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ABSTRACT KEYWORDS
Cotton and wool fabricswere dyed by Calligonum Comosum extracted from Calligonum Comosum plant;
the barks of the plant. The dyed cotton and wool fabrics were mordanted Cotton fabric;
by different mordantsthat are: Alum (potassium aluminum sulfate), ferrous Wool fabric;
chloride and ferrous sulfate which were applied separately. The effect of Optical properties;
different mordants on the reflectance spectra was investigated using Dyeing conditions.

spectrophotometer tool and CIE tristimulus values. The color parameters
including L, a, b, h, c and AE were determined. A comparison between the
effect of mordanting on both the cotton and wool fabrics by the samethree
mordants was done. The data obtained indicated that the optical properties
aretotally different asaresult of the nature of wool whichisaprotein fabric
and cottonwhichisacellulosicfabric. Thedifferent mordants gave different
colors and shades which encourage the use of natura dyes instead of
synthesis dyes; also, the absorption coefficient (o) was calculated in the
visible range. The decrease in transmission and increase in absorption
coefficient with the change in the mordant type may be due to the change
in the molecular configuration as a result of the change in the chemical
bondsinthefabric, dyeand themordant. The optical studiescan differentiate
between different kinds of fabricswith different kinds of mordants present
insmall proportions. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION Description*2

Woody based ascending shrub, glabrous much

Charateristicsof thedye used branched, erect upto 250 cm high, ol der branchesrigid

Scientific Name: Caligonum comosum L ‘Her. withwhitishgray bark and swollen knotty nodes, young
Synonym : C. polygomoidessubsp. comosum  shootsgreenflexible 1-2 mmindiameter, branching and

(L*Her.) Soskov angled at nodes. Leaves minute, soon deciduous and
Loca Name :Arta’, A‘bal, waragat Alshams usually absent. Flowers 0.5 cm across, on pedicels

ArabicName :Arti,Arta’,waragat alshams, Ramo,  about equalingor somewhat exceedingtheperianthlobe
Tape from leaf nodes, sometimes clustered; perianth lobes
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Fruit

Flowers

Family (Polygonaceae)

oblong, obtusec. 2.8-3.0 mmlong, whitepink or white-
greenishwith darker media part; anthersmany, bright
—red in color. Fruit capsule, red or greenish yellow with
4 pairs of longitudinal wings, covered with short-
branched stiff red bristles, 1-2 cmlong, becoming dirty
yellow when mature.

Habitat and distribution

Itisaplant of tropical and subtropical regionswide-
spread in UAE. Frequent to common in deeper sand,
dunes, plainsand valleys, cultivated around desert plan-
tationsaswindbreaks, toleratessaline conditions:

Part Used: aeria parts, fruitsand young twigs.

Chemical constituents: anthraquinones and
flanovonidg?®

Plantshavebeen thebasis of sophisticated medica

systems for thousands of years and they have an es-
sentia rolein hedthcare. TheWorld Hedlth Organiza-
tion hasestimated that 80% of the earth’s inhabitants
rely ontraditional medicinesfor primary hedthcare, and
the plant productsare highly importantintheremaining
20% of the popul ation. Natural products have made
an enormousimpact on thediscovery of anticancer com-
pounds.

Infact, possibly 60% of al cancer drugsthat are
used clinically areeither natural productsor owetheir
origin to a natural source”. It was reported that
Calligonum comosum possessesanti-ul cer and anti-in-
flammatory reectivity®l.

