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Abstract 
 
In this paper, the effect of low temperature plasma treatment on the natural dyeing properties of wool is studied.  
Madder was used as a natural dye and copper sulfate (CuSO4) and ferrous sulfate (FeSO4) as a metal mordant. Iron 
and copper were used as an electrode, in DC Magnetron Plasma Sputtering System. For natural dyeing, first some of 
wool samples were treated with mentioned mordant, and some of them were sputtered with Copper and Iron metal 
particles, using plasma sputtering treatment. Then all of the wool samples were dyed with madder. The color 
strength of plasma treated and untreated samples were analyzed using reflective spectrophotometer. Washing and 
light fastness were investigated and the results show that, the color strength and fastness of dyed wool samples are 
improved after plasma treatment.  As a result, it can be concluded that the low temperature plasma treatment could 
improve the natural dyeing on wool. So it is a good candidate to substitute with mordant treatment. 

 
PACs: 82.33.Xj; 81.15.Cd; 81.05.Lg; 82.30.Rs 
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1. Introduction 
 
Natural dyes are generally understood to be colorants 
(dyes and pigments) that are obtained from animal or 
vegetable matter without chemical processing. They 
are mainly mordant dyes, although some natural vat, 
solvent, pigment, direct and acid types are known. In 
recent years, concern for the environment has created 
an increasing interest in natural dyes. Conventional 
wisdom leads to the belief that natural dyes are frien-
dlier to the environment than their synthetic counter-
parts, although the issue is not necessarily quite so 
straightforward. Nevertheless, natural dyes do have 
tremendous commercial potential. Another impetus to 
the growth in the market for natural dyes is a realiza-
tion in many cultures that there is a danger of losing 
touch with the cultural heritage bequeathed by pre-
vious generations. People have started to appreciate 
the importance of preserving the art of natural dyes 
and colors, and to understand more about the tech-
niques of dyeing used by their ancestors [1]. The natu-
ral dyeing on wool needs mordant treatment accompa-
nied with dyeing.  
The dyeing technology allows for acquiring various 
hues and colors from each dye by the use of mordant 
and also mordant is used for achieving better color-
fastness and absorbance. Mordants and dyes will have 
different effects depending on the used fibers (cellu-
losic or protein). Dyeing with mordant treatment 
needs two stages, so the two stages use more time and 

substance that are not economic. The quality and ef-
fectiveness of natural dyestuffs depends upon a great 
many factors. And, although there is a trend toward 
eco-friendly processes, natural dyes have some disad-
vantages. However, natural dyes initially produce 
bright colors in a variety of shades, fabrics tend to 
fade quicker than fabrics colored with synthetic dyes 
when exposed to light and home laundering. Some 
mordants may present unacceptable levels of toxicity. 
The more toxic mordants, such as chromium and tin, 
are required for some of the brighter colors. It is im-
portant to note that not all mordants are toxic, for ex-
ample, alum is relatively safe to use, though not en-
tirely non-toxic. [2] A vision of the world of natural 
dyes renewed both by the awareness of threads on 
natural environments and recent interdisciplinary re-
search gives a new opportunity for designing unique 
collection of clothes. The low temperature plasma 
(LTP) technique is used widely to modify textile ma-
terials. It is regarded as an environmentally friendly 
process because no chemicals are used [3-10]. New 
environmental laws, as well as cost and quality as-
pects have motivated research on the application of 
plasma to textile materials in order to improve or even 
replace some steps of the bettering and finishing tex-
tile process. [12] This paper presents a study of effect 
of plasma sputtering and mordant treatment on wool 
natural dyeing and compares these two methods with 
each others. We investigated about possibility of subs-
titution of plasma sputtering treatment with mordant 
and decrease the duration of process time. 
 This article is organized as follows: after a short in-
troduction in Section 1, details of experimental setup 
are presented in Section 2. Section 3 is devoted to the 
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results and discussion. A brief conclusion is presented 
in Section 4. 

 
 
Fig. 1. Schematic view of the DC magnetron sputtering 
setup. 
 
