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Abstract - The scenario of increasing awareness of environmertalogy, bio— degradability and pollutio
controls throughout the world, natural dyes antization of waste appear to be temergin( choice amongst the
populace. Howevetthe sources of natural dye raction are depleting graduallyAs a result there is a need
explore some innovative sources of natural dyeihickvare more sustainabled also environment friendlyOn
these lines, the present reseands planned, which was based on tidization of waste flowers as a potent
source of natural dyeing oraimboo fabric using natural morde. Bamboo fabric is considered to be import
ecofriendly fabric for various applications in textileecause of its unique propertiAbundanc of Tagetes erecta
andRosa centifoliaused in idol worship forms a temple waste andetligetremendous potential to use this wasi
a good source of natural dye. order tofacilitate fully eco-friendly natural dyeing, thmssibility of using natural
mordants extracted from Amldn@ian gooseberr), Harda Myrobalar), Mango bark (Mangifera Indica was
investigated The dyeing of bamboo fabric was carried out g aqueous extractsf these two waste flowers.
Consequently different fashion hues wobtained from thesdyes extracts using differenatural mordants. For
colorimetric evaluations</S values ancCIE L*a*b*, C, H values were calculated. The effect of natural mats
and three different mordanting techniq was studied. The mordantingogess resulted into varied values of col
depth, chroma (C) and hues (H) with significantrgdes in lightness values (L), and mordant depei K/S values.
Colour fastness properties to light and waslranged from fair to gogdsuitable for textile pplication.

Keywords - Natural dyeing, Natural mordants, Aqueoxtraction,Colorimetric evaluatin

and mordants on account of their be
biodegradability and higher compatibility. Natu

1. INTRODUCTION

The use ohatural dyes and colourants become an
important and essential part of the world’s ecatat
system dueo the increased environmental awarer
in order to avoid harmfuleffects synthetic dyes.
Natural dyes are considered to be -friendly as
these are obtained from renewable resource
compared to synthetic dyes which are derived 1
non-renewable peileum resource. Most natural
dyes are obtained from plants and these dyes
extracted from roots, wood, bark, berries, lichi
leaves, flowers, nuts, and seeds. Other dyes
obtained from insects, shellfish and mine
compounds (Adeel, 2009)However these are not
the sustainable sources, sint®e exploitation o
natural resources to obtain natural dyes may rés
deforestation and threaten endangered species
these reasons, the efforts are being made to tha
resources for obtaimg the natural dyesAlso, most
of the natural dyes are nosubstantive and hen
mordants are require(Gulrajani, 2001).Mordants
are usually derived from metallic s, but the use of
metallic mordants during natural dyeing often pa
question mark on the edoendliness of natural dye
Consequentlywide spread interest has emergec
the dyeing of textile fibres using natural colous

mordants are freerdm metals and also known

herbal or bio mordants obtained from fruit pe
leaves, dry seeds, fruit, barks etc. Natural mds
are essential for natural dyes to increase thedas
property and these mordant are free from toxic
carcinogenic sulbances (Samanta & Agarwal, 20(

The present research aims to fulfile objective of
exploring the feasibility of inclusiv eco-friendly
dyeing.

p ” A4 ..
Fig:1 Flower wastac
The dyeing materialsource for the research w

flower waste generated from temples, hotels,
various cultural and religious ceremoni
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This portion ot community waste is generally
neglected and required due consideration.

Hence, the two most commonly available temple
flower waste petals , Tagetes erecta’commonly
known as marigold and Rosa centifolia’,
commonly known as rose, were chosen. The natural
dyeing properties were investigated by using natura
mordants obtained from natural sources, since
chemical mordants are toxic; irritative therefoiie b
mordants should be used. The natural mordants were
extracted from Amla I6dian goosebery Harda
(Myrobalar), Mango bark Kangifera Indica was
examined. Additionally the dyeing was carried onit 0
eco-friendly bamboo fabric.

