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Abstract 

extronics, or electronics coupled with textiles, is a term used to describe SMART textiles. 

Commercial viability and public interest make science and technology an attractive field 

today. SMART textiles are also important in the European textile business, helping to turn the 

textile industry into a competitive knowledge-driven enterprise. These textiles blend expertise from a 

variety of areas with textile-specific requirements. Many materials and systems, as well as sensing and 

actuation devices, are available, however, they are incompatible with textiles and textile 

manufacturing methods. They might be made into a textile-friendly framework or perhaps a whole 

textile structure. Textiles that can perceive and adapt to changes in their surroundings are known as 

smart textiles. 
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Introduction 

At The beginning of SMART textiles, Dr. Craig 

Rogers of the University of Virginia in the United 

States proposed the notion of SMART materials in 

1989. Toshiyoshi Takagi, a Japanese academic, 

incorporated information science into the composition 

and function of materials and interpreted SMART 

materials. Then, in the 1980s, SMART materials 

emerged as new materials. SMART fiber materials are 

currently in a rapid development stage. [1] SMART 

fiber is defined as fiber with the ability to sense, 

respond, and discover functions to the external 

environment and internal condition via SMART 

material processing. [2] 

SMART textiles are textile materials that can be used 

for more than just dressing, coating, and adorning. 

They interact with the user, assisting them in doing 

specific tasks that traditional textiles are unable to do. 

The ability of these fabrics to "sense" a certain 

external stimulus has earned them the moniker 

"SMART." 

Then, in a measurable, reproducible, reliable, and 

typically reversible manner, they react or do not react 

to the stimulus, and in some cases, adapt to 

environmental conditions. Such materials can, by 

definition, change their mechanical properties (shape, 

viscosity, hardness, and so on), as well as their 

thermal, optical, and magnetic properties, in a 

predictable and controlled manner. [2] 

SMART textiles may be categorized into more than 

two categories: passive, active, and ultra. SMART 

textiles that are passive have the potential to modify 

their characteristics in response to external stimuli. 

This category includes shape-memory materials, 

hydrophobic or hydrophilic fabrics, and so forth. 

Sensors and actuators are used in active SMART 

textiles to relate internal characteristics to the sent 

message. They can monitor numerous environmental 

cues (temperature, light intensity, pollution...), decide 
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how to react, and then act utilizing a variety of textile-

based, flexible, or tiny actuators (textile displays, 

micro vibrating devices. The "decision" can be made 

locally in the case of embedded electronic devices 

(textile electronics) in smart textile structures, or 

remotely in the case of smart textiles that are 

wirelessly connected to clouds that contain databases, 

servers with artificial intelligence software, and other 

services, and may be part of the Internet of Things 

(IoT) concept. The focus of this talk is on SMART 

textile actuators as active and passive flexible 

displays. 

We can use two types of SMART textiles in this study 

those types are photochromic and thermochromic 

colorants and know their Types and characteristics of 

them. 

 

SMART textiles 

SMART textiles, known as electronic textiles (e-

textiles), are made up of electrical components and 

may perform certain activities. SMART textiles are 

intelligent systems that can sense and process the 

wearer's status as well as observe or convey 

environmental conditions. Electrical, thermal, 

mechanical, chemical, magnetic, and other inputs and 

outputs are used. [3] So, the Definition of SMART 

textiles is SMART textiles are textiles that can detect 

and respond to changes in their surroundings. [4] 

 

Types of SMART textiles  

SMART textiles are categorized into three types based 

on their performance: 

 

Passive fabrics 

Passive SMART textiles are the first generation of 

SMART textiles that monitor external conditions, 

such as UV-protective garments and conductive 

fibers. Passive SMART textiles can only sense their 

environment because they are only sensors. 

Passive SMART fabrics, often known as "first 

generation" intelligent textiles, contain functionality 

that goes beyond regular ones. It should be 

emphasized, however, that passive materials do not 

often adjust based on the information they perceive. In 

other words, even if the surrounding changes, the 

cloth remains the same. [3] 

A cooling towel, for example, may aid in temperature 

regulation but does not actively provide coolness. 

Because of the fabric's structure, it merely facilitates 

the evaporation of fluids. The same is true for clothing 

and other products. [3] 

UV-protecting clothes, conductive fibers, and 

waterproof textiles are examples of textile materials 

that may sense a stimulus from the user or the 

environment, essentially acting as sensors [5, 6] 

 

Active fabrics 

Changes in the external environment or human input, 

such as mobility or weather, cause active SMART 

textiles to adapt and vary their functionality. These 

textiles can change shape, store and manage heat, and 

perform a variety of other tasks. 

