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Abstract

�e aim of the research was to study the possi-

bility of using plant dyes for the dyeing of wool 

yarn, which would later be used for unique 

knitted and embroidered products. In order 

to achieve this goal, the extraction of dyes was 

performed using various plants that are wide-

ly present in our area, using mainly yellow, red, 

brown and green shades. �ese plants are birch 

tree, lady’s bedstraw root, nut tree and big net-

tle. To attain a wider palette of colour shades, 

and superior dye exhaustion and �xation (for 

better colour fastness), di�erent mordants (i.e. 

Al, Cu and Fe) were used during the extraction, 

the dyeing process or a�er the dyeing (i.e. a�er-

treatment). �e liquor ratio of the extraction 

(di�erent initial dye concentrations) and pH of 

the extract varied as well. Wool samples were 

washed a�er the dyeing and tested for colour 

fastness during washing at temperature 40 °C. 

�e dyed samples were colourimetrically evalu-

ated using the CIE colour system and graphical-

ly presented in the CIE a*b* colour diagram.

Keywords: plant dyes, dye extraction, wool dye-

ing, mordants, colourimetry, CIE colour sys-

tem. 
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Figure 1: Classi�cation of natural dyes

1 Introduction

Prior to the introduction of synthetic dyes in 

the nineteenth century, all utilitarian and art 

products were painted exclusively with natu-

ral and inorganic pigments found in the nature 

[1]. �e preserved antique products are mainly 
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katera so strupena in kancerogena, njihova proizvodnja in upora-
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ri: navadno brezo, navadno lakoto, navadni oreh in veliko koprivo, 

in yellow, red and brown shades in a combina-

tion with �ery black. A�er the discovery of in-

digo, blue dyeing was enabled as well. Due to 

the chlorophyll poor stability, green shades were 

very rarely used in art.

Natural dyes are substances produced in the 

cells of living organisms and can be of animal 

or plant origin. Accordingly, inorganic pig-

ments are not included among the latter. Based 

on their chemical structure, natural dyes are 

very di�erent. One possible classi�cation of ma-

jor organic dye groups is presented in Figure 1 

[2]. Despite the yellow natural dyes being most 

common, they have disadvantageous technolog-

ical and applicable properties if compared with 

the blue and black natural pigments. 

�e dyeing with natural dyes is a complex proc-

ess. Merely to extract the pigments from indi-

vidual plant parts is time consuming and re-

quires extensive knowledge and experience, 

while the dyeing alone with old recipes can take 

several weeks [3, 4].

Natural plant dyes can be obtained from di�er-

ent parts of plants, e.g. !owers, leaves, barks, 

roots and fruits [3, 4, 5]. Fresh plant parts con-

taining dyes are usually covered with water and 

boiled until the whole pigment is extracted. �e 

bath is then cooled down and the plant residues 

are removed. �e extraction may take several 

days, depending on the plant or plant parts. �e 

dyeing takes place in an extraction bath as the 

second phase of the process. �e simplest proce-

dure of dyeing is processing the textile material 

in the dye extraction bath at the boiling point. 

�e dyeing time depends on the type of pigment 

and can take up to several days. As the level-

ling agent and to increase the exhaustion lev-

el, Glauber’s salt (Na
2
SO

4 
∙ 10 H

2
O) can be add-

ed into the dyeing bath. Many natural dyes are 

sensitive to the change in the pH value, which 

leads to colour shade variations with the ad-

dition of base or acid. Ammonia and soda are 

used to achieve alkaline pH, while for acidic 

pH, oxalic, formic and acetic acids are used.

Only a few natural dyes are substantive, while 

all other require inorganic oxides or salts – met-

al salts, which together with the dye form a dif-

ferently coloured complex to bind to �bres. 

