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INTERNATIONAL
YEAR OF CHEMISTRY

International Year of Celebrate the achievements of

CHEMISTRY ehemisiry

Improve public understanding of

2 01 | chemistry

Champion the role of chemistry in
addressing the critical challenges
of our society

— Food and nutrition

— Clean water

— Sustainable energy

— Climate change

Broader outreach and engagement

Get younger people more
Interested in chemistry

Madame Curie, Nobel Prize in Chemistry , 1911




OUTLINE

 How relevant is Polymer Science? How will this
science address some of the most pressing
problems of our society ?

 Where is technology leading ? What are the
barriers and opportunities ?

« What are the new frontiers of research ?
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POLYMER SCIENCE : HISTORY

 Polymers were the product of post war
renaissance in chemical industry driven by the
promise of inexpensive petroleum derived feed-
stocks

The fifties and sixties saw the introduction of
many polymers that changed the face of human
civilization

From early curiosities polymers became an
Indispensable part of our daily living and so
ubiquitous that we no longer realize how addicted
we are to polymer materials !




B tish explorers discoier
the ancient Mawan cisilization in
Central Aomerica. The Mavans are as-
aumed 10 be among the first 1o find an

applization for polyvmers, as their children
were fond of plaving with halls made

HISTORY
OF POLYMERS

2-raw crvstallography is in-
wented aza method of anal veing
crvstal stmactores. Eight wears later,
thiz method iz n2ed by M. Polaosd to
dizcover the chemical stucture of cella-

mer unit cells contain sections of long
chain molecules rather than amall
malecular apecies.

Stavdinger published his
classic paper entitled “TTher
ymer zation” Publication of this
paper heralded a decade of intense e-
zarchand prezented to the wmorld the
Wy development of modem polimer theors.

harles Crood ear discoiers

@l mbber with sulfor and heating it
10 270 degree s Fahrenheit. ¥ ulcanized
mhbber iz a polvmeric substances that is
much more durable than it natiral coun-
ter paxt. Its most common vse todawy is in

antornobile tives,

The olde st recorded swnthe-
tic plastic is fabricated b Leo
Bakeland. Bakelite's hardnessand

high heat registivitey made it an excellent
choice as an electrical insvlator.

1500- |"
PRESENT |

1927

Large scale production of

vin¥-chlbride resing begring. This

polymeric componnd contiones w0 be

widely vzed today 10 make plumbing

Y pipe, Euttery tile, and bhottles,
1

ifa

Celebrating Sixty §
Years of Science ¢



1938
Wallace Carothers of the
Dupont ¢ ompany produces anothe
well known polsime ric prodoct, nwlon.
Hylom i3 a common matal naed foday
o o such applications az ropes and clothes. we,

-

Polystyrene iz invented,
Thiz polwme ric material is vaed
i wideacazettes and other packaging.
Expanded polvstyrene (commonly called
Stvmofoany) i3 vsed in cups, packaging,

and themnall v nsulated containe s,

and lowr densite e rsions of this mat-
erjal are pooduced annwally for ewvers~-

thing from packaging film o piping to
J tovs, a

teimpe ratre polvime rs (Ekomol). This
polvmexic matal paved e wa v for
the dewe lopment of liguid crwstal polw-
mexs one vear later. Elonol ‘s most
comunon applications ocour in
electronic devices and aircraft engines.

The polvmerplastics indus-
v outstripped steel as the nation’s
mozt widely nsed matexial per vnit
srolume. We now use more plastc than
steel, aluwmi nom and copper connbined.

3. E=wmlek, who has been
awarded more than 37 patents in
polvmex science , develops kevlar.
Fevlar is a high atrength mateal that
van wAthatand temperatures up o 300°C,
wy il iz sed in applications such as bullet
pmof wests, and fire proof garments for
firefighting and auto racing.




