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ABSTRACT:

Materials that can undergo a reversible color change, upon the ap-
plication of an external stimulus, are technically known as chromic
materials. Research into the application of such materials has been
extensive due to the ability of color change to effectively convey
important information and therefore have been used in the indus-
try to fulfill certain applications. Since they have the capability to
change their colour, they have been used in some hazardous ap-
plications, medical applications and some may serve pure artistic
statement. Each of these chromic materials react to external stimu-
li in a very different way. Materials that display chromic properties
are classified by the type of stimuli that induces their color change.
This paper aims to introduce the different types of chromic mate-
rials used within the industry and to demonstrate how far they are

known within the Egyptian community through surveys.

INTRODUCTION:

Since the beginning of man-kind, designing fashion-
able clothes has always relied on the textiles used in
the process, the only difference between one garment
and another is the purpose of it. According to Fred Da-
vis, each piece of clothing has a statement [1] to fulfill
while Alison Lurie (1981) has claimed that clothing is
a visual language [2] used in communication where
Roland Barthes adds that our modern culture has
changed nowadays into a visual civilization [3]. With
the advancement and progress within the industry,
one has seen strategies to support the innovation and
creation of new products and functionalities [4]. Such
creation and functionalities were reflected on clothing
which has enabled to fulfill certain applications. Such
materials were then called smart clothing or intelli-
gent clothing. Applications of these clothes may vary.
Some of these clothes are used to express creativity
and some are used for pure application performance.

90 Volume 1, Issue 1, January 2020

Like for example, clothes that has barrier features
through which has the ability to protect wearers from
hazardous conditions [5]. This is due to global warm-
ing is receiving worldwide attention especially since
the living conditions are declining [5],[6]. So means
to alleviate its harmful consequences has been very
much put into consideration [6]. Changes in energy
technology have been the necessary target to fulfill
which will eventually impact the global economy [7].
Much attention has been paid to the research area of
development and perfection of clothes.

Intelligent textiles nowadays are considered to be
the next generation of fibres, fabrics and articles [4].
Smart textiles [8] are embedded with sensors and tex-
tile structures which allow them to respond to external
stimuli and adapt their protective effects accordingly.
They are classified as materials that have the capabil-
ity to think and adapt to the surrounding environment
with the aim to fulfill the required need.
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Intelligent clothing are categorized into three
groups:

1) Passive smart clothing: which can only use sensors
to sense the environment or the user

2) Active smart clothing: has an embedded actuator
function and a sensing device allowing it to sense and
react to different stimuli from the surrounding envi-
ronment

3) Very/Ultra smart clothing: those have the capability
of sensing, reaction and adapting their priorities to the
environmental conditions [9]

An example of a passive intelligent textile is optical
fibers. They are sensitive to deformation and concen-
tration of substances such as pressure, electric power,
etc. One the other hand, an example of active intel-
ligent textiles that can react by changing their own
colour reliant on the surrounding stimuli [10,11,12]
and are called heat-containing textiles. They are well
known by chameleonic textile which is the ability to
gain or lose energy according to the surrounding tem-
peratures and/or environment [5].

This paper focuses on the different types of chromic
materials and how each and everyone one of them is
affected by the different external stimuli.

Research Questions:

This write-up addresses the following questions:

» What is Intelligent Clothing?

» What is the definition of chromic?

» What are the types of chromic Clothing?

* What are the types of applications uses chromic
dyes, inks, etc?

» What are the advantages of having chromic clothing?
* Is the Egyptian Community Aware of the Chromic
materials?

* What is the preferred chromic material to be applied?

Review:

When it comes to intelligent textiles and clothing,
there is a huge variety. One of these types of intelli-
gent textiles and clothing are those which change their
colour reversibly according to external environmental
conditions, for this reason they are also called cha-
meleon fibres [13]. Chromic materials are the general
term referring to materials which radiate the colour,
erase the colour or just change it because its induc-
tion caused by the external stimulus, as “chromic” is
a suffix that means colour. Therefore we can classify
chromic materials depending on the stimulus affect-
ing them [14]. It is known that the coloration process
imply electronic transitions between at least two dif-

ferent energy levels like for example the chameleon
diamond for it to transition from yellow to green it
requires at least one electronic transition [15].

There are different chromic materials where each of
which reacts in a different way. The cause of change
is due to the external stimuli. Application of colour
change materials on textile materials are used to pro-
duce design effects, functional effects such as camou-
flage, security printing, brand protection and as men-
tioned before, use in smart textile applications [16].
The following are different types of chromic materials
used in the industry. The two major groups of colour
changing inks are the thermochromic and photochro-
mic. They are the most easily applied colour changing
inks when used [17]