Metal salts are various compounds with dif-

ferent metal ions, e.g. ferric sulphate, alumini-
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-

 (Galium mollugo)
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Figure 2: Natural dyes extracted from lady’s bedstraw

Figure 3: Natural dyes extracted from nut tree

(Junglans regia) -

lih vzhodne Evrope, kot kulturno rastlino pa so ga ponesli daleč 

-

-

Urtica dioica

-

-

-

2.1 Uporabljene kemikalije

sredstva:

 – (SO )

 – COOH (tar)

 –

um sulphate, potassium dichromate, stannous 

chloride, copper sulphate etc. In the past, peo-

ple used urine, ash, plant galls, wild apple juice 

etc as metal salts. �e combination dye-met-

al salt has a strong in!uence on the colour and 

colour fastness properties. Fibres can be treated 

with metal salt before, during or a�er the dye-

ing. �e most frequently used procedure is the 

treatment before the dyeing [5].

Natural dyes are today almost completely re-

placed with synthetic ones, which are in com-

parison with natural dyes available in larg-

er quantities and wider range of colour shades, 

they are cheaper and with good fastness prop-

erties. Nevertheless, synthetic dyes also possess 

undesirable properties, e.g. some are toxic and 

carcinogenic, their production and application 

burden the environment, there is an increasing 

number of allergic reactions etc [6]. On the oth-

er hand, natural dyes are more expensive than 

synthetic dyes, generally less stable, while they 

do have signi�cantly fewer negative e�ects on 

organisms. Food legislation becoming stricter, 

many countries no longer allow the use of syn-

thetic dyes in baby and children food. �ere-

fore, natural dyes are again on an increase, par-

ticularly in the food industry, pharmaceuticals, 

quality cosmetics and art painted textiles [4, 5].

Numerous plants from the natural environment 

are suitable for the dye extraction and dyeing. 

In the present study, birch tree, lady’s bedstraw 

root, nut tree and big nettle were used. �eir 

main characteristics are described below [7].

Birch tree (Betula pendula) grows primarily in 

sandy soils and humid climates as the front for-

est shrubbery on the clearing. It blooms from 

April to May and grows up to 25 m in height. 

Fresh or dried leaves are the most suitable parts 

for dyeing.

Lady’s bedstraw root (Galium mollugo) grows 

in pastures, wooded hillsides and it is wide-

spread throughout Europe. It blooms from May 

to September and reaches the height 12–80 cm. 

Mainly roots are suitable for dyeing. With the 

plant extraction, alizarine and diosmetin dyes 

are obtained (cf. Figure 2).

Nut tree (Junglans regia) can be found in the 

Sub-Mediterranean regions of Eastern Europe, 

as well as elsewhere in Europe as a cultivated 

plant. It blooms in May and grows up to the 
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2.2 Volnena preja
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2.3 Izbor rastlin in njihova ekstrakcija
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-

vadno lakoto, navadni oreh in veliko koprivo, ki dajejo intenzivna 
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-
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E
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-

(SO ) O in kalijevega hidrogentartrata – 

(pH
E

height of 25 m. For dyeing, leaves and bark are 

used. It contains juglon and hydro-juglon dyes 

(cf. Figure 3).

Big nettle (Urtica dioica) is worldwide spread, 

while it initially grew only in the northern and 

central parts of Eurasia. It blooms in the period 

from June to October and it is a two-area plant, 

which means that it grows close to settlements 

and in forest hillsides. It prefers moist soil rich 

in nitrogen and can grow up to 2.4 m in height. 

It contains photosynthetic dyes, chlorophyll a 

and b and carotenoids.

