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Abstract

The aim of this study was to dye polyester fabric with natural 
colorant obtained from henna leaves. Due to the hydrophobic na-
ture of polyester, it makes the dyeing process difficult at low tem-
perature and also prevents dye molecules from diffusing into the 
fiber interior during dyeing. To solve such dyeability problems of 
polyester, the fabric were treated with alkali to convert the hydro-
phobic nature into hydrophilic. This alkaline hydrolysis of polyes-
ter improved its chemical properties and made dyeing of polyester 
with natural colorant can be possible. The coloration of hydrolyzed 
polyester was carried out with the extracted aqueous natural dye. 
In this study optimizations of surface treatment conditions of poly-
ester were investigated and ������������������������������������      �the effects of hydrolysis on the fab-
ric properties were also studied. Dyeing conditions like MLR, time, 
temperature and pH were optimized based on their dyeing proper-
ties results. Modifications of the fiber surface were confirmed by 
wettability test and FTIR study. The alkaline hydrolysis of polyes-
ter showed weight loss but achieved weight loss has no significant 
effect on the fabric’s strength. Beside this, characterization of the 
dyeing properties like color strength, dyeing evenness and color 
fastness were carried out for lawsone (primary colorant in henna 
leaves) dyed polyester. It was observed from the study that as the 
dyeing temperature and time increases, the K/S value increases ���un-
til dye exhaustion attains equilibrium and then there is decrease. 
Higher color strength was obtained at basic pH conditions. Color 
fastness to washing and rubbing result obtained showed good to 
excellent grades.

Keywords: Polyester; Hydrolysis; Henna dye; Dyeing

Introduction

Natural dyes can provide not only a rich and varied source 
of dyestuff, but also an income through sustainable harvest 
and selling of these plants in many developing countries such 
as Ethiopia, Nigeria, Uganda, India, and Iran [1]. Natural dyes 
or colorants may be derived from several different parts of the 
plant kingdom, including leaves, fruits, wood, heartwood, roots, 
bulbs, seeds, and barks. Ethiopia is home to a plethora of plant 
species that produce dye [2]. Natural dyes are in high demand 
around the world these days, thanks to a growing understand-
ing of their therapeutic properties [3].

Polyethylene Terephthalate (PET) is an aliphatic–aromatic 
polymer composed of Terephthalic Acid (TPA) and Ethylene 
Glycol (EG) that is the most commercially important and long-
established polyester fiber material [4,5]. Polyethylene tere-
phthalate macromolecules have large molecules and an in-
flexible structure, resulting in a compact and highly crystalline 

molecular arrangement in polyester fiber, which is correlated 
with a high melting point and glass transition temperature, as 
well as insensitivity to moisture and various chemicals [6].

Polyester fiber is hydrophobic in nature [7] due to its strongly 
crystalline structure and lack of polarity, which prevents water 
molecules from entering the polymer system and limits swelling 
in water. As a result, the hydrophobicity of polyester fibers pre-
vents dye molecules from diffusing into the fiber interior during 
dyeing [8], making the dyeing process extremely difficult at low 
temperatures. Because of its small particle size and non-ionic 
nature, synthetic colorants such as disperse dye are used to dye 
polyester fiber at high temperatures and pressures [5].

However, due to rising global awareness and environmen-
tal concerns, there has been a renewed interest in natural dyes 
from various natural resources such as onion, madder, saffron, 
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kola nut, dolu, and curcumin, which has led to several studies 
focusing on coloration of polyester fibers with natural dyes from 
various natural resources such as onion, madder, saffron, kola 
nut, dolu, and curcumin [1,9,10]. Several researches used the 
conventional exhaust approach to dye polyester fibers with nat-
ural dyes like henna [5]. However, no systematic study of henna 
dye application on alkali-treated polyester fabric has been pub-
lished. As a result, the aim of this study was to see how Henna 
dyeing of alkali surface modified polyester with different metal-
lic mordants like copper sulphate, aluminum sulphate, and iron 
sulphate, as well as bio mordants like lemon, affected the re-
sults. It is anticipated that mordanting with lemon would result 
in the introduction of tannins [11], which will develop binding 
properties that will improve the dyeing of polyester fabric.

