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Abstract

maybe as a result of increasing demand for a green environment and decreased pol-

lution of synthetic dyes., this study investigated the use of coffee to extract colors
for dyeing wool fabrics using the heating method. Colorant was extracted from coffee using
different concentrations at different times for different temperatures. Measurements have
been done on the dyed samples and the fastness properties of samples dyed with coffee.
Mordant copper sulfate, ferrous sulfate, and Aluminium sulfate were used to increase the
color fastness of dyed wool samples. The samples were affected by some factors such as
dye extraction, dye concentrations, temperature, pH values, and the time of dyeing. K/S was
measured for dyed wool fibers. The fastness properties such as washing, rubbing, perspira-
tion, and light of dyed fibers were measured.
Keywords; mordant; coffee natural dye; extraction

l l sing natural dyes on textile materials has become more popular over the past years,

Introduction

Natural colorants have been used for a variety
of tasks since ancient times, including dyeing fur,
leather, and natural fabrics like wool, cotton, and
silk. These dyes were also employed to make inks,
water colors, artist's paints and to color cosmetic
items. After the beginning of using synthetic dyes
in 1856, the usage of natural dyes to colour textiles
declined rapidly and disappeared by 1900. An in-
crease in interest in natural dyes was brought
about by a global consciousness of the environ-
ment, ecology, and pollution management in the
mid-1960s. [1-2]

Recently the dye industry has been under in-
creasing pressure to stop producing potentially
hazardous dyes or pigments and to minimize toxic
effluents. Natural dyes and colorants originating
from plants and animals are considered non-toxic,
non-carcinogenic, and biodegradable, making
them safer alternative.[3]

Furthermore, compared to synthetic colors,
natural dyes are more friendly to environment as
they don't pollute the environment or create
wastewater issues. It has also been noted that some
of them contain anti-UV and anti-microbial quali-

ties. Natural dyes have a global demand as the
global trend today moves toward the use of envi-
ronmentally friendly products.[4]

Wool

Wool is one of the most widely distributed nat-
ural polymers that possess an intricate surface
structure. It is composed primarily of a morpho-
logical structure of proteins ( around 70 %) and
lipids ( around 1% ) and is derived from the skin
of the sheep.[9]

The primary reason for felting shrinkage in
wool fibers is the accumulation of scales on the
surface, which also enhances the directional fric-
tional impact. Wool is composed of keratin, a
protein produced during the production of a-amino
acids. Cell death is the process that forms wool
fiber. Figure 1 illustrates the variety of architec-
tures, morphologies, and characteristics of wool-
forming cells.

Extraction of Dyes

Natural dyes consist of coloring substance and
other elements. For example water-insoluble fi-
bers, protein and. Extractions must be done for.
production of purified natural dyes .
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Synthetic colorants have been associated with
dermatological issues, diseases, and cancer. Con-
cerns have been raised about the possibility of
dermatitis in certain circumstances involving close
skin contact with colorful textiles (such as leg-
gings highly dyed with azo and anthraquinone dis-
persion dyes). Additionally, synthetic colors have
also been linked to respiratory sensitivities. Nu-
merous artificial coloring agents are deemed harm-
ful when applied topically, and global customers
demand safer apparel, particularly for infants and
young kids. (Many natural dyes are also used to
color food, and it goes without emphasizing that
low toxicity is essential. Still, lists of approved
food additives in the USA and EU include annatto,
cochineal (carmine), saffron, and turmeric.[5-7].

