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Abstract: In this paper, the possibility of using wastes and readily renewable vegetable raw materials as a 
source of natural dyes for silk is examined. The following plants were used: camomile flowers, onion skins, 
walnut and ash bark. Considering they are dyes from the group of mordant dyes, potassium aluminium 
sulphate dodecahydrate, copper(II) sulphate pentahydrate, iron(II) sulphate heptahydrate are used as 
mordant. Silk was chosen as the material because of the tradition in Croatia and the attempt to revitalize 
cultivation. Results of this research are presented through the analysis of CIELAB colour values based on 
spectrophotometric measurement. The final colour map was used to colouring silk scarves inspired by circles 
in grain. Bio-wastes have the attention of researchers as a source of natural textile dyes due to their ecological 
background, abundance and availability at minimal costs. 
Keywords: natural dyes, silk fabric, mordant, wastes, camomile, onion, ash, walnut 
 

1. Introduction 
 
Ever since the prehistoric time, mankind took delight in colouring the objects of daily use by employing natural 
pigments of vegetable, animal, and mineral origin. These colouring substances, known as natural dyes, are 
the chemical compounds used for colouring fabrics, hair, leather, paper, food items, cosmetics, and medicines, 
etc. People always prefer natural dyes and pigments because of their brightness, soothing and non-toxic 
nature [1]. Natural dyes are mostly non-substantive and have to be applied on textiles by the using of mordants, 
usually a metallic salt, having an affinity for both the colouring matter and the fibre [2]. Very few substantive 
dyes like indigo, cochineal, turmeric, walnut hulls and onion skins can be dyed without the use of mordant [3]. 
Worldwide, growing consciousness about organic value of eco-friendly products has generated renewed 
interest of consumers towards use of textiles (preferably natural fibre product) dyed with eco-friendly natural 
dyes. Natural dyes produce very uncommon, soothing and soft shades as compared to synthetic dyes. On the 
other hand, synthetic dyes, which are widely available at an economical price and produce a wide variety of 
colours, sometimes causes skin allergy and other harmfulness to human body, produces toxicity/chemical 
hazards during its synthesis, releases undesirable/hazardous/toxic chemicals etc. [2]. Natural dyes has 
nutritional point of view as few of the carotenoid pigments are helpful in prevention of few forms of cancers 
and few are vitamin A precursors, which may be effective antioxidants. Efforts should be made to promote the 
use of natural dyes, extend the range of their application, and encourage their commercial use rather than 
restricting them to small scale cottage industries. There is a need to carry out research and development on 
natural dyes by using modern technology to develop extraction techniques, standardize applications on 
synthetic as well as natural fibers as well as leather [1].  
 
One of the main objectives of this research was to investigated agro-waste as source of natural dyes for textile 
application. Agriculture, food industry and timber industry produces large volumes of wastes, both solids and 
liquids, resulting from their cycle of production. These wastes pose increasing disposal and potentially severe 
pollution problems and represent a loss of valuable biomass and nutrients. In the other hand, these wastes 
have attracted the attention of researchers as a source of natural textile dyes due to their abundance and 
availability at minimal costs. Additionally, their uses can promote the idea of “zero emissions”, based on the 
concept that wastes from one industry can be converted to raw material for another one, along with the added 
economic value to those wastes and minimizing their inherent environmental impacts [4]. Silk was chosen as 
the material because of the tradition in Croatia and the attempt to revitalize cultivation.  
 

2. Experimental 
 
2.1. Textile Material 
 
The studies were carried out on degummed silk. Degumming is a process during which sericin is totally 
removed and silk fibres gain the typical shiny aspect, soft handle and elegant drape, such a product is suitable 
for the dyeing process. Surface mass of silk fabric was 90 g/m2. 
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2.2. Mordanting Process 
 
Textile materials were treated in solution of selected metal salts. Considering they were natural dyes from the 
group of mordant dyes, potassium aluminium sulphate dodecahydrate KAl(SO4)2·12H2O (Kemika, Zagreb), 
copper(II) sulphate pentahydrate CuSO4·5H2O (Kemika, Zagreb), iron(II) sulphate heptahydrate  FeSO4·7H2O 
12H2O (Kemika, Zagreb) are used as mordant. Pre-mordanting was performed at material to liquor ratio of 
1:20 at 100 °C for 60 min, with the mordant addition of 2 %  (owm - on the weight of material). Acidic conditions, 
pH 4, are ensured by the addition of tartaric acid (C4H6O6) (Kemika, Zagreb). 
 
2.3. Natural dye extraction 
 
The following plants were used: camomile flowers, onion skins and ash bark; the pigments obtained from them 
are from the flavonoid group, while juglon is obtained from walnut. The natural dye was extracted by boiling at 
100 °C for 1 hour, considering to the mass of the plant to liquor ratio of 1:50. After cooling, the aqueous extract 
is filtered and stored in a refrigerator. 
 
