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Abstract

Cotton substrate was dyed with an extract of red rose petals. The dyeing was carried out with and without metallic mordants (Alum, Copper
sulphate, Nickel sulphate, Ferric chloride, and Ferrous sulphate), using two different dyeing systems: pre-mordanting system, simultaneous mor-
danting system. The colour of the cotton substrate was measured by Data color in terms of K/S, and CIELAB values. In both mordanting system
ferrous sulphate produced dark shade, the K/S value for simultaneous system is 16.76 and for pre-mordent K/S values is 12.05. It is also observed
that the higher %fix is of simultaneous system for ferrous sulphate is 76.80% and for pre-moderating the % fix is 71.50%. But statistical analysis
of both techniques tells us the reproducibility of copper sulphate is better to other metallic salts the S.D of K/S values for copper sulphate in
simultaneous method is 0.2112 and for pre-mordent method the S.D is 0.1132.
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Introduction

Natural dyes, dyestuff and dyeing are as old as textile
themselves. Man has always been interested in colours, the art of
dyeing has along past and many of the dyes go back into prehistory.
It was practiced during the Bronze Age in Europe. The earliest
written record of the use of natural dyes was found in china dated
2600 BC [1]. Upto the end of the 19 century natural dyes were
the main colourants for textiles. The introduction of synthetic
dyes led to an almost complete replacement of natural dyes,
due to the favourable application properties of synthetic dyes.
Besides a wide range of available colours, high reproducibility
and improved quality of dyeing could be achieved at lower specific
cost. The future demand for more sustainable processes can be
seen as a driving force for new strategies, which could bring a
revival of natural dyes in textile dyeing. However, the cost of such
dyes has to be lowered considerably and the quality level of the
dyeing needs substantial improvement [2,3].

Natural dyes contain natural coloring matter, which is neither
carcinogenic nor hazardous to the environment, the colors are
soothing to eyes, earthly, warm, and highly appealing. The dyes

being natural are earth friendly and help maintain and ecological
balance. They are non- allergic, non-toxic to the human body and
perpetuate an ancient tradition [4].

Many natural dyestuff and stains were obtained mainly from
plants and dominated as sources of natural dyes, producing
different colours like red, yellow, blue, black, brown and a
combination of these. Almost all parts of the plants like root, bark,
leaf, fruit, wood, seed, flower, etc. produce dyes. It is interesting to
note that over 2000 pigments are synthesized by various parts of
plants, of which only about 150 have been commercially exploited
[5,6]. Many plants used for dye extraction are classified as
medicinal, and some of these have recently been shown to possess
antimicrobial activity. There is clear evidence that some natural
dyes by themselves have medicinal properties [7].

Despite several advantages of natural dyes over synthetics, the
use of the former is still very limited due to the non-availability
of standard shade cards and standard application procedures.
Most of the natural dyes have no substantivity for the fibre and
are required to used in conjunction with mordants. A mordant,
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usually a metallic salt, is regarded as a chemical, which is the
dyestuff. A link is formed between the substrate and the dye,
which allows certain dyes with no or little affinity for the substrate
to be fixed [8]. This study aims to address the problems associated
with natural dyes. Such as the nature of mordants, methods of
moderating system and to investigate the CIE Lab values and K/S
of the dyed samples and their fastness properties.

Materials
Flower Colour chosen

We have tried to take some advantage from the petals of red
roses as you know in the wedding ceremonies there is a culture
of using abundant number of roses in Pakistan. Approximately in
a single wedding 5-10 kg of roses are usually used. But after the
ceremony is over, these flowers are spread on the floor as garbage.
So, to take advantage of that flower we did cotton dyeing by using
extract of petals.

Studies on cotton substrate

Scoured and bleached, optical brightener free 100% woven
cotton fabric (150g/m? 1/1 plain weave) was used for natural
dyeing purposes.

Chemicals and auxiliaries used

Metallic salts such as Alum, Copper sulphate, Ferric chloride,
Nickel sulphate, Ferric sulphate were used analytical grade,
purchased from Meark chemicals Pakistan, and soaping agent
Sandopan DTC were used of commercial grades.

