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owadays, there is a great tendency for eco-dyeing and finishing of 

textiles with natural products. several natural dyes have been used for 

dyeing of protein fibers but a low number have the ability to dye cotton 

fiber because of low affinity of cellulose to the natural dyes. In this study madder 

and weld natural colorants were used to dye cotton fabric premordanted with 

three metallic salts including alum, ferrous sulfate, and copper sulfate. The 

effects of the concentration of mordant, dyeing temperature, dyeing time and 

amount of electrolyte on the color strength of dyed samples were investigated. 

Also, an eco-friendly process, low temperature plasma treatment was employed 

as a pretreatment to improve the dye exhaustion into the cotton fibers. The 

fastness properties of cotton samples dyed under different conditions were 

evaluated and the optimum amount of each variable for obtaining the highest 

values of color strength and fastness properties in the dyeing of cotton with 

madder and weld natural dyes was specified. Prog. Color Colorants Coat. 12 

(2019), 191-201© Institute for Color Science and Technology. 
 

 

  

  

  

  

  

1. Introduction 

Textiles made of pure cotton or its blends with 

synthetic fibers are very popular due to desirable 

characteristics such as water absorbency, easy dyeing, 

comfort and stability [1]. Several classes of synthetic 

dyes including vat, sulphur, azoic, direct and reactive 

dyes can be applied on cotton fibers [1-4]. The process 

of cotton dyeing with these dyes usually consumes 

high amounts of dyes and auxiliaries and produces 

large quantities of potentially toxic effluent. 

Furthermore, some synthetic dyes decompose in 

contact with human sweat and produce banned amine 

compounds which may cause several diseases. 

Consequently, the tendency to natural dyes is renewed 

nowadays [3, 5-12]. Natural dyes are able to dye wool 

and silk fibers by a simple procedure but the process of 

cotton natural dyeing is problematic in most cases due 

to the low affinity and weak fastness properties of 

natural dyes on cotton fiber [4, 11, 13-18]. Researchers 

are examining different methods and technologies for 

the preparation of cotton fibers with the aim of better 

dyeability with natural dyes.  

Ultrasound energy, enzyme, mineral mordants, and 

biomordants have been used in several studies to 

improve the dyeability of cotton fiber with different 

natural colorants [8,19-23]. Pretreatment of cotton with 

chitosan has been used to increase the affinity of cotton 

fiber for natural dyes [13, 24-26]. In other studies, 

anionic and cationic active compounds, cross linking 

agents and ozone treatment have been employed as 

pretreatments to improve the dyeability of cotton with 

natural dyes [3, 8, 11, 20, 21, 27-33]. Application of 

radiation technologies like plasma treatment, 

microwave, gamma, and UV radiations has shown the 
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potential to increase the exhaustion and fixation of 

natural dyes on cotton [13, 19, 34-40]. 

Madder roots contain different anthraquinones, of 

which the most prominent structures are alizarin and 

purpurin that are believed to account for the red color 

[41, 42]. Weld (Reseda luteola) is a perennial plant that 

produces a yellow dye (luteolin) from its foliage and 

flowers. It produces the most stable yellow shades and 

thus have been widely used for dyeing [43].   

In this study, the effects of pre-mordanting with 

three metallic mordants and dyeing conditions on 

dyeability of cotton fibers with madder and weld have 

been studied. Also, cotton fabric samples were 

pretreated with oxygen plasma and the possibility of 

reducing or elimination of mordanting process before 

the natural dyeing was investigated. 

 

2. Experimental  

2.1. Materials 

Scoured and bleached cotton fabric with plain weave 

(142 g/m2) was purchased from Mazandaran textile 

Company, Iran. Madder roots and weld flowers which 

were obtained from Yazd, Iran and Fariab, 

Afghanistan, respectively, were finely powdered after 

being thoroughly washed and dried in the shade. The 

original solution each plant dye was prepared by 

boiling 100 gram of powder in 1 liter of distilled water 

for 2 hours. The resultant solution (10% W/V) was 

filtered and used for cotton dyeing. All chemicals used 

in this study were of analytical grade and obtained 

from Merck, Germany.  