Bamboo is a naturally occurring composite material
as it consists of cellulosic fibreBamboo fabrics are
made of world’s fastest growing grass, charactdrize
as eco — friendly & organic. Bamboo fibers have
antibacterial, hypo - allergenic and sustainable
properties. Bamboo fabric is an excellent organic
choice and it has many benefits and advantages in
compare to other natural and synthetic fibers.
Bamboo is a product which grown without the use of
chemicals or pesticide. It quickly absorbs moisture
therefore it keeps dry and odour free. Pure bamboo
clothes can be worn for all season because thqy kee
cool in summer and warm in winter. There are many
environmental benefits of bamboo clothing. Bamboo
plants grows very quickly and do not require
fertilisers or pesticides for a successful cropedéh
plants require very little water and they can seg\in
drought conditions as well as in flooding. Another
benefit of bamboo is that it releases a significant
amount of oxygen into the atmosphere, which is more
than to other trees. Planting bamboo can help educ
the level of carbon dioxide in the air and alsoucss

soil erosion (Satindar, 2012).

To summarize, we used flower waste for dyeing
along with natural mordants on natural bamboo
fabric; thus, effectively completing the eco-friénd
cycle.

EXPERIMENTAL

2.1Dye material

The samples ofvaste flowersTagetes erecta & Rosa

centifolia, locally known as Marigold and Rose

respectively were collected from various templeg an
ceremonies in Agra city.

Tagetes erectabelongs to the family of
Asteraceae(Sunflower family). It is an ornamental
plant belonging to the composite family, has a rich
source of npatural antioxidant-Lutein, an
oxycarotenoid. The main coloring component is
quercetagetol, a flavonol along with two of its

glycosides and lutein. It dyes wool and silk in plee
yellow colors with good fastness properties.

Marigold is among the very popular flowers
commonly found in India and other countries. They
can be easily cultivated, are widely adaptable to
varying soils and climatic conditions and have adyo
flowering duration. This bushy plant with around 20
to 30 species, have a long flowering period and the
colours range from orange, yellow, gold, cream to
apricot. They are very much used in making garlands
and makes excellent beds and pot decorations (Jothi
2008).

Rosa centifoliabelongs to the family oRosaceae.
The important chemical constituents present in its
flower petals include Phenyl ethanol, Geraniol and
citronellol. It is cultivated as an ornamental plan
throughout India. It is one of the herbs mentioimed

all ancient scriptures of Ayurveda. It has divers’
pharmacological used including asthma, hypertension
and bronchitis. It is widely cultivated for its
fragrance, clear & sweet with light notes of honey.

Fig: 3Rosa CentifoligRose)

The plant is shrubby and grows up to 1.5-2 meters i
height. Leaves are grayish green in colour,
compound, imperipinnate, with 5-7 leaflets. Flowers
are varying in colour, usually pink, fragrant, with
many petals. They are fleshy hip enclosing small an
pendulous seeds. They are round shape, globular wit
their overlapping petalsm (Jena et. al., 2012).
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The present researctthus extenc this
stream 6 applications and shows the utilisat of
waste flowers offagetes erectaand Rosa centifolia
as a natural dye. As compared to the other ne
dyes basewn vegetable and fruit sourcusage of
thesein making the natural dye does not result in
wastage of an otherwise commercial proc

2.2 Fabric and mordants

For the present experimental study, 10(
bleached bamboo fabric was u. Bamboo has
emerged as one of the eft@endly fibre in recen
times.
The mordants used in the study weAmla
(Phyllanthus emblica) Mango bark Mangifera
indica), Myrobalan (Terminalia chebul). These
mordants were applied during -mordanting,
simultaneous-mordaing and  posmordanting
methods.

2.3 Preparation of the fabric

The preparation of the fabric requires remova
added impuritiesluring its processing and product
through scouring. Towards this end, tbamboo
fabric samples were scoured at 95° C with a sai
containing 5 g/l mild detergent for 1 hour. Theyray
then washed, rinsed thoroughly and dried in ai
remove the impurities and starch pres

2.4 Dye Extraction

In the present study, the dye weadracted in aqueot
medium by boiling in water for dyein(The petals
were seperated from the flowers; buds and ¢
material like threads of garlands were seper:
Petals of Tagetes erectaand Rosa centifoliawere
dipped in distiled water for two ds. Rosa
centifolia and Tagetes erecta flowers petals (10
gms) was dissolved in distilled water (1000 ml.jl
soaked for 48 hours. Then, these were grinde
make fine mixture and then boiled in a big pan
extraction for one hour at temperature ging
between 65-70C. The entire colour waextracted
from the soaked and grind petals Tagetes erecta
and Rosa centifoliaby the end of one hour. Tl
solution was filtered and the extract obtained
used for dyeing purpose.

