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Abstract – Natural dyes are non-substantive, but required to 

be used in conjunction with mordants. Most of these mordants 

are generally not environmentally acceptable (i.e. K2Cr2O7 

and CuSO4). This study deals with decreasing the metal 

contaminates left of these mordants in the spent mordant bath 

in premordanting process. The premordanted fabrics (wool, 

cotton, and silk) were dyed with henna (lawsonia inermis) 

extract. The dyeing ability, color strength (K/S), and different 

fastness properties have been assessed. 
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I. INTRODUCTION 

 

The natural dyestuffs refer to all the coloring materials 

derived or extracted from nature i.e. of the plant, animal, 

mineral and microbial origins are used for coloration of a 

variety of textile materials [1] these dyes have been used for 

the dyeing of textile materials and have become a regular 

ritual of human lives from time immemorial [2]. 

On the other hand, synthetic dyes are attractive as textile 

colorants due to their availability, economical, brilliant 

shades and excellent color fastness properties [3] but 

unfortunately some of these synthetic colorants are found to 

be allergic, carcinogenic and deleterious to human health 

and environment [4]. This is why; there has been a revival 

of interest in the application of non-allergic, non-toxic and 

eco-friendly natural dyes in textile fibers because of their 

high compatibility with the environment, as well as the 

availability of various viable natural coloring resources [5]. 

Natural dyes, with a very few exception, are non-

substantive, but required to be used in conjunction with 

mordant. Different types and selective mordants or their 

combination can be applied on textile fabrics to obtain 

varying color/shade, to increase the dye uptake and to 

improve the color fastness behavior of natural dyes. 

Extensive work has been reported in this area of study [6]. 

The only problem of the use of mordant with natural dyes 

is that, the chemical used for modanting are generally not 

environmentally acceptable (i.e. K2Cr2O7 and CuSO4). 

Taking into account, the metal contaminates left in the 

spent mordant bath, and their effect on the environment, a 

systematic study on premordanted wool, silk, and Cotton 

fabrics with K2Cr2O7 and CuSO4, has been done for cleaner 

mordant. Premordanted were then dyed with aqueous 

extract of natural dye Henna, containing Lawsone as the 

main colorant species. The dyeing behavior has been 

assessed by measuring color strength (K/S) values and 

different fastness properties. 

 

II. EXPERIMENTAL 
 

A. Material 

(a) Natural Coloring Matter (Henna) 
Lawsonia inermis, Henna, belonging to the family 

ʽʽLythraceaeʼʼ is the only species of monotypic familyʺ [7] 

it is widely cultivated as an ornamental hedge plant in many 

tropical and warm temperature regions. The leaves of the 

plant are used as a coloring material. The dye component 

present in the leaves of Henna is ʽʽLawsoneʼʼ which is 

identical with 2-hydroxy-1, 4-naphthoquinon. It is an 

organic pigment, yellow crystal, m.p. 192-195oC. 

(b) Fabrics 

i. Wool Fabrics 
Mill scoured 100% wool fabric by Vestia Co. for 

spinning and weaving (Alex. Egypt) were used. 

ii. Silk Fabrics  
Degummed silk supplied by El-Khateib Co. (Souhag –

Upper Egypt). 

iii. Cotton Fabrics 
Mill desized and mercerized cotton poplin fabrics (13g/ 

m2) was used and received from Miser-Helwan Spinning 

and weaving Co., Cairo. 

B. Chemicals 
The chemicals used in this work were potassium 

dichromate, copper sulphate, tannic acid, lactic acid, and 

formic acid. They were of analytical grades. 

C. Analysis and Measurements 
(a) Metal Measurements 

The amounts of metal (Cr&Cu) in the mordant baths 

were measured using an atomic absorption 

spectrophotometer (Buck Scientific, U.S.A., and Model: 

210 VGP). 

(b) Color Measurements (K/S) [8]. 
The color strength (K/S) of the dyed samples evaluated 

by light reflectance technique at maximum wavelength. The 

spectrometer used was of model ICS-Texicon limited, 

Kennetside Park, Newbury, RG 14 STE, and England. 