 

2.2. Methods 

1- Plasma Treatment: A low pressure, radio frequency 

(13.56 MHz) plasma treatment system (model: Junior 

advanced, Europlasma, Belgium) was used. Oxygen 

with a flow rate of 20 sccm was used as working gas. 

The chamber base pressure was 100 mTor and plasma 

treatment was performed at a power of 100 W for 3 

min.  

2-mordanting: Alum, copper sulfate and ferrous sulfate 

were used for mordanting of cotton samples. The 

mordanting process was done at 80 °C for 45 min with 

a liquor to goods ratio equal to 30:1.  

3- Dyeing: The weight of each sample was 5 g For 

dyeing of each sample, 100 mL of the original dye 

solution and 100 mL of distilled water were mixed. 

The dyebath initial temperature was 40 °C and the rate 

of temperature increment to the final temperature (60, 

70, 80, 90 °C) was 2 °C/min. The dyeing was 

continued for a predefined time (45, 60 and 90 minute) 

and the samples were rinsed and air dried finally.  

4- Color measurements: A reflectance spectro-

photometer (Color eye 7000A, X-rite, USA) with 

illuminant D65 and 10° standard observer was employed 

to obtain the reflectance data and color coordinates (CIE 

L*, a*, b*) of the dyed samples. Color strength (K/S) of 

dyed samples were calculated using Kubelka-Munk 

equation in which R is the observed reflectance, K is the 

absorption coefficient and  S is the light scattering 

coefficient (Eq.1): 

 

K/S= (1-R)²/2R  (1) 

 

5- Color fastness tests: Color fastness of the dye 

samples against washing, artificial light and rubbing 

were measured according to ISO 105-C01:2006, ISO 

105-B02:2014, and ISO 105-X12:2016 standards, 

respectively. 

Scanning electron microscopy (SEM): An AIS2100 

scanning electron microscope (Seron Technology, 

South Korea) was used to take SEM images and 

compare the surface morphology of raw and plasma 

treated cotton fibers. 

FT-IR analysis: Fourier transform infrared spectra 

of raw and plasma treated samples were recorded using 

a Nicolet 670 equipment in the ATR Mode. 40 scans 

were done with a resolution of 4 cm-1 and their average 

was used for drawing the spectra. 

 

3. Results and Discussion  

3.1. Effect of mordants 

The CIELAB color space position of the dyed samples 

with weld in presence of different metal mordant is 

presented in Figure 1. The results and observations 

indicate that they have a yellow color shade due to the 

higher value of b* compared to the a*. However, the 

pretreatment with different metal salts as a mordant 

resulted in a little change in their chroma and position. 

The cotton sample which was pretreated with ferrous 

sulfate mordant presented the lowest chroma.  

The CIELAB color space position of the dyed 

samples with madder in presence of different metal 

mordant is presented in Figure 2. The results and 

observations indicate that they have a red and 

yellowish-red color shade. However, the pretreatment 
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with different metal salts as a mordant resulted in a 

change in their chroma and position. Pretreatment with 

copper sulfate and ferrous sulfate resulted to appear a 

reddish color compared to the alum mordant. However, 

the cotton sample which was pretreated with ferrous 

sulfate mordant presented the lowest chroma.   

The effect of three mordants on the L* of cotton 

samples dyed with weld and madder is presented in 

Table 1. The L* corresponds to the lightness of them 

and ranged from 0 (black) up to 100 (white). It is 

obvious that the L* of the samples dyed with weld 

decreased as the amount of mordants increased which 

means that the increase of the amount of mordants in 

the dyebath has increased the amount of exhaustion of 

metal ion on the cotton which caused the increase in 

the color strength of the dyed samples. 

   

 
Figure 1: The CIELAB color space position of dyed cotton samples with weld which pretreated with 5 % owf of different 

metal mordants (dyeing at boil for 60 min). 

