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Abstract — In this era of sustainable processing and
increasing awareness in people about the environment, the
use of natural dyes may be the safe alternative of synthetic
dyes. For the successful commercial viability of natural dyes
it must have wide range of shades as well as applicability to
synthetic fibers and their blends. This work is an attempt to
study the applicability of selected natural dyes to popular
synthetic fiber, nylon. Three natural dyes namely, madder,
promognate peel and indigo were applied to nylon fabric
using padding technique. Another aim of the work is to
expand shades range as natural dyes are always criticized for
their availability of bright colours and range of shades. In this
work with the use of natural and metallic mordents verity of
shades were produced on nylon fabric. The coloured nylon
fabric was evaluated in terms of their colour strength value
and colour fastness properties using standard techniques of
evaluation.
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I. INTRODUCTION

Natural colourants were the only source of imparting
colour to textiles in the earlier era (1), butthese have
been now almost replaced by synthetic dyestuffs. The
synthetic dyes became popular rapidly owing to their
availability in a wide range of colours at a cheaper rate,
ease of application and better fastness properties. However,
the 'use of synthetic dyestuffs during their application and
in the processing industry has been criticized due to
introduction of contaminants into the environment thereby
creating pollution problems. Thus the current worldwide
awareness regarding the ecological issues has once
again created interest in natural colourants as these are
considered to be more compatible with the environment
on account of their better biodegradability.

A. Coloration of Nylon:

Among all synthetic fibres, nylon can be dyed more readily
than others. By selecting appropriate dyeing conditions, one
can favour the application of anionic, cationic, disperse,
reactive etc. dyes. Thus virtually all major class of dyes
have substantivity towards nylon and  there is an
extremely wide range of dyes available for its
colouration. However, at present the textile industry in
many developing countries is facing a serious impact of
the famous German ban on 118 specified azo dyes based
on 20 carcinogenic arylamine including benzidine. These
banned dyes also include 26 acid dyes and 6 disperse dyes
used in dyeing/printing of nylon. The industry is, therefore,
in a need of safe alternatives (2). The use of natural
colourants can be one of the substitutes for many hazardous
synthetic dyes, but much work has not been reported in

literatures in the area of dyeing nylon with natural colourants,
particularly vegetables dyes.

B. Colouration with Natural dyes

Natural dyes comprise colorants which are originated either from
vegetable or animal or mineral matter without any chemical
processing. The calls for the use of natural dyes on textiles have
been just one of the consequences of increased environmental
awareness. During the last decades, the use of natural dyes has
gained momentum due to the increased demand for these dyes
by the food, pharmaceutical, cosmetic as well as the textile
coloration industry (2).

The first-known use of a wheel arrangement of hues
is devised by Moses Harris in about 1766, and since his time
many colour theorists including Chevreul, Munsell, Ostwald,
and others have developed and modified this theme. Red,
yellow, and blue are the basic or primary hues on this color
wheel, since no mixture of colored pigments will produce
either red, yellow, or blue, but mixing varying quantities of
the primaries will theoretically produce all other hues. Pairs
of primaries make the secondary hues; orange from red and
yellow; green from yellow and blue; purple from blue and
red. Between the primaries and secondary on the Harris
colour wheel are hues which combine a primary with its
adjacent secondary (3). These include red purple, purple red,
orange red, red orange, etc., with the second part of the color
name indicating the predominating hue.

Il. LITERATURE REVIEW

Nylon is commonly dyed with acid and disperse dyes.
However, in recent years a considerable amount of interest
has been generated for the use of natural dye in dyeing of
nylon, because of their non hazardous nature. Nylon fabrics
is dyed with natural dyes derived from Onion (Alliums Cepa),
Lac (Laccifer lacca) and Turmeric (Curcuma longa), using
various mordents by two different techniques viz. Open bath
and HTHP dyeing methods, are as follows, from literature
survey.

A. Colouration of Nylon with Natural colour:

A well scoured and bleached nylon fabric can be dyed with
Onion, Lac, Acacia arabica Willd, Neem, and Turmeric. The
dyeing can further be assisted by mordents such as Aluminum
Potassium sulphate, copper sulphate, ferrous sulphate,
stannous chloride, tannic acid, harda powder etc. Application
of natural dyes on nylon can be performed by pre, meta or
post mordanting methods. Dyeing of nylon can be carried out
in the open bath as well as in the HTHP dyeing machine.

