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Abstract
A new approach for the dyeing and UV protection of cotton fabric using Henna extract was 
investigated. In this study, 3-chloro-2-hydroxy propyl, trimethylammonium chloride was 
used to substitute metallic mordants (heavy-metal salts) in the pre-treatment of cotton fab-
ric. This will eventually prevent heavy metal pollution as well as  facilitate dyeing without 
the addition of salt. Cationised cotton fabrics were dyed with Henna extract at different 
dyeing temperatures for different dyeing times. Colour strength, fastness properties (wash-
ing, rubbing and light), UV-blocking and tensile strength were  investigated. Cationised 
fabric dyed with Henna extract exhibited outstanding enhancement in  UV protection with 
minimal impact on the tensile strength. Enhancement or decrement in  UV protection and 
colour strength was found to be governed by the dyeing temperature and dyeing time. 
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ultraviolet radiation (UVR) such as fab-
ric construction, chemical composition, 
textile auxiliaries, colour and the finish-
ing process. Dyes often provide a good 
blocking effect against ultraviolet light 
transmittance, and the protection level 
rises with an increase in dye concentra-
tion. Light colours reflect solar radiation 
more efficiently than dark ones, allowing 
incident radiation to penetrate through 
the fabric with reflecting actions (scatter-
ing) [3]. Moreover most of the previous 
studies used synthetic dyes synthesised 
from petrochemical sources through haz-
ardous chemical processes which pose a 
threat towards the environment and hu-
man body health [4]. 

Hence interest in natural dyes has in-
creased considerably on account of their 
high compatibility with the environment, 
as well as the availability of various 
natural colouring resources such as from 
plants, insects, minerals and fungi [3]. It 
is reported that some natural dyes can not 
only dye fabrics in unique and elegant 
colors but also impart antibacterial and 
ultraviolet protective functions [5, 6]. 

Lawsonia inermis L., commonly known 
as “Henna”, is a shrub or small tree fre-
quently cultivated in India, Pakistan, 
Iran, Afghanistan, Yemen, Egypt and 
Sudan. Powdered leaves of this plant are 
used as a cosmetic for staining hands and 
hairs. The dyeing property as well as UV 
absorption is attributed to the presence of 
Lawson; 2-hydroxy-1,4-naphthaquinone 
in Henna leaves [7]. This coloring com-
ponent has the following structural for-
mula, presented in Figure 1.
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n	 Introduction
Protecting human skin against harmful 
UV radiation is an acute problem nowa-
days. Due to the decreased thickness of 
the ozone layer, more UV light reaches 
the ground. Long-term exposure to UV 
light can result in a series of skin diseases 
such as acceleration of skin ageing, pho-
todermatosis (acne) and even skin cancer 
[1]. UV radiation consists of three rang-
es: UV-A (315 - 400 nm), UV-B (290 - 
315 nm) and UV-C (100 - 290 nm). UV-C 
radiation is absorbed by the ozone layer, 
but UV-A and UV-B reach the earth’s 
surface and cause serious health prob-
lems. Therefore the main UV radiations 
that should be blocked by textiles are 
UV-A and UV-B [1, 2]. 

Several factors affect the ability of fab-
rics to provide adequate protection from 

In the application of Henna to cellu-
losic textiles, fastness properties such as 
wash, light, perspiration, etc. are often 
very low. This may be due to the polar 
features of both cellulose and Lawson 
(hydroxyl groups are active sites), in ad-
dition to heterogeneity, diversity and a 
complexity of natural aspects. Therefore 
to overcome this drawback, additional 
treatments are often needed to enhance 
the durability value of textile products 
[4].

Many attempts have been carried out to 
elucidate the functional aspects of Hen-
na dye as well as to enhance its fastness 
properties, especially washing and light 
fastness, by using several metallic mor-
dants [7 - 10] 

Cationisation is a novel treatment for 
cotton fabric which has been used to 
enhance the colour strength and fastness 
properties of dyeing. Cationic product 
3-chloro-2-hydroxy propyl trimethyl-
ammonium chloride (CHPTMAC) is  
a relatively cheap, reactive and low tox-
ic chemical which is potentially a good 

Figure 1. Structure formula of  2-hydroxy-
1,4naphtaquinone.
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cationic agent for the modification re-
quired [11].