Active fabrics, as opposed to passive fabrics, rely on 

electricity to support actuators and sensors. The 

intelligent material can sense touch and temperature, 

as well as analyze and interpret a wide variety of 

environmental data, thanks to these actuators and 

sensors. [3] 

 

Ultra-fabrics 

Active SMART textiles sense, respond and adapt to 

environmental events in the same manner as ultra-

SMART fabrics do, but they take it a step further. 

Materials that detect, respond to, monitor, and adapt to 

stimuli or environmental conditions such as thermal, 

mechanical, chemical, magnetic, or other sources are 

known as ultra-SMART textiles. 

A unit that acts similarly to a brain, with cognition, 

reasoning, and activation characteristics, makes up an 

ultra-SMART cloth. [3] 

 

Usage of SMART textiles 

Shape memory fiber 

The shape memory fiber is the SMART fiber 

mentioned before. A shape memory fiber can 

remember its form. The shape memory fiber may 

revert to its original shape when given appropriate 

external stimuli conditions such as pressure and 

temperature. Form memory alloys, shape memory 

hydrogels, and shape memory polymers are the most 

common shape memory fibers. Shape memory 

polymers offer benefits over shape memory alloys 

because of their high recoverable strain, low density, 

ease of production, and cheap cost People are 

becoming interested in the creation of shape memory 

fibers. [7] 
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Waterproof and moisture-permeable textiles 

Waterproof and moisture-permeable textiles are also 

known as "breathable fabrics," which are practical 

materials that combine water resistance, moisture 

permeability, wind resistance, and warmth retention. 

[8, 9] 

This type of fabric can not only satisfy people's 

wearing demands during activities in difficult settings 

such as extreme cold, rain, snow, and windy weather, 

but also meet people's daily needs for raincoats, etc., 

and has a wide range of growth potential. It primarily 

consists of high-density textiles that are waterproof 

and moisture-permeable, micro porous membranes, 

non-porous membranes, and intelligent waterproof 

and moisture-permeable fabrics. [1]  

Gas molecules migrate from high concentration to low 

concentration through the spaces between threads in 

waterproof and moisture-permeable high-density 

fabrics. To achieve the objective of waterproof and 

moisture-permeable, micro porous membrane 

waterproof and moisture-permeable textiles primarily 

employ the difference between raindrop diameter and 

water vapor molecular diameter. To fulfill the aim of 

waterproofing, the nonporous membrane waterproof 

and moisture-permeable fabric employs molecular 

hydrophilic properties to enhance the tension of the 

waterproof membrane surface. [10] 

 

Self-cleaning textiles 

Self-cleaning coatings are becoming more popular, 

because they may remove inorganic and organic 

impurities using two separate mechanisms: rolling 

water droplets and photocatalysis. [11, 12]  

Rolling water droplets refer to a lotus-shaped or 

cauliflower-shaped surface that, when combined with 

low surface energy, forms filthy particles on the 

fabric's surface, causing the water droplets to roll off 

and absorb dust, soil, inorganic, and organic 

pollutants. A contact angle larger than 150° is 

necessary for this scenario. The destruction of organic 

filth by light, which may be readily removed during 

washing, is known as photocatalysis. [13] 

 

Electronic information SMART textiles 

Sensatex of the United States created SMART 

positioning clothing with a GPS receiver built into the 

collar. Positioning system SMART clothing equipped 

with a personal area network, a global positioning 

system, an electronic compass, and a speed monitor 

has been developed by the European Hewlett Packard 

laboratory, which is controlled centrally by a remote-

control device placed on a small display on the sleeve. 

When children or Alzheimer's sufferers wear this type 

of clothes, they can be easily found if they become 

lost. A ski suit with integrated sensors such as an 

accelerometer, compass, and global positioning 

system has been created by Lap-land University, 

Finnish Reima Tutta, and other organizations. This ski 

suit will be remote the monitoring terminal if the 

wearer has an accident. [14] 

Two groups of researchers from the University of 

Montreal and the University of London created and 

developed smart emotion-sensing apparel. The 

windbreaker has a loudspeaker, sensors, and a body 

signal analyzer that can track the user's body signal 

and provide feedback. 

Assess the emotional changes in the user the 

windbreaker will play some light music while you're 

feeling depressed. Music to lift the spirits this type of 

clothes can assist autistic individuals in escaping their 

confines. It can also assist older people who live alone 

in communicating with their family. [15] 

 

Photochromic fiber 

Most photosensitive color-changing substances are 

organic compounds having isomers that may undergo 

reversible configuration changes under the influence 

of light, allowing for color development or fading to 

be reversed. [16] 

The discoloration mechanism is as follows: when 

exposed to ultraviolet or visible light, certain 

compounds change the molecular structure or 

electronic energy levels, forming new compounds 

with different absorption spectra, and when exposed to 

another light condition, the compound returns to its 

original state, resulting in a continuous cycle of 

reversible changes.  

