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Preface 

 

I started writing on Medium in 2021. For years, I 
chronicled my journey from being a curious student 
to a seasoned plasma scientist. I wrote about the 
pleasure I derived from building plasma devices - 
from the commonplace glow discharge to the 
magnificent ADITYA tokamak and from intense 
electron beam generators to electron clouds 
trapped in torii.  I wrote about the 5th floor 
laboratory in the Physical Research Laboratory in 
Ahmedabad, the wide corridors of the Institute for 
Plasma Research in the Bhat Village, the crisp, and 
intellectual air of the International Atomic Energy 
Agency in Vienna.  

After five years and gaining close to 4000 
followers,  the well went dry. I found myself staring 
at a blank screen, wondering if there was anything 
left to say. 

Then, I remembered the incident that triggered my 
desire to look for practical applications of the 
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fourth state. I was pointing out the engineering 
features of ADITYA tokamak while it was being 
assembled to Prof S Ramaseshan,, the former 
director of IISC and a member of the IPR Council.  
The main shutter to the hall was open and a 
cowherd walked in: the IPR campus used to be 
grazing land for cattle . He was staring at the huge 
machine with its magnetic coils, vacuum vessel 
and the humming overhead crane  with disbelief. 
Prof Ramaseshan looked at him and then turned to 
me and asked “ John, how do you think this 
machine that you are building affects this man?”. I 
understood what he meant and on the spur of the 
moment decided that I would start working on 
some down to earth applications of the plasma 
state that may benefit ordinary people.  

Recalling that incident, I realized I hadn’t stopped 
having stories to tell; I had simply stopped looking 
at where the science had gone after it left the lab. 

I remember the first time I saw the hydropower 
components eroded by silt in the Himalayan rivers: 
as if some beast had gnawed at it again and again. 
I realised the value of plasma nitriding when the 
NHPC engineer assured me that they would be 
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saving millions of rupees every year if I could make 
the steel harder than quartz; which we did. When a 
scientist from the Wool Research Board explained 
the trouble with the beautiful, soft and warm 
Angora wool because it was too smooth for 
spinning together to form a thread.  We bombarded 
the surface of the yarn with ions and changed its 
topography, creating microscopic scale-like 
structures that gripped one another. It was a 
revolution for the artisan. A weaver in a remote 
village could now spin the yarn with ease, turning 
raw luxury into a viable livelihood. It wasn't just 
physics; it was the restoration of a craft. 

When we synthesized silica coatings on polished 
brassware using plasma, the real magic was in the 
preservation of beauty. A thin, invisible shield of 
glass-like material, applied atom by atom, locked 
the brass in a state of eternal brightness. It didn't 
just save time; it allowed families to cherish their 
heritage without the slow decay due to the 
elements. Dr Chidambaram, the Chairman of the 
Department of Atomic Energy heard about this and 
wanted me to coat a brass replica of the Shiva 
thandava, a gift to the Director General of IAEA. 
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The story about the delivery of clean water to a 
Rajasthan village is based on work done by my 
colleague Dr Mukesh Ranjan.  

The story of in-situ ammonia for farming was 
inspired by a project on cold plasma synthesis of 
Ammonia being pursued by  Dr Suraj Sinha at the 
Pondicherry university. On his insistence, I have 
accepted the role of honorary Principal Investigator 
and we exchange ideas on this project. I am 
convinced that the project would make an impact 
on the agricultural scene. The farmer no longer 
need to rely on a global supply chain; they rely on 
the chemistry of the atmosphere itself. It is a quiet, 
local, and sustainable miracle. 

As I look back on those 150 autobiographical 
stories of my career, I realize they were merely the 
prologue. The true story of my life’s work isn't 
found in the halls of the laboratory or the blueprints 
of the tokamak. It is found in the soft texture of a 
sweater, the un-tarnished glow of a brass lamp, the 
spark of a treated diamond, and the lush green of a 
field fed by the air itself. 

Plasma didn't stay in the lab. It walked out the 
door, into the fields, the workshops, and the homes 
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of everyday people. And that, I believe, is a story 
that never really ends. 

John Pucadyil  
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Wealth, Plasma Processes for Energy and Environment, 
and the memoir Experiments with Plasmas. 
 
An oil painter, poet, and Professor of Practice at 
Mahatma Gandhi University, he resides in Kottayam with 
his wife, Minnu. His books translate complex plasma 
dynamics, technological innovation, and scientific history 
for readers worldwide.  
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The Nitride Shield 

 

 

(Image created by Google Gemini) 

 

The noise of the roaring Himalayan rivers was a 
sound Alok Pandit knew all too well. As an 
engineer with the National Hydro Power 
Corporation (NHPC), that sound usually meant 
green energy and light for millions. But during the 
monsoon months from April to September, it meant 
utter destruction. 
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Alok sat across from Dr Amita Joseph at the 
Facilitation Centre for Industrial Plasma 
Technologies (FCIPT). On his laptop screen, he 
pulled up photos of severely pitted turbine runners, 
guide vanes, and labyrinth sealing rings. 

"Look at these, Amita," Alok said, pointing to the 
jagged, scraped surfaces of a runner from the Salal 
plant in Jammu & Kashmir. "Salal and Baira Suil in 
Himachal Pradesh are taking the brunt of it. Forced 
outages are killing our generation efficiency." 

Amita leaned in, scrutinizing the images. "It looks 
like severe metal loss. Is it primarily abrasive wear, 
or solid particle erosion?" 

"A mix of both," Alok explained, tracing the 
damaged edges. "In simple terms, abrasion 
happens when hard silt particles plough through 
the softer metal surface. But the real nightmare is 
erosion—sharp particles impinging on the 
underwater components at high velocities, 
chipping away the material piece by piece." 

"It's the Himalayan geology, isn't it?" Amita asked. 

"Precisely," Alok replied. "The Himalayas are 
geologically young and relatively weak. During the 
monsoon, the rivers carry a massive silt 
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load—thousands of parts per million. Worse yet, 
ninety to ninety-five percent of that silt consists of 
quartz particles. Quartz is extremely hard, and it 
just eats through our stainless steel components." 

Amita nodded sympathetically. "How are your 
maintenance teams handling it right now?" 

Alok let out a heavy sigh. "The usual 
countermeasure: rebuilding the eroded 
components by manual arc welding, followed by 
tedious grinding and machining. We do that until 
the metal simply can't take another weld, and then 
we replace the part entirely. We are sinking 
massive amounts of money year after year into this 
endless cycle of rebuilding and replacing. We need 
a surface treatment that can actually withstand this 
quartz onslaught." 

Amita smiled confidently. "That is precisely why 
you're here, Alok. I think plasma nitriding might be 
the breakthrough NHPC is looking for." 

Amita led Alok into the testing facility, stopping in 
front of a sleek, heavy-duty plasma nitriding 
reactor. 

"So, how does plasma nitriding differ from 
traditional gas or salt-bath nitriding?" Alok asked, 
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inspecting the vessel. 

"It all happens inside this low-pressure container," 
Amita explained. "We evacuate the chamber and 
introduce a controlled mixture of hydrogen and 
nitrogen gas. Under high voltage, the gas ionizes 
into a glowing plasma state. The component you 
want to treat acts as the cathode." 

"And the nitrogen ions do the heavy lifting?" 

"Exactly," Amita replied. "The nitrogen ions 
bombard the surface of the component, heating it 
up and allowing nascent nitrogen to diffuse inward. 
This forms a hard, protective diffusion layer filled 
with nitrides. What makes plasma nitriding superior 
is that this layer retains a ductile compound layer 
underneath, giving it extraordinary resistance to 
point loads, high impact, and abrasive wear 
compared to conventional methods." 

Alok looked impressed. "What about 
post-processing? Does the surface warp or get 
distorted?" 

"That’s the beauty of it," Amita smiled. "The 
compound layer produced is remarkably thin and 
uniform. The dimensional stability is so precise that 
components can be taken straight out of the 
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reactor and reinstalled into your turbines without 
any secondary refinishing, grinding, or cleaning." 

"If this works on our guide vanes," Alok mused, "it 
could save us millions." 

By the year 2000, talk finally turned into action. 
Alok and his team sent four shiny, brand-new 
guide vanes over to FCIPT, where Amita’s team 
loaded them into a massive reactor. When the 
plasma treatment finished, the results looked 
promising on paper: a surface hardness of 900 HV 
and a protective case depth of 250 microns. But 
the real test lay in the roaring, silt-heavy river. 

The treated vanes were installed in the turbine and 
subjected to a full, relentless monsoon season. 
Months later, when the maintenance crew opened 
up the turbine casing, a small cheer went up in the 
plant. All four guide vanes were completely intact, 
having survived the quartz onslaught without a 
scratch. 

Thrilled by the success, NHPC immediately funded 
the next phase. Alok challenged Amita’s team to 
push the boundaries even further: "Can we hit a 
surface hardness of 1200 HV while maintaining that 
250-micron depth?" 
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Amita and the scientists at FCIPT got to work 
tuning the process parameters. They ran endless 
trials on 13CrNi4 and 18CrNi10 steel samples, as 
well as previously welded components. Before 
long, FCIPT cracked the code. They achieved the 
target hardness, proving beyond a doubt that these 
stainless steel grades were ideal candidates for 
plasma nitriding in harsh hydropower 
environments. 

Confident in the perfected technique, NHPC 
promptly shipped a batch of 24 guide vanes to 
FCIPT, where they were successfully toughened 
under the newly optimized conditions. 

Yet the story didn't end in the lab. Realizing they 
couldn't keep shipping massive turbine parts back 
and forth across the country, NHPC helped launch 
a dedicated startup right near one of their major 
hydropower stations. Today, that specialized 
facility sits just down the road from the plant, ready 
to arm NHPC's turbines against the river's silt 
whenever the monsoons roll in. 

 



15 

Farming with Plasma 

 

 

(Image created by Google Gemini) 

 

The year is 2028, and Murugan was a man caught 
between the dirt of the past and the lightning of the 
future. 

On his family’s acreage in the Kavery delta, the old, 
raised platforms of wooden planks covered with 
heavy duty tarpaulins to keep moisture seeping 
into and decomposing the manure had been 
replaced by something sleeker, stranger, and 
infinitely more temperamental: a Plasma-Assisted 
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Ammonia Synthesis and Delivery System (PAAS-D). 
Murugan was the first customer the start up 
company led by Professors from the Puducherry 
University could attract. The promise was simple: 
“Green ammonia.” No more waiting for fertilizer 
from a far-away plant in Gujarat. Using a 
small-scale reactor on the farm, Murugan could 
pull nitrogen from the air and hydrogen from water, 
using a cold-plasma discharge to stitch them 
together into liquid gold for his crops. 

But as Murugan stood in the edge of his plot, he 
wasn’t feeling like a pioneer. The PAAS-D unit sat 
on the back of his tractor, humming with a 
low-frequency vibration. In theory, the reactor used 
a dielectric barrier discharge (DBD) to break the 
strong triple bond of N2​ molecules. In practice? 
The “ghost” was back. “Damn it,” Selvam, his 
brother shouted. “The discharge is flickering again. 
I’m getting a lean mix.” 

Murugan mumbled. “Check your humidity, Selvam. 
If the air-intake is too wet, the plasma quenches. 
You’ll just be spraying expensive mist.” 

Selvam looked at the sensor readout on the panel. 
The efficiency of the plasma catalyst was dropping. 
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While the start-up had promised a high yield, the 
reality of field-work meant dust, fluctuating voltage 
from the solar arrays, and the sheer stubbornness 
of chemistry. 

The delivery system was supposed to inject the 
freshly synthesized ammonia directly into the soil 
via a precision dispenser. To keep the ammonia 
stable without a massive cooling plant, the system 
relied on a delicate balance of pressure and 
temperature. 

The sun had dipped behind a cloud bank, and his 
battery buffers were screaming. Plasma synthesis 
is energy-intensive; without 100% power, the 
nitrogen wouldn’t break. 

“I’m losing the reaction,” Selvam muttered. He 
watched the glowing purple light in the reactor’s 
inspection port fade from a vibrant violet to a dull, 
sickly grey. 

He hopped off the tractor, wrench in hand, though 
he knew a wrench was useless against a 
software-controlled ionized gas. He wiped grease 
from his forehead, looking at the paddy that was 
greener than any his father had ever grown. 
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That was the irony. When the system worked, it 
was a miracle. The crops were fed exactly what 
they needed, exactly when they needed it, with 
zero carbon footprint. But when it failed, Murugan 
wasn’t just a farmer with a broken tractor — he was 
a physicist with a broken lab, standing in the 
middle of a mud puddle. 

“Selvam,” Murugan said, his voice softening. “If 
you can’t get the arc to stabilize, we will shut down 
and go. But the soil nitrogen levels are bottoming 
out.” 

“Give it ten minutes,” Selvam. “I’m pushing a 
firmware patch to the electrode frequency. We’re 
going to try to ramp the pulse to shake off the 
electrode fouling.” 

Murugan waited. The wind stirred the stalks. Then, 
with a sharp crack like a distant whip, the reactor 
surged. The purple glow returned, brighter than 
before — a miniature star trapped in a glass tube, 
turning the very air into life. 

The hum leveled out into a satisfied purr. On the 
panel, the ammonia concentration climbed back to 
the target parts per million. “We’re back in 
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business,” said Selvam. He watched the 
autonomous arm bury the injectors into the earth. 
Plasma synthesis produces a gas stream of NH3​ 
mixed with unreacted N2​ and H2​. To get this to the 
plants, the gas is bubbled through a 
high-surface-area Absorption Column filled with 
water. Because ammonia is extremely hydrophilic, 
it dissolves instantly, creating Aqueous Ammonia 
(NH4​OH). Once the ammonia is in liquid form, it is 
pumped through a “smart” manifold on the tractor 
to reach the roots of the plants . 

It was a headache, a gamble, and a constant battle 
against the laws of physics — but as the sun set 
over the glowing purple reactor, Murugan knew 
he’d never go back to the old ways. He wasn’t just 
growing paddy anymore. He was harvesting 
lightning. “Minnal Valam!” Fertilizer from lightning. 

To understand why Selvam was struggling with his 
“lightning in a bottle,” we have to look at the 
massive gap between traditional industrial 
chemistry and the localized physics of plasma. 

Usually, ammonia (NH3​) is made via the 
Haber-Bosch process, which requires massive 
pressures (200 atm) and high temperatures 
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(450°C). That’s impossible to do locally. Plasma 
offers a “shortcut” by using electricity to energize 
electrons rather than heating the entire gas. 

The primary hurdle in making ammonia is the 
nitrogen molecule (N2​). It is held together by a 
triple covalent bond — one of the strongest in 
nature. In Selvam’s reactor, a Non-Thermal Plasma 
(NTP) is created by a Dielectric Barrier Discharge. 
Instead of using heat to vibrate the molecules 
apart, fast-moving electrons collide with them​, 
“kicking” them into an excited state or splitting 
them into highly reactive nitrogen radicals (N⋅) 
through the reaction 

e−+N2​→e−+N⋅+N⋅ 

Once the nitrogen is “split,” it can react with 
hydrogen (electrolysed from on-farm water) to form 
ammonia through the reaction: N⋅+3H⋅→NH3​ 

While the theory is elegant, the fluid dynamics and 
electrodynamics inside a mobile reactor are 
chaotic. Here are the three main technical 
problems Selvam was facing: 



21 

The first problem was quenching: Plasma is 
extremely sensitive to “impurities” like water vapor. 
If the air is too wet, the energy from the electrons is 
absorbed by the water molecules instead of the 
nitrogen. This “quenches” the plasma, turning his 
purple glow into a dull grey and stopping the 
reaction. 

Back-Reaction was another problem. Chemistry 
seeks equilibrium. In a plasma, as soon as NH3​ is 
formed, a rogue electron can hit it and break it 
back down into N2​ and H2​. Selvam has to manage 
the residence time — moving the gas through the 
“spark” slow enough to react, but fast enough 
before the product is destroyed. 

Electrode Fouling is another killer. Over time, the 
high-energy plasma can cause microscopic 
erosion of the electrodes by sputtering. This 
changes the gap distance, which fluctuates the 
voltage required to maintain the arc, leading to the 
“flickering”. 

To drive deeper into why Murugan and the young 
farmers are obsessed with this technology, we 
have to look at the economics of farming. 
Presently, the Haber-Bosch process is the 
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undisputed king of efficiency, but it has a problem. 
The theoretical minimum energy required to fix 
nitrogen into ammonia is about 0.4 MJ/mol. 
Haber-Bosch: Operates at about 0.5–0.8 MJ/mol. 
It’s incredibly close to the physical limit. The 
Plasma-Assisted process currently ranges from 1.7 
to over 50 MJ/mol. If plasma is so much less 
efficient, why is Murugan using it? 

Because efficiency isn’t the same as cost. In 2026, 
the cost of ammonia isn’t just about the Joules 
used; it’s about where those Joules come from. 
Haber-Bosch requires a huge plant with a 
constant, massive stream of natural gas (methane) 
for the hydrogen (H2​) and expensive high pressure 
and heat. 

Murugan’s Plasma Unit runs on renewable energy. 
When his solar panels produce more power than 
his farm needs, the electricity is essentially “free.” 
Using 10 units of “free” solar energy to make 
ammonia is cheaper than buying 1 unit of 
fossil-fuel ammonia and paying to transport it to 
the farm. 

For a farmer, the price of fertilizer includes the 
“last-mile” tax. Ammonia is dangerous and 
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expensive to transport. Murugan makes it where he 
needs it. He doesn’t have to store tons of explosive 
anhydrous ammonia in tanks over the winter. He 
makes what he needs for the afternoon’s run. 

The biggest hurdle to the Plasma unit is Selectivity. 
In a plasma, electrons don’t just hit N2​; they hit 
everything. If Selvam has even a tiny bit of oxygen 
in his system (a leak), the plasma will prioritize 
making Nitrous Oxides (NOx​) instead of Ammonia 
(NH3​). NOx​ is great for fertilizer too, but it’s acidic 
and can corrode his delivery lines. This is why his 
“lean mix” was such a problem — he was 
accidentally making “plasma-acid” instead of 
“plasma-fertilizer,” which could ruin his soil’s pH 
balance in a single afternoon. 
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This diagram provides a detailed cross-section of 
the specialized, modular system mounted on 
Murugan’s tractor, illustrating how non-thermal 
plasma (NTP) technology attempts to bypass 
traditional industrial requirements for fertilizer 
production. 

The center of the diagram shows the Dielectric 
Barrier Discharge (DBD) reactor. A high-voltage 
pulse (10–30 kV) is applied to the central electrode. 
The purple zone is the Cold Plasma Discharge. 
Because the gas remains near ambient 
temperature, the energy selectively excites 
electrons rather than heating the entire gas stream. 
This is critical for mobile, localized operations. 

The diagram separates the synthesis into two key 
stages to show where efficiency is lost or gained: 

Stage 1: Dissociation: High-energy electron 
impacts break the Nitrogen triple bond (requiring 
massive energy) and the Hydrogen single bond. 
This creates highly reactive radicals. 

Stage 2: Surface-Facilitated Synthesis: This is the 
critical, sophisticated part of the system. The 
diagram shows the radicals adsorbing onto a 
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Functionalized Catalyst Coating (e.g., Ru/MgO on 
Alumina) lining the reactor. Without this catalyst, 
the radicals would likely recombine into N2​ and H2​ 
(the “back-reaction”). The catalyst facilitates the 
stepwise addition of hydrogen to the nitrogen atom 
(NH, then NH2​, finally NH3​), which reduces the 
energy needed for synthesis and improves yield. 

The Dehumidifier and Filter on the air intake 
addresses the impurity problem. Air pre-treatment 
is mandatory because water vapour in the intake 
air will absorb the electron energy preferentially, 
“quenching” the plasma reaction and stalling 
ammonia production. 

The output NH3​ is separated and concentrated 
before being routed directly to the precision 
injection dispensers, which place the aqueous 
ammonia fertilizer directly into the soil root zone, 
minimizing volatile loss. 

