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【注意】
　諸事情により、こちらのＰＤＦデータは、冊子体のものとは一部内容が
異なります。何卒ご了承願います。
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Cu Fe Pb Zn Ni Sb
Au 
(g/t)

Ag 
(g/t)

14.4 1.3 2.0 0.7 0.44 0.58 336 490

Table 1 (Unit : wt%)
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Results

Background
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Elements

REE

High As in Cu resources reduces economic value due to 
the hazardous emissions generated in smelting. 

Enargite, tennantite, tetrahedrite are main minerals that 
contain As and Sb impurities and occur together with 
other Cu sulfides that pose environmental risks

Combination of flotation, leaching, precipitation 
steps are investigated to remove arsenic in the Cu 
resources and offer clean material to smelters.

Removal of arsenic in enargite from copper ores by flotation and leaching
Arsenic problem Typical copper ore

Mineral Formula

Enargite Cu3AsS4

Tennantite Cu12As4S13

Luzonite Cu3AsS4

Sinnerite Cu6As4S9

Tetrahedrite (Cu,Fe)12Sb4S13 

Mineral Formula

Pyrite FeS2

Covellite CuS

Chalcocite Cu2S

Chalcopyrite CuFeS2

Bornite Cu5FeS4

Cu resources that contain As Minerals that associate 
with enargite

Result 1: Effect of collector on flotation Results2: Selective leaching of arsenic and antimony

natural (En: 3.8, Cp: 5.0), natural (En: 500 mV)
8 min, 50 g/t, 200 g/t
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As grade

 

Sb dissolution

 

Sb grade

Experimental conditions

Solution vol. 60 ml

Temp 90 95 C

NaOH 150 g/L

NaHS 250 g/L

P density (g/L) 300 (18g)

S/(As+Sb) ratio 17

Tennantite leaching test







 
 
 
 
 
 

 

 

1. L10-FePt  
[001] L10-FePt  / RTA 450  

2. EB  
FePt 15nm 30 Oe 

3. FePt  
FePtRh 15nm 3.6 Oe 

4.  
MFM  MFM FePt Hc  
 X  MCD  

3. FePt
 

 ( )
ishio@gipc.akita-u.ac.jp takashi@gipc.akita-u.ac.jp

L10 FePt 7  107 erg/cm3 Ku

BPM FePt Pt Rh
L10 FePt1-xRhx

FM AF FM
AF BPM
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Digitizer (Hioki 8852)
400 kS/s, 8 bit

Current probe
(Tektronix A6302 + AM503B)
BW: DC - 50MHz

Fixed electrode

Moving electrode Camera with a magnifying lens
(Casio EX-F1)
600 fps, 432×192 pixelsLED Array

Relay

Differential
transformer

Digitizer (Yokogawa WE7000)
100 kS/s, 16 bit

Trig. sig.

Spectrum Analyzer
(Agilent E4402B)

Digitizer (LeCroy DDA-260)
8GS/s, 8 bit

Current probe
(FCC F-2000)
BW: 10MHz - 3GHz

Digitizer (HP 34970A)
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K-type thermocopule
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(HC) (CO) (NOx)

(OSC) CeO2

La9.33Si6O26 (Pt, Pd) NO
-Al2O3 Pt La

1, 2)

Sr10-xBax(PO4)6(OH)2 Pt
NO  

Sr10-xBax(PO4)6(OH)2  Sr(CH3COO)2 0.5H2O, Ba(CH3COO)2 KH2PO4

200 cm3 A = 
Sr M HNO3 pH 12

1M KOH 90 24 h
100 300~1000 3h

X (XRD) ICP
Pt Pt 1 mass%

600 3h Pt CO

 

( ) 

Pt, Pd, Rh

La

 

 

Pt

 

: 2007-144412 : 2007-

144412 : 2007-117852

2011-113859 



50 Pt X (XPS) NO
C3H6(1500ppm)-NO(1000ppm) -O2(9000ppm)

200~600  

Sr10-xBax(PO4)6(OH)2 (x=0, 2, 4, 10)
x=0, 2, 4 300 x 10

1000
Table 1 Sr10-xBax(PO4)6(OH)2 

(x=0, 2, 4, 10)
x=0~10 (Sr+Ba)/P

(10/6=1.67)
Sr/Ba (10-x/x)

Pt
x=0, 2, 4 10%

x=10 4% x=0, 
2, 4 Ba10(PO4)6(OH)2

(1000 )
(300 )

 

Fig. 1 Pt/Sr10-xBax(PO4)6(OH)2 (x=0, 2, 4, 10)
Pt/Ca10(PO4)6(OH)2 Pt/Al2O3 C3H6-NO-O2

NO Pt/Sr10-xBax(PO4)6(OH)2 
(x=0, 2, 4) 300 NO 43% (x=0)

47% (x=2) Pt/Al2O3

x=4 275 NO
50% Sr2+ Ba2+

Pt/Ba10(PO4)6(OH)2 Pt/Sr6Ba4(PO4)6(OH)2 NO
Pt/Ba10(PO4)6(OH)2

x=0~4
 

Fig. 2 Pt/Sr10-xBax(PO4)6(OH)2 (x=0, 4) Pt/Ca10(PO4)6(OH)2

Pt4f XPS x=0, 4
Pt/Ca10(PO4)6(OH)2 Pt

Pt x=
4 60% Pt

Sr Ba
O2-

Pt
Pt Ba NO

 

1) S. Kato, T. Yoshizawa, N. Kakuta, S. Akiyama, M. Ogasawara, T. Wakabayashi, Y. Nakahara, S. Nakata, Res. Chem. 