Photochromic:
Photochromic, which its external stimulus is light, has
the capability to emit reversible colour change when
activated by ultraviolet radiation. Photochrromic ma-
terials are colourless in a dark environment. However,
the ultraviolet radiation changes the molecular struc-
ture of the material and it exhibits colour. When the
light source is taken away the colour disappears [18].
Photochromic dyes are dispersing dyes. Applying this
functional dye to a textile will provides the textile with
both a colour changing effect and a UV protective
function. Such a textile may find applications in areas
such as fancy clothes and camouflage fabrics. Apply-
ing these dyes to natural fibers such as wool, cotton
and silk, usually results in poor washing fastness [19].
Application of photochromic dyes can be inserted into
the fiber matrix using a traditional dyeing technique.
The photochromic dye is first blended with a polymer
which is then extruded or wet spun into photochromic
fibers. Alnother approach os that the dye can be mixed
with a resin and surface coated onto fabric surface.
The photochromic colours are commonly used for
construction novelty items such as intelligent textiles,
toys, cosmetics, clothing and other industrial applica-
tions. . in the case of darkness, ultra thin polymers are
layered smart textiles, soft products between the lam-
inations allowing for electricity to conduct and there-
fore electroluminescent light is achieved.

Thermochromic:

The thermochromic inks have the ability to change
its colour regarding the change in temperature. One
of the most frequently used materials in printing to
achieve the thermochromic effect is the leuco dyes
and TC inks [20, 21]. The colour of thermochromic
prints are very dynamic. It is temperature dependent
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as well as it has the capability to depend on its ther-
mal history. The effect is described by colour hystere-
sis. Thermochromic materials are protected in round
shapes capsules. They are much larger than pigments.
The activation temperature is the only parameter given
to induce the change of colour [20]. Thermochromic
materials can be formulated to change colour when
temperatures rise or fall above or below one or more
predefined ranges. Thermochromic clothing is accom-
plished either through embedded dye within the fabric
of the apparel, or by the addition of a second fabric
embedded with thermochromic dye and affixed to the
apparel [22].

As mentioned earlier, thermochromic has been used
to serve different applications varying from hazard-
ous applications to artistic applications. There are of
course applications specifically in the medical field
that lately had been relying on thermochromic cloth-
ing. Such an example is baby’s clothing. The main
aim was from having a baby’s clothing made out of
thermochromic dyes was to detect when the baby
gets too hot or suffers from high fever. Although the
clothing extended all over the baby’s body yet it was
mainly focused in localized areas. Of course that type
of clothing achieves the main target of its application
since a baby or an infant has no way to communicate
or express to their parents. This type of clothing would
serve as a visual indicator of the baby’s condition and
thus a remedial action is taken sooner [22].

Another example of an application is monitoring
clothing from cold exposure. This type of invention
was the first of its kind to provide early detection and
prevent cold exposure to skin surface via thermochro-
mic. It visibly displays dermal temperature by employ-
ing thermochromic colour changing characteristics via
thermochromic dye incorporated into the fabric of the
apparel. The surface appears to be transparent at first
until it reaches a certain temperature where at this mo-
ment an electron exchange occurs allowing the colour
pigment to be released from the capsules. This type of
clothing serves in the area of both apparel and health
maintenance [23].

There are two chromic systems that have been used
successfully in textiles and they are [24]

a. Liquid crystals: they are based on liquid crystals
which at certain temperatures the crystals re-orientate
which results in an apparent change in colour. The lig-
uid crystals are micro encapsulated, in other words,
small particles that are surrounded by a coating. Bil-
lions of these capsules, 10 microns in diameter, can
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be mixed with a suitable carrier to create printing inks
for fabric.

b. Molecular Rearrangement: the rearrangement of
molecular structure of a dye induces colour change
of the thermo chrom material. When the temperature
increases the molecules of the system change their ar-
rangement according to the level of the change in tem-
perature. Upon cooling, the system returns back to the
first colour due to molecular arrangement [25].

Electrochromic:

This definition of electrochromism does not, however,
fit within the modern sense of the world. An electro-
chromic material is the one that changes color in a per-
sistent but reversible manner by an electrochemical re-
action and the phenomenon is called electrochromism.
Electrochromismis the reversible and visible change in
transmittance and/or reflectance that is associated with
an electrochemically induced oxidation-reduction re-
action. It results from the generation of different vis-
ible region electronic absorption bands on switching
between redox states. The color change is commonly
between a transparent (“bleached”) state and a colored
state, or between two colored states [26]. While its ex-
ternal stimulus is electricity, it is conventional for sun
protection system which is associated with darkening
the rooms, often requires the use of electric lighting
during daytime. The electrochromic switchable coat-
ings, which are applied on glass, have been developed
to adapt to both seasonal and environmental changes.
This type of coating is also applied to car’s mirrors
and sun protective glasses [27]. These types of glass-
es requires to be coated with transparent electrically
conductive oxides (TCO) and special electrochromic
components which lead to the darkening of the glass
fulfilling its application which is sun protection [28].
Although electro chromic glasses are suitable for sun
protection applications, yet they suffer from high costs
and high weight. Also, any even minor damage usu-
ally requires replacement of the entire device [28]. At
this point, different materials which are electrochro-
mic may be used as an alternative since they are low in
price and can be far better integrated than glass. Such
materials are flexible foil [29-31] and textile based
materials [32-35].

