
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
https://doi.org/10.14233/ajchem.2017.20761

INTRODUCTION

In recent years, there is a continuous intensification in

the environmental contaminations due to the discharge of toxic

and non-biodegradable effluents from the textile manufac-

turing industries, particularly the colouration industry [1]. The

commercially used synthetic dyes (manmade through chemicals)

have jeopardized the worldwide environment [2]. In fact, this

concern causes serious public health care issues, as well, in

marine livings [3]. Therefore, the roles of synthetic dyes have

been criticized widely [4]. In these aspects, the environ-

mentalists have made renaissance attentions, to look promptly

for eco-friendly qualified products, which are produced from

the natural resources [5].

Natural dyes are alternately obtained from natural

resources (animal or plant matter) [6]. These are biodegradable,

anti-allergic and non-toxic [7]. Since bronze age, dyeing was

existed and practiced [8]. However, the uses of natural dyes

were declined, since 1856, with the great influence of synthetic

dyes, which have moderate-to-excellent colour fastness pro-

perties, an economical price and widely available [9]. During

the decade of the 1990s, synthetic dyes, in view of non-sustain-

able aspects has been restricted and the natural dyes, even

though with of limited existence, technical drawbacks (dying

process complexities, blending issues, colour yield, limited
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colour shades and reproducible results, etc.) and lack of

standardizations are gaining the significant importance [10].

Therefore, many textile industries have started looking at the

possibilities of using natural dyes for dyeing and printing of

textile goods [11]. However, natural dyes when often applied

without mordants have poor fastness properties  [12]. To

overcome the affinity and colour fastness problems between

the dyes and the textile fibers, mordants are generally used

[13]. A mordant is a component which creates chemical reaction

between the dye and the fibers [14]. Some of the commonly

mordants used are alum, potassium dichromate, chrome,

stannous chloride, stannic chloride, copper sulphate, ferrous

sulphate, etc. [15].

A number of research efforts [16-19], have been accom-

plished with the aim of improving colour strength and fastness

properties of natural dyes with textiles. Most of them have

focused mainly on wool, cotton and silk fibers with the use of

different mordants, application of various extraction processes

(i.e. aqueous extraction, solvent extraction, ultrasonic extrac-

tion and super critical fluid extraction) and techniques/methods

(pre-mordanting, simultaneous mordanting and post mordan-

ting) [20-22]. These processes and techniques varied a lot.

Amongst all, aqueous extraction and solvent extraction pro-

cesses were frequently used because of satisfactory outcomes

[23,24]. They applied these extraction processes with and



without mordants for dyeing of cotton, silk, wool and flax

textiles.

Pomegranate peel powder is reported for different color

shades on textile fabric and for many health benefits. Adeel

et al. [25] applied aqueous extraction for dyeing of cotton

fabric using pomegranate peel without mordants. However,

Kulkarni et al. [26] examined cotton dyeing with pomegranate

peel through solvent extraction process. Pomegranates are

important natural sources for producing yellow shades on the

textile fabrics [27]. Pruthi et al. [28] have used aqueous extrac-

tion process for dyeing of silk with varied mordant concen-

trations through all mordanting methods. Alternatively, Win

and Swe [29] have analyzed the silk dyeing and wool dyeing

together by using the solvent extraction process for their results.

Likewise, Goodarzian and Ekrami [30] investigated wool dyeing

with pomegranate peel through both aqueous and solvent

extraction process. In fact, the outcomes in literature assessment

seems virtuous but having lack of standardization in procedures,

commingle complexities and impediments which causes abstruse

and confusions. Also, the literature review indicates that there

have been relatively no research works on investigating the

dyeing of tencel fabric with natural dye and any of the above

mentioned techniques and methods.