2. Experimental 
2-1- Materials 
 
Wool plain woven fabrics (Iran Merinos Co, Iran) 
were used in this work. The fabrics were woven by 20 
denier (1 denier = 0.1 g km-1) warp and weft yarns 
composed of 36 filaments. For sample preparation, 
size residue and contamination on the fabrics were 
removed by conventional scouring processes, which 
the fabrics were washed with 0.5 gl-1 sodium carbo-
nate and 0.5 gl-1 anionic detergent solution (dilution 
ratio to water =1:10) at 80o C for 80 min and then 
washing was conducted twice with distilled water at 
80o C for 20 min and once at ambient temperature for 
10 min. 
Madder (Rubia tinctorum, Ronas in persian) were pre-
pared from Yazd providence of Iran, copper sulfate, 

ferrous sulfate and citric acid were purchased from 
Merck. Scoured wool fabric was divided to 4 parts and 
treated as following steps: (a) Mordant with Copper 
Sulfate, (b) Mordant with Ferrous Sulfate, (c) Copper 
deposited with different duration of plasma sputtering, 
(d) iron deposited with plasma sputtering. 
 
 
2-2- Plasma Sputtering Treatment 
 
Deposition of copper or iron on the surface of wool 
samples was performed in the hand made DC magne-
tron sputtering of Plasma Physics Research Center 
(Tehran, Iran). Schematic of the system is presented in 
Fig. 1. For some of wool fabrics copper post cathode 
and for the others iron post cathode were used; also as 
it can be seen samples were placed on the anode, and 
exposed to argon plasma in a cylindrical glass tube. 
The chamber was evacuated to a pressure of 2×10-5 
Torr, using rotary and diffusion pumps, and then ar-
gon gas was introduced into the chamber up to a pres-
sure of 2×10-2 Torr. Voltage was kept at 2000 V. The 
discharge current was about 220 mA in the case of 
copper sputtering and about 100 mA for iron deposi-
tion. The duration of deposition was 30 s-15 min for 
Cu sputtering, but for iron sputtering, wool samples 
treated for 10 minutes. By this treatment, wool sam-
ples were coated with copper or iron.  
 
2-3- Mordanting 
 
Some of scoured sample were steeped in the mordant 
bath prepared with 5 % ( o.w.f) on weight of fabrics of 
ferrous sulfate and other mordant copper sulfate with 
PH = 4.5-5.8 (adjusted by acetic acid). The bath ratio 
was 1:40 (1 g of fiber in 40 ml of solution). Mordant-
ing of samples was started at room temperature and 
the temperature was increased with the rate of 2° 
C/min to boil and heated for 60 min. Samples were 
rinsed with tap water and dried at room temperature. 

 
 

Fig. 2. The reflection factor of dyed Cu sputtered under different duration of time 
and CuSO4 treated wool with Madder 
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2-4- Dyeing procedure 
 
The mordanted and the plasma treated wool samples 
were steeped in the dye bath with liquor to Good ratio 
(L: G) of 40:1 that prepared by 50% (o.w.f) on weight 
of fabrics of extracted dye at PH = 4.5-5.5 (adjusted 
by acetic acid). 
Dyeing of sample was started at room temperature and 
the temperature was increased with the rate of 2° 
C/min to boil and heated for 60 min. The sample were 
rinsed with tap water and dried at room temperature. 
Color intensities of the dyed fabrics were measured by 
using a UV VIS-NIR Reflective Spectrophotometer 
(Varian, Carry 500), over the range of 400-700 nm, 
and the reflection factor (R) was obtained. The relative 
color strength (K/S value) was then established ac-
cording to the following Kubelka-Munk equation, 
where K and S stand for the absorption and scattering 
coefficient, respectively [13]:  
 
/ 1 /2                                              (1)                                                                 

 
2-5- Determination of color fastness 
 
The wash-fastness properties of the samples were 

measured according to ISO 105-C01. The color hue 
changes of the fabric and the degree of staining on the 
adjacent fabrics were measured after drying. For light-
fastness measurements, the fabrics were exposed to 
the daylight for 2 and 7 days according to the daylight 
ISO 105-B01 and the changes in the color (fading) 
were assessed by the blue scale. 
 
