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Fabrication of FePt dot pattern for future magnetic recording
Takashi Hasegawa (Department of Materials Science and Engineering)

Bit patterned media is the most probable candidate for the future high density recording. Patterning
L1, FePt films into dot arrays was usually done by electron-beam lithography and ion-milling.
However the magnetic properties of FePt dots have not reached to its theoretical expectation yet.
FePtRh system shows a sharp
. IS L 4 AU magnetic  phase transition
| —TETATTeT around 17 at% Rh from
' - ferromagnetic (FM) phase to
antiferromagnetic (AF) phase.
This phase change is quite
interesting from the view of
~ magnetic patterning. In our
~ study, the local atomic
diffusion method (Fig. 1) is
investigated, and FM dots
with single-domain structure
were observed in the AF
| matrix by MFM observation
B (Fig. 2).
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Removal of arsenic in enargite from copper ores by flotation and leaching

Arsenic problem

Typical copper ore

®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.

Result 1: Effect of collector on flotation

Change of recovery of enargite, chalcopyrite and pyrite
as deference of flotation reagents
(With frother)
Enargite

[EE= Chalcopyrite
B Pyrite

100

80 H

60

a0H

Recovery (%)

20

0
ket

Flotation reagents

Elotation conditions:
pH: natural (En: 3.8, Cp: 5.0), Eh: natural (En: 500 mV)
Flotation time: 8 min, Collector dosage: 50 g/t, Frother dosage: 200 g/t

Cu-resources that contain As Minerals that associate
with enargite
Mineral Formula Mineral Formula
Enargite CuzAsS, Pyrite Fes,
Tennantite Cuy,As,S, 4 Covellite cus
Luzonite CuzAsS, Chalcocite Cu,S
Sinnerite CugAs,Sy Chalcopyrite | CuFeS,
Tetrahedrite | (Cu,Fe)y,Sb,S;, Bornite CusFeS,

Results2: Selective leaching of arsenic and antimony

Tennantite leaching test

u
100

-3
S

As & Sb dissolution (%)

N}
=)

o

@
S

N
S

5.0
45
140 %
§ Experimental conditions
A Asdissolution 135 % Solution vol. 60 ml
A Asgrade =
30 2| Temp 90-95°C
@ Sbdissolution 3
O Sogade {25 §| naoH 150 g/L
20 g NaHS 250 g/L
15 <;):,, P density (g/L) 300 (18g)
’ Sl(As+Sb) ratio | 17
410
--------------------- 05
0.0
0 1 2 3 4 5 6

Leaching time, t/ hours
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BP9 E L7z, HbE oY, BrocRE 28 tmicd 5 2 & TRV TR DEET 2
Z e, Do R SIS K B e R OB FIRE T, SUNEEER T A

S CTH 5, BEEAF-EMIZ ppm DA — 2 —TEH EH IR ORI & @il b
HAHET, & UTAWFIETIE, Au-e Ta 2R TR RS Z L 2R L, 208
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AWz, BURE & UTEHAE 2V, HBRKGET, SamElEEEE 200~1100 °C,  FHREEEE 30 K/ min @
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BUMYRABIOE AT . AUTHEIR D3 L <HE LERYD, 400°CE TIZAETO AuSSHNC I &S s Z &
Wbz, WFELFRPICBT 5 AuDFE3EIE, 200~ 400°C & 600°CLLE D —H>OfE TR Z > T Y,
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TR O NNTERROA REDIFENRKE B LTV D LHEE ST,

BEEPR oD TalL, 800 ‘CUAETHUHAMAE V. 1000°C TOMFRERIZ20% Th o712, —J7. Btk
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R OHES T AT-OIE, AR E U TEGR L RSB S EL R ARTHL B BND. F
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N, ITHEOFELME A2, B R S ORBAREE 2> T D, T4 7=
VREBME S I R v v TS W OIS A EBRRNE N2 E RS
TWb, HFEE BITT A7 = RN E S T2 R LR E T 5 2 &
(& 0B A 500 [EFLEE K TE A2 L 2Rl RV Lz, AL Cldm vEiE
T OT AT = L SRGENEE S TIEOER S 2 it LTS R, IEIEAR AR5
ZEWHTHDZ EEHTEICRNWE LI THRET 5,

F—U—F: HEMESS T, &E_BRE, S8ER, HEEME

AMWIEDHE L 70 % T BAVIRSR « AFRIREHE SR & 28V Ea ) Tl O
DIEEIZHOWTIE, Ak 194 IST & — AWFFEICERIR S vz GREA - e IR LIREAL
P X 2 S G E o B RN OBRZE LIGH) o BIEEM RO EtERE =

T, AR EL B 72 EOSERE A B~ OIS bR T X 2,

M I S DUTEER 2D CO D HEM TH 503, AL EMEC S DK
SINFEH EOMER TH D, T4 7 = RGBS FIRm S ENE & BN Z N TE D rfEEtEE b -
Temmn e LG FER bIER SILT0W 5, BN Z W E S 5720 @my FERE % F—/ 0 b & L7z
B L STV D2, DI D EIROEEE IS F— 30 FERAWEGA LY 2 HTfREE KL 72,
ZDH, MWVMEREEL b OF AT = U REEME S 2 HWTC R S 2 ERT 27201 /v — 0 b D
BEA AR ORLE TRICHAATLNE N B D, Fex ZHROF A7 = o REEME SR S ERL L7
X A MEAEE T BRLIRTE - AHAINR SR T 5 Z LIS K D EEREN 2 HiPA b 95 2 & A
URNE LT, Z 08 & VIS 2 TR S DX v A MEZE W Caisidm Mo /ERLS rTRE & 7
Do AWFFETIE, T OAREEW EBIGHT OWCREM SO S G & RS E] E A B = X AR AT &
E BT, 0 BHEMOMIE L 720 5 DH B2 BSOSO ER A BIE L 9%, Tk 2 3HREIX
EEEENE L — R PEDOT/PSS %A~ & O e IO VERSR M 2SI R U, IR ZFIRT %
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L f 8 X 60min
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HoF LUAIZPEDOT/PSSIE  35°COMERKMlET TOYLINOBREETD
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o [S/em]: HBE
RIQT: EHM
RCF [—]: AL E M
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DMSO 9522 0.0605 386.7 . s
Guow | s | oo | ams | OBREAMEY ———Fe]
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i L2 e = ELrL?éltlié B4 BENROAA—S
IFLLFYa—)| 1791 0.0600 20.80 n
CHaNO, 2163 0.0598 17.20 PRIENFOBEDF9E
R®IoeLs 2631 0.0501 16.96 TOYLTLOBREETS
CHiCN 2027 0.0653 16.85
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BEZE . AAF9ECiE®E (Pt Pd, Rh) OEHEN D &b @EmWEET A bistE %
IR DBFE, FRICIEMER CTH L EE& B OMKREL M L8570, B8Rk
TR LU S U CHER T Db BHER 217 5 . AR L —7 132
NETIZTANEA MU AET o2 AZFB L, Lat A MZT AR Y DGR A A4
VEERT D2 ETHRENA ETA LA RE LTV D, AEEITT SF A Ml
TR AT AN ) THEREAEN S, TNZ A MUY R AR
& L= & B A O FET kO Rt & BRI LR TR E O MG 21T o 7,

F—U—F: EH&EE. P REAL, BB, 787 1 FRYLE Y

A% -

INETIZ, WOPDOTIRE A MULEMIZESBAE R LT-fRt 23Rl L, =5 L
H A%l Z T TN D, ZOFSR, itk BB ARy & L CRIE ST
BTV TR P L U S b EWEET A EEEEZF T A LA R L TBY, &6

72 DRERR MR, R AR AR OTRENEOBRFEIC LV SRR bR T & 5,
WEERHIRE « THEN ALk F55E 2007-144412,  THED Ay L i) 4558 2007-
144412,  THEA A LIS OV OBGESE) e 2007-117852,  THEST AL Hifik
R OMBEAA) Rl 2011-113859

