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               solutions 

that help achieve Sustainability!

Water is a very important resource.

Equipped with proven components, 

this equipment also helps in 

reducing the down time of the main 

processing machine by avoiding 

corrosion and scaling issues in heat 

exchangers and indirectly contributing 

to energy savings.

Nu-Vu Conair’s ADIABATIC COOLING 

TOWER reduces water evaporation 

rate by up to 90% as well as 

eliminates all unwanted 

maintenance related expenses 

because of closed loop system in 

process water; thereby lowering 

operating cost. 

24.5 cm (H) x 19 cm (W)
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Dear Friends,

Season’s Greetings. We are happy to share, one of the initiatives jointly hosted earlier this 
year along with CSSA GIM Goa Institute of Management (GIM), Commitments Accelerator 
for Plastic Pollution, and (CAPP) Ocean Recovery Alliance “Make the Case: A Unique 
Competition to Identify and Showcase High-impact Plastic Waste Reduction Initiatives in 
India” was shortlisted by GBSN - Global Business School Network and EFMD Global as a 
Top 20 Finalists for the EFMD GBSN # Going Beyond Awards that are designed to highlight 
and share programs and initiatives that strengthen society, demonstrate community impact 
and embody the spirit of inclusive and sustainable development. We will be coming up with 
Season 2 shortly.

This issue of the journal consists of an interview with Mr. Kishore Sampat, President AIPMA, 
where he shares opportunities in the Plastics industries, an article on “Role of Plastics in 
Water Conservation” two scientific articles on “Conducting Polymers” and “Reverse Osmosis” 
and an article on “Recycling”.

Earlier this year, we saw a lot of private space flights and interest in space exploration, 
this also opens up new opportunities in plastics as to optimize payload there will be a 
requirement of lightweight materials. Similarly, in healthcare, we see requirements in high-
end devices and pharmaceuticals needing specialty polymers to address cryogenic conditions, 
sterilization, delivery systems, and implants. While a lot is being mentioned on plastics and 
recycling, it continues to remain the material of choice on account of niche requirements 
towards progress and human sustainability.

Happy Reading and as always look forward to your feedback.

Regards,

Sriman Banerjee
Vice President,  
President Board, IPI
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Leader’s SpeakLeader’s Speak

1. Can you share a little about yourself and activities of 
 AIPMA.

 Myself Kishore Sampat from CMD of Polythene Industries. 
It is a CPCB certified Company manufacturing Polybags. 

 I am fortunate to be the President of The All India Plastics 
Manufacturers’ Association.

 The All India Plastics Manufacturers’ Association – 
popularly known as AIPMA was founded by Industry 
visionaries 75 years ago making it the oldest & the largest 
Apex Body of the Indian Plastic Industry with a vision 
to professionally manage the premier organisation and 
powering growth of India through Plastics. AIPMA has 
grown leaps and bounds in all fields of Plastics having 
Head Office in most prestigious, economic capital of India 
i.e. Mumbai, and Zonal Offices in Gurugram, Chennai, 
Kolkata and Ahmedabad.

 AIPMA, with growth oriented projects has celebrated its 
Platinum Jubilee milestone with its vision and mission set 
on: -

o Working towards making India an International 
sourcing base for plastics.

o Fight against any national or international challenges 
confronting growth of Indian Plastic Industry.

o Promote membership through zonal offices especially 
in MSME Sector.

o Organize technical & management training programs.

o Promote Plastics Cluster Development.

o Remain alert on various environmental issues and 
anti-Plastics campaigns.

o Organise National and International Seminars, 
Webinars, Conferences, B2Bs and Workshops & 
Training Programme.

o National and International Exhibitions (Physical and 
Virtual)

o Organise Trade Delegations, Job & Career Fair, etc.

2. Plastics plays an important role in the economy, what 
 areas can it contribute towards future growth.

 Plastic plays an important part and it contributes 3.5 Lakhs 
Crores to GDP with 50,000 MSME units manufacturing 

all the finished products for the needs of Indian citizens 
to make India Atmanirbhar Bharat under the flagship of 
Government programmes such as Swacch Bharat, Digital 
India, Atmanirbhar Bharat, Clean India etc. Plastics is the 
key ingredient to make all these programmes successful.

 Plastic delivers many direct economic benefits and can 
contribute to resource efficiency. It reduces food waste by 
increasing shelf life, and its relative light weight reduces 
fuel consumption for transporting goods which reduces 
greenhouse gas emissions and affordable plastics have 
helped revolutionize the electronics we rely on every day.

 We have to establish the Global Plastics Protocol and 
coordinate large-scale pilots and demonstration projects 
allowing for continued innovation and regional variations 
towards the identified designs and systems with proven 
economics.

 The Indian plastic industry is supported by spate of 
polymer manufacturers and plastic process machinery and 
mold producers in the country. The sector employs about 4 
million people across more than 30,000 processing units. 
Of the total units, almost 85%–90% are SMEs

 The plastic sector has seen huge traction and growth in 
recent years due to strong demand from several industries 
in India. Packaging, Infrastructure, Agriculture, Consumer 
durables and Healthcare are the major growth drivers for 
the plastic industries based on its end usage. 

3. India has many plastic processing and machinery 
companies mostly as MSME’s, what needs to be done 
to grow scale and have a global footprint.

 India has an opportunity to make a Global supply hub. India 
needs skill knowledge manpower, and latest technology in 
raw material and design to achieve global recognition to 
the MSMEs of India making Plastic products.

 The MSMEs sector is a major contributor to the socio-
economic development of the country. In India, the sector 
has gained significant importance due to its contribution to 
Gross Domestic Product (GDP) of the country and exports. 
This sector has also contributed immensely with respect 
to entrepreneurship development especially in semi-urban 
and rural areas of India.

Interview with IPI Shri Kishore Sampat,
President AIPMA
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 One of the greatest challenges which constrain the growth 
of MSMEs in our country relates to inadequate capital 
and credit facilities. Easy and timely access to credit is 
crucial factor to development and growth of enterprises. 
But now the Ministry of MSME is running numerous 
schemes targeting and providing credit and financial 
assistances, skill development training, infrastructure 
development, marketing assistance, technological and 
quality upgradation and other services for MSMEs 
across the country and encourages them to market their 
product.

4. What are the areas of focus to drive innovation in the 
plastic industry.

 Speed to market is the key focus.

 AIPMA has launched AIPMA’s AMTEC - Arvind Mehta 
Technology & Entrepreneurship Centre with a vision to 
promote high quality knowledge and industrial services for 
rapid growth of the plastics and its application industry. 

 AIPMA’s AMTEC has a skill development program on Plastics 
in Packaging. A new generation materials, techniques, & 
sustainability for MSMEs. 

 The plastics industry manufactures polymer materials 
commonly called plastics and offers services in plastics 
important to a range of industries, including packaging, 
building and construction, electronics, aerospace, and 
transportation. It is also a part of the chemical industry.

