. HOKKAIDO UNIVERSITY

Title

Process development for synthesizing core-shell nanoparticles with liquid cores utilizing dusty
plasma techniques [an abstract of dissertation and a summary of dissertation review]

Author (s)

Munaswamy, Murugesh

Degree Grantor biEEKE
Degree Name BL(I%)
Dissertation Number 5161205
Issue Date 2024-09-25
Doc URL https://hdl. handle.net/2115/93611

Rights(URL)

https://creativecommons. org/licenses/by/4.0/

Type

doctoral thesis

File Information

Munaswamy Murugesh abstract.pdf, BRXHABTDES

kaid,
ety U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




¥ oW X N A o BB
MroEXsTosn it (T%) K4  Munaswamy Murugesh

AN

¥ 7

-

X #E

Process development for synthesizing core-shell nanoparticles with liquid cores utilizing dusty
plasma techniques

(BiRa72652%a7 - P2 F JRFOERA LTI X<ZHWEEK T 2t 2D

Core-shell nanoparticles synthesized by depositing solid shells around liquid cores are useful
as a reusable latent heat storage material. The core-shell type phase changing materials with liquid
cores can actively address the increasing demand for thermal energy and enhance the overall energy
efficiency. However, it is challenging to deposit thin films around liquid cores with the available
process technologies.

This research work demonstrates a process flow to deposit amorphous carbon films around liquid
tin nanodroplets retained in a capacitively coupled plasma (CCP). High-pressure magnetron sputtering
was used for synthesizing tin nanoparticles from a tin target placed at the top of a vacuum chamber. Tin
nanoparticles were transported to CCP and trapped above an rf electrode at the bottom of the chamber.
Tin nanoparticles were heated above the melting point by ion bombardment in CCP, then we deposited
amorphous carbon films as the shells using plasma-enhanced chemical vapor deposition (PECVD).
Core-shell nanoparticles thus synthesized were collected by applying a positive bias voltage to an
electrode placed inside the rf electrode. It was observed that the electrode potential was higher than the
plasma potential while supplying a bias potential of +70 V, which enabled the efficient transportation
of nanoparticles. The nanoparticles were analyzed using electron microscopy (SEM, TEM), energy
dispersive spectroscopy and electron diffraction. TEM images of core-shell nanoparticles revealed that
the cores were perfectly spherical. The temperature of nanoparticles retained in CCP was theoretically
estimated, and it was confirmed that the temperature was above the melting point of tin. Further
analyzed the nanoparticles using in-situ heating in TEM and observed the phase change in tin core at
the melting point. This result also suggests that the amorphous carbon films protected cores from the
oxidation. In addition, the breakdown of shells was not observed at the melting of cores, indicating
that the amorphous carbon films were robust against the volume expansion of the cores.

The first chapter gives the general introduction.

The second chapter describes the principles underlying the core-shell nanoparticles generation, the

growth, and the retention. The discussion is started on fundamentals of plasma and its features, fol-



lowed by principles and comparison of CVD and PECVD. The physics of plasmas used in this work,
i.e., CCP and DC magnetron sputtering are discussed. Further, the mechanism of the nanoparticle
growth and the physics of their charging in plasmas are described. Particle retention is directly con-
nected with the balance among forces acting on nanoparticles in the plasma, hence discussed about the
relevant forces and compared their magnitudes.

The third chapter describes the experimental methods used in this work. The equipment used
for synthesizing core-shell nanoparticles was composed of CCP and magnetron sputtering. The later
part of this chapter discusses the techniques used to measure the electron temperature, the ion den-
sity, the floating potential, and the plasma potential, followed by nanoparticle analysis techniques and
additional plasma diagnostic methods.

The fourth chapter describes the results in chronological way from the production to the collec-
tion, the surface morphologies to the atomic composition analysis, followed by the gas temperature
measurement, and the analysis of the shell robustness against core melting. The particle growth and
transportation to the collection electrode are observed from the scattered laser light images captured
using an electron multiplying charge-coupled device camera. The atomic composition analysis was
performed using TEM attached with an EDS tool. The melting observations was performed using
TEM equipped with a substrate heating system and an electron diffraction system.

The fifth chapter discusses the theoretical estimation of the nanoparticle temperature, the pro-
duction mechanisms of tin clusters observed in melting experiments, followed by discussion on the
particle collection. The nanoparticle temperature was calculated using heat transfer theories from lit-
eratures while considering the experimental findings on the gas temperature, the electron temperature,
the plasma density, and the plasma potential.

The sixth chapter gives major conclusions of this work followed by the outlook.