 
Figure 2: The CIELAB color space position of dyed cotton samples with madder which pretreated with 5 % owf of 

different metal mordant (dyeing at boil for 60 min). 
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Table 1: Effect of mordants on color coordinates of samples dyed with weld and madder. 

L* 
Amount of mordant (% owf) Mordant 

Madder Weld 

49.63 79.94 1 Alum 

50.76 79.02 3 Alum 

53.11 78.34 5 Alum 

31.18 50.02 1 Ferrous sulfate 

32.25 44.36 3 Ferrous sulfate 

35.86 41.41 5 Ferrous sulfate 

58.31 70.82 1 Copper sulfate 

61.03 68.23 3 Copper sulfate 

65.57 66.98 5 Copper sulfate 

59.32 81.75 - No mordant 

 

 

The data presented in this table show that the use of 

1% owf of all mordants decreased the L* of madder-

dyed samples compared with the non-mordanted 

sample, but increasing the mordant amount from 1 

%owf to 5 %owf increased the L* that means a 

decrease in dye absorption in case of madder. This 

suggests dye desorption from the fabric occurred, in 

favor of a dye-mordant interaction in the bath rather 

than on the fiber. Metal mordants can form an 

insoluble complex with dye molecules. So, this may be 

due to the formation of a complex between metal ions 

and the alizarin dye present in the extract of madder in 

the dyebath, without any attachment to the fiber [44]. It 

can be concluded that in this case, 1% owf of mordants 

is the optimum amount for obtaining the highest color 

strength. 

 

3.2. Effect of Sodium Sulfate 

Sodium sulfate (Glauber’s salt) is usually used in 

cotton dyeing with synthetic dyes to accelerate the 

dyeing process. As shown in Figure 3 and 4, increase 

in the amount of sodium sulfate decreased the L* of 

samples dyed with both dyes and all mordants. 

Cellulosic fabrics gain negative charge in water due to 

their lower dielectric constant compared with water 

which cause it to repel the anionic dyestuffs. The 

electrolytes reduce or distinguish the negative charge 

on the fiber and facilitates the transfer of the dye 

molecules from water to the fibers [45, 46]. 

 

3.3. Effect of time 

Figure 5 shows that the color strength of all samples 

dyed with weld and madder and different mordants 

increased as the dyeing time increased. This is simply 

due to more time for the dye molecule to penetrate to 

the fiber.  

 

3.4. Effect of temperature 

Figure 6 shows that the color strength of all samples 

dyed with weld and madder and different mordants 

increased as the dyeing temperature increased. When 

the temperature increases the aggregates of dye 

molecules break down, the dye molecules gain more 

kinetic energy and the fiber swells more and therefore 

the dye absorption is increased. The lower color 

strength of the iron mordanted samples may be due to 

the formation of iron-dye insoluble complex in the 

dyebath and avoiding the sorption of the dye to the 

fiber [46]. Thus, the K/S value of the dyed fabric 

decreases. 
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Figure 3: Effect of sodium sulfate concentration on the brightness of samples dyed with weld (mordant concentration = 5 

%owf, dyeing at boil for 60 min).  

 
Figure 4: Effect of sodium sulfate concentration on the brightness of samples dyed with madder (mordant concentration 

= 5 %owf, dyeing at boil for 60 min).  
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Figure 5: Effect of dyeing time on color strength of dyed samples with weld and madder and different mordants (mordant 

concentration = 5 %owf, dyeing at boil). 

 
Figure 6: Effect of dyeing temperature on color strength of dyed samples with weld and madder and different mordants 

(mordant concentration = 5 %owf, dyeing time = 60 min). 
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3.5. Effect of plasma treatment 

Untreated and plasma treated cotton samples were dyed 

with madder and weld at 90 ºC for 90 min with and 

without pre-mordanting with alum, ferrous sulfate, and 

copper sulfate. As can be seen from Figure 7, plasma 

treatment showed a great effect on dyeability of cotton 

with both natural dyes with and without mordant. This 

is due to the etching effect besides the introduction of 

functional groups to the surface of cotton fibers which 

caused more absorption of mordant and dye molecules 

into the plasma treated fibers [13]. The possible 

interaction between the functional groups of plasma-

treated cotton fibers and natural dye molecules (alizarin 

and luteolin) is presented in Figure 8. It shows 

hydrogen bonding between the dye molecules and 

different functional groups of cotton surface, which 

caused better adsorption and attachment of the dyes on 

plasma-treated cotton fibers. 

