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Abstract 

In this study different Mixtures of natural plants (Artemisia monosperma Del. and Phlomis floccose L.) in different 

proportions and different concentrations of the mixture are used to obtain new natural dyes and applying them to woolen 

fabric using microwave radiation and then studying the effect of extraction time and the pH of the dyeing bath on the strength 

of color and then studying the fastness of these dyes against light and Washing and perspiration 

1. Introduction 

Artemisia  monosperma Del. 

 

Desert plants have received much attention 

during recent decades as important natural 

resources industrialization of natural Dyeing.  In 

the Egyptian desert, the herb ,Artemisia 

monosperma Delis a perennial fragrant plant 

which grows widely and wildly in Arabian 

deserts, and it have many uses such as 

insects’struggle[1]. Artemisia monosperma 

Del.is a perennial medicinal shrub where it has 

medicinal application, and then it was used 

extensively in folk medicine[2]. The most 

important compounds that have a biological 

effect that can be extracted from Artemisia 

monosperma Del. are sterols, terpenes, 

flavonoids, saponins and tannins[3]. Artemisia 

monosperma Del.  has been used in many 

medical applications, including that it was used 

as an anti-worm and was also used as an 

antiseptic. Artemisia monosperma Del.is a 

natural antioxidant because it contains 

polyphenols compounds which stimulate 

hydrogen atom donation to free radicals, electron 

transfer and by metal chelating [4]. Where 

sterols, terpenes, flavonoids, saponins are 

reported as natural dyes[5] and tannins is 

mordant dyes[6] then Artemisia monosperma 

Del.  can be used as a natural dyes. 

 

Phlomis floccose  L. 

Phlomis floccose L. is a medicinal shrub found 

in the desert of Marsa Matrouh, Egypt [7]. Folk 

therapy in Egypt used Phlomis floccose L.as a  

sedative, stimulant, immune-suppressive, 

hemorrhoids, free radical scavenger, astringent, 

hemorrhoid, anti-diarrheal, anti-inflammatory, anti-

microbial,  anti-malarial,  anti-diabetic,  anti-

mutagenic, anti-cough, anti-nociceptive, for 

mending  of  wound and to  treat ulcers, gastric,  

intestinal  and abdominal  pains [8, 9]. An Egyptian 

study showed that silver nanoparticles can be 

obtained from methanol extract of Phlomis floccose 

L. and based on that, the study indicated that the 

Phlomis floccose L. acts as an antioxidant and 

cytotoxic [10]. Studies reported that Phlomis 

floccose L.can be used to struggle insects and 
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agricultural pests because it contains germacrene‐D 

and β‐caryophyllene with its chemical constituents 

[11]. The most chemical constituent of Phlomis 

floccose L. is flavonoids [12] which make it be able 

to be used as natural dye. 

2. Experimental 

 Natural dyes sources. 

1- ArtemisiamonospermaDel.WasPlant 

materials, in present investigation, were 

collected from northern and western Sinai. 

Scientific classification of Artemisia monosperma 

Del.  

Kingdom: plantae 

Clade: Tracheophytes 

Clade: Angiosperms 

Clade: Eudicots 

Clade:Asterids 

Order: Asterales 

Family: Asteraceae 

Subfamily: Asteroideae 

Genus:Artemisia Del. 

Species: monosperma 

2- Phlomis floccose L. 

was collected from Wadi El-Natron desert – 

Egypt and dried in air. 

Scientific classification of Phlomis floccose L. 

Kingdom: plantae 

Clade: Tracheophytes 

Clade: Eudicots 

Clade: Asterids 

Order: Lamiales 

Family: Lamiaceae 

Subfamily: Lamioideae 

Genus: Phlomis L. 

Species: floccosa 

 Substrates 

Scoured and bleached wool fabric was purchased 

from Misr for Spinning and Weaving Company, 

Mahalla El-Kobra, Egypt. 

 

Microwave assisted extraction 

The process of extraction was carried out by using 

microwave. A Samsung oven model 

MS404MADXXBB. Three different mixtures of 

dried Artemisia monosperma Del.and Phlomis 

floccose L.(50% Artemisia monosperma Del.:50 % 

Phlomis floccose L.) [Dye 1], (75% 

PhlomisfloccosaL: 25% Artemisia monosperma 

Del.) [Dye 2] and (25% Phlomis floccose L.: 75% 

Artemisia monosperma Del.) [Dye3] were irradiated 

in different concentrations (2: 10 gm/L) in aqueous 

solution. 