1. #&
PEH A E ENDHERDY TH 5 IRILAKFEMHC), —BLIKFE(CO). ERBILM(NOX)ZF{LT %
HEYT, YU HBEHIC T =g S Tn b, 2o = ofilitofhen Eo-o, BREWE
HE(OSC) & £72 CeO, R LMo BB DAL Z BT~ 51 7 2 A MNUEELW7s EOSIER Vi) i
R L CHWHBN TN D, T 3% A M Lag5SicOy & R & L 72 &4 8 (Pt, Pd)filii i NO
EICICxt U CHEMMEETH 5 v -ALOs HHEFMEE L 0 & muEMEEZ R L, HEF Pt Z 35T La A
FET AR AR TEHRT S L FEIEENE ETHZ ENHSNE RTINS MY, BRESITT
NHEA NRSEERFT LY VEREICER Ls, ToNZ A MY Rt IR A A BRI BT L D
THEROGHENL L, WIHEIC L HEIREGKREITH 2 & CHRAEEOH KD AR TH L Lnb,
IR ME D BRI TE B, £ 2T, ABFETIET /8% A R Sry0.,Ba,(PO,)s(OH), 8. Pt filtit % 5
R, NO VA LARME 2 3TAM L 72,
2. £ B

Sr10xBa(PO,)s(OH) I XL B EIZ L W ARk L=, Sr(CH3COO0), + 0.5H,0, % 721 Ba(CH;COO0), & KH,PO,
RS LTHW, BRYDOMAR E 225 K PR L7214, 7Rk 200cm* ([CIAfiE L7z, 2D L & A=
Sr O EITIF R 2 SERICIEIRT B 72912, MHNOs /KSR Z WM L=, T ORI pH R 12 L 705 F
T 1M KOH 7KIEHR A N 2 Tk 2 Ak &8 7, 156721k % 90 ‘CC 24 h Byt Rl A& 17 -
Teo Atk DO 100°C Tzt 15 bAoAk A 225 300~1000°C T 3h BERk L7z, BeRkits Okl
2DV TR XBRIEIWTEXRD)IC L 2 FAEE, 1CP I HTEIC L DR DT, B X OVERWAEIEIC
L AUKREEOWEEIT-T-, PtOHERL, PUKERERZ W THEFED 1 massk & 725 K 9 HIRICE
2k, 255 600°CC 3hBERK T 5 HikE & o7, fillit Eo Pty EUE IR CO /S AMAETEIZ LD |
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50 CCTHMIE L7z, F7z, il o PtIEO(LFIREEE X BOLE 0 GEXPSIT L 0 fighr L7=. NO
A LTS PR R | [ 8 PR e S 2518 2 FH VO T CaHg(1500ppm)-NO(1000ppm) -05(9000ppm) St iZ &
¥ 200~600 ‘C DHIPH TIT - 7=,
L MRLER
31 TIREA R RIS FPARE D FR

Sr10xBay(PO.)s(OH), (X=0, 2, 4, 10)i= SV T . LBk Table 1 Srig.Bay(PO,)((OH), DARRL7IHT

WTEREIT > T8, x=0, 2, 4DFA13300°C T, x=10 @R =0 2 4 10
DA, 1000C THERLZIT D Z & TT /XA A MENE— Sr/Ba - 397 155 -
MELTESNZ, Table 112 HFEFHALSI0xBa(PO4)s(OH), B #48 AL - 400 150 -
(x=0, 2,4, 10) T HNT- T /3% A MY Rt DR 5y (SriBa)/P 167 164 166 167
W a7, x=0~1008586, W41 (Sr+Ba)/Prhi: 7 (Sr+Ba)/P B :1.67
/NP A MO PAEHL R (10/6=1.67)I 2TV Ml &2 s L 72, ——PuBa (PO, (O
F 72, Sr/Bakt t, B & 9 D HAAK(10-X/X) T HITV VB A 7R ——Pt/Sr Ba (PO ),(OH),
ZEMD, HBoT NE A N I AR R 60 . r| —H—Pt/Sr;Ba,(P0 ) (OH),
DIFELNT-Z Loz, £z, KR EOPYyrik i —O—PY/Sr, (PO,)(OH),
HEIEX=0, 2, ADMS S, KI10% T 0 . SRR A & 7aE1E 50 T P0a PO (0N,
Ronihot, L, x=10056, M4%e2Vx=0, g |
2, MR T Lz, ZOFKEE LT, Baw(PO)s(OH), %  §
BT % BROBERGREE (1000°C) A8, LR D5 5 w
(BO0C) LV |, MREBPMET LIEZ Ligx s §
b, ) 20
32 NOEBILETRIE

Fig. 112 PU/ST10xBay(POs)s(OH), (x=0, 2, 4, 10). 0
Pt/Ca0(PO4)s(OH), 3 L UPYALO3D C3Hg-NO-O 5 i tZ 33 1+ R _.oa . . .
% NO#R LR DR FEARAFYEZ 7R T, PYSIrip.Ba(PO4)s(OH), 200 300 400 500 600
(x=0, 2, 4)i%. I ZF#1300°C TNO#E{LZEH343% (x=0)F5 Temperature (°C)
V47% (x=2)Z& 7~ L, FEHAETH HPYALO; L D & E W Fig. 1 SriBa(PO,)((OH), (x=0,2, 4, 10)% F >
IEMEE R Uz, FRICX=48AR ClE, 275°C Tl RNOHE(L 7z CGHeNO-O, G2 BT 5 NO #xfbR
F50%Z < L, S A Mo—#Ba* A (&5 = L TI% DIREREME
Ik T OfEERE [ E9 A Z b o T, F2,
Pt/Bayy(PO4)s(OH),i %, Pt/SreBas(PO4)s(OH), & 1V # i ANOUiA ;
EEPME T Lz, ZOEEE LT, PYBag(POy)s(OH), Tl
Xx=0~4fE DA L 0 SR COBRKERNMETH 127
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BEOHMNE S KRE WD, EREERE T, FFOFERDEE LW E S CE BRI L
T, AN E 720 9 D alREMN B 5, AWFIECIL, WREARE CIE HAZ S0k
HIZKY, BAEBARIRRE SN TE Y =T b—~AT %A N AT LAk
L. PEEEEEA A LS ROV T35,

F—U— N BB S, THAT LA, ERERES, MERRRE
Friction stir welding, Duplex stainless steel, Solid state bonding, joint property

SER

PEEEREHEEE AT, MEH 2 aliis T H oS — 2 L X — Tk S — ML 5 £<
HLUWESEIFCTH Y . IR LA 2DRAE, BEREIOMEH. GEH,. TAD%
ATHORE TE DB S LW & L CEAMROIER B #HfF ST A,

=07, BEERERESE. MR IR TG WTREREE S TH D . EI AR
DOFIFEEE S TERDOBEREES £ 0 HENITRENEWIREEZFT D720, ZhET
BRAAEE CII A s RONT I, MHEESEOREN G I TE 2, MBI BN
LA 25 & 72 VIGD WREMED B 2,

1. #8

FEBEAE AT, BVE 2 [0fis T B o[ iESh & L8 LW EFES O TH 5, EHOM. IREED
R SEINR DR R TR A IR OB D A~ — F a2 & LTI S5, —F., B
R AT, AR OERREA & LTSN AT TR ABEOHIBEMA O TRE U E U D B
LAT D, ZOD, BNRHEER Loob, AEInRONTHEORE) LIRENATEN AR AR ST
TR RN U, ARG & 72 0 O HTREMED B B,

AWFFECIE, IEEARE ClL HAZ SRORMIEERIZ L0 |, BAFekROERIAARAREE SN TE 27 =T A
M=~V T P A N AT VR (VT YA B T5%) EXSMIENGERE L, BB S O
BEM B, EFRAEORHINZ 206 L 7RISV TS T 5,

2. EBEAE
2.1 $EEMH

MR EHY, 7= T4 b—~T VA N AT UV AEESH L, ZOMENT., e T =T A
M &R 72~ LT A MEOBHNEASHEHME (=T A MEE 75%) 12XV . SRR LT
PEaAH G Ul @i E AR el C b 5, {L5/%E Table 112779,
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Table 1 754 F—<ILTo YA AT ZSDIL2HAR

