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ABSTRACT KEYWORDS
The present work involves the dyeing of pure wool fabrics with a natural Calotropis procerea plant;
dye extracted fromtheviolet flowers of Calotropis procereaplant Erichrome Wool fabric;
black T as a pre-mordant. The effect of dyeing time, temperature and pH Optical properties;
value of the dye bath, using, on the reflectance spectra of the fabrics was Dyeing conditions.

followed using spectrophotometer tool and CIE tristimulus values. The
color yields of the dye on thewaool fabricswere found to be highly dependent
on these different dyeing conditions. The beneficial effects of varying
conditions of dyeing onthe color parametersL, a, b, h, cand the changein
color difference (AE) were also investigated. Light and washing fastness
were carried according to SO standard recommendations to evaluate the
amount of fading in terms of color difference to deduce the influence of
dye-fiber bonding. The Fourier transform infrared (FTIR) spectra of dyed
wool fabricswerefollowed at each dyeing conditions. Theresultsindicated
that, the behavior of the change in the peak intensity values of different
functional groups present in the wool fabrics are completely different by
changing dyeing conditions. The obtained results indicate that the
improvement in dyeing process may be due to the change in the molecul ar
configuration as a result of the variation in the chemical bonds in wool
fabrics, the dye and/or the mordant. This means that the increase in the
amorphous region of the dyed sampl es, the oxidation of the cystine linkage
on the surface of the wool fabrics, and the formation of free-radical s species
encouraged dye penetration and aggregation inside the fiber pores as well
as bond formation. The standardization of dyeing and mordanting
mechanisms are discussed, as well as the evaluation of the dyeing
parameters and fastness properties and reported CIEL ab data.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION makewool asamedium weight fabric. Thewool fabric

isacrimped, fineto tick, regular fiber. Wool fiber may

Wool isthefiber from thefleece of thedomesti- bevarying from off-whiteto light creamin color. This
cated sheep. Itisanatural protein, multiplecellular, variationin color isdueto thedisul phidebond, which
subtlefibers; itsdensity is1.31 g/cm? whichtendsto  seemsto be able to act as chromophores. When the
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fiberiscreamtodark creamin color, thisisdueto poly-
mer degradation on the surface of thefiber, asthewool
polymer ischemically very sensitiveto atmospheric
oxygen and air pollutants. Brown, yellow, orange, or
green wool can be obtained by using natural plant
dyes¥. Recently, wool has been used as an adsorbent
toremove heavy metd pollutant fromindustrial efflu-
entsand to purify contaminated water supplies.
Natural dyes have been used for many purposes
such ascoloring of naturd fibers: wool, cotton and silk
aswell asfur and leather. The dyeswerea so used to
color cosmetic products and to produceinks, water-
colorsand artists paints. The use of natural dyesde-
clined rapidly after thediscovery of syntheticdyes. An
international awarenessof environmentd, ecology and
pollution control created an upsurgeintheinterestin
natura dyes. Thedyeindustry ismoreforced to reduce
toxic effluentsand stop the production of dangerous
dyesor pigments. Naturd dyes/colorantsderived from
floraand faunaare believed to be safe because of their
non-toxic, non-carcinogenic and biodegradable nature.
They do not cause pollution and waste water problems
and represent moreenvironmentaly friendly dternative
to synthetic dyes. Some of them havereported to pos-
sessanti-UV and anti-microbial properties?.
Synthetic dyescauseskincomplaintsandillnessand
cancer, and some cases of dermatitisand respiratory
sengitivity have been reported. Consumersrequire safer
clothing productsespecialy for babiesand children.
Natura dyesand dyeing processwere studied to-
gether with finding the optimized processin terms of
resource use, quality of goods, energy and water con-
sumption and environmental aspectsto meet the de-
mand of bothindustry and consumers. Therequirement
of using naturd colorantsintextilesectorsarequdity of
color including color shade, fastnesspropertiesaswell
ascolor gppearanceintermsof reproduci bility and eco-
nomic benefit for example, acceptable costsfor pro-
cess engineering and dyeing process®4. Animportant
aspect intheselection of acertain sourceof plant ma-
terid isthe maximum color depth that can beachieved.
Higher color depthisexpected fromanincreasein ex-
tract concentration and the use of high concentration of
mordents®.
Thebuying decision of consumer dependson the
emoationd component. Consumersassociatenaurd dyes

Woateriolsy Science  mmm——

with health and col or aspects and can be represented
asecol ogical awareness, responsibility and fairness.
However consumersstill concern about natural dyesin
termsof causing alergic reaction and fastness proper-
tied®. Natural dyeshavealimited rangeof color. The
introduction of hybrid dyeing conceptsallowswiden-
ingtherangeof availablecolors.