The majority of textile factories use disperses dyes for poly-
ester coloration, which are extremely polluting to the atmo-
sphere. As a result, this study was conducted in order to ensure 
the commercial use of henna leaves and to introduce an envi-
ronmentally sustainable dyeing method for polyester fabric [2].

This means that textiles can be treated to achieve hydrophi-
lization or hydrophobization; additionally, the surface chemis-
try and topography can be affected to enhance adhesion and 
repellence properties, as well as the confinement of functional 
groups to the surface. The hydrophobic polyester was convert-
ed to the hydrophilic polyester in this study by treating it with 
alkali. Aqueous sodium hydroxide hydrolyzes polyester, which 
undergoes nucleophilic substitution. Polyester's alkaline hydro-
lysis offers hydrophilicity, wettability, and increased moisture 
resorption, among other benefits.

Polyethylene Terephthalate (PET) fibers have excellent 
chemical, physical, and mechanical properties, but their inher-
ent hydrophobic and inert nature has some disadvantages. Low 
moisture regain and wettability cause a number of issues dur-
ing manufacturing (static electricity build-up) and during con-
sumers use (clinging to the body, accumulation of fluff and soil). 
Alkaline hydrolysis of polyester, which turns hydrophobic PET 
into hydrophilic due to fibre surface modification [12], can solve 
these problems. 

Lawsonia inarmis produces “lawsone,” also known as hen-
notannic acid, a red orange dye molecule. This molecule has 
been used to dye skin, fingernails, hair, leather, silk, and wool 
because of its affinity for protein bonding [13,14]. Henna (L. 
inermis) is a plant that grows wild in abandoned areas. Henna is 
commonly used as a dyeing agent in the cosmetic industry, and 
it is used to color hair, skin, and nails [14].

Lawsone is the primary colorant in henna leaves, and its 
chemical formula is 2-hydroxy-1, 4-napthoquinone, as shown in 
Figure 1. Natural orange 6 (CI 75480) is a substantive keratin 
dye that imparts an orange color due to the inclusion of a –OH 
(auxochrome) group in the naphthoquinone structure [15].

Figure 1: 2-Hydroxy-1, 4-Napthoquinone [16].

Figure 2: Collection and Preparation of henna plant leaves.

Figure 3: Alkali Hydrolysis of Polyester.

Figure 4: Effect of treatment temperature on fabric weight loss.

Figure 5: Effect of treatment time on polyester fabric weight loss.

Figure 6: Effect of alkali concentration on fabric weight loss.
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Natural dyes have a higher biodegradability and are there-
fore more environmentally friendly. Henna is non-toxic and 
does not irritate the skin [16,17].

The aim of this research is to use a colouring component ob-
tained from henna leaves in combination with different types of 
metallic salt mordants and a bio-mordant to color hydrophilic 
polyester fabrics.

Experimental 

Dyestuff

The natural dye derived from the henna plant leaf was used 
to dye the polyester. Henna, a natural dye, was used as a source 
of coloring. The leaves of the henna plant were collected in the 
surrounding areas of kombolcha district, Ethiopia.

Fabric

Pre-treated 100% polyester fabrics with specifications hav-
ing GSM 86 g/m2, twill weave 2x1, EPI=116,  PPI=58 were used 
in this study. 

Chemicals Used

Auxiliaries used dyeing process was also used in this study. 
Caustic soda was used for surface treatment of the polyester 
fabric. Laboratory grade sodium sulphate, copper sulphate, iron 
sulphate, aluminium sulphate, citric acid, standard detergents 
were used. 

Equipment’s/Apparatus and Machineries

All the dyeing accessories used in dyeing process were also 
used in this study. The equipment’s and machineries used in-
cludes Centrifugal Grinding Machine, Lien Dyeing Machine, 
Data color 850 Spectrophotometer, Universal Tensile Strength 
Testing Machine, Launder-o-meter, Crock-meter, Shirley Stiff-
ness Tester.

Collection and Preparations of Plant Material

Henna plant leaves were collected around the nearby areas 
of kombolcha town. The plant leaves were washed with water 
to remove the adhering materials and then dried by exposing 
to sunlight. The dried henna plant leaf was then crushed into 
fine powder for effective extraction. The powdered sample was 
used for further studies.