C Si Mn Ni Cr N
0.07 0.80 0.30 2.00 16.30 0.01

2.2 EERBRHES

PEEEHRE S, 0 —T7 2T 5 SNy Y — (a2 B¢ 15 mm, S —7F¢6 mm) Al
ML, 150X30X2t (mm) OBIITR LAEEESMCHERE LTz, ~—/UaliE#E % 200rpm~1000 rpm,
BEAHE A 25~300 mm/min OFPH CEZICHIET 5 = & T, ABE, GELTEE DR 5 %50 O TE
Lz,
2.3 HFR ST

VERLE MR FRIC OV T, B TRk, © i — ABEEESS 36 L O |3k 2 F2hin UM 2 31
filiL7=,
3 ERERPLUSBE
31 SMEREE

Fig. 1 (2K 0HmERE, BEAFRRIC BT DRk TPAMBLORIER 7T, B 400~600rpm, BEATEENS
50~200 DOFEFHTIL, /Y FEORAEDD TORVRFAERT 2 Z L3 C& 7o, E7o, AZuEFE, AZL
A& 72 A EEEK TR L7=#FHO X 5 (SHER S v,

1200
ARBH BOBES
1000 r o) o -7 o
Esoo o - o o
2 AU X
B BRWED
1 600 | o_-"e e . _— X
B0 -0 o [©) ARFR
P o AR
O AT
200 1 x {EEEE
&R E 1000kg
0 1 L L 1 L
0 50 100 150 200 250 300 350
A EE (mymin)

Fig | HEERRE, HEHRIHTOMFIMRORE
32 ME#ERE
Fig. 2 [CHE0 804 100mm/min — 2 & L7834 00. [AHZHEE 300rpm. 400rpm. 1000rpm OB &k
T ORE T2, TSR ORI P RO RSB L TN S BB T OHER & 5,

300rpm

Fig. 2 & M HERIMTEERE S E (E4EE 100 mm/min)
33 Evh—REERIE
Fig. 3 (CHAHE %4 100mm/min —E & L7238 0, A RHAREE OB A EEE O © > A — AREEE D537 &
T, AW TR B O EFITRONZR, —J7, HAZ &8 & o 2 FEsl SRE MK
TGRS ND, W LAE XEHSEE ORI, $EE RSB D DSHERR S LD,
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Fig. 4 I[85 Z 4 100mm/min —/E & L72HE 0, AEHSHEE CHER S - FO 5 [IRERBR OB 4R
T, 7B, ZOREFIIHERE 0.2%M1E L CGHE L2 O TH D, [EmHE2S 400rpm & 1000rpm O
OOFMICE—I PHERTE D, Ly, A CHER L7 =T 4 h—~AT A N AT
ZEADBEE . NEDSHETF ORIV R E B85 D b LR ST,
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2 — AV ENIBET A VBN D D, FREITEVUK - BUKEREHEHT 5720z xL
FHENKREI NI &, o, MHEREZERNT 2720 KAERNERZ & Th
%, HAIEOHE & KRBT 508 %2 B L C JOGMEC & 14 IMIINRC O
HDTE, BT ETNNR—LPEDF A NY > RS —7y MR E#ED TE -, &
HHOEF 2 — A v ~BINT 2BEW ORI ZHE L, WEMER B L OMLEER %
BRI 95 2 & C. BfCBE 57 2 ER 2 at L7,

F—U—F: FANY R, BFa—RA 2 b 8BS

KRt L R
HEMEWOSBEFIHRFIETH D, Fiz, IS K DIFRHROF I bEISSHIRF T D,

+ Hirokazu Okawa, Tomonao Saito, Ryota Hosokawa, Takashi Nakamura, Youhei Kawamura, and Shinobu Koda: Recovery
Bitumen from Oil Sand by Sonication in Aqueous Hydrogen Peroxide, Jpn. J. Appl. Phys. 50 (2011) 07HE12
+ Hirokazu Okawa, Tomonao Saito, Ryota Hosokawa, Takashi Nakamura, Youhei Kawamura,
and Katsuyasu Sugawara : Effects of different ultrasound irradiation frequencies and water temperatures on extraction rate of
bitumen from oil sand , Jpn. J. Appl. Phys. 49 (2010) 07HE12
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1. IIC®HIC

BE, FEERFREID 1oL LTAA YU K
PEHINTWS, ANV RiFFEICHFHD
TNN—=ZWNERIX X T DAY /7 a ki /57
LCWb, Ay Rida, #t, kEeF=
—AVOREHTHY, BF2— A3 10~
BwtwaEEND Eshd, TOETF a— A 3K
B RNV XF—DHTIER <, RILKEERE LT
B2 SRR RIAEN D720, ZhRNIC
EEL. BT HMERD D,

AANY L RPMBETICH 2561, BRIE
D CEIE S AL, BUKSOINBER AR L, e
Fa— A ESBELTWAL], & 612, BEEtE
D=, FEEERIRLT L U RIEOUMNITHh
TW5, ZOHFEFEUKES X OEARINZIT 5 72
B, BT RLX—HE EREAMPBREIND,
BT, EF o —A L ONBERFE TEER A
FIAT 2 Z LT, BIGhEROM Lk I MET RV
F—[EUXBFARETH D & HE I N TNDH[1-2], FF
(2. T VB MR E 72 DIEER L KETRIN & 20~
40kHz DAXJE I Bol I R /il ot 5 2 &
T, [BUhEROM & oV — R T 5
LB ENTWAR]L, LinL, TV AR
FFC& % 200kHz LA 1o & JE R S & VN oA A
NP RNEDOET 2— A VEIOHE T2,
Z 2T, ABFZE Tl 28kHz 35 & U 200kHz #E5 H &
FIH L, #ERDBUKIEL BT o — A U 3BEHED
B, BREtE T o7z, S HICEERBS O, i
LK FE ORI RE L OH ADFEAREZHE
L7z,

2. EBRGE

FEERAEE O 2 X 11oRT, BE RIS
% A R I AR S L 28kHz 35 X OY 200kHz DR
TWIRE T2 A=, BEREAEEoH IE
200W & L7z, F7c, BOKIEFIRZ—F—2H\z
BRI T T o7, BT E « TINR—ZFEDTA )V
PR Ckifk 3~5mm) & EERERE L L THWE,
AL, 45°CH L <1E 85°C DA A Ak 60ml
\ZAA LY R 2979 & NaOH 0.03g # A5 Z &
THERR LTz, F72. IWIROBE IR KBRS E %
FIFHLCHERF L 72, 9, A¥—F B IO
BE RS 21T 2 milC, AABEPERZ Ar, Air T 20
SyRE#H L= (100ml/min) . FDk, AX—F—
HE (T50RPM) 5 L OBEZ I RST (28kHz,
200kHz) % 15-60 7717 >7-, F£72. H0, (0-
1000ppm) [ E R FRES AU L7z, A08Rf%
KRENZFE L2 F a— A ZEIN L, fpESE

RICEEZNE L, £0%, BAEESTICT,
M ZRH LT,

L T Gas flow

Hot water
Solution

E T - .
— Oil sand

Transducer
B, 1 EBIEE WX

3. EBRER

3 EF=2—RAEFE
AEBRCHERATAFTANY Y RROEF a2 —A

ERBEZEEROIICCEE LR, 123w% T
HDHZ EWbhoT,

32 RAE—F—HERIT K D08

BRI XY, K ER L oSz F o —
AL, BT RB O EET, D)
SN TF a— A OMELFEH L (WERN
BT E, W7 OB H BN DINT & A ERT
5) o HHELIEETF a— A NCHEENT L 0%
BT o — A UEINEER S E & v e L,
WML AN RICEENAETF a— A V&
(12.3wWt%)IZ%1 3 5 BT = — A RN EZ B &
L7z,