Theaim of the present work wasto study the ef-
fectsof dyeingtime, dyebath temperature, and the pH
val ue of the dyeing medium of wool fabricsby means
of spectrophotometer tool and CIE tristimulusvalues:
reflectance percent (R%), relative Lightness (L), color
parameterssuch as. red-green parameter (a), yellow—
blue parameter (b), hue (h), chromaticity (c) and color
difference (AE). In addition, new color centersinthe
investigated dyed wool fabricsareformed asaresult
of thechangein the chemical bondsbetween Caotropis
procereadye, the fixing agent and the fabric samples
which causeachangein themolecular configuration of
thewool fabrics.

EXPERIMENTAL

Materials

Purewool fabric (100%, weight 137 g/m?, thick-
ness~ 0.35 mm, number of threadsin weft direction
25 and inwrap direction 30 were used in the present
study and was supplied by Goldentex Co. (Cairo —
Egypt). Thefabric was scoured with asolution con-
taining 0.5 g/L of sodium carbonateand 2 g/L. of non-
ionic detergent using liquor ratio 1:50 at temperature
60 °C for 15 minutes. Finally, all the samples were thor-
oughly washed with tap water and dried at ambient
conditions.

Thedyeused was extracted fromtheviol et flow-
ersof Cdotropisprocereaplant. Theleavesof thisplant
producesyelow colors, whiletheflowersused inthis
study give degraded shades of viol et colorsaccording
thedyeing conditions.

Extraction and prepar ation of thedye”®

Adding 20 g of Ca otropisprocerea(CP) crushed
flowersto 100 mL ditilled water give aqueousextract
of thedye. The mixturewas stirred, heated and hold to
boil for 30 minutes, allowed to stand for 15 minutes
andthenfiltrateto drain off undesired portion. Thefil-
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tratewas used for dyeing; dyeing wascarried out at 60
°C for one hour using liquor ratio 1:50. In case of
mordanting, pre-mordanting was chosen asthe most
suitable process.

| dentification of extracted dye

Theextracted dyewasidentified by characteriza-
tion through varioustechniques:

Ultraviol et-visi ble spectroscopy: Theabsorbance
spectrum of the extracted dye of Calotropisprocerea
flowersdlover theUV-Visrangeusng LAMBDA 35S
Spectrophotometer-Perkin Elmer, USA, isshownin
Figure 1. The dye has maximum absorbance at wave-
length (. ) =310nminthe UV rangeand of absor-
bance4.3557. Most of theviol et dyesshowed asimi-
lar spectruminthenear of visiblerange.

4
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Figurel: Theabsorbancespectrum of extract of Calotropis
procer eaflower snatural dyeallover UV-Visrange

Fourier transforminfrared (FTIR) spectroscopy:
The FTIR spectrum of extracted and purified dyeis
recorded us ng Perkin-Elmer Spectrophotometer model
1650-USA with a wavelength range 0f4000-500 cm
1 andthemost characterigtic functiona chemica groups
present inthedyearetabulatedin TABLE 1. Also, the
woal fabricssamplesunder investigation wereandysed
for their chemicalsgroups by the same spectroscopy.

Dyeing and fixing methods

Thewool samplesunder test were separately dyed
by the pre-extracted dyein alaboratory dyeing appa-
ratusus ng the conventiona exhaustion dyeing method.
To obtain better results the wool sampleswere pre-
mordanting at 40 °C for 60 minutesusing an exhausting
agent Erichromeblack T mordent (0.1%) with liquor
ratio 1:50 then the sampleswereremoved, squeezed

—== Pyl Paper

TABLE 1: Thepeak intensity valueschar acteristicfunctional
bandsof Calotropisprocereanatural dye

Wavenumber Characteristic intpeiagty
-1 .
(cm™) functional bands values (%)
3409.53 OH-stretching band 75.76
2926.45 CH-vibration 88.36
CH, symmetric

2359.48 siretching 98.41

173176 GO stretching 94.12
vibration
Carbonyl bond C=0

1623.77 antisymmetric 86.24
stretching

142108 & Chbenzenering 89.74
vibration

124000 O stretching 93.01
vibration

105391  Sulpher cystine 82.34
monoxide

607.467 OH-Twisting 92.80

and air dried®®. Someinformation about the pre-mor-
dantisfoundas:

EriochromeBlack T

|[UPAC name

Sodium4-[(1-hydroxynaphthalen-2-yl-
hydrazinylidene]-7-nitro-3-oxo-Y-nagphtha ene-1 sul-
fonate

Systematic name

Sodiumd-[ 2-(1-hydroxynaphthaen-2-yl)hydrazin-
1-ylidene]-7-nitro-3-oxo-3,4-Dihydronaphthal ene-1-
sulfonate Sodium 4-[ 2-(1-hydroxynaphthal en-2-yl)
hydrazin-1-ylidene]-7-nitro-3-oxonaphthal ene-1-sul -
fonate
Molecular formula
M olar mass

C_H,N.O.SNa

200 12 377

461.381 g/mol
AppearanceDark red/brown powder
The Pre-mordantd wool fabricswere subdivided
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into three portions. One portion (group 1) was dyed by
Cdotropisprocereadyein amedium of pH =7for 60
minutesand different temperatures 20, 40, 60, and 80
°C. The second portion (group II) was dyed by
calotropis procereaat temperature 60 °C and medium
of pH =7 and at different times 15, 30, 45 and 60
minutes. The third portion (group I11) were dyed by
Cdotropisprocereadyeat atemperature of 60 °C for
60 minutesin adyebath of different pH values5, 6, 7
and 8.

