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Smart textiles are active materials that respond or adapt to the changes in the environment. By doing so 

they impart protection, comfort and easy-care properties and create opportunities for developing new 

solutions for technical applications, such as heat and chemical-storage materials, high efficiency filters, 

protective gear, novel finishes and medical materials. 

The Department of Textile Technology at the Indian Institute of Technology, Delhi (India) has recognized 

smart textile as a significant area for research and development and is playing an active role as one of 

the pioneers in this field. Towards this, the Department has established a  research group  on Smart and 

Innovative Textile Materials (SMITA). 

The SMITA group, established in 2000, is a body of faculty and students from IIT Delhi who are working 

on the development of novel, intelligent, smart and functional textile materials for a wide range of 

textile applications. The research group is working very closely with Indian industry in order to upgrade 

these technologies to commercial scale. Dr. Ashwini K. Agrawal,  Dr. Manjeet Jassal, faculty, IIT Delhi 

and their group have core competency in this field and have developed several active technologies. 

These technologies are radically changing the functionality of textile by creating sensitive, interactive 

and intelligent materials. The main objectives of the group are:

n To create a national facility, where both basic research and technology development for industrial 

applications would be taken up in the area of smart textile based on innovative materials such as 

nanoparticles, nanofibers, nanosurface engineering, phase change materials and stimuli sensitive 

polymers. 
nTo bring together expertise from academia and industry to facilitate development of new 

technologies/products in the upcoming area of smart textile at par with anywhere in the world.
nTo create trained manpower that can assist industry in further research, product development and 

production of smart textile based on new technologies.

SMITA group has significant funding from both government and Indian industry. Support has been 

received from Department of Science and Technology (DST), Defence Research and Development 

Organisation (DRDO), Council of Scientific and Industrial Research (CSIR) and Ministry of Human 

Resource Development (MHRD). Some of the recent industry partners include Resil Chemicals Pvt. Ltd., 

Pluss Polymers, Mahle Filter Systems (India) Ltd., SRF Ltd., Reliance Industries Ltd., Sterilite Optical 

Technologies Ltd., Aditya Birla Management Corperation Ltd., Thai Acrylic Ltd., Century Enka.
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Chemical processing of textile using atmospheric pressure cold plasma technology is an emerging area and holds a great 
promise for providing cost effective eco-friendly industrial processing. However, plasma at the atmospheric pressure has not 
been successfully used for carrying out durable chemical reactions between a reactant gas and an organic substrate due to 
several technological challenges. To overcome these challenges, Plasma team of SMITA at IIT Delhi has designed a proprietary 
atmospheric pressure glow type cold plasma reactor that is suitable for continuous treatment of textile as well as other 
materials. The team, for the first time, has developed a pressure reactor and process technology that can be used to 
chemically modify the surface of different substrates using a variety of chemicals in a continuous manner. This technology is 
suitable for up-scaling to industrial use and is being explored for developing suitable applications. 

Some of the challenges that have been overcome in this technology include generation of stable glow type cold plasma over a 
large surface area in the presence of liquid and gaseous precursors, fast in-
situ plasma reaction with textile substrates, nanoscale surface 
modification to achieve various durable surface functionalities without 
affecting the textile aesthetic properties .

Various functionalities to textile substrates have been successfully 
demonstrated  such as, hydrophilic functionalization of hydrophobic 
textile materials to make them more comfortable to wear, hydrophobic 
functionalization of hydrophilic textile to make them stain and water 
repellent.  Atmospheric pressure plasma technology is a versatile tool for 
surface engineering of organic and inorganic substrates and opens up 
applications in other industries such as materials, medicine and 
electronics. 

Nature of the living system is to respond towards external stimuli and to adapt according to the changing environment. 
Responsive materials that mimic such systems have been developed to make smart textiles. Temperature, pH and electric  
fields are the various stimuli that are used for switching these smart materials.

Currently, SMITA group is working on synthesis of thermo responsive fibers and nanoparticles that responds to the external 
temperature. A series of polymers based on substituted acrylamides have been developed, which are suitable for making 
shape changing fibers. Functionalizing of the epoxy nanosilica to PAA-co-PNIPAAm which has the critical temperature close to 
the physiological value, has been achieved to develop hydrogel micro particles that can be used to 
prepare responsive surface or for immobilization of specific molecule, biodegradable system for 
drug release. These can also be used to manipulate cell sheets in tissue engineering processes.          

Similarly, pH sensitive fibers that can undergo reversible change from hydrophobic to hydrophilic 
state by change in pH have been developed. These fibers consist of ionizable pendant groups  that 
can accept and donate protons in response to the environmental change in pH or electric field. 
iThese fibers are being developed for making artificial muscles, sensors or actuator system.

