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+ dye

Dyeing

Dyeing: Technology or art?



Dyeing

Technology: 

Selection of dyes, dyestuff application

Art (selection of problems): 

Interaction with light, minimal damage by dyeing, 
prediction of color fastness, evenes of color …
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Light and color

h ... Planck constant    (6,6.10-34 J.s)  
ν ... light frequency (s-1)  
C ...  velocity of light in vacuum (3.108 m.s-1)
λ ... wave length (m)

light  - stream of photons having different 
energy E (unit: Joule)

Planck equation describes relation between 
energy of photons frequency and wave  length



Daylight

Store Light

Tungsten bulb

Domestic Light

TL84 CWF

Light sources

Store Light



Dyeing

Daylight is a white light which is slightly bluish, but emits a good proportion 
throughout the visible spectrum.  It is a good light to observe all the colours within 
the visible spectrum. It also has UV emission. 

Domestic light has it’s energy content at the red end of the spectrum with very little 
at the blue end, it is seen as a very reddish light.  It is difficult to assesses differences 
in very dark shades especially between blacks and navy blues. 

TL84 is a fluorescent lamp using three phosphors in the red, green & blue parts of 
the spectrum deliberately designed to match the eye’s RGB cones.  The deficiency of 
this light is in the yellow region so the stores often use spotlights (Tungsten)  to 
illuminate gold jewellery.  

Cool White (CWF) is used predominately in in the USA for both stores and offices.  
There are three peaks in the blue, green and yellow.  There is a low emission in the 
red region.  A bright orange will therefore be seen as a flat yellowish shade.  



Light sources

Xenon light

LED diods



In contact with matter can be selective absorbed energy of light – the 
light spectrum is changed. 

These spectral changes can be sometimes observed visually (if is 
absorbed visible light). In all cases are the changes measurable by 
spectroscopy/spectrophotometry.

Spectrophotometry = light intensity measurement at selected 
wavelenghts

The changes of light are serious in practical live – the ozone layer 
around of earth, the color of textiles, identification the used dyes in 
textiles...

Spectrophotometry



changes of light spectrum and direction are based on:

Reflection (some parts of light will be reflected) – on roughs 
surfaces with high refraction index (diamond, titanium dioxide...)

Absorption (some part of light will be absorb) – on natural or 
synthetic dyes, special molecules (conjugated double bonds)

Spectrophotometry

irradiation
transmition

absorpion

reflection



spectrophotometry

remission absorption 

Spectrophotometry

remission spectrophotometry - solid  objects, registered is 
reflected light, color measuring of textiles 

absorption spectrophotometry – solutions, films, gases - dye-
solutions
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Remission spektrophotometry
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Reflected light is measured

For textiles, pigments, nontransparent solids…
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Kubelka – Munk equation



A ... absorbance (non-dimensional)
ε … absorption coefficient  molar (mol.l-1)  

or special  (g.l-1)
c… concentration of dye in  solution (mol.l-1) 

or (g.l-1)
d… thickness of absorbing layer of a solution 

(cm) in measure cell
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Dyeing labs: Estimation of dyestuff concentration before and 
especially after dyeing (to estimate dyestuff „exhaustion“ 

Transmitted light is measured 

For liquids, films, gases…
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Lambert – Beer equation
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Lambert – Beer equation



Determine the A in absorbance 
maximum – wavelength of given 
dye !

- Is possible estimate the smallest 
concentrations

- Mistakes based on wrong 
setting of wavelengh at 
spectrophotometr are minimal 
because the spectral curve is 
smooth

530

A

380
760nm

ΔA530

ΔA590

590

Lambert – Beer equation



The absorption coefficient ε represents the color 
strength of dye :  
“stronger” dye  (2) yields higher ε than dye (1)  

Lambert – Beer equation



C  [ g.l-1 ] 

A

Lambert – Beer equation

deviation from linear dependence by concentration:  
recommended concentration of common dyes about 10  mg/l ! 
the A-values shouldn't be greater than 0,6 – 0,7 (at higher 
concentrations are dyes more aggregate and its changes the 
spectral characteristics and we are limited by spectrophotometer 
construction (higher values of A are not save)

