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The present work involves the optimization of extraction and dyeing recipes to standardize the procedure for natural dye obtained from |
the petals of marigold (Tagetes erecta). The resultant dye obtained at optimized extraction conditions was applied on cotton fabric to study
the effect of temperature, time, material to liquid ratio (M:L), salt concentration and mordanting. Colorimetric data and colour fastnesses
were studied for evaluation of optimum extraction and dyeing conditions. It was observed that extraction and dyeing parameters have
significant effect on colour characteristics of dyed cotton fabric. The optimized extraction conditions were; M:L ratio 1:20, extraction

salt concentration 60 g/L of sodium sulphate. Better light and washing fastness were obtained in case of post mordanting with ferrous

sulphate.

INTRODUCTION

Recently a renaissance of interest is happened in the
usage of natural dyes in textile coloration. This is in the result
of the strict ecological standards forced by many countries as
a consequence of poisonous and allergic reactions related to
the use of synthetic dyes. A prevalent attention has emerged
in the dyeing of fabric fibers by the means of natural colorants,
on description of their high compatibility with surroundings.
They have softer colour shades, unaffectedness qualities and
lesser toxicity. These dyes are also uncontaminated, anti-
allergic and deodorizing that are sufficient for balancing natural
shades or just the originality'~.

Natural dyes are obtained from flowers, berries, leaves,
trees, shrubs, minerals and insects. These dyes have been used
for centuries to develop colours for yarns, fabrics, leather and
foods, etc. Natural dyes can provide delicate and soft colours
through to the brightest colour to the yarns and fabrics.
Ancient dyeing methods integrated sticking plants to fabric or
rubbing crushed pigments into cloth. The methods became
more stylish with time and techniques using natural dyes from
crushed fruits, berries and other plants, which were boiled
into the fabric, were developed. The natural dye extraction
methods and dyeing methods described by traditional dyers

time 90 min and temperature 100 °C while optimized dyeing parameters were; M:L ratio 1:30, dyeing time 1 h and temperature 90 °C and |
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are incomplete. Therefore, there is a requirement to produce
and standardize newer techniques for the extraction and
application of natural dyes®.

Natural dyes have little affinity towards cotton so some
chemicals such as mordants are used for improving fastness
properties of natural dyes on fibre. Natural dyes applied
without mordant have poor fastness properties. A mordant is
an element which aids the chemical reaction that takes place
between the dye and the fiber so that the dye is absorbed.
Metallic salts are usually used as mordants in most dyeing
process. The metal ions act as acceptors to electron donors to
form co-ordinate bonds with dye molecule, which is insoluble
in water’.

Many varieties of Marigolds have been cultivated all over
the world but two of them are Tagetes erecta and Tagetes patula
are most important. Marigold plants are chubby and branching
and can grow up to 60 cm tall*’. Marigold flowers contain
compounds called carotenoids. Lutein (C4HscO,) is a natural
dye that belongs to the carotenoid family®. Lutein and its
isomer zeaxanthin are also known as oxycarotenoids or
xanthophylls. These xanthophylls are the basic element in the
marigold flowers and present in high concentration than other
plants’. The xanthophylls because of their yellow to orange-
red coloration and natural occurrence in human foods can be
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used as a food colorant. Therefore there exist a high demand
for the significantly pure xanthophylls that can be used as a
food colorant and a nutrient supplement. Marigold extract also
finds application in coloring foods like edible oils, mustard
and other salad dressings, cakes, ice cream, yogurt and dairy
products.

In this research work efforts are made to device industrial
technologies of natural dyes for optimum process parameters
to standardize the procedure.

EXPERIMENTAL

Marigold (Tagetes eracta) flowers were collected from
the botanical garden of University of Agriculture, Faisalabad
Pakistan. The petals were separated, washed out thoroughly
and dried in the sun. Then dried petals were grounded to
powder form. This marigold flower powder was used in all
the succeeding experiments to extract colorant. 100 % bleached
cotton fabric purchased from local textile industry was used
for dyeing. Analytical grade reagents sodium sulphate
(Na,SO,), alum KAI(SO,),-12H,0 and ferrous sulphate
(FeSO,) were used for dyeing experiments. All dyeing experi-
ments were carried out in lab scale HT dyeing machine
(Advance System Logic Pakistan) by exhaust method. SDL
Atlas Crock meter was used for testing rubbing fastness while
Launder-o-meter (SDL Atlas, USA) was used for washing fast-
ness tests. Atlas Ci3000 Weather-Ometer was used for light
fastness testing.