Equipment

Dyeing was carried out on IR dyeing machine of AHIBA.
Colour matching system of Data colour SF 650X was used for the
evaluation of colorimetric data. Light fastness was determined on
ATLAS Ci 3000* xenon weather-ometer. Samples were cured on
curing machine of Rapid. Fastness rating was evaluated on colour
matching cabinet by comparing with grey- scale. Rubbing fastness
was determined on ATLAS crock meter.

Procedure

Extraction method: 200gm of dry red rose flowers were
crushed and dispersed in 75% water and 25% ethanol in 1liter
and heated to 100°C in a round bottom flask kept over water bath
for quick extraction for 80mins. All the colours were extracted
from flowers by the end of 1 hr. After extraction the extract was
filtered through ordinary filter papers, the filtrate was collected,
and the solvent was evaporated on rotatory evaporator and
recovered to dryness (5.86gm). 100ml of distilled water was
added to this extrated amount. The absorbance was recovered
for determination of concentration of aqueous extract. The UV-
Visible spectrum of the extract showed higher color yield. This
was further used for dyeing the fabric.

Preparation of cotton substrate: Cotton fabric was washed
with a solution containing 0.5g/1 of sodium carbonate and 2g/1 of
non-ionic detergent (Sandopan DTC) at 60°C for 30 min, keeping
the material to ratio at 1:20. Then washed with distilled water
twice then dry the bath substrate for dyeing purpose.

Dyeing without a mordant (control Sample)

The rose extract dyeing was carried out on an exhaust dyeing
process. The cotton substrates were dyed at a liquor ratio of 1:20,
with the dyebath containing 1g/l soda ash. The temperature was
raised to 80°C over 30min and maintained at this level for 1 Hr.
The dyed fabric was then rinsed with hot water temperature 60 °C,
followed by soaping with non-ionic soaping agent 2g/l sandopan
DTC. Finally, the fabric samples were washed thoroughly with cold
water, squeezed and dried, and then finally cured at 155 °C for 60
sec on lab curing machine Rapid.

Dyeing with mordants

The two different methods of dyeing employed were pre-
mordanting and simultaneous mordanting system. Mordant
concentration is 2 and 5g/1 were used. In the pre-mordanting
method, the fabric was first immersed in aqueous solution of
alum, copper sulphate, Nickel sulphate, ferric chloride, and ferrous
sulphate. The mordant was dissolved in distill water to make
a liquor ratio is 40:1. The wetted sample was entered into the
mordant solution and then brought to heating. The temperature of
the dyebath was raised to 60 °C over 1h. The mordanted material
was then rinsed with water thoroughly, sequeezed and dried.
Mordanted cotton substrate needed to be used immediately for
dyeing because some mordants are very sensitive to light [9]. All
of the mordanted fabric was then dyed by the above method.

In the simultaneous mordanting system the five different
mordants were also applied during the dyeing process outlined
above.

Fastness testing

The washing fastness of the samples dyed under the optimized
conditions was tested according to the ISO 105-CO, method. The
samples were washed in a standard soap solution at 60 °C for 30
min keeping the M:L ratio as 1:50. Dry and wet rubbing fastness
of the dyeing was testing according to the ISO 105-X12 methods.
Light fastness was tested according to the ISO 105-BO, methods.
The dyeing was exposed to xenon arc lamp for 24 hours at standard
testing conditions [10].

Measurement of colour strength

The fixation of the dye in percentage was calculated first
by determining the reflectance R of the dyed samples at the
wavelength of minimum reflectance (maximum absorbance) on
Data colour SF 650X spectrophotometer. The colour yield (K/S)
value was calculated by using the Kubelka-Munk equation (eq-1)
and the dye fixation % was evaluated using equation 2.
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K/S = (1-R?)/ 2R ------=mnmmomme- 8]
% Dye fixation = K/S values of sample after soaping x 100
werrrereneenns (2)
K/S values of sample before soaping
Statistical Analysis

K/S, L, a,b, ¢, h, values of each dyeing condition were evaluated
by analysis of variance and each treatment was replicated five
times. The standard errors of the difference SED were calculated

for each mordant and bath process.
Results and Discussions
Optimization of extraction conditions