Intermed., , 703 (2008).  

2) A.Ono, M. Abe, S. Kato, M. Ogasawara, T. Wakabayashi, Y. Nakahara, S. Nakata, Appl. Catal. B., , 149 (2011). 
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ClCH2OCH3, SnCl4

CHCl3, r. t.
4

4 4
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PGM [6] -

Eq.1  
 

[Metal]org = [Metal]aq,init   [Metal]aq (1) 
[Metal]aq,init [Metal]aq (  = 0 h) (  = 24 h)

( ) Eq.2  
 = [Metal]org / [Metal]aq,init × 100%  (2) 

 

 

 

 
 
 



 

1.197mg 100ml mol 0.094 M Pd
10ppm 0.094 M 20ml mol

20mm 110mm 300 30
5 1500rpm ICP
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Fig. 1   Experimental set up for synthesizing diamond on the WC substrate 
by acetylene-oxygen combustion flame. 
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            Table 1   Conditions for synthesizing diamond on the WC substrate. 

Reaction gas C2H2 + O2 
Film surface temperature 1223 1273[K] 
Pressure 105[Pa] 
C2H2 Flow rate, a 70.9[cm3/s] 
O2 Flow rate, o 63.8[cm3/s] 
Flow ratio, f  = o  a 0.90 

WC
WC

Murakami K3[Fe(CN)6] 10g
KOH 10g 100ml WC Murakami

WC WC
Murakami

H2SO4 3ml H2O2 88ml
(Co) Co

Co

Murakami 10min 20min 10sec
20sec Murakami

10min 10sec Case A Murakami
20min 20sec Case B

0.25µm
30min  

 
Table 2   Conditions for pretreatments of  the WC substrate. 

 
Treatment periods by  
Murakami s reagent  

Treatment periods by 
acid solution 

Case A 10[min] 10[sec] 
Case B 20[min] 20[sec] 

 

WC



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2   Distances of the flame inner cone from WC substrate. 
 

Table 3  Conditions of the two-step synthesis method for the WC substrate surface. 
 

Film surface temperature
Inner cone-to-substrate distances :  
Case 1 Case 2 Case 3 

1st. step:1200[sec] 1273[K] 7.0[mm] 7.0[mm] 7.5[mm] 
2nd. step:1200[sec] 1223[K] 7.0[mm] 7.5[mm] 7.0[mm] 

 

1200sec 1200sec
WC

Case A Case B Case 1  3 WC

Case A B
Case A Case 1~3

Case A-1 Case A-2 Case A-3 Case B
Case 1~3 Case B-1 Case B-2 Case B-3

 
Case A-1 Case A-2 84.6%

15.4%
Case A-3 92.3% Case A-2

7.7% Case B-1
B-2  B-3 Case

 
 XRD
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Table 4  Results of delamination of the synthesized films in Case A. 

 
 

Case A-1 Case A-2 Case A-3 

Non delamination 100.0% 84.6% 92.3% 

Half delamination 0.0% 0.0% 0.0% 

Delamination 0.0% 15.4% 7.7% 

Abnormal growth 0.0% 0.0% 0.0% 

 
Table 5  Results of delamination of the synthesized films in Case B. 

 
 

Case B-1 Case B-2 Case B-3 

Non delamination 100.0% 100.0% 100.0% 

Half delamination 0.0% 0.0% 0.0% 

Delamination 0.0% 0.0% 0.0% 

Abnormal growth 0.0% 0.0% 0.0% 
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Fig. 4   XRD patterns of the synthesized film 
in Case B-1. 

Fig. 3   XRD patterns of the synthesized film 
in Case A-1. 
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1.Purposes 

 

1-1. Application of bio-molecules for 

construction of functional organic / 

inorganic composite materials and systems. 

 

 

 

 

 

 

1-2. Using ubiquitous elements for 

construction of those materials and systems.   

 

1-3. Design of photo functional organic / 

inorganic composite materials and systems. 

Applications of Bio-molecules for   

Functional Organic / Inorganic         

Composite Materials and Systems 

Graduate School of Resource Sci & Eng., Akita Univ.

Ando Yuta

Takaaki Ichikawa

     Takuya Takahashi

    Yuki Hiramitsu

    and

Yutaka Tsujiuchi

  tsuji71@gipc.akita-u.ac.jp

 

 

Abstract: Our targets are to study methodology how to produce 

unknown functional organic / inorganic composite materials and to 

establish systems using those materials, without using rare-earth 

elements or rare-metals. Here, three topics on our outcomes in 

this year, i.e, From a bio membrane system to an artificial film 

system,  From artificial gel system to human body in a highly 

safe way , and  From ultra violet light to visual light  are 

mainly reported. 

