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Abstract

This paper describes the coloring method of Mulberry silk fabric with reactive color using
egg white as an absorbing agent for 0.5, 1, 2, 3, and 4 shade%. We have also described here
the dyeing method of the same Mulberry silk fabric using sodium chloride salt as an
absorbing agent for the same shade%. Comparison among samples of corresponding shade%
revealed that the samples colored with egg white (as an absorbing agent) are much deeper in
color. The tests of wash fastness showed that the silk samples dyed with sodium chloride salt
as an absorbing agent are better in (wash) fastness than the fabric samples dyed with egg
white as an absorbing agent. The tests of rubbing fastness, however, revealed that the
(rubbing) fastness of both varieties of samples is fairly good and comparable to one another.
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the amide group (- CO-NH-), amino group

1. Introduction (-NHjz"), and carboxylate group (-COO ) in
Silk is a very fine, regular, and the polymer chain structure. Silk also
translucent  natural protein  filament contains these chemical groups in the
extruded from the silkworm. Due to its polymer chain structure. The cationic
luster, handle, and draping qualities, silk is amino groups, as well as the anionic
known as the Queen of all textile fibers. carboxylate groups, might be engaged in
Silk can be dyed with acid, basic and the absorption of anionic reactive colors,
direct dyes. However, these dyes give poor thus giving a probability of reactive
wash fastness due to the formation of coloring of silk with egg white as an
secondary bonds with dye molecules [I]. absorbing agent. Due to this contention,
Recently, different initiatives have been we  have  accomplished  different
taken to dye silk with reactive colors [2]- experiments to identify the coloring
[8]. probability of silk with reactive color
adding egg white as an absorbing matter
However, similar to cotton coloring for several shade%. The outcomes are also
with reactive color, a huge quantity of salts contrasted with reactive coloring of silk
is used as an absorbing agent for silk using sodium chloride salt as an absorbing
dyeing because silk gains negative charges agent.
in water that repel the anionic reactive )
colors. The salts are still present in the 2. Materials and Methods
released dye fluid which generates major Silk fabric degumming

environmental issues [9]. . . .
9] Degumming was done with the recipe

Several researchers in the world are shown below in Table 1. The silk samples
working to reduce or remove the usage of were then rinsed and dried.
electrolytes for reactive dyeing. In ) .
cellulose, cationic sites are added to raise Table 1. The recipe for degumming silk
the dye absorption [10]-[15]. Cationization cloth.
of cotton and silk by adding
polyacrylamide is also presented in Auxiliaries Quantity

different papers [9], [16]-[17]. Like
polyacrylamide, egg white protein contains

Sodium carbonate 2.09/L
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Detergent 2.0g/L
Temperature 87°C
pH 10.6

Time 45 min.
M:L 1:28

Coloring of silk

Silk fabric samples (five) were colored
with reactive dye (Remazol Red RR-
DysStar) for 0.5, 1, 2, 3, 4 shade%. 30 g/L
egg white solution was made in a conical
flask. 5% glacial acetic acid was added to
the egg solution for proper dissolution.
15%, 20%, 25%, 30%, and 35% egg white
solutions (of fabric weight) were utilized
as an absorbing reagent. Henceforth,
this process will be illustrated as the egg
white absorption method. Table 2 shows
the dyeing recipe.

Table 2. The recipe for silk fabric dyeing
with egg white absorption method.

Shade (%) | 05 | 1.0 | 20 | 3.0 | 4.0

Eggwhite% | 15 | 20 | 25 | 30 | 35

EDTA(g/L) | 10 | 1.0 | 1.0 | 1.0 | 1.0

Retarding reagent 101101101 101 10
(g/L)

Surfactant (g/L) | 1.0 | 1.0 | 1.0 | 1.0 | 1.0

Sodium carbonate| 7 5 | 44 | 155 15 [ 175
(g/L)
M:L 1:28 | 1:28 | 1:28 | 1:28 | 1:28
Fixation

Temperature (°C) 60 | 60 | 60 | 60 | 60
Time (min.)

