking of oil level and bolts of Unloading Roll@earbox.
08 Checking of unloading roller coupling and packing.
09 Checking and cleaning (if required) of Min VesselEl Indicator

11 Check the oil level of pump bearing and refillefuired.

12 Check the function of heat and cool modulating galv
13 Check all belts and belt tension

14 Check all door seals

Table 16: Electrical check points for a winch dgemachine

Sl. No. (ltems need to be checked & Serviced

Check & clean fluff and dirt at all motor fan coser
Check all motors terminals

Check min panels (by using compressed air)

Check panel cooling fan & clean it filter

Clean main pump inverter and its cooling fan

Check all circuit breaker, magnetic contractors eelays
Check current setting of all circuit breaker & motwer loads.
Visual checking of all power & control cables

Check DC drive of reel motors

Check all pressure switches

Check calibration of main vessel & all additiorahk
Check all pneumatic solenoids

Check calibration of heating/cooling. Modulatinguea
Check setting of tangle sensor.

Check setting & operation of lid safety switches
Check all emergency Switches
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Check all indicating lamps

Check all on/off switches

Check all signal isolators

Check key pad & display of controller

+ Dyeing m/c maintenance Schedule:

Daily:
Check belt tension
Check steam or water system & air supply
Check chemical pump
Machine clean

Bearing & belt check
Check leakage of air, steam &
Water line
Greasing bearing points
Add gland packing at pump
Monthly:
« Greasing bearing points
Replace bearing points (if required)

» Gasket check

+ Clean steam trap

* Lubricating all chemical pump

Quarterly:
* Replace belts
Repairing of pulley, shaft & bearing housing
Painting m/c & pipe line
Clean steam trap
Replace seals (if leakage)
Change gasket of steam of water lines

Half yearly:
* Replace belts
Repairing pulley, shaft & bearing housing
Painting m/c, pipe line
Replace seals
Machine body repairing
Yearly:
¢ Machine overhauling

Table 17: Yearly mechanical check points for a Wwidgeing machine
SL No. |ltem needed to be checked & Serviced
1. Checking of Steam pipe lines

2 Checking of pneumatic pressure valves
3. Checking of belt conveyor system

4. Checking of plaiting device

5 Checking of speed regulating unit
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22. Finally a good housekeeping should be controtien all over the dye house.

Good housekeeping is a no or low cost way of impg\efficiency and reducing costa. good
housekeeping can accelerate the RFT shade dyeinachieve a good housekeeping, the cher
store, Laboratory Batch section and Dyeing floorsmiollow a minimum standard. This w
reduce very simple and general mistake that caecteflangerous in RFT Shade. A minirr
standard is described for all the section relabelET Shade.

% Dyes, chemicals storage:
Provide MSDS of every Dyes and Chemicals in Loalduage (Bangla) in chemical store
Logbooks should be used to record when dyes cotoethie store and should logdatec
when dyes are used or replaced
A sample of every new shipment of dye must be serthe laboratory and tested bei
being used on the factory floor as each shipmenthesslightly different.
All the dyes, chemicals should identify with protlaebel. Otherwise there is a possibi
to use improper dyes, chemicals against one.

Figure 45: Goods properly identified Figure 46: Goods without Lot No.
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* Industrially often we need repack the dyes and etedmfromoriginal cartoon or drums f
easier useDuring this repackaging it should be identified gedy like original. And th
most important thing to cover the packet or druropprly. Otherwise the strength
chemicals and dyes may reduce a lot. Uptake ofstom@ makes reactive dyes :
auxiliaries heavier and therefore an incorrect ¢gjyanf dye or auxiliaries can be measured
out. In the case of dyes, this will reduce the@ffe depth of dyeing anaksult in the nee
for re-shading. Moisture can also acceleratehydrolysis of reactive dyes, (when the
reacts with hydrogen ions ithe air) especially in warm conditions, which walsc
contribute to lower fixation because the dye becolass reactive.

Figure 47: Repackaging of dyestuffs with th Figure 48: Repackaging of dyestuffs withol
oriainal labelina attached at their unpel proper identificatio

* In a shade, there are generally méhan one dye stuffs in the combination. Du
measuring these dyes we often measure all the thgesher. It should be separat
measured.