Dye Extraction

In order to carry out the dyeing of polyester with henna dye, 
the colorant was extracted from the finely powdered henna 
leaves. The henna leaf powder was dissolved in distilled water 

Figure 7: FTIR result of untreated polyester fabric.

Figure 8: FTIR result of alkali treated polyester fabric.

Figure 9: Effect of dyeing temperature on K/S value.

Figure 10: Effect of dyeing time on K/S value.

Figure 11: Effect of dyeing pH on K/S value.

Figure 12: Effect of dyeing MLR on K/S value.
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and allowed to boil in a beaker kept over water bath for quick 
extraction. The extractions of colorant were carried out at boil 
for 1hr, keeping material to liquor ratio 1:20. The extracted hen-
na dye was then filtered through clean cotton cloth. The filtra-
tion was repeated two to three times, until there was no color-
ant left behind. The filtrate obtained is the extracted liquid dye 
and was used for dyeing.

Surface Modification of Polyester Fabric by Alkali Treat-
ment

Polyester fabrics were treated with sodium hydroxide so-
lution to alter the surface of polyester fibers and provide hy-
drophilicity. The treatments were carried out at different treat-
ment conditions such as temperature (40, 50, 60, 70, 80 and 
90°C), time (30, 45, 60, 75, 90, 105 and 120 minutes) and con-
centration of caustic soda (3%, 6%, 9% and 12% of o.w.f). Then 
the optimum treatment conditions were selected and the ef-
fects of hydrolysis on the fabric properties were studied.

Optimization of Dyeing Conditions for Polyester Dyeing 

In order to dye alkali treated polyester fabric with henna leaf 
extract, optimization of the dyeing conditions is very important. 
Dyeing conditions like temperature, time, MLR and PH were op-
timized in the present study. For optimization of dyeing tem-
perature, polyester dyeing was carried out at 80, 90, 100, 110, 
120, 130, 140 and 150°C. For optimization of dyeing time, dye-
ing was carried out for 30, 45, 60, 75, 90, 105 and 120 minutes. 
To ascertain the optimum dyeing MLR, polyester samples were 
dyed at 1:5, 1:10, 1:15, 1:20, 1:25, 1:30 1:35 and 1:40 liquor 
ratio. Finally to optimize the dyeing pH, dyeing was carried out 
at pH of 4.5, 7, and 9.5.

Dyeing parameters were then optimized depending upon 
their dyeing properties results. Dyeing properties such as color 
strength values, dyeing evenness and color fastness were used 
to optimize the dyeing conditions. 

Dyeing Procedures

The dyeing was performed by using 15% owf of dye concen-
trations. The alkali treated polyester fabric was dyed at 130  
for 75 minutes at a material to liquor ratio of 1:25 for optimum 
dye exhaustion. The dyeing was performed in exhaust method 
in alkaline pH (pH 9-10). After dyeing, the dyed samples are 
rinsed with cold water and washed in a bath using 5g/L of soap-
ing agent at 60°C for 10 minutes and then rinsed with cold wa-
ter and finally dried in a dryer.

Mordanting 

To study the effect of mordanting techniques in alkali treated 
polyester fabric dyeing with henna leaves extract; mordanting 
was carried out at pre-mordanting, post-mordanting and si-
multaneous mordanting methods. The mordant was applied at 
80°C for 60 minutes with an MLR of 1:20. Copper sulphate, alu-
minium sulphate, iron sulphate, and citric acid mordants were 
used in this analysis. After that, color strength and fastness 
properties were measured and optimized to investigate the ef-
fect of mordanting techniques and mordant kind.

Evaluation of the Properties of the Surface Modified Poly-
ester Fabric

Determination of Weight Loss: The weight (mass per unit 
area) of the fabric was tested according to ASTM D3776/ 
D3776M–20 standard test methods. The percentage weight 

loss of the alkali treated polyester fabric was calculated accord-
ing to equation (1):

 Weight loss (%) = [(W1 - W2)]/W1x100                  (1)

Where, W1 and W2 are the weights of fabric before and after 
treatment, respectively

Determination of Tensile Strength: Tensile strength and 
extension at break was determined using universal tensile 
strength testing machine according to ASTM D2209-00(2015). 
The measurements were carried out for the treated and un-
treated samples in triplicate and average values of each were 
reported. 