The surface morphology of raw cotton fiber and 

plasma treated sample is presented in Figure 9. The 

SEM image confirms that cotton fibers sample 

presented a visible fibril outline and collapsed inward 

structure. In addition, the plasma treatment resulted in 

an etching effect on the surface layer of cotton fibers 

and removed some contaminants. Plasma treatment of 

cotton fibers resulted in an increase in the diffusion rate 

of cotton fibers and increased the dye uptake due to 

their higher color value. As shown in Figure 10, the 

appearance of small peaks at 1645 cm-1 and 1724 cm-1 

in the ATR-FTIR spectrum of the oxygen plasma-

treated sample means that oxygen containing 

(carbonyl) groups have been created on the surface of 

cotton fibers after oxygen plasma treatment. The 

results indicate that plasma treatment can be used as a 

pretreatment to improve the dyeability of cotton and 

reduce the need for toxic metal mordants [4]. 

 

3.6. Fastness properties 

Tables 2 shows that all mordants have a positive effect 

on fastness properties of samples dyed with weld and 

madder. This may be due to complex formation 

between the dye molecules and metal ions in the cotton 

fiber. Also, plasma treatment improved the fastness 

properties of dyed samples which may be due to better 

penetration of dye molecules and more chemical 

bonding between the newly introduced functional sites 

of cotton fibers and dye molecules [13]. 

 

 

 
Figure 7: The effect of plasma treatment on color strength of cotton samples (mordant concentration = 5 %owf, dyeing at 

boil for 60 min). 
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Figure 8: Suggested interaction between plasma-treated cotton fibers and dye molecules. 

 

 
Figure 9: SEM images of raw (left) and plasma treated (right) cotton fibers. 

 

 
Figure 10: ATR-FTIR spectra of raw and plasma treated cotton samples. 
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Table 2: Effect of mordanting on fastness properties of samples dyed with weld and madder. 

Madder Weld Amount of 

mordant  

(% owf) 

Mordant Light 

fastness 

Wash 

fastness 

Rub 

fastness 

Light 

fastness 

Wash 

fastness 

Rub 

fastness 

4-5 2-3 3-4 4 2 3 1 Alum 

4-5 2-3 3-4 4 2-3 3-4 3 Alum 

5-6 3-4 4 4-5 3-4 4 5 Alum 

5 3 3 4-5 2-3 2-3 1 Ferrous sulfate 

5-6 3-4 3 5 2-3 3 3 Ferrous sulfate 

6 4 4 5-6 3-4 4 5 Ferrous sulfate 

4-5 2-3 2-3 4 2-3 2-3 1 Copper sulfate 

4-5 3 3-4 4-5 3 3-4 3 Copper sulfate 

5-6 4 4 5-6 4 4 5 Copper sulfate 

4 2-3 2-3 3-4 2 2 - Without mordant 

6 4 3-4 6 4 3-4 - 
Without mordant, 

plasma treated 

 

 

4. Conclusions 

Two natural dyes were used in this study. The results 

showed that these dyes can be used for coloration of 

cotton fiber with the help of metal mordants. If not 

mordanted, the dye absorption is not good but 

mordanting with alum, ferrous sulfate and copper 

sulfate increased the dye absorption and fastness 

properties of dyed samples. The use of sodium sulfate 

in dyeing bath can increase the dye absorption. 

Increasing dyeing time and temperature has an 

increasing effect on dye absorption. The plasma 

treatment was used as a pretreatment to improve the 

dyeability of cotton with natural dyes and improved the 

fastness properties of the dyed samples.  
 