Fig: 4 Aqueous extractions Tagetes erecta & Rosa centifolia
flowers

2.5 Mordanting

The treated bambotabric selected for the prese
study was mordanted bthree different mordants,
namely, Amla(Phyllanthus emblici, Mango bark
(Mangifera indicg, Myrobalan(Terminalia chebula
These mordants were applied during-mordanting,
simultaneousnordanting and  pc-mordanting
methods.

In case of prenordanting method, the mordanti
process was carried out before the dyeing of
samples. Duringsimultaneou-mordanting method,
the fabrics were dyed in the same bath with dye
mordant put together. Ipos-mordanting methadhe
fabrics were first dyed and subsequently mordar
was done.

2.6 Dyeing

The bamboo fabric samples were dyed with the
extract keeping M: L ratio as 1:30. The dye ext
was prepared by adding 10 gms<Tagetes erectand
Rosa centifoliaof extracts in 100 ml. of water. Tl
dyeing process was carried out in a dye bath for
1 hour at temperature ranging from®- 90° C. A
step wise dyeing of p-treated, post-treated and
simultaneousnordanted fabrics with three differe
mordants was carried out for the aqueous dye €l
separately. For fixation of the dyed fabric, he
samples were kept in 2% sodium chloride solutio
room temperature for 1 hour. The dyed material
washed thoroughly in cold water to remove the €
dye.
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2.7 Fastness testing

Colour Fastness can be defined as the resistane
material to change in any of its colour charactiess
to transfer its colourant to adjacent materialshath,
as a result of the exposure of the material to
environment that might be encound during the
processing, testing, storage or use of the mat
The dyed bamboo fabrics were tested for wash
and light fastness:astness testing of the dy
samples was carried out according to AAT
(American Association of Textile Chemists ¢
Colorists) standards and methods.

2.8 Colour Measurements

The colour measuremeriig/ed samples wel

analyzed by measuring the reflectance c of both

dyed and mordanted samples using Premier (

scan Machine.

The color strengthk/S value) wasassessed using t

following Kubelka -Munk Equatior
K/S=(1-R)?/2R ( whereRis the decimal

fraction ofthe reflectance of dyed fabri

The colour coordinates of the dyed samples \also
determined based on the CIELab sys to
investigate color quality. The ClE*a*b* values
were ascertained for thresordants and thre
different mordanting conditions.

3. RESULTSAND DISCUSSION

3.1 Optimization of extraction and dyeing
conditions

The optimization of extraction and dyeing condii
of Tagetes erecta & Rosa centifowere carried out
using their aqueous eacts. Several trials as sho
in the Table 1 were carried out on the vari
parameters for the optimization of the extractiad
dyeing conditions. After different combinations ¢
permutations, th best conditions were selec
(Swami, 2012).

3. Dye extraction| 1, 1.5, 2 hour | 1hours

time

4. Dye extractior| 60, 70, 8C° C 70° C
temperature

5. Dyeing time 0.5,1, 2, hour | 1hours

6. Dyeing| 60, 6% 70, 80,| 80° C
temperature 90° C

7. Mordanting| 30, 45, 60, 9(| 60 min.
time minute:

3.2 Shades obtained from dyeing with waste flowers
of Tagetes erecta and Rosa centifolia

After dyeing the bamboo fabrunder selected
experimental settinglifferent shades were obtain
on bambodabric using different mordants a
mordanting conditions.

The shade obatined throuTagetes erectaaste
petalsunder controlled conditions i.e without usi
mordants was yellow/aried hues were obtain:
from pre, simultaneous and p-mordanted bamboo
fabrics with amlamango bark ryrobalan as natural
mordants.

Fig: 5 Shades fromiagetes erecta and Ro
centifoliawithout mordant

Parameters for | Experimental/ | Selected
optimization for | trial settings

dyeing samples

with

Tagetes erecta &

Rosa centifolia

flowers

1. Mass to liquor| 100, 200 | 10gm/100 ml.
ratio 500ml.

2. Material to| 1:20, 1:30, 1:4C| 1:40
liquor ratio 1:50

The shades achieved varied from light brown td:
brown with variations obrowns and mustards
reflecting a tinge of yellownes
Whereasthe shades obtained from waste petal
Rosa centifoliavithout mordant was pink. Wit
mordants the shades obtained varied from brow
pink, lavender purple to grey and brown tir

The different shades obtainon bamboo fabric by
Tagetes erectavith three different mordants usil
three mordanting technigL as obtained on Premier
Colou Scan Spectrophotometer, are shown a
Figure 6 (a), (b) and (c).

