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I.  Introduction 

Natural dyes are the dyes primarily obtained from the sources found in nature. History shows that natural 

colouring has been practiced since the dawn of civilization. These dyes are not only non-allergic, non-toxic and 

eco-friendly but also produce very soothing and soft shades on the fabric such as cotton, wool or polyester [1]. 

One such natural dye is obtained from the rind of pomegranate “Tree of Knowledge” that contains granatonine 

which is present in the alkaloid form N-methyl granatonine and imparts yellow colour to the fabric [2]. This dye 

is obtained from renewable resource and is biodegradable with little disposable problem.  But, to fix these dyes 

on fabric “mordants” are used.  They act as bridge between dye and fabric. Copper sulphate is one of the 

commonly used mordant, also known as blue vitriol, is readily soluble in water and easy to apply. It gives some 

special effects in shades, which otherwise cannot be obtained.  

Although, these dyes are labour intensive, but there are certain limitations. These dyes provide poor colour 

strength (K/S value). As well as there is no standardization technique and they lack scientific knowledge [3]. 

Recently, the major concern reported with these dyes is that they also produce toxicity due to use of heavy 

metallic mordant. 

Nanotechnology (NT) has provided a significant role in overcoming these limitations. NT deals with the Science 

and Technology at dimensions of roughly 1 to 100 nm. It provides high durability for fabrics due to large 

surface area-to-volume ratio and high surface energy [4]. NT enhances colour strength (K/S values), wrinkle 

resistance and anti-microbial properties [5]. 

Among the various nanoparticles (NPs), copper NPs (CuNPs) is one of the most utilized NPs due to its optical, 

catalytic, mechanical and electrical property. They have excellent physical and chemical properties and provide 

exquisite shades. Also, they are easy to be synthesized via greener method in the laboratory [6]. But, while using 

these CuNPs their amount should not exceed their eco-standard limits, as they turn into objectionable, toxic 

heavy metal. These NPs work by engineering modifications on the fabric surface. Because of their small size, 

they can enter in between the polymer molecules and act as fillers or cross linking agents and thus, increases the 

bond strength between dye and fabric [7]. 

Thus, by keeping in view of above, the present work is aimed to increase K/S value of cotton fabric, dyed with 

the rind of pomegranate using CuNPs as the mordant. 

Abstract: Natural dyes produce very uncommon, soothing and soft shades on cotton fabric. But these dyes 

are fugitive, even when applied in conjunction with a heavy metal mordant. Thus, their colour fastness 
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mordants. Nanotechnology has helped in limiting both of the demerits tremendously by engineering the 

modification on the fabric surface.  

This study deals with application of copper nanoparticles (CuNPs) as mordant on cotton fabric followed by 

dyeing with the rind of Punica granatum (pomegranate). CuNPs with the average size of 6-8nm, are 

synthesized by a greener process and the morphology is examined by SEM, TEM techniques and UV-Visible 
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The results show that simultaneous mordanting using CuNPs enhances the colour strength (i.e, K/S value) to 
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mordant. On increasing the temperature from 450C to 600C, a further increase in 10-14% of K/S value is 

observed in both the cases. Also, wash fastness and light fastness properties have enhanced simultaneously. 
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II.  Materials and Methods 

A. Materials 

A.1. Natural dye 

Pomegranate (Punica granatum) rind was obtained from local juice centre of Jaipur, India. 100g of  

pomegranate rind was mixed with 3L of water and boiled for 1 hr at 60°C with material to liquid (M:L) ratio of 

1:30. It produced 800mL of aqueous extract of the dye. The process was repeated 4 times, hence, 3.2L of the 

aqueous extract of the dye was obtained. 

A.2. Fabric 

Mill Scoured and bleached cotton fabric with a weight of 118 g/m2  plain weave with ends/inch 112 and 

picks/inch 72 was procured from local market. Scouring was done with the Tide detergent (M:L=1:40). 

A.3 Mordants      

i) Copper sulphate (CuSO4.5H2O) 

ii) Copper Nanoparticles (CuNPs) 

iii) Mixture of CuSO4.5H2O and CuNPs- The ratio of this mixture was 1:5. 

A.4 Chemicals  

All the chemicals employed in the experiment were of Analytical grade and weighed on electronic balance [BL-

2204, NO. D455004577, SHIMADZU]. 

 

B. Methodology 

B.1 Synthesis of copper nano colloids (CuNPs) 

CuNPs were synthesized as per the reported method [8]. Firstly, copper oxalate was formed giving cyan blue 

colour, and using this copper oxalate with PVP in the ratio of 1:20, 1:10, 1:1, 10:1 & 20:1 in media of glycerine 

at 240oC, colloid of cloudy orange colour was visualized, that provided the first visible sign of the formation of 

colloidal CuNPs. 

B.2 Characterization techniques 

UV-Visible absorption spectra was received by UV-Vis Spectrophotometer (Shimadzu, Model UV-

1800ENG240V); Scanning electron microscopy (SEM) and Transmission electron microscopy (TEM) images 

were obtained on ZEISS EVO 40 Series and on JEOL 2100 respectively.      

B.3 Mordanting  
Pre-mordanting technique employs the treatment of mordant on fabric followed by the dyeing; while in 

simultaneous mordanting, both mordant and dye is mixed concurrently and then collectively they are treated on 

the fabric. These two types of mordanting were performed at two different temperatures, 45oC and 60oC, 

keeping the ratio of mordant and liquid constant, i.e, M:L= 1:25.  

B.4 Dyeing 
The dyeing process involved the dye to liquor ratio of 1:3. The dyeing was performed in the temperature 

between 60oC to 90oC. After dyeing, all the samples were dried at room temperature under the shade for 

overnight. 