2-6- L* a* b* measurement (CIELAB) 
 
As is mentioned before, the reflectance of the dyed 
samples was recorded using a UV-VIS-NIR Reflective 
Spectrophotometer (Varian, Carry 500). CIELAB col-
or coordinates (L*, a*, b*) were calculated from the 
reflectance data for 10o observer and illuminant D65. 
The three coordinates of CIELAB represent the light-
ness of the color (L* = 0 yields black and L* = 100 
indicates diffuse white; specular white may be higher), 
its position between red/magenta and green (a*, nega-
tive values indicate green while positive values indi-
cate magenta) and its position between yellow and 
blue (b*, negative values indicate blue and positive 
values indicate yellow). The differences between sam-
ples were calculated according to the ∆E equation and 
by measuring the ∆E, the samples were compared for 

 
 

Fig. 3. The reflection factor of dyed Fe sputtered and FeSO4 treated wool with 
Madder 

Table 1. The L*a*b* results of Copper sputtered and Copper sulfate treated samples dyed with Madder 
 

Samples L a b ∆E 
"30s-plasma 34.62169 23.17181 16.276 4.09 

1 min-Plasma 35.33717 24.02645 16.46512 3.71 

3 min-Plasma 38.34875 23.44733 16.10546 1.14 
7 min-Plasma 39.70018 20.46394 17.42271 2.52 

10 min-Plasma 40.23826 19.72705 16.98402 3.19 

15 min- Plasma 36.37938 9.3645 10.5891 14.27 

!cuso4-treatment 38.6281 22.33852 16.10993 - 
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color matching. and ΔE was calculated from following 
equation [12-14]: 
 
∆ ∆ ∆ ∆                           (2) 
 
∆                                                            (3) 
 
∆                                                           (4) 
 
∆                                                             (5) 
 
3. Results and discussion: 
 
As mentioned in experimental part, the scoured wool 
fabric was divided to 4 parts and treated with different 
conditions; (a) Mordant with copper sulfate, (b) Mor-
dant with ferrous sulfate, (c) copper deposited with 
different duration of plasma sputtering, (d) iron depo-
sited with plasma sputtering. Then the samples were 
dyed using Madder. 
The color intensity of the dyed samples was measured 
and compared using reflective spectroscopy in range 
of 400-700 nm. The results are shown in Figs. 2 and 3. 
As it can be seen in Fig. 2, the reflection factor for the 
wool mordant sample with CuSO4 is close to the Cu-
deposited samples with different duration of plasma 
treatment. In case of Dyeing with Madder, it can be 
concluded that, just by 3min-Cu sputtering, we can 
have a shade similar to the shade achieved by CuSO4 
mordanting. By comparing the relative color strength 
(K/S values) for the samples that are shown in Fig. 4 
and 5, it can be seen that in some cases, the Cu coated 

samples have very good Madder dye ability as com-
pared with dyed CuSO4  treated sample. But as it is 
shown in Fig. 3 and 5, the iron sputtered samples has 
lower amounts of color strength in comparison with 
the treated samples with FeSO4 as a mordant. It can be 
explained by the fact that, it maybe because of lower 
rate of sputtering for iron as compared with copper. 
The results of L*a*b* for the dyed samples are shown 
in Tables 1 and 2. The results confirm the data ob-
tained from K/S values for the samples. 
The shade of dyed wool samples can be interpreted 
with L*a*b*, and differences between the shades of 
the samples, can be calculated with ∆E [14]. 
The results in Table 1 show that the lowest difference 
between Madder dyed Cu sputtered and CuSO4 treated 
wool is achieved for 3 min-Cu-sputtered sample and 
the highest difference is related to 15 min-Cu sput-
tered one. The rest of them have the rang close togeth-
er. The results show that, the suitable time of Cu-
sputtering is up to 10 minutes. By increasing the time 
of exposure to 15 min, the color matching results is 
not acceptable. 
Also the results of Table 2 confirm the data achieved 
for reflection and k/s values. The results show that, the 
∆E achieved for the dyed Fe-sputtered samples in 
comparison with dyed FeSO4 treated samples is too 
much. It can be concluded that, the results of color 
matching is not desirable. This may be attributed to 
lower and harder rate of sputtering for Iron as com-
pared to copper. 
 