 

Keywords: Bio-molecule, Protein, Fatty Acid, Lipid, Amino Acid, 

Gel, Functional Organic / Inorganic Composite Materials, Bio 

sensor, Thin Film, Fluorescent compound, Ultra Violet to Visual 

Applications: Protein structural research, Bio-sensor, Bio molecular 

device, Solar cell, Ultra violet to visual light conversion material, 

UV shield material, etc. 



1-4. Design of electro chemical functional 

organic / inorganic composite materials and 

systems. 

 

1-5. Contribution to a high potential 

elemental recycling technique and 

concentrating technique. 

 

2.Method 

 

2-1. Organic thin film technique for an 

artificial bio-polymer functionality. 

 

2-2. Organic thin film for controlling an 

organic nano molecular device on 

semiconductive, or conductive materials.   

 

2-3. Construction of new designed systems 

using fluorescent molecule and its 

application. 

 

2-4. Design of electro chemical devices 

using amino acids dispersed in gels, and 

junction of those gel systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-5. Design ultra violet light to visual 

light conversion systems using those 

materials. 

 

3.Outcomes 

 

3-1. From a bio membrane system to an 

artificial film system.  
 

Membrane protein crystal particles in 

a film structure, has a huge possibility 

for solution to the problem how to design 

an artificial bio molecular device, because 

of its advanced functionality, or how to 

design a quantum dot structure by self 

assembled organic molecules. However the 

complicity of membrane protein has been 

existed toward against researchers. 

To provide an effective way to 

construct an artificial bio film, we have 

been researched on composite Langmuir 

Blodgett film of membrane protein and 

phospholipid by using our recent method. As 

one model case, we have studied 

bacteriorhodopsin (BR), which is a light 

driven proton pump, and phospholipid. A 

method, provides an organic film to be a 

support for a biomolecular element or a 

biosensor molecule is fabricated by forming 

a layer of lipid molecules above a layer of 

fatty acid molecules that is a first type 

thin film layer, formed on an inorganic 

substrate. A thin film, having both 

strength and flexible structural 

characteristics, enabling formation of a 

planar structure of lipid molecules and a 

curved membrane surface structure for 

fabricating such a thin film must thus be 

devised. By selection and combination of 

fatty acid molecules, a thin film structure 

with a characteristic pattern structure can 

be obtained. Furthermore, a bottom 

substrate for depositing bio molecular thin 

film makes a different effect on surface 

structural feature of the film. 

In this year, a patent that was done 

application in 2006 year, was established 

in the Europe patent office.    



 

Patent  
 

Yutaka Tsujiuchi 

 MULTILAYER MOLECULAR THIN FILM OF FATTY 

ACID AND LIPID TO BE SUPPORT FOR 

BIOMOLECULAR ELEMENT OR BIOSENSOR MOLECULE 

AND METHOD FOR PRODUCING THE SAME  

EP 2006684 (2008-12-24) 

European Patent Application No. 06833308.7 

(2008-10-08) 

US 2010/0233512 (2010-09-16) 

US Patent Application No. 12-293, 574 

(2008-09-19) 

PCT/2006/323504 

 

Related Publications 
 

[1] Yutaka Tsujiuchi, Keigo Furuya, Jun 

Matsumoto, Yukinobu Makino, Hiroshi 

Masumoto, Takashi Goto,  

 Surface structural comparison of composite 

film of bacteriorhodopsin and 

phosphatidylcoline fabricated on amorphous 

silicon dioxide, crystal silicon dioxide 

and hydrogenated amorphous silicon , 

Japanese Journal of Applied Physics, 49, 

01AE15, 2010 

[2] Yutaka Tsujiuchi, Keigo Furuya, Jun 

Matsumoto, Yukinobu Makino, Manabu Ito, 

Hiroshi Masumoto, Takashi Goto,  

 Layer by Layer Composite Film of 

Dimyristoyl-Phosphatidylcoline and 

Bacteriorhodopsin Fabricated by Multilayer 

Molecular Thin Film Method Using Fatty Acid 

and Lipid , 

Thin Solid Films, 518, 600-605, 2009 

[3] Yutaka Tsujiuchi, Hiroshi Masumoto, 

Takashi Goto, 

 Visible absorption properties of retinoic 

acid controlled on hydrogenated amorphous 

silicon thin film  

Japanese Journal of Applied Physics, 47, 

No.2, pp.1211-1214, 2008 

 

3-2. From artificial gel system to human 

body in a highly safe way. 
 

We have been investigated in the 

problem how to design an artificial bio 

molecular gel film for constructing a bio 

molecular device that has a highly  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

controllable interfacial ion conductive 

property onto organisms. To provide an 

effective way to construct an artificial 

bio film that can be safely attached to a 

living body or an organism and can 

transport ion into them, recently, we have 

been designed a gel-gel interfacial ion 

conduction system using different two amino 

acid molecules as additives. 