Optical measurements

To determine color quality, color measurements
permit an assessment of the color of thedyed samples.
The CIELab coordinates describe the Col or param-
eter of dyang: L vaueddfineslightness(withvauesfrom
100to O representing white to black respectively), ‘a’
value denotesthered/green value (positivesign = red
and negativesign=green) and ‘b’ the yellow/blue value
(positivesign =yellow and negative sign = blue), the
color difference (AE), ‘¢’ value (chroma) is a measure
of saturation of color and h (hueangle) isderived from
thetwo coordinatesaand b which arerelated to per-
ceived color'®*, Therelaivebrightnessvalue(y ) was
given by themultiplication of luminancefactor and re-
flection at thewavelength in the range (380-780 nm)
according to the CIE. Four measurementswere made
on each of the samplesand the variation in the percent-
agereflection values over range of 400-700 nm was
recorded. The color difference (A E) was eva uated
spectrophotometericaly viaClIELab system from the
followingequation:

AE =[(AL)*+(Aa)? +(Ab)?* D
whereAL=L_-L,Aa=a-a andAb=b_—b,sand
r represent the sample and the reference specimens,
respectively.

Color dataanalysis

The color strength (K/S) of the dyed and dyed
mordanted fabricsunder the previous different condi-
tionswasdetermined fromthetristimulusvauesof the
samplesmeasured in the visible spectrum region 380-
780 nm and thereflectance (R%) at the maximum ab-
sorption (A, =320 nm) using Optimatch 3100 Spec-
trophotometer, SDL, England and wastakenasamea-
sureof dyegbility. Relativecolor strength (thecolor yid d)
of the dyed fabrics was determined using Kubelka—

Woateriolsy Science  mmm——

Munk equation(*34;

K/S=(1-R)2/2R )

K isknown asthe absorption coefficient (isdependent
onthedyestuff) and Sisthe scattering coefficient (is
dependent on the substrate).

Fastnessdeter mination

Thedurability of dyed wool fabricswasaso evalu-
atedintermsof fastnesstowardslighting, usngtheblue
scale according to ISO105-B02 standard recommen-
dations. Light fastnessistheres stance of amateriad to
achangeinitscharacteristicsasaresult of light expo-
sure. Thefastnessgradeiseva uated by comparing the
color change of thetest specimen to that of asmulta-
neously exposed bluewooal light fastness standardg™.

Wash fastnesstestswere carried out according to
the1SO105-C10 method. A specimen of thetextilein
contact with one or two specified adjacent fabricsis
mechanically agitated under specified conditionsof time
30 minutes and 50 °C for temperature in a soap or
soap and sodasol ution, thenrinseand dried. Thechange
inthe color of the specimen and the staining of the ad-
jacent fabric were assessed with thereferenceto the
origind fabrics, usingthegrey scaleor instrumentaly.

RESULTSAND DISCUSSIONS

Fourier transforminfrared (FTIR) spectr oscopic
analysis

Fourier transforminfrared spectroscopy (FTIR) has
long been recognized as powerful tool for elucidation
of structural information. The position, intensity, and
shapeof vibrationd bandsareuseful in clarifying con-
formationd and environmenta changesof polymersat
themolecular level. FTIR generally, infrared radiation
rangesfrom 10.000 to 100 cn isabsorbed and con-
verted by an organic moleculeinto energy of molecular
vibration. Themain two types of molecular vibration
aredretchingand bending. Stretching vibrationisarhyth-
mica movement along thebond axisresultinginanin-
crease or decrease of theinteratomic distance. While
bending vibration resultsfrom achangein the bond
angle between bondswith acommon atom. Only those
vibrationsthat result inarhythmical changeinthedi-
pole moment of the moleculesare observedinthe IR
spectraand isapoint of interest(*",
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TheFTIR spectraof thedyeing and mordanting of
wool fabricinthewavenumber range4000-500 cm't
areshowninFigures2a, 2b and 2c. Fromthefigures, it
isnoticed that, wool spectrum exhibitsbroad band near
3450-3370 cm™ dueto the OH-stretching vibrations
of freeand hydrogen bonded groups (most probably
dueto the humidity absorbed by the KBr during the
preparation of thepellets). Also, theband intheregion
1699-1650 cmrt ismost probably duetothesamecause.
Absorption arisesfrom CH stretching occursinthere-
gion of 3020-2750 cm™* which containstwo distinct
pesksa 3012 and 2940 cm? resulting from asymmetri-
ca stretchingmodesof CH bonding, respectively.

