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Abstract. Dyeing with natural dyes from plant and other
organic sources is known since the prehistoric times. In Latvia,
natural dyes have been used for the colouring of natural fibres,
such as flax, wool, cotton, silk and leather. Plants for the dyeing
were collected in autumn in Latvia, used fresh or dried. Mordant
ferrous sulphate, copper sulphate pentahydrate, potassium
hydroxide, potassium dichromate and acetic acid were used
before, during and after dyeing. The quality of dyeing was
evaluated using the RGB system.
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I. INTRODUCTION

Dyeing with natural or vegetable dyes from plant and other
organic sources is known since the prehistoric times [1].
Throughout history, people have dyed their textiles using
common, locally available materials. In Latvia, natural dyes
have been used for the colouring of natural fibres, such as flax,
wool, cotton and silk, as well as leather [2].

Nowadays, interest in natural dyes is a result of awareness
and demand for natural products [3]. Natural dyes are eco-
friendly, biodegradable, non-toxic, and less allergenic in
comparison with synthetic dyes [4]. The uncontrolled
discharge of synthetic dyes into the aquatic ecosystem is a
global environmental concern due to their negative
ecotoxicological effects. Dyes obtained from different natural
sources have emerged as an important alternative to synthetic
dyes [5].

With Latvian plants it is easier to dye beige, pale yellow
and pale green shades. Most difficult is to get the pink and
blue shade, due to the fact that in our plants this pigment is not
found. The dyeing is not sustainable from blueberries,
chokeberries and blackcurrants [2].

Natural colorant from the plants was extracted under
different operating conditions such as extraction time (45—
120 min), temperature (60-90 C) [5] as well as conventional
method and ultrasonic technique [6].

To improve the intensity of the natural dyes extracted from
plants, a mordant is required. The various substances- mineral
(salts, crusts, mud, metal oxides) and organic (urine, animal or
vegetable fats, plant’s juices and broths) can be considered for
mordanting [7]. Different mordants allow different colour
ranges for each dyestuff.

Some basic techniques of mordanting have been applied.
One of them is pre-mordanting it means that the dye-bath is
not altered by adding a mordant. The simultaneous mordanting

is a quick method and gives good results with wool when light
colours are desired. The post-mordanting is possible to
intensify, fix more permanently or modify the shades [7].

Latvian handcraftsmen have been using natural dyes for
manufacturing crafts since ancient times. In this study, non-
toxic and eco-friendly dyes were extracted from Latvian plants
collected during the autumn season, used for wool dyeing and
the quality of dyeing result was evaluated.

II. MATERIALS AND METHODS
A. Materials.

100% wool yarn (245Tex) produced by “Klippan Saule”
Ltd., Latvia was used. Wool was prewashed with a solution of
pH neutral liquid laundry detergent “KASTANIS CLASSIC”
(JSC “Spodriba”, Latvia) before dyeing (liquor ratio 30; dose-
2 g/l at 30°C for 10 min.), rinsed with warm and cold water.

The plants (Tab.1) such as leaves of white chestnut (Ch.),
Norway maple (M), apple-tree (A) and vine (V), bush of
cowberry (C), heather (H) and plants of common nettle (N)
and onion peel (O) were collected in the region of Riga in an
autumn and used fresh. Leaves of hemp (He) from
experimental fields of Agriculture Science Centre of Latgale,
harvested in autumn, were used dried.

B. Chemicals

Mordants such as ferrous sulphate (FeSOy), copper sulphate
pentahydrate (CuSO4*5H,0), potassium hydroxide (KOH),
potassium dichromate (K,Cr,O;) and acetic acid (CH;COOH)
were used. The doses of mordant were 5 g/l and 33 g/l in case
of CH;COOH.

C. Methods

Preparation of the dyes extract

Chopped plants were soaked in distilled water (ratio 1:10)
24 h at room temperature. After boiling 1.5 h and filtration,
dregs were boiled repeatedly at the same water ratio. Both
extracts were mixed and used for the dyeing.

Dyeing

Wool was dyed (Tab.1) (liquor ratio 30) at 80-95°C for
60 min, rinsed with warm and cold water, squeezed and dried
at room temperature.