Figure 49: Correct measure of dye stuffs Figure 50: Incorrect measure of dyest

To measure the dyes, chemicals and auxiliaries wemusg and spoon. To achieve R
shade there must bearate spoon and mug for individual dyes and ctedmiBecause
little change in measure can change a shade. Resktspoons or mugs should be
identified for specific goods.
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Figure 51: Dyestuffs with separate spoq Figure 52: Auxiliaries without their own spoof

The measuring balance is very important factorsRBT shade. Ishould calibrate time
(at least twice in a year). It should be very naatl clean after every use for be
measuring result. And it should be placed at asfaice.

Figure 53: Balance in a clean, dry and fl Figure 54: Balance under inappropriat
surface condition

The dyestuffs should be stored in a conditionedmcaccording to MSDS storage.

Figure 55: Proper dyestuff storage Figure 56: Improper dyestuff storag
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* The liquid chemicals and solid chemicals must lggesgated.

._Lﬁ'—‘:ﬁ___ _,
Figure 57: Liquid and solid chemicals Figure 58: Liquid and solid chemicals
stored segregated improperly stored

» Store the Dyes, Chemicals and auxiliaries at sjgecdgndition mentioned in MSDS/TD
Enzyme and Dyes should be stored at room temperatur
Check and use the dyechemicals according to its lifetime/validity nien in MSDS/TDS
In general the lifetime of Enzyme is only 6 montlist is expired the validity then inforn
and discuss with Management as well as Supplier.

+ Handling of Chemicals
The dyes and chemicals must be accurately weighied) @appropriatscales to ensure the cort
guantities for the recipe used. This must alwaysitmee, the bag weight must not be assumed.
Instruments ideally should be calibrated everynsonths.

++ No fabric on direct floor
No fabric should keep directly on the floor of bafiey fabric store and dyeinBlastic palate ce
be used to keep fabric. Because there are a Igisrities in the floor. They can attach with fab
and among these any substance can color spot loit fidnat can not remove. Most of th
impurities come from dyes, chemicals handling.

+ Use clean trolley to unload fabric
In this study we faced sometimes a problem of cefmrt deposited on fabric surfarem the
trolley. In case of light color, this can hampengerous. We had to stripping anddyeing som
batches of light color for this problem. So it slibearry the dyes on the dyeing floor v
carefully, better to cover the drums during cargyiit should also ensure that no chemicals
auxiliaries left on dyeing floor by continuous aié@g the dyeing floor.
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CHAPTER - 04
RESULTS AND DISCUSSION

14. Results and disscussion:

There are lots of findings we got from this expesi All the experimented data are discussed
below:

14.1 Calculation of dye Fixation:Dye fixation is carried-out as per 13.5.9

14.2 Fixation curves
This fixation value is plotted in cunte understand the comparison of fixation of witly&esterin
agent and without sequestering agent. The indiVidyes fixation curves are shown below:

__a—710-03g1 (50.02)
__0-06gl (48.34)
— — Normal Water (47.60)

Fixation (%)

a Fixation curve dyemng with Sequestering agent. Liang 710-0.3 g/l

@ Fixation curve dyeing with Sequestering agent, Liang 710-0.6 g/l
—> ¢ Fixation curve dyetng with Normal water, without sequestering agent
Time 60% x 60"

Figure 33: Fixation curve of Dychufix Red 3BXF [Ref-Table 10, SL No.-03]

& T1003gl (69.62)

————71006g1  (68.16)
_ Normal Water  (63.50)

e

Fixation (%)

a Fmxation curve dveing with Sequestering agent, Liang 710-0.3 g/l
@ Fmation curve dyeing with Sequestering agent. Liang 710-0.6 g/l
Time 60°c x 60' ¢ Fmxation curve dyeing with Normal water, without sequestering agent

Figure 34: Frxation curve of Dychufix Yellow 3R XF [Ref-Table 11. 51 No-02]
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_TI003g1  (4834)
. ,d;-;;:”I—_ —T710-06g1  (4794)

- —

—— "7 Nommal Water (45.6)