(Absorption + |35+60|35+60|35+60|35+60|35+60
Fixation)

The process of dyeing: Necessary
quantity of water was poured in the pots of
the Laboratory dyeing machine. The
necessary quantity of egg solution was
poured into the pots. Silk samples (1 g)
were put in each pot and soaked. Then the
necessary quantity of EDTA, retarding
reagent, surfactant, and the anti-creasing
agent were poured and stirred. The stock
solution of Remazol Red RR (1%) was
prepared in a conical flask. The necessary
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quantity of stock solution for each shade%
was poured into the pots. The samples
were shaken at ambient temperature for 35
minutes for absorption. Then the necessary
quantity of sodium chloride was filled to
each pot, and heated to 600C and colored
for 60 minutes. After being dyed, the
samples were rinsed and dried.

To compare the shade change of
samples colored with egg white absorption
method with silk samples colored with
sodium chloride as absorbing agent
(henceforth referred to as sodium chloride
absorption method), five samples were
once more colored with the same dye for
the same shade% of 0.5, 1, 2, 3 and 4. The
EDTA, retarding agent, surfactant, sodium
carbonate, M: L, absorption, fixation
temperature, and needed time were kept
the same as for the egg white absorption
method. The quantities of sodium chloride
salt taken are exhibited in table 3.

Table 3. Quantity of sodium chloride in
the salt absorption method.

Shade% Sodium chloride(g/L)
0.5 30
1.0 40
2.0 50
3.0 60
4.0 70
Spectrophotometry

Color variations between samples dyed
with egg white absorption method and
sodium chloride absorption method were
measured by X-Rite Spectrophotometer
(USA).

3. Results and Discussion

Spectrophotometric results of five (0.5,
1, 2, 3, and 4) shade% of silk samples are
shown in Table 4. We take fabric samples
dyed with the sodium chloride absorption
method as the standard. From the table, we
can see that all lightness difference, DL*
values are negative which indicate that
samples dyed with the egg white
absorption method are deeper than the
standards. The CMC DE values also imply
that the samples of the egg white
absorption method are much deeper than
the standards as shown in Fig. 1.
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Figure 1. Change of DL* and CMC DE
values with the increment of shade (%).

Change of K/S (color strength) values
with the change of shade (%) are shown in
Figure 2 for both the sodium chloride
absorption method and the egg white
absorption method. In 530 nm wavelength,
the highest K/S values are found. These
values are displayed against various
shade% for both varieties of samples as
shown in Figure 2. For every shade%,
samples from the egg white absorption
method showed higher K/S  values.
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Figure 2. Change of K/S with the
increment of shade (%).
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Table 4. Spectrophotometric results of

several shade%.

s | 5 l
oa) c * x X * X @)
| E|2 | & |88 &g
£ 5 [a)] (a) (a) S
n = O
05| D65 | -4.64 | 849 | 1.52 | 8.02 |3.17|4.84
1.0 | D65 | -6.73 | 10.69 | 3.41 | 10.05 |5.00|6.08
2.0 | D65 | -7.07 | 11.10| 4.99 | 10.49 |6.16 |6.36
3.0 | D65 | -5.98 | 8.85 | 6.15 | 8.28 |6.90(5.73
40 | D65 | -4.89 | 8.04 | 596 | 7.59 |6.53|5.16
05| FO2 | -4.08 | 6.52 | 1.98 | 5.78 |3.61(4.50
1.0 | FO2 | -6.13 | 8.06 | 3.72 | 7.07 |5.37|5.69
2.0 | FO2 | -6.60 | 8.48 | 4.97 | 7.50 |6.35(6.05
3.0| FO2 | -5.56 | 6.69 | 6.11 | 5.68 |7.06|5.65
40| FO2 | -452| 6.26 | 5.83 | 5.39 |6.64(5.14