Firstly, glutamic acid(Glu), aspartic 

acid(Asp), glutamine(Gln), proline(Pro), 

and glycine(Gly) were used as additives to 

agarose gel. Gel-gel interfacial ion 

conduction was analyzed by voltage - 

current measurement. Several patterns, Glu-

Gly, Glu-Gln, Glu-Pro, Asp-Gly, Asp-Gln, or 

Asp-Pro, of gel-gel interfacial ion 

conduction were compared. 

Secondly, interfacial ion 

conductivity between acidic or basic gels 

containing amino acid. Aspartic acid(Asp) 

and arginine(Arg) were used as additives to 

agarose gel. Gel-gel interfacial ion 

conduction was analyzed by voltage - 



current measurement. The direct current 

measurement of the case of (+)Asp-Arg(-) 

and the case of (-)Asp-Arg(+), resulted 

gel-gel interfacial ion conduction has a 

rectification property. Especially, current 

of the laminated gels patterned as (-)Asp-

Arg(+) with thickness of 2 mm, showed 20 mA 

at the voltage 4.0 V. 

Furthermore, photo-controllability of 

current by semiconductor film under gel 

systems was found.  

 

Patent Application 
 

Yutaka Tsujiuchi 

 Solid Electrolyte and Electro Chemical 

Device  

       ( provisional title ) 

PCT/JP2011/052411 (2011-02-04) 

JP2010-024100 (2010-02-05) 

 

Related Publications 
 

Yutaka Tsujiuchi, 

 Creating a Photo-controlled Ion Conductive 

Rectification Element , 

CONVERTECH & ePrint, 2012(in press) 

 

3-3. From ultra violet light to visual 

light.   
 

This study focuses on the application 

for a design of not only light transparency 

and also ultra light to visual light 

conversion using fluorescent materials. 4-

hydroxycoumarin and 7-hydroxy-4-

methylcoumarin are used as those of 

fluorescent materials. And arginine(Arg) 

was used to synthesize the conversion 

material.  

The conversion properties of this 

method and the effect on power generation 

by solar cell were exhibited and 

demonstrated in detail, in a exhibition 

 Innovation Japan 2011  held in Tokyo 

during September 21   22. 

Many advertising leaflet were sold 

out freely in three days. We were 

overwhelmed by the great stir we ourselves 

had caused. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
In this year, in an exhibition hall of   Tokyo 
International Forum ,  gel system and ultra 
violet-visible light conversion materials were 
demonstrated by poster presentations and 
sample presentations and oral presentation. 
Many visitors gave us lots of questions. 
 
This technique was expanded to be 

applicable to various use in 2010 year, for 



example, window, illumination, every use of 

whatever the conversion of ultra violet 

 

 

 
In front of our exhibition space in an exhibition 
hall of   Tokyo International Forum , many 
visitors gave us lots of questions. 

 

 
Our exhibition space in an exhibition hall of 
  Tokyo International Forum   

 

light to visual light is effective, and so 

on. After exhibition, many researchers or 

R&D workers from various companies visited 

to our laboratory to discuss about this 

technique and material, and the 

effectiveness of this technique for 

applying onto their technological demands. 

The Nikkei Electronics Publishers came to 

our exhibition space and interviewed on our 

current research outcomes and published it 

in the article on Oct 17 in 2011 that 

concern about the up to date solar cell 

technologies. 

 

Patent Application 

 

Yutaka Tsujiuchi 

 Highly Efficient UV Shield and Visual 

Light Enhanced Transparent Material  

       ( provisional title ) 

PCT/JP2011/66865(2011-07-25) 

JP2010-166865(2010-07-26) 

 

Related Publications 
 

Yutaka Tsujiuchi, 

 Enhanced lighting and enhanced 

photovoltaics by turquoise luminescent 

materials , 

ENERGY FORUM, Solar Building Skin, 67-71, 

2011 

 

Yutaka Tsujiuchi 

 Una maggiore illuminazione e fotovoltaico 

impreziosito da materiali luminescenti , 

ENERGY FORUM, Involucri Solari, 67-71, 2011 

 

Yutaka Tsujiuchi, 

 Increasing PV Efficiency with Ultraviolet-

Visible Light Conversion Materials  

CONVERTECH & ePrint, Aug, 118-121, 2011 

 

Nikkei Electronics Oct 17, 55-57, 2011 

 

4. R&D with Companies 

All the research outcomes described 

above are now in the several course of r&d 

phases with more than twelve companies. 

Although detailed activities data are not 

be shown in this report, some companies 

have already established new techniques for 

producing new types of industrial material. 

 



5. Relationship with 

International Societies and 

Companies 

 

In this year, we were requested to 

participate in the international conference 

 Energy Forum  held in Italy, and 

represented our current research outcomes. 

Recently Europe countries decided that the 

nuclear power generation should be 

abandoned. Therefore the circumstances in 

the world tend to choose  clean energy  or 

 reproducible energy . Our research stands 

on the same mark and purpose. So we had 

very good opportunities in contact with r&d 

managers of companies and researchers from 

universities in Europe countries, such as 

Italy, Germany, France, Great Britain, 

Greek, Spain, Switzerland, and so on. 