2 Experimental

�e following chemicals and auxiliaries were 

used during the research:

aluminium sulphate  – Al –
2
(SO

4
)

3 
∙ 18 H

2
O 

(Al-salt),

potassium hydrogentartrate –  –

KOOC(CHOH)
2
COOH (tar),

copper sulphate – CuSO –
4
 ∙ 5 H

2
O (Cu-salt or 

blue vitriol),

ferric sulphate – FeSO –
4
 ∙ 7 H

2
O (Fe-salt),

acetic acid – CH –
3
COOH,

sodium carbonate – Na –
2
CO

3
 (soda), and

sodium chloride – NaCl (table salt). –

As apparent from the article continuation, only 

certain metallic salts and additives were used 

for individual natural dyes. Selected metal salts 

were chosen on the basis of previous research, 

where all types of metallic salts were used with 

each natural dye in di�erent concentrations. It 

was found that Al-salt treatments gave the most 

lively colour tones. While copper salt treat-

ments emphasized blue-green shades, Fe-salt 

treatments highlighted brown tones with ena-

bled darker colourations. Based on the �ndings, 

metal salts, which enabled a wide range of col-

our tones of individual dyes, were selected.

In the study, wool yarn (82 × 2 tex) made from 

Slovenian sheep wool for hand knitting, a prod-

uct by Soven d. o. o., a company from Selnica 

ob Dravi, was used. Yarn was rough, yellowish-

coloured, with the tow length of 73.6 mm and 

fat content of 1%.
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2.4 Barvanje volnene preje in poobdelava
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2.5 Vrednotenje obarvanih vzorcev z uporabo 
 barvnega sistema CIE 

-

-

-

le na vzorcih preje, večplastno navite na kartonski nastavek, z iz-

L C h barvnih vrednosti pobarvanih vzorcev so podane v pregle-

Based on previous research, four plants were 

chosen for the natural dye extraction, i.e. birch 

tree, lady’s bedstraw root, nut tree and big net-

tle. �ese plants enable intense colourations, are 

easily accessible, have long vegetation and can 

be collected in large quantities. Fresh leaves of 

individual plants were used, except in the case 

of lady’s bedstraw, where a fresh root extract 

was used. Lady’s bedstraw was chosen, for it is 

the only plant known in Slovenia that contains 

natural dyes with red colour shades.

�e chosen plants were not pesticide-sprayed or 

fertilized, or treated agriculturally in any way. 

Moreover, no signs of diseases or pests were de-

tected.

�e harvested plants were prepared for extrac-

tion. �e leaves were separated from the stalks 

and cut. Lady’s bedstraw roots were washed, 

dried and �nely ground in the mill. Di�erent 

bath ratios, i.e. 1 : 10 and 1 : 30 (1 g of plant : x 

mL deionized water) were used when the dyes 

were extracted from plants. A covered tum-

bler with plant parts with a particular bath ra-

tio was heated to the boiling point and extract-

ed for one hour. �e extraction mixture was le� 

to stand for approx. 18 hours and then �ltered 

(plant parts separation from the extract).

In the experiments (birch tree extraction – four 

experiments, and lady’s bedstraw root – two 

experiments), di�erent concentrations of alu-

minium sulphate combination – Al
2
(SO

4
)

3 

∙ 18H
2
O and potassium hydrogentartrate – 

KOOC(CHOH)
2
COOH were added before the 

extraction into the extraction bath.

A�er the extraction, the pH value of extrac-

tion baths (pH
E
) was measured and adjusted 

to pH 5 (using CH
3
COOH) or to pH 8 (using  

Na
2
CO

3
) for individual experiments.

�e pH measurements were performed using a 

pH-meter MA 235 (Mettler Toledo) in accord-

ance with the ISO 10523 standard.

�e dyeing was performed with the Turby (Ma-

this) dyeing machine using 10 g of wool yarn 

and 1 : 20 bath ratio. �e dyeing bath (extrac-

tion bath) was warming for 45 minutes to 98 °C 

and was dyed at that temperature for 15 min-
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kjer so:

X, Y, Z – standardizirane barvne vrednosti,

X
n
, Y

n
, Z

n
 – standardizirane barvne vrednosti belega standar-

X
n

Y
n

Z
n
 = 

L C h

L

L a b C h

naslednjih enačb:

C a  + b )

h = arctan (b a

2.6 Barvne obstojnosti

-

3.1 Merjenje pH ekstrakcijskih kopeli
pH eks-

trakcijskih kopeli (pH
E

-

Table 1: pH values of extraction baths

KR
E

pH
E

utes. A�erwards, the dyeing wool yarn was 

washed several times with warm (40 °C) and 

cold distilled water.