Spectroscopic technique has been employed to
study the effect of dyeing and mordanting of wool fab-
riconthepesk intenstiesof different functiona groups
present in that fabrics. TABLE 2 showsthechangein
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Figure?2: Variationsin FTIR spectra of wool fabrics: (a)
Groupl, (b) group I and (c) group; I11

—== Pyl Paper

peak intensity values of the major absorption bands
relating to themain functional groupsexisting inwool
fabrics. On comparing the behavior of the characteris-
tic bandsduring the different condition of dyeingand
mordanting, they are completely different dueto the
effect of dyeing processin changing the nature of the
fabric constituentg?®,

By following thevariationinthepesk intengtiesof
thewool fabricschemica functiond groups, it can be
deduced that:

For the assignment of the chemical group 3450-
3370cm™:

Groupl:

Thehighest intensity of itisthat for sasmple 1 (20
°C) followed by sample 4 (80 °C) followed by sample
3(60°C) and thelowest intensity isthat for sample 2
(40 °C).

Groupll:

Thehighestintengity valuesof thischemical group
follow theorder: sample 6 (30 minutes) > sample 8 (60
minutes) >sample5 (15 minutes) > sample 7 (45 min-
utes).

Groupll:

Sample 10 (pH = 6) hasthe highest intensity for
thischemicd groupthen sample 11 (pH =7) thensample
12 (pH = 8) and thelowest intensity isthat for sample
9 (pH =5).

For the assignment of the chemical group 3020-
2750 cm™:

Thisfunctional chemica group hasthesametrend
asthat for the aboveone.

For theassignment of the chemical groups 1699-
1650, 1600-1540 and 1200-1190 cm'™:

For wool fabrics groups|l (changein time) and
group Il (changein pH value), their chemical groups
take the same order that for the two above chemical
assignments, whilegroup | takestheorder as: sample 3
(60 °C) > sample 1 (20 °C) > sample 4 (80 °C) >
sample2 (40°C).

For the assignment of the chemical group 1120-
1070 cm™: For thischemica group, the peak intensity
for wool fabricof group 111 (change pH value) hasthe
sametrend asthe other above chemica groups. Wool
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TABLE 2: Thepeak intensity valueschar acteristic functional bandsof dyeing and mor danting of wool fabrics

Peak intensity values of the fundamental groups

Dygi ng Sample 520_. fs 930_. ? 1079-i2 122%9 157(-)i0 1659i0 2969i2 343A_fi9
conditions (cm™) (cm™) (cm™) (cm™) (cm™) (cm™) (cm™) (cm™)
Blank 9.53 25.26 12.72 10.78 8.32 8.22 11.62 8.89

o 20 1 33.25 52.58 39.29 35.68 31.75 31.37 38.62 33.05
_g ?3; o 40 2 26.54 48.37 34.77 28.02 23.62 23.63 30.06 25.04
a 2% 60 3 37.98 57.77 45.05 38.19 33.47 32.81 35.79 29.44
E 80 4 32.83 54.88 42.02 34.81 30.49 30.62 36.15 30.12

g 15 5 30.37 50.39 37.08 32.32 28.36 27.31 32.15 24.65
= g 30 6 49.37 - 51.67 51.46 47.68 46.66 51.02 43.98
é E/ 45 7 17.83 - 21.54 20.81 17.15 16.91 22.31 17.53
a 60 8 50.46 - 54.32 50.63 46.53 4511 45.24 36.92
° 5 9 26.60 46.35 32.24 28.02 24.05 23.74 30.03 24.94

= 6 10 45.30 61.14 49.01 45.48 41.66 40.97 46.58 40.09
; 7 11 33.25 52.58 39.29 35.68 31.75 31.37 38.62 33.05
< 8 12 28.83 47.62 33.56 28.71 24.28 24.50 30.63 25.65

fabric group | (changing temperature) hasthe peak in-
tensities of values: sample 3 (60 °C) > sample4 (80
°C) >sample 1 (20°C) > sample 2 (40 °C). Group 1
followsthe order sample 8 (60 minutes) > sample 6
(30 minutes) > sample5 (15 minutes) > sample 7 (45
minutes).

Inaddition, itisnoticed from TABLE 2 that, strong
local interaction between the dye and other groupsto
different chainsinwool will take placeat the expense
of theintermolecul ar interaction between thesechains.

Optical measurements

Groupl
Thediffusereflectance percentage (R%0) asafunc-
Ti-
0]
F wl
s @
E |
"] 34
8 .
L]
B
ﬂ T T T 1
" 40 580 £ 1%
(a) Wavelength (nm)

tion of wavel engthinthevisiblerange 380-780 nmfor
dyed wool fabricsgroup | (including samples1, 2, 3
and 4), whichisdyed by Calotropis Procereaflowers
and pre-mordanted by Eriochromeblack T iname-
dium of pH =7 and time of dying 60 minutesat differ-
ent dye bath temperatures 20, 40, 60 and 80°c is shown
inFigure3.