Usage of natural dyes on natural fibers includ-
ing cotton, wool, linen, jute, and flax has been
reported in some recent research. When compared
to synthetic colors, natural dyes are generally less
harmful, nonallergic, and more environmentally
desirable. They are also friendly and exhibit supe-

rior biodegradability [8]
@ (o)

Twisted molecular chain
and helical coil

Figure (1) Structure of wool

Natural colors have a chemical coloring matter
that extract with severl methods and combine with
fibres . There for, extraction is essential to extract
the color from the plant. There are several meth-
ods of extraction include wet extraction, acidic or
alkaline extraction, and Fermentation, Enzymatic
extraction , and Microwave Ultrasonic assisted
extraction. [11,12]

Mordant

The word "mordant" belongs to the "mordere,"
word . this word means to absorb onto the surface
of a substance to fix color when it cannot be fixed
directly on the fabric. Some rare natural dyes are
combined easily with fabrics. Mordants are chemi-
cals that bind the color to the fibers, enhance col-
or, light fastness and boost the textile's ability to
absorb dyes more effectively. Other natural dyes,
like Madder, have a poor fastness and may stain

color of dye during washing and light exposure,
so using a mordant is crucial when dyeing with
them. Other natural dyes, like indigo, will be fixed
without using a mordant, which is called substan-
tive dye. Historically, mordants have been discov-
ered for[9]

As a consequence of making coffee, coffee is
rich in chemical components with a variety of bio-
logical effects and antibacterial properties. To both
functionalize and color materials, leftover coffee
grounds were tested as a fabric dye [13-14]

The chemical constituents of coffee are caf-
feine ( around 1-2%), coffee oil (around 10-14%
and other constituents like cellulose substance ,
hemicellulose, trigonelline constituents and tannic
acid (‘around 30% ) [15]

Table (1) chemical structure of coffe

Name Dye component Chemical structure
[o]
H
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Caffeine  Cg Hy o Ny O )\ | Va
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this research study enchancing the dyeing
properties of coffee natural dye extract that dyed
wool with natural coffee dye with different mor-
dants in three methods (pre-mordant, post-
mordant, simultimus mordant).

Experimental

Natural coloring

Coffee powder (Coffee.) were sourced from a
local coffee house

Fabrics

Mill-scoured and wool fabric , (30 g/mz) were
kindly supplied by fine wool Co. Egypt.

Mordant

Mordant of copper sulfate, mordant of ferrous
sulfate, and mordant of Aluminum sulfate were
used to enhance the color fastness and color
yield of dyed fabric. They were very pure chem-
icals.

Result and discussion

Extraction of coffee

The coloring matter was extracted using the
heating method. Extraction was performed in
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1000 of diluted water at different temperatures
and different time intervals At the end, the extrac-
tion bath of dye was filtered off and cooled down.

Using a dye bath that included 1000 ml of wa-
ter with varying amounts of the dye materials (20-
80- gm /L) at different temperatures('40-90) at
different times (20-100 min). the extraction bath of
dye was filtered off and cooled down [14].

Dyeing processes

In a bath containing 80 gm/L dye using a
liquor ratio of 1:50, a piece of wool fabric was
dyed with the extraction of coffee at different pH
(3-10) at temperatures between (40- 90 C) for
times between (20, 120min.)

Finally rinsing the dyed samples with water,
rinsed, then kept it to dry at room temperature then
set the soaping bath with liquor ratio 1:50 with 3
g/L non-ionic detergent at 50°C for 30 minutes.

Pre-mordanting (before setting the dye bath ),
post-mordanting (the mordant after finishing the
dyeing bath ), and simultaneous mordanting (set-
ting the dye bath with mordant) are the 3 types that
were used. Copper sulfate, ferrous sulfate, and
Aluminium sulfate were employed as mordants.the
concentration of mordant was 3% .

Pre-mordanting

The wool fibers were pre-mordanting, where
they were submerged in an aqueous solution con-
taining 3% of different mordants (ferrous sulfate,
copper sulphate, Aluminium sulphate) for 60
minutes at 70 °C in a water bath. Afterward, each
sample was thoroughly rinsed with water. Subse-
quently, under ideal coffee dye conditions, the
mordant fibers were dyed. Similar to the earlier
procedure.