Optimization of extraction conditions: Different experi-
ments were carried out to optimize extraction parameters such
as time, temperature and M:L ratio. Extraction was carried
out by using water as solvent. Marigold dye extraction was
done in soxhlet apparatus at room temperature, 50, 70 and
100 °C for temperature optimization. For optimization of
extraction time and M:L ratio, dye extraction was carried out
for 30, 60, 90 and 120 min using M:L ratio 1:10, 1:20 and
1:30 at optimized temperature of 100 °C. Then all extracts
were used to dye 10 g of bleached 100 % cotton fabric by
exhaust method in lab scale HT dyeing machine using M:L
ratio of 1:30 for 1 h at 90 °C with 60 g/L salt.

Optimization of dyeing conditions: After extraction,
effects of dyeing parameters such as temperature, dyeing time,
liquor ratio salt concentration and mordanting were noted for
process optimization. Cotton fabrics were dyed by exhaust
method in lab scale HT dyeing machine using filtered extract
at 40, 60, 80 and 90 °C for 1 h for temperature optimization.
To study the effect of M:L ratio dyeing was done using 1:10,
1:20 and 1:30 material to liquid ratios at 90 °C. In order to
observe the effect of dyeing time dyeing was carried out for
30, 60 and 90 min. Three levels of salt (sodium sulphate) 20,
40 and 60 g/L were used to investigate the effect of salt on
dyeing.

Mordanting: Pre mordanting with alum and post
mordanting with ferrous sulphate (FeSO4) was carried out
using 5 and 10 % (o.w.f) concentration levels of mordants to
observe the effect of mordant at 60 and 90 °C.

Colour measurements: Colorimetric values L, a*, b*,
c*, h* and K/S of dyed fabrics were measured according to
CIE system using spectrophotometer data colour spectraflash
SF-600.

Evaluation of colour fastness properties: Colour fast-
ness to washing, rubbing and light tests were performed using
ISO standards test methods after dyeing for quality assurance

purpose.

RESULTS AND DISCUSSION

Optimization of extraction conditions

Effect of temperature: From the colour strength values
presented in the Table-1 it is clear that colour strength values
increase with rise in temperature from room temperature to
boiling temperature (100 °C). With the increase in temperature,
cell wall ruptures and more dye component comes out into
the extract and dissolves. As more dye is extracted it gives
more colour strength value. At high temperature, solubility of
dye is increased so it comes more in filtrate and less in residue.
Hence increased colour strength was observed at boiling
temperature (Fig. 1). There is general trend of rise in colour
strength value with increasing temperature for extraction.

TABLE-1
EFFECT OF TEMPERATURE ON COLORIMETRIC
VALUES FOR EXTRACTION CONDITIONS

Temp. (°C) K/S L* a* b* & h

Room temp. 096 60.02 -226 2588 2590 9440
50 152 60.00 -227 2587 2691 95.13
70 196 60.04 -225 2590 2695 95.11
100 286 60.00 -227 2590 26.00 95.01
3.5
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Fig. 1. Effect of extraction temperature on colour strength

Effect of M:L ratio: Table-2 showed that with increasing
M:L ratio from 1:10 to 1:20 colour strength value increases
and then further increase in M:L ratio decrease the colour
strength. When the M:L ratio is less, the dye molecules are
congested, they collide with each other which increases the
affinity of dye molecules for each other and decrease their
affinity for the fabric, hence decrease the colour strength
(Fig. 2).