Itisclear from Figure 3that, thereflectance% de-
creases by increasing temperature of dyeing bath. R%
of sample 1 and sample 2 (temperatures 20 °C and 40
°C) isnearly thesame, wavy with changing wavel ength,
increases markedly from wavelength 600 nmttill 780
nm and have so high valuethan samples3and 4. With
respect to the samplesdyed in adye bath of tempera-

1| = samplel sample? 3
& sample3 sampled
: /
q 2 7
g /
£ 4
o
g o
= 10 4}/_,),_—“.‘_,____-‘/.//’
0 T - !
= 43 it £e T80
(h) Wavelenath (nm)

Figure3: Thereflectance% curvesof un-dyed (a) and dyed (b), wool fabricsasafunction of wavelength for group |
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ture 60 and 80 °C (sample 3 and sample 4, respec-
tively), thereflectanceis steady% and havevery small
vauetill 680 nm, increasestill 780 nmand reaches 30%
of reflectionat thisend of thevigbleregion. So, thereis
ahigh color variation asafunction of wavelength by
increasing temperature.

Therelative brightnessvalues (y) ca cul ated from
R% vaduesasafunction of wavelengthisshowninFig-
ure4for samplesl, 2, 3and 4. The peak position of al
the samplesislocated at 560 nm, so these samples at
different temperatureof dyebath havesmilar behavior.
Littlechangeisnoticed whenthedyeing bath tempera:
ture of thesewool fabricsare20 and 40 C. At 40 °C
therdativebrightnessislesser than that at 20 C. Huge
drop happensin relative brightnessfor wool samples
dyed at 60 and 80C, respectively.

TABLE 3representsthevariationinthe color pa-
rameters:. L (brightness), aand b (color components),
¢ (chroma), h (hue) and AE (color difference), of wool
samplesof group | (samples1, 2, 3and 4) asafunc-
tion of dyebath temperature. Fromthetable, itisno-
ticed that the brightness (L) has the same valuesfor
both wool samples 1 and 2 (dyed at 20 and 40°C,
respectively), thisvalue dropsnoticeably whenwool is

A

7000 4

6000 4

£000 4

Relative hrightness (v,)

4000 4

Relative b righiness (y,)

3000 A

2000 4

1000 -

0 rywwweE
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dyed at 60 °C and remains constant when thedye bath
temperatureis80 °C. Thisdrop meansthat thesewool
samples (3 and 4) become darker. Thevalue of color
component ‘a’ also stay constant for wool samples dyed
at 20 and 40°C (samples 1 and 2, respectively) and
drop by the sametrend as (L) when using dye bath of
temperature 60 and 80 °C. Thedrop meansthe green
color dominatesin these samplesin account of thered
color. Thebehavior of the color component ‘b’ takes
wavy manner reaches negative at somedye bath tem-
peratures(i.e., blue-yellow). The hue of thewool fab-
rics decreases steeply by increasing the dye bath tem-
perature, whilethe chroma(c) takesthesametrend as
bothL and ‘a’.

Theréative color strength (K/S) was determined
from thediffusereflectance of thefabrics measured at
wavel ength 320 nm, using Kubelka-munk equation.
From Figure5, for group | (samples1, 2, 3and 4), the
color strength (K/S) of sample 3 (dyed at 60 °C) is
higher than the other three samples of the group (dyed
at 20, 40 and 80 °C). K/S value for this group takes
the order: sample 3 (60 °C) > sample 4 (80 °C) >
sample 1 (20 °C) > sample 2 (40 °C). Dyeing wool
fabricsat 80°C (sample 4) is not preferable, which it

Sl Undyed wool sample
45000 A
40000 A
35000 A
30000 A
25000 A1
20000 4
15000 -
10000 A

5000 1

b O

0 T T
180 580 780
Wavelength (nm)

—+—samplel —®—sample2

sample3 sampled

580
Wavelength (nm)

380 480

Figure4: Therelativebrightnessvalues(y,) of wool fabricsasfunctionsof wavelength for group I. Theinset representsthe

un-dyed wool sample
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TABLE 3: Thevariationsinthecolor parameters: L, a, b, ¢, hand AE of thethreegroupsof wool fabrics