Post mordanting

In method of post-mordanting, the dyeing was
carried out under optimal dye conditions without
the use of mordants. After rinsing all dyed samples
with water, they were mordant in three different
baths: one with ferrous sulphate . one with copper
sulfate, and the other with Aluminum sulfate at
70°C for 60 minutes.

Finally rinsing the dyed samples with water,
rinsed, then kept it to dry at room temperature then
set the soaping bath with liquor ratio 1:50 with 3
g/L non-ionic detergent at 50°C for 30 minutes.

Simultaneous mordanting

Using a dye bath that included dye and 3%
mordant in the same bath . the dyeing bath was
conducted under optimal condition.

Measurements

Colour strength

A spectrophotometer (Ultra Scan PRO )
was used to measure degree of the reflectance of
the dyed samples, the K/S was measured at 430
nm. Wave length . The K/S of all wool samples
dyed with coffee was evaluated.

Fastness Properties

For testing the mordant dyed samples the
standard methods were used. The specific tests
were as follows:

e ISO 105-X12(1987): fastness of rubbing
e SO 105-C02 (1989), fastness of washing

e SO 105-E04 (1989), fastness of perspira-
tion.

e ISO 105-B02 (1988), fastness of light

Color Extraction

To determine the optimal condition for color
extraction, some factors were studied as following:

e Varying amounts of the dye materials
(20-80- gm /L).

e different temperatures('40-90) using

e Different times (20-120 min).

At the end the extraction process, the dye bath
was filtered off and cooled down.

Dye extracted concentration

Figure 2 illustrates the effect of dye amount on
K/S value of coffee natural dye by using concen-
trations (20-30-40-50-80 gm /L) (at 90 °C), for
one hour.

concentration of dye extracted

16
14
12
10

K/S

o N B O

Figure 2. Effect of extracted dye amount on K/S of
dyed wool fibers
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Figure 2 illustrates that with increasing the dye
amount, the K/S value also increases. This phe-
nomena holds true across all dye amounts. The
concentration difference of the dye in solution and
in the wool fabrics is the driving for the diffusion
and adsorption [18] . This might be related to the
increase of the natural color particles in the dye
bath. and so on increase more color particles com-
bine with fabrics in fabrics.

Figure 2 reveals that the best concentration for
extracting coffee's natural colors to dye wool fab-
rics is 80 gm/L.

Figure 3 Effect of dye extract temperature on
K/S value of wool samples by using different
temperature  (,90,80,70,60,50°C), concentration
was 80 gm./ L for one hour.

Figure3. Effect of extracted dye temperature on K/S
of dyed wool fibers

temperature of dye extrated
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K/S
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blank 50 °C 60 °C 70 °C 80 °C 90°C

Figure 3 illustrates that whenever the tempera-
ture of dye increases the K/S also increases. High-
er temperatures likely enhance dye dissolution and
lead to an increased presence of color particles in
the dye bath. Temperature is a very important pa-
rameter affecting the extraction bath. Different
temperature affects to extraction coffee from (50
°C to 90 °C) are presented in Figure 3. The figure
showed the K/S of extraction bath increased grad-
ually by increasing the value of temperature from
50°C to 90 °C [19,20]. The reason of this phenom-
enon may be due to opening of o fabrics , acceler-
ating the of the movement of molecules and pene-
tration of the dye into the fabrics and thus increas-
ing the diffusion of dye molecules in fabric and
finally increasing the yield.

Figure 3 reveals that the best temperature for

extract coffee’s natural colors to dye wool fabrics
is 90 °C.

Figure 4 Effect of dye extract time on K/S
value by using different time (20,40,60,80,100)
(concentration was 80 gm./ L for 60 min.

Figure 4. Effect of extracted dye concentration on

time of dye extrated
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K/S value of dyed wool fibers by coffee dye.

Figure 4 illustrates the different extraction
time and its effect on uptake of wool fabric by
using 80 gm./ L . The dye uptake by coffee natu-
ral dye reaches maximum dye extraction after 60
min when using a Concentration of 80 gm. After
that the K/S was constant. This might be related to
increasing the time of dye extraction was accom-
panied by an increase of color particles that react
with fibers.