This research, in the view of above, tencel (regenerated

cellulosic fiber) fabric is investigated with natural dyes extracted

from pomegranate peel by using different techniques as pre-

mordanting, meta-mordanting (simultaneous mordanting)

and after-mordanting (post mordanting). Furthermore, the

standardization procedure of extraction (in solvent extraction

phase) is also recommended for regeneration of results to reduce

the complexities and confusions. The aim of the present work

is to examine the appropriateness of pomegranate to provide

the sufficient information about the extraction, dyeing behaviour

and colour fastness properties in textile field.

EXPERIMENTAL

100 % Tencel fabric of weight 160 g/m2 (plain weave,

warp-30, weft-30, fabric density 128 X 82) was obtained from

Xiaoshen Hangzhou, China. Punica granatum (Pomegranate

Peel) was purchased from a domestic market of Shanghai,

China. Ferrous(II) sulphate and copper(II) sulphate which are

laboratory grade metallic salts were used as a chemical mordants.

Preparation of raw material: The peels were cut and

removed from the pomegranates. They were further cleaned

with water to remove the dirt and impurities. After drying them

in the tray at temperature (26 °C) for 48 h, the pomegranate

peels (brown coloured) were crushed and converted into powder

form by using grinder machine. Fig. 1 shows the preparation

steps of pomegranate powder (powder and granules). The dry

granules and powder were separated and passed through a

standard test sieve (BSS-45) for a uniform (equal graded)

particle size. The powder was stored in an opaque airtight

plastic bottle for further experimentations.

Method: The dried pomegranate powder (5 g) was taken

in thimble (sample container) of apparatus. The solvents 120

mL (ethanol) and 80 mL of distilled water with a liquor ratio

1:40, in a round bottom flask (solvent container) were heated

to 95 °C. The vapours were passed through the tube and raised

up into the condenser. At the top, the vapours were condensed

and dripped down into the thimble. The thimble was drained

by the suction effect, when the condensed solvent was reached

at the top level of siphon. The extracted material flew back

into the round bottom flask and started mixing with the clean

solvent. The working of the apparatus was continued for 100

min. The extract was purified through rotary evaporator and

subsequently the filtrate dye solution was used for dyeing the

samples of tencel fabric. It was observed that the colour of the

dye extracted was brownish yellow. The weight of the extracted

dye was 120 mL.

Dyeing process: The fabric samples were mordant prior

to dyeing. Mordanting is a procedure that fixes the dyestuff to

the textile materials. Without mordanting the dye uptake ability

decreases. Three different methods were used for mordanting

of tencel fabric samples. The differences between these three

methods are summarized in Table-1.

After mordanting, dyeing process was carried out to add

colours to the sample fabrics. The Tencel fabric was dyed by

exhaust method with extracted dye from pomegranate peel.

Tencel fabrics were dyed for 1 h with material to liquor ratio

(MLR) 1:40 in water shaker dyeing machine, at 90 °C. After

dyeing process, the dyed fabric samples were treated with

soaping agents and washed with water. Subsequently, they were

dried in an oven at 26 °C temperature for 24 h.

RESULTS AND DISCUSSION

In three different mordanting methods, pomegranate peel

was used with ferrous sulphate and copper sulphate for dyeing

tencel fabric samples at 90 °C. Characterization of dyed samples

were performed to investigate different properties like colour

strength, washing fastness (ISO 105-C01), light fastness (ISO

(a) Peels in fresh cut (b) Peels in washed form (c) Peels in dried form (d) Peels in powder form

Fig. 1. Preparation of pomegranate peel powder
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TABLE-1 
DIFFERENT METHODS USED FOR MORDANTING OF TENCEL FABRICS 

Methods of 
mordanting 

Chemicals treatment pH 
Temp.  
(°C) 

Liquor 
ratio 

Time 
(min) 

Rinsed 

Pre-mordanting 
method 

Fabric samples were first mordanted 
with ferrous and copper sulphate and 
then used for dyeing 

Neutral Boiling 1:40 60 Dyed samples were rinsed 
with water and dried at 
room temperature 

Simultaneous-
mordanting 
method 

The mordants and dye were added to 
the dyeing bath simultaneously 

Neutral Boiling 1:40 60 Dyed samples were rinsed 
with water and dried at 
room temperature 

