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Effectual Parameters in Natural Dyeing: Dyeing of Woolen
Yarns by Madder

Zahra Ahmadi and Narges Shayegh Broujeni

Abstract— According to the literature, it is possible to
replace synthetic dyes with more echo-friendly natural dyes.
One of the popular natural dyes in Iran is madder. This
paper reports the effect of age and type of madder in natural
dyeing process for better color behavior prediction. Effects of
4 different types of madder along with the role of the
concentration and pH of dye bath are investigated. The
amount of dye absorption is also evaluated by calculation of
K/S value in the wavelength of minimum reflection. Samples
are treated by using the classical aftertreatment process for
natural dyes and the effect of aftertreatment on light and
washing fastnesses of samples are reported. The CIELAB
colorimetric specifications of samples are measured under
D65 illuminant and 1964 standard observer. The light and
washing fastnesses of dyed samples are also reported. Finally,
the chemical structures of employed madders are studied by
FTIR technique.
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I. INTRODUCTION

OWADAYS, the sustainable uses of natural resources

are on the rise. In this aspect, the use of natural dyes
for textile coloration has re-grown due to recently
discovered deodorizing, antimicrobial, antifeedant and UV
protective properties [1], in addition to the elegant shades
on different types of hand woven carpet. This group of
dyestuffs contains different natural coloring matters that
are neither carcinogenic nor hazardous to environment.
Besides, the colors are soothing to eyes, earthly, warm and
highly appealing.

The natural dyes and their dyeing process are as old as
textile fibers. Nature has always been attractive issue for
Man and discovering of natural dyes and the art of natural
dyeing goes back to prehistory [1, 2].

Nearly, all parts of the plants like root, bark, leaf, fruit,
wood, seed and flower contains coloring materials and
could be considered as natural dyes. It is interesting to note
that over 2000 pigments are synthesized by various parts of
plants, of which about 150 have been commercially
exploited. While plants exhibit a wide range of colors, not
all of these pigments can be used as dyes, due to the
fastness properties.

The content and the amount of the coloring materials in
plants greatly varies with the harvest season as well as the
age of the plants [3]. Madder is the one of the important
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natural dye that is widely used for dyeing of woolen yarns
used in handmade Persian carpets. It is classified on the
bases of the planting season and the age of madder [7].
Different types of coloring compound, i.e. alizarin,
rubiyadin, purpurin, have been found in madder. Figure 1
shows the chemical structure of most important madder [6,
8]. The colorimetric specifications of natural dyes along
with the optimization of coloration process and the fastness
properties of natural dyes has been the subject of several
research work and the issue is still an active study area.
However, the application and characterization of madder
have not been deeply reported. For instance, there is a lack
of intensive study on the selection of characterized plant
raw materials, optimal dyeing procedures, predictable
shade of dyeing as well as the fastness properties of
products. In the dyeing of woolen yarns by madder, the
employed mordant and the type of application are very
important. Mordants have significant impact on the
fastness properties of dyed fibers and also improve the dye
uptake. Madder is a natural mordant dye and requires the
inclusion of one or more metallic salts of aluminums, iron,
zinc, copper and similar metals for ensuring reasonable
fastness of color to light and wet processing. Such metallic
salts aggregate with the dyestuff and improve the fastness
properties. The original colors of madder are found by
using alum as mordant.

Fig. 1. Chemical structure of madder constitution [6].

In this paper, attempt has been made to make an in depth
scientific study on dyeing of woolen yarns with madder. In
fact, the effect of variations among different crops of the
same plant, reproducibility of dyeing, the proportions of
the plant’s structural components according to the harvest
region have been reported. Besides, the influences of some
dyeing parameters such as dyeing temperature, dyebath
pH, mordant and dye concentrations and the water
contaminants are also investigated.

II. EXPERIMENTAL

A. Materials

Wool yarn (2/6 Nm) and 4 kinds of madder with
different ages and production regions (Bafgh, Naeen,
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Ardakan madder from central part of Iran and Momtaz
madder, mixture of Ardakan and Bafgh peeled madder
root) were used for dyeing process. The laboratory grade
of the metallic salt mordant (Kal(SO),.12 H20), acetic
acid, oxalic acid, ammonia were also used as chemicals.
All chemicals were supplied by Merck.

B. Preparation of Raw Materials

The root of madder was cleaned with water by brushing
to remove the soil and other impurities. They were then
dried at room temperature and ground into powder by
using a grinder. The powder of madder was soaked in
water and boiled for one hour to increase its dyeing
efficiency. Finally, the aqueous extract of madder (30, 50,
70 % on weight of fiber, owf) were used for dyeing.