 

6. Relationship with Domestic 

Universities 

In the field of biotechnology, 

agricultural sciences, and also in the 

field of semiconductor engineering and 

science, we could start with several 

universities in northern part of Tohoku 

district. So several research programs will 

be expected to make some achievements in 

near future.    

 

7. Conclusions 

 

5-1. We studied several functional organic 

/ inorganic composite materials and systems.  

 

5-2. Findings in our laboratory have high 

potential to be effective to design our 

targets written above. 

 

5-3. We hope that our products are to be 

used in diversified applications and will 

contribute to one of the aids for building 

up of a highly recycling society. 
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Fig. 2 Table 1  PS 15 %

15-18%

8.3%
PS

PS Calcite(CaCO3)
Kaolinite(Mg3Si2O10(OH)2) Talc (Al4Si4O10(OH)8)

Ca, Si, Al PS HCl
PS-W Calcite Ca

HCl Calcite
HCl Cl

 
 
 

Fig. 1 Flow chart of our experiment

Table 1 Chemical compositions of samples (wt. %) 

Sample C 
Ash 

Ca Si Al Cl K S Mg Ti Fe P 

PS 15.0 59.2 16.4 16.8 0.2 0.2 0.4 4.7 N.D. 1.8 0.2 

PS-W 18.0 4.9 44.4 27.8 8.5 0.2 0.5 10.3 1.8 1.4 N.D 

PS-WS 15.6 3.3 34.6 23.5 0.8 9.1 17.3 8.9 1.3 1.2 N.D. 

Product-S800 8.3 3.7 41.4 28.4 0.2 10.5 3.2 9.6 1.5 1.3 0.1 

Product-
WS800 

9.9 3.9 41.7 28.5 0.4 10.2 4 9.9 N.D. 1.3 N.D. 

Product-
noS800 

6.2 4.4 47.8 33.1 0.2 0.2 0.2 11.1 1.6 1.3 0.1 
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Fig. 1  Map showing the river system and sampling sites from the Bor mining area to the Danube. 

*, *, **, Ljubisa Obradovic***, Branko Blagojevi ***,  

Jelana Petrovic*** and Voika Gardic*** 

(* 4 , ** Mining & Metallurgy Institute Bor***) 

2011 8 Al, Cu, Fe2+, T-Fe, Mn, Si

25 km Cu 10 ppm

  

 

 



 

 
Fig. 2  Elements and detection limit of chemical analyses in the field

 

Fig. 3   Diagram showing relations between pH and flow rate of mine drainage water, wastewater and river 

water in the Bor mining area. 

 



 

 

Fig. 4   Diagram showing relations between pH and copper content of mine drainage water, wastewater and river 

water in the Bor mining area.  Small marks in Fig. 2-5 are data shown in the report of Workpackage 4. 

 

 

 
 

Fig. 5   Diagram showing relations between flow rate and copper content of mine drainage water, wastewater 

and river water in the Bor mining area. 

 



 

 

Fig. 6   Diagram showing variation of pH of river water from the Bor mining area to the Danube. 

 

 

 

 

 

Fig. 7  Diagram showing variation of copper content in river water from the Bor mining area to the Danube. 

 

 



 

 

Fig. 8   Map showing mode of occurrence of mine tailings along the banks of Bela River and Timok River. 

 

 

 

Summary 
 

1. The copper content of river water in the lower reach of Timok River was lower than that of the 

water quality standard in August 2011, suggesting that the impact of mine drainage water from 

the Bor mining area on the environment is small and that the effect on quality of river water of 

the Danube was also small in August 2011.  However, data on quality of water are not 

sufficient at present.  Therefore, similar examinations are required for other seasons to confirm 

that the environmental impact of mine drainage water from the Bor mining area is small. 

2. Variation of chemical composition of river water containing mine drainage water is large at 

some points in the Bor mining area.  The variation is thought to be caused by the development 

plan for exploitation at the open pit.  Systematic control of the discharge of mine drainage water 

regarding would reduce the impact on the environment. 

3. River water from the Bor mining area to a point (P-15) of the lower reach of Bela River 

(approximately 25 km) contains high copper and iron contents.  The cause of these high 

copper and iron contents must be clarified to reduce the environmental impact on Bela River 

basin. 









Z h o n g j i e  Y a n ,  S h u n j i  I s h i o

 ( 3 )

Arrays of dot with diameter in the nanoscale from a noble alloy of FePt are fabricated
and researched. The dot arrays are prepared by film sputtering and annealing, lift-off 
patterning, and re-annealing process. The FePt dot arrays have very high magnetic anisotropy 
in the direction perpendicular to the array plane, which results to very large coercivities. These 
coercivities are so large that can not reached using the common research utilities, such as
vibriation sample magnetometer, alternative gradient magnetometer, or magneto-optical Kerr-
effect machine. In the present report, a home-made magnetic pulse field generator is used to 
overcome the research difficulties, and new experimental strategy is invented. Finally, good
results are obtained which proves the validity of the new method. 