TABLE-2
EFFECT OF M:L RATIO AT OPTIMIZED
TEMPERATURE FOR EXTRACTION CONDITIONS

M:L ratio K/S L5 a* b* i h
1:10 1.91 60.02 226 2588 2590 94.63
1:20 2.87 60.00 -226 2590 26.00 95.02
1:30 2.24 60.00 -227 2587 2691 95.13

Effect of extraction time: The colour strength increases
with increase of extraction time (Table-3). The increase in colour
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Fig. 2. Effect of M:L ratio on colour strength
TABLE-3
EFFECT OF EXTRACTION TIME AT OPTIMIZED
TEMPERATURE FOR EXTRACTION CONDITIONS
E;t:‘(crfn‘;r; KS L¥  a*  b* ¢t h
30 1.02 59.25 -201 25.63 2428 95.11
60 1.95 59.53 235 2558 2513 95.15
90 2.86 60.10 -226 2590 26.04 95.01
120 2.86 60.01 -221 2583 2611 95.17

strength values with increasing time is due to the reason that
when we increase contact time of dye and solvent more dye
dissolves in water due to hydrolysis'’. The increase in
extraction time from 90 min does not further increase colour
strength value (Fig. 3).
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Fig. 3. Effect of extraction time on colour strength

The resulting optimized extracting conditions are given
in Table-4.

TABLE-4
OPTIMIZED EXTRACTION CONDITIONS
Temperature (°C) Time (min) M:L Ratio
100 90 1:20

Optimization of dyeing conditions

Effect of dyeing temperature: It is evident from the
Table-5 that the colour strength values increases with increase in
temperature. It could be due to fibre swelling and deaggregation
of dye at higher temperatures'' (Fig. 4).

TABLE-5
EFFECT OF TEMPERATURE ON COLORIMETRIC
VALUES FOR DYEING CONDITIONS

Temp. (°C) K/S L5 a* b* @& h
40 1.25 59.51 225 2574 2540 95.34
60 1.82 60.38  -227 2568 2571 @ 95.52
80 2.14 6035 224 2561 2593  95.50
90 2.87 60.03 -225 2591 2600 95.06
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Fig. 4. Effect of dyeing temperature on colour strength

Effect of M:L ratio for dyeing: Colour characteristics
of dyed fabric under the effect of liquor ratio presented in
Table-6 shows that, the colour strength values increases with
increase in M:L ratio. When we increase the volume of extract
with which fabric is to be dyed, means more dye is available
for dyeing same weight of fabric. Due to this more dye
molecules approached to fabrics, resulting an increase in colour
strength value. The M: L ratio 1:30 has the even and brighter
shade and also has the maximum colour strength. So it is
considered optimized (Fig. 5).

TABLE-6
EFFECT OF M:L RATIO ON COLORIMETRIC
VALUES FOR DYEING CONDITIONS

M:L K/S L* a* b* Gia h
1:10 1.02 58.10 -2.97 24.78 24.21 94.89
1:20 1.72 59.32 -2.52 25.75 25.96 95.05
1:30 2.86 60.07 -2.27 25.96 26.10 95.12
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Fig. 5. Effect of M:L ratio on colour strength

Effect of dyeing time: As the time for dyeing increase,
colour strength value increases but there is a decrease in colour
strength by further increasing dyeing time from 1 h. This could
be due to shift in equilibrium of colorant from fabric to dye
bath. From the colours strength values given in the Table-7, it
is clear that dyeing for 1 h shows higher colour strength. So
dyeing for 1 h was considered as optimized (Fig. 6).
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Fig. 6. Effect of dyeing time on colour strength



5958 Farooq et al.

Asian J. Chem.

TABLE-7
EFFECT OF DYEING TIME ON COLORIMETRIC
VALUES FOR DYEING CONDITIONS

Time (min) K/S | D a* b* @& h
30 1.65 60.13 225 2540 2535 9520
60 2.86 60.12 225 2594 26.00 95.13
90 2.75 60.10 230 2571 2440 95.61

Optimization of salt concentration for dyeing conditions:
It is evident from the Table-8 that K/S value increases with the
increase in salt concentration. It could be due to increase of
dye uptake with increase in salt concentration. K/S value and
the colour coordinates values were higher of the sample which
was dyed with 60 g/L of sodium sulphate (Na,SO,). So, it is
considered as optimized (Fig. 7).