Mordanting

Pre- mordanting (B) before dyeing (liquor ratio 30) in
separate bath containing a mordant (title B Chemicals) at
30 °C for 45 min. was used. Wool was rinsed with water
(warm, cold), squeezed and dried.



Material Science. Textile and Clothing Technology

2013/8

Simultaneous mordanting (liquor ratio 30) was done at the
time (T) of dyeing in a bath containing a mordant (title B
Chemicals) at 80-95°C for 60 min. The samples were rinsed
with warm and cold water, squeezed and dried at room
temperature.

Post-mordanting (title B Chemicals) was used after the
dyeing (A) (liquor ratio of 30) at 30 °C for 45 min

TABLE 1
DESIGNATION OF SAMPLES, USED PLANTS, MORDANTS AND METHOD OF MORDANTING,
COLOUR PARAMETERS OF DYED SAMPLES

D " Coordinate of
. . Designation of egree o
Nr. | Used Plants Used Chemicals Method of Mordanting Sample Lightness, Colour Vector Hue, H
L a* b*
0 Wool pH neutral laundry
detergent“Kastanis Prewashed 0 79.91 3.38 3.90 -
Classic”
1 Leaves of CuSO,4*5H,0 Post-mordanting Chl CuSO4_A 49.75 6.47 16.42 1.47
2 | whitechestnut | gego, Post-mordanting Chl_FeSO, A 56.71 3.98 15.89 1.5
3 Fruits of white CuS04*5H,0 Post-mordanting Chs_CuSO4_A 49.82 3.76 7.88 1.33
4 chestnut FeSO,4 Post-mordanting Chs_FeSO;_A 54.90 3.60 7.65 1.52
5 - Without mordant M 45.80 4.18 2.96 -0.87
Leaves of
6 | Norwaymaple | p g Simultancous M FeSO, T 30.92 3.64 3.29 117
mordanting
7| Leaves of CuSO4*5H,0 Post-mordanting A_CuSO,_A 50.17 3.70 14.45 1.54
8 apple-tree FeSO, Post-mordanting A _FeSO4_A 40.71 2.13 9.27 -1.34
9 CuSO,*5H,0 Post-mordanting V_CuSO4_A 42.62 8.86 16.21 1.15
10 FeSO, Post-mordanting V_FeSO4 A 39.38 4.98 11.71 1.37
11| Leavesofvine | g gq Pre-mordanting V FeSO, B 38.33 5.79 11.01 1.24
12 K>Cr,05 Simultaneous V_K:Cr,0,_T 57.79 5.12 12.72 1.38
mordanting
13 - Without mordant C 63.46 5.88 23.70 1.45
14 CuSO4*5H,0 Post-mordanting C _CuSO, A 48.21 4.23 20.85 1.52
Bush of -
15| cowberry KoCr0; Simultaneous C KCrO, T 4451 6.53 23.53 141
mordanting
16 K>Cr,0 Pre-mordanting C Ky,Cr,0;, B 53.57 7.34 29.47 1.42
17 Bush of - Without mordant H 46.78 5.41 16.81 1.41
18 | heather CuS0,4*5H,0 Pre-mordanting H_CuSO, B 55.67 2.92 16.98 -1.54
19 CuS04*5H,0 Post-mordanting N_CuSO4_A 51.12 5.86 20.08 1.42
Plants of nettle
20 FeSO, Post-mordanting N_FeSO, A 51.25 3.99 9.23 1.46
21 - Without mordant 0] 54.06 9.73 18.24 1.15
22 Onion peel KOH Post-mordanting O KOH_A 34.05 12.13 20.24 1.08
23 KOH Simultaneous O_KOH_T 35.58 13.55 23.02 1.08
mordanting - -
24 - Without mordant He 69.14 3.07 18.05 -1.51
25 CH;COOH Simultancous He CH,COOH_T | 62,04 5,79 15.01 1.38
mordanting
26 Simultaneous
Leaves of K,Cr,0; danti He K,Cr,0; T 61,46 4,56 11.92 1.47
Hemp mordanting
27 CuS04*5H,0 Simultancous He CuSO, T 59.63 -0.53 10.03 -0.87
mordanting
28 FeSO, Simultancous He FeSO, T 62.38 5.74 3.52 0,61
mordanting
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Colour Test

The samples representing variations (Tab.1) were carried
out in the spectral width from 400 to 700 nm (CQA Easy
Color V3.0 Pocketspec Technologies Inc, USA), using CIE L*
a* b* measuring system, what allows to determine the

coordinates of colour vectors a*, b* and L*- the degree of
lightness in the colour space [8]. (AL*), common colour
differences (AE), chroma (C) and hue (H) were calculated
according to the following common formulas [9].