Figure 4 reveals that the best time to extract
coffee’s natural colors to dye wool fabrics is 60
min.

Based on the previous figures . the best condi-
tion for extracting coffee natural dye is to heat the
extraction bath to 90°C for 60 min using 80 gm/L..

Dyeing process

Effect of pH value of dyeing bath

Figure 5 illustrates the effect of dye pH on
K/S value samples by using different PH
(3,5,7,9,11) at 90°C for 60 min..

Figure 5 refer to the different pH of dyeing
bath and its effect on K/S of samples. As the pH
increases, the K/S also increases. However, be-
yond a certain pH (around 5), the K/S value starts
to decrease at all dye amounts.

The pH of dyeing bath is an important parame-
ter affecting the color strength of dye bath. This
paper's pH range was from (3-11). As shown in
Figure 5 the highest color strength were found at
PHS5
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Effect of pH value of dyeing

bath
10

K/S

blank PH3 PH5 PH7 PH9 PH11

Figure 5 Effect of pH value of dyeing bath on K/S
of wool fabric

The wool molecules in acidic PH is forming
dissociation reactions (of the acid and amino acids
in wool),

HX — H++ X (1) Acid

HOOC-Wool- NH2—-O0C-Wool-+NH3(2)
Wool

wool is is consist of an amphoteric molecule .
in the acid condition , the molecule interacts with
the acid,

0O0C - Wool - +NH3 + H+ + -X — H+ -O0C -
Wool - +NH3 -X (3)

This reaction phase means that the active ami-
no groups of the wool, which become binding cen-
ters for the anions of the dye in the solution

H+-O0C - Wool - +NH3 -X + Dye - COO- H+
Activated wool + coffee — H+ -OOC - Wool -
+NH3 -O0C — Dye + +H -X (4)  [22-20]

Figure 6 illustrates the dyeing bath tempera-
ture, and its affecting on K/S value by using dif-
ferent temperatures(50,60,70,80,90°C), concentra-
tion was

80 gm/L and time was 60min and the effect of
temperature dyeing bath on K/S of dyed wool fab-
ric with coffee.

Figure 6 illustrates that as temperature of dye
increases the K/S value also increases. It reveals
the effect of dye temperature on K/S value by
using different temperatures (50,60,70,80,90, °C),
concentration was 80 gm/L and time was 60 min.

Another parameter is temperature when the
temperature become more , that led to open the
pores inside the fabric to be more accessible and
the movement of the dye ions become more.
Swelling of fabric affect within the internal struc-

ture of the fabrics, thus enabling the large dye
molecules to penetrate further [22]. The best tem-
perature was will be 90C.

Effect of temperature of dyeing
bath
18
16
14
12

K/S

o N b O

blank 50 °C 60 °C 70 °C 80 °C 90°C

Figure 6 Effect of pH value of dyeing bath on K/S
of wool fabric

Effect of time of dyeing bath

18
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12
10

K/S

oON B O

blank 10 20 30 40 60
min - min - min min min

Figure 7 Effect of time of dyeing bath on K/S of
wool fabric

Figure 7 reveals that the best time for dyeing
bath with coffee natural dyes is 60 min.

Based on the previous figures. the optimal condition
for a dyeing bath of coffee natural dye is dyeing
with 90°C for 60 min using, pH 5.