B. Literatures Reported On The Dyeing Of Nylon Fabric
With Natural Dyes Are As Follows:

The bark extracts of Acacia Arabica Willd have been studied
for their coloristic study are reported to have creamish brown,
pale to dark brown and silvery grey to brownish black shades
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(3). The methanolic extract of tulsi leaves exhibits pale to
dark green colours on nylon fabric (5). In literature, reports
are available on the application of various herbal extracts like
neem and tulsi leaves to impart colour as well as hygienic
properties to synthetic fabrics (6,7). In medicines, neem
leaves extract has a wide application, including skin
ointments and creams containing neem extract powder to
prevent infection of burns and open wounds and medical
devices (8). In an attempt to develop hygienic textile, earlier
work has been reported on the application of Tulsi (9),
Azadirachta indica (Neem) (10), Curcuma longa (Haldi)
(11), and Rubia cordifolia (Manjistha) (12, 13) on various
textiles. The treatment of nylon with the combination of
natural extract is hardly reported in the literature.

The present article is an outcome of the work
undertaken to dye nylon fabric with three natural dyes
namely, madder, pomegranate peel and indigo. The study
deals with the application of individual and combination of
natural dyes with and without natural and or metallic
mordents. The dyes were applied with padding techniques.
The effect of natural dyes, mordents, mordanting techniques
as well as dyeing techniques on the colour characterization
and fastness properties were evaluated using standard
methods.

B. Printing:
Process sequence for Natural dye printing is as follows:

I11. METHOD

Padding techniques viz., Pad-dry-steam and Pad-dry-cure
dyeing techniques were utilized for the application of the dye
liquor.

A. Dyeing:

In pad-dry-steam technique, dyeing of Nylon samples was
carried out with three natural dyes on laboratory two bowl
padding mangle. Padding liquors for Madder and
Pomegranate peel were prepared at individual concentration
(20%) (100gms powder + 1gm sodium hydroxide+500ml
water at boil temp. for 2 hrs. constant stirring. Then filter the
extract with filter paper for 2 either 2 times or more than 2
times) and sodium hydroxide to maintain pH 9.0. In case of
Indigo, padding liquor contain, 0.5, 1.0 & 2.5gms dye 2gms
sodium hydro sulphate and 2gms sodium carbonate samples
were treated in the padding mangle by 2-dip2-nip padding
technique using 65% padding expression.

Fixation technique: In case of Pad-dry-steam
method after drying the samples were steamed at 115°C for
20 minutes in steam ager. In case of pad-dry-cure method the
samples after padding were cured at 150°C for 90 seconds in
curing chamber.

Preparatory
Process

ePreparation of Nylon fabric for printing
ePreparation of thickener paste

Actual
Printing

ePreparation of printing paste
¢ Printing of Nylon fabric with printing paste by screen printing method

Fixation of
Print

*Dry the printed fabric at room temperature
eSteaming the dry printed fabric at 115 °C & 25 |bs pressure for 20min

s After treatment with 5gpl soap solution and at 70°C for 15min

*Wash thoroughly printed fabric with water and Dry the printed fabric

Scheme 1 Flow chart for the printing of nylon with natural dyes

Fixation Method

—  Curing: At 150°C for 1min in oven.

—  Steaming: At 115°C for 30 to 35min

After treatment

— For natural dye after curing or steaming process fabric
treats with 5gpl soap solution at 70°C for 15 min.

C. Testing and Analysis

1) Measurement of K/S Value and Color Co-Ordinates:
The coloured textile transmits, scatter, and reflect light
differently at different wavelength of the spectrum. This light
is measured by the spectrophotometer as a spectral
reflectance. The colour co-ordinates (L, a, b values) and
colour strength value (K/S value) of the samples were,
measured using UV spectrophotometer.
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2) Evaluation of Fastness Properties:
All the dyed samples were evaluated for fastness to light,
washing, and rubbing (dry and wet) using standard methods.

Fastness to Light: Color fastness to light was evaluated
by exposing the dyed samples to sunlight for 8 hours in
a normal manner (According to AATCC test method 16-
B- 1977) to see the effect of fading of color due to
sunlight. Light fastness was evaluated by comparison of
exposed portion with the unexposed portion of the
material. They were graded from 1 to 8 (1 means poor
and 8 means excellent fastness to light).

Fastness to Washing: 1SO standard test no. Il (IS: 764:
1979) was used for determination of washing fastness of
dyed cotton and nylon fabrics. Test specimen: The fabric
to be tested of 5 X 2 cm? was placed between two
adjacent undyed fabrics of some size. Then sewed it
along four sides to form a composite specimen. Process:
The composite specimen was placed in a glass jar
containing 5 gpl soap solution and 2 gpl soda ash
solution, keeping material to liquor ration 1:50. Jars were
then closed and placed in Launder -O- meter. Machine

IV. RESULT

was then run for 30 minutes at 60 + 2 C°. After
completion of treatment, the samples were removed and
washed with water, squeezed and dried in air. By using
Grey scale the change in shade was assessed and graded
from 1 to 5 (1 means poor and 5 means excellent fastness
to washing.