C. Mordanting and Dyeing Procedure

Woolen yarns were scoured in mild aqueous washing
bath comprises water containing common nonionic
detergent for 10 minutes at 40°C prior to mordanting and
dyeing. The scoured yarns were then mordanted by pre-
mordanting method using potash alum (4% owf). Mordants
were firstly dissolved in water in separate baths, and the
mordanting process was done in a bath with liquor to good
ration (L: G) of 40:1 and 3% owf of oxalic acid was added
to mordanting bath. The temperature of mordant baths was
gradually raised till simmering point (89-91° C) and the
treatment continued for 1 h under constant stirring.
Mordanted woolen yarns were then used for next dyeing
process, directly.

Dyeing experiments were performed using L:G of 40:1
in new baths with manual agitation at different acidic pHs
(3 and 4.5) provided by oxalic and acetic acids while 3%
owf dye was used. Table I shows the specifications of
employed madders and the pH of desired baths. Dyeing
curve is demonstrated in Figure 2. As the figure shows, the
dye bath temperature was raised from 40°C to simmering
point (89-91°C) within 20-30 minutes and maintained at
this level for 1 hour before washing.

TABLEI
SAMPLE SPECIFICATIONS

G Kind of madder R Kind of madder
code code

Y Ardakan,70%, AA" o Naein, 30%, AA"
K Momtaz, 70%, AA™ s Bafgh, 30%, AA"
Q Naein, 70%, AA™ I Momtaz, 30%, AA"
u Bafgh, 70%, AA™ w Ardakan, 30%, AA"
R Naein, 70%, OA* X Ardakan, 30%, OA®
z Ardakan,70%, OA* T Bafgh, 30%, OA®
v Bafgh, 70%, OA* P Naein, 30%, OA®
L Momtaz,70%, oa’ J Momtaz, 30%, oA’
B Momtaz,50%, OA* E Momtaz, 50%, AA"

*: Acetic Acid

¢: Oxalic Acid

Several dyeing baths containing water with different
contaminants were prepared to investigate the effect of
water quality on dyeing results. The employed materials
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for preparation of water with different type of impurities
are illustrated in Table II.

Boiling §0 miin
20 -3¢ min l
Washing
40 °C
Mordanted LHG =jﬁ°~ 14
wool -~ acid PR
Fig. 2. Dying curve.
TABLE II
DETAILS OF PRODUCED HARD WATERS
Sample # Type of contaminate in hard water
1 Portland Cement
2 CaCo,
3 Na,CO,
4 NaCl (Salty water)

Based on traditional dyeing procedures with natural
dyes, in this study some of the most popular aftertreatment
techniques were carried out on woolen dyed yarns. For
instance, the dyed yarns were immersed in the solution of
dyeing bath waste water for 24 hours. Besides in another
aftertreatment method, the dyed materials were dipped in
the ammonia solution for 5 minutes while in the third
aftertreatment procedure, the dyed samples were left in the
yoghourt solution for 2 hours. The aftertreated samples
were removed from the bathes and rinsed thoroughly in
soft water and finally dried in the room temperature. The
specification of aftertreatment processes is shown in the
Table III.

TABLE III
DETAILS OF EMPLOYED AFTER TREATMENT METHODS
sample # Aftertreatment method
5 2 hours in yoghourt solution after dyeing
6 5 min. in 3% ammonia solution
7 24 hours in dyeing waste water

D. Techniques
1) Color Measurements

The reflectance spectra of samples were measured by an
abridge spectrophotometer named Color-Eye 3100A from
Gretag Macbeth. The CIELAB color specifications were
then computed under D65 illuminant and 1964 standard
observer. The dye absorption and the color strength of

samples were also evaluated through (%)}L values

obtained by Eq. (1) 1 in the wavelength of minimum
reflectance of samples [4].
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where, R, is the fraction of the reflectance of sample. The
color specifications of samples and the (I%)x values in the

desired wavelength are demonstrated in Tables IV and V.
2) Light fastness

The light fastness of samples was carried out according
to the standard PN-ISO 105-B02:1997 using Xenotest
150S manufactured by Atlas Material Testing Technology.
The naturally dyed samples were exposed to simulated
sunlight for desired period of time and then were evaluated
by comparison to standard blue scale.
3) Color fastness to washing

The color alteration and the staining of samples during
the washing process were assessed by implementation of
standard PN-ISO 105-C06:1996 method.
4) FTIR Spectrophotometry

The FTIR spectroscopy was used for characterization of
4 different types of employed Madders. A Nicollet Nexus
FTIR spectrophotometer with a Germanium crystal was
used to record the spectra of samples between 400 and
4000 cm™ in a absorption mode. The nominal resolution of
the spectrometer was 4 cm™. All samples were prepared in
the same weight of madder and KBr.