Fixation (%)

a Fixation curve dyeing with Sequestering agent. Liang 710-0.3 g/l
> @ Frxation curve dyeing with Sequestering agent, Liang 710-0.6 g/l
Time 60% x 60 Fixation curve dyeing with Normal water, without sequestering agent

Figure 35: Fixation curve of Dychufix Navy Blue 2GL XF [Ref-Table 12, 5L No-03]

After showing the individual effect of water hardseon reactive dyes fixation, then it \
established the combined effect al in graphical{here it was shown that, the Dychfix Yell
3RXF has the highest fixation level than others tlyes. It is shown below:

- —=5 Yellow (69.62)

(50.02)
(4834)

Fixation (%)

Fixation curve for Dychufix Yellow 3RXF dyeng with 710-0.3 gl
Fixation curve for Dychufix Red 3BXF dyemg with 710-0.3 gl
Time 60% x 60' Fixation curve for Dychufix Navy Blue 2GLXF dyeing with 710-0.3 g/l

Figure 36 : Combined Fixation curve of Red. Yellow, N. Blue (710-0.3 g/l) [Ref-Table 10, 11. 12 51 No.-03. 02, 03]

14.3 Fixation graphs

All the three dyes fixation average value is plotie graph at different procesé/here it is easit
to find out the difference in fixation level at f#ifent process (addj chelating agent, witho
chelating agent) of individual dyes and their comeloi effect alsoThe fixation% of three dyes ¢
presented graphically in figure 37-40:
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Normalwater  710-0.3 g/l 710-0.6 g/l

Figure 37 : Fixation Graph of Dychufix Red 3B XF (Average value from Table 10-apprx)

63
]
| E

Normal water 710-0.3 g/l 710-0.6 g/l

Fixation %

: Fixation Graph of Dychufix Yellow 3B XF (Average value from Table 11-apprx)

Fixation %o

Nommalwater ~ 710-03g1  710-06g/1

Figure 39 : Fixation Graph of Dychufix Navy Blue 2GL XF (Average value from Table 12-app:
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From the above values the fixation (%) of DychuR&d, Yellow and N. Bluera plotted in grap
combined. It was shown the difference in fixatiemdl of three different dyes for a process ad
chelating agent Liang 7103 g/l. where it was observed the highest fixalevel in average
also for Yellow.

Fixation %

D.Red 3BXF D.Yellow3RXF D.N.Blue 2GLXF

Figure 40 : Combined Fixation Graph of Dychufix Red. Yellow. Blue (710-03 g/1. Average value from Table 10,

11 and 12).

14.4 CMC reports:

The CMC report of every dye at different stage wasasured and recorded using
spectrophotometer, Datacolr 600 The stages were, 1) befostarting dyeing without addit
alkali the solution is measured, 2) after addingplal with run time 60 min at 60’c (B/Dthe
solution is measured, 3) after wash off againdbleition is masured. Also three processes
using normal water, b) sequestering agent, Liartig@.2 g/l, ¢) using sequestering agent, liang710-
0.6g/l. Their CMC report, K/S value, integral sigénlbo, T% were collected and summarizedhe
following tables18-20:

Table 18: Data Color Reports of Dychufix Red 3BXHlple 10 - 03]

CMC KIS Integral
Name of Process Db* DE Strength | Strength
% %
Normal Water . -44.26 30.80 43.14 38.19
(60 x 60 ) B/D
Liang 710 — 0.3 ¢/ . -45.13 31.19| 4182 36.95
(60 x 60 ) B/D
Liang 710 -0.6 g/l . -44.74 31.19 41.82 37.01
(60 x 60 ) B/D
Normal Water 1 -67.14 48.59 7.42 6.53
Wash Off
Liang 710 -0.3 g/l -68.50 48.83 9.48 8.37
1% Wash Off
Liang 710 -0.6 g/l -67.53 48.86| 7.45 6.56
1% Wash Off
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Table 19 : Data Color Reports of Dychufix YelloR3F [Table 11- 02]