The relative colour strength in terms of absorbance of the dye
extracts obtained under different extraction conditions is given
in Figure 1. As can be seen from figure 1, colour strength of dye
extracts obtained at room temperature was minimum, slightly
getting better at 60 °C and maximum when the extractions were
carried out at boiling temperature.
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Figure 1: Fastness properties of pre or simultaneous mordanting system.
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For extractions at room temperature, 60 °C and boiling
temperature, the effect of stirring was sporadic. The maximum
stirring time is 60min. After this time the colour strength
was decreased, this is because after such a long stirring time,
some impurities were also extracted along with the colouring
components, thus decreasing the overall colour strength of the
dye extract [11,12]. The aqueous extract showed one major Peak,
A_.at nm in the visible region. The visible spectrum of extract
of fresh flowers is shown in figure. The extract shows significant
changes in different pH as shown in Figure 2. AtpH 5,7,9,the A__
was also changed in case of at pH 9, it also indicates the colour of
the extract is in greener region on the spectrum, and indicates the
dyeing is favorable at alkaline condition and the resultant shade is
green or like green.

Effect of Mordants on K/S values

Metallic mordants play an important role in the natural dyeing
of textile substrate [13]. The colour intensity in terms of K/S

values calculated from the colorimetric data for the dye applied on
cotton substrate, the sample dyed without mordant i.e., controlled
sample shows lighter shades as K/S value is only 2.41. The K/S
values are increased while dyeing with different mordants as well
as different method of mordent applying system. In fact, most of
the natural dye extract have poor affinity for cotton fibers, their
fastness is often enhanced by metal mordants, which form an
insoluble complex with dye molecules [14].

Table 1 indicates that the colour strength value of mordanted
and subsequently dyed sample is much higher than the control
sample. On applying mordant, the increasing value of K/S shows
the increasing dye affinity towards cotton fibre. The mean
values of K/S are higher as sequence in simultaneous mordant
is Ferrous sulphate > Ferric chloride > Copper sulphate > Nickel
sulphate > Alum which are 16.76,14.388, 6.746, 5.018 and 3.154
respectively. While in case of pre-mordent system the sequence
is Ferrous sulphate > Ferric chloride > Copper sulphate > Alum >
Nickel sulphate which are 12.058, 8.704, 7.822, 5.448 and 3.484
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respectively. The increasing of K/S value from 2.7 of controlled
sample to maximum K/S 16.76 of Ferrous sulphate, can be
attributed that metal mordants, as a polyvalent metal ion forms
coordination complexes with certain dyes. During dyeing two
types of bonds are involved in the fundamental reaction between a
mordants dye and a mordent. One is a covalent bond with usually
hydroxyl oxygen and the metal atom, while the otherisa coordinate
bond with the metal with the double bonded other oxygen

also referred as chelation. By comparing the two mordanting
techniques, the simultaneous mordanting system performs better
visualized in terms of higher color strength values. It may be
explained that in simultaneous mordanting system the metal ion
has equal opportunity to make a chelate compound between dye
and cotton fiber, while in pre-mordant system the mordant first
makes the chelate compound with the dye molecule and may have

limited option to fix on the cotton substrate.
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Figure 2: The extract shows significant changes in different pH.
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Fastness properties of dyed substrate

The washing and light fastness of the dyed sample are shown
in (Table 1). The dyed samples without mordanting i.e., controlled
sample showed poor fastness properties as compared to
mordanting system. The washing fastness rating of the controlled
sample is 2-3. The addition of mordant, the washing fastness
improves good with a rating of 4-5, 4 for simultaneous mordanting
system and pre-mordants respectively. In case of light fastness,
the controlled sample has a 3-4 rating. When pre-mordanting
system applied the light fastness is significantly increased, the
rating is 6-7, but in simultaneous mordant, the rating is 4-5. In
natural dyeing the moderating agent is directly influenced by
their dyeing properties as well as fastness properties. The higher
light fastness properties of reactive dyes can be attributed to the
strong intermolecular H-bonding which exists in the form of six
membered rings. This enhances the stability of the compound by