 The top three markets for plastics industry are packaging, 
building and construction, and automotive.

5. How can the government in India support plastic 
industry post pandemic and drive growth. 

 It can support MSMEs by giving the right infrastructure, 

the funds as well as making ease in the policies for the raw 
material procurement and machinery.

 The plastic industry is heavily influenced by the crude oil 
prices because of plastic’s strong co-relation with the 
petrochemical industry. The coronavirus outbreak forced 
the countries across the globe to resort to lockdowns 
to contain the virus spread, hitting the oil demand and 
crude prices drastically. The International Energy Agency 
in its April 2020 report said the impact of containment 
measures in 187 countries and territories brought the 
mobility almost to a halt as activity in the transportation 
sector fell dramatically almost everywhere erasing almost 
a decade of growth. 

 The industry is not facing any immediate shortage of 
raw materials because the demand from other sectors is 
muted. The availability of raw materials has increase while 
prices have come down as the lifting of lockdown has 
boost economic activities, thereby prompting to increase 
their production in anticipation of higher demand. 

 In India, the industry has been affected due to slowdown in 
the overall economy. As the restrictions are relaxed, there 
are significant demand from customers giving further 
upward push to the industry, whose revival is directly co-
related with its major consumers from other sectors. 

 However, the upswing in demand will be temporary, and 
the growth will taper gradually over the next six months 
as the COVID-19 situation stabilizes.

 Indian Plastic industry to become environmentally 
sustainable, innovative and competitive in the world. 
Plastic Industry is playing the crucial role in an hour of 
need, as its products are supporting the efforts of frontline 
warriors. So, this indicates the need for the industry to rise 
to the challenge to ensure coronavirus free India.
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Debi Prasad Mishra 
Sr. Engineer,  

3M India Limited

Critical Parameters Affecting 
Cathodic Disbonding (CD) in 
Pipeline Coatings

1. Introduction 
A membrane is a thin selective barrier that permits the 
separation of certain species in a fluid by a combination of 
sieving and sorption diffusion mechanism. The name of the 
scientist needs a mention over here is a French Physicist 
Jean-Antoine Nollet who in 1748 used a pig’s bladder as a 
membrane to exhibit the phenomena of osmosis where solvent 
molecules selectively passed through the membrane and solute 
molecules were rejected1. This novel idea of Nollet was the 
first ever evidence of conceptualization and application of any 
material named as membrane.

Depending upon the driving force, membranes are categorised 
as pressure driven (P as the driving force) and potential driven 
(E as the driving force). Ion exchange membranes are potential 
driven whereas microfiltration (MF), ultrafiltration (UF), 
nanofiltration (NF) and reverse osmosis (RO) membranes are 
potential driven. In the arena of pressure driven membranes, RO 
membranes have attracted the attention of the scientists and 

technocrats because of its uniqueness in water desalination 
and softening, applicability in both aqueous and non-aqueous 
systems with reasonable membrane life.

Osmosis is a natural occurring phenomena where solvent 
molecule passes through a semi permeable membrane from 
a region of lower solute concentration to a region of higher 
solute concentration. The solute molecules are impermeable 
through membranes. In case of aqueous solution pure water 
passes through the membranes whereas salts are retained by 
the membrane.RO is reverse to osmosis i.e. the natural migration 
of solvent. In RO, under the application of pressure, solvent 
molecules (In case of aqueous solution it is water) flow from 
a region of higher solute concentration to a region of lower 
solute concentration through a semipermeable membrane. 
Among several applications the main application of RO is to 
produce drinking water from concentrate salt solution. The 
osmosis and RO are depicted pictorially in figure 1.

Figure1. Osmosis and Reverse Osmosis Processes 
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2. Earlier history of membrane research 
Since the use of pig’s bladder by Nollet as a membrane in 1748, 
for almost 200 years the membrane research was progressing 
at a very low pace. Biologist and medicinal chemists took lot 
of interest in osmosis and scattered research was going on 
using membranes of animal and plant origin. In 1855 Fick 
carried out dialysis experiment using collodion membrane2. 
In 1856 Schmidt first mention a process which is very similar 
to present Ultrafiltration where a solution of protein or 
gum arabic was filtered through an animal membrane.3 The 
concentration of filtrate was lesser than the original solution. 
Consequently several scientists worked in this field based 
on collodion sacks4. However a real breakthrough came in 
1867 by Traube who for the first time developed an inorganic 
semipermeable membrane made of gelatinous film of copper 
ferrocyanide supported on a porous clay frit5. This membrane 
showed good selectivity for electrolytes in dilute solution. The 
specific selectivity of this membrane was the key motivator of 
subsequent research in this area. “Osmotic pressure” became 
the key point of interest and in 1887 quantitative relationship of 
osmotic pressure was derived by Van’t Hoff 6. In the meantime 
at 1885 Fick developed an artificial membrane from collodion 
and worked on dialysis7. Graham also worked on dialysis by 
using semipermeable membrane to isolate bacteria8. 

Among different pressure driven membranes the initial research 
efforts were given in the development of ultrafiltration 
membrane which is the base substrate of RO membrane from 
view point of membrane geometry. In the very initial stage UF 
membranes were considered as mechanical sieve and it was 
assumed that such membranes work by sieving mechanism 
only. However some separate concepts were also generated. 
According to capillary attraction theory solvent molecules are 
adsorbed in the pores and transmitted by their mobility to the 
other side. 

Partial solubility theory says that solvent molecules are 
dissolving on one side of the membrane and emerges from the 
other side. However applicability of different theories depend 
on the nature of solvent and solute molecules. 

The concept of application of pressure as the driving force of 
membrane operation came in late nineteenth century. The first 
reference of pressure driven membrane was published in 1907. 
The membrane was prepared by Bechold by impregnating filter 
paper with acetic acid collodion9. These membranes with 
graded porosity was defined as “ultrafiltration” by Bechold and 
he is the person who designed first ever UF membrane. For this 
membrane ultrafiltration experiments were carried out at an 
applied pressure of several atmosphere. 

Before 1930 polymer science and technology was at an 
underdeveloped stage. Bakelite came in 1906, however 
other plastics and sheets which were available were made 
from celluloid, collodion, cellophane and rayon; all were 

cellulose based natural products. Such condition prevailed 
for a reasonable time till nylon came in 1937. It was the first 
synthetic polyamide- a condensation polymer. It is relevant to 
mention here that the final rejection layer of the most advance 
RO and NF membranes are made of aromatic and aliphatic 
polyamide the foundation of which lies in 1937 with the 
invention of first polyamide. 