Post mordanting 
method 

(i) Fabric samples were first dyed 
with pomegranate dye 

(ii) After-dying process, samples 
were carried out with mordants 

Neutral  Boiling 1:40 60 Dyed samples were rinsed 
and dried at room 
temperature 

 
105-B02), rubbing (dry and wet) (ISO 105-X12) and perspira-

tion (ISO 105-E04). Colour strength of the dyed fabric samples

is measured through absorption coefficient (K) and scattering

coefficient (S) values. K/S values are determined through

Kubelka-Munk equation which is shown below.

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

where K = absorption coefficient, S = scattering coefficient

and R = reflectance.

Colour measurement and dye absorption: Table-2, shows

the colouring effect on dyed tencel fabrics with mordants ferrous

sulphate and copper sulphate through pre-mordanting, simul-

taneous-mordanting and post-mordanting methods at 90 °C.

Spectra Flash-Data Colour (SF-600) was used to measure the

dye absorption concentration on the surface of Tencel fabric by

using K/S values. Range of colours on tencel fabrics were also

measured by using L*, a*, b*, C*, h*.

Table-3 shows L*, a*, b*, C* and h* values of dyed tencel

fabrics. CIE L*, a*, b* (CIE Lab) is a colour space standard,

specified by the international commission on illumination. L*,

a* and b* are the three axis of CIE-Lab system. The L* value

shows luminance in CIE-Lab colour space and its values from

0 (black) to 100 (white). It explains that lower value of L* has

higher darker shades and higher value of L* has lighter shades

for tencel fabric. The +a* value indicates red and -a* values

indicates green colour, while +b* values indicates yellow and

-b* values indicates blue colour [31]. Due to chemical mor-

dants, the highest colour value (K/S = 4.72) was found with

ferrous sulphate and lowest colour value (K/S = 1.57) with

copper sulphate.

Fig. 2 displays the results of K/S values of dyed tencel

fabrics through three mordanting methods at 90 °C. In all the

mordanting methods, K/S values with ferrous sulphate are

represented through pink colour bars while K/S values with

copper sulphate are represented with grey colour bars. K/S

values were found more with ferrous sulphate as compare to

copper sulphate mordant. Also the higher values of K/S (4.72)

through pre-mordanting method depicts that ferrous sulphate

TABLE-2 
SAMPLES OF DYED TENCEL FABRICS 

Methods of mordanting Ferrous sulphate Copper sulphate Original raw material 

Pre-mordanting method 

   

Simultaneous-mordanting method 

   

Post mordanting method 
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Fig. 2. Colour strength (K/S values) of dyed tencel fabrics through mordan-

ting methods

has better coordination complexes between the dye and fibers

in comparative to other methods.

Colour fastness properties of dyed tencel

Light fastness (ISO 105-BO2): Fig. 3 reveals the results

of light fastness values of tencel fabric through ISO 105-BO2

of three mordanting methods. The pink colour bar indicates

the usage with ferrous sulphate mordant while the grey colour

bar shows the treatment with copper sulphate mordant. It is

perceived that the light fastness with ferrous sulphate mordant
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Fig. 3. Light fastness values of dyed tencel fabric through mordanting

methods

 is greater than the copper sulphate mordant in all the methods.

The differences observed are (5:4, 4:3 and 4-5:4).In the figure,

it is obvious that dyed tencel fabrics have good light fastness

(4-5 grade) with mordant ferrous sulphate whereas copper

sulphate mordant shows fair light fastness (3-4 grade) results.

It is also observed that the results through pre-mordanting

method are better quality. It is due to the fact that the samples

show no change in colour or no colour fading.

Washing fastness (ISO 150-C01): The washing fastness

with ferrous sulphate is represented by pink colour bars while

the copper sulphate is signified with grey colour bars (Fig. 4).

