








2) Fastness to Rubbing: Testing of rubbing fastness was 
done by using the Crockmeter. The rubbing fastness of the 
dyeing cotton fabrics are in a range from good to excellent 
(4-5) (Table 3). In the treatment using Al2(SO4)3 and CaO 
mordant, the color fastness value is from good to excellent 
(4-5). The high color fastness value in the presence of 
mordant process occurs because the metal cations of the Ca, 
Fe with 2 or 3 valencies are reacted to form a metal complex 
bond with the dye into a large molecule. The larger the 
molecule size, the bigger the bonding force that occurs 
between the fibers and the dyestuffs. Consequently, when 
the fixed dye undergoes any mechanical power on the fabric 
surface, the dyestuffs will be more retained on the fabric 
fibers [24]. 

 
3) Fastness to Light: The fastness to light of the dyed 

fabric with natural dyes is less than others such as washing 
and rubbing because it is very easy to degrade by the 
influence of light. The color fastness value of the dyed 
cotton fabric as in Table 3. 

Internal factors of the physics and chemistry of dyes such 
as dye concentration, properties of fiber, and mordant 
influenced the color fastness to light.  Nearly 50% of the 
natural dyes are listed in the Color Index (CI), which derived 
from the flavonoid compounds, and the rest are 
anthraquinone, naphthoquinone, and indigo. The flavonoid 
compounds such as tannins have less color-fastness to light, 
but anthraquinone and indigo are good [41]. In the coloring 
process using mordant, the color fastness depends on the 
type and method of mordant. The complexity that occurs 
between the dye-mordant-fiber will provide the color 
stability to the light influence.  

The loss of color in the dyed textiles by the influence of 
light can be attributed to degrade the natural dye 
chromophore components by photo-oxidative degradation, 
resulting in small molecules [41], [42]. Natural dyes tend to 
absorb the visible light. The radiation energy of these rays 
causes photochemical reactions that can damage the dyestuff 
structure resulting in color degradation. 

 
TABLE II 

 FASTNESS TO WASHING OF  THE COTTON FABRIC  
 

Mordant 
Method 

Kind of 
Mordant 

Color Staining Color 
Change Cotton Polyester 

Pre Mordan 
Al 2(SO4)3 
CaO 
FeSO4 

5 
5 
5 

4 
5 
5 

3 
3 
3 

Simultaneous 
Mordant 

Al 2(SO4)3 
CaO 
FeSO4 

5 
5 
5 

5 
5 
5 

3 
3 
3 

Post Mordant 
Al 2(SO4)3 
CaO 
FeSO4 

4 
5 
5 

5 
4 
5 

4 
4 
4 

Pre and Post 
Mordant 

Al 2(SO4)3 
CaO 
FeSO4 

4 
4 
5 

5 
5 
4 

4 
4 
4 

 

In color degradation, there is a decrease in the 
concentration of chromosphores and some detected 
hydroxybenzoic acid. The color of the fabric becomes 
visually faded. This event is related to the oxidation process 

of C2-C3 atoms of the flavonoid compounds, followed by 
the breaking of C2-C3 and C3-C4 chains. Increased 
oxidation of flavonoids is caused by the effect of some 
activated radicals with the light on double bonds C2-C3 [43]. 
Metal salts in the mordant can also speed up the photo-
oxidation on the dyed fabric in the dyeing process. Some 
mordants are catalyzed by the degradation of natural dyes 
and are very sensitive to the effects of light [27], [43]. 

 
TABLE III 

 FASTNESS TO RUBBING AND LIGHT OF COTTON FABRIC  
 

Mordant 
Method 

Kind of 
Mordant Rubbing Light 

Pre Mordan 
Al 2(SO4)3 
CaO 
FeSO4 

4-5 
4-5 
4-5 

3 
2 
4 

Simultaneous 
Mordant 

Al 2(SO4)3 
CaO 
FeSO4 

4-5 
4-5 
4 

3 
2-3 
˃ 4 

Post Mordant 
Al 2(SO4)3 
CaO 
FeSO4 

4-5 
4-5 
4 

2-3 
2-3 
4 

Pre and Post 
Mordant 

Al 2(SO4)3 
CaO 
FeSO4 

4-5 
4-5 
4 

2-3 
3 
4 

 

D. Amount of Used Mordant Metal 

The absorption of the mordant metal in dyed cotton 
fabrics is to evaluate the actual amount of metal ions, which 
has left in the fiber after the dyeing process. The result is an 
indication of complexity among the dyes-metal ion-fiber. 
Amount of the mordant metal is used to determine the color 
strength and the color-fastness of the dyed cotton fabrics. 
The test result of the mordant amount left in the fabric fibers 
as shown in Table 4. 