CMC KIS Integral
Name of Process | DL* Da* Db* Dc* DH* DE* DE | Strength | Strength
% %
Normal Water 25.09 -13.76 | -31.31 | 46.45 | 61.38 | 36.32 | 20.07 20.93
(60 x60) B/D
Liang 710 — 0.3 g/l 24.86 -9.81 | -27.29 | 46.88 | 59.67 | 36.33| 21.31 22.28
(60 x 60) B/D
Liang 710 —-0.6 g/l | 25.15 -14.02 | -31.58 | 46.35 | 61.47 | 36.28 | 19.95 20.80
(60 x 60) B/D
Normal Water 1| 27.76 -12.83 | -30.82 | 54.48 | 68.47 | 42.04 | 19.12 20.09
Wash Off
Liang 710 —-0.3 g/l | 28.62 -18.80 | -36.80 | 54.34 | 71.60 | 42.40 | 17.04 17.87
1 Wash Off
Liang 710 —-0.6 g/l | 27.86 -10.65 | -28.63 | 54.88 | 67.88 | 42.21 | 19.67 20.70
1 Wash Off

Table 20: Data Color Reports of Dychufix Navy 8RRGLXF [Table 12 - 03]

CMC KIS Integral
Name of Process | DL* Da* Db* Dc* DH* DE* DE Strength | Strength
% %
Normal Water 15.41 -40.61 -3.07 | 52.40 | 78.76 | 30.28 34.77
(60 x 60) B/D
Liang 710 — 0.3 g/l 15.86 -40.34 -3.06 | 52.15 | 78.23 | 29.61 33.89
(60 x 60) B/D
Liang 710 —-0.6 g/l | 14.00 -40.50 -3.06 | 51.88 | 78.32 | 32.69 37.85
(60 x 60) B/D
Normal Water 1| 43.21 -42.26 -4.15 | 60.58 | 77.98 15.62 17.89
Wash Off
Liang 710 -0.3 g/l | 43.59 -42.22 -4.18 | 60.86 | 78.22 15.52 17.77
1*' Wash Off
Liang 710 —-0.6 g/l | 45.67 -41.11 -4.17 | 61.73 | 78.13 | 14.578 16.63
1 Wash Off

Where,

D L* being the lightness difference (lighter or Rar)
D a * being the red/green difference (redder oegjye
D b* being the yellow/blue difference (yellow anlii)
DC* being the chroma difference

DH * being the hue angle difference

14.5 Color fastness measurement:

The effect of different colorfastness properties various processewith and without usin
sequestering agent. After tested all the samphes,comparison of fastness propertissmade
among three dyes at three dyeing processes. Tloaviiog) tests were done:

Table 21: Color fastness test methods

Test Name Test Method

Color Fastness to Rubbing (Dry, Wet) ISO-105-X12:1993(E)
Color Fastness to wash ISO - 105-C06: 1994(E
Color Fastness to Water ISO -105-E01: 1994(E)
Color Fastness to perspiration (Acid & Alkali) ISO 105 E04:1994(E)
Color Fastness to light ISO-105-B02:1994(E)
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Table 22: Color fastness test report of Norméakewprocess

Process : 60x60 ( Normal water )

Dychufix Red
3BXF 2%

Dychufix
Yellow 3RXF
2%

Dychufix Navy
Blue 2GLXF
2%

Test name

Test method

Test result

Test result

Test result

01. Color

ISO-105-X12

fastness to

Dry rub

rubbing

Wet rub

ISO - 105-C06

Color staining

Aceted

02. Color

Cotton

fastness to wash

Nylon

Polyester

Acrylic

Wool

ISO 105 EO4

Reagent

=
9_’

Color staining

03. Color

Aceted

fastness to

Cotton

perspiration

Nylon

Polyester

Acrylic

Wool

INFNENENENENES
G| G| |G|,

ISO -105-E01

Color staining

04. Color

Aceted

fastness to

Cotton

water

Nylon

Polyester

Arylic

Wool

05.Color

ISO-105-B02

fastness to light
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Table 23: Color fastness test report of Lian§-013 g/l process

Process : 60X60 ( 710-0.3 g/l)