 

 

5. References 

1. T. K. Kim, S. H. Yoon, Y. A. Son, Effect of reactive 
anionic agent on dyeing of cellulosic fibers with a 
berberine colorant, Dyes Pigm., 60(2004), 121-127. 

2. R. Shanker, P. S. Vankar, Dyeing cotton, wool and silk 
with hibiscus mutabilis (gulzuba), Dyes Pigm., 
74(2007), 464-469. 

3. P. S. Vankar, R. Shanker, J. Srivastava, Ultrasonic 
dyeing of cotton fabric with aqueous extract of eclipta 
alba, Dyes Pigm., 72(2007), 33-37. 

4. A. Haji, S. S. Qavamnia, F. K. Bizhaem, Salt free 
neutral dyeing of cotton with anionic dyes using plasma 
and chitosan treatments, Ind. Text., 67(2016), 109-113. 

5. H. Barani, K. Rezaee, H. Maleki, Influence of dyeing 
conditions of natural dye extracted from berberis 
integerrima fruit on color shade of woolen yarn, J. 
Natural Fib., (2018), 1-12. 

6. H. Barani, Modification of bentonite with different 
surfactants and substitute as a mordant in wool natural 
dyeing, Chiang Mai J. Sci., 45(2018), 492-504. 

7. H. Barani, K. Rezaee, Optimization of dyeing process 
using achillea pachycephala as a natural dye for wool 

fibers, Chiang Mai J. Sci., 44(2017), 1548-1561. 
8. P. S. Vankar, R. Shanker, D. Mahanta, S. C. Tiwari, 

Ecofriendly sonicator dyeing of cotton with rubia 
cordifolia linn. Using biomordant, Dyes Pigm., 
76(2008), 207-212. 

9. T. Sajed, A. Haji, M. K. Mehrizi, M. Nasiri 
Boroumand, Modification of wool protein fiber with 
plasma and dendrimer: Effects on dyeing with 
cochineal, Int. J. Biol. Macromol, 107(2018), 642-653. 

10. A. Haji, S. S. Qavamnia, M. Nasiriboroumand, The use 
of d-optimal design in optimization of wool dyeing with 
juglans regia bark, Ind. Text., 69(2018), 104-110. 

11. A. Haji, M. Nasiriboroumand, S. S. Qavamnia, Cotton 
dyeing and antibacterial finishing using agricultural 
waste by an eco-friendly process optimized by response 
surface methodology, Fiber Poly., 19(2018), 2359-
2364. 

12. L. H. Ahlström, C. Sparr Eskilsson, E. Björklund, 
Determination of banned azo dyes in consumer goods, 
TRAC Trends  Analytical Chem., 24(2005), 49-56. 

13. A. Haji, Improved natural dyeing of cotton by plasma 



 A. Haji  

200  Prog. Color Colorants Coat. 12 (2019), 191-201  

treatment and chitosan coating; optimization by 
response surface methodology, Cellulose Chem. 

Technol., 51(2017), 975-982. 
14. A. Haji, M. Khajeh Mehrizi, J. Sharifzadeh, Dyeing of 

wool with aqueous extract of cotton pods improved by 
plasma treatment and chitosan: Optimization using 
response surface methodology, Fibers Poly., 17(2016), 
1480-1488. 

15. A. Haji, Eco-friendly dyeing and antibacterial treatment 
of cotton, Cellul. Chem. Technol., 47(2013), 303-308. 

16. H. Barani and S. Rahimpour, The dyeing procedures 
evaluation of wool fibers with prangos ferulacea and 
fastness characteristics, Adv. Mater. Sci. Eng., 
2014(2014), 6-11. 

17. H. Barani, M. Nasiribroumand, A. Haji, M. Kazemipur, 
Optimization of dyeing wool fibers procedure with 
isatis tinctoria by response surface methodology, J. Nat. 
Fibers, 9(2012), 73-86. 

18. H. Benli, An investigation of dyeability of wool fabric 
with red cabbage (brassica oleracea l. Var.) extract, Ind. 
Text., 68(2017), 108-115. 