Fastness to Rubbing: A device for the rubbing test has a
finger of 1-6 cm diameter moving to and fro in a straight
line covers a 10 cm, track on the specimen with a forward
force of 6N. A suitable apparatus is the crock-meter. The
rubbing cloth against which the specimens were tested
consists of desized, bleached and unfinished cotton cloth
cut in to 5X5 cm? size. Piece of material to be tested were
prepared in two pairs of pieces not less than 15X5 cm?,
one for the dry rubbing and the other for the wet rubbing
test. In both the cases, it travels 10 times in 10 seconds
along the track. In wet rubbing test, the cloth has been
wetted and squeezed unti! it contains its own weight of
water. The staining of the rubbing cloth was assessed
with grey scale and graded from 1 to 5 (1 means poor and
5 means excellent fastness to rubbing).

Nylon fabric sample were dyed with individual natural dyes as well as mixure of natural dyes to produce verity of shades. The
dyeing was carried out using padding techniques. Two padding techniques viz., Pad-dry-cure (PDC), and Pad-dry-steam (PDS),
were performed and their performance was evaluated in terms of colour strength and colour coordinate value.

A. The Colour Strength and Coordinates Values of Natural Dyed Nylon Fabric

Name of sample Image of sample K/S L* a* b* C H
Untreated 0.062 | 90.525 | 6.735 | 3.093 | 3.179 | 76.602
Dyed with Madder and Cured 0.645 | 86.934 | 7.481 | 0.508 | 7.748 | 356.117
Dyed with Madder and Steamed 0.720 | 86.934 | 7.759 | 1.459 | 7.733 | 356.256
Dyed with Madder+
ot bbialbidivis & - 0.782 | 88.393 | 7.772 | 1.594 | 7.347 | 12.525
Dyed with Madder+
Acetio acid and Steamed - 0.722 | 87.710 | 7.532 | 1.088 | 7.616 | 8.216
Dyed with Madder + 0.225 | 87.437 | 5.773 | 0.657 | 5.810 | 6.490
Alum and Steamed
Dyed with Madder+ 0.194 | 87.460 | 5.030 | 0.989 | 6.111 | 9.311
Alum and Cured
Dyed with Madder+ 0.508 | 89.013 | 5.738 | 3.128 | 6,535 | 28.585
Citric acid and Steamed
Dyed with Madder+ 0.461 | 88.372 | 5.757 | 2.303 | 6.201 | 21.749
Citric acid and Cured
Dyed with pomegranate peels + 0.673 | 91.013 | 4.545 | 6.126 | 7.657 | 53.567
Acetic acid and Steamed
Dyed with pomegranate peels + 0.986 | 92.199 | 3.770 | 7.688 | 8.563 | 63.852
Citric acid and Steamed
N N
Dyed with pomegranate peels + 0.870 | 91.834 | 6.439 | 559 | 10.73 | 53.12
Alum and Steamed ' ' ) ' ' )
Dyed with pomegranate peels + 136 | 9240 | 4.99 | 8.96 | 1025 | 60.86
Iron salt and Steamed ) ’ ' ' ' )
Dyed with pomegranate peels + "' ‘ 105 93.07 277 9.32 9.72 73.43
Tusi and Steamed - ' ' ' ' ' '
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Dyed with pomegranate peels + 0.70 | 91.84 | 448 | 7.57 | 8.80 | 59.32
Harde and Steamed
Dyed with Tulsi +
Citric acid and Steamed 059 | 92.14 | 353 | 6.74 | 7.60 62.29
Dyed with Tulsi + 0.67 | 9270 | 274 | 7.25 | 7.75 | 69.80
Iron salt and Steamed
Dyed with Tulsi +
Harde and Steamed 1.18 89.96 7.41 3.90 | 8.38 27.78
Dyed with Indigo and Steamed 0.53 | 88.80 | 6.43 | 3.20 | 7.18 | 26.45
Dyed with Indigo +
Harde and Steamed 0.88 | 91.00 | 553 | 4.25 | 6.98 37.49

Table 1: Colour strength and colour coordinates of sample dyed with natural dyes using techniques