Cotton cellulosic based material isthemost wide
used for textilemanufacture. It isanatural biomaterid,
itisasimportant as chemical resourcesto replace pe-
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troleum-based materia'®. Cottonand linenareusedin
furniture’s, Packing paper and medical products!™, by
converting it to cellulose derivatives and regenerated
materias. Becauseof cdlulosc materia sgood mechani-
ca properties, low cog, light weight, moderate strength,
high specificmodulusrenewability, biodegradability, lack
of hedth hazardsand recycd e-ability®®; cdlulosicfibers
condituteaninteresting aterndiveto theinorganic coun-
terparts used to reinforce polymer matrix to prepare
compositematerid to apply theenvironmenta aware-
nessall over theworld. Themolecular structurehasan
ultra-fine network composed of ribbon-likemicrofibrils
whosethreedimens ona network endowscelluloscfi-
bersuniquepropertiesincluding hightenslestrengthand
high specific surfacearea. Thedyeability of cotton fab-
ricswithanatural dyefaces problems because cotton
possesonly hydroxylic groupsinitsstructurewhich
prevent fiber dye bonding. Many researcherstry to
improve dye bonding and dye adsorption on fabrics
through chemica modification. Thestructure of cotton
consists of monomeric units of f-D-glucopyranose
linked through 1-4  glucoside bonds?®.

Wool, proteinfibersisanaturd biologicd polymer,
consstsof crystalineand amorphous phases, multiple
cdlular, subtlefibersmedium weight. Wool hascom-
plex structure duetoitsdifferent important groupsand
theintermol ecular force of attraction that areformed™,
i.e. the polar peptide groups (-CO-NH-) and the oxy-
gen of thecarbonyl groups (-CO-) of dightly negative
chargewhichwill form hydrogen bond with thedightly
positively charged hydrogen of theaminsgroups (-NH-
) of other peptide groups. Cystine, contai ning the sulfur
attached to theamidegroupiscapableof forming dis-
ulfide crosslinking tendstowardsgreater chemicd sta-
bility, resultinginlessdyeabsorption. Thecystinelink-
ageissengtiveto chemicd attack andisremoved and/
or modified by aaqueous chlorinationand high radiant
energy. Also, the very absorbant nature of wool is
caused by the polarity of the peptide groups, the salt
linkage and theamorphous nature of its polymeric sys-
tem. Wool has high nitrogen content (16%), highmois-
ture content (10-14%)™Y, high ignition temperature
(570-600°C)1*4, [ow heat of combustion (20.5K J/g),
low flametemperature (677 °C) and high limiting oxy-
genindex (25-28%). Wool isnot exclusively akeratin
protein, itisalso hasexterna lipid content and asmall

Woateriolsy Science  mmm——

amount of specificinterna wool lipids(1.5%). These
internal lipids have ceramide content, with smaller
amountssulfates.

Thedyeahility!¥, thelight fastnesscharacteriticand
color parameters, .. .. etc, depends strongly on the wool
fiber surface. The oxidation of cystine content onthe
surface of thewool fabricsisresponsiblefor itshydro-
phobic nature and limited wettability and dyeability
forming cysticacid and thismodifying or voldilizingthe
surfacelipids.

There aretwo kinds of natural dyes. substantive
and adj ective-subgtantive dyes(Lichens, acrons, sumec,
oak gallsand walnut hullsfor instance) need no mor-
dantsto help them adhere to the fiber. The dye must
form strong chemical bondswith thebasket material to
set the color permanently. It entersdeeply into thefi-
ber, and when the dyeisadded, they combineto form
acolor, sncethemordant isthoroughly embedded, so
isthecolor.

Mordants preparethefiber to recelvethe dye stuff
and help in bonding between the dye and the fabric.
Compoundsof Alum (potassumduminum sulfate), tan-
nin (tanic acid) andiron (ferrous sulfate) arethe safest
choiced®¥. Many Factorsinfluence the dyeability and
light fastness of the dye used for thetwo fabrics, anong
them are the chemical and physical state of both the
dye and thefabric, environmenta factors, the source
andtheintengty of light, and other additivesinthedye-
ing bath4,

To decreasetheeffect of photo-degradation, acid
hydrolys s, oxidation and biodegradation which arethe
mai n reaction acting on the celluloseand wool structure
and causing itsalteration, different mordantsare used
beforeand after or during fabric dyeing. Mordantswere
firstly used to obtain different shades from asingle
source of dye. Some researched*>¢ have concluded
that themordant ismoreimportant than thedyeitself in
determining the color fastness of the dyed materials
according to itstype, concentration, method of appli-
cation, pH of dyeing mediaand the nature of both sub-
strate and dye used. A mordant can itself befixed on
thefiber and also combinewith the dye— stuff, there-
forealink isformed between dye-stuff and fabricwhich
allowscertain dyewith no affinity for thefabricto be
fixed. Thereissomedifferencein fastness properties
by the use of various metals salts as the mordanting
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agents. Themain objectiveof the present researchisto
evauatetheeffect of different mordantsnamely Alum
(potassumduminumsulfate), Ferrouschlorideand fer-
rous Sulfate on the absorptivity of dyed cotton and wool
fabricsusing optica measurementsand absorption co-
efficient cdculaions.