. . Sample a b C h AE
Dyeing conditions
Blank 82.88 -0.32 5.58 5.59 93.92 0
20 1 37.30 11.69 1.82 11.83 8.84 47.13
! o 40 2 37.08 11.69 -1.10 11.74 354.63 46.04
Dyeing temperature (°C)
60 3 17.09 2.29 0.71 2.40 342.82 66.00
80 4 17.45 1.95 -0.50 2.01 345.67 65.65
15 5 18.05 3.75 -1.21 3.94 342.17 65.07
o . 30 6 18.67 4,57 -2.23 5.12 333.01 64.43
Dyeing time (minutes)
45 7 17.27 2.98 -1.28 3.25 336.70 65.80
60 8 16.86 211 -0.86 2.27 337.85 66.21
5 9 20.07 6.09 -3.23 6.94 331.37 63.11
6 10 18.18 4.44 -2.79 5.24 327.88 64.89
pH value
7 11 17.43 3.44 -1.53 3.77 336.00 65.64
8 12 17.88 3.39 -1.71 3.80 333.27 65.19
25 — 1amplel 1amplel
0.7, sampled sampled
0.6 25
05 h.
b 2] 044 IIl 15 o
;_4 03 tlll\ m
k
024 N RE h
R i
0.t i el b -
1 o e
[ = ; . . _-\‘\“\
B &1 860 $50 70 H T
4 - , u T T T 1
(a)  Wavelength (nm) 0 460 580 &80 280
(b) Wavelength (nm)

Figure5. Thechangein thereativecolor strength (K/S) of un-dyed (a) and dyed (b), wool fabricsasafunction of wavelength

for groupl

may causewool shrinkage.
Groupll

Thediffusereflectance percent (R%) asafunction
of wavelength inthevisiblerange 380-780 nm for wool
fabricgroup Il (including samples5, 6, 7 and 8) which
isdyed by Calotropis procereaat temperature 60 °C
and dyemedium of pH =7 for different times 15, 30,
45 and 60 minutes and pre-mordanted by Erichrome
Black T (0.1%), isshownin Figure6. Similar behavior
with respect to the wavel ength changesisclear from
the spectraof thereflectance vauesof eachindividua
sample. Thisprovesasteady color variation asafunc-
tion of wavelength.

Itisnoticed from thefigurethat, from 380 nm till
630 nm R% stays constant and may be unnoticeable
drop in some partsof therange. After 630 nmthere-
flectance % increasesnoti ceably reaching itsmaximum
at780nm. The R% valuefor this group increases by
increas ng timereaches maximumwhen dyeingtimeis
60 minutes.

Figure 7 representstherelative brightnessvalue(y )
cal culated from R% va ues asafunction of wavelength
for group I1. The peak (at about 560 nm) hasthe same
position with changing timesfor al thesamples. This
figure showsanoticeable decreasein relative bright-
nessvaueswithincreasing dyeingtimetill 60 minutes.

TABLE 3recordsthevariationsinthelightness(L),

Wateriolsy Science  mm—
A VMW



MSAIJ, 10(12) 2014

E.S.El-Amoudy and Amal A.El-Ebissy

499

—= Fyl] Peper

Reflectance 9%
E e s 2=
Reflectance %9

=

=

sample &
sample §

—— sample 5
sample 7

40 40 (& 8

&

(a)

Wavelength (nm)

(b)

T

580
Wavelength (nm)

Figure6: Thereflectance% curvesof un-dyed (a) and dyed (b), wool fabricsasafunction of wavelength for group 11
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Figure7: Thereativebrightnessvalues(y,) of wool fabricsasfunctionsof wavelength for group I1. Theinset representsthe

un-dyed wool sample

the color parameters (a, b, cand h) and thecolor dif-
ference (AE) of wool sampleof group I (samples5, 6,
7 and 8) asafunction of dyeingtime. Fromthetableit
isnoticed that: Thebrightness(L) showsanincreasein
valueat both dyeing time 30 and 45 minutes, whileits
valueissmall at 15 and 60 minutes. Thevalue of the
color parameter ‘a’ increases by increasing time of dye-
ing to 30 minutes, then drop markedly at 45 and 60

minutes. Thisdrop meansdecreasein red component
instead of green one. Thevaluesof the color parameter
‘b’ show the same values at dyeing time 15 and 45
minutes, but it dropsdrasticaly at 30 minutesof dyeing
time, and then thereis an increasein its value at 60
minutes. Thedrop meansthat thereisanincreaseinthe
blue component instead of yellow one, and viceversa
Inaddition, fromthetable, thechromaticity (C) increases
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when dyei ng takes 15 minutes and thisincrease con-
tinuetill thedyeing timereach 30 minutes. At 45 min-
utesof dyeing timethe chromaticity (c) dropsnotice-
ably and moredrops occurswhen dyeing takes 60 min-
utes. On the other hand for the hue (h), no measurable
changeisnoticed dueto the changeintime of dyeing.
Thereisasmall drop at 30 minutesbut thevaluesat 15,
45 and 60 minutes are nearly the same.
Therelationbetweenthecolor yied (color strength,
K/S) and wool fabricstime of dyeing of group Il is
shown in Figure8. Fromthefigure, thevalue of K/S
dropswhen dyeingtimeis30 minutesthanitsvaueat
dyeingtimeof 15 minutes, itsvauereturnup at 45 min-
utesexceedingitsvaueat dyeingtimeof 15 minutes.
Another drop occurswhen thewool fabricsare dyed

at 60 minutesbut itsvaueisstill abovethat for samples
5and 6 (15 and 30 minutes).