3. Membrane research after Second World War 
Membrane research started with great zeal after the Second 
World War. After World War II water shortage became a 
scorching problem in United States. It came to such a level 
that even the higher most officials had to take interest to solve 
such problems and only at that point the idea of desalination 
came to the mind of scientists thinking sea water as a source 
of drinking water. Hence desalination became a high priority 
research area and University of California took a lead role in 
this research. Hassler took a lead role and he tried to introduce 
two very important concepts i.e. “salt repelling osmotic 
membrane” and “perm-selective film”10. Hassler is the person 
who first introduced the concept of desalination by proposing a 
multilayer film membrane. His experimental design involved an 
air film bounded by cellophane membrane. Based on Hasslers 
reverse osmosis principle, equipment were designed within 
1954 and several experiments were carried out on liquid and 
gas transport. 

In 1955 Professor Charles Reid proposed a study named as 
“Osmotic membrane for demineralization of saline water”. This 
study involved application of pressure to oppose the normal 
osmotic tendency by using different varieties of polymeric 
materials11-13.In the meantime by 1950 different varieties of 
commercial polymeric films were available in the market of 
which cellulose acetate films were the most promising one. 
These films exhibited high salt rejection bur very poor product 
flux. Hence efforts been made to prepare ultrathin membrane 
of cellulose acetate which showed 98% salt rejection (from 
0.1M NaCl) but without much improvement in product water 
flux. Reid and Breton proposed a thought provoking mechanism 
for membrane transport which may be designated as the first 
model for membrane transport13. They proposed that water 
transport takes place through the formation of hydrogen 
bond with the carbonyl oxygen of cellulose acetate and thus 
filling the membrane voids. They also proposed that the salt 
molecules which may pass through the membrane by “hole 
type diffusion” can’t do so because of the resistance offered by 
bound water which filled the pores. 

A real breakthrough came in the development of RO membrane 
in the year 1959 by Sidney Loeb and Srinivasa Sourirajan14. 
Both of them were working in University of California, Los 
Angeles (UCLA).They started to work on the development of 
such a membrane which may produce high level of water 
flux maintaining high rejection of salt. Initially they worked 
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on cellulose acetate based commercial UF membranes and 
achievements although promising but was not adequate. With 
trial and error they ultimately developed asymmetric cellulose 
acetate membranes with graded porosity and found that the 
dense side of the membrane acted as active desalination layer 
and salt rejection took place only when the feed solution 
comes in contact with this layer. To prepare such membranes 
they prepared the solution of cellulose acetate which was 
spread on glass plate by doctor blade. The spreaded solution 
kept in the environment for a brief period for air drying 
followed by immersion in ice water. These membranes were 
physically asymmetric having a dense surface layer supported 
on porous sub-layer. The membrane is pictorially presented in 
figure 2.This was the first commercial RO membrane. By 1961 
Loeb- Sourirajan membrane entered the public domain which 
was followed by the innovation of different hardware and 
designing of different RO pilot plants. 

to develop membranes with broader pH and temperature 
tolerance and lower operating pressure. To fulfil this target 
enormous research was going on. Among several researchers 
John Cadotte of North Star Technologies (Later part of FILMTEC) 
did phenomenal job by developing composite polyamide 
membranes for the first time by interfacial polymerization 
reaction in the year 197216, 17. These membranes had better 
flux and rejection behaviour at lower operating pressure than 
the cellulose acetate membranes. Cadote worked further 
to modify this novel membrane and ultimately developed 
fully aromatic thin film composite polyamide membrane. 
This membrane was patented by FILMTEC (presently part of 
DOW) as FT30 in 1978. At present most of the RO membrane 
manufacturers are implementing this polyamide chemistry in 
the water desalination RO membranes. These are three layered 
composite membranes known as Thin Film Composite (TFC) 
membrane shown in figure 3. The bottommost layer is the 
fabric reinforcement which imparts mechanical strength to 
the membrane. Mostly nonwoven polyester or polypropylene 
fabrics are used for this purpose. Such layer has a thickness 
varies from 80 – 120 µm in thickness. The middle layer is a 
porous polymeric layer mostly made of poly sulfone, polyether 
sulfone, poly acrylonitrile, poly vinylidene fluoride etc. of 35 
– 50µm thickness. The main function of this layer is to hold 
the final rejection layer of the membrane and act as water 
transport channels. The final layer is a polyamide layer of 
thickness 30 – 150 nm which may be aliphatic or aromatic in 
its nature. The main function of this layer is to reject the salt 
molecules. This layer is formed by the interfacial polymerization 
reaction of multifunctional amines and acid chlorides. This is 
the fundamental structural feature and the rejection layer 
chemistry of the present day commercial RO or NF membranes. 
However because of the high chlorine resistance cellulose 
acetate membranes still have their applications in niche areas. 

Figure 2: Cellulose acetate membrane 

Subsequent to the development of asymmetric cellulose acetate 
membrane, responsibilities were conferred to UCLA to upgrade 
this technology to the pilot scale level and demonstrate in a 
city water plant in Coalinga, California. To fulfil the purpose, the 
Loeb-Sourirajan membrane was upgraded by its strength and 
performance (flux and rejection) through persistent research. 
McCutchan contributed a lot in these aspects15. The plant 
was inaugurated in 1965 and after a continuous successful 
trial for three and half years, the commercial viability of Loeb-
Sourirajan desalination membrane along with the design of 
the pilot plants were established. 

4. Manifestation of next generation RO membrane 
1960s and 1970s witnessed phenomenal growth in membrane 
applications. Several municipal desalination plants were 
established based on cellulose acetate membranes. Desalinated 
RO water also found applications in different industrial 
processes of power plants. Hence urge was generated to 
broader the application arena of RO process. Cellulose acetate 
membranes have some limitations i.e. its pH tolerance range 
is 4 to 7, operating temperature is up to 35°C and it may 
be operated in the pressure range of 350-450 psi. Hence to 
broader the application of RO membranes it was necessary 

Figure 3: Thin film composite RO membrane 

5. Present day RO membranes: 
With the advent of RO technology newer application areas are 
being explored slowly and gradually. Low energy, low fouling 
and high rejection are the three main themes of the present 
day RO membranes. Out of the total energy consumed in 
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operating a RO plant; 40% is because of the pressure energy. 
Hence efforts were going on to reduce the operating pressure 
of RO membranes i.e. to prepare low pressure RO membranes. 
In 1995 Hydranautics developed a membrane which, while 
treating brackish water was producing much higher flux at a 
lower operating pressure than the conventional membranes 
available at that time16. However while producing higher flux 
there was a fall in the rejection profile for this membrane. 
Hence production of high flux high rejection membranes 
became a challenge for the scientists. Today in the market 
several membranes are available with wide variety of flux and 
rejection at variable operating pressure. 