Piezorochromic:

Its external stimulus is pressure. Piezoelectric textile
fibres are important for wearable energy harvesting
applications. Piezoelectric melt-spun fibres have been
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under investigation starting with 2010 . polyvinylidene
fluoride (PVDF) which is a widely researched piezo-
electric polymer, attempts have been carried out at
developing fibres from polypropylene (PP) which has
mostly been researched when used in cellular form.
Moreover, the piezoelectric behavior of the fibres has
until now been characterized, only by the voltage pro-
duced by the fibres when they are tested under open
circuit conditions. [36].

The primary challenge in electronic textiles is to find
materials and devices that provide the desired func-
tionality and that can be easily meshed into hybrid ma-
terials. Piezoelectric materials offer significant prom-
ise for e-textiles applications. Piezoelectric materials
have a number of useful features and are available in
a variety of form factors with reasonable cost and de-
velopment complexity.

Piezoelectric materials are well matched to the needs
of e-textiles and wearable computing, offering low
power consumption, a choice of form factors, and
components with multiple uses. A unique proper-
ty of piezoelectric is their ability to produce a broad
range of voltages, from tens of millivolts to hundreds
of volts based on the type and magnitude of the ap-
plied stimulus. Piezoelectrics respond to almost any
type and magnitude of physical stimulus, including
but not limited to pressure, tensile force, and torsion.
Piezoelectrics do not have a minimum requirement for
producing a response. Their ability to detect the type
and magnitude of the stimulus is limited only by the
sensitivity of the interface and any contributing envi-
ronmental variables [37]. One wearable computing
application embedded a piezoelectric in the sole of a
shoe such that walking motion could be used to gen-
erate power [38].

Solvatochromic:

They are the materials that changes colour when it
makes contact with liquid, for example, water [39]
and changes back to the original colour when dried.
It usually depends on the polarity of the solvents and
most of these materials are metal complexes. They are
also known as hydro-chromic and aqua-chromic. The
process of a hydro-chromic change is for example if a
white hydro-chromic ink is sprayed over a background
image, what will be seen is a white background but
when water falls on the surface, the white sprayed ink
disappears allowing the coloured background to show
[40]. Such materials are used in swimsuits and um-
brellas [39].

Results and Discussion:

This paper attempted to introduce the variety of chro-
mic materials used in the industry of clothing and how
each kind of chromic material is used to serve a cer-
tain application. A survey was distributed among 60
people to determine to what extent are the chromic
materials known and what type of colour changes is
preferred The highest age range that has answered the
survey was the age range between 30 to 35 years old
representing 37% while the second highest is the age
group of 36+ representing almost 31%. Most of the
people whom answered this survey were adults whom
were either housewives or employed.

® 15-20
$ 21-25
) 26-30
@ 31-35
& 36+

Figure.l Chart of Age Ranges

How often do you go shopping

—#—How often do you go shopping

44.1
Every few months

30.5
25.4 Every a couple of months

once a month

Figure.2 Chart of the Percentage of people how often they go
shopping

In the survey, the people were asked to what extent
they go shop. Figure 2 shows that 25% said they go
shopping once a month, 31% said they go shopping
every a couple of months while the highest percentage
was 44% and those people shop every few months.
Then they were asked if, when shopping, they wish
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they could buy the product in different shades of
colour. Figure3 shows 63% of people sometimes
they wish they could buy the same product in dif-
ferent while 20% answered an affirmative answer
confirming they wish they could the same prod-
uct in different colours while only 17% answered
with declination.

ENO
HYes

m Maybe/Sometimes

Figure.3 - Percentage of people who would like to bu% the same

e same

lg)r enifgaobRsepis.who would like to buy t

product in different colours
Those people were then asked to what extent
they are aware of colour-change clothing. Fig-
ure.4 shows that less than 50% do know what co-
lour-change clothing is while more than 50% do
not have the knowledge or the awareness of such
materials.

Awareness of Colour Change Outwear within
the Egyptian Community

50
45
40

W Are Aware
20 ENotSure

15 W Are not Aware

Figure.4 Percent of people’s awareness of Colour Change Out-
wear

So in order to introduce such clothing to the Egyp-
tian market, the survey covered the people’s pref-
erence when it comes to colour change outwear.
As it is reflected in Figure.5, it is shown that the
most preferred clothing that contains photochro-
mic prints which in other words changes colour in
the sun. The second most preferred was to have a
mixture of all chromic materials.

94  Volume 1, Issue 1, January 2020

People's Preferance in Colour
Change Outwear

m Glows in the Dark
m None
m Changes Colour according to the

Environment

= Mixture of all Chromic Colours

® Changes Colour in the Sun

40 30 20 10 0

Figure.5 Percent of People’s Preference in Colour Change Out-
wear

Conclusion:

As a conclusion, the Colour-change chromic co-
lours are not very known in the Egyptian market
but yet from the survey people had shown interest
in clothing that would have these kinds of prints,
or clothes that change their colours in general
which is shown in Figure.3. It is encouraged to
introduce such materials to manufactures to add
it in their lines of production and be introduced
to the market to fulfill certain needs and/or appli-
cations.
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