Thevariation ontheopticd parametersand thedif-
ferencein color (AE) aretakento represent thevaria-
tioninthechemical groupsfor different mordants. Also
theformation of new color centersintheinvestigated
dyed fabricswasfollowed by the cal cul ated absorp-
tion coefficient. These color centersareformed dueto
thechangeinthemolecular configuration asaresult of
the change in the chemical bonds between the
Cdligonum Comosum dye, the mordant and thefab-
ricssamplesunder test

Different typesand sdl ectivemordantsor their com-
bination can be applied on thetextilefabricsto obtain
varying color/shade, to increase the dye uptakeand to
improvethecolor fasthessbehavior of any natura dye.

EXPERIMENTAL

Materialsand chemicals

Fabrics: Thefollowing fabricsare used throughout
thisstudy:

Cotton: Purecotton fabrics (100%) weight 120 g/
n?, thicknesswas 0.21 mm, number of yarn/cminwarp
direction was 30 and inweft directionwas 31.

Wool: Pure wool fabrics (100%) weight was
176.61 g/m? and thickness 0.65 mm, number of yarn/
cminwarp direction was 25 and in weft direction
was 24.

Thesefabricswerekindly supplied by Golden Tex.
Company, Egypt. Cotton and wool fabricswere puri-
fiedinlaboratory by scouring withasolution containing
2 g/L of non-ionic detergent with liquor ratio 1:50 at
60°C for 15 minutes. Finely, the samples were thor-
oughly washed with water and then dried at ambient
conditions.

Thedye: Thedye used wasanatural dye named
Cdligonum Comosum.

Mordants: Mordantswere potassium aluminum
sulfateAlK,(SO,).24H,0, ferrouschloride FeCl,
and ferrous sulfate FeSO, 7H,O dl areusedinapure
state.

= Fyl] Peper
Dyeextraction procedure

50 gm of thecrushed barks of thisdye were soaked
in500 ml of distilled water and alowed to boil for one
hour. The solution wasfiltrateto drain the undesired
portionsto obtai n clear mother solutionfor dyeng pro-
cessel,

Extracted dyecharacteristics

Theextracted dyewas characterized by two tech-
niques
Ultraviolet-visible spectr oscopy

Theabsorbance spectrum of theextracted dyefrom
Cdligonum Comosum dyeadllover the UV-Visrange
using LAMBDA 35 Spectrophotometer-Perkin Elmer
USA wasfollowed and showninFigure 1. Thedyehas
maximum absorbanceat wavelength A, =450nmin
the UV range of absorbance.

Absorbalge
= L B P R Y -3

400 600

Wavelength mm)

800

[
=
=

Figure 1: The absorbance spectrum of the extracted dye
from Calligonum Comosum

Fourier transforminfrared (FTIR) spectr oscopy

TheFTIR Spectrum of extracted and purified dye
isrecorded using Perkin Elmer Spectrophotometer
model 1650-USA with awave number range of 4000-
500 cnmrt. TABLE 1 representsthe most characteristic
functional chemical groups present of Calligonium
Comosum dye. Also, thewool fabrics samplesunder
investigation wereandysedfor their chemicasgroups
by the same spectroscopy.