Determination of Stiffness: According to ASTM D1388 –18 
standard test method the stiffness of the fabric was tested. Dra-
pability was checked by measuring the bending length of the 
sample. Shirley stiffness tester was used for the bending length 
measurement.

Determination of Wettability:

Water Drop Absorbency: The water absorbency was meas-
ured as per AATCC TM79-2010e2 (2018)e standard. Water ab-
sorbency test was performed by putting a drop of water using 
dropper on the fabric surface and visually noting down time for 
the water absorption. 

Sinking Time: Three pieces from each sample (2.5cmx2.5cm) 
were taken. The samples were carefully placed (each piece sep-
arately) in to glass beaker filled with water and time required 
for the sample to sink at the bottom of the beaker was noted. 
Average of three tests is reported. 

Capillary Rise: Vertical wicking of textiles was tested accord-
ing to AATCC TM197-2013 test methods. The hydrophilic prop-
erties were tested as follows: one end of the sample was im-
mersed vertically along its length in a water reservoir and water 
diffused into the sample by capillary action. The height climbed 
by the water in the sample (the so called wicking height), was 
measured after 5 minutes.  In this case each specimen was cut 
vertically into a 20x2cm strip, hung length way  with the bottom 
end dipped in water stained with acid dye (for visibility). 

Evaluation of the Properties of the Dyed Fabrics

Colour Strength: The color strength (K/S) of the dyed polyes-
ter fabric samples was measured using data color 850 Spectro-
photometer by applying the Kubelka-Munk equation (2):

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

Where, K is the light absorption coefficient, S is the light scat-
tering coefficient while R is the D65/10 light reflection.

Evaluation of Color Fastness: Color fastness to washing of 
the dyed fabric samples was evaluated as per the AATCC TM61-
2013e2 testing methods. Color fastness to rubbing of the dyed 
samples was tested as per AATCC TM8-2016e. Color fastness to 
light was tested according to AATCC TM16.3-2020.

Result and Discussion

Alkali Surface Hydrophilization of Polyester Fabric

A common modification method for producing a fabric with 
desirable qualities is to soak polyester fabric in alkali medium. 
Alkali treatment of polyester fabric may result in a higher-per-
forming fabric. The findings show that alkali treatment with 



Submit your Manuscript | www.austinpublishinggroup.com Adv Res Text Eng 8(1): id1080 (2023) - Page - 05

Austin Publishing Group

NaOH at the appropriate temperature and time can hydrolyze 
the polyester fiber surface, resulting in the fiber changing to a 
soft cloth with draping, and that it can also enhance fabric prop-
erties like fabric regain, water absorbency, and fabric pilling. The 
dyeing and resultant colour properties of alkali treated polyes-
ter would be expected to change as progressively more mate-
rial is hydrolytically removed from the fiber surface. The current 
study aims to use this treatment to improve natural dyes' dye 
capacity on polyester cloth, and factors influencing this treat-
ment were investigated in order to achieve better color strength 
of dyed samples while maintaining weight loss within the range 
of not affecting the treated samples' tensile strength.

Effect of treatment Temperature

By keeping all other parameters constant and varying only 
the treatment temperature, the effect of treatment tempera-
ture on fabric properties was investigated.

Figure 4 shows that as the temperature of the alkali treat-
ment rises, the percentage weight loss of the fabric rises with 
it. Polyester samples were treated in sodium hydroxide solution 
to determine the appropriate temperature that achieves maxi-
mum color intensity of the after dyed samples, taking into ac-
count its effect on the rapidity of the treatment and, ultimately, 
on weight loss. At higher temperatures, there was a greater 
percentage of weight loss, which resulted in a decrease in fabric 
strength. However, the necessary hydrolysis of polyester fiber 
surface was achieved at the optimum temperature (80°C), re-
sulting in less percentage weight loss.

Effect of Treatment Time	

The alkali treatment method was carried out at different 
treatment durations while keeping other parameters constant 
to investigate the value of treatment period and its effect on 
the alkali treatment and thus the weight loss of polyester fabric. 
The alkali-treated polyester samples were also dyed with Henna 
extract under specific conditions, then washed and air-dried.