Note: This story is dedicated to researchers in 
Indian universities and IITs dreaming of making 
“Minnal Valam” available to Indian farmers 
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The Star and the Stubble 

 

(Image created by Google Gemini) 

In the fertile plains of Punjab, where the horizon is 
usually a blurred line between golden wheat and 
the dusty haze of the Grand Trunk Road, a new 
kind of silhouette had emerged. Rising above the 
traditional brick kilns of Ludhiana was a structure 
that looked less like a factory and more like a 
captured piece of a spacecraft. 

This was Agnivarta Energy. 
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Inside the main hangar, Vikram stood on the 
observation deck, watching the blue-violet glow of 
the plasma torches through a reinforced quartz 
viewport. As the CEO and lead engineer, he had 
spent five years convincing skeptical farmers and 
even more skeptical investors that the solution to 
India’s “Stubble Burning” crisis wasn’t a ban, but a 
transformation. 

Every November, the air in Northern India would 
turn into a thick, acrid soup. Farmers, trapped in a 
cycle of quick-turnaround harvests, had no choice 
but to burn the parali (rice straw) to clear their fields 
for the winter wheat. It was a seasonal disaster that 
choked Delhi and blackened the lungs of millions. 

“They aren’t villains, Vikram,” his grandfather used 
to say, coughing as the smoke drifted over their 
ancestral lands in Sangrur. “They are just men out 
of time.” 

Vikram had taken those words to heart. He didn’t 
want to fine the farmers; he wanted to buy their 
waste. 

At the center of Agnivarta’s facility sat the Plasma 
Gasification Reactor. Unlike traditional incineration, 
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plasma pyrolysis does not burn the waste. The 
intense heat disintegrates organic matter into its 
elemental components. Unlike traditional 
incineration, which burns waste in the presence of 
oxygen, plasma pyrolysis occurs in an 
oxygen-starved environment, preventing the 
formation of toxic dioxins and furans. 

At the heart of the system is a plasma torch, which 
drives a high-voltage electric arc in a nitrogen gas 
blown between two electrodes. The arc strips 
electrons from the gas molecules to create 
plasma — the fourth state of matter. The plasma arc 
itself can reach temperatures between 5,000°C and 
10,000°C whereas the reactor zone where the 
waste is fed typically maintains a temperature of 
1,200°C to 2,000°C. 

When agricultural waste (biomass like rice straw, 
corn husks, or bagasse) enters this extreme heat, it 
doesn’t “burn” in the conventional sense. Instead, 
the high energy density causes molecular 
dissociation. The complex organic polymers 
(cellulose, lignin, and hemicellulose) are instantly 
shattered into their constituent atoms. 
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(Image created by Google Gemini) 

The process yields Syngas (Synthetic Gas), which 
is a mixture consisting primarily of Hydrogen (H2​) 
and Carbon Monoxide (CO). Because the process 
is so hot and controlled, the syngas is much 
cleaner than the smoke from a regular fire. The 
syngas can be processed further through a 
Water-Gas Shift reaction to increase hydrogen 
yield: 

CO+H2​O→CO2​+H2​ 

The inorganic materials (silica from soil, minerals, 
or metals) melt and collect at the bottom. When 
cooled, this becomes a hard, glass-like, 
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non-leaching solid that can be used safely in 
construction or road-making. 

Vikram watched as workers loaded a conveyor belt 
with shredded stalks of rice straw which moved to 
the primary chamber. Inside, an electric arc  ripped 
through the air, creating a plasma field. At 
temperatures exceeding 5,000°C, the molecular 
bonds of the agricultural waste didn’t just break; 
they shattered. 

“How is it doing?” Vikram asked, his voice barely 
audible over the howl of the gas convection in the 
arc and hum of the power converters. 

“Internal temperature at 5,200°C,” replied Meera, 
the Chief Operations Officer, glancing at her tablet. 
“The dissociation is near-instantaneous. We’re 
seeing a 99% conversion rate of organic matter 
into syngas.” 

In this extreme heat, the cellulose and lignin of the 
rice straw were reduced to their elemental 
components. The complex carbons became 
carbon monoxide, and the moisture and organic 
hydrogen became pure H2​. 
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The process was a mechanical ballet. The heavy 
inorganic materials — silica from the soil and 
minerals from the stalks — melted and settled at the 
bottom of the reactor. This “slag” wasn’t waste; it 
cooled into a glass-like, non-leaching rock that 
Agnivarta sold back to construction firms for road 
aggregate. 

But the real treasure was the gas. 

The hot syngas was pulled from the top of the 
reactor and sent through a series of rapid-cooling 
heat exchangers. From there, it undergoes the 
water shift reaction and enters the Pressure Swing 
Adsorption (PSA) unit. This was where the magic 
happened. Using molecular sieves, the system 
scrubbed away the carbon monoxide and trace 
impurities, leaving behind a stream of 
ultra-high-purity “Green Hydrogen.” 

“Purity levels are at 99.997%,” Meera noted, a 
small smile playing on her lips. “Fuel-cell grade. 
The first tanker for the Green Delhi Bus project is 
ready for fill.” 

The journey hadn’t been easy. The physics was 
solid, but the economics was a battlefield. Plasma 
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pyrolysis is energy-intensive. In the early days, 
critics argued that the electricity required to run the 
torches made the hydrogen more expensive than 
“Grey Hydrogen” (produced from natural gas). 

Vikram had countered this with a circular logic that 
was uniquely Indian. He partnered with the state 
government to use subsidized “surplus” renewable 
energy during off-peak hours. He also accounted 
for the “Social Cost of Carbon.” By preventing the 
open burning of ten thousand tons of straw, 
Agnivarta was saving the healthcare system 
millions in respiratory treatments. 

A business plan for a company like Agnivarta 
Energy must navigate a unique intersection of 
high-tech physics, rural logistics, and the rapidly 
evolving Indian green energy policy landscape. The 
Opportunity: Leveraging India’s National Green 
Hydrogen Mission (with its ₹19,744 crore outlay) to 
address the ~500 million tonnes of agricultural 
waste generated annually. 

The key differentiator was the zero toxic emissions 
and a “tar-free” syngas output. It also addressed 
the environmentally vexing Stubble burning in 
Punjab, Haryana, and UP which causes severe AQI 
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spikes in the NCR. The Hydrogen market was 
opening up because of the explosion of Fuel cell 
buses for Delhi Transport Corporation. 

Vikram had a competitive edge. Unlike electrolysis 
(which requires massive water and electricity), 
plasma pyrolysis uses waste as a feedstock, 
providing a dual revenue stream (waste disposal 
fees + gas sales). The business plan had a 
“Hub-and-Spoke” model of multiple collection 
centers with pelletizing units feeding a central 
Plasma Plant. Storing densified pellets ensured 
year-round operation despite the harvest cycles. 
Sale of Vitrified Slag to construction firms and 
Carbon Black to the tire industry was additional 
income. Carbon Credits arose from monetizing the 
avoided CO2 emissions from prevented field fires. 

Tapping into the SIGHT Scheme (Strategic 
Interventions for Green Hydrogen Transition) and 
MNRE’s Waste to Energy Programme (offering up 
to ₹5 crore per project) were the additional 
incentives. 

The farmers were the final piece of the puzzle. 
Initially, they were hesitant to load their waste onto 
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trucks for a “science project. “Why should we give 
you our straw?” a village pradhan had asked. 

“Because I’m not asking for it for free,” Vikram had 
replied. “I’m paying you more per ton than the cost 
of the diesel you’d use to plow it back in. And I’ll 
provide the tractors to collect it.” 

Today, Agnivarta’s fleet of electric collection 
trucks — powered by the very hydrogen they 
produced — swarmed the countryside like ants, 
turning a nuisance into a “cash crop.” 

By mid-afternoon, the facility was operating at 
peak capacity. Outside the gates, a line of 
cryogenic tankers waited. These trucks would 
carry the compressed hydrogen to “Hydrogen 
Hubs” across the National Capital Region. 

“We are essentially mining the sun,” Vikram 
thought. “The plants capture solar energy through 
photosynthesis, and you use the plasma to harvest 
it from their remains. It’s the ultimate recycling. 
We’re taking the solar energy stored in the Punjabi 
soil and putting it into the engines of the future.” 
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As the sun began to set, turning the sky a bruised 
purple, Vikram walked out to the perimeter fence. 
Usually, this time of year, the air would be thick 
with the smell of burning organic matter. Tonight, 
the air was clear. The stars were actually visible — a 
rare luxury in the North Indian autumn. 

He looked back at the Agnivarta plant. The plasma 
reactor emitted a low-frequency thrum, a heartbeat 
for a new industrial revolution. They were currently 
processing 500 tons of waste per day, producing 
enough hydrogen to power a small city’s transit 
system. But Vikram was already thinking about the 
next ten plants. 

He thought of the chemical equation that governed 
his life: Cn​Hm​Op​+Energy→nCO+(m/2)​H2​. It looked 
simple on a whiteboard, but here, in the mud and 
heat of Punjab, it was the key to a breathable 
future. 

Meera joined him at the fence, handing him a cup 
of steaming masala chai. 

“The Delhi government just called,” she said. “The 
AQI (Air Quality Index) in the city dropped twenty 
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points today. They’re attributing it to the reduction 
in stubble burning in our catchment area.” 

Vikram took a sip of the tea, feeling the warmth 
spread through his chest. For the first time in his 
life, the “Great Smog” of November felt like a 
choice rather than an inevitability. 

The blue glow of the plasma torches reflected in 
his eyes. They weren’t just destroying waste; they 
were cracking the very molecules of the past to 
fuel a cleaner tomorrow. The “Energy of the Stars” 
had finally come to the plains of India, and it tasted 
like fresh air. 

 

 

 

 

 

 

 



37 

The Fourth State of Fashion 

(Image created by Google Gemini) 

 

In the colonnaded heart of Connaught Place, 
where the whitewashed Georgian arches met the 
high-tech sheen of the new millennium, the huge 
sign in burnished bronze said “Oxidize”. Next to 
that, through the heavy glass door, you enter the 
boutique. Here, the hum of high voltage 
instruments created a textured hiss that competed 
with the distant, rhythmic honking of the traffic in 
the Inner Circle. 

Elias, the lead “Plasma Tailor,” moved with the 
grace of a Kathakali performer — deliberate, 
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precise, and mesmerizing. In his hand, he held a 
sleek, carbon-fiber wand connected to a glowing 
umbilical cord that snaked back to a silent power 
rack. At the tip of the wand, a finger-length needle 
of violet light pulsed, crackling softly as it 
interacted with the humid afternoon. 

Across from him sat Jassy, a scion of a Gurgaon 
tech empire who had traded his air-conditioned 
cabin for this high-tech studio. He leaned forward, 
watching the violet spark with the intensity of a 
devotee, clutching a pair of pristine, raw denim 
jackets that he had come to transform into 
something with a personality, a soul. 

In the late 20th century, denim was pummeled by 
pumice stones in giant industrial washers to mimic 
the wear and tear of a decade of hard labor. It was 
a simulation of time. But Oxidize had moved 
beyond simulation into the realm of precision 
degradation. 

“The ‘Vintage’ look is dead, Jassy,” Elias said, his 
voice a low, practiced purr. “Stonewashing is 
barbaric. It’s mechanical. It’s blunt trauma for 
fabric. Acid washing? That’s just chemical scarring. 
What we do here is atomic.” 
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Jassy leaned in, mesmerized. “And the 
personalization? You said you could etch the soul 
into the weave.” 

Elias smiled. “Precisely.” 

The violet glow of his applicator reflected his run in 
his eyes. “This is a brush. We aren’t just aging the 
fabric anymore; we are painting with the breath of 
the stars.” 

Jassy watched as Elias brought the applicator tip 
within a centimeter of the denim jacket, which was 
draped over a high-tech mannequin. There was no 
contact, yet the fabric reacted instantly. Where the 
violet stream touched the navy blue, a faint wisp of 
white smoke rose — not from burning, but from the 
molecular sublimation of the dye. 

“Atmospheric Pressure Cold Plasma,” Elias 
explained, his voice competing with the rhythmic 
shhh-shhh of the gas streams. “No vacuum 
pumps, no airlocks. We use a high-voltage radio 
frequency discharge to ionize a stream of oxygen 
mixed with helium. It’s a ‘cold’ flame. It won’t singe 
a hair on your arm, but it’s a chemical piranha for 
organic polymers.” 
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He gestured to a bank of robotic arms surrounding 
the mannequin, each fitted with its own needle-thin 
plasma jet. 

“The old way was a blunt instrument. This is a 
surgical strike. Most people want ‘distressed.’ You 
want a ‘biography'. 

We’ve uploaded your ‘Kinetic Map’ — the GPS and 
accelerometer data from your smart watch for the 
last six months. These jets are programmed to hit 
the exact coordinates of your life. We know exactly 
where your elbows flex, where you lean against 
mahogany bars, where your phone sits in your 
pocket. The way your bag strap rubs your 
shoulder. The plasma will etch those specific stress 
points. In thirty seconds, we will give this jacket ten 
years of your life.” 

“When those oxygen radicals hit your denim, they 
don’t just ‘wash’ it. They perform a microscopic 
surgical strike. They break the long-chain carbon 
polymers of the cellulose. They vaporize the indigo 
dye without touching the white core of the yarn. 
But here is where it becomes art.” 
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Jessy handed over his jacket to Elias, who 
arranged it over a frame. He flicked a switch, and 
the robotic array came to life. It looked like a 
high-tech loom from a fever dream. Half a dozen 
violet needles began to dance over the jacket, 
tracing invisible geometries. 

“Watch the oxygen radicals,” Elias whispered. 
“They’re hitting the cellulose fibers at atmospheric 
pressure. They’re stripping away the indigo, 
breaking the covalent bonds of the surface sizing, 
and ‘micro-roughening’ the thread. It gives the 
denim that soft, sueded feel of a garment worn for 
twenty years in the sun.” 

Unlike the uniform fade of a wash-cycle, the 
plasma streams created a chaotic, organic 
gradient. The violet light flickered as it encountered 
the ridges of the twill, leaving behind a 
“micro-etched” topography that felt ancient to the 
touch. 

“We’re etching a quotation into the back panel: 
“Style is the dress of thoughts.” — Lord 
Chesterfield,” Elias noted. “Invisibly. The plasma is 
changing the surface energy of the fibers. When 
you walk out into the rain, the water will bead off 



42 

the fabric everywhere except where the plasma has 
‘written.’ The dampness will reveal the text. A 
temporary ghost in the machine.” 

“We’re also functionalizing the surface,” Elias 
continued, moving his handheld wand to the cuff. 
“By varying the oxygen flow, I can make this 
specific patch of fabric super-hydrophilic. It will 
drink up moisture. Over here, I can change the 
chemistry so it rejects dirt. We aren’t just making it 
look old; we’re re-engineering the fabric’s 
relationship with the world.” 

The air in the boutique grew sharp with the scent of 
ozone — the crisp, metallic tang of a mountain peak 
after a lightning strike. The robotic jets moved with 
frantic precision, “scarring” the back of the jacket 
with the clever quote about style. The text was 
invisible to the naked eye, etched only a few 
nanometers deep. 

“In the rain, or when the humidity hits 80%, the 
quotation will bloom,” Elias said. “The plasma has 
changed the way the light refracts off the fibers in 
those specific shapes. It’s a haunting, Julian. Your 
clothes are haunted by your own data.” 
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As the last jet hissed into silence, the violet needles 
vanished, leaving only the soft glow of the 
boutique’s recessed lighting. 

Elias lifted the jacket. It was no longer a 
mass-produced luxury item. It was a map. The 
elbows were pale and soft; the hem was slightly 
frayed with a precision that looked like the work of 
decades, not seconds. 

Jassy ran his thumb over the collar. It felt like his 
favorite shirt from childhood — broken-in, 
compliant, and strangely warm. 

“It’s the ultimate paradox,” Elias said, folding the 
garment into a recycled silk bag. “We use a stream 
of ionized gas at the cutting edge of physics to 
simulate the slow, temporal change of entropy, the 
decay of order. We’ve given you the dignity of age 
without the burden of the years.” 

Jassy took the jacket out of the bag and wore it. 
He paid up for the treatment and stepped out into 
the warm New Delhi evening. As the city air hit the 
jacket, the microscopic etchings began to react, 
the fabric deepening in color where the plasma had 
kissed it. He looked like a man who had traveled a 
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thousand miles on foot, all while standing perfectly 
still in the glow of a violet light. 
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The Fireball and the Mirage 

(Image created by Google Gemini) 

 

The sun over Dhaneri does not rise; it attacks. 

In this small village perched on the jagged, arid lip 
of the Thar Desert in Rajasthan, the dawn is a pale, 
heat-muffled drumbeat. For decades, the rhythm of 
life here has been dictated by the “Matka Walk.” 
Before the first light can even turn the sand to gold, 
the women of Dhaneri — led by elders like 
58-year-old Kamla Devi — begin a four-mile trek 
toward a brackish well that is more mud than 
mirage. 
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For Kamla, water has never been a utility; it is a 
weight. It is the ache in her cervical vertebrae and 
the permanent indentation on the crown of her 
head from years of balancing clay pots. But today, 
Kamla isn’t looking at the horizon for the well. She 
is looking at the roof of the village schoolhouse, 
where a series of shimmering, metallic plates catch 
the morning light like fallen pieces of the sky. 

These plates are the result of a silent revolution in 
physics — a marriage between high-energy plasma 
science and the ancient survival instincts of the 
desert. 

The Rajasthan desert is a paradox. While the 
ground is parched enough to crack bone, the air 
above it often carries a hidden bounty. Even in arid 
regions, the atmosphere holds a surprising amount 
of humidity, especially during the cool desert 
nights. The challenge has always been 
“harvesting” it. 

Traditional atmospheric water generators (AWGs) 
are expensive, energy-hungry machines that rely 
on refrigeration cycles to cool air down to the dew 
point. In a village where electricity is a flickering 
luxury, such technology was a fantasy. 
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“We tried plastic sheets and nets,” says Dr. Arpan 
Seth, a scientist from the Plasma Research 
Institute who arrived in Dhaneri a year ago. “But 
the water would just cling to the surface in a thin, 
stagnant film. It wouldn’t run off. It would simply 
evaporate back into the heat before anyone could 
take a sip.” 

This phenomenon is known as “filmwise 
condensation.” On a standard metal or plastic 
surface, water molecules bond too tightly to the 
material. They flatten out, creating a thermal barrier 
that actually prevents more moisture from 
condensing. To solve Dhaneri’s thirst, Arpan and 
his team had to look at the microscopic 
architecture of a lotus leaf. 

The breakthrough happened hundreds of miles 
away in a laboratory, inside a stainless-steel 
vacuum chamber. Using a process called Direct 
Current Magnetron Plasma Etching, researchers 
began to “sculpt” the surface of ordinary copper 
sheets. 

Imagine a block of marble being chiseled by a 
sculptor, but the chisel is a beam of ionized Argon 
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gas, and the sculptor is a purple “fireball” of 
plasma glowing at thousands of degrees. 

By bombarding the copper with these high-energy 
ions, the scientists created a hierarchical 
nano-pattern. At a scale invisible to the human eye, 
the surface of the copper was no longer flat. It was 
a jagged forest of nanoscale peaks and valleys. 
When this surface was then treated with a thin 
hydrophobic coating, it became 
“super-hydrophobic.” 

“The geometry is the secret,” Dr. Seth explains. 
“The water droplets can’t find a grip. They sit on 
top of the nano-peaks like a fakir on a bed of nails. 
Air stays trapped in the valleys below the droplet. 
This is what we call the ‘Cassie-Baxter state.’” 

On these plasma-etched surfaces, water doesn’t 
form a film. It forms perfect, shimmering spheres. 
As soon as a droplet grows to a certain size, it 
loses its balance and rolls off at the slightest tilt, 
clearing the space for a new droplet to form. This is 
dropwise condensation, and it is nearly ten times 
more efficient than the old way. 
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In Dhaneri, the implementation of this “Space-Age 
Copper” was met with deep skepticism. 