�e dyeing was conducted in the extraction 

bath without any added chemicals or in the ex-

traction bath where chemicals were added at 

the beginning of the extraction. In the experi-

ments, di�erent chemicals in di�erent concen-

trations were added during the dyeing proc-

ess. When dyeing with the nut tree extract 

(three experiments), ferric sulphate – FeSO
4
 ∙ 

7H
2
O was added and in the case of dyeing with 

leaves of big nettle, NaCl (three experiments) 

or acetic acid – CH
3
COOH (one experiment) 

was added. 

Certain samples which were dyed in the extrac-

tion bath without any added chemicals were 

additionally treated with a di�erent combina-

tion of chemicals at di�erent concentrations.

�us, the birch tree dyed samples were in two 

cases subsequently treated with a combination of 

Al
2
(SO

4
)

3 
∙ 18 H

2
O and KOOC(CHOH)

2
COOH, 

and in two cases with a combination of copper 

sulphate – CuSO
4
 ∙ 5H

2
O and CH

3
COOH.

�e lady’s bedstraw root dyed samples were 

in the two cases subsequently treated with 

a combination of Al
2
(SO

4
)

3 
∙ 18 H

2
O and 

KOOC(CHOH)
2
COOH, and in two cases with 

sodium carbonate (soda) – Na
2
CO

3
.

�e nut tree dyed samples were in six examples 

additionally treated with FeSO
4 
∙ 7 H

2
O, and in 

two examples with a combination of CuSO
4 

∙ 

5 H
2
O and acetic acid.

Finally, the big nettle dyed samples were in six 

examples additionally treated with a combina-

tion of CuSO
4 
∙ 5 H

2
O and CH

3
COOH.

Dyed wool yarn samples were colourimetrical-

ly evaluated with the CIE colour system using 

the two-ray SF 600+ spectrophotometer (Da-

tacolor) with Ulbricht sphere and geometry 

d/8º in the spectral range of 400–700 nm wave-

length. As the source of light, halogen lamp and 

xenon !ash in a combination with a �lter, giv-

ing the standard daylight D65, were used. �e 

measurements were conducted on yarn sam-

ples, which were rolled up in multilayers onto 

the cardboard accessory without the sheen at 
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KR
E

pH

pH

pH v 

pH

3.2 Barvne vrednosti in barvne obstojnosti CIE

L C h barvne vre-

-

-

-

pH kopeli vpliva 

pH: 

pri pH
E
, pH pH -

 –

 –

 –

 –

a b

-

-

pH

-

-

-

6.6 mm measuring aperture. For each dyed 

sample, three measurements were performed. 

�e average CIE L*C*h colour values of dyed 

samples are given in Tables 2–5. 

�e colour space in the CIE L*a*b* colour sys-

tem is de�ned by the L* axis and colour coordi-

nates a* and b* [8] (Equations 1–3).

Where:

X, Y, Z – standard colour values,

X
n
, Y

n
, Z

n
 – standard colour values of BaSO

4
 

white standard, accounting for 10°/D65: X
n
 = 

94.81, Y
n
 = 100.00 and Z

n
 = 107.34.

�e CIE L*C*h colour system has polar coordi-

nates instead of rectangular ones. �e L* value 

is the same as in the CIE L*a*b* colour system, 

while the chroma value (C*) and colour tone 

(h) are determined with the following equations 

4–5. Where:

(0° – red, 90° – yellow, 180° – green, 270° – 

blue).

�e colour fastness of individual samples to 

washing was determined according to the stand-

ard SIST EN ISO 20105-C01: Test 1 – washing 

at 40 °C. �e change in colour of the dyed sam-

ples and the staining of adjacent fabrics were 

visually evaluated with the grey-scale. �e esti-

mates are given in Tables 2–5.