A5CICBIT D AX—T —HBE OGS, B F a
— A EGEECE e o7z, 85 COEE, 2B
IR D EINERIL58% TH-T-, T2 FHH
SKICBWTHRERIZAEZE CTH-TZ, £, H0;
(100ppm) ZIEMLTH. SHERENRER R Sh
emote, UEOERIY, MEEICBWNTAX—
T IS DI LD EETEE L VW W R D,

33 45CICBIT2BHE BRI XL 508

A5CITBNT, EHEERN (28kHz, 200kHz) #*
To 7B ORI R ZK 2 127”7, 28kKHz DA,
A B —Z— L g U CEICEA RIE [ L, 22
K[REFAKICBIT HEULEIT 17.8% T, HEIX 0.69 &
eotz, E£72. H0,% 100ppm AN L 723854 . [EIY
RO LFLEHEOMETRAR SN,

—J7. 200kHz DA, [EUEITIZ E AL 0%IZiT
. AF =T —HHOGE LRIEORR L ol
REBRIT T, 200kHz EBHF B % 15 53R L7215
SIZAEM I LD Hy001% 3ppm Th o7z, L., 1k

op
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LAEADRLS BN D 7L 3 R ARIC T, H0,

(100ppm) ZMA TH, BEUCERIZEITR 7z
Moty ZOZENL, ALFAEROEIRE~D
TN E Wz B, IS, 28KHZ I3V Ty - (Al
NN ARETH o 7= HH & LT, A ALV ROl
kL7 &EnBEZ N5, Mkick o, 414
¥ RBLF-OREESEIMNT 5 2 & T, IRk EHfibd
HEFa— AU OEBEPEM LT EBbild,

3.4 85CITBIT HEHEWBAITIT 5 0RE
85CIZBW T, T I FHKIC CRE I RH %
TolrBADEF 2— A VEIFERZK 31257,
Ho0p TR DOBEE13, 28kHz (1281 DRI ER T
39.3% T, ML 0.90 TH-o7o, —J. 200kHz D
Al B 24.2%, ML 0.89 Th o7, MiJEHEL
2B, 45°C & bl L Cla R R L OWE ok
BROLN-, ZoEHBE LT, BELEFIZHENET
22— A DOREMET L2 & T, o BiEEAMEE
SNz tEBEZ oD, -, BERRRZ1TS
TR D HO, R E A i < 3512 LT=3 - TR
HEIML7-, ZOEBEE LT, HO B4 A LY KE
HTHINT DI ETERINAZBNRET 2— X
DOREVIET L Lzl ENMNELS Y E
Fa— AL DOKE~D ERBIOBREEZR LZEE
2bhsd (X4)
H,0, 100ppm (233 T 28kHz & 200kHz DAL R D
ZII/NEL IpoTz, 200kHz T ENEL . hifkD
INEWRIEANSBAERT D, EDT2D, KIBEEIC
X 2 HIBEVE R OFEIR AN A 2 & B K OB E I R ST
VAR L72RTa0s H0p 12 & 0 ARk L 72 SIS+
ETHILICLAHEOVKRTAEZ LS, 200kHzZ
AL ER DI CE 20, 85 CTHIT I
T PRE U7 BRICAERR &35 Hy0,13 0.1ppm T o 7=
72, ALEER ORI T % % 5 IRV £ & 2
b,

4. HEw

EBRFEROER 2 LLFIZR T,

(1) 8CIZBWT, AX—T7—H#B LB
R (28, 200kHz) % 4T - 72354 ORI HEIL,
TNEN 6.2%, 39.3%, 242% (Ar) L7320
AR AR LIZ1E 9 DR TH D,

(2) 85°C. H,0, 100ppm ¥RANZI VT, 200kHz
DOENENRFVHEEE LT, BEF 22— X 0Ok
EMETFT L, BXEO 28kHz L W i ENE
Wiz, RIS dRIEEN £, JEBEICL S

HIBEER 2 R Rt TE 2 e BT o K4 B Fa—X

Do

(3) 45CIZBW T, 28kHz THBEMNATRETH » 7=
B E LT, A2 RS2 5 EM
NREL ., A NVY 2 BhT EIRKO SRS
B2 ENEZLND,

(4) H 0, ZWINTBHE, A ANV REHTH
fR L., AR LTERENET 2 — A U REIE

LEEA KT I,
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B ARWIZEL, TRF L —BRBERICL D 2T AT T —34 K (WC) K
NEATEY FEEOGKZITY, WC Kl O EABZ1T> Z L2 AL 35, L
LA, WC Rl b~D XA YE L REBEGHKICIE, FA4VES FOGRKEEL
<, Flo, EHFEBEMENZOREIISHENRE LT WEOMERH 5, Lichi>
T, TR OMEEZMRT D702, WC £ifii LIZ¥ A YEY FEBEZGRTHZ &
SAREZRRE SR 2R R L CHEBRZATY, (I<HIHl 2 BB L2 A Y FEBEOS
PRIEDIRR 21T D0

F—U—F: XA YvEer PR, BBER, SmEmxit, 27270 0—724F

EA
AWFGNZ L VB ONTRERNG, BRERIEICL VXA Y NEEREY VT AT
V=L REEEICRIE L, ZOBEERENETIE, Bz R —TIREER

CEDWMEa—T 4 7E L U TIHERIED & 2 KM DORWEM 2B T % 2
EWRTFREL D, ZOZ &L, WHH - YIHI TR~ ATREL 220, kR
2 127 B COMMOIERBHER S D,

#® 8
A YT RIXEEE, MHEEFE, (ROEEBMRE, &V EBMREREOEN-E 2 /T 5720, ES
YHI TELEO TEMICBIAS A ENTE TS, F72, THE, BHEETHEIX VT AT =3 K
(WC) ZHW-UIHITEMNMEH S Tnb, 20 WC UIHITE Eic, UM B amom -, s
G2 > UIHIRE I OB 2 BRI, (b%ARHERS (Chemical Vapor Deposition : CVD) JEIZ X0 %A &L
REZRE 23 HANDEIR ST D, L LR s, —iRIC WC Febf Bz A v R i L7-54,
FDFE & Bt DEAFTREE MR, BEEN & THIRWEEDOE B IENE G HIIBEL 0T
WEWOERH D, I HIZ, CVD IEFIZBWCEEEN TN b0 L 720, XA YEL RERES
B ARHRNIEF BRI 5 L WO TEL H 5,
L, CVD IEO—FETHY, KaBhTTruF Ly —REDOE T RX—TWREERIC L A4 A e

RARICER L&, BRERIKY, B e TEMICAERIRFFEEZA L TRBY, ZORERIZL D414 F
Ty FEBIEZRAWT, £V 7T (Mo) HMRER BIoZ A Yy REROARERATE=Y ~Y ) L
MU D, XA YEY RERRBIZEBWT, SAEENEYEIZ I FmI<BEL CLE H>MENRH D,
220, S BEOIHRZBE LT-BiTc e Bk L LT, 44 vE Y ROBRGEFIT IO ik
% 3B LI D SBEBEAIELAIRRE L T& T, ZOHEZISH LT, WC Btk FITPRBERIEIC
X0 BT < BEAZIH] L7220 SEEERE OB A A YE L RRIEOAK AT TE L, LLARD, &
A YT RERRPIZ, BRREORE 2 ba— AR LR XA e REREZTIATZT, &5
2, BYUSINC L 2RI < BEZ I 2 Z &N LW S W o EREN R LT, F2C, BRERICE - T
WC Jt R E~D XA Y ' RERAEGKRT 2 2 ENFREZ SR AR L CHERAITH Z LT, Kk
REORE =2 ha— VBB L720, ZELIZWED XA YT NEEEG O Z & ATRE: 2 B
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BAREERE LTz, 202 BEARTAT, ISR IENFREIRE 2 2 BB b S H A Y 'V R
DERREAT D HIETH D, ZOHFEILY, ¥AYEy NEBEEAKRT D Z ENREE 2o 723, Fmix
HBEZOWTI 0 7eiit 217> T 59, X570 < BB 2ENVETH D,