“The elders thought it was magic or a trick,” says 
Vikram, a local youth who helped install the panels. 
“They asked, ‘How can a dry plate give water?’” 

The system was simple: the plasma-etched copper 
plates were mounted on frames with a hollow back 
containing a phase-change material — a substance 
that stays cold from the night air and keeps the 
copper below the dew point well into the morning. 

The first night the panels were active, Kamla Devi 
stayed awake. She sat in the courtyard, the scent 
of parched earth heavy in the air. As the desert 
temperature plummeted at 3:00 AM, the invisible 
river in the sky began to touch the copper. 

On the nano-patterned surface, the molecules of 
vapor huddled together. Because of the plasma 
etching, they didn’t smear. They beaded. Tiny 
diamonds of water began to dance. Due to the lack 
of friction on the nano-peaks, the droplets began 
to merge and “jump.” This is a phenomenon known 
as coalescence-induced jumping — where the 
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energy released when two droplets join is enough 
to literally fling them off the surface. 

By 6:00 AM, a steady thrum-thrum-thrum echoed 
in the schoolyard. It was the sound of pure, 
distilled water hitting a collection trough. 

That morning, the village didn’t go to the well. They 
went to the schoolhouse. Kamla Devi was the first 
to taste it. It didn’t taste of the salt and sulfur of the 
deep earth; it tasted of nothing. It was the flavor of 
the sky. 

The success in Dhaneri has turned the village into a 
case study for the “Atmospheric Water Revolution.” 
The beauty of the plasma-etched surfaces lies in 
their durability. Unlike chemical coatings that peel 
off under the blistering UV rays of the Indian sun, 
the nano-pattern is etched into the metal itself. It is 
a structural change, as permanent as the grain in 
wood. 

Furthermore, the process is “green.” There are no 
toxic liquid wastes — just the glow of the plasma 
and the recycling of argon gas. For a country like 
India, which faces some of the most acute water 
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stress in human history, this marriage of physics 
and rural necessity is a lifeline. 

Each panel in Dhaneri now produces about 15 to 
20 liters of water per day during the humid 
months — enough for a family’s drinking and 
cooking needs. It has changed the economy of the 
village. The “Matka Walk” has been shortened. The 
girls of the village, who once spent their mornings 
hauling water, are now sitting in the very 
schoolhouse that harvests their water, studying the 
same physics that quenched their thirst. 

As the sun climbs higher, hitting its zenith over the 
Rajasthan sands, the heat becomes a physical 
weight. The copper plates are now hot to the 
touch, and the harvest has ended for the day. The 
troughs are covered to prevent evaporation. 

Kamla Devi sits in the shade of a Khejri tree. She 
no longer has the deep, chronic bruise on her 
shoulder from the water-jug straps. She watches 
the children play, splashing a few stray drops of 
sky-water on each other’s faces. 

“The desert has always taken from us,” she says, 
her voice a low rasp. “The sun took our sweat. The 
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wind took our soil. But now,” she gestures to the 
shimmering plates on the roof, “we are finally 
taking something back.” 

The plasma fireball, a sun created in a lab, has 
given them a way to survive the sun in the sky. In 
the heart of the Thar, where life is a constant 
negotiation with the elements, the smallest 
patterns — measured in nanometers — have made 
the biggest difference. The invisible river is finally 
flowing into the cups of Dhaneri, one jumping 
droplet at a time. 
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A New Radiance for Moradabad 

(Image created by Google Gemini) 

 

The air in Moradabad is a heavy soup of coal 
smoke and metal dust. The ghosts of a thousand 
years of craftsmanship hide in the street corners. 
To a stranger, the noise of the “Pital Nagri” — the 
Brass City — is a chaotic din. But to Salim, the 
rhythmic tink-tink-tink of hammers hitting metal 
was like a heartbeat. It was the sound of his 
grandfather shaping prayer lamps for temples, and 
the sound of his father crafting ornate vases for the 
mansions of Delhi. The narrow, soot-stained lanes 
of Moradabad have hummed with the rhythmic 
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tink-tink-tink of hammers for centuries. Here, brass 
isn’t just an alloy; it is the lifeblood of the city. 

Brass is a proud but temperamental metal. It 
mimics the glow of gold, offering a warmth that 
steel and aluminum can never replicate. However, 
its beauty is fleeting. In the humid, sulfurous 
atmosphere of industrial Moradabad, a freshly 
polished piece of brass begins to die the moment it 
is finished. 

For Salim, a third-generation craftsman, the metal 
was a fickle friend. He could shape it into a 
masterpiece — a delicate Aftaba or a grand 
vase — but he knew that the moment it left his 
workshop, the air itself began to steal its glitter. 
The humid breath of the monsoon and the sulfur of 
the city’s hearths would inevitably turn the radiant 
gold into a weeping, dull green. 

Salim stood in his workshop, looking at a shipment 
of intricate Aftabas — traditional long-necked water 
vessels — destined for a boutique in Paris. They 
were radiant now, but he knew the cycle. Within 
weeks, atmospheric oxygen and moisture would 
react with the copper in the brass. The golden 
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surface would first turn a sickly yellow, then a dull 
brown, and finally, a weeping, crusty green. 

“The foreigners want the glow, Salim, but they do 
not want the work,” his father had warned him 
years ago. To keep brass shining, it required 
constant polishing with Brasso or lemon and salt. 
In a modern world of “set it and forget it” home 
decor, Moradabad was losing ground to cheap, 
plastic-coated imitations from factories that lacked 
soul but offered “permanence.” 

To keep the luster alive for the international market, 
artisans relied on traditional lacquers that often 
chipped or dimmed the metal’s natural fire. 
Lacquer — a thick, organic coating acted like a 
clumsy plastic wrap. It was thick, often dripping 
into the fine engravings and blurring the sharp lines 
of Salim’s chisels. Worse, if a single tiny scratch 
occurred, the moisture would seep underneath, 
creating ugly, dark “spider webs” of corrosion that 
could never be cleaned. 

Atmospheric corrosion wasn’t just a chemical 
reaction; it was an economic barrier. In the global 
market, “maintenance-free” was the mandate. If 
Moradabad’s brass couldn’t stay bright on a shelf 
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in London or New York, the industry — and Salim’s 
livelihood — would tarnish along with it. Salim’s 
craft was at a crossroads. He was a master of the 
17th century trying to survive in the 21st. 

The change didn’t come from a new hammer or a 
different alloy. It arrived in the form of a team from 
a research institute, based far away in 
Gandhinagar. They didn’t look like craftsmen; they 
looked like astronauts of the laboratory. They were 
invited by the Moradabad Brassware Industry 
Association. They didn’t bring polish or wax; they 
brought a piece of the sun. 

When the institute set up their treatment facility in 
the heart of Moradabad, the local artisans were 
skeptical. “They say they use the fourth state of 
matter,” Salim whispered to his neighbor, Yunus. 
“They say they can wrap our brass in a layer of 
stone that you cannot even see. The solution was 
Plasma Polymerization. Inside a vacuum chamber, 
the scientists created a low-temperature 
plasma — a glowing, ionized gas. They introduced 
specialized monomers that, under the influence of 
the plasma, shattered and reassembled 
themselves into a “quartz-like” thin film. Not a 
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thick, gooey coating; but a transparent, 
nanometer-scale shield, as hard as glass but as 
flexible as the metal beneath it. 

The scientists explained the concept of Plasma 
Polymerization. To Salim, it sounded like alchemy. 
They spoke of vacuum chambers and ionized 
gases, of molecules being shattered by electricity 
and rebuilt into something new. 

The goal was to deposit a “quartz-like” 
layer — technically a silicon-oxide-based 
film — onto the surface of the brass. Unlike lacquer, 
which sits on the metal, this plasma-deposited film 
would be nanometers thin, chemically bonding to 
the brass at an atomic level. It would be as hard as 
glass but as flexible as the metal itself. 

One Tuesday, Salim took his finest piece — a large, 
hand-engraved platter featuring the Tree of 
Life — to the IPR facility. He watched as the 
technician placed it inside a heavy stainless steel 
vacuum chamber. 

As the pumps hummed, removing the air, the 
technician turned a dial. Through a small glass 
porthole, Salim saw a miracle. The interior of the 
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chamber didn’t just light up; it glowed with a 
ghostly, violet-blue radiance. This was the 
plasma — a swirl of high-energy electrons and ions. 

Inside that violet glow, a specialized precursor gas 
(a monomer) was being broken apart. The plasma 
acted like a cosmic construction crew, taking those 
fragments and knitting them together directly onto 
Salim’s platter. In a matter of minutes, the 
“star-fire” inside the machine had grown a 
transparent shield of quartz over every microscopic 
ridge and valley of his engraving. 

When the chamber hissed open and the platter 
was handed back to him, Salim blinked in 
confusion. To the naked eye, it looked 
untouched — the raw, buttery glow of the brass was 
perfectly preserved. “You didn’t do anything,” he 
remarked, running his thumb over the metal. “It 
looks exactly the same.” Unlike lacquer, this 
quartz-like layer didn’t peel. It was chemically 
bonded to the surface. 

The scientist smiled. “That is the point, Salim. It 
looks the same, and it will look the same forever.” 
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To prove the power of the technology, the IPR 
team conducted a “torture test.” They took two 
identical brass bowls — one untreated and one 
protected by the plasma-polymerized quartz film. 
They sprayed them with a concentrated salt-water 
solution, mimicking the salty air of a coastal city or 
the harsh sweat of human hands. 

Days later, the untreated bowl was a disaster of 
mottled grey and green spots. The plasma-treated 
bowl, however, sat on the table like a defiant sun. It 
was as brilliant as the day it was forged. 

Salim realized this wasn’t just a technical upgrade; 
it was an economic revolution. For the first time, 
Moradabad’s brass could compete with the 
“stainless” industries of Europe and China. It could 
be sold in New York or London with a “Lifetime 
Glow” guarantee. 

Word spread through the lanes of the city. The 
skepticism turned into a queue. The treatment 
facility became a bridge between the ancient and 
the futuristic. 

Suddenly, Moradabad wasn’t just competing on 
price; it was competing on technology. Their brass 
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could now withstand salt spray and industrial 
pollutants. For artisans like Salim, it meant their art 
was finally permanent. A piece sold today would 
look the same decades later, preserving the 
craftsman’s “signature” against the ravages of 
time. 

The treatment facility in Moradabad turned a local 
struggle into a global advantage. By wrapping 
ancient art in the protective embrace of 
21st-century physics, the “Brass City” ensured that 
its golden heritage would never fade. Salim no 
longer fears the air; he knows that his hammers 
create the shape, but the plasma preserves the 
spirit. 

For Salim, the impact was deeply personal. He 
began to see his work differently. Before, he felt he 
was creating a transient beauty — something that 
would eventually fade and be hidden away in a 
cupboard. Now, he was creating heirlooms. 

He recently completed a set of brass lamps for a 
hotel in Mumbai. He watched them being packed, 
knowing they would hang near the sea, exposed to 
the salty breeze that had ruined his father’s work 
decades ago. But these lamps were different. They 
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carried microscopic armor, a gift from the 
physicists to the poets of metal. 

As the sun sets over the Ramganga river, the fires 
of the furnaces in Moradabad continue to burn. But 
now, there is a new light in the city — the violet 
glow of the plasma chamber. 

Salim sits at his bench, his hammer hitting the 
brass with a renewed vigor. He isn’t just shaping an 
object; he is shaping a future. In the “quartz-like” 
shimmer of his newest vase, he sees his own 
reflection — a craftsman who stood his ground 
against time and, with the help of a little star-fire, 
won. 
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The Angora Bond 

(Image created by Google Gemini) 

 

In the mist-shrouded peaks of the Kulu Valley, 
where the air smells of cedar and ancient snow, a 
revolution was brewing — not of swords, but of 
silk-soft fiber. 

For generations, the weavers of Himachal Pradesh 
had a love-hate relationship with Angora wool. It 
was the warmest substance known to them, a 
thermal miracle capable of trapping heat in the 
most brutal Himalayan winters. But Angora had a 
flaw: it was too perfect. 
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Under a microscope, the fibers were as smooth as 
glass. Unlike sheep’s wool, which has microscopic 
scales that “hook” together during spinning, 
Angora fibers would simply slide past one another. 
Spinning them into long, durable threads was like 
trying to braid water. The “Ghost Thread,” as the 
locals called it, would often snap or fray, limiting its 
use to small, delicate blends. 

Everything changed when the Wool Research 
Board arrived with a sleek, humming monolith of 
steel and glass. They set up the first-scale 
Atmospheric Pressure Dielectric Barrier Discharge 
(AP-DBD) reactor right in the heart of the valley. 

While it sounded like science fiction, the principle 
was a masterstroke of physics. Traditional plasma 
treatment often required expensive vacuum 
chambers or harsh chemicals that “etched” and 
damaged the delicate protein structure of the wool. 
This new system was different. It produced 
large-area, Helium-free cold plasma right in the 
open mountain air. 

Kavita, a master spinner whose family had worked 
the charkha for a century, watched the first batch 
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go through. Continuous streams of raw Angora 
fiber were fed into the reactor. 

As the wool passed through the violet glow of the 
cold plasma, the plasma didn’t “eat” the fiber. 
Instead, it bombarded the surface with ions and 
excited molecules. It created a microscopic 
“nano-roughness” — a series of functional groups 
and textures that acted like invisible Velcro. The 
fibers emerged looking identical to the naked eye, 
but their physical personality had shifted. 

“It feels the same,” Kavita whispered, rubbing the 
wool against her cheek, “but it behaves… 
differently.” 

When Kavita sat at her wheel, the magic 
happened. The “Ghost Thread” was gone. The 
textured Angora fibers gripped each other with 
newfound tenacity. She was able to spin a thread 
thinner and stronger than she had ever 
dreamed — a continuous, shimmering line of pure 
warmth that didn’t slip or break. 

The Kulu Valley reactor turned the “impossible” into 
the “industrial.” Soon, the valley wasn’t just known 
for its beauty, but for producing the world’s first 



65 

100% pure Angora yarn that could survive a 
high-speed loom. 

Today, the hum of the plasma reactor blends with 
the rush of the Beas River. The partnership 
between high-tech physics and Himalayan tradition 
has created a garment that is light as a cloud but 
holds the heat of a hearth fire. In the Kulu Valley, 
the future of fashion isn’t just being woven; it’s 
being ionized. 

The arrival of the reactor didn’t just change the 
fiber; it changed the rhythm of the village squares. 
Initially, the local farmers — the Angora 
Wallahs — were skeptical. They stood at the edge 
of the Research Board’s perimeter, clutching their 
wicker baskets of raw, white fluff, watching the 
violet light of the AP-DBD system with narrowed 
eyes. 

Jishnu, the eldest farmer in the valley, was the first 
to speak up. He had raised Angora rabbits for sixty 
years, grooming them with wooden combs and 
protecting them from leopards. 

“You are putting lightning into the wool,” Jishnu 
remarked, pointing a gnarled finger at the glowing 
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electrodes. “Wool is a living thing. You burn the life 
out of it with your machines, and it will lose its 
spirit. It won’t keep the mountain chill out 
anymore.” 

The lead researcher, Dr. Nirmal Gupta, didn’t 
argue. Instead, he invited Jishnu to bring a single 
kilo of his finest “Grade A” clip. 

The farmers gathered around as Jishnu’s wool was 
fed into the continuous stream. They expected the 
smell of singed hair or the crackle of fire. Instead, 
there was only a low, rhythmic hum. 

When the wool emerged from the plasma field, Dr. 
Aris handed a tuft back to Jishnu. The old man 
pressed it to his lips — the traditional way to test for 
heat retention. His eyes widened. It wasn’t brittle. It 
wasn’t burnt. It was just as soft, but it felt… 
“tackier,” like the skin of a ripened peach. 

“We aren’t adding chemicals, Jishnu,” Dr. Gupta 
explained. “And we aren’t using Helium, which 
would make the process too expensive for the 
valley. We are just using the air you breathe to 
rearrange the surface of the hair at a level smaller 
than a speck of dust.” 
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Word spread from the Kulu reactor to the 
high-altitude farms. Before the plasma system, the 
farmers were at the mercy of middlemen who 
bought their wool cheaply, claiming it was 
“unspinnable” without being blended with 70% 
sheep’s wool or synthetic polyester. 

Now, the interaction has changed. Farmers began 
bringing their clips directly to the Kulu facility. 
Because the plasma treatment allowed for 100% 
Angora yarn, the value of their raw product tripled. 
The Wool Research Board helped the farmers form 
a collective. They weren’t just “rabbit raisers” 
anymore; they were the suppliers for a high-tech 
“plasma-certified” luxury line. 

A month later, the first shawls made from the 
plasma-textured yarn were finished. Jishnu sat 
outside his hut as the sun dipped below the peaks. 
He wore a waistcoat made from his own rabbits’ 
wool — spun into a long, continuous thread that 
had been impossible only a year prior. 

A group of younger farmers sat with him, debating 
the merits of “Dielectric Barrier” settings versus 
traditional methods. Jishnu just smiled, feeling the 
immense warmth trapped in the fibers. 
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“The machine doesn’t steal the spirit,” Jishnu told 
the younger men, “it just gives the wool hands so it 
can hold onto itself.” 

The Kulu Valley had found the perfect balance: the 
ancient warmth of the Angora, perfected by a 
gentle stroke of “cold lightning.” The textured 
angora could be spun with other types of wool 
making more products possible. 

The introduction of plasma-textured Angora didn’t 
just revolutionize pure yarn; it acted as a 
“molecular bridge” for the entire wool industry in 
the Kulu Valley. By changing the surface energy of 
the Angora, it could now bond with fibers that were 
previously its rivals or total strangers. 

The Hybrid Revolution 

In the bustling sorting rooms of the Kulu facility, 
the air was filled with a new kind of 
experimentation. Farmers who previously only 
traded in coarse sheep wool began bringing their 
clips to be blended with the “activated” Angora. 

Before the plasma reactor, mixing Angora and 
Pashmina was a nightmare. Both fibers were too 
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smooth, resulting in a yarn that would literally fall 
apart on the loom. By running the Angora through 
the AP-DBD reactor first, it developed the 
necessary “grip” to hold onto the even finer 
Pashmina fibers. A fabric so light it could pass 
through a wedding ring, yet warmer than a heavy 
winter coat. They called it Kulu Silk. 

The local Desi sheep wool was famous for its 
durability but infamous for being “scratchy” against 
the skin. When the textured Angora was spun with 
the coarse local wool, the Angora fibers wrapped 
around the sheep wool like a soft, thermal sheath. 
This created a hybrid yarn perfect for high-end 
upholstery and heavy-duty outdoor gear that felt 
like cashmere on the inside but wore like iron on 
the outside. With these new hybrid yarns, the 
“Wool Research Board” and the farmers’ 
cooperatives began prototyping products that had 
never been seen in the valley: 

Utilizing the moisture-wicking properties of sheep 
wool and the extreme heat retention of Angora, 
they developed Thermal Performance Wear layers 
for Himalayan trekkers. A blend of plasma-treated 
Angora and a small percentage of local hemp fiber. 
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The Angora provided the comfort, while the 
textured surface allowed it to lock tightly with the 
hemp for a sock that would never lose its shape or 
wear through at the heel. Because the plasma 
treatment increased the surface energy, the wool 
could now be bonded with eco-friendly bioplastics 
to create biodegradable insulation for high-altitude 
housing. 

The interaction between the farmers shifted from 
simple harvesting to material engineering. 

Jishnu and the younger farmers began 
“recipe-sharing.” A farmer with a smaller rabbitry 
might partner with a neighbor who had a large 
flock of sheep. Together, they would bring their raw 
materials to the reactor, select a specific “Surface 
Texture Profile” on the machine’s interface, and 
create a custom blend unique to their village. 

“We aren’t just selling bags of fluff anymore,” 
Jishnu noted, watching a shipment of Angora-Yak 
hair blends being packed for a boutique in Milan. 
“We are selling the science of the blend.” 