Dychufix Red
3BXF 2%

Dychufix
Yellow 3RXF
2%

Dychufix Navy
Blue 2GLXF
2%

Test name

Test method

Test result

Test result

Test result

01. Color
fastness to
rubbing

ISO 105-X12

Dry rub

Wet rub

02. Color
fastness to
wash

ISO 105-C06

Color staining

Aceted

Cotton

Nylon

Polyester

Acrylic

Wool

03. Color
fastness to
perspiration

ISO 105-E04

Reagent

Q.
=
L

Color staining

Aceted

Cotton

Nylon

Polyester

Acrylic

Wool

INFNFNEFNFNENES
d|&||n|&|d|dn

04. Color
fastness to
water

ISO 105-E01

Color staining

Aceted

Cotton

Nylon

Polyester

Arylic

Wool

05.Color
fastness to
light

ISO 105-B02
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Table 24: Color fastness test report of Liang 1&g/l process

Process : 60X60 ( 710-0.6 g/l)

Dychufix Red
3BXF 2%

Dychufix
Yellow 3RXF
2%

Dychufix Navy
Blue 2GLXF 2%

Test name

Test method

Test result

Test result

Test result

01. Color
fastness to

ISO 105-X12

Dry rub

4

4

Wet rub
ISO 105-C06
Color staining

Aceted

Cotton

Nylon

Polyester

Acrylic

Wool
ISO 105-E04

Reagent
Color staining

Aceted

Cotton

Nylon

Polyester

Acrylic

Wool
ISO 105-E01
Color staining
Aceted
Cotton
Nylon
Polyester
Arylic
Wool
ISO 105-B02
Test method

rubbing

02. Color
fastness to wash

Q.
=
L

03. Color
fastness to
perspiration

INFNFNFNFNFNES
M|&|dn || g,

04. Color
fastness to water

05.Color fastness
to light

The above resultshow that the fixation (%) of the most individuayesd is higher at usir
sequestering agent Liang -710 at 0.3 g/I, and gihdlower fixation is shown at using 7106 g/I
and where has no use of sequestering agent. lalsasfound that therwere the higher fixatic
level of Dychufix yellow 3RXF compared to other twiges, Dychufix Red 3 BXF and Dychu
Navy Blue 2 GLXF. It proves that using sequesteaggnt eliminate the ionic bond between
and substrate, thus increase the fixatiol, @@t after optimum use it will have a reverseseffdue
to more hydrolysis of dyes. We also tested colstrfass and compared among the dyié®
results show that almost all the fastness progediebetter in the process using sequeste
agent, Liang 710 at 0.3 g/l thahe process using only normal water and usingessqring ager
Liang 710 at 0.6 g/l accordingly. The colorfastnessvash for the two dyes was excell &’
rating 5.0) for Yellow and Red where as Navy bluaswn 4-5 rating inthe process usir
sequestering agent, Liang 710 at 0.6 g/l. It wae abserved that the fixation (%) is mostly hic
of Dychufix Yellow 3RXF rather than Dychufix Red BXF and Dychufix Navy Blue 2 GLX
accordingly.
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14.6 Economical loss due to poor fixation of dyes

Fixation levels for reactive dyes, when doing ddgging, can be as high as 70%. Tests in severtrfas
in Bangladesh have shown that currently fixatiamges from 40-65%ln this experiment it was studied
fixation level of used ykes in Hotapara Garments Ltd. It was found at THhlel1l and 12 that avere
fixation% of Red, Yellow and N.Blue are 52, 63 at@laccordingly. So their combined fixation% is at
55. If, on average, the fixation is 55% theowtb 15% of the dye isssentially being wasted. If 20 kg
dye is used to dye a batch of 200 kg of fabric thédw is being wasted per batch.dfy average, dye co:
Tk. 460 per kg then this is a loss of Tk. 1,840 Ipgich. If a factory dyes 1,000 tones of fabric eaclrnye
using 100,000 kg of dye and wastes 138cause of poor fixation, this is the equivalenadbss of Tk
55,68,750.00 per year (approximately US$ 71,394.¢B4dble 25).