The cells (cuvette) are  
mostly used with the 
same thickness 1cm



Practical advances for measuring:
* Absorbance A is influenced by pH, salts, concentration and type of  
auxiliaries – by all compared solutions  this aspects must be the 
same 
* Solutions must not be fluorescent
* Solutions must not be turbid
Spectrophotometric measurement of dispersions is not exact, certain 
results are obtainable by dilution by an essential amount of  a 
solvent of disperse dyes that are also soluble in water 
(Dimethylformamide, Acetone, Ethanol)

Lambert – Beer equation

Other mistakes: 
Broken of dirty cells
Air bubbles in liquor



Nonaditive spectra – 2 or more dyes in one liquor = problems

Reason: complicated aggregates 
Solving: Software (neural networks)

Lambert – Beer equation

mixture



Average human eyes detect light with wavelength between 380 –
760 nm. The eye sensitivity decrees fluently to zero.

Theory of color



White color – intensity of light ist the same at all visible wavelenghts

Black color - the intensity of light ist zero at all visible wavelenghts

If are the photons of visible light selective absorbed (for example by the 
way trough the color liquor or though the textile fibers), than is observed 
other (varied) colors such as yellow and red.

Theory of color

400 800nm 400 800nm



Energy of 
photons

J.mol-1

Observed 
(complemental) 

color

Absorbed rays (light)

Spectral color of 
light

Wavelenghts [nm]

> 300 000colorless UV-rays< 380

300 000

158 000

yellowgreenviolet380 - 435

yellowblue435 - 480

orangegreenblue480 – 490

redbluegreen490 – 500

purplegreen500 – 560

violetyellowgreen560 – 580

blueyellow580 – 595

greenblueorange595 – 605

bluegreenred605 – 730

greenpurple730 – 780

< 158 000colorless      IR-radiation> 780



Observed (complementary) color Sample: 

blue light is absorbed – the rest of spectrum is observed as a yellow color

800400 nm600 800400 nm600

Theory of color

Light 
absorption



Theory of color



Energy of visible light from 158 000 to 300 000 J.mol-1

Energy of UV light more then 300 000 J.mol-1 (more danger)
Energy of IR light les then 158 000 J.mol-1

Colorless substances can absorb light from invisible parts of light
- InfraRed (IR) or UltraViolet (UV)

Real textile dyes absorb light in many wavelenghts trough all
spectrum (UV and IR light).

Theory of color



From measurement  of A by  all wavelengths of visible spectrum  → 
spectral curves,  
Sample: two spectral curves of two violet dyes  which have the same 
absorption-maximum in yellow-green area:

Curve 1 – the absorption takes place 
also in a wide range of  spectral areas 
in neighborhood of absorption 
maximum. The shade is “flat” (not 
brilliant).

Curve 2 – is “sharper”  = only   a 
minimum absorbance by wave lengths 
out of  absorption maximum. The 
shade is “clean“ (brilliant).

Theory of color



brown

grey

olive

400 nm 800600

Spectral  absorption curves of  real common colors:  browns, greys, 
blacks, olives and other flat shades 

They have not typically more significant “maximums”

Theory of color



Aditivne mixing Subtractive mixing

YELLOW

Color measurement RGB



Color triangle

Theory of coloration



Color systems

Many color systems are 
proposed to describe human 
eye sensitivity at the basis 
of spectral measurements. 

Problem: human eye has 
different sensitivity in other 
spectral areas … 
Maximal sesitivity at 550 
nm (green light)

Theory of coloration



Color difference (In textile branche – extreme important !!!)

Comparison between STANDARD and SAMPLE should be exact !!! 

Basic easy question: Is the difference observable by human eyes? 
Different answer: It depends on many imputes: light (illumination), 
distance, people…

Color system idea: distance between two points (color) in color 
systems will be the same as a visual difference between the real colors
The problem of color difference will be only the geometrical 
problem…

Theory of coloration



Color measurement XYZ

RGB – same problems with real dyes

Solving: non real colors XYZ
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Useful system: CIELab
Values L*, a* a b*, are calculated from X, X0, Y, Y0, Z and 
Z0 according equations

L* brightness
(higher L* = sample is more light). 
a* positive = sample is red
a* negative = sample is green
b* positive = sample is yellow
b* negative = sample is blue

Color measurement CIELab



Systems CIELab 
(CIELCH) are useful  
for comparison between 
standard and sample.