The Kulu Valley had transformed into a living 
laboratory where the Atmospheric Cold Plasma 
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served as the invisible glue, holding together not 
just different fibers, but the economic future of the 
mountain communities. 
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The Alchemist of Surat 

(Image created by Google Gemini) 

 

The humid air of Surat usually smelled of salt and 
diesel, but inside the laboratory of Harishbhai 
Shah, it smelled of ozone and machine oil. 

Harishbhai was not a traditional diamond 
merchant. He never sat on a white floor cushion 
with a magnifying glass, niggling over the clarity of 
a stone. He was a man of the machine. 
Specifically, a compact, affordable tabletop Plasma 
Wakefield Accelerator that occupied the basement 
of his nondescript laboratory in Ichchhapore. 
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Harishbhai was a dealer in the “untouchables”; the 
brown stones, the milky stones and the rejects that 
looked like dishwater turned into ice. The regulars 
at the Surat Diamond Bourse treated them as 
scrap. 

He leaned against the glass partition, watching the 
vacuum pumps. Ankit, his nephew, stood beside 
him. He had an engineering degree from Stanford 
and a permanent look of anxiety. 

“Kaka, the nitrogen levels in this batch are 
inconsistent,” Ankit whispered. “If we treat them, 
we might get a muddy orange instead of the ‘Fancy 
Vivid Orange’ the client wants.”​
The process was ion implantation. Harishbhai’s lab 
used high-energy ions — boron, nitrogen, or 
hydrogen — to physically alter the crystal lattice of 
the diamond. By firing these particles deep into the 
stone, they could create “colour centres.” 

A brown diamond, once bombarded with the right 
dosage of boron ions, could emerge as a deep, 
regal blue that would make Tiffany's executive 
weep. 

“Start the cycle,” Harishbhai commanded. 
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The market for natural colored diamonds — pinks, 
blues, and greens — was skyrocketing because of 
their rarity. A natural five-carat pink could fetch 
millions. Harishbhai’s “treated” stones sold for a 
fraction of that, but his margins were astronomical. 
He bought the “trash” for pennies and sold the 
“treasure” for dollars. 

He walked to his office, which had a framed 
photograph of his grandfather, who had started the 
family business with a single hand-operated 
polishing wheel. “The old man would think I’m a 
wizard,” Harishbhai mused, pouring himself a cup 
of masala chai. “Or a fraud.” 

But Harishbhai was firm on ethics. Every stone that 
left his lab was laser-inscribed with a microscopic 
serial number indicating it was “Color Enhanced.” 
In the diamond world, the line separating the 
innovator from the criminal was very thin. 

A knock at the door interrupted his thoughts. It was 
Vimal Bhai, a merchant who still believed that the 
only way to get a colored diamond was to pray for 
a miracle. 
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“Harish,” Vimal said, sitting down heavily. “The 
market says your ‘Ocean Blues’ are looking too 
good. The lab in Mumbai couldn’t distinguish the 
last batch from natural stones until they did a 
spectroscopic analysis.” 

Harishbhai smiled, the corners of his eyes crinkling. 
“Only shows that I am better than nature, Vimal 
Bhai? Nature is chaotic. I am precise.” 

Ankit shouted that the run was through. The load 
was a 15-carat monster — originally a dull, 
yellowish-grey stone that looked like a pebble from 
a driveway. Harishbhai had spent three weeks 
calculating the exact dosage of ions required to 
turn it into a"bright Canary Yellow”. 

The physics was complex. To achieve the perfect 
hue, they had to manage the displacement of 
carbon atoms without shattering the diamond’s 
structural integrity. 

The energy of the ions had to be precise. Too low, 
and the color would be a thin skin that polished off. 
Too high, and the diamond would 
“graphitize” — turning into an expensive lump of 
coal. 
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As the chamber hissed open, Ankit used titanium 
tweezers to lift the stone. It was covered in a thin 
layer of carbon dust from the high-energy impact. 
He dipped it into an acid bath, cleaned it, and 
placed it under the halogen lamp. 

The stone looked like a piece of the sun; flawless. 
The ion implantation had worked deeper than ever 
before, creating a saturated, uniform gold that 
pulsed with “fire.” 

The common belief is that a diamond’s value came 
from the millions of years it spent under the earth. 
But to Harishbhai, the earth was just a slow, 
inefficient furnace. He had compressed a million 
years of geological accidents into an hour-long 
cycle with his high flux accelerator. 

He was once asked if he felt that his work was 
dishonest. “If a rose is grown in a greenhouse 
instead of a wild forest, is it still a rose?” he had 
countered. “Does it smell less sweet? Does the 
person who receives it feel less love?” The value 
wasn’t in the dirt; it was in the delight. 

His phone rang. It was Mr. Elias Thorne, a senior 
gemologist for a prestigious Swiss auction house. 
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He had requested a private audience after 
Harishbhai’s company, ‘Surat Quantum Gems,’ had 
submitted three spectacularly saturated, 
emerald-cut ‘Fancy Vivid Green’ diamonds for the 
upcoming ‘Magnificent Jewels’ sale. Natural green 
diamonds are among the rarest treasures on Earth, 
typically created by millenia of natural radiation 
exposure near uranium deposits. These three 
stones, totaling twelve carats, were flawless in 
color uniformity. 

Thorne’s face appeared on the screen. He sat in a 
white-walled examination room. 

“Mr. Shah,” Thorne began, his tone polite but 
clipped. “Thank you for joining us. I will be blunt. 
Your stones are extraordinary. The color saturation 
is… frankly, unbelievable.” 

“Nature is often unbelievable, Mr. Thorne,” 
Harishbhai replied smoothly. 

“Indeed. But nature is also messy,” Thorne 
countered, tapping a pen on the desk. “We have 
subjected your greens to standard spectroscopy. 
The results are… ambiguous.” 
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“Irradiation usually leaves a very specific ‘GR1’ 
defect center in the crystal lattice,” Thorne 
explained, his voice becoming precise. “It’s a 
calling card. We can see it, and it tells us the color 
is artificial. Your stones do not have the GR1 
defect. They look natural.” 

Harishbhai felt a spike of pride. His nephew’s 
proprietary annealing process — heating the stone 
after the ion bombardment to heal the lattice 
damage while locking in the color — was working. 

“However,” Thorne continued, “a specialized 
photoluminescence scan showed an unusual spike 
in the vacancy-related defect centers. It’s too 
uniform. It doesn’t look like accidental geology.” 

Harishbhai leaned forward, placing his elbows on 
the desk.​
“Mr. Thorne, you are correct. Those diamonds did 
not come out of the earth green.” 

The admission hung in the air. Thorne paused, his 
expression unchanged. “Then, by the regulations 
of the World Jewellery Confederation, we must 
label them as ‘Treated.’ Their value will collapse by 
90%.” 
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Harishbhai smiled. “Tell me, Mr. Thorne. The green 
color. Is it stable?” 

“We tested for color stability under extreme UV 
light and high temperature. Yes. It is permanent.” 

Harishbhai nodded. “I am not presenting these as 
natural. I am presenting them as engineered.” 

“Engineered?” Thorne repeated, raising an 
eyebrow. 

“The world’s supply of naturally coloured diamonds 
is vanishing. What you see on your desk is a 
brown, ugly stone that was worthless to your 
traditional clients. We did not cover it with paint, 
Mr. Thorne. We didn’t laser-drill it to remove 
inclusion. We finished what nature started.” 

Harishbhai paused to let the words sink in. 

“We implanted it directly into the lattice. We 
changed the diamond at an atomic level to reflect 
green light. This isn’t ‘treatment’ like heating a 
sapphire. This is nanotechnology applied to 
carbon.” 
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“The market demands rarity,” Thorne said, playing 
devil’s advocate. 

“The market demands beauty and certainty,” 
Harishbhai countered, his voice gaining strength. 
“A natural vivid green might have structural 
weaknesses, or an unknown history. My Quantum 
Greens are perfect. They are consistent. And they 
can be inscribed and traced back to my lab. I 
provide certainty of origin and quality.” 

“Mr. Shah, the old guard in Antwerp will be 
furious.” 

“They were furious when laser-inscription of serial 
numbers started. They will adapt. You are an 
auction house. Your job is to find value where the 
world hasn’t seen it yet. I am offering you an 
exclusive portfolio: ‘The Ion Series.’ The world’s 
first scientifically optimized, stable, vividly colored 
diamonds. The labels will say ‘Color Enhanced by 
Ion Implantation. We hide nothing.” 

Harishbhai sat back, taking another sip of his cold 
tea.​
Thorne stared at the three green gems glinting on 
the velvet tray. He saw not only their beauty but the 
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inevitable future. Traditional supply was a dead 
end. This Gujarati businessman, sitting thousands 
of miles away, had solved the supply crisis with a 
particle accelerator. 

“If we label them explicitly as ‘Quantum Enhanced,’ 
and focus the marketing on the precision 
engineering aspect, as ‘diamonds for the 21st 
century’…” Thorne mused aloud. 

“The 21st century, Mr. Thorne,” Harishbhai smiled, 
“is about taking control of nature, not waiting for 
it.” 

Thorne nodded once, decisive. “We will accept the 
stones. ‘The Ion Series’ will be a featured collection 
in the ‘Science of Beauty’ section. I believe your 
calculated risk might just redefine the auction 
block, Mr. Shah.” 

Harishbhai ended the call. He texted Ankit. 
“Prepare the 20-carat rough. We are attempting 
‘Fancy Vivid Pink.’ The world is ready.” 
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Black Gold, Cold Plasma 

(Image created by Google Gemini) 

 

The humid breeze of the Arabian Sea carried the 
heavy, unmistakable scent of cardamom and black 
pepper across the Willingdon Island docks. For 
Madhav Menon, that fragrance was as much 
heritage; as it was a challenge. 

As a third-generation spice exporter in Cochin, 
Menon was steeped in spice stories. The “Queen 
of the Arabian Sea” had traded in “Black Gold” for 
centuries. But the modern global market was not 
much impressed by history; It was obsessed with 
safety. A single shipment rejected by the EU for 
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aflatoxin contamination could bankrupt a small firm 
and tarnish a reputation built over decades. 

Menon looked at his warehouse. Steam 
sterilization — the industry standard — was effective 
at killing microbes, but it was brutal. The vibrant 
green of the Alleppy Green Cardamom was lost in 
the process. Steam also blew away the volatile oils 
that gave Malabar pepper its bite. 

“We are killing the soul of the spice to save its 
safety,” Menon told his lead engineer, Anjali. “We 
need a way to decontaminate without the heat.” 

Menon decided to investigate. His friends from 
Cochin University had told him of the cold plasma 
sterilization work being done at the Institute for 
Plasma Research in Gandhinagar in distant 
Gujarat. He and Anjali visited the institute and had 
detailed discussions. The consequence was that 
he decided to invest in a state-of-the-art Cold 
Plasma processing facility, the first of its kind in 
Kerala’s spice hub. Unlike steam processing, cold 
plasma works at room temperature by ionizing 
ambient air to create a reactive field of ions, 
electrons, and free radicals. 
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Anjali oversaw the installation of the dielectric 
barrier discharge (DBD) reactor. “It’s elegant, 
Madhav,” she explained, pointing to the glowing 
violet hue emanating from the treatment section. 
“The reactive oxygen and nitrogen species (RONS) 
attack the cell membranes of bacteria and 
physically degrade the molecular structure of 
aflatoxins. But because it’s ‘cold,’ the piperine in 
our pepper and the cineole in our cardamom 
remain totally unaffected.” 

To understand how Menon’s facility works, you 
have to imagine it as a high-tech “laundry” for 
germs and toxins. Instead of using soap and water, 
it washes with ionized air. 

The heart of the facility is a glass-shielded 
chamber. As the spices move through on a 
specialized mesh belt, they pass through a large 
zone of soft, violet glow created by an array of 
dielectric barrier discharge applicators initiated by 
a high voltage microsecond pulse train. This strips 
electrons away from the oxygen and nitrogen 
molecules, turning the air into a ‘soup’ of highly 
reactive particles.” 
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These particles — called Reactive Species — act like 
microscopic scissors. When they hit a bacterium or 
a mold spore, they tear through the outer 
protective layer, effectively neutralizing the threat 
without needing heat. 

To understand why Menon’s plasma facility was so 
revolutionary, one had to look at the fabled history 
of Fort Kochi. Long before Irving Langmuir named 
the glowing gas plasma, Cochin was the centre of 
a maritime world involving Europeans and Arabs. 

Menon often reminded his investors that they 
weren’t just shipping “food ingredients” — they 
were purveyors of a currency that once 
commanded the world. Two thousand years before 
the European Union set its strict safety standards, 
the Roman Empire was already obsessed with 
Malabar. 

Ancient texts tell of massive Roman ships that rode 
the monsoon winds from the Red Sea to the port 
of Muziris, in Cranganore, north of modern-day 
Cochin. In Rome, black pepper was weighed 
against gold. It was so vital that when Alaric the 
Goth besieged Rome in 408 AD, he demanded 



87 

3,000 pounds of pepper as part of the city’s 
ransom. 

This ancient trade didn’t just bring back pepper; it 
brought back tales of a land where the sun was 
fierce and the air was thick with the scent of “the 
black gold.” 

The legacy Menon inherited was forged during the 
“Spice Wars.” For centuries, the Silk Road was the 
only way for spices to reach Europe, passing 
through dozens of middlemen until prices were 
astronomical. 

In 1498, when Vasco de Gama, the Portuguese 
navigator finally rounded the Cape of Good Hope 
and landed on the Malabar Coast, the world 
changed forever. He wasn’t looking for new lands; 
he was looking for a direct route to the very 
cardamom and ginger Menon was now treating 
with cold plasma. The Dutch, the Portuguese, and 
the British all left their mark on Cochin’s skyline. 
They built massive stone warehouses — the 
“godowns” — to protect their spice hoards from the 
very same humidity and mold that Madhav was 
now fighting with high-frequency electricity. 
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The most impressive part of the treatment is its 
ability to handle Aflatoxins — toxic chemicals 
produced by certain molds that are incredibly hard 
to destroy. Standard cooking or boiling doesn’t kill 
aflatoxins; they are heat-stable. However, the 
“chemical storm” inside the plasma chamber is 
different. The reactive ions target the specific 
chemical bonds (the furan rings) that make the 
toxin dangerous. By breaking those bonds, the 
plasma turns a poisonous molecule into a harmless 
fragment. It’s a chemical transformation that 
happens in seconds at room temperature. 

The “Cold” in Cold Plasma is the secret to Menon’s 
business success. In traditional steam treatment, 
the temperature reaches 100°C to 120°C, which 
causes two problems: The delicate oils (like 
piperine in pepper) evaporate, taking the flavor with 
them or the High heat “cooks” the spice, turning 
bright greens into dull browns. 

In Menon’s DBD reactors, the gas molecules 
remain at room temperature. Only the tiny electrons 
are “hot” and energetic. This means the spice pod 
stays cool and intact, keeping its weight, its 
punchy aroma, and its market value. At the back of 
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the facility, a wall of monitors tracks the 
metabolomic fingerprint of the spices. Sensors 
measure exactly how much ozone and nitrogen 
oxide are produced. 

“Every spice is different,” Anjali notes. “Black 
pepper has a hard shell, so it can handle a higher 
‘dose’ of plasma. Ground turmeric is a fine powder 
with more surface area, so we have to use a 
gentler, more turbulent airflow to ensure every grain 
gets treated without over-processing.” This 
precision ensures that when a container leaves 
Cochin for New York or London, it isn’t just 
safe — it’s scientifically perfect. 

The facility’s first major test came when a batch of 
nutmeg from the rural highlands tested slightly 
above the permissible limit for Aflatoxin B1. 
Normally, this would be a total loss. 

Menon and Anjali ran the batch through the plasma 
conveyor. They meticulously calibrated the Gas 
Composition: Using a mix of Argon and Air. The 
Voltage was set : High enough to bridge the gap, 
but optimized to prevent “arcing.” Exposure Time: 
Just long enough to break the furan ring of the 
aflatoxin molecule. 
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A week later, the lab results came back. The 
microbial load was negligible, and the aflatoxins 
had been reduced by 85%, bringing them well 
within international safety limits. 

But the real test was sensory. Menon invited a 
veteran spice cupper to sample the plasma-treated 
cardamom. The old man inhaled deeply, then 
cracked a pod. “It still has the ‘pop,’” he remarked. 
“The color is vibrant, and the aroma… it’s like it 
was picked yesterday.” 

Menon’s facility quickly became the talk of the 
Cochin Chamber of Commerce. However, he knew 
the journey wasn’t over. While the plasma worked 
wonders on flat surfaces like dried chili, the 
complex crevices of a nutmeg seed required more 
“dwell time.” 

He began collaborating with the local university to 
integrate metabolomic mapping, ensuring that the 
plasma wasn’t creating any unknown by-products. 
He wasn’t just building a factory; he was creating a 
blueprint for the future of Indian food safety. 

Menon walked through his facility, where the violet 
light of the plasma reactors hummed in the same 
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air where Portuguese sailors once hauled heavy 
sacks of pepper onto wooden galleons. 

“The Greeks called it peperi, the Romans called it 
piper, and today, the world calls it a ‘high-risk 
commodity’ if it isn’t clean,” Madhav mused. 

For two thousand years, the challenge had been 
the distance — how to get the spice from Cochin to 
Europe through storms and pirates. Today, the 
challenge was biology — how to get it there free of 
the invisible toxins and microbes that the ancient 
traders never knew existed. 

By using cold plasma, Menon wasn’t just being an 
entrepreneur; he was the latest guardian of a 
bridge between the East and West that had 
survived the fall of Rome, the Renaissance, and the 
Industrial Revolution. He was ensuring that the 
“Queen of the Arabian Sea” would remain the 
world’s pantry for the next thousand years. 

As he looked out over the backwaters, Madhav 
Menon realized that the ancient spice trade didn’t 
need to fear the future. It just needed a little bit of 
lightning, captured in a bottle.  



92 

Healing the Hospitals 

Plasma Pyrolysis system developed at the Institute 
for Plasma Research 

 

Dr. Sastri, head of the Department of Scientific & 
Industrial Research, sat watching the grainy CNN 
footage on his television, his forehead creased with 
concern. The European headlines were absolutely 
devastating. Medical waste by the thousands of 
tons — bloodied bandages, contaminated needles, 
and discarded organs — was being smuggled 
across borders like some kind of toxic black 
market currency. The health crisis had grown so 
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severe that France’s health minister was forced to 
step down. This was 1988. 

If Europe was drowning in medical waste, Sastri 
realized India was already completely underwater. 

The real nightmare wasn’t just the sheer volume of 
waste — it was what happened after disposal. 
Behind local hospitals, these weren’t urban 
legends but actual business operations. 
Scavengers were collecting quilts packed with 
used surgical cotton, while contaminated syringes 
got cleaned and resold to clinics for pocket 
change. 

Action was desperately needed. Sastri picked up 
the phone and called his colleague Swapan to 
brainstorm solutions. 

Days later, hundreds of miles away in 
Gandhinagar’s quiet research centre, the corridors 
carried the distinct scent of ozone and machinery. 
Dr. Jain was huddled in discussion with colleagues 
Prasad and Nirmal. 
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“DSIR just called,” Jain announced, cutting through 
the quiet. “They’re asking whether plasma torch 
technology could eliminate medical waste.” 

Nirmal grimaced at the technical complexity ahead. 
“We’re talking about high volume, low density 
materials with completely inconsistent 
composition. Plastics mixed with organic matter 
and liquids — it’s an absolute nightmare scenario.” 
Jain pushed back: “But wouldn’t a thermal plasma 
plume work regardless of waste type? That could 
actually be our advantage.” 

The technical hurdles remained daunting. When 
TIFAC (Technology Information Forecasting and 
Assessment Council) formally greenlit the project in 
the late 90s, their objective was crystal clear. They 
weren’t seeking an improved incinerator — they 
wanted complete molecular destruction. 

“Traditional incineration just relocates toxins from 
soil to atmosphere,” Nirmal explained during one of 
their marathon late-night design sessions. “Burn 
PVC and you create dioxins. Dioxins cause cancer. 
We need to achieve extreme temperatures.” 
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Their solution was the Plasma Torch. This 1960s 
space program leftover had originally been 
engineered to replicate the extreme heat 
experienced by missiles reentering Earth’s 
atmosphere, generating temperatures reaching 
tens of thousands of degrees. 

