Digging the oldest nanotechnology: Nano ‘experts’ in ancient Tamilnadu!
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Keeladi is not just an excavation site of ancient Tamil civilisation. It is supposed to have a treasure of nanoparticles that were weaved smoothly to persist for generations.

Every phase of the Keeladi excavation reveals new findings that tend to rewrite the history of Tamil Nadu, and thus India, and thus the world.
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Keeladi excavation site: aerial view
(Image credit: TNSDA)

Located about 12 km southeast of the temple city of Madurai along the banks of the Vaigai river in Tamilnadu, Keeladi is a Sangam period (history of ancient Tamilnadu, Kerala, and parts of Sri Lanka) settlement. A large-scale excavation is being conducted in the Keeladi site by the Archaeological Survey of India and the Tamil Nadu State Department of Archaeology (TNSDA).

From the first day of Phase 1 of the excavation in this small village, numerous antiquities, such as pottery, brick walls, roof tiles, various types of ornaments, frosts, potsherds with Tamil-Brahmi script, skeletal tools and mimic accessories among over 18,000 artefacts have been unearthed. These cultural deposits could be safely dated to a period between 600 BC and 300 AD (Sangam period).
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Potsherds with Tamil-Brahmi script
(Image credit: TNSDA)

Uncovering mounds of pottery suggests the existence of a pottery-making industry in Keeladi during the period. It is believed that most of the pottery materials were created from locally accessible raw materials. Over 120 potsherds with Tamil Brahmi inscriptions also indicate the script’s lengthy survival.

Copper needles, hanging stones of the yarn, earthen vessels to hold liquid, spindle whorls, terracotta spheres and terracotta seals allude to various stages of a weaving industry. There were also dyeing and glass bead industries.

A 13-metre-long wall with three courses of bricks, well-laid floors made of clay, and roof tiles containing finger grove impressions meant for water draining all revealed that the Keeladi civilization had some good structural engineering skills during the Sangam era.
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Walls with courses of bricks at Keeladi
(Image credit: TNSDA)

Researchers have also uncovered the world's first nanotechnology imprint in the old potsherds dating back more than 2,600 years at the Keeladi excavation site. They did not really expect to find carbon nanotube coating on broken pieces of pottery unearthed in the Keeladi excavation site.

The researchers were stunned to witness the unique black coating in the potsherds. The shiny nature and the smoothness of the pottery led them to find out the elemental constituent and the microstructure nature.
What is nanotechnology?
It is a recent scientific advance. This method helps to reduce the size of large equipment. Its uses extend from food processing to electronics, medicines, thermal conductors, and much more. For example, LED lamps are made of gallium and indium, with a 3-nanometer layer of potassium-indium alloy coating. This coating produces glowing light with the help of electricity.
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Nanotechnology
(Image credit: WorldBakers)

Following a materials characterization, the researchers found the presence of graphene sheets that are nothing but carbon atomic sheets in the potsherds. The Transmission Electron Microscope, Raman Spectroscopy, and X-ray Photoelectron Spectroscopy analyses on various excavated pottery pieces were randomly applied to know the presence of carbon coating. To their surprise, the scientists found single- and multi-walled carbon nanotubes and layered graphene sheets.

The average diameter (i.e., the thickness) of a single-walled carbon nanotube was found to be about 0.6 ± 0.05 nanometres (nm). This is the lowest among the single-walled CTNs reported from artefacts so far and close to the theoretically predicted value (0.4 nm). A carbon atom is 0.3 nm thick.
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Single- and multi-walled carbon nanotubes (a, b) and graphene sheets (c)
(Image credit: Scientific Reports)

Yes, our ancestors have created a thin coat on the potsherds ‘through nanotechnology’. That is, the Sangam era Keeladi people made this shiny coating on the potsherds two atoms thick. Those nanomaterials still retain their stability and adhesion.What are carbon nanotubes? 
Carbon nanotubes are tubes of carbon with a diameter of one billionth of a metre. With low weight and high strength, carbon nanotubes are good conductors of heat and electricity. Among many other applications, their usage in electronic devices, transistors, sensors, batteries and medical equipment is now being explored.
Sumio Iijima, a Japanese scientist, found their occurrence in 1991. Since then, researchers have devised various techniques to synthesize it. The most popular approach is chemical vapour deposition, which is a complicated procedure involving high temperatures starting at 800 °C.
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Inner (a, c) and outer (b, d) portions of potsherds
(Image credit: Scientific Reports) 

The most remarkable factor is that the smoothness is kept with much less degradation. Some of the examined potsherds still have the smooth shiny surface intact. The researchers anticipated to see a charcoal paste-like coating. Yet, they noticed an advanced method that was near to ‘perfect’.

Because the coating is over 2,000 years old, it is nearly impossible to remain stable for such a long period unless it has strong mechanical and chemical stability to resist or isolate from changing environmental conditions.
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Nanotubes
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According to an archaeologist, creating carbon nanotubes close to their theoretical limit is a difficult task even today, and no laboratory can do it consistently and precisely. He asserts that the Keeladi people would have exercised fine control over everything from the selection of raw materials to the purpose of burning that produced a durable coating. It is conceivable that the raw materials came from some form of vegetal source, such as plant extracts.

The more scientific theory is that the plant-based material was carbonized, forming various carbon allotropes at high temperatures obtained during pottery fire. The presence of iron in both the plant source and the soil might have catalysed the carbon to form single- and multi-walled carbon nanotubes.

According to the spectroscopic studies of the black and red ware sherds from Keeladi, the use of carbon material produced the black hue, whereas the presence and application of hematite (iron core) was responsible for the red colour.
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Black and red potsherds
(Image credit: TNSDA)

The potters of Keeladi were experts in raising the temperature of their oven to 1,100 degrees Celsius, which produced the unique black-and-red ware pottery. It was likely that the plant-based materials were employed, which might have reached temperatures high enough to cause the formation of those nanostructures during the firing process used to make pottery.

The researchers promised that the Sangam Era Keeladi people knew that the technique would make the pots strong and long-lasting. They also have the following questions:
1. Did the ancient Keeladi settlement understand the significance of these techniques and purposefully adapt to them? 
2. As the interior portions of the potsherds display the black covering, were the potters aware of the cytotoxic nature of carbon nanotubes and graphene sheets if the potteries were used to prepare or preserve food?

Despite the remaining unanswered questions, it is exciting to observe the robust traces of 1D and 2D carbon-based nanomaterials that were employed around 600 BC, when their diameters were closer to the theoretical limit and yet maintained their stability.

The archaeologists have thus confirmed that the nanostructures discovered in the excavated materials at the Keeladi site are the oldest ones. Until now, the fourth-century Roman cups were believed to be the earliest artefacts containing nanoparticles.
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