2.4. Dyeing Process 
 
Silk fabric dyeing process was carried out in a laboratory type machine Polycolor, Mahtis, by exhaustion 
method and with material to liquor ratio of 1:20 at 40 °C for 120 min due to further the batik technique 
application. Dyeing was performed with and without mordanting process. After dyeing process, the coloured 
samples were thoroughly washed with soaping.  
 
2.5. Colour Fastness Testing 
 
Dyed samples were tested to wash fastness. Wash fastness test was performed in a laboratory type machine 
for wet and dyeing processes Polycolor, Mathis, according to standard EN ISO 105 - C06: 2010: Textile - Color 
fastness test - Part C06: Stability of dyeing inhousehold and commercial washing. The washing bath contained 

0.5 g/l nonionic surfactant Kempon 30 (CHT Bezema) with liquor ratio 1:30 at 302 °C and pH 6 for 30 min. 
The results of colour fastness have been obtained objectively and are presented as total colour difference 
values (dE) calculated according to CIELAB (CIE76) formula. 
 
2.6 Colour measurements 

  
Results of this research are presented objectively through the analysis of colour values (colour hue (h), 
chromaticity (C*) and lightness (L*)) based on spectrophotometric measurement and are shown in a*/b* colour 
space. Remission spectrophotometer DataColor Spectra Flash 600 PLUS – CT (with constant instrument 
aperture, D65, using d/8° geometry) was used. The Kubelka-Munk coefficient (K/S) was calculated in terms of 
K/S values using the Kubelka-Munk equation (1) as the definition of colour depth. Where K is the absorption 
coefficient, S is the scattering coefficient, and R is the reflectance of the dyed fabric at the wavelength of 
maximum absorption. 
 

K/S = (1 − R)2/2R  (1) 
 

For fastness properties analysis, the results are presented as total colour difference values (dECIE76) obtained 
by measuring and comparing the samples before and after the fastness testing. Colour difference values were 
calculated using formula (2), defining the samples before fastness tests as reference samples. 

 
dECIE76 = ((dL*)2 + (dC*)2 + (dh*)2)1/2  (2) 

 
2.7 Designer realization 
 
The final colour map was used to realize the design realization, silk scarves inspired by circles in grain. After 
pre-treatment, the realization of batik and plangi techniques is started. Wax is applied to the fabrics in selected 
shapes, and the selected parts are joined with twine of different thicknesses. In this way, the colors and shapes 
mimic the motif - circles in grain. 
 
2.8 Batik and plangi technique 
 
Batik technique is a combination of printing and dyeing. The pattern is drawn in such a way that the wax 
overlaps the parts that must retain the current color of the substrate. Then the fabric was dyed in the extract 
of natural dyes. After dyeing, the fabric dries and is further covered with wax parts that must retain the colour 
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and continue to be dyed in the next colour. The procedure is repeated until all the effects have been completed. 
The combination of beeswax and paraffin can influence the quality of the batik effect (ratio 1:1). After dyeing 
process, the wax is removed by washing at a temperature higher than the melting temperature of the wax. 
The plangi technique is based on making a reserve by tying certain pieces of fabric with ribbons or thread to 
give a secluded effect during dyeing of the fabric. 
 

3. Results and discussion 
 
3.1. Dyed samples  
 
Pre-treatment of the silk fabric with various metal salts (without, Al, Cu, Fe) and plants (walnut, onion skins, 
camomile flowers and ash bark) resulted in a wide range of colour hues. Camomile dyed silk obtained a yellow 
hue, ash dyed silk has a light brown hue, onion dyed silk has a red-brown hue, walnut dyed silk has a dark 
brown hue. Al samples dyed with pre-treatment of the Fe metal salt have dark brown colour hue (Table 1). 
 
Table 1: Colour map; (Labels: plants (C_camomile flowers, A_ash bark, O_onion skins  and W_walnut) _ pre-treatment of 

the silk fabric with various metal salts (without, Al, Cu, Fe)) 

 

 
C_/ 

 
C_Al 

 
C_Cu 

 
C_Fe 

 
A_/ 

 
A_Al 

 
A_Cu 

 
A_Fe 

 
O_/ 

 
O_Al 

 
O_Cu 

 
O_Fe 

 
W_/ 

 
W_Al 

 
W_Cu 

 
W_Fe 

According literature [5], the substances responsible for the colouration are luteolin (camomile), quercetin 
(onion), rutin (ash), juglon (walnut), Figure 1. 
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a. b. 

  
 

c. d. 

 
Figure 1: Structures of the substances responsible for the colouration: luteolin (a.), quercetin (b.), rutin (c.), juglon (d.) [6] 

 
3.2. Colouration objective analysis 

 
Objectively analysis of dyes samples according to CIELAB system and through Kubelka-Munk coefficient is 
shown in Table 2.  
 
Table 2: Colour values (colour hue (h), chromaticity (C*) and lightness (L*)), a*b* coordinates (CIEL*a*b* system) and 

Kubelka-Munk coefficient (K/S). 
 