Method of the post and the combined mordant averagely 
bind the metal more than others. The average percentage of 
mordant, which is absorbed, is still low (15-44%) as in Table 
4. This condition indicates that the complexity that occurs 
among the metal ion-tannin-fiber is still low, or the number 
of the metal ions in the solution exceeds the quantity of 
complex ligament with the fibers. Another possibility is that 
the absorbed dyestuff is still on the fiber surface and has not 
penetrated in the fiber core yet, so it is easy to release into 
the water during the washing process. 

The amount of the mordant metal contained in the dyed 
fabric also determines the color intensity of the resulting 
color (Table 1). FeSO4 in the use of CaO follows the highest 
amount of the used mordant metals in the combined mordant 
method. It corresponds to the K/S values listed in Table 1, 
where the high values are obtained by using of CaO and 
FeSO4 mordant on the use of combined mordant methods. 

According to [42], the increase of the mordant metal 
amount used in the dyeing process will not necessarily 
increase the metal levels in the dyed fabric. Although the 
mass of the metal ions in the dyeing bath is sizeable, the 
metal ions in the textile fibers are much lower. It is due to 
the unbonded metal in the fiber, which will come out with 
the washing after the dyeing process. 

1102



TABLE IV 
 THE TEST RESULT OF THE AMOUNT OF METAL MORDANT USED  

Mordant 
Method 

Mordant 
Kind 

Metal Content (mg/L) 
Mordant 
Used 
(%) 

Mordant 
Solution 

White 
Fabric Dyed Fabric Mordant 

Used 

Pre Mordant 
Al 2(SO4)3 
CaO 
FeSO4 

980 
5607 
8315 

6.99 
5.78 
8.69 

216.25 
970.24 

2364.75 

209.25 
964.46 

2356.07 

21.35 
17.20 
28.34 

Simultaneous 
Mordant 
 

Al 2(SO4)3 
CaO 
FeSO4 

980 
5607 
8315 

6.99 
5.78 
8.69 

212.60 
899.52 

2398.78 

205.61 
893.73 

2390.09 

20.98 
15.94 
28.74 

Post Mordant 
Al 2(SO4)3 

CaO 
FeSO4 

980 
5607 
8315 

6.99 
5.78 
8.69 

219.25 
2293.15 
2390.64 

212.25 
2287.36 
2381.96 

21.66 
40.79 
28.65 

Pre and Post 
Mordant 
 

Al 2(SO4)3 
CaO 
FeSO4 

980 
5607 
8315 

6.99 
5.78 
8.69 

229.84 
2456.05 
2416.35 

222.85 
2450.27 
2407.66 

22.74 
43.70 
28.96 

 

IV.   CONCLUSIONS 

The main component of the Gambier extract identified by 
X-Ray Diffraction was catechin, catechin anhydrous, 
pyrocatechol including flavonoid group that could provide 
color with the aid of mordant. The cotton fabric was used to 
apply the natural dyes. Each method and type of mordant 
produced different and strength of color such as light brown, 
reddish brown to dark brown. Mordant Al2 (SO4)3 is tended 
to give a lighter color than others, and high color strength 
obtained in the pre-mordant methods. Mordant CaO gave the 
color of reddish-brown, with the highest color strength on 
the combined and the post-mordant methods. The mordant 
FeSO4 has produced a darker color than others have. High 
color intensity occurred in the combined and simultaneous 
mordant methods. The washing and rubbing fastness of the 
cotton fabric results in a range from good to excellent (4-5), 
while light fastness had a good enough to a reasonable value 
(3-4). The binding of mordant metal in coloring was still low 
in a range of 15-40%. 
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