Their target was pyrolysis — thermal breakdown in 
oxygen-depleted conditions. The team relocated to 
their laboratory. The work proved exhausting. 
Beyond managing extreme heat, they were 
wrestling with highly corrosive environments and 
explosive gas byproducts like carbon monoxide 
and hydrogen from the pyrolysis process. Adding 
to the complexity, waste composition varied wildly 
from plastic bags one day to liquid laboratory 
runoff the next. 

Initial experiments used a Sub-stoichiometric 
Plasma Incinerator. They mounted a plasma torch 
with a thermionic tungsten cathode and forced 
nitrogen flow through a side port at the reactor 
bottom, complete with an induced draft fan and 
chimney for burning residual gases. After 
preliminary testing at the lab, this system was 
installed at Gujarat Cancer Research Hospital in 
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Ahmedabad for real-world trials. Operating in 
semi-pyrolysis mode at GCRI, the operation, 
including pathogen elimination results, was 
flawless. 

A chance encounter with a Westinghouse engineer 
sparked their next breakthrough. Mark 2 was 
engineered for full pyrolysis operation, where 
plasma converts waste into carbon monoxide, 
hydrogen, methane, and ethane. It featured a 
secondary chamber with an igniter and burner for 
combusting the pyrolysis gases. Installation took 
place at an Ahmedabad industrial facility. 

They successfully met CPCB (Central Pollution 
Control Board) requirements of 1200°C gas 
temperature in the secondary chamber without 
additional heating systems. CPCB standards were 
satisfied with gas residence time in the burn 
column exceeding 1–2 seconds. 

“This torch consumes nitrogen like crazy,” Dr. 
Prasad observed, eyeing the rows of nitrogen 
cylinders. “A 50-bed hospital could never afford the 
operating costs.” 
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The team pivoted to developing a graphite 
electrode plasma torch that operates on air without 
requiring electrode cooling, eliminating heat loss. 
Additionally, plasma could be initiated without gas 
flow. The graphite plasma torch creates a 
non-transferred arc. Spectroscopic analysis 
revealed temperatures ranging from 20,000°K in 
the plasma core down to 3,000°K in the outer 
plume. At elevated temperatures exceeding 
1000°C, super thermal pyrolysis occurs, delivering 
exceptional solid-to-gas conversion efficiency. 

The project’s breakthrough moment came during a 
site visit when Dr. Jain observed the swirling gases 
generated by the waste itself. “Why search for 
external gas sources?” he wondered aloud. “Why 
not create a torch that feeds on its own 
combustion?” 

This insight led to the Endogenous Gas Feed 
innovation. By filtering and recycling 10% of the 
waste’s own pyrolyzed gases back into the system, 
the machine achieved self-sufficiency. Their 
“dragon” was literally breathing its own fire to 
sustain operation. 
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In this refined design, the torch initiates without 
external gas feed. Pyrolysis generates abundant 
combustible gases. An inline suction pump 
captures product gas and filters out soot particles 
before feeding it back to the plasma torch. They 
successfully recycled 10% of pyrolyzed gases 
while maintaining plasma torch stability. The entire 
plasma torch operation became automated 
through sophisticated instrumentation. The 
innovation earned them a patent. 

By 2000, their first commercial prototype was 
operational at Goa Medical College. A young, 
astute Chief Minister named Manohar Parrikar 
toured the facility. He watched infectious waste 
bags enter the machine and emerge as small, 
glass-like, completely inert “slag” — a silico-metallic 
solid safe enough to handle barehanded. 

“Outstanding engineering,” Parrikar commented. 
The team felt victorious. 

However, the real “pathogens” weren’t lurking in 
medical waste — they were entrenched in corporate 
boardrooms. For the following decade, the 
“Incinerator Lobby” systematically opposed 
Plasma Pyrolysis technology. Regulations faced 
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delays; skepticism was deliberately cultivated. 
Established companies resisted any machine that 
destroyed waste so thoroughly it eliminated 
secondary market opportunities. 

“Mastering plasma physics turns out to be simpler 
than navigating government regulatory 
bureaucracy,” Prasad reflected during those 
challenging years. 

Everything shifted in 2016. With waste 
management problems reaching crisis levels and 
the technology’s reliability proven through 
extensive hospital trials, the Gazette of India finally 
revised government regulations and included 
plasma pyrolysis as an accepted method for 
hospital waste destruction. 

Later, while reviewing the interaction at the Goa 
Medical College, Jain recalled the moment when 
the cooling cycle finished, and the team opened 
the collection chamber. What lay there was the 
monolith. It looked like a piece of obsidian or a 
chunk of volcanic glass — heavy, jet-black, and 
smooth to the touch. But to the scientists, it was a 
miracle of transmutation. Inside that small, 
silico-metallic stone were the ghosts of a thousand 
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biohazards. The needles that could have pricked a 
child, the bandages that carried pathogens, the 
plastics that would have choked a landfill for 
centuries — all of them had been stripped to their 
atomic skeletons by the core of the plasma torch. 
In the intense heat, the organic was vaporised into 
clean fuel, and the inorganic — the glass and 
metal — had fused into this inert, “glassy slag.” It 
was the ultimate artistic statement: The total 
erasure of the ugly, leaving behind only the solid 
and the safe. 
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Star Stuff 

 

 

(Image created by Google Gemini) 

 

The campus of the Institute for Plasma Research in 
the village Bhat in the outskirts of Ahmedabad 
stood out in a city which is renowned for its 
architectural gems. Visitors to the campus make 
interesting comments about the layout. The 
necessity for the extra wide corridors has been 
attributed to accommodate the oversized egos of 
the scientists working there! The building has been 
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called a Taj Mahal. But the most cryptic comment 
was made by Lech Walesa, the former President of 
Poland, who after being escorted around the 
building, said that the building was more 
convoluted than the science we were doing! 

As the person in charge of these visits, I have had 
to listen to these comments and witness the usual 
awe and surprise when the visitors saw all kinds of 
plasma physics devices - machines as we call 
them. 

The person escorted into my office one day was 
introduced as Kunwar Sahib, a tall, elegant man, a 
descendant of the Suryavanshis, the Dynasty of the 
Sun.  He was wrapped in a linen bandhgala that 
looked crisp enough to cut glass. He smelled of 
marigolds and expensive sandalwood. He had 
come on an inquisitive visit to the Institute for 
Plasma Research, thanks to the architectural fame 
the place had acquired. I was to take him around.   

After a general tour of the labs where plasmas in 
various forms could be seen, I took him to the 
Tokamak hall, where the huge and complex 
magnetic confinement machine, which we had 
named ADITYA, was being assembled. The 



103 

vacuum pumps thrummed and overhead crane 
waited while its red lights flickered.  

"You see," I began, intent  on making an 
impression, gesturing toward the gleaming steel 
chamber visible inside a nest of magnetic coils, 
"we are trying to bottle the Sun. Plasma is star 
stuff. It is the fourth state of matter, so energetic 
that electrons are ripped entirely from their nuclei. 
It is exactly what the Sun is made of." 

Kunwar Sahib had a gleam in his eye. He looked at 
the gigantic machine, complex beyond his 
imagination. His eyes, previously glazed over by 
academic jargon, suddenly ignited with a deep, 
ancestral fervor. 

"Star stuff," he murmured, his voice echoing in the 
concrete lab. "A fragment of the Sun." 

"Precisely," I said, feeling rather proud of my poetic 
framing. 

He turned to me, completely serious. "I want a 
globule of it." 

I blinked. "I beg your pardon?" 
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"A small sphere. A glass vial, perhaps," he said, 
gesturing with a manicured hand. "I want you to 
trap a small sphere of this solar matter for me. I will 
place it in my puja ghar, the mini-temple at my 
estate in Udaipur. We are Suryavanshis. It is only 
appropriate that we keep a living sample of our 
ancestor at home to worship." 

A cold sweat broke out on my neck. The senior lab 
technician in the corner suddenly found his 
clipboard intensely fascinating and refused to look 
up. 

"Kunwar Sahib," I stammered, frantically searching 
for a way to break the laws of thermodynamics 
gently to royalty. "The plasma in this machine will 
be held in place by a powerful magnetic field. If it 
touches the glass, it will cool down instantly and 
cease to exist. Furthermore, it requires very high 
voltages and a vacuum system to stay alive. If I put 
it in a jar for you, the moment you walk out that 
door, it will just turn into a puff of completely 
ordinary gas." 

The Kunwar Sahib frowned. It was a subtle shift of 
the eyebrows, but it carried the weight of several 
centuries of absolute veto power. "Surely, with all 
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this government funding, you can make a 
self-sustaining sphere? A small flame that does not 
go out?" 

He wanted a perpetual solar miracle for his altar, 
and I was offering him a dead vacuum tube. I 
needed an elegant exit—something that honored 
his lineage but protected our credibility. 

I took a deep breath. "Kunwar Sahib, to possess a 
true piece of the Sun's light at home, you do not 
need our complex, temperamental machinery. The 
Sun's energy is democratic. In fact, I highly advise 
that you stop at an electrical shop  on your way 
back." 

He tilted his head. "The electrical shop?" 

"Yes. Buy a standard T8 fluorescent lamp." 

Kunwar Sahib stared at me. The lab tech snorted 
into his tea. 

"A tubelight?" the royal guest asked, his voice 
dripping with sudden skepticism. 

"A tubelight," I nodded vigorously, stepping over to 
our overhead fixture. "Inside that ordinary glass 
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tube is a low-pressure gas. When you flip the 
switch, electricity surges through it, ionizing the 
atoms. Kunwar Sahib, a burning fluorescent lamp, 
is literally filled with a glowing cylinder of 
low-temperature plasma. It is the exact same 
physics as the northern lights, and a direct cousin 
to the solar corona." 

I smiled, offering a respectful nod. "You don't need 
a high-energy physics laboratory to honor the Sun. 
You just need a twelve watt CFL to have your 
temple illuminated by the fourth state of matter." 

The Kunwar Sahib stood in silence for a long 
moment, looking from the multi-million dollar 
reactor to the flickering, slightly buzzing fluorescent 
fixture on the ceiling. 

Slowly, the sternness melted from his face, 
replaced by a wry, appreciative smile. He realized 
he had been gently outmaneuvered by a terrified 
functionary. 

"A fluorescent lamp," he chuckled softly, shaking 
his head. "Science takes the romance out of the 
heavens, yet somehow puts it right into the 
ceiling." 
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He didn't get his bottled star that day, but as he 
left, he shook my hand and promised that the next 
time he turned on the kitchen light, he would offer 
a small prayer to his ancestors. 
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The Carbon Metamorphosis 
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The monsoon in Pune usually brought a sense of 
renewal, but for Dr. Ananya Iyer, the relentless 
rhythm of rain against the corrugated roof of the 
Savitribai Phule University lab felt like a ticking 
clock. On her workbench sat a tangled heart of 
quartz tubes and copper coils—a dielectric barrier 
discharge (DBD) reactor. 
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In the year 2026, India’s "Green Metamorphosis" 
was in full swing, yet the heavy industry belts of 
Odisha and Chhattisgarh remained stubborn stains 
on the carbon ledger. Ananya wasn’t interested in 
just capturing carbon; she wanted to transmute it. 
 
"The thermal engineers call us alchemists," her 
grad student, Arjun, muttered, adjusting a flow 
meter. "They say if you can’t do it with a furnace at 
1000°C, it’s not real engineering." 
 
Ananya smiled, her eyes fixed on the faint violet 
glow beginning to flicker inside the tube. "Heat is a 
blunt instrument, Arjun. It vibrates every molecule 
until something breaks. We’re using a scalpel 
made of lightning." 
 
Ananya’s expertise was in plasma processing — 
the "fourth state of matter" promised to bypass the 
thermodynamic brick walls of chemical reactions to 
enable exotic reactions and materials for  the 21st 
century. 
 
The challenge was monumental: taking CO2​, a 
molecule so stable it was practically dead, and 
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forcing it back to life as  something 
useful—methanol, syngas, or ethylene. Traditional 
thermal catalysis required massive energy inputs to 
heat the entire gas stream. Plasma, however, was 
elegant. It used energetic electrons to "kick" the 
molecules into excited states while the surrounding 
gas remained at near-ambient temperatures. 
 
As the violet light stabilized, Ananya checked the 
monitors. The advantages of their plasma system 
were undeniable: Unlike a coal furnace that took 
days to heat up, the plasma reactor flickered to life 
in milliseconds. In a country like India, where the 
grid was increasingly powered by intermittent solar 
and wind, this was the ultimate "battery."  The 
high-energy electrons (reaching temperatures of 
10,000 to 100,000 K) targeted the CO2​ bonds 
directly, while the bulk gas stayed cool. The 
modular nature meant they didn't need a sprawling 
refinery; they could place these units directly onto 
the exhaust fumes of small-scale textile factories in 
Tirupur. 
 
But as the afternoon wore on, the "flip side" of the 
technology reared its head. The sensors showed a 
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spike in CO2​ conversion, but the selectivity was a 
mess. 
 
"We're getting carbon monoxide and oxygen," 
Arjun sighed, pointing at the chromatograph. "But 
we’re also getting a dozen side products we don't 
want. And the energy efficiency... it’s plateauing." 
 
This was the great paradox of plasma. While it was 
incredibly good at "breaking" molecules, it spewed 
chaos. It was like a master chef who could chop 
ingredients at light speed but couldn't stop them 
from flying all over the kitchen. A significant portion 
of the electron energy was "wasted" on vibrational 
excitation that didn't lead to a reaction, thus 
decreasing the overall energy efficiency. In the 
chaos of the plasma, back reactions flourished: CO 
and O would often find each other and recombine 
back into CO2​ before they could be harvested.The 
very intensity that made plasma work also ate 
away at the reactor’s internals over time. 
 
"We have won the battle of activation," Ananya 
whispered, "but we need to win the battle for 
selectionl." She knew that plasma technology, for 
all its brilliance, could not be a "lone wolf" solution. 
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To truly revolutionize India’s chemical sector, it 
needed a partner. 
 
"Arjun, bring the nickel-alumina pellets," she 
commanded. "The catalysts? But the plasma 
should replace the need for them," he argued.  
 
"Not replaced," she corrected. "Synergize." 
 
 

 
(Image created by Google Gemini) 

 
This was the frontier: Plasma-Catalysis. In this 
hybrid setup, the plasma would do the heavy 
lifting—the "splitting" of the CO2​ and the dry 
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reformation of methane driving the reaction 
CH4​+CO2​→2CO+2H2​. 
 
The catalyst, nestled inside the plasma zone, 
would act as the "anchor." It would provide a 
surface where the frantic, excited species created 
by the plasma could settle and react into specific, 
high-value molecules like methanol (CH3​OH). 
 
The results were immediate. The catalyst lowered 
the energy barrier even further, while the plasma 
"cleaned" the catalyst surface, preventing the 
"coking" (carbon buildup) that usually killed 
thermal catalysts within hours. 
 
The Plasma provided the "vibrational ladder" to 
climb the energy hill. The Catalyst provided the 
"direction" to ensure the descent led to the right 
product. 
 
At 11:00 PM, the lab was silent except for the hum 
of the vacuum pump. The screen showed a steady, 
80% selectivity for syngas with an energy cost that 
finally dipped below the "commercial viability" line. 
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"Can it be successful on its own?" Arjun asked. 
Ananya shook her head. "In the lab, perhaps. But 
in the real world? No. Plasma is the spark, but 
synergy is the engine. We need the materials 
science of catalysts, the precision of AI-driven 
power supplies, and the integration with renewable 
grids."  
 
 
 
 
 
In the energy economics of plasma-based CO2​ 
conversion, solar energy is not just a "green" 
add-on; it is the fundamental economic driver that 
makes the process viable. Without a low-cost, 
carbon-neutral electricity source, splitting CO2​ with 
plasma would simply shift the carbon burden from 
the exhaust pipe to the power plant.  
 
The importance of solar energy in this ecosystem 
can be broken down into three critical economic 
pillars. The thermodynamic stability of CO2​ is the 
greatest hurdle in energy economics. To break the 
C=O bond, you must invest a massive amount of 
energy  
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Plasma uses electricity to create energetic 
electrons. If that electricity comes from the grid at 
standard industrial rates, the resulting 
"value-added" chemicals (like methanol or syngas) 
often cost more to produce than their market value. 
As solar levelized cost of energy (LCOE) continues 
to drop—particularly in high-insolation regions like 
India—the input cost of the "electron-driven" 
process becomes competitive with traditional 
petrochemical routes. 
 
One of the unique economic advantages of plasma 
reactors is their operational flexibility. A plasma 
DBD reactor can be switched on and off almost 
instantaneously. During peak solar production 
(mid-day), solar farms often produce more 
electricity than the grid can handle, leading to 
"curtailment" (wasted energy). A plasma-based 
CO2​ conversion plant can act as a 
demand-response load. It "soaks up" this excess, 
nearly-free solar energy and stores it in chemical 
form (fuel). In this sense, the process acts as a 
liquid battery, turning a grid-management problem 
into a revenue-generating chemical asset. 
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Traditional carbon capture and utilization (CCU) 
requires massive, centralized infrastructure. Solar 
energy allows for a decentralized economic model. 
By pairing solar arrays directly with modular 
plasma reactors at the site of industrial CO2​ 
emissions (like cement kilns or steel mills), 
companies can bypass the expensive logistics of 
transporting CO2​ or hydrogen, significantly 
improving the Internal Rate of Return (IRR) of the 
project. 
 
At 11:00 PM, the lab was silent except for the hum 
of the vacuum pump. The screen showed a steady, 
80% selectivity for syngas with an energy cost that 
finally dipped below the "commercial viability" line. 
She turned off the reactor. The violet glow faded, 
leaving the quartz tube clear and cold. 
 
"We aren't just fighting climate change, Arjun. We 
are reimagining the very basis of how India 
breathes. Today, we turned a pollutant into a fuel 
using nothing but electricity and a bit of 
cleverness. Tomorrow, we shall scale it." 
 
In the distance, she could see the lights of a 
nearby industrial estate. For decades, those 
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chimneys had been symbols of progress bought at 
the cost of the atmosphere. Now, she saw them as 
mines—vertical mines of carbon waiting to be 
harvested. 
 
"Can it be successful on its own?" Arjun asked, 
packing his bag. 
 
Ananya shook her head. "In the lab, perhaps. But 
in the real world? No. Plasma is the spark, but 
synergy is the engine. We need the materials 
science of catalysts, the precision of AI-driven 
power supplies, and the integration with renewable 
grids." 
 
As she walked to her car, the scent of 
petrichor—the smell of rain on dry earth—filled the 
air. It was a reminder that nature, too, was a master 
of complex chemistry, achieving balance through 
the perfect synergy of elements. For the first time in 
months, Ananya felt they were finally speaking the 
same language. 
 
In the distance, she could see the lights of a 
nearby industrial estate. For decades, those 
chimneys had been symbols of progress bought at 
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the cost of the atmosphere. Now, she saw them as 
mines—vertical mines of carbon waiting to be 
harvested.  
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The Methane Forge 

 

(Image created by Google Gemini) 
 
 
The humid air of Surat clung to the skin like a 
damp shroud, but inside Harish bhai’s laboratory, 
the atmosphere was bone-dry and hummed with 
the electric tension of a brewing storm. Harish 
bhai, the man the local diamond bourses called the 
"Alchemist of Surat," did not turn lead into gold. He 
changed the colour of diamonds and used plasma 
chemistry to convert methane into diamonds. 
 
Standing beside him was his protégé, Ankit, a 
brilliant boy with an engineering degree from 
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Stanford. His eyes reflected the violet glow of the 
reactor. They were staring into the viewing port of 
their newest Microwave Plasma Chemical Vapour 
Deposition (MPCVD) chamber. Inside, a small, 
square seed of diamond sat upon a silicon 
substrate, bathed in a sun-bright ball of plasma. 
 