B. Washing, Rubbing and Light Fastness Ratings of Natural Dyed Nylon Fabric

Fastness Test

Sample Dyed with RF

LF | WF DRF | WRF
Nylon dyed with Madder extract 45| 2 - 4

Nylon dyed with Pomegranate peel extract | 6 | 2-3 - -

Nylon dyed with natural Indigo colour 7 4 2-3 | 1-2
Nylon dyed with Tulsi extract 4-5 | 4-5 -
Table 2: Washing, Light and Rubbing fastness ratings of nylon fabric dyed Wlth natural dyes

C. Effect on Secondary, Ternary Shades and Printing of Nylon Fabric with Natural Dyes
Nylon fabric dyed with natural dyes : secondary and ternary shades

Nylon Fabric Printed with Natural dyes

\ 1

Fig. 1: Various colours and shades produced on nylon fabric with Madder, Tulsi, Indigo and Pomegranate peel via dyeing and
printing techniques
a*,b*, C, H) values along with the fastness properties were
given in Table -1, and Table -2. The results have been

V. DISCUSSION

Four individual natural dyes as well as the binary and ternary
mixtures of natural dyes were applied to nylon fabric using
padding techniques. To expand the shade range mordents
were incorporated in the dye liquor. The results in terms of
colour strength values (K/S) and colour coordinates (L*,

discussed in the following section.
A. Effect of Padding Technique on the Colour Strength and
Coordinates Values of Natural Dyed Nylon Fabric

Colour strength and coordinates of fabric dyed with
individual and mxure of madder, pomegranate peel, indigo,
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tulsi extract are presented in Table -1. On referring to the
results given in Table, L* represent the lightness or darkness
of the samples. The variation in a* values shows the redness
of dyed samples, while b* is indicative of the yellowness of
the sample. From the results it can be clearly seen that variety
of shades light pink, light orange, light yellow, light green,
dark green and dark blue can be produced on nylon fabric
using four natural dyes namely, madder, pomegranate peel,
indigo, tulsi, secondary shade and tertiary shade using
padding process.

B. Effect Of Padding Technique on the Washing, Rubbing
and Light Fastness Ratings of Natural Dyed Nylon Fabric

It can be seen from the results given in Table -2 that the light
fastness property of samples dyed with tulsi is found poor in
sample dyed without metallic salt but it improved by 1-2
points with the help of metallic salts. In case of other two dyes
i.e. madder and pomegranate peel light, washing as well as
both the rubbing fastness i.e. dry and wet rubbing fastness
was found good to very good. Also the use of metal salt in
padding liquor improves the same by 1 point.

Nylon sample were also printed with different
formulations of natural dyes using block printing method.
The results have been presented in Figure -1 in terms of their
actual photographic images.

C. Effect on Secondary, Ternary Shades and Printing of
Nylon Fabric with Natural Dyes

Figure -1 represents the various secondary and ternary
colours and shades which can be produced on nylon fabric
with Madder, Tulsi, Indigo and Pomegranate peel
individually and with the combination of two or three dyes
using Pad-dry-steam in case of dyeing and direct style of
printing on coloured nylon fabric using print-dry-steam
technique of fixation method. The figure also represents the
samples prepared with printing of nylon fabric with natural
dyes using eco-friendly thickening agent. The printed
samples were prepared using traditional block printing
method. From the images it can be seen that single or
multicolour print can be produced on white background of
nylon fabric. In another approach the nylon fabric is first
padded with one natural dye, after drying subsequently
printed with metallic salt or another natural colour and finally
the dried printed nylon sample was fixed using steam ager.

V1. FUTURE SCOPE

In future the natural dye, which is cost effective and
abundantly available, can become an important material for
dyeing and printing of nylon fabric. The ecological and
toxicological problems caused by synthetic dyes can be
resolved to some extent.

VII. CONCLUSION

The natural dye source Madder, Pomegranate peel, Tulsi &
Indigo can be applied on nylon fabric using padding
techniques viz., Pad-dry-cure (PDC), and Pad-dry-steam
(PDS). Varity of shades i.e. light pink, light orange, light
yellow, light green, dark green and dark blue can be produced
on nylon fabric. The shades can further be expanding with
the use of natural or metallic mordents and or application of

binary of ternary mixtures of natural dyes. The all-round
fastness properties exhibited by various dyed nylon fabric
samples. Majority of dyed samples exhibits good to very
good ratings in terms of washing, light and rubbing fastness
properties which is quite comparable with samples dyed
without mordents.

These natural dyes can also be applied on nylon
fabric by using different printing paste formulation
employing block printing technique. White or coloured nylon
fabric can be printed with all four natural dyes individually or
with the mixture of natural dyes. The verity of print or
background colours can be produced by the use of different
natural or metallic mordanting agents.
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