Z T, AWFZETIE, WC R EITBE RIS X 0 S < BEZ IR L7y S, BESmE DB
AYEY NEEEGHT 52 82 HE L, 2BBEEHIELZ WS A VEY REREITY, ZOBRIRAE
FTHREIE BRI OV TR E T o7, 22T, WC HERERORTENC X 5 S RmEREDEs, &
RSN REOIE < B2 RIFT EE 2, i & U TR 2 T O R i O TP RE 2 2 L S H 7z
HMR EIZH A vy REREIT T2, ZOB, BRI 2 2L S G EIT T2, 61T, 2 BPREAK
TRIZHT DRER T O L0 E WC FuER £ CTOMEE (FOEEE 2 & ERICR W TR L S AR ELT
VY, 2O HOERRE & ATLERRER O 2 AN A BRI 1 < BELC D K D 7oA RITTEA Lk A
1T-7

EREREE

FRAEE 2 X 1T, REOREIREZ —EIR272®, SROR >y 7 2 @K LnEIT %, KR
TR, FER ORI BRI HZ KV IET 5 2 LN CE D, mAAEERE T 100 X100 X
55mm® ORI v 7 25 L, ZOR v 7 AOHIZEEK AT Ui, KR B/ NI o 7Tl
M7, Z2°C, B 10mm OF 727 (W) FFEBREZGEIHOIFEE LTRy 7 20z L
F—T N T TP THEE LTz, ZOXED B WC B Zas SEAREIT T2, TR, hHlZ%h®s
B AT O 720 MM & SAEORN BRSO By Ag ~— R R AT L, 473K TPV TEVUESS LT,
WHHOR v 7 23 EFBEIRER AT — RIich v, mHEUKE & L Oz 24 %2 % 2 & TR
RIEELZBITLILENTE D, AT—VIUIAT v B TE2—2 BT o, R4 %
ML TAT—Vay ha—F k> CETBEEHIET S Z LN T D,

Radiation Mass flow controller:
thermometer

Burner
) Flow meter

Flame

WC substrate

Wrod Jj Stepping motor

Cu box O\ '
Cooling—/—>\. | —> \E.i
water ] C
Stage :\ | Driver |
N Stage
Flange controller
AN

Fig. 1 Experimental set up for synthesizing diamond on the WC substrate
by acetylene-oxygen combustion flame.

E Ww
AREBIZBNT, HtRE LTEAE 10mm, EX 3mm OMRRO % o 725 51— 14 K (WC) %A{#
AL,

2 BB ARA

WRBE YRS X% WC HUHIERIHT b 41 B FREIRARIC BT, HebliOIRIE = |k m— L3
B, GE UMDY A YEY REEEB LN - LA 2 B ARIEARE L TE/, 20
2 B ARIAE, KA AR EARRIR S 2 BT L S E4 1 Y E Y FOARETT 5 HETh 5,
ZOFETLY, HRREORED L Fa— LR 72D, HROAMNRE R AT S 2 LT
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X, DORELWEDH A YEY NEEEZAGKRT D2 ENAREE 70D, ZOE, WC OMEMHEL D
1 BE% 1273K, 5 2 B2 1223K B (LS EH A YEY RARE I ToT2, ZOB, H1EBETH DU
BH e 2 ARk L CHEETRE 2 @D, 1R BEEZIHIT S Z LN AREIC AR D EE R T,

EEREH

AFERCHND XA VEY ROGIGENER1ITRT, 22T, BEHRA, TEFL U HTAONELE
VX < BEIRI O 7= D Ol ELk T 5 0.90 & Lz,

Table 1 Conditions for synthesizing diamond on the WC substrate.

Reaction gas CH, + O,
Film surface temperature 1223~1273[K]
Pressure 10°[Pa]
C,H, Flow rate, F 70.9[cm/s]
O, Flow rate, F, 63.8[cm’/s]
Flow ratio, Rs = Fy, / Fy 0.90

2 ZC, WC R ME ORI X % FARERIZIEOZAL, ARSI FIEO T < Bl 8% KIEd
EEZ, R E U BB AT 7O R R I OIFRE 2 2L S AR E T 729, (L5HEE, WC &
% Ty F 7% 2% 2 EAVATREZR Murakami K (~F2 7 2 8D EE Y 7 A Kg[Fe(CN)g] : 10g, 7K
Fefb Y 7 KOH : 10g, 7K : 100ml) (2 WC FEtk A2 L~ F o 7 %&1To7c, 2 ZTlE, Murakami &k
I\ WC A2 S, Fogm A BRI Lz, 202 L2k, WC Hk & AR ok
FEAEBIN S, 1 X<BEZIHIT 2 2 EONATREIC 72 D B 2 BbivD, F£72, Murakami A X D HabFem
W%, BRIAR (Wil H,SO, : 3ml, @l /k3E H0, : 88ml) Z WL A T~ 7-, ZHud, 2390

MCO)DEREEATH 12O TH D, ColL, XA YT RARRHHIEM R & DM O FmmEI L L,
B OBEEREDIR TR L 725 7T 7 74 bEAEULSEL LV ZER8D->TEY D, BRIRKIC X
HALFAERIZ L »>C Co BBRETHZET, 77774 MNEOAEREIHIT S Z ERAGRIZRD L EZ D
W5, ZOBE, ALFPIRAEAT 5 R OEWIC L A RIEIZIEOZELA G AECHR I B ED X 5 725
B RIET AT 5725 Murakami 7ARIZ X D 4LBE% 10min & 20min, BAIAIKIC L 248 % 10sec &
20sec LA bEHT, ZOBEOFERORTERZAT 9 TG 23R 212779, Murakami 3RIC & 2 Hap DL
PERSE 2 10min, BRI X 2 HAR O FALERRE % 10sec & L7z H D% Case A & L, Murakami J&&IZ X
2 AR O ALPRRE % 20min, FARIRIC L 2 RO LB % 20sec & L7z b D% Case B &35, 7=,
BEISIRIC L Dy T 7 D%, XA YT REROBER L LR 0.25um OX A ¥E R—2 M &E
NUIAATET 2 B OHIZE Z AT, 30min BB e CRERTHALER A Jifi L 7=,

Table 2 Conditions for pretreatments of the WC substrate.

Treatment periods by Treatment periods by
Murakami’s reagent acid solution
Case A 10[min] 10[sec]
Case B 20[min] 20[sec]

T, 2BEAHRIEERVCCTAREIT IR, K21 T L7078 T Lo —BERORBER PO HLD»
5 WC M £ COMEE (RO d 2ZB(bS8TEA YT RERE T2, ZOB, #£3I1TRT
X ICH DA S B SR W T L S THRRE T2, ZOBHDERENELT D &, XA YT P
JE2 GRd 5 2 L S AIREZREI CH ZINR O DML L, A S iz Bk L O < BRI 2% K
FT 2 Enbho TG
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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.
Inner cone-to-substrate distances : d

Film surface temperature

Case 1 Case 2 Case 3
1 step:1200[sec] 1273[K] 7.0[mm] 7.0[mm] 7.5[mm]
2nq, Step:1200[sec] 1223[K] 7.0[mm] 7.5[mm] 7.0[mm]
X B

ARFEERTHWD 2 BEEARIEDOGEIRFRIE, 55 1 B2 1200sec, 5 2 B4 1200sec & LEREI T T,
OB, £2, 3OFEMEICEY XA YEY NEBESROFLELTH D WC Fatk i Db B O IFH
(Case AL N Case B) &, KBTI HIVLEEE (Case 1 ~3) #Z2Mb S TBERIEIZ L D WC I
WERA~Z A VT EIEOGKAETTY, BB & 25 B 231 D FULDEEEO b2 SRk B S ALt
WE<SBEC ED X D 7oA ROE T )T LR 2 T 72,