What appears to be less emphasised in 
the literature is the application of natural 
dyes as a UV protection of cotton fabrics. 
In addition, the pretreatment of cotton 
fabric with cationic agents instead of me-
tallic mordants can be a novel technique 
for upgrading the natural dyeing proper-
ties and minimising the pollution.

Accordingly the main objective of  
the present work is to dye cationised 
cotton fabrics with Henna extract with-
out the addition of salt and determine  
the colour, fastness properties and UV 
protection of the dyed fabrics. 

n	 Experimental
Materials and chemicals
Scoured and bleached plain-weave cot-
ton fabric of 117 gm-2 was obtained from 
Hua Fang Co. Ltd., China. 3-chloro-
2-hydroxy propyl trimethylammonium 
chloride was supplied by Aladdin Indus-
trial Corporation, Shanghai. Henna pow-
der was supplied by Tag Cosmetics Ltd. 
Omdurman-Sudan. All chemicals were 
used as received without further purifica-
tion. Deionised water was used through-
out the study. 

Extraction of Henna dye
A certain amount of Henna powder was 
extracted in the required amount of water 
and boiled for 1h. The extract was cooled 
to room temperature and filtered to re-
move insoluble residues. The resulting 
filtrate was then used as stock dye solu-
tions (1% extract) for subsequent dyeing 
experiments. 

Cationisation of cotton fabric
Cotton fabric was cationised based on 
the pad-batch method. 50 g of 3-chloro-
2-hydroxy propyl trimethylammonium 
chloride (CHPTMAC) was dissolved 
in 200 ml of deionized water. 22.8 g of 
sodium hydroxide was then added to 
form a 2.3-epoxypropyltrimethylammo-
miumchloride (EP3MAC) solution, after 
which the fabric was impregnated with  
EP3MAC solution at 50 °C for 20 min 
and then padded at a speed of 1 m/min 
and pressure of 1 kg/cm2. The padded 
fabric was wrapped in a plastic film for 
24 h at room temperature to prevent the 
migration of chemicals on the fabric and 
evaporation of water. After that, the fab-
ric was rinsed twice with distilled water 
and neutralised with acetic acid solution 
(2 g/l). Finally the treated fabric was 
rinsed to obtain a pH of 7.2 on it and then 
dried in a commercial dryer at 60 °C [11].

Dyeing procedure
Cationised cotton fabrics were dyed with 
Henna dye solution without the addition 
of salt using the exhaustion method in a 
gy-12/HTAI-Hua Tai-China dyeing ma-
chine. Samples were immersed in a dye 
bath composed of Henna extract (1%) 
and sodium carbonate (15 g/l), using dye 
liquor ratio (1:20). All the dyeing experi-
ments were carried out at temperatures 
of 40, 60, 80 and 90 °C and for 40, 60 
and 80 min, respectively. Thereafter cot-
ton fabrics were removed from the dye-
bath and rinsed thoroughly in tap water 
followed by soaping (soap flakes 2 g/l, 
Na2CO3 10 g/l, liquor ratio 1:30, 95 °C 
for 10 min). Afterwards the samples were 
washed and dried.

n	 Test and analysis 
X-ray diffraction
XRD patterns of normal and cationized 
cotton fabrics were recorded on an X-ray 

diffractometer - D/MAX-2250 (Rigaku, 
Japan).

Colour strength (K/S value)
The colour strength of the dyed fabrics 
(K/S) was measured using a Datacolor 
SP600+ spectrophotometer (Datacolor 
Co. USA). K/S values were determined 
at the maximum dye absorption wave-
length (𝜆 = 370 nm). 

Colour fastness to washing 
and rubbing
Washing was carried out in an SW-12A 
Tester to assess colour fastness to wash-
ing, (Wenzhou Darong Textile Instru-
ment Co. Ltd. China) in accordance 
with the ISO 105-C10:2006 standard.  
The change in colour of specimens and 
stains of the adjacent fabrics were as-
sessed with a Datacolor SP600+ Spectro-
photometer. Rubbing fastness was evalu-
ated in dry and wet conditions in accord-
ance with ISO 105-X12:2001. 

Light fastness
The light fastness test was carried out 
using a Light Fastness Tester (ATLAS-
150S+, USA) in accordance with ISO 
105-B02: 1994, MOD. Samples were 
exposed to high intensity light for 50 h, 
and the degree of fading was assessed by  
the SDC blue wool scale.