Table 25: Explanation of the calculations of thetaaf wasted dyes per year
Explanation Amount Unit
a. Fabric dyed per year (8,000 kg/day x 26 daystijon 24,96,000.00 | kg
b. Quantity of dye used per year (aproximate) 82,500.00 kg
c. Average fixation achieved* (range of 40%-70%) 55 %
d. Avoidable percentage of dye lost (70% - ¢) 15 %
e. Quantity of dye lost per year (kg) (b x d) 12,375.00 kg
f. Average price of dye (per kg) bought by factfr) 450 tk
g. Annual cost of buying dyes (Tk) (b x f) 3,71,25,000.00, tk
h. Cost of ‘avoidable’ dye lost per year (Tk) (8 x 55,68,750.00 | tk
i. Cost per year (US$) 71,394.23 $

14.7 Cost analysis of chelating agent, Liang 710rfamproved fixation level
Chelating agent is needed for rreducing the hasdpessent in the supplied water. We know that

the water hardness is required 50-60 PPM for gadity dyeing in the dye battWhere we ha
72 -84 ppm in supplied water which increases addalg leveling agent, fabric alkali, at 11Q60
ppm which can influence on the overall dyeing cawsgreat loss per Day for the Camg. So w:
sholud analyse of the existing water hhardnes®iaild before usdt was analysed in bulk dyei
with sequestering agent controlling hardness in lolgtlh 4550 ppm and compared with dye
using sequestering agent not controlling the har868s110 ppm.

Form the table 10, 11 and 12 it is clear that usimglating agentLiang 710 has higher fixation level tr
without using any chelating agent. And this impmbVixation level at optimum dosing usage of chelg
gent is about 4-6%. We @igme that our improved fixation% is on average Bidw let us review the cc
saving for this 5% improved fixation level of dyes.

Table 26: Explanation of the Calculations of thet@aved for improved fixation% of dyes
Explanation Amount Unit
a. Fabric dyed per year (8,000 kg/day x 26 daystiyon 24,96,000.00| kg
b. Quantity of dye used per year (approximate) 82,500.00 kg
c. Improved fixation% using chelating agent, Liatig 5 %
d. Quantity of dyes saved per year (b * ¢) 4,125.00 kg
e. Cost of dyes per kg 460 tk
f. Total cost save per year for improved fixatiemd! of dyes (d * e) 18,97,500.00 | tk
g. Total cost saved per yyear in US$ ($1.0 = tk.78) 24,326.92 $
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14.8 Cost analysis through Right First Time (RFT) bade

Further savings can be made by ensuring thaletist RFT points are maintained carefully and ately.
Strict following RFT points will reduce the re-stelland redyeing a lot. Also it will reduce the dyei
faults, such as Running shade, Uneven dyeing, eplot, Softness not ok etc.

Table 27: Explanation of the calculations of c@stesl reducing re-shade and re-dyeing by RFT
Explanation Amount Unit
a. Fabric dyed per year 24,96,000.00 kg
b. Cost of dye per kg of fabric dyed 30 tk
c. Cost of other chemicals per kg of fabric dyed 20 tk
d. Cost of labour per kg of fabric dyed 15 tk
e. Cost of energy per kg of fabric dyed 10 tk

f. Total cost per kg of fabric dyed (b+c+d+e) 75 tk
g. Estlmated guantity of production re-dyed pemry@8&o of total 49.920.00 kg
production)

h. Estimated cost of re-dyeing assuming it is%@d the total
production cost (f * g)

i. Estimated quantity of production re-shaded &ry(15% of total
production)

j. Cost of re-shaded per kg (30% of total dyeinstto 22.5
k. Estimated cost of re-shading (i* )) 84,24,000.00 tk
|. Total cost (i+j) 1,21,68,000.00 |  tk
m. Total cost (US$) ($1.0 = tk.78) 1,56,000.00 $

n. Assume Half of thl_s cost are saved for RFT %f de-dyeing + 60.84,000.00 tk
7.5% re-shaded can improved)

0. Half of the Total cost (US$) ($1.0 = tk.78) 78,000.00 $

37,44,000.00 tk

3,74,400.00 kg

14.9 Cost analysis of reduced dyeing faults by RFT

There are various types of dyeing faults in a dyasle.Running shade is one of the most impol
problemsoccurred almost regularly in cotton knit dyeing.t@f this, color spot, uneven dyeil
crease mark and softness quality not ok etc. Itatserved about 105% Of total production ha
running shade. Most of the batches of running slaaee€orrected by rprocess, but there are sc
major running shade problems that need to re-dyenofSometimes we have to re-soffeav
batches (2%) due to poor softness quality. Alllefsie problems can be reduced avdten it cal
achieve RFT shades. If we canued half of the total problems, so we can savege lamount ¢
USS$ per year. Our estimated calculation is showalte 28:
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Table 28: Explanation of the calculations of c@atesl for reducing dyeing faults by RFT
Explanation Amount Unit
a. Fabric dyed per year (8,000 kg/day x 26 daysfhjon 24,96,000.00 kg
b. Quantity of Running shade , (10% of total prditun) 2,49,600.99 kg