 

 Microwave dyeing method 

The extracted dye was applied to wool fabrics 

with M: L ratio 1:100. Dyeing procedure was 

carried out different dye bath pH. A Samsung oven 

model MS404MADXXBB was utilized and the 

dyeing time was 1 hour. 

 

 Color measurements 

Reflectance Spectrophotometer is the device 

used to measure the intensity of color on dyed wool 

fabrics and light reflection technology has been 

applied for that. The dye yield was determined on 

the dyed fabric using a spectrophotometer. 

Kubelka-Munk's Equation (1).Equation was applied 

to find out the intensity of the color of dye, which is 

symbolized by the symbol K/S[13]. 

K/S = [(1- R) 2 / 2R] - [(1- Ro) 2 / 2Ro] (1) 

Where R is the reflectance of dyed samples, K is 

the absorption coefficient, S is the scattering 

coefficient, and Ro = decimal fraction of the 

reflectance of the undyed fabric. 

 

 Fastness properties 

 

1- Color fastness to washing 

The color stability to washing was determined 

by method of ISO 105-C02:1989 [14]. 

Aspecimen of the dyed fabric was placed 

between two bleached slices, one of them is 

cotton fabric and the other of the wool fabric, 

and attached with them by hand stitching, and 

then it was soaked in an aqueous solution 

consisting of 5 g/L of nonionic detergents at a 

liquor ratio of 1:50 for 30 minutes at of 60 °C 

and then sample was rinsed thoroughly with 

manual squeeze, and then sample was allowed 

to dry. Gray scale was applied to assess the 

color fastness to wash. 

 

2- Color fastness to perspiration 

Using L-histidine monohydro-chloride 

monohydrate (0.5 g), sodium chloride (5 g), and 

sodium dihydrogen orthophosphate dihydrate (2.2 

g) in one liter of distilled water, a solution of 

artificial sweat was obtained. For have acidic sweat 

pH was adjusted to 5.5 by 0.1 N of NaOH and by 

the same way an alkaline sweat was obtained by 

adjusting pH of solution at 8.0.The fastness test was 

performed according to the following procedure: 
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Between two different parts of uncolored patterns a 

sample of dyed fabric (5×4 cm) was sutured. The 

samples were soaked in both solutions undergoing 

agitation and pressing for 15-30 min to have perfect 

wetting. Sample undergo a load of 4-5 kg while the 

sample was placed between two plates of plastic or 

glass. Then these plates were placed at a 

temperature of 37 °C vertically for four hours, and 

then a gray scale change technique was used to 

assess the color fastness to perspiration 

 

3- Color fastness to light 

 

The method of measuring the stability of color 

fastness to light is ISO 105-B02:1988 test technique 

where the dyed sample placed for 35 hours to a 

carbon arc lamp and then using the blue color scale 

to investigate color change of the tested samples. 

 

4- Color fastness to rubbing 

 

By applying the technique of ISO 105-X12:1987 

test the color fastness to crocking was determined. 

When dyed fabric undergoes rubbing, it is can be 

estimate if dye move from dyed fabric to another 

one or not. The wet and dry rubbing had been 

estimates. 

 

3. Results and discussion 

Factors affecting dye extraction: 

Effect of dye source concentration and extraction 

time 

Different concentrations of the mixed dried 

powder were prepared; concentrations were (2: 10) 

gm / litter. Extraction time was studied from 30 

minutes to 120 minutes. 

Fig. 1 Effect of dye source concentration and extraction time 

on K/S of Dye 1. 

The time period of the extraction was varied in 

order to study the maximum possible extraction of 

dye. The optimum value determined by K/S values.  

Table 1 show that optimum time for extraction of 

Dye 1 is 90 min. and concentration of source of the 

dye should be 6 gm / L.  

Table 2 shows that Dye 2 gives preferable value of 

K/S at 30 min.  Time of extraction with 

concentration of dye source 10 gm / L.  

 
 
Fig. 2 Effect of dye source concentration and extraction time on 

K/S of Dye 2. 

 

By the same behavior Dye 3 give best value of K/S 

at 30 min extraction time and using dye source 

concentration 10 gm/L which detailed in table 3. 

. 

 
 
Fig.3. Effect of dye source concentration andextraction time on 

K/S of Dye 3. 