 
 

 
 

Fig. 4. The results of K/S Value for dyed Cu -sputtered and CuSO4 treated 
wool with madder 

                        Table 2. The L*a*b* results of Iron sputtered and Ferrous sulphate treated samples dyed 
with Madder (Ronas) 

 

Samples L a b ∆E 
Fe-plasma 36.99659 17.87974 15.5367 17.75 

Feso4-ronas" 26.73103 9.88078 3.46067 - 
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Fig. 5. The results of K/S Value for dyed  Fe –sputtered and FeSO4 treated wool 
with madder 

 

 
 

Fig. 6. The Photos of dyed Cu treated samples with madder. 
 

CuSo4 pre treated dyed  
with madder 

3 min-Cu sputtered dyed  
with madder 

7 min-Cu sputtered dyed  
with madder 

10 min-Cu sputtered dyed  
with madder

15 min-Cu sputtered dyed  
with madder 
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Fig. 6 and 7 show the photo of dyed fabric using Ca-
non EOS 400D camera (Objective – Cannon Macro 
Photo Lens MP-E 65 MM). 
As it can be seen in Fig. 6, the color of dyed plasma 
treated samples is even more than the color of CuSO4 
treated one. By increasing the time of Sputtering to 15 
min, the color of sample becomes darker. So just (3 
minutes) of plasma treatment is enough for achieving 
desirable color on the wool samples. Also by using 
different time of plasma sputtering, we can have dif-
ferent hue of madder on the wool samples. 
As is shown in Fig. 7, the results of color matching on 
Fe sputtered and FeSO4 treated samples both dyed 
with madder, aren’t desirable. The color of Fe-
sputtered sample is lighter than mordant treated one. 
Also the result of dyeing is not even enough. 
 
Table 3. Color fastness of the samples after dyeing with 
madder 
 

Light 
Fastness  

Wash 
Fastness  

Samples  

5-6 4  30 s plasma treated  
5-6 4  1 min plasma treated  
7-8 4-5  3 min plasma treated   
7-8 4-5  7 min plasma treated   
7-8 5  10 min plasma treated   
7-8 5  15 min plasma treated   
6 4  CuSO4 Treated  
6 4  FeSO4 Treated  
4 4  Fe Coated  

 
 The durability of dyed wool fabrics was evaluated in 
terms of fastness towards washing and lighting, using 
the gray and blue scale according to I.S.O standard 
recommendations as shown in Table 3. Assessment of 
fastness involves a visual determination of either 
change in shade or staining of an adjacent material. 
The graduation of the gray tones in the scales is de-
fined as the smallest difference in depth, which is of 
commercial significance.  
Thus, as shown in Table 3, it can be concluded that, 
by copper sputtering on the surface of wool the fast-
ness properties of the samples is improved and fast-

ness in range between good to excellent were 
achieved. As is mentioned before, the wash and light 
fastness of natural dyes is not satisfactory, so many 
research are carried out for improving these fast-
nesses. In this research work, it is shown that by using 
plasma sputtering technique we can dye wool samples 
with madder easily with very good wash and light 
fastness. This new technique can have many applica-
tions in carpet industry. 
 
4. Conclusion 
 
The mordant treatment with natural dyeing has two 
stages for better dyeing so it needs more time and sub-
stance and energy. But plasma treatment is more eco-
nomic than mordant treatment, and also color strength 
(K/S) and color fastness in case of using plasma are 
often leads to better results. One stage wool dyeing 
has benefits such as lower energy conservation and 
wool fibers protection by either decreasing the tem-
perature or shortening the processing time at high 
temperature during dyeing. 
It can be concluded that the low temperature plasma 
treatment could improve the natural dying properties 
of wool in comparison with mordant treatment. The 
results of tests have shown that naturally dyed plasma 
treated wool is characterized with good resistance to 
washing and light. The best results were achieved for 
Cu sputtered samples. It can be concluded that, Cu 
plasma sputtering can be a promising method to subs-
titute with mordant treatment before natural dyeing of 
wool fabrics. 
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Fig. 7. The photos of dyed Fe treated samples with madder. 

FeSO4 treated sample dyed  
with madder 

Fe sputtered sample dyed  
with madder 
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