Z T, AR Case A, B DEMTITo I BEDOARLZED X  BEHEIZ DWW TORE R A Z ek 4,
SITRT, ZOFE, Case A DRIPEEAHIIBNT, KBHED FOEEEES Case 1~3 DS TA (L S HERK
Z{T-7=H D% Case A-1, Case A-2, Case A-3 & L7-, F7-, Case B DRSS T, £BM DA
LMEEfEZ Case 1~3 DE AL S BERZ T -T2 H D% Case B-1, Case B-2, CaseB-3 & L7-, #Hick
WG, RSB 203, 1< BESSRAES TR BICRIED TR S T DIREETH D, HT BRI, RliE)s
FH I L T > T BIREETH B, 1< BEL 1L, 1< BEASRA LI EICRIEINE L A BT~ Tl
VRRETH D, F7z, BERE &R0 ERE LIBETRETH D,

Fanb, Case A-l TIIZERIII BEAINHIT D Z LN T& 7=, Case A-2 T, 846%DHEeRTIL< Bt
AT, FERICEOIER CIE < BEZHIT 2 2 E R TEZD, 154A%DMER Tl BN AT D L0 )
FER & 7poTm, IRIZ, Case A-3 TlE, R3%DIERTILL BEZHNHITE, Case A-2 [FlkE, FEFITE HER
TIEBEZIIHI TX 7203, T7%DMRTIXSBENHET D LW IHfERIZ /o Te, £, 515 Case B-1,
B-2, B-312BWTIE, BRIIE<BEZIHITS Z LN TE Iz, EDZ Emnd, T Case 12BN T
EOER TIE BEZ PRI Z L3 T&E T2,

WIZ, AR LT OWE DRFERAT 5 72 XRD ZHWTHRREZITV, ARSI EIERED X S 7
WABEZ T CNDIELREITTz, Case A-l, B-1 CAMSINIZEED XRDFERAZX 3, 4177, K&
D, ARSNIZEBNY, XA YEY ROGEEZRTZA YES RAUL)HE, (220)EHDE—7 #ffEsd 52 &
MWTEDH, LLenb, Case B-1 THARSIIZLIE T, Case A-l TSIV L Y ¥4 £ K
QUDEDOE =7 P/NEL 7o TWND T Edbmnd, DT L LY, Case A-1 THRK SR Case B-1
TERENTZ L O 4 A VEL ROENBENT ERbhoTr,

PEDZ Lod, ZA¥Er FEREROBHECTHD WC FER R O(L PO &, KBk
% FDEEE A 2 S ORBERIZIZ KL D WC FRERIRIA~Z A Y B NEEO SR ZTT > 7o fE R, RiiLet
IRFfH] & B BB C 51T 2 VO REBEO A LA S R B S 3 < BRI 8A IE T2 & vbioTz,
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i
WC S FTIRBER I 0 S 3 < BEZHDHI L7223 5, BEEREORWF A Y FEIREZ SRk

THIEEREMEL, 2BMEORIEEZHNY A YTEY FOREITY, ZOBIHM S U7 BlE & i<

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%
g |8 Thesynthesized filmin Case A-1 2 |2 Thesynthesized film in Case B-1
5 — S —
; i ) . S
2 < o 2 e d
S 2 o @ = 5
< A § = g a
O
o
WMJUUM Lo b UMJJ\JM
30 40 50 60 70 80 90 100 110 120 130 30 40 50 60 70 80 90 100 110 120 130
Diffraction angle 2 6 (degree) Diffraction angle 2 6 (degree)
Fig. 3 XRD patterns of the synthesized film Fig. 4 XRD patterns of the synthesized film
in Case A-1. in Case B-1.
=

BEZ DWW TG E To72, 22T, ¥ A YEY NEEARRORIERTH 5 WC Eti i O LR ORFH

(Case AB XU Case B) &, FEEICHT 2 ALEHE (Case 1 ~3) ZZ bW CTHRBERIEIZ LD WC I
WFRHA~ZA Y EY REEOGR AT T-/5 R, AR & KB 250 5 BB Z LA B Rk R
RN < BEZREE FAF T Z L bioT,

SE

1

2
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Applications of Bio-molecules for
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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. 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.
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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
jJunction of those gel systems.

Bio membrane system

S00nm

>

N

flm Onm S00nm

Artificial film system

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.
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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,
O1lAE15, 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

Bio Electro

Amino qc}d I Chemical
Lﬂe\ue
Gebe —{ - >

Bio Electro Chemical Device

_Reetffieation Property \

"‘\., Taylor Made

‘ 2 . -~ Patterning !

Artificial Gel for Taylor Made Patterned Pad

controllable interfacial ion conductive
property onto organisms. To provide an
effective way to construct an artificial
bio Ffilm 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(GIn), 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-GIn, Glu-Pro, Asp-Gly, Asp-GIn, 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 -
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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 lon 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.
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sb added,
fatep 1081}
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Applications
For Solar Cell
For Other Use

UV Visual Light Conversion Material

In this year, in an exhibition hall of “Tokyo
International Forum?”, “gel system and ultra

violetwisible 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
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example, window, illumination, every use of
whatever the conversion of ultra violet

In front of our exhibition space in an exhibition
hall of “Tokyo Intermational Forun?’, many
visitors gave us lots of questions.

Our exhibition space in an exhibition hall of
“Tokyo Intemational Foruny’

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

Nlu.l?

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.



P23 JERK R 2 VBLIFFE R I6 £ 22 CPI244F 2 )1)

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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RELE(C K D2 EERWEM DRH & 1

Foowgs M B

(& 210587 v—7)
wajima@gipc.akita-u.ac.jp

WEZE - AHRPEREREIEMI A 29 Z & C, LT A NGO ESEE Y
K B ZhERANZ ML AT RE /e WA ORI 2 a3 5, A 4RI RGWCE R TR AT
DIEEBEFM TH DA 7 v D2k L L TES RS O 27,

F—U—F: BT v v fsAE, "eREERE, [EIY

SR -

ABFIEIE, Rk 2B AEEERR 23 SRR B S HEE R B & RRE4 « WLALEE L 7-BESEMR S A A~ A
Z N80 > EBER D DOERERT LT A 2OV BHRNEANOBIFE) (2SS T\ D, AL FTREZ A HR

PESEBETENS0 A T~ ABEHMN B RETH D . BEEMOFRIINCS7203 %, Eiz, BT
(CEDBAEN T & LD VT A ZVEORD SRR R ATRETH W BT /2 VT A ZUVELS AT I
DOEEDNIFCTE D,

1. &=

RETOESEIE, MNMIEFENEL KI5
THY, BEERIZET DREEYENI CEEA 22
BERoTWD., 2D, (T, BEABEIZHT O
HITEEL< 7eno QD BHEEBORREFIEE LTS,
KB b, A A ASHRIRE, WBEE s 3z
LD, KERFEKOWIEIZIINTNRHE 2 A M
FETHY, Ko A N CTEEBHEATTH HENEE
nTna. BEEREEOT CRFESYFSLTH
BN, WEMOa A RIS 2o TG, Foxld,
R BRI A U 7= SN L 2 A8
A L OYPFEIZHOV TR L, BRERNINR DS THER OIS
PR E Y, HER, AR OBEEREA AT LK 7
WERE « PREFREZFFOZ L AL L CEZ. 20
WRELEE % F N CHEEW ) & AR EM 2 VBT 5
Z L TEFEROAMRAETREL T A EA B T vt
ADHIFTE 5.

FIT, EEREIM THLEMRAT v VrFE
L= EERWEM OVERR AT, BHER T v VI,
HHROFARERICBO TSN, Bra—XR 0

EHEE, B2 & OB 2 ERoy & LTS

BUE, THRAT v VI3RS, O TAY ST
WD DRI OMER BN 72 ) >0 5 Z &R0
2 IV TREESERC R EIRA IR C L v,
FrEA GIRERICIRE Sh, FRIRAOMEA RO B
T2 Ebdy, ®EAT v POFPFIMBNEEN
TN5.