 

It can be noted that K/S value are decreased after 

certain point. The decrease in the color intensity 

values after reaching a certain point may be due to 

the increasing in the extraction time by microwave, 

leads to the degradation of the dye resulting from 

the extraction process [15-18]. From table 1 data 

dye1 gives the maximum value of the color 

intensity at a concentration of 6 gm/L, and then the 

value of the color intensity decreases, may be that 

behavior due to some dyes reach a certain 

concentration and then the values of the color 

intensity decrease while the concentration increased 

[19]
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Table 1. Effect of dye source concentration and extraction time on K/S of Dye 1. 

concentration K / S 

gm/L 

Refluxing time per minutes 

30 60 90 120 

2 11.22 5.51 16.73 14.82 

4 14.34 14.20 15.72 20.27 

6 19.35 17.95 25.95 22.06 

8 20.48 18.90 18.90 24.51 

10 12.45 19.01 21.65 18.22 

 

 

 

Table 2. Effect of dye source concentration and extraction time on K/S of Dye 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 

Effect of dye source concentration and extraction time on K/S of Dye 3.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

concentration K / S 

gm/L 
Refluxing time per minutes 

30 60 90 120 

2 4.37 4.13 5.87 5.06 

4 5.84 6.83 5.97 6.16 

6 5.16 7.93 5.72 4.67 

8 7.64 4.73 7.91 7.12 

10 17.35 10.03 6.54 6.50 

concentration K / S 

gm/L 
Refluxing time per minutes 

30 60 90 120 

2 4.56 4.00 3.69 4.61 

4 6.36 3.33 4.63 6.64 

6 4.82 3.44 7.43 6.62 

8 6.85 8.12 7.18 7.86 

10 11.54 8.00 9.23 8.04 



 Microwave-assisted Dyeing of Wool Fabrics with Natural Dyes as Eco- Friendly Dyeing.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 7 (2021) 

 

3755 

Table 4 Effect of dye bath pH and dyeing time on K/S of Dye 1 

 

Dye bath pH Dying time/ min K / S L* a* b* c h 

pH 3 

15 3.95 76.95 0.69 15.59 15.61 87.46 

30 5.21 68.97 3.86 19.86 20.23 79.01 

45 2.77 74.13 2.63 15.07 15.50 80.09 

60 3.65 69.89 4.50 17.24 17.82 75.37 

pH 5 

15 7.36 69.81 1.85 21.30 21.38 85.03 

30 8.55 69.84 2.67 23.52 23.67 83.50 

45 11.17 65.98 3.78 23.71 24.01 80.93 

60 12.28 64.02 5.04 25.22 25.72 78.70 

pH 8 

15 3.58 75.41 - 0.69 17.81 17.02 92.21 

30 6.04 72.28 0.22 19.44 19.44 89.35 

45 6.17 70.32 0.83 19.48 19.50 87.65 

60 5.50 69.40 1.15 19.30 19.33 86.60 

pH 11 

15 2.82 74.91 0.45 20.04 20.05 88.71 

30 3.54 72.18 1.86 23.02 23.10 85.38 

45 4.41 69.77 2.90 24.32 24.49 83.19 

60 4.87 67.88 3.44 34.85 25.09 82.12 

 

Table 5 Effect of dye bath pH and dyeing time on K/S of Dye 2. 

Dye bath 

pH 

Dying time  / 

minutes 
K / S L a b c h 

pH 3 

15 4.22 70.77 2.80 20.27 20.46 82.14 

30 6.17 70.90 3.05 21.74 21.96 82.03 

45 6.70 68.15 3.15 20.59 20.78 81.29 

60 8.86 65.96 4.59 24.49 24.92 79.37 

pH 5 

15 2.71 75.53 - 1.14 15.29 15.34 94.28 

30 4.24 72.93 - 0.01 19.82 19.82 90.02 

45 4.56 71.80 0.80 18.89 18.91 87.57 

60 6.70 64.41 1.66 19.84 19.91 85.23 

pH 8 

15 3.09 69.44 0.85 20.31 20.32 87.59 

30 3.89 72.32 0.23 21.34 21.34 89.39 

45 6.85 64.93 1.01 28.75 28.76 88.00 

60 4.67 66.35 1.76 21.52 66.35 85.33 

pH 11 

15 2.39 74.62 0.80 20.12 20.13 87.73 

30 2.62 71.86 0.91 19.97 19.99 87.40 

45 3.23 71.63 2.39 23.65 23.77 84.22 

60 3.79 68.48 3.05 23.25 23.45 82.35 

 

 

 

 

 



 Morsy Ahmed El-Apasery et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 7. (2021) 

 

 

3756 

Table 6 Effect of dye bath pH and dyeing time on K/S of Dye 3. 