Color measurement CIELab



„Pass“ - „Fail“

IS the color of sample the same as a color of standard? Is it „pass“ or
„fail“?

Criterion is „color difference“ ΔE. The color difference is zero, if is
ΔE smaller then 1.

     221
2

21
2

21 *b*b*a*a*L*LE 

„1“ matches to sample 

„2“matches to standard

Color measurement CIELab



Carpets



Prints



Same colour different textures



Fiber production

Spinning

Weaving / Knitting

Finishing

End user

CMT

Life cycle end

Dyeing

Final Finishing

Printing

Pretreatment

Dyeing in Textile Production

Introduction to dyeing



Right dyeing

Right dyeing: Accuracy of dyeing = Reproducibility

Dyeing is spontaneous process – if you change the concentration 
of dye or chemicals, temperature        50 % 

- always you obtain some color textiles

You must obtain something more – textiles with defined color, 
perfect color evenness, high fastness.



dyeing



Exhaustion dyeing

Dyeing 

bath

CD(0)

textile

Dyestuffs sorb to the fabric from the liquor

Description: discontinual, spontaneous process

Exhauste
d 

bath

CD(1)

%100.
)0(

)1()0(
%

D

DD

C

CC
E


Exhaustion:



Basic terms – Liquor ratio

• Ratio between weight of fibers and the volume of 
liquor  

• Sample:   1:50
• Shorter liquor ratio = cheaper but not so even

Volume of liquor for dyeing 1 kg 
of  fibers

Liquor ratio

5 litre1:5

10 litre1:10

50 litre1:50



Basic terms - Dye %

dye % of weight of fibers (% o.w.f.)
• Quantity of dye in dyeing bath
• % of weight of fibers

• Light shades 0.3-0.5% 
• Middle shades 1-1.5% 
• Dark shades about 3%

Weight of dye for dyeing of 1 kg 
(1000g) of fibers

Dye %

5g0.5%

10 g1 %

20 g2%



Dye %

Influence of dye dosage

Dye %

K/S



Sample of calculation I

Dyeing

Fibers: 8kg PL fabric
3 dyes: A (1%), B(3%), C (0.2%) 
Liquor ratio 1:8

Total volume:

Weight of dye A:
Weight of dye B:  
Weight of dye C:

8 . 8 = 64 l

8 . 0.01 = 0.08 kg = 80g
8 . 0.03 = 0.24 kg = 240g
8 . 0.002 = 0,016 kg = 16g



Sample of calculation I

Total volume: 8 . 8 = 64 l
Weight of dye A:   80g 
Weight of dye B:   240g
Weight of dye C:   16g

Concentration of dyes in g/l in dyebath = 
?

CA = 80/64 = 1.25 g/l

CB = 240/64 = 3.75 g/l

CC = 16/64 = 0.25 g/l



Sample of calculation II

Prepare dyebath according this recipe:
15g sample, 1:20, 3% dye, 5 g/l Na2CO3

Total volume of dyebath:       15 x 20 = 300 ml = 0,3 l
weight of dye:         15 x 0.03 = 0.45 g
weight of Na2CO3:     0.3 x 5 = 1.5 g

solution of Dye : 10 g/l

solution of Na2CO3 : 50g/l

volume of dye solution:         0.45/10 = 0.045 l = 45ml
volume of Na2CO3 solution:     1.5/50 = 0.03 l = 30 ml



Pattern cards

enough for 
practice

- basic shades 
(color, 
orientation)
- color index 
number (chemical 
structure) 
- fastness (to 
water, light, 
washing …)
- application 
methods
- solubility
- compatibility 



Pattern cards



Color index



Color index



Levelness

Evenness (levelness) – color undepends on position

Different forms:

- Standard: low difference (at the human eye sensitivity)

Reasons:

- Fibers – difference in sorption properties, fineness, ...

- Dyeing – temperature, dye mixing...