 

Temperature-sensitive fiber (thermochromic 

fiber) 

Temperature-sensitive fiber is one whose 

characteristics vary with temperature reversibly. Heat 

preservation and moisturizing fiber, as well as 

temperature-sensitive discoloration fiber, have been 

the subject of much research. Mitsubishi Rayon Fiber 

Corporation's "Ventcool" fiber is a dynamic fiber that 

can stretch rapidly when humidity is high and swiftly 

crimp when dry, responding to the environment and 

dynamic changes. [17] 
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Photochromic & thermochromic fabrics: 

Causes the shift from colorless to colored or vice 

versa in thermochromic systems, it is sunlight or 

especially UV radiation that causes the transition from 

colorless to colorful or vice versa in photochromic 

systems. The stimulus or heat energy causes the color 

to fade in thermochromic devices. However, in the 

instance of Photochromic systems, light energy as a 

stimulant makes the color appear. [18] 

When photochromic materials are exposed to light, 

they change color from colorless to color. 

Photochromic, in particular, change color in reaction 

to UV light. Their color returns to its natural form 

when the UV light source is withdrawn. 

UV sensors can be made out of photochromic textiles, 

which change color depending on the amount of UV 

radiation in the surroundings. As a result, the 

individual who is going to use the material will be 

informed that UV protection is essential. 

SMART textiles are materials that can detect and 

respond to changes in the environment. One of the 

SMART textile products is photochromic fabrics, 

which may change color reversibly when exposed to 

UV light. 

With the growing interest in functional textile 

materials, photochromic fabrics have grown more 

appealing. The applications of photochromic dyes in 

the textile industry were discussed. [18] 

New multidisciplinary partnerships are emerging as 

the foundation for creative research on smart textiles 

at the crossroads of science, technology, materials, 

and fashion 

Many responsive or adaptive products could be made 

with the use of chromic colorants. Colorants that 

modify, radiate, or erase color as a result of external 

stimuli are known as chromic colorants. 

As a suffix, "chromic" denotes reversible color change 

and, by extension, reversible change of other physical 

qualities. Light (photochromic), heat 

(thermochromic), electricity (electrochromic), 

pressure (piezochromic), liquid (solvatechromic), or 

an electron beam can be used as external stimuli 

(carsolchromic). [19] 

 

Types and characteristics of photochromic & 

thermochromic dyes 

There are two types of photochromic and 

thermochromic dyes t-type shape and p-type shape. 

 

 

T-type 

The following classes of photochromic colorants are 

of the greatest commercial importance: 

 

Spiropyrans 

Because they can be easily synthesized and 

photochromic to rich hues that fade at reasonable 

rates, photochromic spiropyrans have sparked a lot of 

attention in recent years. the colorless spiropyran can 

undergo a chemical rearrangement in which the pyran 

ring opens and produces a colored photomerocyanine 

colorant, resulting in photochromatic characteristics. 

A dynamic equilibrium between the open-ring and 

close-ring forms determines the system's color 

intensity. Each species coexists, with continual 

interconversion occurring between the two forms at all 

times. Irradiation with UV light speeds up the ring-

opening process, altering the equilibrium so that the 

concentration of the photomerocyanine form rises, 

increasing in color intensity. The impact of removing 

the light source is the inverse.  

The colorant's equilibrium goes towards the colorless 

pyran form, which is seen as fading. A temperature 

rise accelerates the degradation of the 

photomerocyanine form of the pyran because ring 

closure is forced thermally. The impact of removing 

the light source is the inverse. The colorant's 

equilibrium goes towards the colorless pyran form, 

which is seen as fading. A temperature rise accelerates 

the degradation of the photomerocyanine form of the 

pyran because ring closure is forced thermally.  

 
Figure 1: Photocromism of spiropyrans 

 

Spirooxazines 

Spirooxazine colorants are comparable to spiropyrans 

in terms of molecular structure and Photochromism 

process; however, they have lower fatigues by orders 

of magnitude. When exposed to UV light, 

spirooxazines, like Spironaphthopyrans, change color 

from colorless to pale yellow to red, purple, or blue. 

Because of their enormous molar absorption 

coefficients, high reaction yields, and relatively 

delayed bleaching kinetics, all chemicals are 

photocolorable.  