Membrane fouling i.e. deposition of unwanted materials like 
silt, organic matter etc. on the membrane surface is a common 
phenomenon for all the pressure driven membranes. Fouling 
results in the formation of scale on the membrane surface which 
reduces membrane flux and increases the energy consumption 
of the process. In general scaling is handled by the use of anti-
scalant and slit formation is prohibited in the pre-treatment 
process. But in addition it was necessary to develop organic 
fouling resistant membranes. TriSep Corporation (now part of 
MICRODYN-NADIR) introduced low fouling membranes for the 
first time in the year 199416. These were polyamide membrane 
with neutral surface. In general polyamide membranes have 
negative surface potential. Playing with the membrane surface 
charge became a useful trick to prepare antifouling or low 
fouling RO membranes. 

As desalination is the major sector where RO membranes are 
mainly applied hence salt rejection is a very important property 
of RO membranes. Since the inception till today scientists 
are trying to enhance the rejection profile of the membranes 
and as a result today even for sea water desalination (initial 
TDS 35000 ppm) 99.85% rejection of salt could be achieved. 
For brackish water desalination (feed TDS ̴ 10000 ppm) 99.5 
to 97.5% rejection of salt could be achieved by present day 
RO membranes. Playing with the rejection layer chemistry, 
rejection layer thickness, fluid dynamics, spacer geometry, 
surface morphology are different paths which are being 
followed to achieve high rejection membranes. 

Significant efforts are going on to developed nanostructured 
RO membranes. The basic target is to decrease the energy 
cost and membrane area requirement. However issues like 
high material cost, difficulty in scaling up the membrane 
preparation process and health safety using nanomaterial are 
needed to solve for commercial success of these materials18. 
Efforts are also going on to develop RO membranes from 
inorganic materials like ceramic membranes made of zeolite 
because of their improved thermal, mechanical and chemical 
properties19. 

6. Conclusions: 
RO has various applications including selective separation, 
purification and concentration. It has become one of the most 

important modern technologies for separation applications 
specifically for desalination. In desalination RO is mainly 
used to produce potable water from brackish and sea water, 
water for industrial applications specifically cooling tower 
blowdown and boiler feed water, production of high purity 
water (pharmaceutical and microelectronics industries), as 
spot free rinse for vehicle industries etc. RO is also used for 
waste water treatment specifically for water reclamation and 
reuse. In food industry RO is applied for concentration of fruits 
and vegetable juices, pre-concentration of milk and whey and 
dealcoholisation of alcoholic beverages. RO has also been used 
for organic mixture separation. Because of its wide breadth 
of applicability RO is occupying multibillion dollar market at 
present. The global RO market is expected to reach USD 8.87 
billion by the end of 2021 with a compound annual growth 
rate (CAGR) of greater than 9%20. The heart of the RO process 
is membrane. Hence till today continuous efforts are going on 
to obtain the most suitable membrane material with super 
selectivity and permeability with reasonable cost. 
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Plastics for Water Management 
Solutions – Watering a Thirsty Planet

Disclaimer: The views and information furnished here is for 
reference purpose only and solely reflects the view of presenter 
based on his experience. Though efforts have been made to 
present accurate and reliable information, errors can happen. 
User must verify the information furnished and hence, no 
liability technical/commercial or whatsoever lies with IOCL.

Introduction
Our civilization has grown around Indus & Ganges for 
thousands of years and it won’t be an exaggeration to say 
that we were aware of the water conservation techniques for 
centuries atleast. Yet, today we are struggling to manage the 
potable water crisis across the country. The facts mentioned 
below are some serious reasons to worry:

• India has about 4% of world’s freshwater resources ranking 
it among the top ten water rich countries. Still, India is 
among the world’s most water-stressed countries. In 1950, 
India had 3,000–4,000 cubic meters of water per person. 
Today, this has fallen to around 1,000 cubic meters, largely 
due to population growth. Growing competition over finite 
water resources, compounded by climate change, will 
have serious implications for India’s food security, as well 
as for the livelihoods of its farmers and for the country’s 
economic development.

• India’s water resources are not evenly distributed. Half of 
India’s annual precipitation falls in just 15 rain-soaked 
days, making floods and droughts a fact of life in the 
country. India does not so much face a water crisis as 
a water management crisis, calling for a fundamental 
reassessment of the way the country manages water. 
Knowing how much water India has, where it has it, and 
when it has it, is essential for the country to manage its 
water resources effectively.

•  Over the past few decades, groundwater extraction has 
risen exponentially across India. India is now the largest 
user of groundwater worldwide, pumping out 25% of all 
the groundwater extracted in the world. More than half of 
India’s districts are threatened by groundwater depletion 

or contamination. If current trends persist, 60 percent of 
India’s districts are likely to see groundwater tables fall to 
critical levels within two decades, placing at least 25% of 
the country’s agriculture at risk.

The state of India’s water systems hangs in balance. It can 
either revive back to sustained system or plunge downhill. 
The urgency to conserve the water resources is enormous as 
the pressures are three fold. Firstly, water is becoming scarce 
both in terms of quality and quantity leading to a supply side 
shortage. Secondly, on the demand side, the requirement is 
increasing by leaps and bounds as India’s population, food 
demands, industrial requirements increase with development 
and economic activities lurching ahead. Thirdly, the loss or 
dwindling of these aquatic ecosystems will ultimately result in 
Dry River and lakebeds, and parched aquifers.

India is facing a Water Resource Crisis or Water 
Management Crisis?

Water Wastage Scenario - India: 
Water has always been considered an omnipresent element 
that is and will be available anywhere and everywhere. Never 
has its worth been more impactful unless it is scarce. India is 
not only the second most populated country in the world but 
also has the fastest growing middle-class population. Futurists 
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predict that we are not too distant from a future where all 
that we consider as a luxury today will be easily accessed by 
people. However, all the basic necessities will become a luxury. 
The basic need includes fresh water. There has been tension 
between states within India for the sharing rivers. Water 
conservation is possible only when we will stop wasting water. 
Few of the major cause of worries in the order of increasing 
severity are as mentioned below:

1. Drinking Water Wastage in Personal Use: In India, where 
the drinking water scarcity is ever increasing, a huge 
margin of the water supplied by the municipalities is lost 
in the process of distribution due to leakage and mixing 
of dirty water. According to The Hindu, an average Indian 
utilizes about 150-200 litres of water a day. Even though 

around 1170 mm rainfall in a year out of which, 80 – 
90% is received only during monsoons. Despite the fact 
that rainwater is the only major source of India’s water 
need, its collection and significance is highly neglected. 
Although the total amount of rain which is falling on 
the earth cannot be collected due to evaporation losses, 
spillage etc., but still a fair amount of it can be put into 
use.

 Prime Minister Narendra Modi recently said that only 8% 
of rainfall in India is being utilised and harvested.