TABLE-8
EFFECT OF SALT CONCENTRATION ON COLORIMETRIC
VALUES FOR DYEING CONDITIONS

Salt conc. (g/L) K/S L* a* b* c* h

20 226 58.14 -297 25.14 2490 9525
40 242 5952 224 2564 25.68 95.16
60 2.85 60.12 -226 2590 26.05 95.03
357
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Fig. 7. Effect of salt concentration on colour strength

It is inferred from the Table-10 that at 90 °C the mordant
concentration (10 %) showed the higher K/S value than at
60 °C. Atlow temperature i.e., 60 °C, the fabric polymers shrink
and they do not provide much space for entering the dye
molecules into the fabric because the temperature is too low.
At higher temperature i.e., 90 °C the fabric molecules become
loosely held and they provide much space for the penetration
of dye molecules into the fabric. As a result the colour strength
value increases. So 90 °C at 10 % mordant conc. of alum is
optimized temperature (Fig. 8).
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Fig. 8. Effect of pre mordanting conditions on colour strength

Effect of post mordanting: The experiments were perfor-
med for post-mordanting with ferrous sulphate (FeSO.). It can
be observed from the Table-11 that colour strength values
increased by increasing the concentration of mordant. The high
colour strength value can be attributed to strong bond formation
of ferrous sulphate with dye and fabric. Highest K/S value
was obtained at 90 °C with 10 % mordant concentration. Teli,
et al."” reported that higher colour strength values were
achieved by increasing the concentration of mordant (Fig. 9).

7 -
Effect of premordanting: In pre-mordanting the material 2 ’___‘/‘/‘
is impregnated directly with the mordant (alum) and then dyeing
is subsequently done in the separate bath. g ;
The resulting optimized dyeing conditions are summa-
rized in Table-9. f |
WS ’ 60°C 90°C 60°C 90°C
OPTIMIZED DYEING CONDITIONS
M:L ratio Temp. (°C)  Time (min)  Salt concentration (g/L) 5% 10%
1:30 90 60 60 (Na, SO,) Fig. 9. Effect of post mordanting conditions on colour strength
TABLE-10
EFFECT OF PRE MORDANTING CONDITIONS ON COLORIMETRIC VALUES
Mordant conc. (% o.w.f) Temperature (°C) K/S L5 a* b* (&0 h
5 60 3.06 64.02 -1.31 18.96 17.91 94.64
90 3.96 64.10 -1.35 18.61 17.95 94.98
10 60 3.81 65.00 -1.25 18.94 18.13 94.03
90 3.99 65.05 -1.33 18.95 18.15 94.00
TABLE-11
EFFECT OF POST MORDANTING CONDITIONS ON COLORIMETRIC VALUES
Mordant conc. (% o.w.f) Temperature (°C) K/S L* a* b* @ h
5 60 4.35 43.56 -4.05 29.95 28.79 96.35
90 4.48 42.32 -4.96 29.96 29.21 96.68
10 60 5.13 4221 -4.25 29.93 29.23 96.98
90 5.94 42.00 -4.18 29.71 30.11 97.00
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TABLE-12
EFFECT OF MORDANTING CONDITIONS ON COLOUR FASTNESS PROPERTIES OF DYED FABRIC
Mordanting Rlocapions Temperature (°C) Wash fastness Light fastness Rubbing fastness
(% o.w.f) Dry Wet
5 60 3 4 3-4 3
Pre mordanting 20 3 > 34 3
10 60 3-4 5 3-4 3
90 4 5 4 3-4
5 60 3-4 5 3-4 3
Post mordanting 20 4 6 4 3
10 60 4 5 4 34
90 4 5-6 4-5 34
Colour fastness properties: The results of colour fastness REFERENCES

properties presented in Table-12 shows that ratings for post
mordanting is better than pre mordanting. This could be due
to better formation of coordination complexes by ferrous
sulphate between dye and fibre. Furthermore rating is improved
by increasing temperature and concentration of mordant.

Conclusion

Optimization of dyeing conditions is must to minimize
the investment cost and to avoid discrepancy in the dyed fabric
quality. The study reveals that extraction and dyeing para-
meters have significant effect on colour characteristics and
quality of cotton fabric. The optimized extraction conditions
were; M:L ratio 1:20, extraction time 90 min and temperature
100 °C while the most suitable optimized dyeing parameters
were; M:L ratio 1:30, dyeing time 1 h, temperature 90 °C and
salt concentration 60 g/L of Na,SO.. Better fastness properties
were obtained in case of post mordanting with ferrous sulphate
as compared to pre mordanting with alum.
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