UV-protection measurement
A spectrophotometer was used to evalu-
ate the UV protection by measuring  
the Ultraviolet radiation transmittance 
value of each fabric across the wave-
length range 280 - 400 nm, which in-
cludes UV-A and UV-B. The Ultraviolet 
Protection Factor (UPF) was obtained us-
ing an Ultra Violet Transmittance Fabric 
Analyser-Labsphere (USA). 

Figure 2. Reactions occurring during the cationisation process of cotton fabric. It is my own source.
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X-ray diffraction analysis
X-ray diffraction has been extensively 
used for investigation of the supramo-
lecular order (crystallinity) of cellulose 
and its derivatives [13]. XRD patterns of 
normal and cationized cotton are shown 
in Figures 3.a and 3.b. It can be seen 
that normal cotton has main diffraction 
signals at 2θ = 14.9°, 16.55°, 22.8° and 
34.05° [14]. These characteristic peaks 
also appear in the XRD patterns of cati-
onised cotton, which reveals that the 
cationisation reaction does not change  
the main crystalline form of cotton sam-
ples. Meanwhile, in comparison with nor-
mal cotton, the peak intensity of cation-
ised cotton declined due to the abundant  
–OH group in the texture of cotton being 
substituted by grafting of the cationic 
agent. The substitution of the hydroxyl 
group reduces the density of the hydro-
gen band [14]. 

Colour strength (K/S value)
The effect of dyeing temperature and 
time on the colour strength of the dyed 
samples is demonstrated in Figure 4.  
The colour strength (K/S) values were 
measured after dyeing of cationised cot-
ton fabrics with Henna extract. The re-
sults obtained disclose that with increas-
ing the dyeing temperature from 40 °C 
to 90 °C, the K/S values are enhanced, 
which reflects the positive impact of 
higher temperature on improving the 
swellability of cotton fabrics as well as 
the solubility of the Henna dye, thereby 
opening the cellulose structure and in-
creasing the extent of penetration and 
diffusion of Henna dye molecules. In 
addition, the dyestuff is present in water 
as single molecules (ionized) as well as 
clusters of many molecules (aggregates) 
which are too large to enter the interior 
of the fibres at low temperature. Raising  
the temperature leads to the breaking 
down of the aggregates. Hence the num-
ber of single molecules existing in the so-
lution increases. When a single molecule 
is absorbed by the fabric, additional mon-
omers dissociate from the aggregates, 
which are, in turn, taken up by the fabric, 
resulting in a complete dyeing [8, 9]. 

The effect of the dyeing time on colour 
strength is also shown in Figure 4. With 
an increase in the dyeing time, more col-
our strength is observed. The less strength 
might be due to incomplete dyeing 
when insoluble impurities compete with  
the colorant to absorb onto the cotton fab-
ric rather than the colorant. As the time 

ro-2-hydroxy propyl trimethylam-
monium chloride (CHPTMAC) 
with alkali (Figure 2, see page 61).  
EP3MAC reacts with the hydroxyl groups 
of cellulose, creating cationic charges on 
the surface of cotton fabric [12]. As a re-
sult, cotton will have cationic dye sites 
covalently bound to the polymer chain. 
The carboxyl group in Lawson (appear-
ing after adding alkali to the henna ex-
tract) which is negatively charged reacts 
with the cationic dye sites in the cotton 
fabric, enabling dyeing without the ad-
dition of electrolyte, which is normally 
needed to drive the dyes from the water 
onto the cotton fibre.

Tensile strength
The tensile strength was measured in  
the warp direction using a material test-
ing machine - H10K-S (Tiniius Olsen, 
U.S), according to ASTM-D5034-95. 
The data obtained were the average of 
three tests and reported as the average  
± standard deviation.

n	 Result and discussion
Interaction of cationic reagent 
with cotton fabric 
2,3-epoxypropyl t r imethylammo-
mium chloride (EP3MAC) was pre-
pared in situ by a reaction of 3-chlo-

Figure 3. XRD pattern of (a) normal and (b) cationised cotton.
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Figure 4. Effect of dyeing tem-
peratures and dyeing time on 
K/S values of the dyed fabrics.
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of dyeing increases from 40 to 80  min, 
more and more colour strength has been 
obtained, which might be because of the 
fact that the colorant gets significantly 
adsorbed and then absorbed [9]. 