Group 11

Figure 9 showsthereflectance percent (R%) asa
function of wavelength in the visi bleregion 380-780
nm for wool fabricsgroup 111 (including samples9, 10,
11 and 12) dyed by Calotropis procereaflowersand
pre-mordanted by Eriochromeblack T (0.1%), a tem-
perature 60 °C for time 60 minutes and dye bath me-
diumof different vauespH 5,6, 7and 8. Asnoticed in
groups| and Il asteady color variation by increasing
wavelength isobserved because the refl ectance spec-
trahavethe same behavior for each individuad sample.
Sample 9 (pH = 5) hasthe highest R% value, while
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Figure8: Thechangeintherdativecolor strength (K/S) of un-dyed (a) and dyed (b), wool fabricsasafunction of wavelength
for group 1
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Figure9: Thereflectance% curvesof un-dyed (a) and dyed (b), wool fabricsasa function of wavelength for group I 11
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sample 11 (pH = 7) hasthelowest R% value.

Figure 10 showstherelaivebrightnessvaue(y)
ca culated from R% va uesasafunction of wavelength
for wool fabricsof group 11, the peakshave the same
position at about 560 nm with changing pH val ues of
thedyebath medium. Itisclear fromthefigurethat, a
decreaseiny, valueswithincreasing pH vauesfrom S
till 7, thenalittleincreaseiny when usingadyebath of
pH = 8.

TABLE 3representsthevariationintheLightness
(L), thecolor parameters(a, b, cand h) aswell asthe
color different (AE) of wool fabrics of group IlI
(samples 9, 10, 11 and 12) dyed with Calotropis
Procerea and pre-mordanted by Erichrom black T
(0.1%) asafunction of different dyebath medium pH
values (samples 5, 6, 7 and 8). It is noticed that, L
showslittleincrease when pH vauesincreasefrom 5
to 6 then decreases at pH vaues for both the wool
fabricsdyed in abath medium of 7 and 8, which means
that the wool samples became darker at these two
samples (7 and 8). With respect to the color param-
eters ‘a‘ values take the same trend as L, i.e., the green
component dominatesat pH value=5 or 6 and thered

2000 4

[
n

(=]

(=]
i

Relative hrightness (v,)

)
(=]
(=]
(=]

—== Pyl Paper

component dominatesat pH value=7 or 8. The color
parameter ‘b’ has different behavior than L and ‘a’, it
increases markedly at pH vaue of bath dyeing 5, 6 or
7, but little decrease occurswhen pH valueis 8. This
decrease do not reach the same value of the sample
dyed at pH value=5 or 6. The high increasein ‘b’
representstheincreaseintheye low component instead
of theblue one. Also, fromthetable, thehue (h) vaues
of this group take awavy behavior. The chroma(c)
increasesat pH = 6thanitsvalueat pH =5, but adras-
tically drop occurs at both pH =7 and 8. Thisdrops
exceedsthevaueof thechroma(c) at pH =5.
Fgure(11) representsthevariation of thecolor yield
(color strength, K/S) when changing the value of the
dye bath pH values from 5 to 8 for group 111 (wool
fabricssamples9, 10, 11 and 12). All the samplestake
thesametrend, K/Sdecreases by increasing thewave-
lengthfrom 3801till 430 nm; anincreaseat 440till 560
nm; and steeply decreasetill theend of thevisiblere-
gion (780 nm). TheK/Svaluesincreasefor samples9,
10and 11 (pH =5, 6 and 7) then adecrease occurs at
pH vaue= 8 but not reachingthevaueof pH =5 or 6.
Thehigh K/Svalues can be attributed to the fact
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Figure10: Therelativebrightnessvalues(y,) of wool fabricsasfunctionsof wavelength for group I11. Theinset represents
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for group 111

that thisdye givesabright color onthe dyed fabrici”,
besidesit can be absorbed on wool through interaction
withtermina (NH.,) amino groupsand aso through non-
ionicinteractionswith groupsaong the chain®d. How-
ever, the number of groupsinwool ismuch enoughto
givethishighest dyeability. Also, thehighvaueof K/S
for thewool samples can berelated to the dye struc-
turewhich alow to form acovalent bond betweenits
groupsand non-charged (-NH,) amino or ionized hy-
droxyl (-OH) or thial group (-SH) inwool fabric and
thereaction pertain to nucleophilic substitution reaction
inthe aromatic series®¥. Also, thisfinding can bedue
to anumber of parameterse.g., affinity, heat of sorp-
tion and accessibility. Moreover, dyeingtemperatureis
oneof themost important parameterswhich affect the
exhaustion of natural dyesonto substrates. By legida
tion, temperature of waste water released has to be
reduced below 40 °C. Thisproblem can be solved by
using recovery systems and stabilization pondsto re-
duceandlevel out water temperature, adjust pH vaue
and separatethe sedimentsand solid residuesfromthe
wasteweater.