3. Water Wastage in Flood Irrigation Crops: A recent news 
piece reads “If 80% water consumption in India is for 
agriculture, why is it unregulated and inefficient?

only 10 litres is consumed for cooking and drinking, 40 
litres a day is spent on washing dishes, clothes, floor, and 
85 litres utilised for bathing and toilet flushing. Water 
pipes that supply water to villages and many remote places 
are not maintained, which is the reason why leaks are not 
detected. Water carried on trucks drip water all the way to 
supply only a lesser amount of water to the people. It is 
shocking to read in a news article that Kolkata wastes 50% 
of the water that it receives. Bangalore, which is the third 
most populous city in the country, comes a close second 
at 49%. Water wastage figures in New Delhi, Chennai and 
Mumbai stand at 26%, 20%, and 18% respectively. 

2. Inadequate Rain Water 
Harvesting: In India, 
rainwater harvesting 
has been in practice 
for more than 4000 
years. India’s climate is 
quite distinctive and is 
characterized by intense 
monsoons followed by 
protracted droughts. 
In such a situation, the 
importance of rainwater 
harvesting increases to 
a great extent. On an 
average, India receives 

 About 78% of the fresh water is consumed by agriculture. 
The inequity in irrigation water allocation among crops, 
with more than 60% being diverted for the cultivation of 
two water-guzzling crops (sugar cane and paddy), adds to 
the distress. These two crops are being cultivated widely 
in some of the most water-stressed regions of the country 
like Maharashtra. These must be shifted to regions that 
have a higher water table like Bihar. Even in water stressed 
states, these water guzzling crops rarely employs any water 
efficient irrigation technique like drip irrigation and rather 
depends on age old flood irrigation methods. Just rice and 
sugarcane, consume more than 60% of the irrigation water 
in the country while occupying just around 24% of the 
total gross cropped area. Half the land in the country is not 
irrigated and, on average, not having irrigation reduces the 
productivity by around half. Flood-irrigation as opposed to 
drip-irrigation results in an application efficiency of just 
65%, or a water loss of 35%.

Role of Plastics in Water Conservation: 
It won’t be an exaggeration to mention that agriculture 
and drinking water is a diminishing resource and need to be 
conserved on utmost priority. Resource efficiency of water can 
only be improved by means of eliminating or atleast limiting 
its sheer wastage during transportation and storage. Usage of 
various plastic materials in water conservation methods and 
products has been in practice for decades now.
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Plastic materials due to their unique ability of easily forming 
into different shapes like pipes, films, tanks, etc. combined with 
longetivity of service life has gained significant importance in 
improving traditionally known water conservation practices. 
This report covers few major applications and suitability of 
IndianOil’s PROPEL polymer grades in them.

Pond Liners
Reservoirs and ponds are the means to retain and store rain 
water and use it as per requirement for agriculture and non-
agriculture applications. However, the valuable storage gets 
wasted due to unwanted seepage because of soil quality and 
pond construction material. Considering the benefit to cost 
factor, an impermeable membrane sheet or lining of plastic 
material is usually employed.

straight at the root zone to minimize water losses through 
evaporation and flooding. This system employs a network of 
pipes, laterals (tubes), drippers (Emitters), valves and fittings 
to deliver the required controlled flow rate of water at the 
target area. Laterals or tubings are available in the sizes of 12 
mm to 32 mm and can have thickness as low as 0.2 mm. These 
emitting pipes are flexible and are available in round as well 
as flat geometry.

IOCL PROPEL grade LLDPE 010L22S can be used for 
making laterals / emitting pipe.
Drippers or emitters on the 
other hand are made up of 
slightly more rigid medium 
density or high density 
polyethylene material. These 
are also available in round as 
well as flat shapes. Drippers are design in such a way that 
they remain strongly bonded to the lateral surface and deliver 
precisely the required LPH (Litre per hour) of water flow as per 
the need. 

Due to the small product size and weight, the drippers are 
made in multi cavity injection moulds and hence require 
higher melt flow of resin as well as balanced flexibility & 
high environmental stress crack resistance (ESCR) so that the 
product should not crack. 

IOCL PROPEL grade HDPE 180M50 can be used for making 
injection moulded drippers.
The latest development in the dripper design is Pressure 
Compensating (PC) Drippers. PC emitters deliver a precise 
amount of water regardless of changes in pressure due to long 
rows or changes in terrain. They can simplify the designing 
of a system and greatly reduce maintenance since they rarely 
get plugged. Inside the emitter is a flexible diaphragm that 
regulates the water flow and tends to flush particles from the 
system (self-flushing). PC emitters accommodate a range of 
water pressure, price and functionality. 

Pipes & Fittings
No doubt that our civilization has built around the waters of 
Indus and Ganges but since then it has spread thousands of 

HDPE, LDPE & PVC are the preferred choice of material for 
making such woven / non-woven impermeable liners. These 
liners are 100 – 300 micron in thickness generally depending 
upon the pond size and estimated water pressure. These liners 
are available in widths up to 12 metres however the required 
width can be achieved by jointing methods available. 

These liners are invariably available in black color so that 
vegetation below the liner surface can be avoided and also the 
liner can be protected from harmful UV radiation to extend 
its service life. The liners are however prone to mechanical 
damage and need to be protected.

IOCL PROPEL grades HDPE 012E50 / HDPE 010E52 can be 
use for making the woven fabric of these liners while LLDPE 
065E24A can be used for lamination of the fabric.

Drip Laterals & Emitters
Country’s agriculture sector consumes almost 80 % of the 
fresh water resources. Unfortunately, half of the country’s 
land is still not irrigated and on average, not having irrigation 
facility reduces the productivity by half. Micro irrigation / Drip 
Irrigation techniques are used to improve the agriculture water 
efficiency and ensure more crops per drop of water. 

The goal of drip irrigation or any other micro-irrigation 
technique is to deliver drop by drop water and plant nutrients 
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miles away from it too. The ever growing population and its 
spread has always demanded efficient piping network. The 
traditional piping material like cement, asbestos, GI & steel 
always had the problem of corrosion and leakages which 
resulted into wastage of precious water while transportation. 

with food grade plastics are completely safe as they have 
thread lids, UV & microbial protection additives and are easy 
to install and shift due to their lighter weight.

Multi layer and foam tank has also helped to overcome the 
issue of increase in stored water temperature during summers 
due to their excellent insulation properties. 

These tanks can be made by rotational moulding or blow 
moulding techniques and can be installed over the roof as well 
as under the ground. 

Over the roof tanks are easy to install and maintain but 
consumes valuable realty 
space while underground 
tanks saves land area but 
are tedious to maintain.

IOCL PROPEL grade LLDPE 
042R35A/U & 040R40A 
can be used for making 
rotational moulded tanks 
and HDPE 003DB52 can 
be used for making blow 
moulded tanks.

Micro Irrigation Check Dams
India, being a tropical country, 
most of the rivers flows during 
monsoon only. The quantity of 
water available in river channels 
to meet various water demands 
(particularly irrigational) reduces 
marginally once monsoon 
surpasses. 