The different shades obtainion bamboo fabric by
Rosa Centifoliawith three differentmordants using
three mordanting techniques as obtained on Pre
Colour Scan Spectrophotometer, are shown a
Figure 7 (a), (b) and (c).
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Fig: 6 (a) Colourimetric values of Pre mordanti
bamboo fabric with (1) Amla (2) Mango bark |
Myrobalan usingragetes erectaqueous extra
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Fig: 6 (b) Colourimetric values of Simulatanec
mordanted bamboo fabric with (1) Amla (2) Mangok
(3) Myrobalan usingagetes erectaqueous extra
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Fig: 6 (c) Colourimetric values ofPost mordanted
bamboo fabric with (1) Amla (2) Mango bark |
Myrobalan usingragetes erectaqueous extra
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Fig: 7 (a) Colourimetric values of Pre mordant
bamboo fabric with (1) Amla (2) Mango bark |
Myrobalan usindrosa Centifolicaqueous extract
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Fig: 7 (b) Colourimetric values of Simultaneo
mordanted bamboo fabric with (1) Amla (2) Mangokt
(3) Myrobalan usindrRosa Centifolicaqueous extract
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Fig: 7 (c) Colourimetric values of Post mordan
bamboo fabric with (1) Amla (2) Mango bark |
Myrobalan usindRosa Centifolicaqueous extract
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The above figure 6 shows that the maximum
colourmetric values fall within the Da and - Db
sections. This indicates the yellowness and brown
hue of the shades obtained witfagetes erecta
aqueous extract. Whereas figure 7 shows the
maximum values fall between Da and + Db
sections showing the red tinge in the shades adgtain
with Rosa Centifoliaaqueous extract. However, the
shades and tones obtained through simultaneo

three methods of mordanting. Amla as a
mordant showed good

mordanting methods

results

compared

in all
than

three

to

myrobalan and mango bark. Post mordanting
in general
properties on bamboo fabrics dyed withgetes
erectaandRosa Centifolia.

method

showed beer

fas

tness

mordanting, were more intense and varied as
compared to the other two methods with both the
extracts.

3.3 Measurement of K/S values and color hue

changes

Different natural mordants (Amla, Mango bark and
Myrobalan) were used. The change KiiS value

shows the reaction of the mordant and the dye &xtra

on the fabric. This also varies with the type and

chemical constitutents of the mordant applied. The

change in th&/S andL* a* b* values with different

mordants is shown below in Table 2.
The above Tables 3 & 4 shows that
simultaneous mordanting showed good results

on dyeing of bamboo fabric with aqueous extract

of waste Tagetes erectaand Rosa Centifolia

using three mordants. This method also

indicated high K/S values in comparison with
other mordanting methods. Similar results were
obtained by (Teli 2013), on dyeing sdya bean

Pre- K/S | L* a* b* cE H*
mordanting
Control 16.17| 72.88 | -5.09| 54.3p 54.6 95.3B
Amla 1270 57.99 | -1531 29.4p 33.1# 1173
MangoBark | 7.23 | 61.45 | -1409 29.8) 32.9f 11512
Myrobalan 9.70 | 58.93 | -14.79 29.9f 333 116.p8
Simultaneous- || K/S L* a* b* Cc* H*
mor danting
Control 16.17| 62.88 | -5.09| 54.3p 54.6 95.3B
Amla 15.47] 38.93 | -14794 2991 333 1168
Mango Bark 14.23 | 41.45 -14.09 29.8p 329 11532
Myrobalan 1123 37.99 | -1531 29.4p 33.1% 1173
Post- K/S | L* ar b* R H*
mordanting
Control 16.17 | 72.88 | -5.09| 54.3p 54.6 95.3B
Amla 8.47 | 4893 | -775| 29.9 29.0 110.42
MangoBark | 7.23 | 5145 | -7.09] 388p 229 95.7
Myrobalan 6.23 | 47.999] -11.3] 284p 28.08 101jp2
Table 2: L* a* b* C* H* values for pre,

simultaneous and post-mordanted bamboo fabric
dyed with Tagetes erecta

protein fabric using waste flowers from temples.