It is also displayed that pre-mordanting method is superior in

comparative to other mordanting methods. For the outcomes,

ISO 150-C01 was used. The results of washing fastness property

through simultaneous-mordanting and post mordanting

methods were similar. The quality grade of the washing fastness

through ferrous sulphate is 4-5 whereas through copper sulphate,

the quality grade is 4 in all mordanting methods and it showed

a slight change in colour.
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Fig. 4. Washing fastness values of dyed tencel fabric through mordanting

methods

Rubbing fastness (dry and wet) (ISO 105-X12): Fig. 5

illustrates the rubbing fastness results of pomegranate peel dyed

tencel fabric samples (dry and wet). The standard ISO 105-

X12 was used for achieving the results. Pink colour and light

pink bars indicate the dry and wet rubbing test results of dyed

fabric samples with ferrous sulphate while the grey colour and

light grey colour bars specify the dry and wet rubbing results of

dyed fabric samples with copper sulphate in all mordanting

TABLE-3 
CIE L* a* b*C* h* AND K/S VALUES OF DYED TENCEL FABRIC 

Mordant Mordant Methods K/S L* a* b* C* h* 

Pre-mordanting 4.72 44.95 0.55 1.10 1.23 63.41 

Simultaneous mordanting 1.95 78.59 3.71 15.63 16.06 76.63 FeSO4 

Post-mordanting 2.45 76.63 6.57 21.52 22.50 73.01 

Pre-mordanting 3.07 54.51 0.84 3.46 3.56 76.42 

Simultaneous mordanting 1.57 86.55 0.86 5.94 6.01 81.51 CuSO4 

Post-mordanting 2.05 82.16 4.13 18.17 18.64 77.20 
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Fig. 5. Rubbing fastness (dry and wet) values of dyed tencel fabrics through

mordanting methods

methods. It is found that the results of dry and wet rubbing

fastness with ferrous sulphate and copper sulphate mordants

are similar in each method i.e. ferrous sulphate (4-5: 4), copper

sulphate (4-5: 4) in pre-mordanting method and post-

mordanting method and in simultaneous-mordanting method

the ferrous sulphate and copper sulphate has 4 grades. However,

dry rubbing test results display good to excellent grade (4-5)

in all methods while in the wet rubbing test results is equal to

4 grades in all mordanting methods.

Perspiration fastness (ISO 105-E04): Fig. 6 shows the

perspiration fastness results of dyed tencel fabric through all

mordanting methods. The pink colour bars represents the

ferrous sulphate mordant and grey colour bars denotes the

copper sulphate mordants. The standard ISO 105-E04 was

applied. It is shown that the tencel fabric dyed with peel of

pomegranate have good to excellent (4-5 grade) perspiration

fastness (acidic and alkali) in all mordanting methods.

Conclusion

In this paper, the extracted dye from pomegranate peel

was used as a potential source of synthetic dye. It is a first step

to investigate the tencel fabric samples through pomegranate

peel dye. The important results of the study under discussion

can be summarized as follows:

• Mordants ferrous sulphate and copper sulphate both are

active for colour fastness properties. However, ferrous sulphate

is more effective than the copper sulphate mordant.

• Experimental results show that pre-mordanting method

is the most effective for better quality in comparison to the

other methods (simultaneous mordanting and post-mordan-

ting) for dyeing tencel fabric samples.

• Ferrous sulphate mordant is better in light fastness,

washing fastness and rubbing fastness properties through pre-

mordanting methods. Conversely, the perspiration fastness is

equivalent in with copper sulphate mordant in all mordanting

methods.

Tencel fabric dyeing though pomegranate peel is bio-

degradable, supportive to environmental safety and protection

determinations for the surrounding community. Thus, mordant

ferrous sulphate is a good choice for dyeing tencel fabric

through pre-mordanting method. In addition, it is low-cost than

copper sulphate mordant and therefore cost effective. It has

good colour strength (4.72), colour fastness to light (4-5), washing

(4-5), rubbing (4-5) and perspiration (4-5) properties on tencel

fabric dyed with extracted dye from pomegranate peel.
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