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Location
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Location of laboratory: Sydney Australia From Japan to Australia

• Airplane: 11 hours
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From inn to CSIRO

• Bus and train : 1 hours

Sydney

 Opera house

 Olympic (2000)

 the biggest population

city in Australia

 Sightseeing

Weather and temperature

Mostly fine day

 Not humid

 Summer season

 Strong light of the sun



Photo of lab. and researchers
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What is CSIRO?
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Commonwealth Scientific and Industrial Research Organization : CSIRO
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This research group: Australians government

Found year: 1916

Main office: Canberra

Branches: 60 (including overseas)

Number of stuff: more than 6,500 people

Research filed: Extremely wide

URL: http://www.csiro.au/



This purpose of ITP this time
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Branches: 60 branches (including overseas)

Number of stuff: more than 6,500 people

Research filed: extremely wide

To discuses the mechanisms of hydrophobic and hydrophilic 

surface properties of CNWs, next paper and PhD candidate plan.

Purpose

They have …..

“knowledge, own experience and technical know-how”.



(a) The SEM image of CNW (b) The birds-eyes view of CNW

CNW : Carbon nanowall[1]

The CNW, consists of multiayer

graphene sheets, stands vertically 

on substrate.
CNW

The SEM images of CNW

300 nm 300 nm

(a) (b)

Graphene sheet

Multilayer Graphene sheets

Several nm

[1] M. Hiramatsu, K. Shiji, H. Amano, M. Hori, Appl. Phys. Lett. 84 (2004) 4708.

Presentation for ITP period



Purpose of this study
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CNW

1mm

water drop

 CNWs intrinsically have hydrophobic

properties due to 

− High aspect rate

− Maze-morphology

− Incorporated fluorine atoms

For biosensing applications of CNWs, it is important

to control the contact area of CNWs to reagent

solutions including DNA, cancer and protein.

To clarify mechanisms of hydrophobic and hydrophilic surface 

properties of CNWs and establish their control techniques.

Purpose

 Development and control of hydrophilicity are indispensable.



Experimental set up

Gas: Ar, Flow rate: 2 l/min, Applied voltage: 60 kV

Distance between substrate and plasma source: 5 mm

Plasma treatment times: 0, 1, 5, 15, 30s

Ar gas

CNW substrate

 Procedures

① Growth of CNWs by Radical Injection Chemical Vapor Deposition.

② Surface treatment by atmospheric pressure plasma using Ar gas.

③ Evaluation of contact angle and chemical bonding states.

− Drop shape analysis (DSA)

− X-ray photoelectron spectroscopy (XPS)

 Set up



CNW with/ W.O. plasma surface treatment

Report on visit to CSIRO Austrasia 10

0 times
Plasma surface treatment time

Contact angle

133.3°

1times

84.4°

5 times

7.5°

15 times

4.5°

30 times

3.5°

CNW fabricated from CH4

0 times

Plasma surface treatment time

1 times 5 times 15 times 30 times
Contact angle

137.3° 88.1° 26.8° 13.7° 6.2°

CNW fabricated from C2F6

water

CNW

CCD photo



Raman spectrum 

Contact angle ：137.3[deg] Contact angle：6.2[deg]

Before After

300nm 300nm

1200 1300 1400 1500 1600 1700 1200 1300 1400 1500 1600 1700

 

D band 
G band 

D’ band 

D band 
G band 

D’ band 

ID/IG = 1.3ID/IG = 1.2
 Drastic change of contact angle by plasma surface treatment

 No significant change in morphology and crystallinity
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Raman spectrum

SEM SEMCCD photo CCD photo
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XPS of CNW fabricated from C2F6
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With increasing the plasma treatment time,

Fluorine (F) / carbon(C) ratio decreases but oxygen(O) / C ratio increases,

while the contact angle decreases.



Detachment of F atoms and adsorption of O atoms could induce the

hydrophilic property of CNW surface.
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XPS of CNW fabricated from CH4

F/C
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Contact water angle

 O atom is on the surface W.O. plasma surface treatment.
Because of the layer of natural oxidation

Checking the aging effect of hydrophilic property .
Too high contact water angle W.O. plasma surface treatment
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After my presentation 
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Some advise

 Rapid utterance

 Keep in time

Many slide

They are interested in and discuses….

 “XPS and contact water angle of CNW fabricated from CH4”

Why…..?

Z. J. Han, et al,. APPLIED PHYSICS LETTERS 94, 223106 2009



Collaboration with CSIRO in the paper
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What have I learned through ITP?
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Knowledge 

• How to write the paper

• How to present my study

• How to use the soft ware

Experience Language 

• For two months alone

• Different culture and customs

• Everyone who live in the world

• Ambition of English skill

Not enough for me

• Special knowledge

• Wide vision

• English skill (including ward and grammar)

• Positive attitude

For my PhD plan 



Thank you very much for your kind !!

I really appreciated Prof. Hori, Prof. Toyoda, Ms. Era

and all stuff of CSIRO.
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ITP in this time

Report on visit to CSIRO Austrasia

1) they do some experiments in Japan and write a draft of a paper

2) they do all the safety etc. training as required

3) they observe the experiments without actually doing them on their own - but can

engage later as contributors

4) they improve English and watch out culture and follow our approaches, work,

safety, equipment design, etc.

5) they will have someone to supervise them but I will be able to talk to them maybe

about once a week
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Before we left Japan, I have gotten some mention they said.

We could not conduct the experiment in CSIRO. Because it will take half and a

month to get a license in CSIRO to experiment.

 Discuses the result I brought from Japan.

Making plan of PhD candidate.

 How to write the paper.


