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Economies grow cyclically with a periodicity of
about 53 years. Technological developments drive
each new cycle

Physics and Engineering
play a vital role in the
Kondratieff Waves of Innovation development of new
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In an electric field, electrons get
accelerated and gain energy;
collide with atoms to knock off
more electrons leading to an
avalanche in ionization.
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Electrons gain energy from the E-field and share it with ions

and molecules through collisions
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Plasma as an Engineering Tool Results from:

Extended parameter space in density, temperature, particle energy and
chemical reactivity.

Extremely high temperatures or energy densities
Promotes nuclear interactions — Thermonuclear Fusion
Generates extremely high transient and non-equilibrium conditions.
Atomic-scale resolution in material processing

Plasma catalysis for mediating exotic chemical reactions



The Sun

Gigantic Sphere of Hydrogen
Plasma
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Fusion reactions convert
Hydrogen into Helium

Every second, our Sun fuses
about 600 million tons of
hydrogen into helium, releasing a
flood of light and heat that
sustains life on Earth.
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Olnsnde the sun, the hydrogen atoms

are heated so much they turninto a
- | “plasma’ state, where electrons no longer

- | orbit the protons in the atoms’ nudei. The
| “freed’ nuclei then fuse to form helium

| atoms and neutrons. This fusion process

| unleashes vast bursts of energy.

COULD WE REPLICATE THIS ON EARTH AND BUILD MINIATURE SUNS TO

PRODUCE LIMITLESS ENERGY?
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Deuterium and Tritium nuclei fuse to form Helium and release
energy in the form of 14 MeV Neutrons




Progress in Fusion Research over the years

Fusion product, nTe. T; (x10%° m™3s.keV)

0.1

® D-D Experiments
© Full D-T Experiments

1 10

Central lon temperature T; (keV)

1980's

1970's

100

Too
Expensive!
10 Bn Euro



Approach | : Inertial Fusion

Heating of Ablation of The core Fusion
the surface of outer skin heats up by
mm sized leads to compression

pellets compression
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Approach 2
Magnetic Confinement Fusion (MCF)

Use Intense maghnetic field to trap and
confine a
plasma heated to 100 Million deg

TOKAMAKIS THE MOST SUCCESSFUL TRAP



central solenoid

TO KAMAK poloidal magnetic field

outer poloidal field coils

toroidal field coil

helical magnetic field

plasma electrical current toroidal magnetic field



ITER: International Thermonuclear

Experimental Reactor
Miniature Sun on Earth

7-NATION COLLABORATION




The ITER Tokamak — Cryristat
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Who manufactures what?
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Enhanced Chemical Reactivity of Plasma
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Synthesis of Advanced Materials

Gas flow
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Nanostructured Superhydrophobic Silicon carbide and
Teflon like Coatings Coatings
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Electron temperature

~1 eV High-rate PECVD coating by a high speed non-
o e e equilibrium plasma jet produced in Segmented
9-10 % ionization Electrode Expanding Thermal Plasma Source

1 scc/sec ~ 1020 jons/sec
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In Plasma Etching, energetic ions Micro-electromechanical

remove material from a surface systems (MEMS) combine
computers with tiny mechanical

devices such as sensors,
valves, gears, and actuators on
semiconductor chips.

through Physical and Chemical
Sputtering

Atom by Atom Process 19



Gasification is a process that
converts carbonaceous
materials, such as coal,
petroleum coke or biomass, into

carbon monoxide and hydrogen.

The carbonaceous
material undergoes
three processes:
pyrolysis, combustion,
and gasification

Plasma
Gasification
of

Coal

At FCIPT




Plasma Enhanced Chemical Vapor Deposition
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TEMPERATURE & CARBON DIOXIDE
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Source: Earth Syst. Sci.
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lasma Calalysis
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Plasma processes driven by Solar
Energy can to convert CO2 into
fuels, enabling a sustainable fuel
cycle.

It will also allow us to continue
using the abundant Hydrocarbon
resources.

There are unexplored possibilities
like Plasma Catalysis, which may
further increase the energy
efficiency and through put of the
Plasma Process..
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Satellites in orbit are
embedded in a plasma
environment and the charging
due to energetic electrons
raise their potential over the
plasma potential. The
prolonged high potential state
leads to arcing damaging
solar panel.
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¥ Institute for Plasma Research is an
autonomous Institute under the
Department of Atomic Energy, Govt of
India: National Centre for Plasma Physics,
Fusion Research and Plasma Applications

Facilitation Centre for Industrial Plasma
Technologies links IPR with Industry

ITER India coordinates India’s
commitment to ITER
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' ADITYA Tokamak
1990

SST-1 Tokamak
2002

Plasma Pyrolysis
System for
Medical Waste

Destruction

’1 ;',':-. 2 A - = ” ,-: Y
M AN i
ol \|

y

13 PG e s Y

il \r"is"’;;'/"'i":

LMV Y 72
B - v Sl BN -



| invite all of you to visit the
Plasma Exhibition being set up
here
And share with us the excitement
of witnessing futuristic
technologies.

Thank you!
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