Precursor 19" Century
Semi Synthetics

: Natural Rubber

: Vulcanite / Gutta Percha
: Shellac / Bois Durci

: Parkesine

: Celluloid

: Viscose Rayon

: Poly Carbonate

| Natural Polyme

Seml Synthet

1908 :
1909 :
1926 :
1927 :
1933:
1935:

POLYMERS FULFILLING MATERIAL NEEDS OF

1900 — 1950
Thermoplastics

Cellophane

Bakelite

Vinyl or PVC

Cellulose Acetate
Polyvinylidene chloride

Low density

polyethylene

1936 :
1937 :
1938 :
1938 :
1939:
1941 :
1942 :
1942 :

Polymethyl Methacrylate
Polyurethane
Polystyrene

Teflon

Nylon and Neoprene
PET

LDPE

Unsaturated Polyester
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Celebrating Sixty
Years of Science ¢
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1950 onwards

Growth Phase

: PP

. Styrofoam

: PC, PPO

: Polyamide

: Thermoplastic Polyester
: LLDPE

: Liquid Crystal Polymers




Recent new product introductions have been
predominantly small volume specialty materials




POLYMER SCENCE : INDUSTRY



Polymer Demand Outlook

Country 2000 Country 2010 2010/
(MMT) (MMT) 2000
USA 27.3 USA 38.9 3.6%
China 16.6 China 38.8 8.1%
Japan 9.1 ' 14.1%
Germany 6.4 2.3%
S. Korea 4.7 9.4 3.9%
taly 4.7 S. Korea 6.8 4.8%
France 4. taly 6.8 3.8%
UK 3.5 Brazil 6.7 7.0%
Brazil CIS 6.2 9.1%
France 6.1 4.1%
Taiw an UK 5.2 4.0%

Potential to be the 3 ", largest market by 2010










POLYMER MATERIALS : SUSTAINABILITY
CHALLENGE



‘The future is In plastics, son’



Feed-stocks for polymers will slowly , but certainl y, shift to renewable

and sustainable resources during the next two deca des




Biorefinery









Conjugated polymer
ZnO Nanoparticle
hybrids

Polymer
Membranes
Sulfonated
Fluoropoly
mer
lonomers or
Poly(benz-
Imidazole)s




POROUS ULTRAFILTRATION MEMBRANE

Membrane preparation: By phase
Inversion of a soluble complex of metal
halides (salts of bivalent alkali metals)
with poly(acrylonitrile) followed by
washing the cast membrane with water

Average water flux: 50 Imh at 0.5 bar
5 log reduction for viruses
/-9 log reduction for bacteria

Molecular Weight Cut Off : ~ 60 k
Dalton

BSA rejection > 90 %

Total membrane thickness : 9 - 11 mil
Membrane Cross Section

(SEM)




UF MEMBRANE TECHNOLOGY :
FROM CONCEPT TO MARKET

Discovery of a unique process to control membrane
porosity

- Reject smallest known pathogenic species (virus);
- Still be able to operate at tap water pressure (0. 4 bar)
Prototype preparation, demonstration & performance

evaluation

- Designed various easy to use prototypes

- Demonstration & rigorous performance evaluation
Technology transfer

- Technology licensed to Membrane Filters India Ltd
Pune, a start up enterprise incubated at NCL

- Product in the market since 2007: Current sales
turnover of the company ~ US$ 15 million




THE DIMENSIONS OF MATERIAL SCIENCE

MATERIALS -
dEp»yr -

INCREASINGLY POLYMER SCIENCE WILL BE AN ENABLING SC IENCE ; TO
CREATE ADVANCED MATERIALS WITH USEFUL FUNCTIONS IN
COMBINATION WITH OTHER MATERIALS










STRUCTURAL FUNCTIONAL
MATERIALS MATERIALS

MACROCOMPOSITES
*Shear
swetting
*Orientation

BIOCOMPOSITES
*Molecular self assembly
*Hydrogen bonding

*Hydrophobic interaction

NANOCOMPOSITES
Intercalation and exfoliation

eIn-situ polymerization
*Polymerization in constrained spaces
*Nanofibers and nanotubes




Research driven by emerging developments in
electronics, photonics, information technology and
medicine. All new discoveries likely to occur at t he

Interface of polymer science with chemistry,
molecular biology and physics
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Structures accessible via techniques of
controlled polymer synthesis

Topology
----- S 7T m
Linear S Comb Polymers

Multi-Armed Networks (Hyper) Branched

Composition

Functionality

X X R l l | x| x| x| x|
Homo / Hetero

Telechelic Macromonomers Sar / Side Functional  yperbranched /

Groups . )
Multi- Armed P Multifunctional




Determines .......

Control of chain length

Challenge.....



Determines .......

Copolymer sequence

Challenge.....



Determines .......

Polymer stereochemistry

Challenge.....



Determines .......

Diversity of polymer architectures

Challenge.....









Concepts and goals of
material science

Techniques of controlled
polymer synthesis

Molecular scale
phenomena

Macroscopic functions




No longer “What is it?” but “What does it do?”
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