INGOZ EESEZT, AL TIE, KDV
A 7 MTEWTHEH SN B PESEBEEEN) CThh DR R 7
v P EFRENE LT, FREELPRIC L 2 EE BB EM OV
AR,

2. SEBHIE
21 Ak

AEERTIE, FERIRORK TS X v Sl
AT v UERAWE, ERICE, SRR T v VR R
PRI S, LA TN D TRZHdnlk v K L7
I, ERCHNT, 500 um LAUZ 08k L7588k & Fv =
RN S BIORARRIE, AR K 45 %, MER
FRITIN 55 %, KT 5% 70D LRI ID.
22 WEMOFER

AHFFEE, AT X 5 IeEBRTFIATIT 72 (Fig. 1).
221 RiALE

10 g DEHRA T v (PS) % 5 mollL (ZFHEE L7~ HCI
PRI 100 mL (ZAFL 24 h 3R L, A1 - i EE T
Calcite 72 & DSR2 Vet L7=akkt (PSW) 38
L7z

222 FREBERIALE

10 g D PSW % 1 mollL KS ¥ 100 mL |2 AL 24h
WL, Al mRSEREARE LZRE (PS
WS) Al L7z
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| Acid Washing |

i
Sulfur Imp gnation

l Pyrolysis |

VWater Washing
Croduct SWD

Fig. 1 Flow chart of our experiment.

223 ETALER
BEITAFRIILL T D K 51T >72.PSWS Z2& 57 I v
I AR—RIZAN, W04 MM, ES 1moBHAR
BNICRRE L= 0%, EPIC N, WA % 1.0 Limin ©
30 min i & CENEERFTHRICER LI N, 77
A% 10 Umin TR L7-F FHEMRMEZN 1L TR
% 100~1000 C, FREFREHZ 1 hIZRE L7 EIRIF
TMBVLERZ AT o7z, NV, SIRE THKRMM L,
EITAEE U7-3B (ProductS) 23RSl L7~ £7-, Wi
BB Z AT 572, PSW x5 L Clalks
DIRTEAUERE1T - 72508 (ProductnoS) ZFHELL, tb
AT o7z,
224 JKPEV
1.9 @ Product-S % 350 mL DZREKIZHSINGG, R L,
W5 A EIT, Fof SR o 2R L7
(Product-SW) .
23 EBEERA AL WEER
Po(NO3),, Ni(NO3), *+ 6H0 12 ¥, 10 mmol/L (2L
U 7oK -V TS R AT - 7. A3k 01g &
B EA BRI 10mL % 50mL OFE Nz, RE
FRTC22NIEE Uiz 0%, mOmEEEIT ), B

HEEPOESRREZNE L, EeRREREZHEH
Lz BREROHRERIILL FIORT

R=(Mo- Mo)/ M, % 100

R : E®EREE (%)

M, : ERREYHIRE (mglL)

M, : WAEFEBRZOBESBRE (mglL)
7B, TRTOERICE D pH B E < BREICK
L EBE G2 I VETh T
24 SMTHE

AL OSLIFE DRI TE 2 A X e s
(XRD) (Utima IV, Rigaku), {b ARk 2858 X Bootr
$EE (XRF) (Primini, Rigaku), REGAE LS AR
Z AR TR TS (CHNS/O) (240011,
PerkinElmer) , ERERD[FIEE 7 — U A HRIM
$EE (FT-IR)  (NicoletiS5, Hitachi High-Technologies
Corporation) FHVNTOMTa Lz, TERTFOSESBIR
FEVE ICP Rt/ E (SPS 5510, SII Nanotechnology
Inc) & FHWCHIE LT

3. FEBEREEE
31 WEIC X 2R L L BEERWERR
VERK TRRC I D5 RBLOSEMIRARE &ALk &

Fig.2, TableliZ/”7". PSITRFEEAED 15%H 508
OB — 7 PDRELSABMOE— 7 I LFRETE 2R
Mole. IREEHBEILRTTELZ RIS, 1518%&
IFERCEFRETH-7D, B AiEd Z & TN
D 83%78 Y . EDHRDIIRTIIE D LA o7z,
TDZERY, —EHOWIRT LY PS ORI DR
FISTDIRFEM DRI & LT D Z L sbnoTz.
Ry DI H 5 &, PSIZ Calcite(CaCOy),
Kaolinite(MgsSi0(OH),), Tale (ALSiOi(OH)) 2> 572 1),
FIZ Ca, Si, Al ZE AL TVDA, PS%E HCIIZ XV Btg
L7= PSW [ Calcite D &°— 27 342 L, Ca D& EMN
1M L=, HCHZ XV Calcite 23%f# L, T L
T2EEZEZbN5. £z, HOWBRORETClERE
b=,

Table 1 Chemical compositions of samples (wt. %).

Ash
Sample C
Ca Si Al Cl K S Mg Ti Fe P
PS 150 592 164 168 02 02 04 47 ND. 18 02
PSW 180 49 444 278 85 02 05 103 18 14 ND
PSWS 156 33 346 235 08 91 173 89 13 12 ND.
Product:S800 83 37 414 284 02 105 32 96 15 13 01
Product-
Wwesoo 99 39 417 285 04 102 4 99 ND. 13 ND.
Product- oo 44 478 331 02 02 02 111 16 13 01
n0S800

* Not determined.
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ZD%, PSW % KSIZ X 4L 7= PSWS T, PS-
W LIFIZER U B — 7 DR S N=08, KSIZ L D
12k SOEFENEINLTEY, Sufur (S) DOE—
I T CHER SN, ZDZ D, KSR IC &
D, B RICERINTWAS EZZ L.
800 °C iz tAW L 7= Product-S800 Cl&, Sulfur @ &™—
T INHIEL, B2 3072 gypsum (CaSO,) D E—
I SHERENT-. F77, PSWS D SEFED 17.3W%
725 7=DIZ% L, Product-S800 @ SEAEIE 32wi%e &
P> LTz, ZKBEV L7 Product-SW800 | Z84AAK,
{EEHERL & B IZ ProductS800 & ZKiT R b iem o7z,
IO XY, —HEOLEIC XY RBRGDER
B ST BB CE 5 Z Evbiotz. 7k,
WREABE 2 4Td PSW 28 Tl L TS 6z
ProductnoS800 1, EITHTD PSW & IEIEEHED LM
RZR L, ST Tale v — 27 OB FER S -,

Ot . b

(e

| | L ] n
/;: ( i mam [} ]
= L
-*g (C)\bEL_éD\s@D e BB oo o
S o o An
£t e B8 o o

o
2 N
_(a)\ip 009 do ® P 0o o oo
| | | | | |

°o 0 » » © 0 o
O Calcite [CaCOs] 26C)
[ Kaolinite [Al,Si;O1(OH)g]

ATalc [MgsSi;O(OH),] , @ sulfurfS]
B Gypsum [CaSO,]

Fig.2 XRD pattemsof (@) PS, (b) PS-W,
() PS-WS, (d) Product-S800,
(€) Product-SW800 and (f) Product-noS800.

VERGERR Z 31T D3I FT-IR A~ /L% Fig.3
\ZRT. PSDAT hVIZIE Calcite D & — 27 23 L5
ni=n, PSW TIEFOE—Z IHELRLTNE. 20
ZENBY, HCIERIZ LV Calcte 23BRE STV D
FRDND. X DITHELEL AN L 72 PSWS 21T KS
DE—7 PHEREN, ZOZENDLH KSHEENT
W5 Z M ER S .

Transparency(a.u.)

| PS

N

AR

PS-WS

o

O

~

500
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1
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O Cdcite, @ K5S
Fig. 3 FT-IR spectra of PS, PS-W and PS-WS.

JFEND PS & 15 57~ Product-S800 & Product-noS800
DEH% Fig. 412753, Product-S800, Product-noS800 &
H 6 & BIFEED PS OFER DRI, REEE
2o TCNWBEET DG, T HORRENS, —#D
FNECTRFMEHCHEZ B8 LTDREM BT E 72
LEZoND.

(a) R ()

e
-

Fig. 4 Photos of (a) PS, (b) Product-Sand (c)
Product-noS.