Magnetic bit patterned media (BPM) are believed to have potential applications in the next generation information

recording. For higher recording densities, smaller bit volume which means smaller magnetic dot size, and 

meanwhile, higher perpendicular magnetic anisotropy are required. FePt alloy in the face centered tetragonal phas

is qualified to this application. FePt dot arrays are often show very large coercivity which makes it can not be 

saturated or even not be reversed by the commonly used magnetometer equipments. In our study, a magnetic puls

field generator is utilited and the maximum amplitude of 7 Tesla can be applied. These experiments make the 

magnetic measurements of the high coercivity material easier and convenient. Therefore, we show here a powerfu

method to detect the magnetic properties of FePt. 









Magnetization Reversal Process in FeCo/Ru/FeCo Exchange 

Coupled Synthetic Antiferromagnetic Multilayers 

X. Liu and S. Ishio  

(VBL, Akita University) 

liux@gipc.akita-u.ac.jp 

Abstract FeCo/Ru/FeCo exchange coupled synthetic antiferromagnetic multilayers with different 

Ru thickness were prepared with two sputter mode. One is normal sputtering way, substrate was 

facing the target and film growth process was continuous when FeCo layers were sputtered. Another 

way, substrate was rotating with the mask at a speed of 5rpm. In this sputter mode, FeCo layers 

growth process was not continuous but layer by layer. It was found the exchange coupled filed Hex in 

sputtered by layer by layer mode was higher than sputtered by continuous mode. We got the highest 

exchange coupled field Hex when the Ru layer thickness was 0.9nm. Domain structures of this 

sample were measured with applying in-plane magnetic field to study magnetization reversal process. 

We found when the applied field was smaller than Hex, both the two magnetic layers showed domain 

structure and the domain structure of the two layers was reverse correspondingly and the domain 

wall of the two layers move correspondingly at the same time. 

Keywords: synthetic antiferromagnetic multilayers; reversal process 

Synthetic antiferromagnetic (SAF) multilayers show promise as soft 

underlayers for perpendicular recording media and write head material. As synthetic 

antiferromagnetic is comprised of two ferromagnetic layers separated by a nonmagnetic 

metallic spacer layer in which the ferromagnetic layers are coupled through 

antiferromagnetic interlayer exchange. Such interlayer coupling depends upon the 

thickness of the nonmagnetic layer and is highly sensitive to structural defects. There are 

some studies has been done to research the effect of thickness of nonmagnetic layer and 

structural defects. But the magnetization reversal process has not been studied yet. We 

are not very clear about variation with decrease and reverse of applied magnetic field. 

Our object is focus on fabricating FeCo/Ru/FeCo synthetic antiferromagnetic multilayers 

and study magnetization reversal process by using magnetic force microscopy. 



Experiment 

FeCo/Ru/FeCo exchange coupled synthetic antiferromagnetic multilayers were prepared on SiO2 substrate by using dc 

magnetron sputtering. The base pressure is lower than 3 10-7 Pa. The FeCo target compsition is Fe70Co30. A magnetic 

field of about 80Oe was applied in the film plane during deposition. The film structure is shown in Fig.1 and multilayer 

sputter equipment is shown in Fig.2. We prepared two series samples, the conditions are given in Table 1. Ru deposition 

was done with power of 15 W , Ar-gas pressure of 0.5Pa and substrate rotating speed is 5rpm. Magnetic properties are 

measured by Vibrating Sample Magnetometer (VSM) and the domain structure are measured by Magnetic Force 

Microscopy (MFM). 

 

       Fig.1 Multilayer structure                                 Fig.2 Multilayer sputter equipment 

 
Power (W) Ar pressure (Pa) Rotating speed (rpm) Sputtering rate 

Series A 10W 0.2 No rotation 0.1nm/sec 

Series B 17.8   71.2W 0.2 5 0.25   1 nm/rot 

Table 1 conditions of two series samples. 

Results and discussion. 

Fig.3 shows the exchange coupled field Hex depend on the Ru layer thickness of series B samples (sputter power is 

17.8W). We can find when the thickness of Ru layer increas from 0.6nm to 1.2nm the exchange coupled field Hex increas 

first and get the maximun at 0.9nm and then decreas to 0. Fig.4 gives the M-H of two series samples with 0.9nm Ru 

thickness. It shows the exchange coupled field Hex of sample depositd by layer by layer mode is higher than samples 

deposited by continuous mode. It is well known that the interlayer coupling of samples grown by MBE is larger than 

grown by sputtering, because of the larger surface intermixing in the sputtered samples due to the substrate bombardment 

by neutral atoms. We think the growth process of series B samples is similar to MBE growth process which can decease 

SiO
2
 substrate



the surface intermixing. So we can get the exchange coupled field Hex of series B is 2 times lager than series A sample. 
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Fig.4 M-H of two series samples with 0.9nm Ru thickness. (a) series A, (b)series B. 

Fig.5 shows the MFM images of FeCo(10nm)/Ru(0.9nm)/FeCo(10nm) measured with different in-plane magnetic field. 