Dyeing and mor danting method

The cotton and wool under test were separately
dyed by the preextracted dyein alaboratory dyeing
apparatus using the convertional exhaustion dyeing
method® and different mordantswere added to the dye
bath separately with fixed concentartion.
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TABLE 1: FTIR analysis of Calligonium Comosum dye
showing its peak intensity values of its characteristic
functional bands

Wave Characteristic Peak intensity
number .
1 functional bands value (%)

(cm ™)

341191  O-H Stretching band 99

2925.54 C-H Vibration 62.0
C=0 antisymmetric

1650.97 stretching 100

140318  CC benzenering 735
vibration

124053 &0 stretching 63.0
vibration

107656  lpher cystine 715
monoxide

522.44 O-H twisting 70.1

Alum (potassumand d uminum sulfate) of concen-
tration 5 g/liter was applied aspre-mordant. Both fer-
rouschloride and ferrous sulfate of concentration5 g/
liter were gpplied aspost mordants. All cotton samples
dyeing werecarried out using pH =7, at temperature
100 °C for 60 minutes, and liquor ratio of 1:40. The
same conditionswere used for wool samplesbut the
temperature was 80°c and the liquor ratio was 1:50.
Finally the dyed mordanted sampleswere thoroughly
washed and dried at ambient conditions.

Optical measur ement

UV-VIS-NIR scanning spectrophotometer type
shimadzu uv 311 PC Japan covering the range 190-
3000 nm was used to record the reflection spectrain
thevisiblerange. MgO was used as standard whitefor
the zero and 100% setting of the apparatus. The
trisimulusvaue(x,y,z) of the CIE for dl the cottonand
the wool samples were calculated from their corre-
sponding reflection curvesby summing the multiplica
tion of theluminancefactorsand reflection a thewave-
length*®24, The hunter coordinates L, aand b of the
dyed mordanted samples by Calligonium Comosum
were ca culated from thetristimulusval uesx,y,z using
thefollowing equations 8and were convertedto L, a
and b coordinates?:

L =10VY )
a=17.5(1.02-y)\Y @
b=7(y-0.842)NY %)
Color difference(AE) =[(AL)* + (Aa)*+ (Ab)7]* (4)

Thepostivevauesof ‘a’ and ‘b’ indicate redness

and yellowness respectively, and their negativevaues
indicate greenness and blueness, which are moreto-
wardthedull sde. Thelower thevaueof L thegreater
isthedepth of thedye.

Four measurements were made on each sample
and thevariation inthe absorption coefficient (o) was
caculated from the refl ection spectraobtained for cot-
ton and wool fabricsusing theequation:
o= (Vd) en [(1-R)YT] (5)
WhereT isthetransmittance (neglectedinthiscacula-
tion), Risthereflectance percentageand disthe Thick-
nessof theinvestigated fabricincm.

RESULTSAND DISCUSSION

Reflection measur ementsof cotton fabric

Figure 2 representsthe reflection spectra (inthe
range 400-700 nm) of the dyed cotton fabrics with
Calligonium Comosum al so those mordanted by the
threemordants: alum, ferrouschlorideand ferrous sul-
fate. Itis clear that the samples mordanted by alum
acquired higher reflection va uesthan their mates. From
thefigure, it isnoticed that the cotton samples dyed
with Callognum Comosum and mordanted with dum
havethe highest R% whilethose dyed and mordanted
with FeSO, havethelowest R%. Thisisin agreement
with Figure 3 rel ating the absorption coefficient (o)) and
wavelength (L).

50

Reflection %

—&— Cotton blank
—— Cotton+alum
10 4 —&— Cotton+FeCl 2

—®— Cotton+FeS0

300 400 s00 600 700 800

Wavelength (nm)

Figure 2 : Thechangein reflection (%) value for different
cotton fabricswith wavelength.

Thecolor parameters: L (brightness), aand b (color
components), ¢ (chroma), h (hue) and AE (color dif-
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ference), of the same dyed cotton fabricsunder test,
mordanted by the three mentioned mordants are
tabaduated inTABLE 2, L parameter measuresthelight-
nessof thesampleand variesfrom 100for perfect white
to zero for black. It is clear that the cotton samples
dyed by thisnatural dye and mordanted by FeSO, are
darker in color than the other mordants. Theincrease
inL representslighter colors.