a reduction in electron density at the chromophore. As a result,
sensitivity of dye towards photochemical oxidation becomes
reduced. But such strong interaction is not present in the rose
extract. In fact, fastness properties can also be evaluated in terms
of fixation. The controlled sample has very poor fastness as it
has very minimum fixation i.e., 48.21% only. While on applying
mordant, the fixation increases which also increases the fastness
properties. A slight difference in fixation can be observed in
(Table 1) between simultaneous mordanting system and pre-
mordent system. Iron metal has maximum fixation in both
mordant systems. The order of fixation in pre-mordanting system
is Ferrous sulphate > Copper sulphate > Ferric chloride > Alum
> Nickle sulphate which are 71.50, 68.45, 68.22, 64.35 and 59.17
respectively. In case of simultaneous mordant system, the order of
fixation is Ferrous sulphate > Ferric chloride > Copper sulphate >
Nickle sulphate > Alum which are 76.80, 70.24, 66.43, 62.55 and
58.06 respectively.
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Colour Values

Effect of pre-mordanting and simultaneous mordanting
system on L* a*b* c* and h with different metallic mordants at
optimized conditions is given in (Table 1) a ,b, c. L* represents
lightness values, the higher the lightness values represents lower
the colouryield, a* and b* represent the tone of the colour, positive
values of a* and b* represents redder and yellower tones while
negative values shows greener and bluer tones. C* represents
chroma or purity of colour, h represents hue, shade of colour [15].

Thus tones, hue and chroma of different experiment interpreted
from (Table-1). The L values of dyed sample indicated that
the extracted dyes were producing only light shades on cotton
substrate. The addition of mordants increased the darkness of
the colour by changing the nature of mordants. The L values of
pre-modern and simultaneous mordanting system, both methods
show the ferrous sulphate is produced darker shade the L values
of simultaneous system for ferrous sulphate is 33.726, but in pre-
mordent system the copper sulphate produced darker shade the
L value is 49.936.

Table 1: Indicates that the colour strength value of mordanted and subsequently dyed sample is much higher than the control sample.

Pre-Moderating System Simultaneous Mordranting System
Washing Rubbing Washing Rubbing
Metal Salts % Fix Fastness Fastness Light Fastness | % Fix Fastness Fastness Light Fastness
ISO-C03 Wet Dry 1S0-C03 Dry | Wet
Controlled sample 48.21 2-3 4 3-4 3-4 - - - - -
Alum 64.35 3-4 4 3-4 4-5 58.06 4 4 4 4.5
Copper sulphate 68.45 3-4 4-5 3-4 5-6 66.43 4 4-5 4 5-6
Zinc Chloride 4-5 4-5 3-4 6-7 3-4 4-5 4 4-5
Ferric chloride 68.22 4 4 3 5-6 70.24 4-5 4-5 3-4 5-6
Nickel sulphate 59.17 4-5 4-5 4 6-7 62.55 4-5 4 4-5 5-6
Ferrous sulphate 71.50 4 4 3 5-6 76.8 4-5 4-5 3-4 5-6

The a* and b* values indicate the tone of the shade. Alum
and nickel sulphate produce lemon yellow shade in both dyeing
systems but in case of copper sulphate they produced greener
tone. In the case of ferrous sulphate in simultaneous mordanting
system the b* value is -14.4, they show bluer tone the overall
shade is grayish violet, in pre-mordent system they produced less
grayish violet having b* value is -6.68. The values of all dyeing
experiments show redder tone.

Conclusion

Extraction and dyeing conditions of a natural dye from red rose
petal were optimized. The dye obtained displays good saturation
on cotton substrate. They also have the potential to replace some
of the toxic, sensitizing, and carcinogenic dye and intermediates.
Rose leaf as a natural dye has greater potential because it is grown
widely for its commercial and medicinal importance. These do not
cause damage to the environment during their extraction and may
be used satisfactorily with mordants. These dyes also improve the
depth of shade. The light, washing and rubbing fastness properties
of the fabric dyed with rose petal can be improved by different
mordants systems. The fastness results indicated that the rose
petal dye on cotton substrate is sufficiently good. The above
results have strongly indicated that the fabric dyed with rose petal

dye can find a great value in textile coloration and export market.
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