Figure 5 shows that as the treatment period increases, the 
weight loss of the fabric increases as well. As a result, the dura-
tion of the alkali treatment has a significant effect on the prop-
erties of the alkali-treated polyester fabric as well as its dyeing 
value. As polyester fabric is treated with alkali for a longer pe-
riod of time, the polyester fabric's strength is reduced. At the 
optimal treatment period, the desired modification level was 
achieved (75 minutes). Treatment of polyester above the op-
timum time showed a significant drop in the strength of the 
fabric.

Effect of Alkali Concentration

The effect of alkali concentration on the weight loss of poly-
ester fabric was studied by varying the concentration of NaOH 
while keeping the treatment conditions constant.

It was observed from Figure 6 that as the concentration of 
alkali (NaOH) increases the percentage weight loss of the fab-
ric increased. The concentration of alkali plays a significant role 
in the surface modification of polyester. A higher alkali con-
centration causes more weight loss, resulting in a decrease in 
fabric strength. However, in Figure 6, the necessary degree of 
hydrophilicity was achieved with a lower percentage of weight 
loss at the optimum alkali concentration (6%). The use of higher 
alkali concentration above the optimum level showed a signifi-
cant reduction in fabric weight and strength.

Effect of Hydrolysis on Weight Loss of Polyester Fabric

Almost all the studies on alkaline hydrolysis of polyester in-
dicate weight loss. The amount of weight lost, however, is de-
pendent on the hydrolytic conditions. The alkaline hydrolysis 
of polyester at the obtained optimum surface treatment con-
ditions showed a loss in weight of the fabrics. It has been re-
vealed that treating PET fabrics with alkaline causes the fabrics 
to lose weight. However, the weight loss value achieved in this 
study was within the normal acceptable range. That is to say, 
the weight loss achieved has no impact on the fabric's strength.

Effect of Alkali treatment on Wettability

The polymer structure and morphological structure of poly-
ester fabrics decide its water absorbency. Since the polymer 
chains are broken due to the sodium hydroxide treatment, when 
the fabric's surface is changed, its absorbency increases but its 
strength decreases. Modification of fiber surface composition 
in textiles can change the entire surface wetting behaviour.

Wicking height versus wicking time indicates that there is an 
increase in wick ability due to the treatments. The result indi-
cates a rise in wicking height in both the warp and weft direc-
tions. As compared to the untreated control polyester fabric, 
there is a 48.65% increase in warp direction and a 42.42% in-
crease in weft direction. The results show that modified polyes-
ter has better wicking properties than regular polyester. This is 
due to the caustic soda hydrolysis of polyester.

The time it took for the samples to sink to the bottom of a 
beaker filled with water was used to calculate the sinking time. 
The NaOH-treated polyester samples sunk down in 18 seconds, 
while the untreated control polyester take long time.

The absorbency of sodium-hydroxide treated polyester fabric 
samples was determined by calculating water drop absorption 
time, which took less than 20 seconds for all samples tested in 
this study. Modified polyester absorbs more water than regular 
polyester. The factors which may contribute to this hydrophilic-
ity are the increased surface roughness, the possible increase in 
the number of hydrophilic groups on the fiber surface caused by 
chain scisson and due to the increased accessibility of the avail-
able hydrophilic groups on the fiber surface owing to hydroly-
sis. Alkali treated polyester fabric samples showed remarkable 
increase of hydrophilicity. The time it takes for the polyester 
fabric to absorb water decreases as the concentration of caustic 
soda rises.

Confirmation of Hydrolysis of Polyester

The number of hydrophilic groups on the surface of polyes-
ter fibers increases as a result of hydrolysis. NaOH's nucleophilic 
attack on polyester chains triggers chain scissions at the ester 
linkages, resulting in carboxyl and hydroxyl polar groups, which 
increase polarity and hydrogen bonding capacity with water 
molecules, resulting in better water wet ability.