(c) Fastness Properties 
i. Color Fastness to Light  

The light fastness test was carried out in accordance with 

the standard method for determination of color fastness of 

textile using carbon-arc lamp, continuous light. 

ii. Color Fastness to Washing  
Wash fastnesses were carried out according to BS 

1006:CO2 test 2 with soap solution 5 g/L, liquor ratio (50:1) 

for 45 min. at 50 ± 2oC. The samples were assessed against 

the standard gray scales for change in color and staining. 
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D. Methods 

(a) Mordanting of Wool and Silk Fabrics 

i. With Potassium Dichromate 
The mordanting baths were prepared by dissolving the 

required concentration of potassium dichromate (0.5%, 1%, 

2%, and 3% on weight of fiber)* in distilled water at room 

temperature. Mordanting was carried out by introducing 2g 

fabric (wool or silk) in the mordanting bath using M: L 

(material to liquor) ratio 1:50, in the presence of 2% formic 

acid. The temperature of the bath was raised gradually up 

to 100oC. After boiling for 10 min. lactic acid (2%) was 

added and mordanting was continued for 30 min. at the boil. 

The fabric samples were then allowed to cool in the bath. 

They were then removed, squeezed evenly and put in the 

dye solution without intermediate washing or drying. 

ii. With Copper Sulphate 
The required concentration of copper sulphate (0.5%, 

1%, 2%, and 3% o.w.f.) was dissolved in distilled water at 

room temperature. Mordanting was carried out by 

introducing 2g fabric (wool or silk) in the mordanting bath 

(at 1:50 M: L). the temperature of the bath was gradually 

raised to boiling and mordanting was continued for 30 min. 

at the boil. The fabric was then removed, squeezed evenly 

and put in the dye solution without intermediate washing or 

drying. 

(b) mordanting of cotton fabrics 
Mordanting of cotton fabrics was done in two steps. 

i. Mordanting with Tannic Acid 
Accurately weighed cotton sample was treated with 

tannic acid using the following recipe: 

ii. Treatment with Metal Salts (K2Cr2O7 &CuSO4) 
The premordanted cotton fabrics were then subjected to 

metal salt treatment using the following recipes: 

K2Cr2O7 [0.5%,1%,2%, and 3% (o.w.f.)], 2% formic 

acid, 2% lactic acid, temperature 100oC, and time 30 min., 

(M: L = 1:50). 

CuSO4 [0.5%, 1%, 2%, and 3% (o.w.f.)], temperature 

100oC, time 30 min., (M: L = 1:50). 

The amount of metals in the above metal salt treatment 

for wool, silk and cotton were measured using an atomic 

absorption apparatus. 

(c) Extraction of Colorant 
Henna powder was taken in muslin bag, immersed in 

distilled water and boiled for 45 minutes. The extract was 

then cooled at room temperature and the bag was squeezed. 

A brownish yellow extract was obtained.  

(d) Dyeing Method 
Tannic acid 6 % (o.w.f.) temperature 90oC, time 30 min, 

(M: L = 1:30) after completion of mordanting for 30 min., 

fabric sample was then allowed to cool in the bath. It was 

then removed, squeezed evenly and was ready for the next 

metal salt treatment process. 
*for each concentration a blank sample was mordanted without the 

addition of formic or lactic acid to the mordanting bath. 

 

The fabrics (wool, silk, and cotton), were dyed with 

henna extract (M:L = 1:50) at different concentration (2%, 

4%, 6%, 8%, 10% and 12%), and different pH values. (2, 4, 

6, 7, 8 and 9). The pH of the dyeing baths was adjusted 

using glacial acetic acid and 0.1N NaOH. The samples were 

added to the dyeing bath at 30oC, then the temperature was 

raised to (70-100oC) during 10 minutes, the fabric samples 

were then dyed for 30 min. at 100oC, squzeed, rinsed with 

cold water, soaped for 15 min. .at 45oC with non-ionic 

detergent, washed with hot water, followed by washing 

with cold water then air dried. 

 

III. RESULT AND DISCUSSION 
 

The data obtained in table (I) shows that amount of metal 

concentration after mordanting had been taken place, 

depends on the nature of the fiber and also on the 

concentration of K2Cr2O7 in the original mordanting baths. 

It increases as the concentration of K2Cr2O7 increases. It is 

also noticed that the addition of 2% formic acid to the 

mordant baths, reduced to a great extent the amount of 

metal contaminated after mordanting. The reduction is quite 

clear for all concentrations of K2Cr2O7 in case of wool and 

for lower concentrations in case of silk and cotton fabrics. 