AL* = L *.mmple - L *.\' tan dard (1)

AE = (AL*) +(Aa¥)’ +(Ab*)”  (2)

C = J(a*) + (b*) 3)
H= arctg(ﬁ) ©)
a £
L*mpie- the degree of lightness of sample,

L*gandara- the degree of lightness of standard,

Aa*, Ab*-average of coordinates of colour vector.
Parameters of dyed samples were compared with the
prewashed wool as standard was used.

# Lightness Difference AL*

Designation of Samples

He

# Whiteness,%

-50 -45 -40 -35 -30 -25 -20 -15 -10

S50 5 10 15
Value

20 25 30 35 40

Fig.1. Lightness Difference and Whiteness of Dyed Samples
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# Chroma

# AE Colour Difference
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Fig.2 Colour Difference and Chroma of dyed samples
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The value of hue (Tab.1) indicates the variety of colour
shades of dyed wool. The sample with hue value (-0.87)
indicates dark grey colour with maple as well as the dun
colour with hemp with FeSO4 use (simultaneous-mordanting).
The value of hue (-1.5) points at greenish-grey colour of
heather with the same mordant and method use, as well as
light yellowish colour of hemp sample. Positive values of hue
(1.5) point at snuff colour (hemp with K2Cr207 simultaneous-
mordanting), green hay colour (cowberry and apple with
CuS04) as well as dark straw colour (chestnut with CuSO4).
The significant change of hue has been observed with one
plant use with different mordants. It indicates, that important
for hue is both- use of plant and mordant.

Values of the lightness difference (Fig.1) characterize the
difference between lightness of the sample and lightness of the
standard (prewashed wool). For samples without mordant use
the lowest difference of lightness (-7.74) is for hemp (beige
colour), the higher (34.11) is for maple (medium grey colour).
For samples with mordant use, lower difference of lightness is
(-14.49) for samples dyed with white chestnut (hay colour)
with ferrum sulphate (simultaneous mordanting). The greater
difference of lightness (-49.0) is for maple (dark gray) with
ferrous sulphate use (simultaneous mordanting), as well the
lower whiteness index (6.9 %) has been set for this sample,
due to dark colour.

For comparison and explaining the obtained results, the
whiteness index, % (Fig.1) of wool samples was determined
from black (0%-no reflectance) to brilliant white (100%-full
reflectance). The value of whiteness of prewashed wool (36.5)
as standard was used. With ferrous sulphate and cowberry has
been observed whiteness index 36.3% (light hay colour),
while about 19% with use of vine (dark beige colour) and
potassium dichromate (simultaneous mordanting). It indicates,
that a greater influence on the lightness difference and the
whiteness was observed from the used mordant.

The value of colour difference (Fig.2) denotes a common
colour difference of the sample. Without mordant use the
lowest difference (15.33) is for hemp, the highest (35.61) is
for heather. For samples with mordant use, the lower value
(14.67) is obtained for hemp with FeSO4 use (simultaneous
mordanting). The influence of ferrum sulphate use on colour
difference value in this case is about 18%, while with maple
use, the same mordanting method - about 30%. With
potassium hydroxide and onion (post-mordanting) use the
highest difference of colour (40%) was observed. The
influence of copper sulphate pentahydrate with hemp is about
18%. For potassium dichromate with cowberry- 39%, while
with hemp- 10% difference of colour was observed. The most
significant influence on colour difference value has been
achieved from the used mordant.

Chroma (Fig.2) is a measure of intensity or saturation of
any hue. The lowest value of chroma (Fig.2) of the sample
without mordanting is for maple (1.23) greyish beige colour,
whereas light hay colour is with cowberry (16.96). For maple

10

mordanted simultaneously with ferrous sulphate the lowest
value of chroma (0.66) has been observed, the dark gray shade
of sample. The higher parameter of chroma (25.9) is for
cowberry, mordanted with potassium dichromate before
dyeing (green shade) and onion (21.7) with potassium
hydroxide (brown shade). By the reduction of the saturation of
hue, the colour turns into different grey shades due to the used
mordant. From the used plants the intensity of chroma
observed as different shades of green, yellow or brown colour.