The magnetic field applied at the easy-axis direction and the range is vary from 15000Oe to -1500Oe. Because of the 

film strucutre , we can just measure domain structure of upper FeCo layer. But we can deduce the bottom layer s domain 

structure acorrdding to the properties of exchange coupled synthetic antiferromagnetic multilayers. Fig.5(a) shwos MFM 

iamges measured with 1500Oe in-plane magnetic field , we can not see vevy clear domain wall structure, it means 

magentization is saturazied and almost all magentic moments array along the applied field. From Fig.5(b) we can see 

when applied magentic fied decrese to 1000Oe, many small revease domains appear. From Fig.5(c)  (e), we can see 

those small revease magnetic domain grow bigger. Fig.5(f ) is measured when the applied in-plane magentic field 



decrease from 1000Oe to 200Oe. At this moment, we can get the total magnetization of film become zero from the M-H 

loop. We can deduce that the bottom FeCo layer also has the same domain structure correspondingly as showing in Fig.5 

(f), but the magnetizition direction is reverse.  

 

Fig.5 MFM images of FeCo(10nm)/Ru(0.9nm)/FeCo(10nm) measured with different in-plane magnetic field range from 

1500 Oe to -1500 Oe.  

  Fig.5(g)-(l) were measured with the applied in-plane magentic field range from 200 Oe to -200 Oe. From M-H loop 

we can get the total magnetization of film are zero because the applied magnetic field are smaller than the exchange 



coupled field Hex. But we can see clear domain strucuture, and also we can deduce that bottom FeCo layer has the same 

domain structure as the upper layer, but the magnetizition direction is reverse correspondingly. From Fig.5(g)-(l) we can 

see the domain wall move process, so we can deduce that the domain wall of the two layers move correspondingly at the 

same time. Fig.5(m)-(p) show the MFM images measured when the applied magnetic field range range from -250Oe to 

-1500Oe, we can see the positive domain decrease and disappear.  

Conclusion and Plan for next step 

FeCo/Ru/FeCo exchange coupled synthetic antiferromagnetic multilayers with different Ru thickness were prepared with 

two sputter mode. The exchange coupled field Hex of sample depositd by layer by layer mode is higher than samples 

deposited by continuous mode. Domain structures were measured with applying in-plane magnetic field to study 

magnetization reversal process. We found when the applied field was smaller than Hex, both the two magnetic layers 

showed domain structure and the domain structure of the two layers was reverse correspondingly and the domain wall of 

the two layers move correspondingly at the same time. For next step, we are going to prepare dot patterned film of 

FeCo/Ru/FeCo exchange coupled synthetic antiferromagnetic multilayers in order to study the reversal process of this 

sample more clearly. 



 
 
 
 
 
 
 

Analysis of static magnetic field from magnetic recording media 

by using signal transformation algorithm  for Near-field 

magnetic force microscopy  
Zhenghua Li1, R.Ito2, Genta Egawa2, Satoru Yoshimura2, Hitoshi Saito2 

(1Venture Business Laboratory, Akita University; 2Center for Geo-environmental Science, 
Graduate School of Engineering & Resource Science, Akita University) 

 

The  static magnetic field from magnetic recording media was successfully imaged by using our
newly developed near-field magnetic force microscopy (NF-MFM), which uses the frequency
modulation of cantilever oscillation caused by applying ac magnetic field to a mechanically oscillated
cantilever. The amplitude, phase and orthogonal X, Y signals of the static magnetic field can be obtained
simultaneously by using the NF-MFM technique with a lock-in amplifier. A new signal transformation
technique to analyze the static magnetic field source for near field magnetic force microscopy was
proposed. The method can analyze the in-phase and out-of-phase images of magnetic recording media
and effectively evaluate the vector information (perpendicular and in-plane) of magnetic field. By taking
advantage of this technique, the present NF-MFM method combined with a new signal transformation
algorithm opens a possibility to analyze the static magnetic field source and gives a very useful feedback
for the development of advanced magnetic recording media.  
 

NF-MFM signal transformation magnetic recording media static 
magnetic field 

 

Proposal of an static magnetic field analysis of  Near field Magnetic Force Microscopy using new 
signal transformation technique. 
Provide an effective way for the analysis of in-phase and out-of-phase signals and evaluation of 
vector information (perpendicular and in-plane) for static magnetic field source . 
 Gives a very useful feedback to the design goals, and is crucial for the development of advanced 
magnetic recording media 
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Abstract:
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 The practicability of this research are (1) A new method developed for getting a homogeneous 

filter target will be applied in the geological field for quantitative chemical analysis of rock 

sample or ore sample when using PIXE, (2) The calibrated factor obtained through this study can 

be a standard referred index to calculate the measured value by PIXE, then to explain the basic 

geological problems accurately.  
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Structure formulas of Calix[n]arenes 
and Thiacalix[n]arenes.



3
2

3 ( )

 (Figure 1)3

1) 2) 
3

-
 

[6] 4 [6]
(Ln = La and Ce)

1 2 (La Ce)

 
 

 

 

The asymmetric unit of crystal  (stick representation). Crystals of thiacalix[6]arene propyl derivative ( ) were gained by 

crystallization from acetone. 