The protonated amino (-NHs") group of
amino acids of egg white form ionic bonds
as they appear close to the carboxylate
group (-COO") of silk in the aqueous
medium (as shown in Figure 3), thus
drawing the negative ions of dye
molecules and make a covalent bond with
silk at 60°C as shown in Figure 4. Again,
the ionic bonds between different amino
acids within egg white protein may also
react with anions of dye molecules and
make a covalent bond in an alkali medium
at 60°C. These colored amino acids form
hydrogen bonds through polar peptide
groups (-CO-NH-) with other peptide
groups of silk [18]. Thus, the silk samples
dyed with the egg white absorption
method looked deeper in comparison with
that of silk dyed with the sodium chloride
absorption method.
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“HN-Silk-COO™ + +H3N-(|3H-COO' —  *H3N-Silk-COO" +H3N-(|:H-coo'

R

Silk Amino acid

R

Silk with amino acid

Fig 3: Reaction between silk and amino acid

O
Il s Alkali
“H;3N-Silk-COO™ +H3N-(|:H-coo' + D-S-CH=CH, -medium o
R O
Silk with amino acid Venyl sulfonedye
i i
+H3N-Silk-CO-CH2-CH2-$-D + *H3N-CH-COO"
O R
Silk with venyl sulfone dye Amino acid

Fig 4: Reaction possibility between amino acid added silk and vinyl sulfone dye

shows 4 for both 3% and 4% shades for
samples dyed with the sodium chloride

Table 5. Wash fastness results. absorption method. The grey scale rating

For samples of shows 2-3 for 3% shade_ and 2 for 4_%
For samples of | the Egg white shade for samples dyed with the egg white
the sodium absorption absorption method. These results also
method implicate that the colored amino acids
di(;/gh d‘:;{;’h d’o;:{?h d‘:;{;’h form hydrogen bonds through ~polar
Color change . A >3 5 pept_lde groups v_wth other peptldg groups
- of silk amino acids. The color staining on
StZ':;t”agt’e()d" 45 | 45 | 4 4 multifiber has also been assessed. The grey
— scale rating results are found to be nearly
Staining (cotton) | 3-4 3-4 3 3 . . . .
Staining identical for both varieties of samples
(polyamide) 45 | 45 | 45 | 45 (Table 5).
(55?;2'5?30 5 5 5 5 Table 6. Rubbing fastness results.
S;?:rl:r? (acrylic)| 4-5 4-5 4-5 4-5 F?[L (iasrggils':‘]1 of For samples_ of
g (wool) | 4-5 4-5 4-5 4-5 chloride the Egg V\.Ihlte
Shade% absorption absorption
hod method
Wash Fastness Test et
The wash fastness of the silk samples Dry | Wet| Dry | Wet
dyed with the egg white absorption 3 4-5 4 4-5 4
method and the sodium chloride
absorption method are shown in Table 5 for 4 45 45 45 4

comparison. The silk samples colored with
3% and 4% shades were assessed (1SO 105
C60:1994 process) for the wash fastness
test. ECE (4 g/L) reference detergent and
sodium perborate (1 g/L) solution were
used to test this. The grey scale rating

Rubbing Fastness Test

The rubbing fastness of the silk samples
dyed with the egg white absorption
method and the sodium chloride
absorption method are shown in Table 6.
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Here both dry and wet fastness of rubbing
is shown. 3% and 4% shade samples were
measured (ISO 105x12:1993 process) to
test the rubbing fastness. The dry rubbing
fastness is rated as being pretty good (grey
scale rating 4-5) for both 3% and 4%
shades. The wet fastness test also yielded
good results (grey scale rating of 4) for
both 3% and 4% shades.

4. Conclusion

We have successfully dyed the silk
fabrics with vinyl sulfone reactive dye
using egg white as the absorbing agent. The
comparison showed that silk samples dyed
with the egg white absorbing agent are
much deeper than the corresponding
shade% of the sodium chloride salt
absorbing agent. Thus, we can readily dye
the silk fabric using egg white as an
absorbing agent except using sodium
chloride salt because sodium chloride salt
increases the salinity of water and soil as it
is harmful to the environment. However,
the wash fastness of the sodium chloride
absorption method is better than the egg
white absorption method. The rubbing
fastness for both the sodium chloride
absorption method and the egg white
absorption method are found quite good
and comparable to each other.
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