Pre- Kis [L* |[a b* c* H*
mor danting

':I),'.:e dyezaztgﬁlglﬂxe%e?umpﬁsested for the wash=2d 9'33, 66'7,8 420 8754 10298 S8.17H

fastness. The grey scale rating was done on a sc :-%mla 133 | 714: ] 60/ 16'585, 17'625, 110.05.

. . ango Bark 12.99| 71.10f -4.34| 0.673 21.135 101.9p9
from 1 to 5. Good wash fastness was achieved i TMyrobalan 13661 6823 516l 19427 201d2 104.9b4
case of both the dye extracts digetes erectand Simultaneous. | K/S | L* = b* c e
Rosa CentifoliaThe acceptable fastness limits | mordanting
set by the AATCC standards are between 3-4 f o 5533 [esel 52 55| 024 =81
wash fastness, 3-4 for dry rubbing, 2-3 for wet—. 12330 7279 5258 1502 1504 1100
rubbing and 2-3 for light fastness (Vankar,[MangoBark | 13.82] 75.90] 541 22.03] 2264 1038
2009). The table shows an increase in th myrobalan 1556 77.50] 3.02] 1955 19.74 98.81
fastness properties with the use of mordantg Post- KIS | L* ar b* c* H*
Significant improvement could be noticed in the| M daing
case of washing and dry rubbing fastness.

Table 4 & 5 shows that in case of Control 3.33 | 66.78] 5.42| 8.75 10.29 58.17
dyeing with waste flowers of Tagetes erecta Ama 119¢ 1 00.8¢ | 8.3C | 159 | 179 | 117.5
and Rosa Centifoliausing different mordants, |oseBark | 558 4 1258 227 5.8, 2258 o0
good wash, rub and light fastness were obtained yTabIe 3 L & b* C* I values f(;r pre,.

during pre, post and simultaneous methods Dry
fastness was better than to wet fastness in al

simultaneous and post-mordanted bamboo fabric

dyed with Rosa Centifolia
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FASTNESS PROPERTIES

Tageteserecta Wash || Dry Wet Light

Rubbing | Rubbing
Un- mordante 4 3.t 3 4.5
PRE- Wash | Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4.5 4.5 3.5 4
Mango bark 4 3 3 3
Myrobalan 4 4 3 35
SIMULTANEOUS | Wash | Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4 4 4 35
Mango barl 3.t 3.t 3 4.t
Myrobalan 4.5 4 3 4
POST- Wash || Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4.t 4 4 4.5
Mango bark 4 3 3.5 4.5
Myrobalan 4.5 3.5 3.5 4

Table 4: Fastness properties of bamboo dyed with
aqueous extract of Tagetes erecta

FASTNESS PROPERTIES

Rosa Centifolia Wash || Dry Wet Light

Rubbing | Rubbing
Un- mordanted 4 35 3 4.5
PRE- Wash | Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4.5 4.t 3.t 4
Mango bark 4 3 3 3
Myrobalan 4 4 4 35
SIMULTANEOUS | Wash | Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4 4 4 3.5
Mango bark 3.5 3.5 3 4.5
Myrobalan 4.5 4 3 4
POST- Wash | Dry Wet Light
MORDANTING Rubbing | Rubbing
Amla 4.5 4 4 4.5
Mango bark 4 3.5 35 4.5
Myrobalar 4.5 3.t 4 4

Table 5: Fastness properties of bamboo dyed with
aqueous extract of Rosa Centifolia

4, CONCLUSIONS

Natural dyes are an important dyeing method and
have a long history. The use of natural dye is “2E”
friendly which means economic and environmental.
The large amounts of chemical dyes have been used
by all over the world but environmental activiste a
supportive of using natural dyes and substances
which can be reused or recycled as they are seen to
be exploiting renewable resources, causing minimum
pollution and having less risk to human health.
Hence, this study of reusing the waste flowers of
Tagetes erectaand Rosa Centifoliafor dyeing of
bamboo fabric using natural mordants like amla,

mango bark and myrobalan shows potential source of
natural dye. The use of waste flowers will help to
reduce environmental pollution and will provide an
eco-friendly product. The use of different natural
mordant can help produce more colour range with
diverse colour range. The different natural mordant
used not only changed the hue color and significant
changes irK/S values. The post-mordanting method
gave the best shades and fastness properties. The
wash fastness was found to vary from good to
excellent. Thus, usage of waste flowers as dye
source, with natural mordants on bamboo fabric will
contribute significantly in making possible a green
environment.
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