Phase change materials have an ability to capture or release large amount of latent heat at their temperature of transition. 
Because of this ability, they are used for regulating temperature in microclimates. They can be used for making thermo-
regulated smart and controlling textiles.  They are also used for many other applications like thermoregulation in buildings and 
structures, solar power plant, space craft thermal systems, thermal 
protection of electronic devices and cooling of food products and 
medical materials during transportation.   

PCMs are mainly of three types – organic (paraffins and fatty acids), 
inorganic (hydrated salt based materials) and eutectics. SMITA group is 
working on organic (n-Octadecane) and inorganic PCMs with a wide 
range of transition temperatures. Organic PCMs have been micro-
encapsulated with high encapsulation efficiency and yield, using a 
patented technology, wherein  PCM as the core material is  surrounded 
with a suitable organic, inorganic  shell. Inorganic PCMs are mostly used 
in their hydrated forms and usually suffer with problems such as super 
cooling and phase separation. We have developed technologies on 
reducing the super cooling effect of inorganic PCMs and to increase their 
stability for large number of cycles. 

Nanofibers have great importance due to their high surface area to weight ratio and high surface activity.  SMITA group has 
successfully  produced various organic nanofibers based on poly(caprolacton), poly(vinyl alcohol), poly(acrylonitrile), 
gelatin, poly(styrene), cellulose, etc. and various inorganic nanofibers such as zinc oxide (ZnO), ferric oxide (Fe O ) and 2 3

alumina, etc. using electrospinning.

A proprietary technology for the continuous production of nanofiber 
webs of large widths at a linear speed upto 5m/min has also been 
developed. This technology is being upscaled for industrial application. 
The electrospun fibers/mats are being studied for various  applications 
in the field of filtration, biomaterials, drug release, protective clothing, 
sensors and optoelectronic etc.

Atmospheric glow plasma

Hydrophobic functionalization of cotton

SEM of n-octadecane
microcapsules

DSC of 
n-octadecane 
microcapsules

Atmospheric pressure plasma processing Phase change materials (PCMs)

Nanofinishes

Stimuli sensitive materials

Electrospun nanofibers

Adding value to textile substrates using nanofinishes is a technologically emerging area because of their potential to impart 
high functionality at a very low concentration of application without affecting fabric characterisitics. Nanosilver can impart 

antibacterial activity, whereas nanotitania (TiO ) can be used for 2

developing self cleaning textile. Dispersion stability of the finishes in 
liquid form and durability of their activity after application are the 
challenges being pursued. 

Antibacterial finishes containing nanosilver dispersions of 20-70 nm 
size and of various colours have been synthesized with 100% 
antibacterial activity. Self cleaning activity of above 80 % has been 
achieved on various textile substrates using titania photocatalyst of 
size below 15 nm.   

Commercially available oil and water repellent finishes are primarily 
based on fluoro carbons. However, there are environmental 
concerns regarding these fluorine based finishes.  To overcome 
hazardous effect of fluoro finishes to environment, nanoemulsion 
polymerization method has been used to obtain non-fluoro finishes 
for cellulosic substrates with effective water repellency, which is 
comparable to commercially available fluoro finishes.
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Continuous padding, coating,drying and curing line

For productive research environment it is essential to have a ready access to the world 
class facilities for processing and ultra precision measurement and analysis. SMITA is 
equipped with three dedicated state-of-the-art instruments and processing 
laboratories. An attempt has been made to develop these as comprehensive research 
facility suitable for the development of novel functional materials and their 
characterization.  

Analytical facilities

 I EDS (Oxford Instruments, UK) I  
 I Confocal dispersive Raman microscope with automated stage 

(Reninshaw, UK) I 
 I Micro Tensile Tester (Instron, 

UK) I 
 I Nanoparticle size analyzer 

(Malvern, UK) I  I Capillary flow porometer 
(PMI, USA) I  I Secondary ion 
mass spectrometer (Millbrook, UK) I  I Small Angle X 
Ray Spectrometer I

Sample preparation and pilot facilities

Continuous padding, drying and curing unit (Mathis, Switzerland) ) I 
I Plasma processing line, continuous and batch I 

 I Bicomponent fiber melt spinning (Hills, USA)I 
Pilot Reactor I 

Field Emission Environmental Scanning electron microscope with peltier stage  (FEI, 
Netherlands) Solid and liquid state ready 
NMR (Jeol, Japan)

Gel Permeation Chromatograph with low angle light scattering, 
differential viscometer and RI detectors (Viscotek, USA)

Thermal system: Modulated differential scanning calorimeter and 
thermogravimetric analyser (TA Instruments, USA)

Atomic Force Microscope (Nanonics, Israel)
UV visible spectrophotometer (Perkin Elmer, Singapore)

Micro-FTIR (Smiths Detection, UK)
 Microbial testing lab I

Continuous melt 
coating unit (Mathis, Switzerland) 
Electrospinning, continuous and batch
Twin Screw Extruder I 
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400 MHZ Solid and liquid state ready NMR

Raman microscope integrated with AFM
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