3 Results and discussion

�e pH values of extraction baths (pH
E
) used 

for dyeing are shown in Table 1. �e baths dif-

fer in the plant type and bath extraction ratio, 

which leads to di�erent initial dye concentra-

tions (extracted) at dyeing.

�e results showed that the pH of most plant or 

plant part extraction baths at the bath ratio 1 : 

10 were slightly acidic with pH 5.1–5.5. An ex-

ception was the big nettle extract, which was al-

kaline with pH 8.1 (cf. Table 1). With an in-

creased bath ratio (a smaller amount of plant 

parts), the pH of all extraction baths lowered, 

which was probably due to the plant extraction 

using deionized water with a slightly acidic pH 

(4.8–5.2).
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Figure 4: Position of dyed samples (leaves of birch tree) in a*b* col-

our diagram

Table 2: CIE L*C*h colour values of samples dyed according to di�erent procedures (various chemicals, liquor 

ratio (KR
E
) and pH) using dyes extracted from fresh leaves of birch tree

KR
E

pH L C h

Colour 

pH
E

pH
E

pH
E

pH
E

soli vinske kisline, pH

-

-

-

Tables 2–5 present the CIE L*C*h colour and 

colour fastness values (washed at 40 °C) of 49 

woollen yarn samples, which were dyed with 

natural dyes extracted from four plants. Al-

though the entire research consisted of dyeing of 

over 300 di�erent samples, only the most impor-

tant ones are presented here. At extraction, two 

bath ratios were used, i.e. 1 : 10 and 1 : 30, and 

thus two di�erent initial dye concentrations were 

obtained. Due to the importance of knowing the 

pH in!uence on the colouration, the dyeing was 

performed at three di�erent pH values, i.e. pH
E
, 

pH 5 and pH 8. In order to attain a wider range 

of colour shades, higher exhaustion and better 

wash fastness, various metallic salts were add-

ed at di�erent stages of the process. �eir prima-

ry role was to enable the �bre-dye bond forma-

tion and at the same time, a�ect the �nal colour 

shade. �e sample treatments were conducted in 

four di�erent methods, namely:

extraction and dyeing without the addition  –

of chemicals (E, D),

–10 
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-

-

-

-

svežih korenin navadne lakote daje rdeče barvne tone, ki posta-

-

-

-

nje v alkalni ekstrakcijski kopeli brez dodanih kovinskih soli (vzor-

-

Table 3: CIE L*C*h colour values of samples dyed according to di�erent procedures (various chemicals, liquor 

ratio (KR
E
) and pH) using dyes extracted from fresh roots of lady’s bedstraw

KR
E

pH L C h

Colour 

pH
E

pH
E

pH
E

pH
E

addition of chemicals during extraction  –

(E+C, D),

addition of chemicals during dyeing (E,  –

D+C),

a�er-treatment of dyed samples (E, D, Af- –

ter C).

Figures 4–7 show the positions of dyed samples 

in the CIE a*b* colour graph, showing both the 

colour shade and colour purity [8].

Table 2 and Figure 4 demonstrate light brown 

colouration of the samples dyed with the dye ex-

tracted from fresh leaves of birch tree, where the 

alkaline pH (Sample 3) and increased bath ra-

tio (Sample 4) induced higher lightness. Bright-

er colourations, increased saturation (chroma), 

increased yellow shade (colour tone is 81–90°, 

depending on the amount of aluminium salt 

and tartaric acid salt, pH and extracted dye 

concentration) were achieved (Samples 5–8) 

when dyeing in the extract with the added alu-

minium sulphate and tartaric acid – potassi-

um hydrogentartrate. �ere was no signi�cant 

change in the colour shade when Samples 9 and 

11 were subsequently treated with aluminium 

sulphate and potassium hydrogentartrate in an 

alkaline medium. However, in comparison with 
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li pri pH
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b
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Figure 5: Position of dyed samples (roots of lady’s bedstraw) in CIE 

a*b*colour diagram

Sample 3, which was dyed in the alkaline ex-

traction bath without the added metal salts, the 

samples were slightly yellower or less blue. �e 

copper sulphate a�er-treatment caused the col-

our shi� into the brown region, which was ob-

served only at lower lightness. Compared with 

the processes of dyeing without metallic salts, 

the a�er-treatment with metallic salt improves 

particularly the wash colour fastness at 40 °C. 