The data obtained in this study agree with the results 

obtained by Gill Dalby [9] Formic acid, which acts as a 

reducing agent, reduces hexavalent chromium Cr (VI) of 

K2Cr2O7 to the trivalent form Cr (III). The trivalent 

chromium forms a complex with the fiber and the dye, 

leaving less metal in the spent mordanting bath which is 

safer to dispose of from environmental point of view [10]  
 
Table (I). Modanting wool, silk and cotton with K2Cr2O7 

in absence and in presence of 2% formic acid: 
 

Fabrics 

Sample 

No. 

Original liquor Spent liquor 

Metal 

concentration 

Metal concentration 

mg/L 

(%) mg/L (a) (b) 

W
o

o
l 

1 0.5 5.7 1.5 0.2 

2 1 11.3 2.5 0.6 

3 2 25.5 11.4 1.1 

4 3 33.8 22.2 1.4 

S
il

k
 

1 0.5 5.7 1.3 0.7 

2 1 11.3 2.5 1.3 

3 2 25.5 5 4.4 

4 3 33.8 9.1 8.3 

C
o

tt
o

n
 

1 0.5 5.7 2.4 0.08 

2 1 11.3 3.7 2 

3 2 25.5 4.3 4 

4 3 33.8 4.4 4.3 

(a)  Absence of formic acid (b)  Presence of formic acid 

 

From the environmental point of view, the metal 

contaminants in the spent mordanting baths are safer to 

dispose of when smaller concentration of (0.5% and 1% ) 

of CuSO4 were used in mordanting of wool, silk, and cotton 

fabrics (table II). 

Gill Dalby [9] suggests in her recipes for greener 

mordants the addition of 2% acetic acid in the mordanting 

bath reduced the metal contaminants in the spent mordant 

bath. The present study showed that there is no need for this 

acid treatment, because it is well known that copper metal 

has an ability to form strong coordination complexes. As 
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the coordination number of copper is 4, some coordination 

sites remained unoccupied when they interact with the fiber. 

Functional groups such as amino and carboxylic groups on 

the fiber (wool and silk) can occupy these sites. Thus this 

metal can form a ternary complex on one site with the fiber 

and on the other sites with the dye. Such strong coordination 

tendency can enhance the interaction between the fiber and 

the dye, resulting in high dye uptake (K/S) [11]. 

Table (III) and table (IV), show the color strength (K/S) 

and the fastness properties of various samples (wool, silk, 

and cotton) dyed with henna (10% shade o.w.f.). 

The data obtained in table (III) show that mordanting of 

wool, silk, and cotton with K2Cr2O7 in presence of 2% 

formic acid generally increase the (K/S) of the dyed 

samples. In addition, there is no significant difference in the 

color strength obtained on mordanting with the lower and 

higher concentrations of K2Cr2O7. It also indicate that the 

light fastness of dyed samples ranging from 3-5 for wool 

and silk and from 4-7 for cotton, while the washing fastness 

ranging from 3-4 for wool and silk and from 4-5 for cotton.  

 

 

 

 

 

 

 

 

 

 

Table (II) Mordanting wool, silk, and cotton with CuSO4 
 

Fabrics 

Sample 

No. 

Original liquor Spent liquor 

Metal 

concentration 

Metal 

concentration 

 

(%) (mg/L) (mg/L) 

W
o

o
l 

1 0.5 2.8 0.1 

2 1 5.1 0.2 

3 2 9.7 1.2 

4 3 12.9 2.1 

S
il

k
 

1 0.5 2.8 0.03 

2 1 5.1 0.1 

3 2 9.7 1.5 

4 3 12.9 3.9 

C
o

tt
o

n
 1 0.5 2.8 0.47 

2 1 5.1 0.9 

3 2 9.7 1.7 

4 3 12.9 2.6 

 

The effect of varying the concentration of CuSO4 on the 

properties of dyed wool, silk and cotton fabrics with henna 

extract, are indicated in table (IV). It is clear that there is no 

significant difference in the color strength obtained on 

mordanting with lower and the higher concentrations of 

CuSO4. The light fastness of the dyed samples ranging from 

4-6 for wool and from 3-4 for silk and from 4-7 for cotton 

while the washing fastness ranging from 3-4 for wool and 

silk and from 4-5 for cotton

 

Table (III). Effect of varying the concentration of K2Cr2O7 in absence and in presence of 2% formic acid on the 

properties of dyed wool, silk and cotton fabrics with Lawsonia inermis (Henna) (10%) 

fa
b

ri
cs

 

S
a

m
p

le
 

 N
o

. 