19. S. Adeel, M. Zuber, Fazal-ur-Rehman, K. M. Zia, 
Microwave-assisted extraction and dyeing of chemical 
and bio-mordanted cotton fabric using harmal seeds as 
a source of natural dye, Environ. Sci. Pollution Res., 
25(2018), 11100-11110. 

20. P. S. Vankar, R. Shanker, A. Verma, Enzymatic natural 
dyeing of cotton and silk fabrics without metal 
mordants, J. Cleaner Prod., 15(2007), 1441-1450. 

21. M. Ben Ticha, W. Haddar, N. Meksi, A. Guesmi, M. F. 
Mhenni, Improving dyeability of modified cotton 
fabrics by the natural aqueous extract from red cabbage 
using ultrasonic energy, Carbohydrate Poly., 
154(2016), 287-295. 

22. W. Haddar, N. Baaka, N. Meksi, M. Ticha, A. Guesmi 
and M. F. Mhenni, Use of ultrasonic energy for 
enhancing the dyeing performances of polyamide fibers 
with olive vegetable water, Fiber Poly., 16(2015), 
1506-1511. 

23. [23] I. Dumitrescu, E.-C. Mitran, E. Varzaru, R. 
Constantinescu, O. G. Iordache, D. Stefanescu and M. 
Pislaru, Multi-functional effects of textiles dyed with 
madder roots powder (rubiatinctoria), Ind. Text., 
69(2018), 451-457. 

24. A. Haji, M. Khajeh Mehrizi, S. Hashemizad, Plasma 
and chitosan treatments for improvement of natural 
dyeing and antibacterial properties of cotton and wool, 
Vlakna Text., 23(2016), 86-89. 

25. M. Ü. Özgür, G. Gümrükçü, F. Turak and C. Sarıoğlu, 
Dyeing cotton strips with natural dyes for improved 
fastness by dyeing with liquids containing tannic acid 
and water soluble metal salts, 4th AACD Congress, 
Adnan Menderes University, Turkey, 2004. 

26. M. D. Teli, J. Sheikh and P. Shastrakar, Exploratory 
investigation of chitosan as mordant for eco-friendly 
antibacterial printing of cotton with natural dyes, J. 
Text., 2013(2013), 1-6. 

27. H. Benli and M. Đ. Bahtiyari, Combination of ozone and 
ultrasound in pretreatment of cotton fabrics prior to 

natural dyeing, J. Clean. Proud., 89(2015), 116-124. 
28. P. S. Vankar, V. Tiwari, L. W. Singh and L. 

Potsangbam, Sonicator dyeing of cotton fabric and 
chemical characterization of the colorant from 
melastoma malabathricum, Pigm. Res. Technol., 
38(2009), 38–42. 

29. P. S. Vankar, R. Shanker, S. Dixit, D. Mahanta, S. C. 
Tiwari, Sonicator dyeing of cotton with the leaves 
extract acer pectinatum wallich, Pigm. Res. Technol., 
37(2008), 308–313. 

30. P. S. Vankar, R. Shanker, S. Dixit, D. Mahanta, S. C. 
Tiwari, Sonicator dyeing of modified cotton, wool and 
silk with mahonia napaulensis dc. And identification of 
the colorant in mahonia, Ind. Crop Prod., 27(2008), 
371-379. 

31. P. S. Vankar, R. Shanker, S. Dixit, Chemical 
characterisation of extract derived from daphne 
papyraceae and sonicator dyeing of cotton, silk and 
wool with the extract, Pigm. Res. Technol., 38(2009), 
181–187. 

32. R. S. Padma S. Vankar, Ecofriendly ultrasonic natural 
dyeing of cotton fabric with enzyme pretreatments, 
Desalination, 230(2008), 62-69. 

33. N. Baaka, A. Mahfoudhi, W. Haddar, M. F. Mhenni, Z. 
Mighri, Green dyeing process of modified cotton fibres 
using natural dyes extracted from tamarix aphylla (l.) 
karst. Leaves, Nat. Product Res., 31(2017), 22-31. 