Therefore, to make perennial 
availability of water in river 
channels, check dam technology 
and water storage techniques 
are under practice. The K. T. Weir 
technology, a part of above-mentioned techniques emphasizes 
on water storage by using steel plate needles conventionally. 

Government of India puts in lot of investment to build the 
micro dams such that farmers 
can get water for irrigation post 
the monsoon season and till the 
onset of next rains. 

Most of the gates get stolen (As 
MS has a good resale value) or 
they rust within 2 to 3 years – 
there by loss to the Government 
and the farmers. Max height of 
these dams is 5 mts. These gates 
are removed just before monsoon 

For this reason, old steel or asbestos pipes around are being 
replaced with plastic pipes, because they do not rust and the 
joints are leak-proof if fitted correctly.

PVC and HDPE have been successful piping material already 
and save millions of litres of water every day because of their 
leak proof lengths. HDPE pipes especially have become a 
versatile raw material for transporting fresh water. HDPE pipes 
are available in different pressure ratings like PE-63, PE-80, 
PE-100, PE-112, etc. Solid wall pipes from 20 mm to 2500 
mm diameter are being made with HDPE already capable of 
withstanding 16 Kg/cm2 pressure.

IOCL PROPEL grade HDPE 010DP45, 004DP44 & 002DP48 can 
be used for making pipes & fittings for potable water supply.

Drums & Tanks
While reservoirs and 
ponds with plastic liners 
can benefit the farmers 
in tough times, storage 
facilities like drums and 
tanks can help us get 
through our daily needs. 
Be it the requirement 
for storing the harvested 
rain water or storing 
the municipality water 
supplied once in a week, 
plastic drums and tanks available from few litres to 20000 
Litre can always come to the rescue. 

Traditional practice of storing water in tanks constructed with 
cement has the disadvantage of contamination through open 
top, algae formation, scaling, etc. which mandated periodic 
cleaning and lot of water wastage. However, the tanks made 
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Color of film: Soil environment can be managed precisely by 
a proper selection of plastic mulch composition, color and 
thickness. Films area available in variety of colors including 
black, transparent, white, silver, blue red, etc. But the selection 
of the color of plastic mulch film depends on specific targets. 
Generally, the following types of plastic mulch films are used 
in horticultural crops.

• Black plastic film: It helps in conserving moisture, 
controlling weed and reducing outgoing radiation.

• Reflective silver film: It generally maintains the root-zone 
temperature cooler.

• Transparent film: It increases the soil temperature and 
preferably used for solarization.

IOCL PROPEL grade LLDPE 010F18A / 010F18S can be 
used for making agriculture mulch films.

Conclusions:
1. Plastic material which are majorly into news today for all 

bad reasons like being the culprit behind water pollution 
and threat to aquatic life, has already proven itself 
by saving millions of litre as a boon material for water 
conservation.

2. Design flexibility offered by plastic material in drip 
irrigation can even help in converting water guzzling sugar 
cane into a water efficient crop.

3. Plastic material can support any thoughtful innovative 
design ideas to conserve water and other resources.

4. IOCL offers suitable grades for all these and many such 
applications.

References:
• Industry Sources

and reinstalled after the season is over. Each gate is 2000 mm 
X 500 mm X 4 mm thick MS Plates & weight of each gate is 
@ 84 Kgs and hence is very heavy and cumbersome to install. 

The above disadvantages and discomfort can be overcome 
by replacing the MS structure with moulded plastic or by 
sandwiching steel plate between thermosetting plastics. The 
blue colored prototype shown in below pictures is developed 
by M/s. Ni – Plast India using rotational moulding of LLDPE.

FRP gates are 50% light in weight compare to steel gates. This 
helps for easy transportation, pulling and inserting gates in 
channel at site with minimum manpower. 

As plastic is resistant to corrosion, the installation remain 
intact. As the structure carries very less resale value, it is less 
prone to theft.

IOCL PROPEL grade LLDPE 042R35A/U can be used for making 
such rotational moulded structures.

Mulch Films
Improving the water use efficiency without increasing cost 
of production is an ongoing goal in crop production system. 
Hence, more resourceful and well-organized use of water in 
farm needs to be the top most priority. 

One such method is use of plastic mulch films. Mulch is 
a protective covering placed around plants to prevent the 
evaporation of moisture, and the growth of weeds. The 
important objectives of mulching in agriculture are namely 
moisture conservation, soil temperature control, prevention 
of surface compaction, reduction of runoff and erosion, 
improvement in soil structure and weed control.

Both, black and transparent films are generally used for 
mulching. Advancement in plastic chemistry has resulted in 
development of films with optical properties that are ideal 
for a specific crop in a given location. Horticulturists need to 
understand the optimum above and below ground environment 
of a particular crop before the use of plastic mulch. These are 
two types. 

Photo-degradable plastic mulch: This type of plastic mulch 
film gets destroyed by sun light in a shorter period.

Bio-degradable plastic mulch: This type of plastic mulch film is 
easily degraded in the soil over a period of time.
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Plastic Trying To Be Holy
The Holy Grill 2.0

The Holy Grail is something that a person or group of 
people wish to achieve. As regards Holy Grail for Plastics 

it is the intelligent way of sorting Intelligent sorting of plastic 
packaging waste for recycling is poised to move forward. AIM 
the European Brands Association and the Alliance to End 
Plastic Waste announced a partnership in September 2021 
to drive the next stage of development under the Digital 
Watermarks Initiative HolyGrail 2.0. They will work with the 
city of Copenhagen to conduct the semi-industrial test phase 
of the pilot. This milestone will be one step closer to precision 
identification and sorting of plastic packaging waste through 
digital watermarks, with the potential to revolutionize the 
sorting and recycling process of packaging.

Digital watermarks are discrete codes, each the size of a 
postage stamp. They cover the entire surface of a consumer 
goods packaging and carry a wide range of attributes such 
as packaging type, material, and usage. Used packaging is 
collected and scanned on the sorting line with a high-resolution 
camera which detects and decodes the digital watermark. The 
packaging is then sorted into corresponding streams, based on 
specified attributes including food, nonfood, or polymer types. 
This leads to more accurate sorting streams and higher quality 
recyclates to be diverted back into the plastic packaging value 
chain.

Over four months, a prototype sorting detection unit will be 
installed at the Amager Resource Centre (ARC) in Copenhagen, 
where the trials and demonstrations with around 125,000 
pieces of packaging representing up to 260 different stock-
keeping units (SKUs) will be held. Engineers will test for several 
parameters including the speed and accuracy of the system, 
to ensure its ability to withstand the pressures of full-scale 
industrial operations.

Sorting machinery Pellenc ST and Tomra come together with the 
selected digital watermarks technology provider Digimarc are 
developing add-on modules for their detection sorting units, 
to be combined with existing near infra-red (NIR) sorters. Both 
modules will be tested during the semi-industrial phase via 
trials at two different test locations. The first controlled tests 
using industrial-sized equipment and the Pellenc ST/Digimarc 
module are scheduled for October 2021 at ARC sorting centre.

