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Abstract

Study on the modifications of functional materials using an
ultra-intense laser

~ Toward the creation of entrusted research and development business ~

This doctoral thesis describes the study on the modifications of functional ma-
terials using an ultra-intense laser. The modification research and developments
are urgent needs for the automobile industries, since manufacture of the fuel cells
and oxygen sensors used in automobiles requires, more efficient functional mate-
rials. Therefore the research and developments are the key to creating businesses
by the company, to which the author belongs. The goal of this study is to create
a support business or an entrusted business using an ultra-intense laser.

There have been material modification techniques, such as the spraying method,
the hot isostatic pressing and the diamond anvil methods. These conventional
techniques are compared with the ultra-intense laser method and advantages of
the ultra-intense laser method are discussed. Since 1996, the company, to which
the author belongs, has been involved in business activities related to pulsed
lasers. The genealogical study on the business shows that the company and the
author have accumulated the developed technologies and knowledge simultane-
ously.

The main theme of this study is on surface modifications of two materials using
an ultra-intense laser. The study of YSZ (yttria-stabilized zirconia), a ceramic-
based material, discovered polycrystallization and micronization on the surface.
By irradiating the surface of YSZ with an ultra-intense short-pulse laser, a mul-
tilayered polycrystalline structure was formed on the material with a penetration
depth of 100 pum. The polycrystallization method could promote wider use of ce-
ramics in industries because it toughness the materials and could overcome their
weak point that they are brittle and easily destroyed by impact or thermal shock.

The study of HOPG (highly oriented pyrolytic graphite), a graphite-based ma-
terial, analyzed its crystal structure by Raman spectroscopy and an X-ray diffrac-
tion. Those analyzed depth from the surface were 50 nm and 800 yum, respectively.
The results showed that the laser-driven compression plastically deforms and cre-
ates an undulated nanostructure of several nm ~ sub-pm in size. Graphite have
high thermal and electrical conductivity and low heat resistance. In addition,
the materials are lightweight and can be easily processed. Due to these excellent
physical properties, the materials have been used as electrode materials such as

semiconductors and electronics in industries including automobiles and aerospace



industries. It is also noted that the microstructure demonstrated in this study
could lead to the improvement of power generation efficiency.

The study mentioned above provided the company with two business concepts:
”Entrusted research and development business using an ultra-intense laser” and

? . The former

”Support business, strengthened by using an ultra-intense laser
business concept used the outcome of this study. The author is entrusted with
the research and development of ” The new target injection equipment”. The lat-
ter business concept is to develop the market of measurement technologies at the
group companies. The measurement technology is derived from the plasma abla-
tion pressure measurements and so on, which will be supplied to the customers
from the group companies. This business plan is under consideration. The au-
thor also published a press release about the surface modifications on YSZ using
an ultra-intense laser, appealing the research on industrial applications using an
ultra-intense laser to industries.

The surface modification by the ultra-intense laser method will create a new

industrial applications.
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hydrocode including radiation transport, to be published elsewhere
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fs-Beam1 | fs-Beam2 | fs-Beam3
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X-ray Streak Camera (XSC)

0 6.1. 00000DO0O0ODODO0ODOODOODOO0O0ODOO XOODODOOooOoooooboooo
O000000000s-YSZOOO 0.15mm00000000000O0O0OODOOQO 200 nm
gbooboobobooobooboboboboobooboobooboboboobooDbo
0000 XOooooooooooooooooo

2000nm O00000D00OO00OO0O0O0ODODODOOO0O0OOOOODODOOOUOODDODO
000000000000000000000000000000006.0g cm™30
0000000000568 em?0000000000000010mm x10mm X
oo olsmmidbooooobooooobobobooboboboboobobooobo
O00o0DOOoO000oOo00bDOo0oO0U0O0DbbO0o0 Xoogoooooooooooo
gooo
gelib0b0db0i0obOo0oboOobOobObOobDbOObDOObDOObOoOobOooD

0 e6.1. 00000000 DOODOOLOODbDOO

On sample | Pulse duration | I :Intensity | P:Pressure
Energy [mJ] [fs] [Wem™—2] [TPa|

CPAT | 450 | 161 | 1.42 %107 | 9.5
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