: C54H60O6S6, M =  997.42, triclinic space group P-1,  a = 11.7021(7), b = 12.6302(6), c = 19.9216(12) Å,  = 

73.0110(15),  = 87.3970(18),   = 66.3070(15)º, V = 2569.8(2) Å3, Z = 2, Dcalcd = 1.289 g cm-3, T = 100 K, (Mo K ) = 0.315 mm-1, 

24317 measured reflections, 11317 unique reflections (Rint = 0.051), 7673 observed reflections (I>2.00 (I)), 656 parameters,  R = 0.0447, 

wR = 0.1219, GOF = 1.088. 



[6] - ( )

X
(Figure 2) 3

cone

X
32 Å3

Figure 3

[6]

 

 

 Adsorption isotherm for N2 by 

thiacalix[6]arene  propyl derivative ( ). 

 

X-Ray crystal structure of p-sulfonatothiacalix[6]arene-lanthanum ( ) complex showing 1,2,3-alternate conformation, and 

overall crystal structure of showing the assembly formations by the hydrogen bonding, coordination, and S-  interactions, viewed 

along [011] plane. The assembly has water layers through the length and breadth of 10.661 Å and 8.731. 

: C36H18O51S12La2, M =1929.04, a = 13.9731(4), b = 26.4604(7), c = 19.5809(6) Å,  =  =  = 90.0000 º, V = 

7239.7(4) Å3, MoK radiation (  =0.71075 Å), space group Pnma (No. 62), Z = 4, Dcalc = 1.770 g/cm3, T = 100 K, (MoK ) = 1.612 

mm-1,  66639 measured reflections, 8439 unique reflections (Rint = 0.0455), 7306 observed reflections (I > 2.00 (I)), 461 parameters, R 

= 0.0455, wR = 0.1257, GOF =1.040.  



p- [6] - ( )
1,2,3-alternate

S-
(

10.661 Å  8.731 Å) Figure  4

X (PXRD)
Figure 5A B PXRD
150 C

Figure 4

 

 

 A) Powder X-ray diffraction (PXRD) patterns for crystals  and guest-free crystals . B) Adsorption isotherm for N2 by 
crystals . 

 

 

 Introduction of formyl groups at the thiacalix[4]arene  upper-rims  



upper rim
[4] lower rim ( ) Fries

[4] upper rim (p- )
4 lower rim

Fries upper rim

p-
[4] ( ) 5

[4] tert-BuLi DMF
upper rim (CHO-)

100 mL  (0.30 g, 0.35 mmol) THF (20 mL) -78ºC
15 tert-BuLi (2.1 mL, 3.43 mmol) 30
DMF (0.8 mL, 10.60 mmol) 4 1N HCl (150 mL)

CHCl3(100 mL) 3 Na2SO4

4
n-hexane : CHCl3 (1:5) 1H NMR IR

 
1H NMR (300 MHz, CDCl3, from TMS):  9.99 (CHO, d, 2H), 9.47 (CHO, s, 2H), 8.23 (Ar-H, s, 2H), 8.13 (Ar-H, s, 2H), 
8.01 (Ar-H, d, 2H), 7.21 (Ar-H, d, 2H), 4.30 (-OCH2CH2CH3, t, 2H), 4.21 (-OCH2CH2CH3, q, 2H), 3.83 (-OCH2CH2CH3, q, 
2H), 3.53 (-OCH2CH2CH3, t, 2H), 2.22 (-OCH2CH2CH3, q, 2H), 1.96 (-OCH2CH2CH3, q, 4H), 1.23-1.12 (-OCH2CH2CH3, m, 

9H), 0.99 (-OCH2CH2CH3, q, 2H), 0.54 (-OCH2CH2CH3, t, 3H); IR (cm-1): 2937, 2875 (C-H), 1695, 1649 (C=O) 
1H NMR [4] upper rim

1 4
upper rim [4] lower rim

Lhoták 6 Duff
[4] upper rim p- m-

upper rim p- 2
m- 2  

 

[4]
- 7 3,5- [4]

( ) upper rim

 

 

 Introduction of 3,5-dimethoxyphenyl groups at the thiacalix[4]arene  upper-rims  by Suzuki-Miyaura cross 
coupling reaction. 



200 mL (2.00g, 2.06 mmol)  3,5-  (3.00 g, 16.53 mmol)
K3PO4·nH2O (9.50 g, 44.74 mmol) Pd(PPh3)4 (0.239 g, 0.207 mmol) DMF (100 mL) 80ºC 2

500 mL CHCl3 (100 mL)
(100 mL 3 ) Na2SO4

1H NMR
 

1H NMR (300 MHz, CDCl3, from TMS):  7.60 (Ar-H, s, 8H), 6.61 (Ar-H, d, 8H), 6.44 (Ar-H, t, 4H), 3.95 (-OCH2CH2 
CH3, t, 8H), 3.82 (-OCH3, s, 24H), 1.23 (-OCH2CH2 CH3, q, 8H), 0.58 (-OCH2CH2 CH3, q, 12H). 
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