M
et

a
l 

C
o

n
c.

 

K/ S color 
Light 

fastness 

Wash fastness 

(a) (b) 

(a) (b) (a) (b) (a) (b) c.c. c.s. w.s. c.c. c.s. w.s. 

w
o

o
l 

1 Non 4.5 4.5 
Pale 

brown 
Pale brown 3-4 3-4 3-4 3-4 3 3-4 3-4 3 

2 0.5 5.0 5.2 Brown Dark brown 4 4-5 3 2-3 3 4 3 3-4 

3 1 4.9 5.4 Brown Dark brown 4 5 3-4 2-3 2-3 4 3 3-4 

4 2 4.9 5.4 Brown Dark brown 3-4 5 3-4 3 3 4 4-5 4 

5 3 5.3 5.5 Brown Dark brown 3-4 5-6 3-4 2-3 3 4 4 3-4 

si
lk

 

1 Non 1.4 1.4 Beige Beige 3-4 3-4 3-4 3 3-4 4 3-4 3 

2 0.5 1.8 2.8 
Brownish 

beige 
Brownish beige 3-4 4 4-5 4 3-4 4 3-4 3 

3 1 2.1 2.8 
Brownish 

beige 
Brownish beige 4-5 3 4 2-3 3 4 3 3 

4 2 2.1 2.9 
Brownish 

beige 
Brownish beige 4 4 4 3 3 4 3-4 3 

5 3 2.1 2.9 
Brownish 

beige 
Brownish beige 4 4-5 3-4 3 3-4 4 3-4 4 

co
tt

o
n
 

1 Non 1.2 1.2 Beige Beige 4 4 4-5 4 4 4-5 4 4 

2 0.5 2.1 2.6 Khaki Khaki 5-6 7 4-5 5 4-5 5 4-5 4-5 

3 1 1.7 2.5 Khaki Khaki 5 6-7 4-5 4-5 4-5 4-5 4-5 4 

4 2 1.4 2.5 Khaki Khaki 5 5-6 5 5 5 4-5 4-5 4 

5 3 1.3 2.3 Khaki Khaki 5-6 5-6 5 5 5 4-5 4-5 4-5 

* pH of dyeing baths = 4(wool, and silk) and =7 (cotton) (a) Mordanting in absence of 2% formic acid (b) Mordanting in presence of 

2% formic acid c.s. - Staining on color c.c. Change in color w.s. - Staining on silk 
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Table (IV). Effect of varying the concentration of CuSO4 on the properties of dyed* wool, silk, and cotton fabrics with 

lawsonia inermes (Henna) (10%) 

fa
b

ri
cs

 

No.  Metal 

Conc. 

K/S Color Light 

fastness 

Wash fastness 

c.c. c.s. w.s. 

w
o

o
l 

1 Non  4.5 Pale brown 3-4 3-4 3-4 3 

2 0.5 4.5 Dark  brown 5-6 3-4 3 3-4 

3 1 5.1 Dark brown 5 3 2-3 3 

4 2 5.1 Dark brown 5 4 2-3 3 

5 3 5.1 Dark brown 5-6 3-4 3 3-4 

si
lk

 

1 Non  1.4 Beige 3-4 3-4 3 3-4 

2 0.5 1.8 Brownish beige 3-4 4 4 3-4 

3 1 2.2 Brownish beige 3-4 4 3-4 4 

4 2 2.3 Brownish beige 4 4 3-4 3 

5 3 2.7 Brownish beige 4 3-4 3 3 

co
tt

o
n
 

1 Non  1.2 Beige 4 4-5 4 4 

2 0.5 1.6 Khaki 6-7 4-5 4 4 

3 1 1.8 Khaki 6-7 4-5 4 4 

4 2 2.5 Khaki 6 4-5 4 3 

5 3 2.1 Khaki 6 4 4 3-4 
*pH of the dyeing baths = 4(wool & silk) and 7 (cotton) 
c.c. -change in color c.s. - staining on silk w.s.-staining on wool 

 

V. CONCLUSION 
 

Satisfactory results have been achieved in mordanting 

wool, silk, and cotton with reduced quantities of mordant 

(K2Cr2O7 and CuSO4) without affecting the color strength 

of dyed samples or fastness properties to light and washing, 

leaving a less metal in the spent mordanting bath which is 

safer to dispose off from an environmental point of view.  
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