34. M. Zahid, I. A. Bhatti, S. Adeel, S. Saba, Modification 
of cotton fabric for textile dyeing: Industrial 
mercerization versus gamma irradiation, J. Text. 

Institut., 108(2017), 287-292. 
35. F. Rehman, S. Adeel, R. Hanif, M. Muneer, K. M. Zia, 

M. Zuber, M. A. Jamal , M. K. Khosa, Modulation of 
marigold based lutein dye and its dyeing behaviour 
using uv radiation, J. Natural Fiber, 14(2017), 63-70. 

36. M. Hussaan, N. Iqbal, S. Adeel, M. Azeem, M. Tariq 
Javed, A. Raza, Microwave-assisted enhancement of 
milkweed (calotropis procera l.) leaves as an eco-
friendly source of natural colorants for textile, Environ. 
Sci. Pollution Res., 24(2017), 5089-5094. 

37. S. Adeel, T. Gulzar, M. Azeem, R. Fazal ur, M. Saeed, 
I. Hanif, N. Iqbal, Appraisal of marigold flower based 
lutein as natural colourant for textile dyeing under the 
influence of gamma radiations, Radiation Phy. Chem., 
130(2017), 35-39. 

38. T. Gulzar, S. Adeel, I. Hanif, F. Rehman, R. Hanif, M. 
Zuber, N. Akhtar, Eco-friendly dyeing of gamma ray 
induced cotton using natural quercetin extracted from 
acacia bark (a. Nilotica), J. Nat. Fiber, 12(2015), 494-
504. 

39. F.-u. Rehman, S. Adeel, M. Shahid, I. A. Bhatti, F. 
Nasir, N. Akhtar, Z. Ahmad, Dyeing of γ-irradiated 
cotton with natural flavonoid dye extracted from 
irradiated onion shells (allium cepa) powder, Radiation 
Phy. Chem., 92(2013), 71-75. 

40. M. Gorjanc, M. Mozetič, A. Vesel, R. Zaplotnik, 
Natural dyeing and uv protection of plasma treated 
cotton, Europ. Phys. J. D, 72(2018), 41-46. 

41. H. Willemen, G. J. P. van den Meijdenberg, T. A. van 



Dyeing of Cotton Fabric with Natural Dyes Improved by Mordants and Plasma Treatment  
 

   Prog. Color Colorants Coat. 12 (2019), 191-201  201 

Beek, G. C. H. Derksen, Comparison of madder (rubia 
tinctorum l.) and weld (reseda luteola l.) total extracts 
and their individual dye compounds with regard to their 
dyeing behaviour, colour, and stability towards light, 
Color. Technol., 135(2019), 40-47. 

42. M. R. Shahparvari, S. Safapour, K. Gharanjig, Study on 
kinetic behavior and dyeability of woolen yarn with 
madder and cochineal natural dyes, J. Color Sci. 

Technol., 10(2016), 195-206. 
43. A. Shams-Nateri, A. Hajipour, E. Dehnavi, E. Ekrami, 

Colorimetric study on polyamides dyeing with weld 
and pomegranate peel natural dyes, Clothing Text. Res. 

J., 32(2014), 124-135. 
44. Y. Ding, H. S. Freeman, Mordant dye application on 

cotton: Optimisation and combination with natural 
dyes, Color. Technol., 133(2017), 369–375. 

45. A. O. Noah, C. M. O. A. Martins, J. A. Braimah, The 
effect of electrolytes on direct dyes for cotton, J. Appl. 
Poly. Sci., 32(1986), 5841-5847. 

46. M. M. Kamel, H. M. Helmy, N. S. E. Hawary, Some 
studies on dyeing properties of cotton fabrics with 
crocus sativus (saffron) (flowers) using an ultrasonic 

method, AUTEX Res. J., 9(2009), 29-35. 
 
 

 

 

How to cite this article: 

A. Haji, Dyeing of Cotton Fabric with Natural Dyes Improved by Mordants and Plasma 
Treatment. Prog. Color Colorants Coat., 12 (2019), 191-201. 

 
 

 

 

 