During this commercial test phase, consumers will buy on-
shelf products with digitally watermarked packaging. Used 
packaging will enter the waste stream after consumption. The 
sorting units will be placed in five different locations in France 
and Germany, including MRFs (Materials Recovery Facility), 
PRFs (Plastic Recovery Facility) and recycling plants.

Copenhagen has a political ambition to become the world’s 
first carbon neutral capital by 2025,says Merete Kristoffersen, 
Head of Division, Waste and Resources, City of Copenhagen. 
High quality plastic recycling that substitutes new production 
and reduces incineration is a key instrument to reach this goal. 
HolyGrail 2.0 has the potential to achieve this, and we look 
forward to doing our part in the testing of the technology.”

Stakeholder perspectives.
This milestone marks the second year of the HolyGrail 2.0 
project. Since its launch in September 2020, it has grown 
to include more than 130 participating companies and 
organisations across the complete packaging value chain. The 
pioneering HolyGrail 1.0 was facilitated by the Ellen MacArthur 
Foundation between 2016 and 20

And why the curious name? Is the technology so promising 
that it could be, in fact, the answer in regards to efficiently 
sorting recycling Digital watermarking has the potential to 
become the holy grail of packaging recycling.”

Henkel is one of the project pioneers, and has already released 
a product, its bottle for Vernel fabric softener, which contains 
this technology. It has been released in Germany,

One of the main goals of the EU Plastics Pact (and, indeed, the 
US and UK Plastics Pacts as well) is to create a circular economy 
for plastics. This means that materials are kept in use for as long 
as possible, and nothing is wasted. Developing technologies 
and improving efficiencies around recycling is an important 
lever in moving towards this goal. Indeed, the precursor to 
HolyGrail 2.0 was an initial exploration under the New Plastics 
Economy initiative run by the Ellen MacArthur Foundation to 
look into chemical tracers and digital watermarking.

Chemical tracing involves embedding a marker in the label 
or plastic resin that shows up fluorescent under UV light, so 

Sameer Joshi, Ph.D. 
Hon. Treasurer, GC, IPI 
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it can be detected by specially designed sorting machines. 
Although an interesting technology, it was decided that digital 
watermarking was the more promising of the two technologies 
and, thus, it became the sole focus of HolyGrail 2.0.

economy for packaging is finding a way to accurately sort 
post-consumer waste. Digital watermarks have the potential 
to revolutionize this process,” she says. “The Holy Grail 2.0 
initiative combines the three key ingredients needed for a 
circular economy: innovation, sustainability and digitalization. 
Initial proof-of-concept demonstrations have already shown 
what digital watermarks can achieve on a test sorting line. 
Now, it’s time to take this testing to the next level.”

“An initiative like this can only thrive with the wide support of 
different key stakeholders in terms of expertise, but of course 
also financial support. Collaboration is the way forward to 
achieve the EU's circular economy goals and we are confident 
that this technology has the potential to drive a truly circular 
economy for packaging.”

“Recycling is a key pillar that must be invested in to advance 
a circular economy in plastic waste. The Alliance is excited 
to support the scaling of this project in its next phase of 
progress, in line with our mission to end plastic waste in 
the environment,” says Jacob Duer, President and CEO of the 
Alliance. “As testing continues, we know there will be many 
things to solve along the way, but with strong collaboration of 
our public and private sector partners, we believe intelligent 
sorting can be a new frontier that could help dramatically 
improve plastic waste management.”

 (INPUTS – PLASTIC TODAY, HENKEL)

It brings big advantages, especially in the retail space. At the 
checkout in a store, the entire item could be scanned, instead 
of the barcode that sometimes takes a while to find. This means 
that checkout times could be decreased by 30% or so, which is 
a very interesting benefit for retailers.

The team behind Holy Grail 2.0 is actively looking into all 
these applications, but Schneider is keen to point out that the 
main focus is to pioneer solutions around smart packaging. 
“One of the most pressing challenges in achieving a circular 
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Conducting polymers are novel materials which were 
discovered in 1980s but were not given much importance 

due to the limitations of their stability, processability etc. 
However, later on there were considerable improvements 
made in different aspects of these polymers and in 2000, the 
Nobel prize was awarded to the scientists Prof.Shirakawa, Prof.
Heeger and Prof.Macdiarmid for discovery and application of 
conducting polymer. This field started gradually growing as the 
chart in figure 1 indicates. Since 2014, there is a rapid increase 
in research and development of various types of conducting 
polymers. There are three types of conducting polymers : 
(1) Inherently Conducting Polymers (ICP), (2) Conducting 
Polymer Composites (CPC) and (3) Ionic Conducting Polymer 
Electrolytes (ICPE or SPE). The Nobel Prize was awarded for the 
ICPs i.e. polyacetylene and polyaniline. These contain extended 
conjugated electronic structure. Polyacetylene was as such very 
unstable due to its highly reactive nature but by introducing 
aromatic and cyclic groups the conjugated structure could be 
stabilized as for example Polypyrrole and Polythiophene.

polymer but still there is a band gap existing to the extent of 1.2 
to 2.0 eV which makes these “conducting” polymers equivalent 
to semiconductors in undoped state. Upon doping these ICPs, 
one obtains higher conductivity as well as many interesting 
properties which are similar to those obtained in the inorganic 
semiconductors. This is the main reason for making these ICPs 
attractive to a number of electronic devices such as sensors, 
actuators, colour display devices, light emitting devices, solar 
cells, diodes and transistors and many more. The awpplications 
of conducting polymers is depicted in Figure 3.

Conducting Polymers: 
Materials with Amazing Properties 
and Applications

Dr. S. Radhakrishnan
Director Research Development and  

Innovation Maharashtra Institute of Technology MIT WPU S 

A large number of chemical structures were then synthesized 
which have extended conjugated system which also exhibited 
much higher electrical conductivity than the common insulating 
polymers. These are depicted in the Figure 2. The extended 
conjugated electronic states reduce the band gap between the 
uppermost occupied level to the next unoccupied level in the 

Figure 2: Chemical structures of conducting polymers having 
extended conjugation



October - November 202126

Electrical conductivity of ICP in comparison to other materials. The 
ICPs have conductivity near to semiconductors and can be doped with 
donors and acceptors giving them versatile properties. Their similarities 
with semiconductors lead to their applications in electronic devices

Ease of fabrication in large areas and flexibility make them attractive 
for cost effective displays, solar panels, etc.

There are broadly two methods for synthesis of these 
polymers: (A) Chemical xodative route and (B) Electrochemical 
polymerization technique. The end product obtained in (A) is 
usually a powder which has to be processed by dispersion, 
blending and casting to form films or cheets. The method (B) 
gives direct deposition on a conducting electrode dipped in 
the electrochemical bath containing the monomer and the 
dopant ion and supporting electrolyte.. In both the methods 
of synthesis, the dopant can be varied so as toobtained the 
desired conductivity and other properties such as flexibility, 
colour, adhesion etc.