The current investigation confirmed that alkali treatment of 
polyester fabric results in fiber surface alteration. The treated 
polyester improved in water drop absorbency, sinking time, and 
wicking height, according to the wettability performance. The 
existence of new functional groups formed in the treated sam-
ples was also verified by the FTIR study. Furthermore, the al-
kali hydrolyzed polyester fabric dyed with henna dye performed 
better than the untreated polyester sample dyed with henna 
dye in terms of color strength. It means the treatment of pol-
yester fabric with NaOH shown the modification of polyester 
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fiber surface and had a significant effect in the dyeability and 
property of polyester fabric. 

FTIR Analysis

FTIR measurements have been carried out using an infrared 
spectroscopy to study the availability of new functional groups 
with a test method ASTM D629-99.

Effect of Alkali treatment on Fabric Physical Property

The tensile strength of the fabric were tested as per ASTM 
D2209 - 00(2015) testing methods. Average value of each test 
was reported in this study.

It is evident from Table 1 that alkali treatment fabric showed 
5.3% drop in tensile strength in warp direction and 6.44% in 
weft direction. The obtained drop in tensile strength is within 
the standard acceptance. Even though there is a debate among 
the researchers, the acceptable limit of tensile strength loss is 
from 5-10%. This means the treatment of polyester with alkali 
at the optimum treatment conditions don’t affect the strength 
of fabric.

The stiffness or drapability of a fabric can be determined by 
its bending length. There is a decrease in the bending length 
of the fabric due to weight reduction process. As compared to 
the untreated control polyester, the handled polyester's bend-
ing length decreases by 44.83 % in the warp and 42.31% in the 
weft directions. This demonstrates that the untreated fabric is 
stiffer than the one that has been treated. The treated polyes-
ter fabric samples drapes well. This occurs as a result of pits or 
voids forming on the fabric's surface. Furthermore, the reduced 
diameter of fibers and thickness of fabric can cause a decrease 
in bending length of treated fabric.

Effect of Dyeing Conditions on Dyeability of Polyester with 
Henna Dye

Effect of Dyeing Temperature

At different temperature levels, the effect of temperature on 
the dyeability of polyester fabric with henna dye extract was in-
vestigated, and the color strength of the dyed fabric was meas-
ured.

It can be seen in Figure 9 that the color intensity increases 
with increasing dyeing temperature and reaches a maximum 
value at 130°C dyeing temperature. Furthermore high tempera-
tures caused lower colour strength and unevenness as well. This 
increase in dye uptake can be  explained  by  fabric  swelling  
and  de aggregation  of  dye  molecules  into  single molecule at 
higher temperatures.

In this study it was revealed that as dyeing temperature 
increases the K/S value increases until dye exhaustion attains 
equilibrium and then there is decrease in the colour strength af-
ter further increase in temperature from 130 . This effect was 
observed due to shift in equilibrium of colorant from fabric to 
dye bath. Then again the color strength value starts to increase 
with further increase in dyeing temperature after the equilib-
rium point. 

Effect of Dyeing Time

The effects of dyeing time on the dyeability of alkali modified 
polyester fabric dyed with the extracted henna dye were investi-
gated by measuring the dyeing properties of the dyed polyester 
sample.

Figure 10 shows that the longer the dyeing time, the higher is 
the colour strength until dye exhaustion attains equilibrium and 
there is decrease in the colour strength after further increase in 
time from 75 minutes. This effect was observed due to shift in 
equilibrium of colorant from fabric to dye bath. 

Effect of Dyeing pH

To study the effect of dyeing pH on the dyeability of polyester 
fabric dyed with natural dye obtained from Henna plant leaves, 
the dyeing of polyester was carried out at acidic, neutral and 
basic media. 

It was observed from above Figure 11 that the best color 
strength is obtained at basic pH. The pH value of the dye bath 
has considerable effect on the dye ability of polyester fabrics 
while using Henna’s aqueous extract. 

 Effect of Dyeing MLR

It is clear that colour  strength  increases  with  increase  ML  
ratio  and  the  optimum  ML  ratio  was 1:25 as it was indicated 
in Figure 12. Lower relative colour strength value with low ML 
ratio could be explained that with  the  congestion  of  dye  mol-
ecules  at  lower  ML  ratio  which  compelled  dye molecules 
to strike each other rather than with fabric for bond formation. 

