
 

Combining graphene and nanodiamonds for
better microplasma devices
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(a) Schematic of the microplasma device measurement. (b) plasma current
density (JPI) versus applied voltage (V) of a microplasma cavity and the
photographs of plasma illumination (PI) characteristics as inset, which utilized
the ITO coated glass as anode and using either I. bare LIG or II. nD-LIG as
cathode materials. (c) Lifetime plasma stability studies of I. LIG and II. nD-LIG.
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The inset of Fig. 4(c) shows the RGB intensity obtained from the PI photographs
in the inset of Fig. 4(b). (d) Typical OES spectrum of Ar lines obtained from the
micro discharges using nD-LIG as cathode in the microplasma device. Credit: 
Fundamental Plasma Physics (2024). DOI: 10.1016/j.fpp.2024.100047

Microplasma devices are incredibly versatile tools for generating and
sustaining plasmas on micro- and millimeter scales. The latest advances
in nanotechnology now promise to expand their range of applications
even further but, so far, this progress has been held back by the limited
stability of some nanostructures at the extreme temperatures required to
sustain many plasmas.

In a recent study published in Fundamental Plasma Physics, K J
Sankaran and colleagues at the CSIR Institute of Minerals and Materials
Technology, Bhubaneswar, India, overcome this challenge by decorating
sheets of graphene with more stable nanodiamonds—that is, diamonds
with diameters smaller than about 100 nm—allowing them to endure far
more extreme conditions.

This combined material could expand the use of microplasma devices
across a diverse array of useful applications, such as sterilizing and
healing wounds, analyzing chemicals, and displaying images.

Two forms of carbon

In a microplasma device, plasma is created by generating a strong
electric field between a pair of electrodes—stripping electrons from the
atoms and molecules in the space between them. In principle, graphene
is the ideal material for these electrodes. Consisting of 2D sheets of
carbon atoms, it has now been extensively studied since its initial
characterization in the early 2000s.
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"Graphene is renowned for its properties, including chemical stability
and electrical conductivity," Sankaran explains. "However, graphene has
poor lifetime stability in severe plasma environments."

One material which endures these conditions far more readily is
diamond: a form of carbon with atoms arranged in a sturdy 3D lattice.
"Diamond is known for its robust physical and chemical properties, and
offers better stability for electron emission devices," Sankaran says.

If combined together, the properties of these two materials would be far
better suited to use in microplasma electrodes—but as Sankaran
explains, the integration process has proven difficult so far. "Previous
attempts to integrate diamond and graphene have involved complex
processes and high temperatures," he says.

Seamless integration

In their study, Sankaran's team presents an alternative approach to
integrating these two forms of carbon as seamlessly as possible. Their
method starts by irradiating a sheet of prerequisite material—usually
polyimide or a similar carbon-rich polymer—with a powerful laser,
causing its carbon atoms to rearrange themselves into graphene sheets.
Graphene produced in this way is called laser-induced graphene (LIG).

"LIG presents itself as the quickest and simplest method for obtaining
high-quality graphene utilizing commercially available and cost-effective
instruments," Sankaran explains. "Yet while LIG initially showed
promising results for microplasma displays, it was observed to decay
faster than anticipated."

To prevent this decay, the researchers introduced a further step to the
process. After preparing the LIG, they decorated its surface with 
diamonds, each just a few nanometers across.
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They applied this step using a "drop-casting" technique: this involved
seeding the growth of diamond nanocrystals inside a carbon-rich
solution, placing a small droplet of the solution onto the LIG surface,
and allowing it to dry. When applied this way, "the nanodiamond is not
only uniform, but also enhances the quality of the graphene," Sankaran
says.

Boosting device performance

After assembling the material, the researchers could finally test its
performance as the cathode in a practical microplasma device. The
results were incredibly promising.

"The homogeneous fibrous structure of graphene embedded with
nanodiamond showed significant stability in harsh plasma
environments," Sankaran says. "This enabled it to serve as a stable
cathode for a long time."

Having demonstrated their easy and cost-effective technique, Sankaran's
team now hope it could soon be applied more widely for fabricating
microplasma devices. This in turn could provide far easier access to their
numerous benefits in research, medicine, and possibly even commercial
applications in the not-too-distant future.

  More information: S. Suman et al, High stability plasma illumination
from micro discharges with nanodiamond decorated laser induced
graphene electrodes, Fundamental Plasma Physics (2024). DOI:
10.1016/j.fpp.2024.100047
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