Conducting Polymer Composites: (CPC)

The CPC are made by mixing a conducting phase with an 
insulating.. easily processable polymer which can be cast, 
extruded or molded,in to desired shapes. Conducting particles 
impart the conductivity while the major matrix controls the 
mechanical properties while increasing the stability. The overall 
conductivity is decided by the concentration of the added 
particles, their size and shape. The variation of conductivity 
with concentration is highly non- lenear as shown in the figure.

There is a critical concentration at which the conductivity 
starts rrising rapidly on logarithmic scale and material goes 
from insulating to conducting state. The level of conductivity 
obtained is decided by the second critical concentration to attain 
saturation. This behavior is observed in almost all combination 
of polymers with conducting fillers. The percolation threshold is 
decied mainly by the particle size, shape and type of dispersion. 
With the advent of nano-technology, the nano-conducting 
particles exhibigt very low percolation threshold 1% to 3% 
as compared to 20% for macro particles. This gives a great 
advantage in melt processing of these conducting composites. 
Recently, we have found that by using nano conducting fillers 
such as carbon nano tubes (CNT) together with carbon fibers 
or expanded graphite, much higher conductivity is obtained 
which is needed for bipolar plates in fuel cells.[Reference: 
Radhakrishnan et al J. Thermoplast. Comp. Mater. 30, 840, 
(2017) ]

The chemical synthesis method of ICP has a number of 
variations so as to obtain functionalized conducting polymer, 
control of morphology and particle size, in situ nano composites 
with inorganic materials etc. For applications in chemical gas 
sensors for example, inclusion of specific functional groups 
leads to very high sensitivity and selectivity with minimum 
cross signals. The iron complexes such as ferrocene, porphyrin, 
phthalocyanine have been incorporate in polypyrrole giving 
highly sensitive material

for carbon monoxide. A sensor has been demonstrated which 
has rapid response to carbon monoxide at ppm level.

These polymers were coated on gold coated flexible polyester 
film substrates with interdigited pattern and tested for 
sensitivity to CO gas (100 ppm) obtained as standard calibration 
ampoule from Drager Co. (Germany). Typical sensor geometry 
is indicated below

RESPONSE CURVE OF THE SENSOR
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Many such functionalized conducting polymers have been 
synthesized and demonsytrated for sensing toxic gases : Co, 
Nox,HCl, NH3 etc.

[References : Radhakrishnan et al Proceedings ICMF 2013, Ed. 
Bonfring, I2013, p.601-605

P.Santhosh, S.Radhakrishnan, Polypyrrole: Properties, 
Performance &Applications Ed. E.C.Mason and A.P.Weber, Nova 
Science Publishers, 2011, 255-270 ]

One of the earliest findings in these novel polymers is that 
these exhibit change in colour i.e. chromism when they change 
from undoped state to doped state. Polyaniline for example 
is yellow in undoped or neutral state but goes to dark green 
upon doping. This process can be reversed and by application 
of voltage can be switched a number of times. This electro-
chromism can be used for fabricating a display device (ECD). 
These polymers also change colour on application of heat 
(Thermo chromism) and also upon exposure to solvents (Solvato 
chromism). All these effects can be utilized to make sensors 
which give visible changes that are easy to see and monitor.

THERMOCHROMIC 
EFFECT

ELECTROCHROMIC 
EFFECT

SOLVATOCHROMIC 
EFFECT

SMART WINDOW USING 
ELECTROCHROMIC EFFECT 
IN PANI + PRUSSIAN BLUE

[Reference : Electrochromic Materials and Devices, P.R.Somani 
and S.Radhakrishnan, Mater.Phys.Chem. 77, 117 (2003) ]]

There are a number of applications of these ICPs in electronic 
devices. Each of these applications requires proper synthesis 
and a combination with dopant so as to obtain the best results 
as regards sensitivity, response time and stability after a 
repeated operation.

Conducting Polymers have now entered the Biomedical domain 
and have shown efficacy in tissue engineering. ICP have the 
advantage of carrying the electrical signal right at the cellular 
level and being compatible with the biological environment. 
ICP also exhibit acuation i.e. change of shape with application 
of electric voltage.
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CONCUCTING POLYMERS IN BIOMEDICAL APPLICATIONS
BIOSENSORS
ICP s can be functionalized with enzymes and other groups to 
selectively detect the biomolecules, drugs and other elements 
which are integrated for diagnostic purposes. [Reference 
Y.Park, J.Jung, M.Chang, Appl. Sci. 9, 1070 (2019) ]

DRUG DELIVERY CONTROL BY ELECTRONICS

ARTIFICAL MUSCLES BASED ON ICP ACTUATORS

Radhakrishnan et al Sensors & Actuarors (2006)

Application of electrical voltage causes ICP to go from doped to 
undoped state. This forces to drug to be released. All this is at micro 
level implanted in the body 

Reference MRAbedian et al, Adv. Mater, 18, 405 (2006)

ICP Bilayer bends with application of voltage. Bending angle studied 
w.r.t. thickness, electric voltage, conc, etc.

Conducting Polymers and Biomaterials for tissue 
engineering applications:

[Reference B.Guo, P. X. Ma, Biomacromolecules, 19, 1764,(2018)

The different applications of Conducting Polymers can be 
grouped in to Bulk Applications (using CPC) and Special 
Applications using ICP.

SUMMARY AND CONCLUSIONS
Conducting polymers are really novel materials which 
exhibit amazing properties ranging from high conductivity 
with flexibility, chromism, light emission, photosensitivity, 
piezo-response, sensitivity to toxic gases and bio=molecules, 
actuation, compatibility with tissues and promoting growth 
of cells. There are numerous applications demonstrated and 
few commercialized such as wearable sensors for monitoring 
blood pressure, pulse rate, glucose level etc. With the advent 
of robotics and self driven vehicles, there is

a large demand for these electroactive polymers. The electric 
cars will also need large number of such applications. Hence 
the field of conducting polymers is expected to grow and the 
future is really bright for these conducting polymers.

Bulk Applications (CPC)
EMI/RF Shielding Antistatic, ESD 
Protection

Key pads, Membrane Switches, 
Flexi contacts

Thick Film circuits, 3-D molded 
printed circuits

Batteries, Super Capacitors Fuel 
Cells

Special Applications (ICP)
Chromic Devices, Indicators

Sensors: Chemical, Biological, 
Pressure, Explosives

LED, Fluoroscent indicator

Photo-diodes, Photovoltaic cells, 
Solar Cells FET circuits, Printed 
Electronics

Actuators

Tissue Engineering, Biomedical 
devices
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