c. Re-process cost per kg for running shade @dfagt-process 13 tk
+ 1/3rd over head cost)

d. Total cost for Running shade per year (b *c) 32,44,800.00 tk
e. Quantity of softness quality not ok (2% of tqgedduction) 49920 kg

f. Re-softness cost per kg (cost of softness psoeels3rd of 11 tk
over head cost)

g. Total cost for re-softness process (e * f) 5,49,120.00 tk

h. Quantity of re-dyeing from major running shadeo(of 4,992.00 kg
running shade quantity)

i. Re-dyeing cost per kg (almost total dyeing cosiver head 75 tk
cost)

j. Total cost for major running shade per year (h * 3,74,400.00 tk
k. Total cost (d + g + j) 41,68,320.00 tk

g. Total cost saved per yyear in US$ ($1.0 = tk.78) 53,440.00 $

So this huge amount ($53,440.@@asted money can easily save per year using seitdidlating
agent to control the water hardness in every psogdyeing.

14.10 Total cost saved through this experiment

If we add all the costs saved above together,lithgi a huge amount of US$1, 55,7668 yeat
These cost savings can be achieved only getting §tfade without investing a lot of mon
Because of the RFT points can be controlled byticrgawareness about RFT in all classes of
power working in the dyeing industrfLab, R&D, knitting, batch, chemical store, yarrorst

dyeing).

Table 29: Total cost saved by this experimentyear
Explanation Amount

a. Total cost saved for improved fixation leveldgks using chelating
agent, Liang 710 (per year) 18,97,500.00

b. Total cost saved for reducing dyeing faults ggihelating agent,
Liang 710 (per year) 41,68,320.00

c. Half of the cost saved for re-shaded and réngyeontrolling RFT
points (per year) 60,84,000.00
d.Total cost saved in this experiment per yaer 1,21,49,820.00

e. Total cost saved in US$ ($1.0 = tk.78) 1,55,766.90
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15. Conclusion:
In Bangladesh we do not have the dyes, chemicatsifaeturing unit yet. We ar® import the
huge amount of dyes, chemicals per year for thelevbountry. So most of the profit from dye
is still going to them. On the other hand thesesgdglhemicals price imcreasing day by day a |
Where the buyers are not giving this higher dyginge. In the year 02013 the dyes price
dramatically increased to almost double. In thimiation there arenothing to do rather th:
utilizing the 3 M (man, machine and materials).this experiment we studied on RFT sh
concept, which is in fact very mandatory for a ageunit. At the present competitive market, tl
has no alternative way to reduce the overall dyeiogt. It is proved from this experim
achieving the RFT shade we can save a big amounbogy (8, 55,766.9) per yearmassuming th
controlled RFT on half of total, which will diregthdd on our profit margin. From this study it is
also proved that in reactive dyeing for cotton, thelating agemnplayed a very important rule
fixation effect. It improves the fixation level. I¢ also clear that water treatment plant is
sufficient to reduce the hardness of dye bath. Bszdhere are used not only raw water but
various chemicals like, salt, leveling agent whiatrease the dye bath hardness a lot. Theascs
scope of increasing hardness from grey fal8wit is mandatory to use chelatingeagin the dy
bath for improved fixation. And controlling the RRoints that will improve thdabric quality
(minimize the uneven, patchy dyeing , running sheaelshade, re-dyeing, color spot, psoftnes:
guality) and improve colorfastness properties ad.it was proved from this studiat the use «
chelating agent should be at an optimum dosinggratise exceeding the level it will revergel
affect on fixation level. If the optimum dosing difielating agent can be selected and used in all
process of dyeing, there will be increased fixabonan average 4-6%. So achieving RFT walt n
only save money by reducing the very common dyé&uudfs but éso it will reduce the effluent-
environment.
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