"It’s beautiful, isn't it?" Ankit whispered. "To think, 
nature took millions of years 120 kilometers below 
the crust to do what we are doing in a week." 
 
Harish bhai adjusted a dial, his movements 
precise. "Nature uses the sledgehammer of the 
gods, Ankit. Forty-five thousand atmospheres of 
pressure and temperatures up to 1300°C. It waits 
for volcanic eruptions and kimberlite pipes to 
cough them up to the surface. We? We are more 
subtle. We use the dance of the atoms." 
 
The Ghost in the Machine 
 
The laboratory was a cathedral of modern science. 
Unlike the old High-Pressure High-Temperature 
machines that Harish bhai had found too complex 
and expensive, these CVD reactors didn't rely on 
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cumbersome hydraulic presses or messy metal 
catalysts that left metallic streaks in the stones. 
 
"Remember the HPHT days?" Harish bhai asked, a 
ghost of a smile on his face. "The impurities were 
inherent. You could never get a large, defect-free 
stone economically. It was brute force. But this..." 
He gestured to the plasma. "This is poetry. Like a 
salt crystal forming in a rich brine, we are building a 
lattice, atom by atom." 
 
Ankit checked the readings on the mass 
spectrometer. "The methane is dissociating 
perfectly. CH4​ breaks down into methyl radicals 
(CH3​) and hydrogen. Look at the hydrogen 
concentration, Ishaan. It’s the hero of the story." 
 
Harish bhai nodded. "Without that nascent 
hydrogen, we’d just be making soot and graphite. 
The hydrogen is the sculptor; it etches away the 
non-diamond carbon, leaving only the pure sp3 
bonds of the diamond lattice. It ensures the carbon 
radicals attach themselves to the seed in that 
perfect face-centred cubic structure." 
 
The Nitrogen Gamble 
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For days, the reactor ran at sub-atmospheric 
pressures—about 100 torr. They were aiming for 
something historic. The world had seen the 
34.59-carat emerald-cut diamond produced by 
Ethereal Green, but Harish bhai wanted more than 
size. He wanted absolute, colourless purity. 
 
"The growth rate is slowing," Ankit noted, his brow 
furrowed. "At this rate, it will take another ten days 
to reach the target carat weight. Should we 
introduce nitrogen?" 
 
Harish bhai hesitated. Nitrogen was the 
Alchemist’s double-edged sword. In the CVD 
process, adding trace amounts of nitrogen—just a 
few parts per million—could increase the growth 
rate by a factor of eight. It was the "turbocharge" of 
diamond growing. 
 
"If we add it, we risk the tint," Harish bhai 
cautioned. "Nitrogen atoms slip into the lattice and 
trap light. We’ll end up with a yellowish or light 
brown stone. We’d have to treat it afterward to 
clear the color." 
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"But with the high-power density plasma we're 
running," Ankit countered, "we can maintain 
uniform heating. If we balance the H/CH3​ ratio just 
right, we can minimize the defects even with the 
nitrogen boost." 
 
Harish bhai looked at the "seed"—the fragment of 
diamond that served as the blueprint. "Go ahead. 
But keep the methane percentage high. We need 
those precursor radicals to dissociate effectively if 
we're going to keep it single-crystal." 
 
The Competition and the Laser 
 
While the microwave reactor hummed, Harish 
bhai’s mind wandered to his competitors. The 
world was changing. From Apollo Diamond in the 
US to IIa Technologies in Singapore, the race for 
the perfect SCD (Single Crystal Diamond) was 
cutthroat. 
 
There was also the looming shadow of 
Laser-Plasma CVD. Harish bhai had visited a 
facility recently that used CO2​ lasers to create 
plasma at ambient pressures. It was an elegant 
solution that avoided the need for vacuum 
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chambers and reached deposition rates of 100 
μm/hr—far faster than their microwave setup. 
 
"Why didn't we go with the laser-plasma route, 
Harish bhai?" Ankit asked, as if reading his mind. 
 
"Power density," he replied. "The laser creates 
incredible ionization, yes, but for the clarity I 
want—the kind of stone that can sit next to a Type 
IIa natural diamond and make a jeweler weep—the 
microwave plasma gives us a more stable 
environment for homoepitaxial growth. We are not 
just making industrial grit; we are making art." 
 
The Harvest 
 
Two weeks later, the "Alchemist" and his 
apprentice began the cooling process. The plasma 
ball faded, the violet light dying out to reveal a 
charred-looking crust on the silicon substrate. To 
the untrained eye, it looked like a burnt 
marshmallow. 
 
But Harish bhai knew better. 
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He carefully removed the substrate and used a 
specialized tool to scrape away the non-diamond 
carbon deposits. Beneath the surface grime sat a 
block of pure, crystalline light. It was a massive, 
single-crystal diamond, its edges sharp and its 
body as clear as a mountain spring. 
 
Ankit took it to the spectroscopic station. "The 
Raman spectrum is clean," he announced, his 
voice trembling with excitement. "The peak at 1332 
cm−1 is sharp. No graphite signatures. Purity is 
superior to most natural stones we’ve seen this 
year." 
 
Harish bhai held the stone up to the light. It was a 
marvel of the diamond lattice—each carbon atom 
locked in a tetrahedral embrace with four others, a 
fortress of chemical bonds that made it the hardest 
material on Earth. Its thermal conductivity would be 
off the charts, and its transparency covered the 
spectrum from ultraviolet to infrared. 
 
The New Era 
 
"They'll call it a  'fake' at the bourse tomorrow," 
Ankit said, though he knew the truth. 
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"Let them," Harish bhai said firmly. "Chemically, 
physically, and optically, this is a diamond. It isn't a 
'simulant' like cubic zirconia. It is the real thing, 
grown in a cradle of stars rather than the bowels of 
the earth. We are simply the gardeners of carbon." 
 
As they prepared the stone for the 
cutters—shaping it into an emerald cut that would 
highlight its incredible clarity—Harish bhai thought 
about the future. The research frontiers were still 
vast. Improving growth rates in laser-plasma 
systems, refining the use of oxygen to inhibit 
cracks, and perfecting the high-pressure 
microwave recipes were the next steps. 
 
Surat had long been the world's hub for cutting 
and polishing natural diamonds. But in laboratories 
like this, it was becoming the birthplace of a new 
kind of treasure. 
 
"The Alchemist of Surat," Harish bhai mused, 
looking at the stone. "People used to think alchemy 
was about magic. They didn't realize it was actually 
about patience, plasma, and the perfect methane 
mix." 
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The stone caught a stray beam of the afternoon 
sun, refracting it into a thousand tiny rainbows 
across the lab walls. It was a testament to human 
ingenuity—a piece of eternity, manufactured in star 
fire.  
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The Nitride Armour 

 

 
 
(Image created by Google Gemini) 

 
 
 
The humid air of Pune’s industrial belt, Chakan, 
was thick with the scent of ozone and cutting oil. 
The shift change at Vayu Precision Engineering 
happened while the rhythmic, heavy thrum of 
vacuum pumps exhaling continued.  
 
Dr. Ananya Iyer stood in the center of the 
laboratory, a young lady of serious face and 
manners. She looked out of place on the 
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grease-stained floor. A materials scientist with a 
decade of experience in the Institute for Plasma 
Research, she had been brought to Pune with a 
singular, high-stakes mission: to perfect the 
surface treatment of the "Sudarshan-G7" turbine 
shafts. These were ferrous components destined 
for India’s next generation of indigenous power 
plants. They needed to survive decades of friction, 
heat, and corrosive gases. 
 
"If these shafts fail," Ananya told her team during 
the morning briefing, "the whole turbine seizes. We 
aren't just heat-treating metal. We are 
re-engineering its crystalline skin”.  
 
For years, the facility had relied on Gas Nitriding, a 
thermochemical surface-hardening process that 
diffuses nitrogen into the surface of a ferrous 
metal. The process is typically conducted in a 
sealed furnace at temperatures between 500°C 
and 600°C. At the high temperature, the ammonia 
dissociates into nascent nitrogen and hydrogen. 
The nitrogen atoms permeate the metal surface, 
reacting with alloying elements (like chromium or 
aluminum) to form hard nitrides. 
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This creates a wear-resistant "case" without the 
need for quenching, minimizing thermal distortion.  

The Technological objections were the long cycle 
times running into two or three days creating a 
massive bottleneck in high volume production. Gas 
nitriding often produces a brittle "white layer" 
(epsilon phase) of iron nitride on the surface. If too 
thick, it can chip or peel, requiring expensive 
post-process grinding or chemical removal.  It is 
highly effective on "nitriding steels" containing 
aluminum, chromium, or molybdenum, but it is less 
effective on plain carbon steels, where the resulting 
hardness is significantly lower. Because the 
process can leave a matte finish or a brittle surface 
layer, parts often require secondary polishing or 
machining, adding to the total cost per piece. 

The process relies heavily on Ammonia (NH3​). 
Ammonia is toxic, corrosive, and requires strict 
safety protocols, specialized storage, and exhaust 
scrubbing systems to prevent environmental 
contamination.  

Ananya’s charter was to establish the most recent 
form of plasma nitriding. Earlier, the turbine shafts 
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themselves were the cathode. When the high 
voltage was applied, a violet glow hugged the 
metal, and nitrogen ions slammed into the 
surface.The theory was sound: nitrogen atoms 
would wedge themselves into the interstitial solid 
solution of the iron lattice, while others would bond 
with alloying elements like chromium and 
molybdenum to form hard nitrides and 
nitrocarbides. This "case hardening" provided the 
wear resistance and fatigue performance the shafts 
required. 
 
However, the reality was not so great. The Hollow 
Cathode effect due to the concentration of electric 
fields on sharp edges caused  damage to the 
surface. Changing over to pulse plasma nitriding 
solved that problem. However, it reduced the 
efficiency since the pulse durations were too short.  
 
"We shall change over to Active Screen Plasma 
Nitriding”  
 
This  was a radical shift in technology. Instead of 
applying the high voltage directly to the expensive 
turbine shafts, a metal screen surrounding the work 
now acted as the cathode.  
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Ananya’s team installed a cathodic cage—a 
perforated metal cylinder that surrounded the 
workspace."The screen is now the cathode," 
Ananya explained as they lowered the massive 
stainless steel mesh into the furnace. " A voltage is 
applied to the metallic mesh screen surrounding 
the workpiece, rather than to the workpiece itself. 
This generates plasma between the screen and the 
furnace wall, which contains nitrogen ions and 
radicals. The ionized gas passes through the 
screen and acts as an "active source" to diffuse 
nitrogen into the workpiece, ensuring uniform 
hardening, especially on complex parts, without 
surface damage.  
 
This was the "New Development" the journals 
raved about. It promised to eliminate the 
edge-burning, the soot deposits, and the 
non-uniform layers that plagued the old 
technology. But as Ananya knew, the ASPN 
process was a temperamental beast. It had far 
more "knobs" to turn, and if any were out of 
alignment, the chemistry would fail. 
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By 2:00 PM, the chamber was sealed. Ananya sat 
behind the lead-glass viewing port, her notebook 
open. The experiment was designed to test the 
interplay of the factors that researchers had 
pinpointed as critical. The Geometry and Material 
of the ScreenThe cage wasn't just a fence; it was a 
catalyst. Ananya had chosen a 316L stainless steel 
screen with specific hole diameters. "If the holes 
are too small," she explained, "the plasma won't 
penetrate. If they’re too large, we lose the 'hollow 
cathode' intensity within the screen itself." The 
material of the screen was equally vital, as it 
contributed the "sputtered" atoms that would 
eventually settle on the turbine shafts. 
 
Rahul adjusted the ceramic spacers. The distance 
between the screen and the component was the 
most debated variable in their research. If the 
shafts were too far from the screen, the active 
nitrogen species would recombine and lose their 
energy before hitting the steel. If they were too 
close, the radiant heat from the screen would 
cause the shafts to overheat, ruining the core 
properties of the metal. 
 
"Initiating BIAS power," Rahul announced. 
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While the main power lit up the screen, a 
secondary, smaller voltage—the BIAS—was 
applied to the shafts. This wasn't meant to create 
plasma; it was a gentle "tug," an electrostatic lure 
that guided the nitrogen-rich clouds toward the 
ferrous surface. Ananya watched the meters 
closely. Too much BIAS and they’d be back to the 
old arcing problems; too little, and the nitrogen 
would simply float away, leaving the metal soft. 
 
Ananya gave the signal.The interior of the furnace 
transformed. A brilliant, ethereal violet light 
erupted, but it didn't cling to the turbine shafts. 
Instead, it formed a shimmering, translucent veil 
around the cathodic cage.  
 
The shafts sat in the center, bathed in a soft, 
indirect radiance."The size of the furnace is 
working in our favor today," Ananya noted. The 
large volume allowed for stable gas circulation, 
preventing "dead zones" where the nitrogen 
concentration might drop. She looked at the 
position of the samples. They were arranged in a 
circular pattern, equidistant from the cage walls, 
ensuring that the flux of atoms was perfectly 
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symmetrical. For eight hours, the atomic 
bombardment continued. Inside the metal, nitrogen 
atoms were tunneling into the crystalline structure 
of the steel, occupying the "interstitial" sites—the 
tiny gaps between the iron atoms. This created a 
state of compressive stress at the surface, which 
acted like a microscopic suit of armor, preventing 
cracks from forming under fatigue. 
 
The next morning, the "quench" was complete. The 
chamber was opened with a hiss of dry 
nitrogen.The turbine shafts emerged not with the 
scorched, uneven finish of the previous weeks, but 
with a beautiful, uniform matte-grey sheen. There 
was no arcing on the gear teeth, no "white layer" 
brittleness, and no soot. Ananya took the first 
sample to the micro-hardness tester.  
 
She watched the diamond printer press into the 
surface."Surface hardness: 1100 HV," she read 
aloud."Effective case depth: 0.3mm. Core 
properties: Unchanged." The team erupted in a 
small cheer. By mastering the geometry of the 
cathodic cage and the delicate BIAS power, they 
had achieved what the old DC technology never 
could. They had harnessed the plasma without 
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letting it burn the prize. As she walked out of the 
plant into the cool Pune evening, Ananya looked at 
the steel structures of the city rising around her. To 
the world, it was just a city of iron and stone. But to 
her, it was a world of atoms—of nitrogen and iron 
dancing in a violet light, finding their place in the 
lattice to build something that would last. 
 
"Tomorrow," she told Rahul as they reached the 
car park, "we tested a different screen material. I 
think we can get another 50 Vickers out of that 
steel."Rahul laughed, shaking his head. "The 
researcher never rests, does she? “Not when there 
are still interstitial gaps to fill," she replied with a 
wink. 
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The Star that Pinched 

 

(Image created by Google Gemini) 
 

The air in the control room of the Agni-3 facility of 
India’s latest fusion startup in Gandhinagar didn’t 
smell like the future. It smelled like floor wax, 
recycled air, and the sharp, metallic tang of ozone 
that always preceded a firing sequence. 

Dr. Aditi Ghosh stared at the vast array of monitors 
in front of her and the group of young scientists 
peering at them. After decades of “almost,” 
“maybe,” and “thirty years away,” the world had 
stopped looking at fusion as a savior and started 
looking at it as a ghost story. But Aditi Ghosh 
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wasn’t a ghost hunter; she was a plasma physicist. 
And today, she was betting the remainder of her 
career on a concept the fusion scientists had 
nearly abandoned: the Z-Pinch. After many years 
of colorless performance of tokamaks, she opted 
to follow an alternative when there was an offer 
from the startup company. 

Unlike the massive, donut-shaped Tokamaks that 
relied on external superconducting magnets the 
size of apartments, the Z-Pinch was elegant in its 
minimality. It used the magnetic field generated by 
the current heating up the fuel. A massive pulse of 
electricity — millions of amperes — passing through 
a thin filament of deuterium-tritium gas for a 
fraction of a second, creates the magnetic force 
that would compress the plasma inward creating 
gigantic pressures necessary for nuclear fusion to 
occur. 

If the physics held, the “Lorentz force” would crush 
the gas so violently that the nuclei of Deuterium 
and Tritium making up the plasma would have no 
choice but to fuse. 

“Capacitors at 98%,” a technician called out. 
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Aditi Ghosh looked at the schematic on her panel. 
The Z-Pinch had always been plagued by 
“wriggles” — instabilities that caused the plasma 
column to kink and break before fusion could 
happen. Kinking, the bending of the axis is similar 
to what one sees in a rubber hose flowing water at 
high pressure. But Agni-7 was different. They had 
borrowed ‘Sheared Flow Stabilization,” a method 
developed at the University of Washington of 
moving the plasma layers at different speeds to 
smooth out the kinks, like a potter smoothing clay 
on a wheel. 

In a standard Z-pinch, the electrical current flows in 
one direction, creating a magnetic field that 
crushes the plasma. However, the plasma is 
inherently “slippery” and prone to 
instabilities — most notably the kink and sausage 
instabilities — where the plasma column buckles or 
pinches unevenly, quenching the fusion reaction. 
Sheared Flow Stabilization is the clever trick used 
to stop those wriggles. In a Sheared Flow setup, 
the plasma is forced to move at different velocities 
depending on how far it is from the axis of the 
column. The plasma at the core moves at a high 
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velocity, while the plasma at the outer layers would 
move with decreasing velocities. 

This velocity gradient creates “shear.” If a small 
instability (a kink) tries to form and grow outward, 
the different speeds of the plasma layers 
essentially tear the instability apart before it can 
become large enough to disrupt the pinch. In a 
Z-pinch, this shear keeps the plasma column 
stable for orders of magnitude longer than a static 
pinch, providing just enough time for the nuclei to 
collide and fuse. 

This method is particularly exciting because of its 
innate simplicity: It avoids the need for the 
massive, expensive external magnets used in 
Tokamaks (like ITER). Because the plasma 
provides its own confining magnetic field, the 
reactor does not need huge and expensive 
superconducting magnets. It can be much 
smaller — potentially the size of a shipping 
container. Finally, it is efficient. It targets the Q>1 
(scientific energy breakeven) goal with much lower 
capital costs. 

Aditi thought briefly about what the group did over 
the years to make their sheared flow z pinch 
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fusion-worthy. They also incorporated Gas-Puff 
Profiling to create a hollow cylinder of gas rather 
than a solid column which helps in achieving a 
more uniform implosion. 

Today, they were trying out a new trick, a major 
upgrade. They will drive up the current in 
nanoseconds using linear transformer drivers. They 
are hoping that this would improve the pinching 
substantially. 

“Initiating sequence in T-minus ten seconds,” the 
automated voice announced. 

The room went silent. This wasn’t just about 
power; it was about the end of the carbon era. 
Outside the reinforced concrete walls of the 
Gandhinagar facility, the world was parched. The 
grid was a patchwork of failing renewables and 
aging coal plants. 

3… 2… 1… Fire. 

A puff of gas was injected into the Coaxial plasma 
gun end of the reactor. At an appropriate time, it 
was preionized and the pulsed power was 
switched into the gas. There was no sound — the 
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reactor was vacuum-sealed and magnetically 
shielded — but Aditi felt the floor tremble. For a few 
hundred microseconds, the Z-Pinch drew more 
power than the entire country. This was the magic 
of the pulse forming network. By storing energy for 
a long period and switching it into a load, huge 
currents could be generated. This technology was 
born in the old PRL days where the Intense Pulsed 
Electron Beam technology was pursued. 

The “Z” in Z-Pinch refers to the axis of the current. 
As the current screamed down the Z-axis, the 
magnetic field (B) wrapped around it, creating an 
inward pressure gradient which was the product of 
current density and magnetic field.​ 

On the monitors, the high-speed sensors captured 
the impossible. The plasma didn’t kink. It didn’t 
wiggle. It compressed into a needle-thin line of 
pure white light, denser than the core of the sun. 
The current peaked in a few tens of nanoseconds 
and was steady for the next hundred 
microseconds. Then it dampened. But at the peak 
currents and pressures, the temperature reached 
150 million degrees and fusion neutron flux spiked! 
The ratio of the output energy of the neutrons to 
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the input energy exceeded 10, close to engineering 
breakeven. They got ignited!. 