�e visual assessment on the grey-scale was 

2–3. When dyeing in the extraction bath with-

out metal salts, poor colour fastness to washing 

(colour change of the dyed sample was evaluat-

ed with 1) were achieved (cf. Table 2), which is 

consistent with the literature sources [4, 6]. �e 

adjacent fabrics (wool and cotton) were not 

stained in any of the treatments.

�e red colour shades that became more intense 

or saturated, but brighter (cf. Table 3 and Fig-

ure 5) when aluminium sulphate and potassi-

um hydrogentartrate combinations were add-

ed into the extraction bath were achieved with 

the dyeing with the lady’s bedstraw fresh roots 

extract (Samples 17 and 18). �e aluminium 

and tartaric acid salt a�er-treatment combi-

nations also increased saturation, the samples 

were darker, redder and yellower (Samples 19 

and 21) if compared with Samples 13 and 15, 

which were dyed in the extraction bath without 

the added metal salt. �e dyeing in the alkaline 

extraction bath without the added metal salt 

(Samples 14 and 16) increased the saturation 

and colour shade. �e samples were brighter, 

redder and yellower than Samples 13 and 15, 

which were dyed in the acid extraction bath. 

�e soda a�er-treatment (Samples 20 and 22) 

gave less intensive red tones, reduced bright-

ness, and had a lower saturation angle com-

pared with Samples 17 and 18. �e best fast-

ness properties were achieved when dyeing with 

birch tree leaves (cf. Table 2) and lady’s bed-

straw roots (cf. Table 3) with an additional met-

al salt treatment. �e wash colour fastness was 

not a�ected by the soda a�er-treatment.

�e dyeing in the nut tree fresh leaves extract 

gave a range of brown tones (cf. Table 4 and 

Figure 6). Unlike in the previous dyeing (cf. 

Tables 2 and 3), the ferric sulphate was add-

ed instead of the aluminium sulphate – in 

three cases into the fresh leaves nut tree dyeing 
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Figure 6: Position of dyed samples (leaves of nut tree) in CIE 

a*b*colour diagram

Table 4: CIE L*C*h colour values of samples dyed according to di�erent procedures (various chemicals, liquor 

ratio (KR
E
) and pH) using dyes extracted from fresh leaves of nut tree

KR
E

pH L C h

Colour 

pH
E

pH
E

25 pH
E

26 pH
E

27 pH
E

28 pH
E

29 pH
E

30 pH
E

31

32

33

34

35

-

-

bath (Samples 25–27) and in six cases a�er the 

treatment (Samples 28–30 and 32–34). �is 

was also the reason for a substantial change 

in colour shades. At Samples 23 and 24, which 

were dyed in the extraction bath pH
E
 without 

any added metal salts, the value a* was 12.07 

and 10.86, and value b* 22.66 and 19.63, re-

spectively. At Samples 31 and 34, which were 

subsequently treated with a combination of 

copper sulphate and acetic acid, the value a* 

was 12.06 and 5.96, and value b* 17.33 and 

12.87. All other samples had similar CIE a*b* 

values (a* value 0.37–3, and b*value 5.13–12). 