Determination of fastness properties
Textiles are subjected to frequent wash-
ing, rubbing and light during usage. 
Therefore the durability of the finish ap-
plied on textile material to those condi-
tions is extremely important and, hence, 
has been assessed, given in Table 1. Col-
our fastness to washing was assessed in 
respect of colour change and staining on 
multifibre fabric. Rubbing fastness was 
evaluated in dry and wet conditions.

As shown in Table 1, all Henna dyed 
fabrics have very good washing fastness 
regardless of the dyeing temperature and 
dyeing time. Change of shade and stain-
ing of adjacent fabrics (wool and cotton) 
were found to be good (3 - 4) to very 
good (4 - 5), respectively. 

The dry rub fastness of all Henna dyed 
fabrics was good (4). Wet rub fastness 

values were also found to be fairly good 
to good (3 - 4).

The durability of the dyed fabrics to 
washing could be attributed to the strong 
interactions between Henna dye and cati-
onized cotton fabric. 

As shown in Table 1, the light fast-
ness property of all henna dyed fabrics 
was acceptable regardless of the dyeing 

temperature and time, indicating that  
the presence of cationic groups in  
the molecular structure of cellulose en-
hances the swellability of the fibre (increas-
ing the pore size), thereby encouraging  
the diffusion of dye particles inside the 
fibre pores and thus increasing the light 
fastness values [15]. 

It is observed from the data (Table 1) that 
the fastness properties of Henna dyed 

Table 1. Fastness properties of the dyed fabrics

Dyeing 
temperature, °C

Dyeing 
time, min

Colour 
change

Cross staining Rubbing test Light 
fastnesscotton wool  dry wet

40 40  4 4 - 5 4 - 5 4 3 3 - 4
40 60 3 - 4 4 - 5 5 4 3 3
40 80 3 - 4 4 - 5 5 4 3 - 4 4
60 40 3 - 4 4 - 5 4 - 5 4 3 - 4 4
60 60 4 - 5 4 - 5 5 4 3 - 4 4
60 80 4 4 - 5 4 - 5 4 3 4
80 40 4 4 - 5 4 - 5 4 3 4
80 60 4 - 5 4 - 5 4 - 5 4 3 4
80 80 3 - 4 4 - 5 5 4 3 4
90 40 4 5 5 4 3 4
90 60 4 - 5 4 - 5 4 - 5 4 3 4
90 80 4 4 - 5 4 - 5 4 3 4

Figure 5. Effect of the laundering cycles, dyeing tem-
peratures and dyeing time: a) 40, b) 60 and c) 80 min 
on UPF values of the dyed fabrics.
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is harmful to cellulose and the environ-
ment.

The dyeing of cationised fabric with 
Henna extract resulted in ionic inter-
action and covalent linkages between 
cationised cotton fabric and Henna dye 
(Lawson), thereby improving the dye-
ing as well as fastness properties of the 
dyed fabrics. According to the findings 
of this work, the best dyeing conditions 
for considerably good UV protection and 
colour strength without affecting colour 
fastness properties and not adversely af-
fecting fabric strength are (temperature: 
90 °C and time: 60 min). Cationized 
fabrics dyed with Henna extract exhib-
ited outstanding enhancement in UV 
protection with minimal impact on the 
tensile strength. Improvement decrement 
in UV protection and colour strength is 
governed by the dyeing temperature and 
dyeing time. 

Finally, it can be concluded that the 
dyeing of cationised cotton with Henna 
dye is a very promising, eco-friendly 
and practical method for obtaining dye-
ing with outstanding protection against 
harmful UV radiation, without affecting 
other performance properties. 
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samples are quite satisfactory for practi-
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indicate that cationisation provided more 
dye sites and bears high colour depth. 
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90 80 720 ± 29.9

Reference cotton - 986 ± 17.3
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n	determination of breaking strength and elongation at break
n	suture retention strength of medical products
n	perforation strength and dislocation at perforation

The Laboratory of Metrology carries out analyses for:
n	 research and development work
n	 consultancy and expertise

Main equipment:
n	 Instron Tensile testing machines 
n	 Electrical Capacitance Tester for the determination of linear density un-

evenness - Uster Type C
n	 Lanameter

Contact: 

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
ul. M. Skłodowskiej-Curie 19/27, 90-570 Łódź, Poland

Beata Pałys  M.Sc. Eng.  
tel. (+48 42) 638 03 41, e-mail: metrologia@ibwch.lodz.pl
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