The plasma wasn’t just reacting; the reaction was 
self-sustaining. The “Alpha heating”, the internal 
energy deposition by the alpha particles produced 
in the fusion reactions, was keeping the fuel hot 
enough to continue the reaction. For the first time 
in human history, a Z-Pinch had become a 
miniature star. 

A cheer went up in the room. Aditi Ghosh didn’t 
cheer. She sank into her chair, her eyes stinging. 
The data flow falling down her screen showed a 
stream of high-energy neutrons hitting the lithium 
blanket surrounding the pinch chamber. That heat 
was already being transferred to a secondary salt 
loop, spinning a turbine that was, at this very 
moment, feeding clean, star power back into the 
Gujarat grid. 

Aditi thought about how their result would be 
received by their competitors. Zap energy in 
Washington for example. She was sure that they 
would all cheer. The fusion community was 
cohesive. The Sandia group also would rejoice, the 
linear transformer was their baby. 
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The beauty of the Z-Pinch was its footprint. While 
Tokamaks were the size of temples, the Agni-7 
reactor core could fit inside a two-car garage. It 
was modular. It was cheap to build. And it worked. 

A year later, the “Pinch Revolution” had shifted 
from a laboratory success to a global pivot. 

Because Z-Pinch reactors didn’t require the 
massive, liquid-helium-cooled magnets of their 
competitors, they could be mass-produced in 
existing engineering facilities. The first commercial 
units, dubbed “The Spark-Box,” were being 
deployed to water desalination plants in North 
Africa and the Middle East. 

Aditi Ghosh stood on the balcony of the 
International Energy Agency in Paris, looking out 
over a city that was glowing brighter than ever. The 
scarcity that had defined human conflict for ten 
thousand years — the fight over wood, coal, oil, and 
gas — was evaporating. 

The Z-Pinch had succeeded because it stopped 
trying to fight the plasma’s natural tendencies and 
instead used the plasma’s own current to provide 
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the handcuffs. It was a triumph of jujitsu physics 
over brute-force engineering. 

In her final report, Aditi Ghosh wrote: “We spent a 
century looking for a miracle in the stars. The 
Z-Pinch taught us that power isn’t about how 
much force you can apply from the outside, but 
how well you can direct the energy from within. The 
fire is lit. It will not go out.” 

The story of Agni-7 wasn’t just about a machine. It 
was about the moment humanity stopped 
borrowing fire from the Earth’s past and started 
creating it for the Earth’s future. The Z-axis, once 
just a coordinate in a geometry textbook, had 
become the pillar upon which a stream of pinches 
would form transient stars and a new civilization 
would be built. 
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The Zircon Transformation 

 

 
(Image created by Google Gemini) 

 
 
 
 
The year was 1994, and the July heat in the 
Gandhinagar campus was impossible. The red 
stone clad building was majestic. “Ideal place for a 
fusion laboratory” Arjun Verma murmured to 
himself.  
 
Arjun was a man of medium height but immense 
presence, a metallurgical engineer who had spent 
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a decade in the United States watching the world’s 
advanced materials market shift. He had returned 
to India with a single, obsessive focus: Zirconia 
(ZrO2​). India sat on some of the world’s richest 
deposits of zircon sand (ZrSiO4​) in Kerala and 
Orissa, yet the country was exporting the raw sand 
for pennies and importing the stabilized zirconia at 
a premium for its burgeoning ceramic and 
refractory industries. 
 
He had gone to the Department of Scientific and 
Industrial Research (DSIR) seeking help to 
implement his idea of processing Zirconia directly 
in a plasma reactor following the Ion Arc patent, 
which had become open. DSIR initiated dialogue 
with a research group and signed a multilateral 
agreement involving Arjun’s company. Arjun was to 
build the reactor and the research group was to 
help perfect the inflight plasma dissociation 
process after which the reactor would be set up in 
Arjun’s company for commercial production.  
 
He stood behind the institute's workshop. In the 
large corridor with the tall roof stood "Indra-1"—a 
prototype thermal plasma reactor inspired by the 
legendary Ion Arc process. It was a tall cylindrical 
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reactor with the top occupied by the plasma torch 
made with a tungsten cathode and three 
dispensable rotating graphite anodes. The design 
allowed a long plasma plume to form into which a 
feeder would drop zircon sand.  
 
The chemistry was simple on paper, but a 
nightmare in practice. Zircon sand is a stubborn 
mineral. To get the zirconia out, you have to break 
the chemical bond between the zirconium and the 
silica. Traditionally, this required caustic chemicals 
and massive amounts of energy. 
 
In Arjun’s vision, the Zircon sand would pass 
through a plasma arc—an ionized gas reaching 
temperatures exceeding 15,000 K. In the plasma’s 
inferno, the zircon would melt and dissociate into 
liquid zirconia and silica. As it exited the plume and 
cooled rapidly, the silica would form tiny, glassy 
spheres, while the zirconia would crystallize into 
distinct "dendrites." 
 
"If we can control the cooling," Arjun told the IPR 
scientists, "we can separate them mechanically. No 
acids. No sludge. Just pure energy and pure 
physics." 
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The first "hot run" was a disaster. 
 
Arjun stood behind a lead-glass shield as the DC 
power supply hummed into a bone-rattling roar. 
The plasma torch ignited, a blinding violet-white 
spear of light that seemed to tear the very fabric of 
the air. As the screw feeder began dropping the 
fine zircon sand from the beaches of Quilon into 
the plume, something went wrong. 
 
The feed rate was too high. The plasma was 
"quenched" by the cold sand, and instead of a fine 
dissociated powder, the reactor spat out a molten, 
vitrified slag that hardened into an unbreakable 
glass. The torch shut down on its own.  
 
The silence that followed was heavy. 
 
"It's a failed plasma metallurgy experiment, Arjun," 
an IPR engineer said, wiping soot from his brow.  
 
Arjun didn't blink. "The problem wasn't the plasma. 
It was the residence time. The particles didn't 
spend enough time in the 'sweet spot' of the 
plume. We need to redesign the powder feeder." 



150 

 
For the next three months, Arjun lived on a diet of 
tea and frustration. He redesigned the injection 
manifold, ensuring the sand entered the plume 
tangentially. This created a cyclonic effect, forcing 
the sand particles to spiral through the hottest part 
of the arc rather than falling straight through. 
 
He also realized he needed to address the 
Leachability. Once the zircon was dissociated into 
ZrO2​ and SiO2​, the silica had to be removed. By 
controlling the plasma gas—a precise mixture of 
Argon and Nitrogen—he could ensure the silica 
stayed in a "fumed" state, making it easily soluble 
in a mild sodium hydroxide wash later. 
 
In October, under the shadow of a looming winter, 
they fired the Indra-1 again. 
 
This time, there was no mistake. There was only a 
steady, high-pitched whistle, like a jet engine held 
captive. Through the observation port, Arjun saw 
the sand turn into a shimmering mist of white fire. 
At the collection bin, instead of a slag, a fine, 
grayish-white powder began to accumulate. 
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Arjun took a sample to the Institute’s Scanning 
Electron Microscope. When the image flickered 
onto the screen, he felt a lump in his throat. 
 
There they were: the characteristic "cauliflower" 
structures. The zircon had dissociated perfectly. 
The ZrO2​ was free. 
 
Success in the lab, however, is a long way from 
success in the market. Arjun’s process, while 
elegant, was an "electricity hog." In India, where 
power outages were a daily ritual and industrial 
electricity rates were high, his margins were 
razor-thin. DSIR advised him to set up the plant in 
Himachal, which had the cheapest electricity rate. 
He acquired space in the industrial estate and set 
up the plant there. 
 
He traveled to Delhi, pitching his "Plasma Zirconia" 
to the giants of the refractory industry. He met with 
the heads of steel plants who needed high-grade 
zirconia nozzles for continuous casting. 
 
"Your price is 10% higher than the Chinese 
chemical-grade zirconia," one procurement officer 
told him, sliding a file across the desk. 
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"My zirconia is thermally stable and contains zero 
chemical residues," Arjun argued, his voice steady. 
"Your nozzles will last 40% longer. The 'total cost 
of ownership' is lower." 
 
He was laughed out of three boardrooms. But 
Arjun knew his history. He knew that the Ion Arc 
process in the West had succeeded because it 
filled a niche for high-purity applications. He 
pivoted. Instead of competing with bulk 
refractories, he targeted the investment casting 
market—the high-precision world of aerospace and 
medical implants. 
 
The turning point came when a major gas turbine 
manufacturer in Bangalore faced a crisis. Their 
imported zirconia coating was failing, causing 
blades to crack under thermal stress. They were 
desperate. 
 
Arjun drove a truckload of his plasma-dissociated 
powder to their facility himself. He didn't ask for a 
contract; he asked for a test. 
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His material, produced in the violent, instantaneous 
heat of the plasma plume, had a unique crystalline 
structure. It lacked the internal stresses of 
chemically precipitated zirconia. When the turbine 
blades were coated and subjected to 2,000 thermal 
cycles, Arjun’s coating was the only one that didn't 
delaminate. 
 
The contract he signed that week saved his 
company. 
 
Ten years later, the "Indra" series of reactors didn't 
just occupy a shed; they occupied a sprawling 
complex in the GIDC industrial zone. Arjun Varma 
had become the “Zircon King of India." 
 
He had refined the process to the point where he 
was capturing the byproduct—fumed silica—and 
selling it to the high-end concrete and rubber 
industries, turning what was once waste into a 
secondary revenue stream. 
 
As he stood on the gantry of his newest 
2-Megawatt reactor, watching the violet glow of the 
plasma, he thought back to the Ion Arc pioneers. 
They had proven the science, but he had proven 
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the grit. He had taken a high-tech, Western-born 
concept and successfully "Indianized" it—making it 
leaner, tougher, and more efficient. 
 
The zircon sand, once just grit on a beach in 
Kerala, was now flying in the engines of planes and 
sitting in the joints of hip-replacement patients. 
Arjun watched the white plume roar, a controlled 
star captured in a steel vessel, turning the common 
into the precious. 
 
He hadn't just dissociated a mineral; he had 
dissociated his country's industry from its reliance 
on the old ways. And in the blinding light of the 
plasma, the future looked remarkably clear.
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When the Stars Meet the Soil  
 
 
 
 

 
 
(Image created by Google Gemini) 

 
 
 
The laboratory hummed; the steady, rhythmic 
heartbeat of a small, modular plasma reactor 
sitting on a scarred wooden workbench in the open 
shed beside the laboratory. It is called the coil 
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whine, the low hum made by current switching 
through transformers and coils, causing them to 
vibrate slightly. 

The plasma reactor was a simple one with an 
impressive name: Dielectric Barrier Discharge or 
DBD for short. Air pushed through the space 
between the electrodes gets ionized and flows out 
with its characteristic glow. In a dark room, you will 
see a purple-blue glow made of thousands of tiny, 
flickering micro-discharges buzzing through the 
flowing gas. 

A gas at ambient pressure situated in a strong 
electric field gets ionized by the process of electron 
impact ionization producing a fluid made up of 
electrons, ions and neutral molecules which we call 
plasma. The energy gained by the electrons gets 
transferred to the neutral atoms through collisions, 
which get heated, ultimately forming very hot 
plasmas with electrons and ions in thermal 
equilibrium. 

However, if the electric field is applied in pulses 
with a pulse duration insufficient to produce 
thermal equilibrium, we get the non-equilibrium or 
cold plasma. Nanosecond-duration kilovolt pulse 
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trains produce such cold plasmas. The electrodes 
are separated from the gas by a dielectric coating 
to ensure that no steady voltage appears between 
the electrodes. 

For Jayan, the transition from the high-energy, 
high-stakes world of plasma physics to this 
humble, repurposed space in Kottayam had been a 
journey of scale. He had spent decades at the 
Institute for Plasma Research in Ahmedabad, lured 
initially by the promise of fusion. Disillusioned with 
the Sisyphean pace of progress in world fusion 
efforts, he had opted to pursue the high tech 
integration of plasma physics with material 
processing to yield useful short term applications. 
Now, he was applying that same fundamental 
science to something far more quiet, yet arguably 
more revolutionary: the transformation of ordinary 
water into a potent, life-giving elixir. 

Before him sat a beaker of clear, municipal water. 
Perched over its surface, the reactor’s coaxial tube 
stood like a sentinel. As he flipped the switch, the 
air grew thick with the sharp, metallic tang of 
ozone. Inside the reactor, a pale, violet glow 
flickered into existence — an ambient pressure cold 
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plasma discharge dancing across the surface of 
the liquid. It was a beautiful, chaotic interface 
where ionized gas met liquid, and the world of 
quantum states began to bend the chemistry of the 
mundane. 

He was making Minnal Jalam — the Malayalam 
word for “lightning water.” 

As a plasma physicist, he knew the theory 
intimately. The cold plasma was stripping electrons 
from nitrogen and oxygen molecules in the ambient 
air, forcing them to collide and reform into reactive 
species: nitrites, nitrates, and hydrogen peroxide. It 
was the same process that happens when a 
lightning strikes, but tamed, domesticated, and 
concentrated into a small, bubbling vessel. He 
watched as the pH of the water began to shift, the 
conductivity climbing, signalling the birth of a 
solution that was no longer just water, but a mild, 
nutrient-dense plasma-activated solution. 

He thought of the fields of Central Travancore. He 
had seen the soil-tired, overworked fields, 
increasingly reliant on synthetic fertilizers that did 
more harm than good, leaching chemicals into the 
groundwater and hardening the earth. He 
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remembered the conversations at the Senior 
Citizens’ Forum, where talk often drifted to the 
anxieties of the next generation of farmers. They 
spoke of costs, of soil degradation, of the 
unpredictability of the seasons. 

He was not a farmer, but he was a man who 
understood the fundamental building blocks of the 
world. If he could turn the air itself into a 
nitrogen-rich catalyst, he could decentralize the 
very foundation of agriculture. It didn’t need to be a 
massive industrial plant; it could be a machine on 
every cooperative farm, running on a small solar 
array, breathing in the air and breathing out life. 

The plasma flickered, and he adjusted the 
electrode setting. The water began to cloud 
slightly-a sign of the chemical restructuring taking 
place. He felt a familiar, quiet thrill. It wasn’t the 
thrill of a breakthrough discovery ready for 
publication in Physical Review Letters; it was the 
quiet, profound satisfaction of doing something 
useful. He was a scientist-artist, and this was his 
current masterpiece: an exercise in radical 
simplicity. 
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He remembered his time in Aligarh, the heady days 
when he learned plasma physics for the first time 
and of struggles to build his first plasma device. 
Reading old issues of Reviews of Scientific 
Instruments and Physical Review Letters revealed 
to him the potential of plasma to change the world. 
He had spent a good part of his life and career 
building and operating fusion devices and plasma 
material interaction systems, but now, he realized 
the most important work happened at the scale of 
a seedling’s roots. 

The reactor clicked off, the violet glow vanishing 
instantly. The water sat still, though it was now 
fundamentally changed. It held a memory of the 
discharge — a kinetic change that would trigger 
germination, sanitize the seedbed, and provide a 
direct, bioavailable source of nitrogen. He carefully 
poured the liquid into a watering can. 

He walked out of the shed into the humid warmth 
of a Kottayam evening. The garden in the Mahatma 
Gandhi University was lush, filled with the deep 
greens of the tropics. He walked to the vegetable 
patch where he and the gardner had been 
experimenting with a few rows of okra. The soil 
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here was richer, darker, and more resilient than the 
rest of the plot. He diluted the plasma-activated 
water with the patience of an old man who 
understood that growth cannot be rushed. 

As he watered the plants, he imagined the 
microscopic dance occurring beneath the surface. 
The nitrates would be absorbed immediately; the 
reactive oxygen species would suppress the 
harmful fungi that had plagued these rows for 
years. It was a closed loop, a perfect integration of 
fundamental physics and human need. 

He straightened his back, looking toward the 
horizon where the sun was beginning to dip, 
casting long, golden shadows over the trees. He 
had spent a good part of his life chasing the 
chimera of fusion, the grandiose promise to solve 
the world’s energy problems. As the reality of 
working reactors receded into more and more 
distant futures, he had switched his interest to 
more realisable short term applications. But as he 
watched the evening light catch the wet leaves, he 
realised he had finally found a different kind of fire. 
It was a cold, precise, and gentle fire, one that 
didn’t consume, but rather, nurtured. 
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He turned back toward his car, for the ride back 
home, after depositing the watering can in the 
laboratory. Tomorrow, there would be more 
measurements, more adjustments for the reactor’s 
optimisation, and perhaps later in the week a 
meeting at the Forum to explain the concept to the 
others. But for now, he was content. He was a 
retired physicist who had learned to catch lightning 
in a bottle, and for the first time in his life, he didn’t 
need a massive laboratory to make the world 
bloom. He only needed a little bit of curiosity, the 
air above his garden, and the simple, profound gift 
of water. 
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Harvesting the Sun 

 

 

(Image created by Google Gemini) 

 

 

The desert heat outside the IonSynth Plasma 
Technologies was merciless, but inside the Control 
Room, the tension was cold enough to bite. Dr. 
Kavya Nair stared at the digital telemetry wall, 
where red alert banners pulsed in rhythmic 
sequence. Out on the salt flats, three gigawatts of 
photovoltaic panels were producing a massive 
surge of clean electricity that the regional grid 
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could not absorb. Battery banks across the district 
were already saturated, their limited capacity 
exhausted by midday. Without a way to convert 
that overflowing power into storable energy, the 
system operator would be forced to disconnect the 
solar arrays—wasting gigawatt-hours of 
zero-carbon power while fossil-fueled plants 
waited in the wings to take over the evening load. 

Kavya rubbed her eyes, feeling the weight of the 
Ministry’s impending deadline. The directive that 
gave Government financial support to her startup 
was clear: India needed dense, transportable 
chemical fuels. Methane and methanol could be 
pumped through thousands of kilometers of 
existing steel gas pipelines at a fraction of the cost 
of building new high-voltage electric transmission 
lines. The Power-to-Gas scheme was the ultimate 
goal for long-term, mega-scale energy storage. But 
between the ambient solar power outside and a 
usable synthetic fuel lay a single, stubborn 
molecular adversary: carbon dioxide. 

Inside the central containment bay stood Kavya’s 
creation—a custom-engineered plasma reactor 
module. Her strategy relied on recycling CO2​ 
captured from power plant flue gases, mixing it 
with green hydrogen generated via solar water 
electrolysis, and splitting the carbon dioxide to 
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produce synthetic hydrocarbons. If successful, the 
process would close the carbon cycle entirely, 
establishing a net-zero equilibrium that mimicked 
the Earth's natural carbon dynamics. But right now, 
the reactor is failing. 

"Temperature spike in the primary discharge zone! 
Gas temperature has crossed 4,500 Kelvin!" yelled 
Abin, her lead diagnostic engineer, his fingers flying 
across the console. "We are losing non-equilibrium 
conditions again, Dr. Nair!" 

Kavya lunged toward the monitoring screen. The 
live optical emission spectra showed a disastrous 
shift. Instead of a controlled discharge, the plasma 
inside the chamber had thermalized into a 
brute-force arc. High-energy electronic state 
excitation was tearing through the gas stream, 
demanding an absurd 9 electron volts per molecule 
to break a single carbon-oxygen bond. The bulk 
gas was heating up uncontrollably, plummeting the 
overall energy efficiency to a dismal 14 percent. 

"Shut it down!" Kavya ordered, slumping back into 
her chair as the low hum of the power supplies 
died away. 

Silence filled the control room, punctuated only by 
the distant hum of the cooling fans. This was their 
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ninth failed attempt this month. If they couldn't 
demonstrate a viable, energy-efficient path to CO2​ 
dissociation, the project’s funding would be 
reallocated to conventional, catalyst-heavy direct 
hydrogenation units—systems reliant on scarce, 
imported noble metals like platinum and ruthenium 
that made large-scale deployment economically 
impossible. 

That night, long after her team had left the 
complex, Kavya remained in her office surrounded 
by printed spectral plots and quantum state 
diagrams. She traced the structural geometry of 
the carbon dioxide molecule on a whiteboard: a 
linear, dumbbell-shaped triatomic structure. 