Spirooxazines have been investigated as dispersion 

dyes for nylon, polyester, and acrylics. After exposing 

the dyes to a mild washing procedure, they discovered 
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that the strength of the photochromic effect created 

may be enhanced. This might be because aqueous 

alkaline surfactant treatment improves dye movement, 

colorant fiber interactions, and colorant disaggregation 

inside the fabric, resulting in more favorable 

circumstances for conversion to the merocyanine 

form. They also dyed textile substrates such as 

polyester, nylon, and acrylic using spirooxazine 

dispersion dyes and discovered that while wet with 

certain organic solvents, photochromic textile 

substrates have a substantially greater photochromic 

reaction than a dry cloth.  

Another research found that cotton has a greater level 

of photo coloring than polyester due to its ultraviolet 

reflecting qualities and that the degree of photo  

coloration is determined by colorant content and the 

UV irradiation wavelength profile. 

They discovered that spirooxazines had a little quicker 

color development and faded significantly faster than 

naphthopyrans and that the latter had a residual color 

after fading. 

Figure 2: Photocromism of spirooxazines 

 

Naphthopyrans (also known as chromenes) 

Naphthopyrans are the most common type of 

photochromic chemical used in industry. Their 

photochromism is dependent on light-induced ring-

opening, just as the spiropyrans and spirooxazines 

families. Many different types of functional groups 

may be added cost-effectively because of their 

variable colorant chemistry, allowing for a wider color 

gamut that spans the visible spectrum from yellows to 

oranges, reds, purples, and blues. Commercial 

naphthopyrans, like other known groups of 

photochromic colorants, have strong stability features 

and their photochromism is less temperature sensitive 

than spirooxazines. 

 

P-type 

As previously stated, P-type photochromic colorants 

have garnered increased attention over the last decade 

as a result of businesses and academics attempting to 

commercialize new photochromic uses. These 

technologies rely on light-driven switching between 

chemical states, which is a kind of operation that T-

types cannot do by definition. As a result, optical 

analogs of electrical components such as switches and 

logic gates based on P-type colorants are of 

tremendous interest. [20, 21] 

 

Figure 3: Light ring opening of naphthopyrans 

 

 

Application of Photochromic & Thermochromic 

Colorants 

There are many methods of applications of 

photochromic and thermochromic colorants these 

methods including direct coloration, continuous 

method, screen printing of photochromic colorants as 

a pigment, exhaust method, and disperse dyes below is 

an explanation for each of them  

 

Direct Coloration 

Photochromic colorants were used to improve the 

technique for direct coloring of textiles. The protocol 

specifies the number of colorants to be used and 

auxiliaries were chosen based on the fabric weight (2-

3 % owf). The aqueous dispersion of the Colorants 

was milled to make the colorant. 

Including a dispersion agent and 250 g ceramic balls, 

18 hours of spinning honey jars with 1 % acetic acid 

in water the pH was adjusted to 5.5 using this method. 

The dying was done began at 40C the temperature 

was raised to 60C at 2C/min gradient was 

maintained for 10 minutes. The temperature increased 

to 90C at 1C/min with a material run time of one 

hour. After decreasing the bath, it was emptied 

temperature to 40C degree. [22] 

 

Continuous Method 

A little amount of dye is dissolved in acetone and 

forcefully agitated for continuous application of 

photochromic or thermochromic colorants to cotton 

fabric. 

The solution is then dropped into a binder formulation 

and forcefully stirred again. A padder is used to apply 

the dye solution to the fabric at the correct pressure. 

The cloth is dried in hot air for 2 minutes at 80°C and 

then cured at 140°C for 3 minutes in a hot air oven. 

[23, 24] 
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Screen Printing of Photochromic Colorants as a 

Pigment 

Photochromic or thermochromic colorants can also be 

used as a pigment in screen printing. The screen 

printing of photochromic colorants on textile fabric 

was reported by Anna et al. [23, 24]  

To employ photochromic colorants as a pigment, 

dissolve them in acetone and drop them into a binder 

and thickening mixture drop by drop. This formulation 

is known as a printing paste of 0.05 percent w/w, 

which refers to the colorant’s concentration in the 

print paste. The printed sample is then dried and cured 

in a hot air oven at 140C for 5 minutes using a simple 

mesh print screen. [23, 24] 

 

 
Figure 4: Photochromic colorant effect 

 

Exhaust Method 

Discussed the use of dispersed commercial 

photochromic colorants for exhaust dyeing of 

polyester according to this procedure requires an 

acceptable amount (owf) of A minimal of 

photochromic colorant is dissolved This solution is 

then added to a volume of acetone. The aqueous dye 

bath solution with dispersion agent (1 % owf). 