Low evenness is sometimes 
positive: Batik



Levelness on wool fibers

Wool - TIPPINESS.
Natural fiber  from proteins, origin: Sheep
The wool grows on the sheep for a long time. The ends of

fibers are influenced by sun, air, water and mechanical
rubbing. The surface is changed.

Original hydrophobic surface is at the fiber end
hydrophilized – hydrophilic dyes sorb quickly into fibers.

Low hairy 
sheep



Levelness on cotton fibers

Cotton

Cotton is pretreated in many steps and many problems of
dyeing are connected with worse pretreatment. For example
damage of fibers by acids, uneven boiling...



Levelness

Cotton
In cotton are mixed fiber with 
different maturity (immature, dead, 
overmature cotton). 
The dyeability is different (other dye
affinity, rate of dyeing, light
scattering properties).

Low quality cotton with different
maturity degrees is possible identify
by microscopy or by dyeing tests
(Red-green test)

extremely immature fibers 
create a reflective surface 



Levelness on synthetic fibers

Special kind of unlevelness is barriness (stripiness)

Possible reasons:
Problems start before weaving !!!

1) Different degree of polymerization of fiber formic polymer –
different quantity of end groups (typical by PA fibers) – problem 
of fiber producer 

2) Differences in fiber cross section (diameter, shape...) and 
unlevelness of delustrant in fibers – connected with the property 
and purity of fiber forming jets, these changes occur differences 
in optical properties of fibers



Levelness on synthetic fibers

3) Differences in macromolecular structure - orientation, 
crystalinity 

Dye can be sorbed only to amorphous part of fibers (crystals are 
to much oriented and stable) – problem of fiber producer from 
spinning 

Fiber setting (about: 200°C, 30 s) – changes of macromolecular 
structure, recrystalisation processes, production problem with 
temperature levelness

amorphous

crystal



Improving of color levelness

1) Problem is based on fiber quality 

Only prevention – good (even, enough intensive) pretreatment, 
good organization of production (never mix fibers with 
different dyeing properties) 

2) Problem is based on dyes

Prevention: using of recommended dyes combinations, long 
migration phases in dyeing

Using of leveling agent (LA) – chemical included to dying system to 
reduce rate of dyeing and affinity of dye to the fibers  



Improving of color levelness

Possible leveling agent (LA) according the effect and ionogenity: 

Dye affine LA– effect is based on complex c between dye and LA, the 
concentration of free dye („prepared for sorption“)  induced, if 
the free dye is exhausted from the liquor, than is new free dye 
produced, for anionic dyes are used cationic LA

Similar effects have solubilization agents, which increase the 
solubility of dye (urea, alkali, surfactants...)

Fiber affine LA – these LA are concurrent to dyes, in the dyeing 
system is LA with small molecules (low affinity and high rate of 
sorption), LA sorbed in fibers first, and the dyestuff replaced LA 
during the dyeing process



Rate of dyeing

tim
e

CD

Dye bath

Short time

Quickly 
process

Possible problems with levelness



Rate of dyeing

tim
e

CD

Short time

Slowly 
process

Long time of dyeing



Rate of dyeing

t

CD

Rate of dyeing = haw quickly we are getting near of process 
equilibrium
Typical description CD [mg/g] as a function of time [minutes]

derivation = 
actual rate of 
dye sorption

Other possibilities: half time 
of dyeing, rate constant from 
kinetic models ... 

Dyeing



Dyeing equilibrium

Dyeing

infinity time

equilibriu
m

Dyeing



Migration

Migration – transport of dyestuff trough the solution 
from places with high concentration to the low 
concentration

migration



Migration

Migration is a positive process 
– increase  the levelness of color

Higher migration: dyes with 
low affinity and high rate of 
dyeing

low affinityhigh affinity



Migration

Initial 
state

Dye 

transport
Migratio
n

New 
equilibriu
m



Migration (good=intensive)

tim
e

CD

Blank bath

Blank bath – bath with 
same properties as a dyeing 
bath, but without dye !!!
- same concentration of 
chemicals, 
- typically same liquor ratio, 
temperature... 



Migration (bad=low)

tim
e

CD

Blank bath