TABLE 2: Valuesof color parameters: L, a, b, h,cand the
color difference, AE, for cotton samples

AE
-0.21 27845 021 0.00
2116 60.27 24.37 36.92
16,29 59.81 18.85 26.79
13.86 55.86 17.86 28.29
1420 56.13 16.69 31.29

Samples L a b H c
Blank 83.26 0.03
Dyed 55.67 12.08
Dyed + dum 64.39 9.48
Dyed + FeCl, 60.54 9.30
Dyed + FeSO, 57.12 9.43

Theparameter ‘a’ varies from green for negative
value and red for positive value. It is noticed from
TABLE 2 that its value increases in case of cotton
samplesdyed by Ca ligonium comosum and mordanted
by alumi.e. these samples gained more red col oration.
In considering the color component ‘b’, it found that a
considerableincreasein b valuesfor the dyed cotton
fabricsmordanted by dum which indicatesthe tender-
ing of these samplestowardsbluecolor. By following
the color difference (AE) between theinvestigated dyed
cotton samples and those dyed and mordanted by dif-
ferent mordanted, itisclear that thereisalargediffer-
encewhen mordnting thecotton samplesby FeSo, mor-
dant.

From TABLE 2, inconsdering h vauesof the cot-
ton dyed mordanted fabrics, itisnoticed that the sample
mordanted withaumislittle higher in hthan the other
two samples mordanted by FeCl, and FeSO, which
take nearly the samevalue. By following the chroma
(c) of these cotton fabrics, the sample mordanted by
alumisalsolittle higher in c and both cotton fabrics
mordanted with FeCl,, and FeSO, havenearly thesame
vaueof c.

Optical absor ption measur ements

From Figure 2 the absorption coefficient (o) of cot-
ton fabricswas cal culated from itsreflection spectra
and theresultsare shown in Figure4 asafunction of
wavelength range400-700 nm. Itisclear from Figure

= Fyl] Peper

3that theinitial point of the absorption coefficient of
blank cotton hasthe highest value. The absorption co-
efficient value of dyesand mordanted cotton follows
the order: mordanted with alum > with FeCl, > with
FeSO

o

g 40 P =
=]

= ]

23

&

& 4

2 201

g ) —— Cotton blank
‘g —— Cottontalum
E 10 4 Cottau—FeCl:
2 Cotton+Fe30y
<

=

400 500 600 700 800
Wavelength (nm)
Figure 3 : The changein absor ption coefficient values of

different cotton fabricswith wavelength

70

60

50

40

30 | —-m—Woolblank
—— Wool+alum

20 | ——Wool+FeCl,
—0—\\'00I—Pe504

Reflection %o

300 400 500 600 700 800
Wavelength (nm)
Figure4: Thechangein reflection (%) valuefor different

wool fabricswith wavelength

Thechangeinthe absorption coefficient vduemay
be dueto the changein the chemical bonds between
thenatura dyeand fabric sampleswhich occur dueto
theformation of activefreeradica swhich may com-
bineand form other molecular species®?4, Thisinturn
leadstotheformation of new color centersi.e, prefentid
light absorption at particular wavelength thisprocessis
enhanced in the presence of amordant, depending on
the mordant type. Mordant roleisto strength the link-
ageformed between thereactive speciesof thecdlulo-
scfabricschemica groupsand thedye polar group’s.
Besides; hydrogen bondsareformed between hydroxyl
group of thedye used and the chemical groupsinthe
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fabrid®!. Thus, asthe number of thesepolar groupsin
the dye and the substrateincrease, the chancefor link-
ageincreasg, i.e., dye-up takeincreaseand thisinturn
improvethelight fastness.

Reflection measur ementsof wool fabrics

Thereflectance percent (R%) asafunction of wave-
lengthin thevisiblerange 380-7800 nm for wool fab-
rics samples dyed with Calligonium comosum
mordanted by the three previous used mordants, is
shown as Figure4. It isnoticed that thereis asteady
color variation asafunction of wavelength, sincethe
behavior with respect to thewavel engthisthe samefor
eachindividua sample.