B.5 Fastness Testing 

All the untreated and nano-treated samples were tested according to AATCC standard methods. The specific 

tests used were light fastness, wash fastness and colour strength.  

Light fastness was performed by using AATCC Test Method 16-1998, while wash fastness was done by using 

AATCC Test Method 100-2004. Colour strength (K/S) was studied by using UV-Visible spectrophotometer. 

The Kubelka Monk equation helped to determine the final value. 

K/S = (1-R)2 / 2R 

K- Absorption 

S- Scattering characteristics    

R (in %)- spectral reflectance at λ max of the sample 

 

III. Results and Discussion 

 

A. Characterization of CuNPs 

Copper colloidial solutions have been synthesized rapidly in chemical green condition, without reagent. The 

formation of synthesized nano Cu colloid is noticed by the change in the optical properties of the reaction 

solution. The optical properties of metal NPs depend strongly upon the particle size and shape7. The blue colour 

of CuSO4.5H2O solution gradually changes to cloudy orange when the particle size of copper is reduced to nano 

level. 

A.1 UV-Vis Spectrophotometer 

It is used to characterize the optical properties of the colloidal NPs.  
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Fig.1. UV-Vis Absorbance spectra of the copper colloidal solution 

 

Experiments from 1 to 5 in Figure 1 show an absorption peak of colloidal CuNPs from 586 to 594 nm. The 

maximum absorbance is shown by the third sample at 594 nm, where ratio of copper oxalate and PVP is same, 

i.e., 1:1. The synthesized copper colloidal solutions are found to be stable for over 2 months. 

A.2. Scanning Electron Microscopy (SEM) 

The SEM microphotograph of CuNPs shows the well dispersed colloids of CuNPs on the surface of the carbon 

deposited aluminium sheet. The typical SEM image shows that the product mainly consists of particle-like Cu 

nano clusters with panoramic view and the size ranges from 30-50 nm. However, further observation with high 

magnification reveals that these Cu nano clusters are assembled by smaller NPs, which exhibit good uniformity 

and the average diameter is about 5-10 nm.  

 
 

Fig.2: SEM micrograph of CuNP 

A.3. Transmission Electron Microscopy (TEM) 

The shape and size distribution of colloidal particles are characterized by TEM, four days after the preparation. 

CuNPs were properly sonicated before performing the test. The TEM image of the 3rd sample shows the surface 

morphology, structure and particle size of CuNPs to have an average size of 6 nm.  

With a size range between 6-8 nm, these small particles are easy to act as cross-linking agents. 

 

     
Fig.3: TEM micrograph of CuNPs 

 

B. Characterization of Dyeing 

From the data of Table 1, it is noticed that on using copper sulphate as mordant, the fastness properties are 

found to be very poor. In each case of mordanting, pre and simultaneous, very low fastness values are obtained 

at various temperatures. These values of metallic mordant are taken as standard to compare the fastness values 

of nano-treated sample.  
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As the colloidal CuNPs are applied at 450C in pre-mordanting, colour strength have an increment of 34% and at 

higher temperature it is found to be 47%. This is due to the small size of particles that have entered in between 

the polymer molecules and acted as filler or cross-linking agent, hence, increased the dye affinity towards the 

material. They not only improve the colour strength but also the colour fastness (light and wash fastness), which 

is major drawback of almost all naturally synthesised dyes. 

LF: Light fastness  WF: Washing Fastness  K/S: Colour Strength 

1-Very Poor, 2- Poor, 3- Moderate, 4- Good, 5- Excellent 

Table 1: Fastness properties of the samples 

 

While in case of simultaneous mordanting, at 450C the K/S value raises to 42% and 56% at 600C. Thus, 

simultaneous mordanting gives better colour strength than pre-mordanting by 7-8% because of direct affinity of 

mordants with the dye. 

The maximum increase is reported when mixture of metallic mordant and colloidal CuNPs are treated together 

in the ratio of 1:5. Not only, values of washing and light fastness have increased to highest but also, colour 

strength is peaked up to a higher level.  

 Pre-mordanting at 450C gives 48% increment and at 600C it reaches to 54%. 

 Simultaneous mordanting at 450C increases the K/S value to 58%, while higher temperature provides   

               62% enhancement in K/S value. 

With rise in temperature there is an average increment of 10-14% in K/S value, as at higher temperature the 

movement of particles increases, so the chemicals affix with the fabric more strongly and ultimately, leads to 

better colour strength.        

IV.  Conclusions 

Thus the above work concludes the following: 

A.  UV-Vis spectra and SEM & TEM microscopy have confirmed the synthesis of colloidal CuNPs. 

B.  Application of CuNPs as mordant has significantly enhanced the colour strength as compared to the metallic 

mordant. 

C. The fastness properties of the fabric improvise more in case of simultaneous mordanting than in pre-

mordanting. As a result K/S value increases to 7-8%. 

D.  K/S value hikes to 34-47% in case of pre-mordanting while 42-56% in case of simultaneous mordanting, 

E. The mixture of both the mordants peaks up the K/S value to 48-54% in pre-mordanting and 58-62% in 

simultaneous mordanting. 

F.  Rise in temperature increases K/S value to 10-14%. 
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        Mordants 

                                                                               Mordanting 

                         Pre-Mordanting                    Simultaneous Mordanting 

           45°C            60°C           45°C            60°C 

LF     WF     K/S LF     WF    K/S LF    WF     K/S LF     WF     K/S 

       CuSO4.5H2O 2         3      1.680 2-3     3      1.712 2-3    2-3     1.710  3       3-4    1.783 

           Cu NP 3         4      2.251 4       4-5    2.516   3     4-5     2.428 3-4       4     2.781 

    CuSO4 +  Cu NP 4-5     4-5   2.426 4-5    4-5    2.565   4      5       2.681  5         5     2.880 