The pH is adjusted to 4.5 by adding acetic acid. 

Traditional dispersion dyeing of polyester uses a 

weakly acidic environment to prevent colorant 

degradation by hydrolysis or reduction. [19] Before 

inserting the cloth, the liquid is heated for 5–10 

minutes to evaporate the acetone from the dye bath. 

The cloth is placed in the dye bath, and the dye bath 

volume is adjusted to achieve a 50:1 liquor ratio 

Rising the temperature to 120C and keeping it there 

for 45 minutes is how dyeing is done. A cold-water 

rinse is followed by reduction clearing at 700C for 20 

minutes with sodium hydroxide (2 g/l), sodium 

dithionite (2 g/l), and a nonionic surfactant (1 g/l) in a 

30:1 liquor ratio. The sample is then rinsed with 

water, washed for a few minutes with an aqueous 

solution of a nonionic surfactant (1 g/l), rinsed again, 

and air-dried. [25] 

 

As Disperse Dyes 

To use photochromic and thermochromic colorants as 

a disperse dye, make a colorant dispersion by mixing a 

photochromic colorant, an oil-based low foam wetting 

agent, a dispersing agent based on the disodium salt of 

a naphthalene sulphonic acid formaldehyde 

condensate, and water in a glass jar, then milling for 

30 minutes on a roller mill with ceramic balls. Sodium 

alginate and water are combined to make a thickening 

solution. The colorant dispersion is then combined 

with the thickening solution to provide the printing 

paste with the desired colorant concentration. 

The cloth is printed, dried, and cured for five minutes 

at 140C. Following fixation, the printed sample is 

rinsed, washed with a nonionic detergent solution (1 

g/l) for five minutes, rinsed again, and dried at 60C. 

[23, 24] 

 

 
Figure 5: Thermochromic colorant effect 

 

Summary and outlook 

The development of novel yarns, textiles, functional 

finishes, and coloring systems has ushered in an 

exciting new age in the realm of textile materials. 

These provide the user with a whole new set of 

options and problems. 

Thermochromic and photochromic materials hold a 

unique position since they are fascinating materials 

that have yet to be completely investigated on textile 

substrates and have related issues with application. 

The bulk of uses in the textile business is restricted to 

fashion, leisure, and sports clothes, hence 

photochromic/ thermochromic colorants have a niche 

position within the coloring industry.  

Various stakeholders are working to expand the range 

of applications for these colorants, enhance 

characteristics (such as light fastness), and simplify 

application techniques. Although Japan and the United 

States have produced a wide range of thermochromic 
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and photochromic materials, many more 

breakthroughs are currently awaiting 

commercialization. Before large-scale production can 

become a reality, a significant amount of scientific 

research in several application areas is required. Only 

two types of thermochromic systems, liquid crystal, 

and molecular rearrangement have been successfully 

applied to textiles commercially so far, and both are 

based on microencapsulation. Though the color-

change events are well established, the mechanisms 

controlling the colorant's balance between colorful and 

colorless forms as the solvent melts are still a subject 

of conjecture, and further study is needed in this area. 

Only a few commercial firms are now working on 

improving compositions. Additional research into the 

formulation, encapsulation, and application of 

thermochromic and photochromic systems on textiles 

is required.  
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 الملخص

 

Textronics  أو الإلكترونيات المقترنة بالمنسوجات ، مصطلح يستخدم لوصف منسوجات ،SMART تجعل الجدوى .
ا في أعمال  SMARTالتجارية والمصلحة العامة العلم والتكنولوجيا مجالًا جذاباا اليوم. تعتبر منسوجات  مهمة أيضا

تنافسية قائمة على المعرفة. تمزج هذه المنسوجات الأوروبية ، مما يساعد على تحويل صناعة النسيج إلى مؤسسة 
المنسوجات الخبرة من مجموعة متنوعة من المجالًت مع المتطلبات الخاصة بالمنسوجات. تتوفر العديد من المواد 
والأنظمة ، بالإضافة إلى أجهزة الًستشعار والتشغيل ، ولكنها غير متوافقة مع أساليب تصنيع المنسوجات والمنسوجات. 

عها في إطار صديق للنسيج أو ربما بنية نسيجية كاملة. تعُرف المنسوجات التي يمكنها إدراك التغييرات في قد يتم تصني
 محيطها والتكيف معها باسم المنسوجات الذكية

 المنسوجات الذكية ، الملونات الفوتوكرومية ، الملونات الحرارية : الكلمات الدالة

 