 

Dye bath pH 
Dying time  / 

minutes 
K / S L a b c h 

pH 3 

15 10.49 68.78 6.20 23.55 24.35 75.26 

30 12.95 70.80 5.09 24.89 25.40 78.44 

45 11.77 64.57 4.32 22.11 22.53 78.94 

60 16.89 65.03 5.58 26.36 26.95 78.06 

pH 5 

15 5.29 73.53 0.06 17.46 17.46 89.80 

30 6.61 70.67 0.59 19.27 19.27 88.24 

45 5.99 69.67 1.29 20.47 20.51 86.39 

60 5.86 67.23 1.46 19.56 19.62 85.73 

pH 8 

15 3.14 74.64 - 0.46 19.10 19.10 91.38 

30 6.29 65.65 1.19 19.07 19.10 86.44 

45 3.10 72.46 0.06 19.34 19.34 89.81 

60 4.53 68.15 0.74 21.15 68.15 88.00 

pH 11 

15 2.10 76.39 - 0.20 17.59 17.59 90.67 

30 1.83 77.67 - 0.50 15.84 15.85 91.82 

45 4.69 70.74 3.58 25.22 25.48 81.92 

60 3.84 71.55 2.88 24.43 24.59 83.28 

 

Table 7:Fastness properties of dyed fabrics 

 

 

 

Dyeing 

Effect of pH Level of Dye Bath and time of dyeing 

process  

One of the most important factors affecting the 

quality of the dyeing process and the increase in the 

dye affinity with the fibers is dye bath pH. Where, 

when using any method of dyeing wool, it is 

noticeably affected by the pH value of the dyeing 

bath, which affects the textile of the wool's ability to 

dye [20, 21].  

Dye intensity is higher at acidic pH  which leads 

to  the  dye-ability  decreases  at  pH  values  higher  

than  5 due  to  the  variation  of  protonated  number  

of  terminal amino  groups  of  wool  fibers,  and  

therefore  the  ionic interaction decreases [29.30]. 

The color of dyeing on wool fabrics is expressed 

in terms of CIELAB coordinates  were measured: (L) 

lightness; (a) , whose value represents the degree of 

redness (positive) and greenness (negative); (b), 

whose value represents the degree of yellowness 

(positive) and blueness (negative); (c) chroma; hue 

angle from 0 to 360° (h). The color properties of 

wool fabric dyed with mixture of Phlomis floccosa 

Land Artemisia monosperma Del. extracts are shown 

in Table 4, 5 and 6a, b. All the dyed fabrics showed 

brownish shade in their hue, which was confirmed by 

their slightly low positive a* but highly positive b*. 

The positive values of [b] (yellow-blue axis) 

indicated that the color hues of the dyes D1, D2 and 

on the wool fabric shifted in the yellowish direction. 

(L) Highly positive values indicate that color shift to 

brightness. 

Dye 

no 

Washing fastness 
Perspiration fastness Rubbing 

Light 

fastness 
Acidic Alkaline fastness 

Alt SC SW Alt SC SW Alt SC SW Wet Dry 

1 5 5 5 5 5 5 5 5 5 5 5 5 

2 5 5 5 5 5 5 5 5 5 5 5 5 

3 5 5 5 5 5 5 5 5 5 5 5 5 
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Fig. 4. Effect of dye bath pH and dyeing time on K/S  

 

 

Fig. 5. Effect of dye bath pH and dyeing time on K/S of Dye 2 

 

 

Fig. 6. Effect of dye bath pH and dyeing time on K/S of Dye 3 

 

Fastness properties 

The results of washing, light, and rubbing fastness of 

the dyed wool fabrics were shown in Table 7. The 

color fastness investigations show that all tested 

patterns have excellent light fastness ratings of 5 on 

blue scale. From data of table 7 it is clear that the 

dyed wool fabrics have excellent wash fastness and 

perspiration fastness where it is record ratings of 5 on 

gray scale. And it is clear from results in table 7 that 

the three natural dyes have excellent rubbing fastness. 

 

Conclusion 

The current study shows that, mixing of 

(Artemisia monosperma Del. and Phlomis floccose 

L.) that are grown in Egypt can be used as a dye for 

coloring textiles. The natural dyes of our study have 

excellent washing, light and rubbing fastness. 
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