It is noticed that the reflectance percentage for
samples dyed and mordanted with alum and ferrous
chlorideat thebeginning of thevisiblerangefrom 380
to 540 nm nearly havethe samevaueand their lines
coincideswith each other inthecurvebut after 540 nm
they separated invaluetill theend of thevisiblerange.
The percentage decrease in R% for the three wool
samples than the blank one take the order FeCl,
(40.77%) > FeSO, (22.75 %) > Alum (6%) This
meansthat thewool samplesdyed and mordanted with
alum have the highest absorptivity of calligonum
Comosum dye, whilethose dyed and mordanted with
FeCl, havethelowest absorptivity.

TABLE 3recordsthevariation in the brightness
(L), thecolor parameters(a, b, ¢, and h) and the color
difference(AE) of theblank, dyed mordanted wool fab-
ricsby aum, Ferrouschloride and ferroussulfate. The
value of L decreaseswhen using FeCl, asamordant
and hasnearly the same higher valuein case of thetwo
other mordants. Also thevalue of the col or parameter
‘a’ increase when using alum as a mordant. The drop in
case of using FeSO, asamomrdant means decreases
inred component instead of green one. From the same
tablethevalueof ‘b’ shows its highest value in case of

TABLE 3: Valuesof color parameters: L, a, b, h,cand the
color difference, AE, for wool samples

samples L a b h c AE
Blank 81.95 -0.38 5.86 93.72 5.8700 0.00
Dyed 30.04 19.08 14.41 37.06 23.9100 56.09
dyed + dum 45.77 15.33 22.45 55.67 27.1800 42.79
dyed + FeCl, 35.10 14.60 17.29 49.81 22.6300 50.50
dyed + FeSO, 44.03 12.64 18.35 55.44 22.2800 41.99

mordanting thedyed wool fabricsby aum. Thismeans
that the yellow component increaseinstead of theblue
one.

Fromthetable, dl thevauesof thehue (h) for the
mordanted dyed wool samplesarehigher than thewool
fabricsdyed with Caligonum Comosum and takethe
order: samples mordanted with alum > with FeSO, >
with FeCl.,. Itisnoticed that the hue value of the blank
undyed wool sampleisnearly equal thedouble of all
the dyed mordanted wool fabrics. Also, the chromatic-
ity (c) increasestoitshighest vaueinusingaumasa
mordant.

Optical absor ption measur ements

From Figure4 relating therefl ectance % (R%) and
wavedength (1), the absotption coefficient (o)) of dl the
wool fabricsunder investigation wasca culated and rep-
resented in Figure 5. The absorption coefficient value
of dyed and mordanted wool fabric hastheorder alum
> FeSO,> FeCl,. All of these vaues are higher than
that of dyed unmordanted wool fabric.

12

10

8 e

N s —— Woolblank
Wool+alum

“’nal'}"eCI:
Wool+~FeS0,

Absorption coefficient (cin™)
A

400 s00 600 700 800
Wavelength (mm)

Figure5: The change in absor ption coefficient values of
different wool fabricswith wavelength

CONCLUSION

Cdligonum comosum extract used inwool and cot-
ton fabrics dyeing has shown asasource of natural,
non-toxic dyewhich cause anincreasein the exhaus-
tionratedueto the presence of —OH groups in the dye
extract. This—OH groups have high polarity which en-
hance the absorption and color intensity, The quantity
of extracted dyeisconsiderably smdll toreachthesame
desired dyeing results.

Theproceduresof dyeing and mordantingwere ap-
plied easly inthelimitsof legal environmental condi-
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tionswithlow costs.

Theapplication of spectroscopic analysisonwool
and cotton fabric can be considered asan effectivetool
and may be commerciaized, and can beused to deter-
minetheoptical conditionsfor improvingfabricschar-
acterigtics.

A widerangeof soft lustrouscolorswere obtained
onwool and cotton fabricswhen thedyed fabricswere
mordanted by usng dum, ferrous chloride, ferrous sul-
fateeach applied separately.

Thedecreaseintransmission, increasein absorp-
tion coefficient and the observed changesin col or pa-
rameterswith the change of the mordant typeisdueto
thechangeinthemolecular configuration asaresult of
the changeinthechemical bondsin thefabric, dyeand
themordant, which may |ead to formation of new color
centers.
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