Fastness Properties of Dyed Fabric

The henna extract natural dyed polyester fabric was mor-
danted with pre-mordanting, post- mordanting and simultane-
ous mordanting techniques and the one which gives higher re-
sult was preferred. Copper sulphate, iron sulphate, aluminium 
sulphate and citric acid were used as a mordant in each tech-
niques of mordanting methods in the present study. The mor-
dant which provided better result was preferred.

Table 1: Effect of alkali treatment on physical property.
Tensile Strength (g/tex) Bending Length (cm)

Test Direction Warp Weft Warp Weft

Before treatment 34.32 32.3 2.9 2.6

After treatment 32.5 30.22 1.6 1.5

Table 2: Effect of pre-mordanting on fastness properties.

Mordants
Washing Fastness Rubbing Fastness

Color change Staining Dry Wet

Copper Sulphate 5 5 4-5 4-5

Iron Sulphate 5 5 5 4-5

Aluminium Sulphate 5 5 5 4-5

Citric Acid 5 5 4-5 4-5

Table 3: Effect of post-mordanting on fastness properties.

Mordants
Washing Fastness Rubbing Fastness

Color change Staining Dry Wet

Copper Sulphate 5 5 4-5 4

Iron Sulphate 5 5 4-5 4

Aluminium Sulphate 5 5 5 4-5

Citric Acid 5 5 4-5 4

Table 4: Effect of simultaneous mordanting on fastness properties.

Mordants
Washing Fastness Rubbing Fastness

Color change Staining Dry Wet

Copper Sulphate 5 5 4-5 4-5

Iron Sulphate 5 5 5 4-5

Aluminium Sulphate 5 5 5 5

Citric Acid 5 5 5 4-5
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Effect of Pre-Mordanting 

In the pre-mordanting process, the polyester fabric dyed 
with natural dye mordanted with all the types of mordant used 
in this study showed excellent washing fastness properties. That 
means, there are no color change and staining at all observed 
in the dyed polyester. The rubbing fastness of the dyed sample 
showed good to excellent score. 

Effect of Post-Mordanting

As the effect of post-mordanting methods on the fastness 
properties of henna extract dyed polyester fabric was studied, 
the washing fastness was assessed in terms of color change 
and staining. It was observed that there is no color change and 
staining in all types of mordant used. Good to excellent in the 
dry rubbing fastness and good grade in the wet rubbing fastness 
was obtained. However, one grade down result was obtained in 
the wet rubbing fastness as compared to the pre-mordanting.

Effect of Simultaneous Mordanting

In average better fastness properties result was obtained 
in the simultaneous mordanting method as compared to the 
other mordanting methods. Excellent washing fastness grade 
and good to excellent rubbing fastness was obtained. It can be 
concluded that simultaneous mordanting preferred for dyeing 
of polyester with natural dye obtained from henna leaves. And 
also, in average the aluminium sulphate mordant given better 
fastness grade in all methods of mordanting and can be pre-
ferred for polyester dyeing with henna.

Conclusion 

The majority of textile factories use disperses dyes for poly-
ester coloration, which are extremely polluting to the atmo-
sphere. However, in this investigation an attempt was made to 
dye polyester fabric with natural dyes extracted from henna 
leaves which is a new approach in textile coloration. It was ob-
served that there is difficulty in dyeing of unmodified polyester 
with lawsone dye due to the hydrophobic and inert nature of 
the polyester fabric. As a result, surface alterations of the poly-
ester fabric were carried out by treatment with alkali to convert 
hydrophobic into hydrophilic nature in order to improve the 
dyeability properties of polyester. Alkaline hydrolysed polyester 
was then colored with aqueous extract of henna dye at high 
temperature and the properties of the dyed fabric were meas-
ured. Better color strength value, washing and rubbing fastness 
was achieved. However, a slight drop in weight loss was ob-
served but which is in the acceptable range and doesn’t affect 
tensile strength of the treated samples. The effect of metallic 
mordant and bio-mordant were studied and observed compa-
rable fastness results. In average the simultaneous mordanting 
showed better K/S and fastness properties in various mordant 
types. The research findings therefore suggest that henna dye 
can be used in coloration of polyester at high temperature.
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