On considering the effect of mordant on the dye
ability of wool, itisclear that, K/Svaluesincrease by
addingit wherethereisanincreaseinthe pesk intendty
vauesof thedifferent functiond groupsthat character-
izethisfabric as CH_— anti-symmetric stretching, car-
bonyl band C=0 stretching and O-CH,, anti-symmet-
ric stretching, leading toincreaseitsdipolemoment and

Wotoioly Science  mm—

thisinturn encouragesthe attraction, exhaustion and
diffusion of thedye molecul esto the fabric surface?.
S0, theextent of theincreasein dyeability isgreatly
dependent on different condition applied.

Fastnesscharacteristics

Assessment of fastness, involvesavisud determi-
nation of either changein shadeor staining of anadja
cent materia and thegraduation of thegray tonesinthe
scales, isdefined asthe smallest differencein depth,
whichisof commercia significance. TABLE 4 shows
light and washing fastness properties of blank and the
threegroupsl, I1, 11 of dyed wool fabricsunder differ-
ent temperature, time, and pH vaues of dyebath. The
resultsshow that, light fastnesswas good to very good
accordingto bluescalerating. Thismay beduetoin-
creasing aggregation of dye particlesinsidethefiber
pores, whichlower surface per weight ratio of thedyed
fabricd?. It strengthensthe covalent bond formed be-
tween thedyeand thiol radica sdueto the photooxida-
tionof cystineinwool fabrics. Also, thehigher light fast-
ness properties of Calotropis procereadye can be at-
tributed to the strong ionic bonding. Thisenhancesthe
stability of the compounds by areductionin electron
density at the chromopheres.

TABLE 4 showsthe wash fastness properties of
the blank and the three groups of pre-mordanted and
dyed wool fabricsunder different conditionsof tem-
perature, time, and pH value of dye bath. Samples 3,
4,6, 7 and 11 give very well to excellent rating. The
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TABLE 4: Thevariationsof thewash fastness propertiesof
theblank and thethreegroupsof pre-mordanted and dyed
wool fabrics

Wool Light Wash
Dyeing conditions _ sample  fastness  fastness
Blank 5 4
_ 20 1 56 4
Dyeing 0 2 56 4
temperature
°C) 60 3 7-8 4-5
80 4 7-8 4-5
15 5 5-6 45
Dyeing time 30 6 7-8 4-5
(minutes) 45 7 7-8 4
60 8 5-6 4
5 9 5 4
pH value 6 10 5-6 5
7 11 7-8 5
8 12 7-8 4

other samples giverating good to very good. Thisis
dueto the strong ionic bond between dye molecules
and NH?* groupsinthewool fiber. Also, thechemical
groups such as C=C and C=0 in thisnatural dye ad-
sorb in thefiber and increase washing fastness dueto
itsboundsand saturation properties.

CONCLUSION

Thisisthefirst report where Calotropisprocerea
extract usedin wool dyeing hasshown asasourceof a
natural, non-toxic dye. Inthiswork, thedifferent func-
tional groupswereidentified by spectrophotometeric
methods, adl of these purified productswerefromfla-
vonoid groups.

The color basesextracted from Ca otropi sprocerea
plant contain—OH groups, which because of their high
polarity increased the absorption and color intensity.
Thedyeing resultsreveal that theexhaustionratein-
creases. Thisleadsto aconsiderable decreaseinthe
amount of the extracted dye used to reach the same
desired results.

Theaboveexperimentsshowed that natura dyeing
can give good fastness propertiesto wool fiber using
the Calotropis procereaplant asadye sourceand this
finding hasgood potentia for commercia dyeing, thus
making textile dyeing more eco-friendly. Furthermore,

= Fyl] Peper

most of the propertiesof natural dyeswere competi-
tivewith acid dyes. Thusthisdyehasgood potentid to
act asco- partner with acid dyes.

Calotropis procerea show good shade reproduc-
ibility and satisfying levelnesswith significant fastness
properties.

The observed changesin the color parameters by
changing dyeing conditions(temperature, timeand dye
bath pH values), may be due to the changing in the
physical bondsand then changesinthe molecular con-
figuration of thewool fabricswhich mayleadtoforma-
tion of new color centers.

By following the K/Svauesfor thethreegroupsl,
I1and 11, it isnoticed that, the highest values of K/S
occursat 60 °C, 45 minutes and pH = 7. But this does
meansthat the samples must be dyed at these val ues,
because every value of temperature, timeor pH gives
niceshadeof violet colors.
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