Samples 23, 24, 31 and 34 were also brighter 

with a higher saturation if compared with oth-

er samples. �e added ferric sulphate amount 

had a signi�cant in!uence on the sample light-

ness and colour fastness to wash. With the in-

creased concentration, the sample lightness re-

duced, while the colour fastness increased. �e 

a�er-treatment with 5 g of ferric sulphate in 

the bath ratio 1 : 10 (Sample 28) and 2.5 g in 
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Table 5: CIE L*C*h colour values of samples dyed according to di�erent procedures (various chemicals, liquor 

ratio (KR
E
) and pH) using dyes extracted from fresh leaves of big nettle
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Figure 7: Position of dyed samples (leaves of big nettle) in CIE 

a*b*colour diagram

a b

the bath ration 1 : 30 (Sample 32) produced 

dark brown-green colourations with good col-

our fastness (grade 3). Poor colour fastness 

properties were achieved when the extraction 

and dyeing were performed without any add-

ed metal salts. When dyeing with other plants, 

the situation was the same. Table 4 also shows 

that with all samples treated in di�erent ways, 

it came to slight staining or dirtiness of adja-

cent fabrics when testing the colour fastness 

properties (grade 4 and 4–5).

Dyeing in the nettle fresh leaves extract gave 

a range of green colour shades (cf. Table 5). 

Greater depth, darker colourations and good 

colour fastness were achieved with an addi-

tional copper sulphate treatment (Samples 44–

49). �ese samples had also similar CIE a*b* in 

the diagram (cf. Figure 7), which indicates a re-

sembling colour shade. In comparison with all 

other samples (Samples 36–43), they were also 
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-

-

vanju v ekstrakcijski kopeli brez dodanih kovinskih soli, kar po-

-

-

-

-

-

-

stov navadnega oreha rjave in iz listov velike koprive zelene barvne 

-

-

-

-

-

-

-

pH -

pH -

dariti, da so ta izbarvanja pri ponovni ekstrakciji težko ponovljiva, 

-

-

-

-

-

Dye Plants and Dyeing

less red. �e NaCl addition into the dyeing 

bath (Samples 40–42) increased the saturation 

and reduced the lightness. �e colour shade re-

mained the same as when dyeing in the extrac-

tion bath without the added metal salt, which 

means that the NaCl salt a�ects the bath ex-

haustion, however, less if compared with met-

al salts – ferric sulphate addition in the nut tree 

fresh leaves dyeing (cf. Table 4). �e colour fast-

ness properties of the fresh nettle leaves extract 

dyed samples were similar to the samples dyed 

with plant extracts. �e poorest colour fast-

ness was demonstrated when dyeing without 

the added metal salts (grade 1–2) and the best 

with the copper sulphate a�er-treatment (max. 

grade 3–4).

4 Conclusion

On the basis of extensive experimental work 

and the dyed sample evaluation with the CIE 

colour system, it can be concluded that the plant 

dyes extracted from birch tree leaves provide 

tones yellow in colour, lady’s bedstraw roots red, 

nut leaves brown and big nettle green colour 

shades. �e aluminium salt addition into the 

extraction bath or to the dyeing bath created 

lively and saturated colour shades when com-

pared with the dyeing without any added metal 

salts. �e copper sulphate and tartrate combi-

nations addition created more blue-green col-

our tones and the ferric sulphate addition pro-

vided darker and less saturated colour shades. 

�e addition of chemicals into the extraction 

bath or into the dyeing bath had a great impact 

on the colour shade, colouration depth and par-

ticularly on the obtained colour fastness proper-

ties. �e bath extraction ratio a�ected the col-

ouration intensity; a higher bath rate provided 

lighter and less saturated colourations. On the 

other hand, more intensive colourations of live-

ly warm colours (yellow and red) were achieved 

when dyeing in the acidic pH. Cold and dark 

colourations became precious when dyeing in 

the alkaline pH. However, it is important to 

emphasize that due to the growing environment 

conditions, the amount of the dye can vary and 

the colourations are di$cult to reproduce. All 

colour fastness properties to washing at 40 °C 

were low (visual estimation using the grey-scale 
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was 1–3), depending on the procedure type and 

metallic salts addition, while the adjacent fab-

rics stayed un- or slightly coloured (estimations 

4–5). During the experimental work, it could be 

observed that with several washes, some colour 

shades gained on saturation and colour diversi-

ty, others became lighter, and again the third re-

mained unchanged.