IV. CONCLUSION

The plants of Latvia were used for wool dyeing without and
with the use of different mordants and application of three
mordanting methods.

The main factor of influence on lightness is a used plant.
The darkness of all samples indicated the negative lightness
difference.

The most significant influence on colour difference has
been achieved from used mordant and the positive values of
colour difference are due to the distinction of common colour
difference of each colour.

The whiteness index indicates, that greater influence on the
lightness difference and the whiteness has been observed from
the used mordant.

Positive and negative values of hue pointed at various
shades (yellowish, brownish, greenish and grey colours) of
colouring.

The value of chroma pointed at influence of mordant and
plant use on colour saturation of dyeing as different shades of
green, yellow or brown colour, but by decrease of saturation
the colour turns into different grey shades.

The colour parameters are dependent on used plants and
mordants more than applying of mordanting method.

The use of the RGB system for the evaluation of quality of
dyeing is a new method for craftsmen of Latvia for the dyeing
colour characterization.
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Aina Bernava. Ar Latvijas augiem krasotas vilnas krasojuma raksturojums.

Pasaulé krasoSana ar dabas krasvielam ir zinama kop$ aizvesturiskiem laikiem. Latvija tas pielieto dabisko Skiedru- linu, vilnas, kokvilnas un zida, ka arT adas
krasosanai. Dabas krasvielas ir videi un cilvékam draudzigakas neka sintétiskas krasvielas. Musdienas interese par dabiskiem produktiem palielina pieprasijumu
krasoSanai ar dabas krasvielam.

Petljuma krasota 100% vilna (245 Tex, SIA “Klippan Saule”, Latvija), kas mazgata ar pH neitralu mazgaSanas lidzekli “KASTANIS CLASSIC”(AS ’Spodriba”,
Latvija). Augu lapas- (klavu, abeles, mezvitenu, kanepju un kastanas), métras (briklenu un virSu), ka arl sipolu mizas ievaktas rudeni. KrasoSanas skiduma
sagatavoSanai nepiecieSams 1.0 kg svaigu vai 0.5 kg kaltétu augu uz 0.1 kg dzijas (Vannas modulis 30). Tos sasmalcina, parlej ar aukstu Gideni (1:10) un notur 24h
istabas temperatiird, tad 1.5h vara. Augu izvilkumu nokas, atkartoti parlej ar tadu pat idens daudzumu un procediiru atkarto. Abus augu novarijumus salej kopa. Dziju
kraso 80-95°C temperatiira, 60 min. Kodina, atbilstosi receptiirai (5 g/l) ar dzelzs sulfatu, vara sultatu (5 hidratu), kalija hidroksidu un kalija dihromatu vai etikskabi
(33 g/) pirms, p&c krasosanas (30°C, 45 min), vai krasosanas laika.

Paraugu krasu atskiribas analizé ar CQA Easy Color V3.0 Pocketspec (Technologies Inc, ASV) krasu testeri, izmantojot RGB sisteému, kas lauj noteikt krasu vektoru
koordinates CIElab-76 krasu telpa. P&c iegiitajiem mérijjumiem aprékina gaiSuma atSkirTbu (AL*), krasu atskiribu (AE), nokrasu (C) un krasu toni (H). Krasojuma
baltuma pakapi (%) nosaka ar virsmas atstarosanas meritaju Rhopoint Novo-Shade Duo 45/00° (Rhopoint Instrumentation Ltd, UK).

Secindjumi: Visi izp&t€ izmantotie Latvijas augi ir piem&roti vilnas krasoS$anai, Krasojot iegiitas zalganas, pelécigas vai dzeltenigas nokrasas izkrasojumi. Krasu
atSkiribu, ka arf krasu toni vairak ietekmé pielietotais augs neka izvélétais kodinatajs vai kodinasanas metode, ko apliecina vilnas izkrasojumu primara krasu kvalitates
parbaude. Krasa ir atkariga no izmantotajiem augiem un kodinatajiem.