IIT. RESULTS AND DISCUSSIONS

According to Table IV, samples that were dyed with
lower concentrations of dye show higher L* and lower C*
values that identified by lighter and less saturated
appearances in comparison to those dyed with higher dye
concentrations. According to Fick’s law, the driving force
for dye transport toward the fiber surface increases with
the concentration gradient of dye in two phases, i.e. dye
concentrations in solution and fiber phases. Consequently,
samples that were dyed with higher concentrations of
Madder were appeared deeper.

Table IV also shows the color strength of samples in
terms of K/S values for all dyed woolen yarn specimens.
No particular trends are evident between the color strength
of samples and the type and age of employed madders.
Results of Table IV show that the minimum yellowness
was achieved on samples dyed with 30% of dyestuff in
acetic acid baths.

The higher K/S values of samples that were dyed in
oxalic acid baths indicate to color intensity of these
samples. The pH values of dyeing baths varied between 3
to 5. The effect of pH variations on the color yield and the
CIELAB coordinates are also reported in Table IV. The
table reveals that the color yield, i.e. K/S value, increased
with decreasing of pH of the dyeing baths. Obviously, the
L* values are smaller for such samples. The a* and b*
values apparently changed by madder type as well as the
pH of dyeing baths. The highest K/S value was obtained at
pH 3 for momtaz madder. The effect of dyebath pH can
originate from changes in dye and fiber structures. The
changes could be explained by the important attraction

between both the protonated terminal amino groups of
wool and the anthraquinone molecular structure which
benefit from high electronic density. However, the
dyeability decreased with increasing the pH of the dyeing
baths due to the decreasing of numbers of protonated
terminal amino groups of wool fibers that leads to
decreasing of dye attraction by woolen fiber. In fact, the
carboxyl groups in dye structure would ionically interact
with the protonated terminal amino groups of wool fibers
at acidic pH by an ion exchange reaction. The complex
structure of anion group of dye could be bonded with fiber
and a kind of interactions take place with ionic forces.
Clearly such type of ionic attraction would increase the
dyeability of the fiber.

However in pH>4 (the isoelectric point of wool is about
4.8), the ionic interaction between the anion of dye and
wool fibers decreases due to decreasing the number of
protonated terminal amino groups of wool fibers that leads
to lower dyeability [7]. At pH 4, the numbers of the
protonated terminal amino groups of wool fibers become
constant and no additional dye could be adsorbed and
consequently the maximum color strength was obtained at
this pH value. At pH<4, the result can be attributed to the
losses of indicaxanthin stability at low pH.

The effect of liquor to ratio (L:G) on color strength is
shown in Table V. It is clear that color strength increases
with increase of L:G. Lower relative color strength value at
low L:G may be explained by the overcrowding of dye
molecules at lower L:G resulting in reduced dye
exhaustion on the woolen yarn.

The effect of dyeing temperature on color strength is
demonstrated in Table V, too. As can be observed, the
color strength increases with the increase of dyeing
temperature. This increment in dye uptake can be related to
better dye exhaustion at higher temperatures.

Fastness properties of samples are given in Table VI. All
samples exhibited good light and wash fastnesses. The
dyestuff concentration and the kind of madder do not have
any effect on the light and wash fastness values. Results
indicate that the oxalic acid caused better light fastness and
the increase of dye concentration led to decrease in
washing fastness of samples.

Table VII shows the colorimetric and the K/S
specifications of aftertreated samples. As the table shows,
the L* and K/S values increased for treated samples in
compare to untreated ones. Tables VII and VIII show that
the aftertreatment and increasing the water hardness led to
some variations in the colorimetric specifications of
samples. While dyeing of samples in hard water, e.g.
sample #1, decreased the quality of woolen yarn, the color
strength of samples increased in salty water. As Samples
#5 and #6 show, when samples were left in dyeing waste
water for 24 hours, the lightness increased. Aftertreatment
by yoghurt solution caused to improvements in both light
and washing fastnesses. Besides, aftertreatment in alkaline
solution caused to increase of fastnesses whereas the
treatment in dyeing waste water led to decrease of fastness.
This sample, i.e. sample treated in alkaline solution, is