Why are we trying to smash it with 
sledgehammers? she thought, tapping her marker 
against the board. 

Standard thermal cracking required extreme 
temperatures because it treated the molecule like a 
rigid brick, forcing electrons into high electronic 
states. But the dumbbell-shaped molecule 
possessed rich internal degrees of 
freedom—specifically, its vibrational modes. If she 
could selectively channel energy into the 
molecule's asymmetric stretch vibration via 
electron impact, she wouldn't need 9 or 10 eV. The 



167 

symmetric linear geometry allowed energy to 
transfer between colliding molecules in a 
step-by-step cascade: vibrational-vibrational 
collisions. 

It was the quantum mechanical equivalent of 
pushing a child on a swing. You don't launch them 
over the bar in one massive, violent shove; you 
apply small, perfectly timed pushes that build 
amplitude until they reach the top. If the electrons 
in the plasma possessed just the right energy 
distribution, they could trigger a "ladder-climbing" 
process, incrementally populating higher 
vibrational levels until the C=O bond naturally 
snapped at its fundamental thermodynamic limit: 
exactly 5.5 eV. 

To make that ladder-climbing process work at high 
throughput, the plasma had to operate in a precise, 
delicate regime—a warm plasma operating 
directly at the parameter boundary between cold 
non-thermal discharges and hot thermal plasmas. 
It needed high electron density to sustain fast 
vibrational excitation, but the bulk gas temperature 
had to be held strictly between 2,000 K and 3,000 
K to prevent thermal quenching from destroying 
the vibrationally excited states before they could 
dissociate. 
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The next morning, Kavya gathered her team around 
the disassembled reactor core. "We are changing 
the discharge architecture," she announced, her 
voice filled with quiet determination. "We aren't 
using a static thermal arc anymore. We are going 
to use a dynamic Gliding Arc source" 

"The gliding arc  will sweep through the gas to 
produce nonequilibrium plasma with an elevated 
gas temperature of 2,500 Kelvin. This  will 
accelerate chemical kinetics without letting the 
translational heat run away. We are going to force 
the molecules up the vibrational ladder." 

For three agonizing days, the team worked around 
the clock, reconfiguring the plasma source, 
retrofitting the magnetic arc swirl nozzles, and 
recording the real-time feedback loops. 

By Thursday afternoon, the sky above the Thar 
was clear, and the solar array was once again 
generating maximum power. 

"Power grid interface online. Surplus solar feed 
locked at 50 Megawatts," Abin announced, his 
voice tense. "Gas feed from tanked CO2​. Initiating 
warm plasma discharge in three... two... one..." 

A brilliant, violet-gold glow ignited inside the quartz 
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viewing port of the reactor. Unlike the harsh, 
blinding white arc of their earlier tests, this 
discharge hummed with a stable, swirling vortex. 

Kavya watched the telemetry wall like a hawk. 
"Report electron temperature and gas 
temperature!" 

"Gas temperature holding steady at 2,450 Kelvin!" 
Abin shouted. "Electron energy distribution 
function is peaking precisely in the 1 to 2 eV 
range—optimal for vibrational pumping!" 

"Spectroscopy confirms vibrational state 
population!" another engineer called out, her voice 
rising in excitement. "V-V collisions are dominating 
the kinetic pathway! The ladder-climbing process is 
active!" 

On the live mass spectrometer display, the sharp 
peak corresponding to molecular carbon dioxide 
began to plunge, replaced instantaneously by 
massive signals for carbon monoxide and singlet 
oxygen. The dumbbell molecules were marching 
up the vibrational ladder and snapping cleanly at 
the 5.5 eV threshold. 

"Energy efficiency?" Kavya asked, holding her 
breath. 
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The automated diagnostic computer calculated the 
thermodynamic conversion ratio, averaged over the 
volumetric throughput. A bold green number 
flashed on the main wall: 59.8%. 

"Nearly 60% energy efficiency!" Abin cheered, 
slamming his fist on the desk in triumph. "Power 
density is locked at 45 W/cm³! And zero catalyst 
degradation because there is no catalyst!" 

Kavya felt a wave of relief wash over her. She 
stepped up to the control panel and engaged the 
secondary synthesis loop. The plasma-dissociated 
carbon monoxide stream merged instantly with the 
solar-generated green hydrogen. Downstream 
sensors showed synthetic liquid methanol and 
high-purity methane pouring into the facility's 
output storage tanks.  

Looking out through the control room glass at the 
endless solar arrays stretching toward the horizon, 
Kavya smiled. She was literally harvesting the Sun 
to  transform a dangerous atmospheric pollutant 
into the lifeblood of a zero-emission circular 
economy. India had not just solved its renewable 
storage bottleneck; it had mastered the physics of 
non-equilibrium warm plasma to do this.  

When Paint Met Plasma 
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(Image created by Google Gemini) 

 

Anand Gowarikar sat across from me in my 
first-floor office at Plasmonics, looking visibly worn. 
He was a familiar face in the city—a celebrated 
artist whose gallery had long been a sanctuary for 
modern art. As a regular visitor, I had always 
admired his eye for beauty, just as he loved teasing 
me about my head-in-the-clouds physics patents. 

"I saw the news about the gallery fire, Anand," I 
said gently. "The papers made it sound terrible. I 
hope insurance is covering the fallout?" 

"The money is fine," Anand sighed, waving a 
dismissive hand. "Insurance pays for lost canvas, 
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not lost heritage. Some of the modern masters' 
works are caked in black soot. Solvents will strip 
the delicate binders right off the pigments, and 
regular conservators won't touch them."  

He leaned forward. "I heard NASA once salvaged a 
smoke-damaged painting using space physics. 
Atomic oxygen, or something like it. Tell me we can 
do that here." 

He was referring to Sharon Rutledge’s landmark 
1998 NASA work on the fire-damaged Madonna of 
the Chair. They had split molecular oxygen into 
atomic oxygen inside a vacuum chamber, letting 
the reactive atoms gently oxidize the surface 
carbon into carbon dioxide without touching the 
fragile underlying layers. 

"Rutledge's team turned soot into thin air without 
ever physically brushing the canvas," I told him.  

"And yes—in theory, our plasma tech can generate 
those exact reactive radicals. I had in fact built a 
small scale atomic oxygen cleaner to clean the 
soot deposited by oil lamps in a temple." I added. 

"Then let's build it," Anand urged. "I'll fund the 
entire prototype." 
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The next morning, I gathered our core engineering 
team—Meera, our pulse power and high-voltage 
specialist, and Kabir, our mechanical lead—around 
the whiteboard. 

"If we run our standard atmospheric cold plasma 
torches," Kabir suggested, sketching a nozzle, "we 
can sweep across the canvas manually. No 
vacuum chambers, simple ambient pressure." 

"No good," Meera countered, tapping the sketch. 
"A concentrated atmospheric torch creates 
localized hot spots and ozone gradients. We'd end 
up stripping the soot unevenly or baking the 
underlying oil paint. We need a broad, low-energy 
shower of atomic oxygen, which means low 
pressure." 

“Also the atomic Oxygen dies off quickly through 
Ozone formation and other reactions, unless we 
add Helium. It will be expensive.” I interjected. 

"Meera’s right," I added. "To avoid damaging 
delicate pigments, we need a low-pressure 
capacitive discharge. But Anand has large 
canvases. How do we ensure uniform etching 
across a meter-wide surface without building an 
industrial-sized vacuum furnace?" 
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"We build a wide, multi-aperture showerhead 
electrode," Kabir offered, eyes lighting up. "We 
suspend the rectangular parallel-plate showerhead 
source above a motorized reciprocating stage. The 
painting rests on the table, sweeping slowly back 
and forth beneath the plasma stream. The 
continuous motion averages out any flux 
inhomogeneity." 

"And I'll drive it with UHF," Meera said. 
"Nanosecond high-voltage pulses will keep the 
neutrals dead cold while maintaining high atomic 
oxygen density. Controlled air injection to replenish 
the feed gas, continuous evacuation to pump away 
the resulting CO2​." 

Within three months, the reactor stood gleaming in 
our lab. We validated the process first on 
candle-sooted test panels, tuning the RF pulse 
frequency until the carbon vanished cleanly, 
leaving the substrates pristine. 

When Anand arrived on a quiet Monday morning 
with the first damaged modern canvas, the tension 
was palpable. After a gentle solvent prep to clear 
loose surface oils, Kabir carefully mounted the 
piece onto the moving stage and sealed the 
chamber. The pumps hummed, the low-pressure 
air ignited into a soft, pale-violet glow, and the 
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atomic oxygen began its silent work. 

Twelve hours later, we vented the chamber and slid 
the tray out. The soot was completely gone, 
revealing the vivid, unmarred strokes beneath. 
Anand stared at the canvas for a long moment, 
completely speechless, before turning to the team 
with a broad, radiant smile.  

Over the next month, the reactor ran around the 
clock, quietly breathing life back into every lost 
masterpiece. 

It was a month later, and the lab smelled faintly of 
ozone and success. We had just finished venting 
the large chamber after the final run. 

Anand stood next to me, watching Meera and 
Vikas carefully lift the last of the restored canvases 
from the horizontal table and place it onto an easel 
for inspection. It was a stunning piece—the deep 
reds and blues of the abstract composition, once 
entirely masked by heavy, oily soot, were now so 
vibrant they seemed almost wet. 

He stared at it for a long, silent moment, a genuine 
smile replacing the stress that had lined his face for 
weeks. 

He then turned to me, nodding toward the 
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now-dormant vacuum chamber, where a ghost of 
the violet-blue glow still seemed to linger in the 
window. 

"You know, you scientific types always get bogged 
down in the mechanics," Anand said, his voice 
quiet. "You see capacitive discharge, atomic 
oxygen, and carbon dioxide conversion. All I saw in 
there was an extraordinary light that knew exactly 
how to destroy the dirt while preserving the dream. 
It’s comforting to know that beauty is never really 
lost; it's just waiting for a powerful, gentle fire to 
reveal it again."  
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Voices from the Plasma Lounge 

 

A timeless lounge situated comfortably beside a 
glowing, weakly ionized plasma background. Bright 
plasma discharges can be seen in the background. 
Six pioneers gather over coffee to compare notes 
on how they tamed the ionized gas. 

Peter Cooper Hewitt (Inventor of the Mercury 
Vapor Lamp / Early Fluorescent Prototype): 

You know, back in 1901, people thought I was mad 
passing electricity through mercury vapor in a 
glass tube. It glowed with this eerie, bluish-green 
light, but it was efficient! Once we coated the glass 
with phosphors to catch that invisible ultraviolet 
radiation, we had modern fluorescent lighting. Now 
compact fluorescent lamps illuminate the world. 
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Irving Langmuir (Nobel Laureate, pioneer of 
Plasma Physics & Chemical Vapor Deposition 
concepts): 

Ah, Peter, but you were merely playing with the 
light it emitted! What fascinated me at General 
Electric in the 1920s was what was actually 
happening inside that glow. The tungsten filaments 
in nitrogen and argon atmospheres taught us how 
ions and electrons behave at surfaces. That 
fundamental gas-phase chemistry was the seed for 
Plasma-Enhanced Chemical Vapor Deposition 
(PECVD). Today, we use those ionized gases to 
deposit micro-thin films of silicon and nitrides on 
semiconductor wafers at remarkably low 
temperatures. 

Irving Pinch (Pioneer of Plasma Etching & Dry 
Processing for Semiconductors): 

In the late 1960s and 70s, wet chemical etching 
was hitting a wall; liquid acid eats in all directions, 
undercutting tiny circuits. By using reactive 
fluorocarbon plasmas, we realized energetic ions 
could be accelerated straight down into the 
material. Plasma etching gave the microelectronics 
industry sub-micron precision—without anisotropic 
dry etching, modern microprocessors and 
smartphone chips simply wouldn't exist. 
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Donald Bitzer (Co-inventor of the Plasma Display 
Panel / Plasma TV): 

It’s fascinating how you two turned plasma into a 
microscopic construction tool. Gene Slottow, 
Robert Willson, and I were after visual information. 
In 1964 at the University of Illinois, we needed a 
display for the PLATO computer system that 
wouldn't flicker or require constant refreshing like a 
CRT. We trapped neon-xenon gas between glass 
plates with tiny electrodes. Exciting the gas created 
plasma, releasing UV light to light up individual 
pixels. Decades later, that same principle powered 
millions of flat-screen Plasma TVs in living rooms 
everywhere. 

Peter Cooper Hewitt: 

It’s extraordinary, really. My simple light tube 
became the foundation for lighting the world, 
manufacturing microchips, and beaming television 
images directly into homes. 

Irving Langmuir: 

That is the true beauty of plasma. Whether you are 
generating light, depositing atoms, etching 
nanometer tracks, or exciting phosphors, it all 
comes back to controlling the fourth state of 



180 

matter. 

The lounge expands to welcome four new arrivals. 
Sparks fly from industrial torches, while electric 
propulsion plumes and twisted magnetic field lines 
drift through the background. 

Sir William Crookes (Pioneer of Gas Discharge 
Tubes & "Radiant Matter"): 

If we are speaking of origins, gentlemen, we must 
look to my dark space! Back in the 1870s, when I 
evacuated glass tubes and passed high voltage 
through them, I realized I was looking at something 
that belonged neither to solids, liquids, nor 
ordinary gases. I called it 'Radiant Matter.' Without 
those early vacuum discharge experiments, none 
of your gadgets would have had a medium to glow 
in! 

Peter Cooper Hewitt: 

Sir William, your Crookes tubes were my lamp's 
eccentric ancestors! We simply took your 'radiant 
matter,' filled the tube with mercury vapor, and 
turned a laboratory curiosity into commercial 
illumination. 

Irving Langmuir: 
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Indeed. In fact, Sir William, it was studying those 
exact discharge phenomena that led me to coin the 
word plasma in 1928—because the way electrons, 
ions, and neutrals sloshed around carrying space 
charge reminded me of blood plasma transporting 
cells. 

Robert M. Gage (Inventor of Plasma Arc Welding 
and Cutting): 

You all talk about soft glows and low pressures, 
but in the 1950s at Linde Air Products, we wanted 
brute force. By squeezing an electric arc through a 
constricted nozzle, we superheated ionized gas to 
tens of thousands of degrees. Suddenly, we had a 
plasma torch that could slice through thick 
stainless steel and aluminum like butter. Thermal 
plasma transformed heavy manufacturing and 
metal fabrication overnight. 

Irving Pinch: 

From cutting armor plates to carving microchips! 
It’s incredible how plasma spans physical 
scale—Gage uses high-pressure thermal plasma to 
slice structural beams, while my reactive ion 
etching uses low-pressure cold plasma to etch 
lines a few nanometers wide on a silicon wafer. 
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Alexey Morozov (Father of the Stationary Plasma 
Thruster / Hall Thruster): 

And while you were cutting steel and making 
microchips on Earth, we were aiming for the stars. 
In the 1960s in the Soviet Union, we realized 
plasma's high exhaust velocity made it the ultimate 
space propellant. By trapping electrons in a 
magnetic field to ionize xenon gas, my Stationary 
Plasma Thruster accelerated ions to immense 
speeds. Today, Hall-effect plasma thrusters keep 
thousands of satellites in orbit and propel 
deep-space probes. 

Lyman Spitzer (Pioneer of Controlled 
Thermonuclear Fusion & The Stellarator): 

And if we succeed in our ultimate dream, plasma 
will power whole civilizations. In 1951, I envisioned 
trapping a 100-million-degree plasma inside a 
twisted magnetic field called a Stellarator to 
replicate the energy of the sun. Fusion researchers 
have spent decades learning to tame the complex 
instabilities of hot plasma. When magnetic 
confinement fusion matures—whether in 
stellarators or tokamaks—plasma will provide 
virtually unlimited, clean power to humanity. 

Irving Langmuir: 
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From the light on a desk to space travel, 
microelectronics, industrial cutting, and the power 
of the stars themselves. It appears our fourth state 
of matter has quietly reshaped human civilization. 

The lounge expands further, the walls shimmering 
with the faint violet and amber hues of 
high-frequency discharges as more pioneers pull 
up chairs to join the ongoing symposium. 

Ernst Werner von Siemens: 

If we are tracing plasma-driven chemistry back to 
its roots, gentlemen, you must remember my silent 
electric discharge tube from 1857! By using a 
dielectric barrier to prevent a destructive arc, I 
created the first stable non-thermal plasma to 
synthesize ozone. Little did I know that the exact 
Dielectric Barrier Discharge (DBD) concept would 
evolve a century later into modern plasma 
chemical reactors used for VOC destruction, 
exhaust purification, methane reforming, and the 
sustainable synthesis of green ammonia at room 
temperature. 

Edmund Germer: 

And von Siemens paved the way for my 
high-pressure arcs! In the 1920s, I realized that by 
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enclosing high-pressure mercury or noble gases in 
quartz tubes, we could generate blindingly intense 
light and ultraviolet radiation. That breakthrough 
birthed High-Intensity Discharge (HID) and 
advanced fluorescent lighting, illuminating 
stadiums and highways across the globe. 

John Coburn (Pioneer of Plasma-Surface 
Chemistry): 

It is a far cry from illuminating a highway to carving 
a nanometer onto a silicon wafer. Irving Pinch gave 
us the macro direction for dry etching, but Harold 
Winters and I spent the 1970s unraveling the 
atomic ballet of Reactive Ion Etching (RIE) and 
Inductively Coupled Plasma (ICP). We discovered 
how reactive radicals chemically react with target 
substrates while directional ions physically sputter 
away the debris. That synergy is what allows 
semiconductor fabricators today to carve features 
thousands of times thinner than a human hair. 

Robert S. Houk: 

We borrowed that same capability of breaking 
down molecules in high-temperature argon plasma, 
but we pointed it toward analytical chemistry. In 
the late 1970s at Ames Laboratory, Velmer Fassel 
and I developed Inductively Coupled Plasma Mass 
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Spectrometry (ICP-MS). By injecting liquid samples 
into an intense 10,000-degree argon plasma torch, 
we atomized and ionized every element present, 
enabling scientists to detect trace metals down to 
parts-per-trillion levels for everything from 
environmental toxicology to forensic archaeology. 

Harold Kaufman (Inventor of the Gridded Ion 
Engine): 

While you were analyzing trace elements on Earth, 
I was thinking about how to push spacecraft 
through the vacuum of space. In 1959 at NASA, I 
built the first gridded ion engine. By ionizing inert 
xenon gas with electrons and using electrostatic 
grids to accelerate those ions outward at immense 
velocities, we achieved a high specific impulse that 
traditional chemical rockets could never dream of 
matching. 

Andrei Sakharov (Co-developer of the Tokamak): 

And while Kaufman accelerated ions into the void, 
Igor Tamm and I looked at how to trap them right 
here on Earth. In 1950, we proposed the 
Tokamak—a toroidal chamber where powerful 
magnetic fields twist and squeeze a high-density 
deuterium-tritium plasma. Along with Lev 
Artsimovich, we sought to heat that ionized gas to 
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tens of millions of degrees, replicating the core of a 
star to achieve self-sustaining nuclear fusion 
power. Lyman Spitzer's stellarator and our tokamak 
remain humanity's best hope for limitless, clean 
energy. 

Gregor Morfill (Pioneer of Biomedical 
Non-Thermal Plasma): 

Not all plasmas need to be millions of degrees or 
trapped in magnetic bottles, however. With Cold 
Atmospheric Plasma (CAP) devices, we operate 
right at room temperature. By generating 
non-thermal plasma jets that produce reactive 
oxygen and nitrogen species (RONS), we found we 
could safely sterilize medical equipment, eradicate 
stubborn bacteria, selectively trigger apoptosis in 
cancer cells, and accelerate wound healing without 
harming surrounding human tissue. 

Irving Langmuir: 

From generating ozone in the nineteenth century to 
healing living tissue, illuminating cities, computing 
on microscopic chips, and chasing the fire of the 
stars—our fourth state of matter proves endlessly 
versatile. 
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