Mordant effect

For enhancing the K/S of samples dyed with
coffee, there are three types of mordants were
used; ferrous Sulphate copper sulfate, and alumi-
num sulfate. To show the effect of mordant type
on the fastness properties, three mordanting meth-
ods were applied as mentioned before.
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without mordan ferrous sulpha

Figure 8 : Effect of different mordants on K/S of samples

The optimal results of K/S were found when
the mordants were applied in the simultaneous
dyeing bath. that was found in all types of mor-
dants, the best mordant used was ferrous sulphat .
ferrous sulfate as a transition metal having coordi-
nation this coordination site have a main role in
dyeing reaction
Concentration: 80 gm /L,
90°C, 60 min , pH 5 and
L:R 1:50
Concentration of mordant was 3%

The three methods of mordants were applied in
three different methods as mentioned before

Figure 8 illustrates the application of different
types of mordant and its effect on color strength of
dyed fabric

As a result, when coordination site react with the
wool fiber, some coordination sites will be free, and
the amino and carboxylic groups in wool molecules
at that time can attach these free sites. Thus, ferrous
sulfate can form a ternary complex compound on
one site with the wool fiber and in another site with
the dye. This strong coordination tendency can en-
hance interaction between the fiber and the dye

Table 2 reveals washing fastness (rubbing.
washing ,perspiration and light ) of wool samples
dyed with coffee natural dye.

Conclusion

The rapid advancement of textile wet pro-
cessing manufacturing has led to an increase in
environmental concerns, which has sparked con-
tinued interest in the development of green pro-
duction techniques for the creation of reasonably
priced value-added textile goods.

The art of coloring dates back to the beginning
of human evolution. Colored materials remnants
found during antiquarian excavations at several
locations around the universe attest to the use of
coloring in ancient civilizations. Natural colorants
have been used mostly for textile coloring from
ancient times. Various types of textiles were col-
ored using natural colored materials derived from
natural resources such as plants, animals, minerals,
and microorganisms. Different districts around the
cosmos have their own inherent conventions based
on the natural resources that are available in those
districts.

Natural dyes from several plant sources have
been produced recently for dyeing. .Establishing
producers and consumers . [16-17]

It is necessary in recent researches to establish
the best method and best condition for dyeing fab-
ric with natural dye.

The purpose of this study is to enhance the
dyeing efficiency and colour fastness properties of
wool fabric coffee natural dye extract.

The best condition of dyeing wool fabric with
coffee natural dye is:L:R 1:50, PH = 5, tempera-
ture 90, and time 60 min.

Table 2 reveals washing fastness (rubbing .
washing ,perspiration) and light of wool samples
dyed with coffee natural dye.

the best factors of extraction of coffee natu-
ral dye market . the best dyeing conditions of
coffee natural dye , The best condition of dyeing
wool fabric with coffee natural dye L:R 1:50, PH
=5, temperature 90, and time 60 min

Table 2. Effect of mordant on washing fastness of wool samples dyed by coffee extract

Rubbing Washing perspiration Light
wet dry St St. Color Acidic Alkaline
Cot. Wol. Change  St. St. RIt St. St color
Cot.  Wo. Cot. Wo. change

Without 3-4 34 4 3-4 3-4 4 4 4 4 4 4 6
Pre Ferrous 4 4 34 34 34 4 4 4 4 4 4 6
Pre copper 2-3 2-3 4 3 3-4 4 4 4 4 4 4 6
Pre aluminum 34 3-4 4 3-4 3-4 4 4 4 4 4 4
Simultaneous Ferrous 3-4 34 3-4 3 3-4 4 4 4 4 4 4 5-
Simultaneous copper 2-3 23 34 3-4 3-4 4 4 4 4 4 4 6
Simultaneous aluminum 3 3 3-4 3-4 4 4 4 4 4 4 4 5
Post ferrous 3.4 34 4 4 34 4 4 4 4 4 4 5-
Post-copper 2 2 4 3-4 4 4 4 4 4 4 4 6
Post aluminum 2 2 4 3-4 4 4 4 4 4 4 4 6
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This study investigates the K/S value, col-
or fastness (light, water, (rubbing. washing, per-
spiration), and light of three mordants (ferrous
copper, Sulfate copper, and aluminum sulfate.

the best mordant was used 3% ferrous sulfate
using simultaneous method.
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