Samples L* a* b* C* h K/S 

C_/ 70.49 1.24 34.20 34.22 87.93 7.32 

C_Al 67.68 2.17 31.93 32.00 86.11 6.60 

C_Cu 67.63 1.93 36.33 36.38 86.96 8.80 

C_Fe 31.74 3.53 14.02 14.46 75.86 15.21 

A_/ 64.40 5.25 21.49 22.13 76.26 4.58 

A_Al 56.39 6.38 25.29 26.08 75.83 8.22 

A_Cu 58.05 6.41 23.60 24.46 74.80 6.40 

A_Fe 34.35 5.26 13.26 14.27 68.38 13.98 

O_/ 42.86 20.16 26.99 33.69 53.24 14.16 

O_Al 34.53 19.60 20.49 28.36 46.27 15.99 

O_Cu 30.88 16.38 18.06 24.38 47.79 17.13 

O_Fe 22.46 4.86 4.66 6.74 43.83 16.45 

W_/ 42.69 9.15 13.11 15.99 55.06 7.82 

W_Al 42.55 9.86 14.76 17.75 56.25 8.92 

W_Cu 41.34 9.83 13.96 17.08 54.84 8.85 

W_Fe 30.15 5.25 6.43 8.30 50.78 12.00 

 
Camomile dyed silk obtained a yellow hue (h=75-87), ash dyed silk has a light brown hue (h=68-76), onion 
dyed silk has a red-brown hue (h=43-53) and walnut dyed silk has a dark brown hue (h=50-55). All samples 
are in the first quadrant (0°- 90°, red – yellow). After pre-treatment of the silk fabric with various metal salts (Al, 
Cu) and without mordant the chromaticity and the brightness value increases, but with metal salt Fe decreases. 
It is observed that the subjective experience of the colour palette is wider than the objective because the 



 
13th INTERNATIONAL SCIENTIFIC-PROFESSIONAL SYMPOSIUM TEXTILE SCIENCE AND ECONOMY 

 18th September 2020, ZAGREB, CROATIA 

325 
 

subjective experience is the result of a combination of tone, brightness and chromaticity. The silk dyed with 
onion skins extract has the highest colour intensity (K/S coefficient) with and without mordants. All four samples 
(camomile flowers _C, ash bark _A, onion skins _O and walnut _W) have the highest K/S after pre-treatment 
of the silk fabric with metal salt Fe and the lowest colour intensity without metal salts. 
 

 
 
Figure 2: Effect of mordants on wash fastness 

 
Based on the results shown in Figure 2, it can be seen that the samples have excellent resistance to washing, 
ie. dE <1. The use of metal salts further increases the stability, which confirms that in addition to ionic, 
coordination bonds are formed. Excellent stability in very deep colours confirms the acceptance of process 
parameters as well as the stability of the formed metal complexes. 
 

The pre-mordanting process with the metal salts was carried out at pH 4. During the pre-mordanting and dyeing 
process, a chelate fiber-metal ion-natural pigment is formed. In addition, according to the amphoteric character 
of the protein, in the acidic medium the protonization of the amino group occurred and the formation of ionic 
bonds via the ionized carbonyl group of natural pigments was ensured. The combination of different metals 
and natural pigments results in metal complexes of different colours. 
 
3.3 Colour map 
 
The final colour map was used to realize the design realization, silk scarves inspired by circles in grain. 
Inspiration and creative realization are shown in Figure 3. 
 

   

   

a. b. c. 

 
Figure 3: Silk scarves dyed with extract of the camomile flowers (a.), onion skins (b.) and walnut (c.) 

The final phase of the work was a synergy of creativity and technology. Based on the colour map, recipes for 
colouring scarves are defined (table 1). The combination of colours and shapes, achieved by batik and plangi 
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techniques, resulted with pattern according to inspiration (figures 3). Soothing and soft shades of shawls are 
well matched with the colour palette of nature, and using old batik and plangi techniques, characteristic 
patterns have been obtained. 
 

4. Conclusion 
 
In the study, camomile flowers, ash bark, onion skins and walnut extract were used for colouring silk fabric. 
These natural wastes have attracted the attention of researchers as a source of natural textile dyes due to 
their ecological value, abundance and availability at minimal costs. Additionally, their uses can promote the 
idea of “zero emissions”, based on the concept that wastes from one industry can be converted to raw material 
for another one. Considering they were natural dyes from the group of mordant dyes Al, Cu and Fe are used 
as mordant. Silk was chosen as the fiber because of the tradition in Croatia and the attempt to revitalize 
cultivation. Al four samples are in the first quadrant (0°- 90°, red – yellow, h= 43-87). After pre-treatment of the 
silk fabric with various metal salts (Al, Cu) and without mordant the chromaticity and the brightness value 
increases, but with metal salt Fe decreases. The silk dyed with onion skins extract has the highest colour 
intensity (K/S coefficient) with and without mordants. The final colour map was used to realize the design 
realization, silk scarves inspired by circles in grain. The synergy of technologists and designers is important in 
realizing such concepts. 
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