Aiina Bepnapa. lIBeToBasi XapaKTepHCTHKA MIEPCTAHON NPAKH, OKPAIICHHOH NPUPOAHBIMH KpacuTeasiMu JlaTBuu.

Kpamenne ¢ npupogHBIMH KPACHTEISIMH H3BECTHO C JOUCTOPHUYECKHX BpeMEH. B JlaTBum mpuponHble KpacHTENH HNPHMEHEHSIOTCS I KPAlIeHUs HPHPOTHBIX
BOJIOKOH - JIbHA, IIEPCTH, XJIONKA U IIeNKa, a Takke KOXKH. DTU KpacUTeldH Oolee SKOJIOTHYHBI II0 CPAaBHEHHUIO C CUHTETHYECKMMHM KpacuTessIMH. B Hame Bpemst
MOBBIIIAETCS] HHTEPEC K 9KOJIOTMUECKUM IPOJYKTaM, U B CBA3H C TEM K HCIIOJIb30BaHUIO NIPHPOIHBIX KpacHTeNel.

Jnsa xpamenus npumenena 100% mepctsanas npspka (245 Tekc, Jlateus "Klippan Saule"), kotopast BeicTupana pH-HeliTpansasiM MoromuM cpeactoM “KASTANIS
CLASSIC” (JIatBus, "Spodriba"). Jluctes (kn€H, 0I0HS, IOMOHOC, KOHOIUIS, KalliTaH), MATa (OpyCHUKA U BepecKa), TakKe IeTyXa JIyKOBHIl COOPAHHBIX OCEHBIO,
MPUMEHSIOT B BBICYIICHHOM BuJe. i OArOTOBKH KPAaCHIBHOIO pacTBopa Heooxoanmo | kr cBexxux mwid 0.5 Kr BeICynIeHHBIX pacTeHui Ha 0.1 xr npspku (Moxyib
BaHHBI 30), KOTOpbIE N3MENBYAIOT, 3AJIMBAIOT X0JI0AHOM Bozo#t (1:10), BbIIepskuBatOT 24 yaca Ipu KOMHATHOM Temnepatype, Kunatar 1,5 gaca. [Tosyvator orBap, 1
Hpolece CHOBA IOBTOPAIOT. O6a pacTBOpa CAMBAIOT BMecTe. Kpalenue mepcTsaHoi IpsaKu Ipou3BoAaT OpH Teneparype 85-90°C B Teuenue 1 yaca, mosomyT TEmnoit
U XOJOJHOU BOJIOHU, CyIIaT IpH KOMHATHOU Temmeparype. I TpaBiIeHus MepcTH IPUMEHSIOT cybgar xenesa, cyIbhaT MeAu 5- BOJHBIN, JUXPOMAT U THAPOKCHI
kanus (5 /1), a TaKKe yKcycHyro kucnoty (33 r/i) nepen/nocne (npu temmeparype 30°C, 45MUHYT) Wiid BO BpeMsl KPALICHHS IEPCTH.

J1u1st OLIeHKH OKpallleHHOM Npshku uctoiib3oBan mpudop CQA Easy Color V3 Pocketspec (Technologies Inc, CIIIA) u cuctrema RGB, koTOpast o3BoJisieT yCTaHOBUTD
KOOP/IMHATHI LIBETOBBIX BEKTOPOB B 11BeTOBOM IpoctpancTse CIELAB-76. IloiyueHHble pe3yabTaThl U3MEPEHHUI UCIIOIb30BaHbI [l PACUETOB CBETJIOro ToHa (AL*)
usetosoro pasmmuus (AE), ortenka (C) u Tona mpsera (H). CTenens Genusabl (%) OKpalleHHOH Mpskd u3MepsieT ammapatom Rhopoint Novo-Shade Duo 45/00°
(Rhopoint Instrumentation Ltd, UK).

BeIBOA: BCe HCIOIB30BaHHBIE pacTeHus JIaTBUM NMPUMEHSIOTCS UL KpalleHMs IIepcTsHo# mpspku. IlepBuuHas mpoBepka KadecTBa OKPAcOK IOKa3bIBAaeT, YTO
L[BETOBBIE TAPAMETPBI 3aBUCAT OT IPUMEHEMBIX PACTEHHI U IPOTPaB.
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