Pb*, NPWLERBRORE % Fig. 51T, ARUUERD
PS DF&EERIT P : 367%, NI : 282% Th-7-7%,
HERRALER L 7= PSW DBREHRIT Po™ : 1.3%, NP :
02%& EH 5 bERERMEN -T2, ZhE Y PSOHE
LB D BRZREIT: Calcite IZHER 5 & D & fEER X
N5, WIC, FiFEER L PSWS T, P :
813%, NI :533%& @V ERER L. TS
RBLEKS EDOINCE DD EEZ LS. sl
FRAE LR TR L7~ Product-S800 Tid, Pb* : 382 %,
Ni# : 200%TdH 0, KEEVE L7= Product-SW Df3E
L, PO* : 284%, NP : 114%& e~7-. 7235, Hi
FEALIR - & 8 TR L7~ Product-noS800 D E4A IR
By, Pb® : 168%, Ni*:47%TdH Y, Product
SW DRREERITILA, § 10 WRERIMENZ & 23
o7, ZHUTERY, FEENE AT Z & CTEARRE
BEDMSINE D Z Lo Tz,
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Fig. 5 Removal ability of D PS, @ PS-W,
(3 PS-WS, @ Product-S800,
® Product-SW800 and (6 Product-noS800.

32 BB EIC L3R ESERE
B

B AVFRIR TR TR U7 Product-SW OSEIRERR
2% Fig 6153, B ICEREE 100°CClE PSWS &

[7 U Calcite, Kaolinite, Talc, Sulfur O &°— 27 23R S 107,

200~400 “COFEMFA RIS Sulfur D & —27 235E5 L,
Calcite, Kaolinite, Talc 0 &°— 7 36 EER X 4u7=. 500CH1 5
Kaolinite © £°— 2 235 L, Gypsum (CaSO,) D t—
7 DRER E47=. 600°C Tl Calcite D E— 27 235 HA L
7=. 800°C/H 5L Tae D E—27 23H& L, Gypsum D
E— I BT, E£72, 900°CH5HiE Gypsum D
v —27 2MHZ, #1721 Calcium silicate(CaSiOy) D &™— 2
DHER STz,

Intensity(a.u.)
i
=
>
n
>
n
n

iy
oe
>
o
a

0 10 20 30 40 50 60

O Calcite [CaCOs] ,[] Kacz)l%grte)[Al4Si4010(OH)s]
A Talc [MgsSi;O(OH),] , @ sulfur [3]
W Gypsum [CaSO,] , A Calciumsilicate[CaSiO3].
Fig.6 XRD pattems of (a) Product-SW100

(b) Product-SW200, (c) Product-SW300

(d) Product-SW400, (€) Product-SW500

(f) Product-SW600, (g) Product-SW700

(h) Product-SW800, (i) Product-SW900,

and (j)Product-SW1000.

B RNFRIE FE R TR 7~ Product-SW OEE4 B
HEREZ Fig. 713d. Product-SW D ES B AEHRENT,
100°C T PR : 200%, Ni#': 409%Th Y, WIHERE

N ERAFTZICHNCRRERD EFH L T0& 400°CT
Pb? : 7L7%& Ni# : 866%E L H b EVREREARL
7=, L L7edd s, AR 400°Con s, WURE
FED EHT 2 C#NEA R A SR LTz,
Product-SW D EAJBER RO M TR N
400 COFRFTHY, W0 CLLEIZ/RD L ELLDORRE
T 10%(HEI2 Y, FKEICECESREREE
D3 60 %l 7=

100

9| BN
sl o P
L [ ]
< 70 -
S 6ot ° [ )
2 [ |
;; 50 - |
I .
4 o ° u
20 @
10} o9 ]
op " 1 N 1 " 1 " 1 N 1
0 200 400 600 800 1000
Fig.7 Removal abilities of Product-SW100~1000
for Pb?" and Ni**.

AARFERER TE 5 107 ProductSW DfRESH & &
MEEABEOlE Fig.8 \RT. [REICKTT DD
GARITPSWS TIZ039 & 720, IREN EFT I
IR LT & 400°C T 005 = TR L7-.

400 ‘CLLETIE, TXTCOLLUT o=, B R
EFEBR L, BTIEE 400 °C TS X417~ Product
SWAD 2 b E O BRERE R LA, MisEaA R
A0 CTIHEVMERZ R LT-. Zhicky, BESEKRE
R, BEGARICLORNWEEZBND.

04 |- n
03t u
o
<
D02+
n
| |
01|
., "on
n ™ ]
00 1 1 1 1 1 1
0 200 400 600 800 1000
Temperture (°C)

Fig. 8 S/C ratios of ProductSW100~1000.

FALFRIRFE 5572 Product-SW @ FT-IR A~ |k
JV% Fig. 9127~ Product-SW100 7> Product-SW400
DALY FILTE, 1105 em T SSO-S 2B %
v— 7 RS-, LasL, Product-SW500 LL EC
VIR SN2 272, 2LV, Product-SW OE4AE
MEREICIY, ZOFERECERT EEZONS. £
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72, BOOCLAETH, Zh b ORI Gypsum 72 & D
FEREIC 250 2 1o O BB B AE RED N LT LS
ha.

[ Product-SW500

I Product-SW400

[

“W >

[ Product-SW300
e

I Product-SW200

e vax

I Product-SW100

Transparency(a.u.)

1 A 1 A 1
800 1000 1200

Wavenunber(cm ™)

<S-S0-S (Near1105cm™)
Fig.9 FT-IR spectra of Product-SW100~500.

4. FE5

ARG CIE, FEEEEI T D882 5 » JIThi
AR L, BT 5 2 L CEAERVGEM
DVERRZ BRI T, T OFER, AEIOFERT
RIZE ST, 8HEA T » 1ok LT KSikE &
BEED L CHEZIINT 52 LN T, S5 |08
TR A S Z & CIRBMEHIRREN S £ WA
PERTE 72, ZOWGEMIZI L CEG BN AT %
1To7=L 25, Pb*, NPITK L CRIF A BEREE R
L7-. 1E e 400 °C CHFE L7~ Product 735 H
EWESBBRERPY  TL7%, NP : 666% 1< L7-.
EEBEWAERIZIE, WEMPOREEAETR, B
RESRE7e B OIREN I bR 5.2 5 2 L 3o
7.

INLORRESEZT, BEEMLEERIGE
M EAERT D872 BRI FES IR C& 5.
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FT7 N v X[6]7 L— AN
MNAMRBOMREETICE X 5%E

AT S S = R T e

R IKH - REREZ - EHCH
(5 4FFFE T N —)

sugiyama@med.akita-u.ac,jp

WS el XonETIC, FTHV v A[4]7 L—>T h ?x/vr - R BE AR S
O A ML HIERR 6 U CGRIpISfR I E 2 /R L, invivo (IZB W T PSR4 7~
:&%%%#KLT%EO%E\%Tﬁvyﬁx7V~/ﬁ®ﬁtﬁ$%%@@W*L
FUCBWT, FT7HY v 7 A[B]7 b — 1 ~F W ALk ) L5 A AR o i & 1 %
GyM%mﬁEb\%%%mﬁféze%ﬁMLto4@ FTHY w7 R[] L—r
~F W ZVIR R OFEFAR DA E O I TIZ G- 2 D B A T,

XF—U—R:FT7HY v 7 RT L—r, HKREH., fisAF

SR
FTH) VI RT L—UISEEEMIISREEE T SRR ) I<v—T. ZHAIZ/NG
FOERA A VEBHICEETIHEZALTWS, F7THY VI X[ET7 L—o~F

YR VEIIAAMBEDMIEEEE GZM B TELT 52 ehn, NMeEhzEER
& LI=HRn ARIRE~ DR R SN D,

=T N
. F &

Yy I AT L= EFATF L RIZ Ko TRIESNTZ pT VTN T = ) —)VORIRA Y I~—"T, 47
F-DOZEANINGTREBA A B TE D LB ERA MT A MEFIZBIT 2 EEAMLEMTH S,
BREENIIZ AN T 4 REEERWETFTHY v 7 AT b—r (X 1) 1%, EBEREA A4 0BG
1K) FERRREDS A U w7 AT L—2 & BRI L L, & SITIKEERSe p MaHEMET 5 2 Lok
0B A A & OSERIEIRAFIREE 725 Z ERHE SN TN D, ZOX ) Ie&IdA A4 L Ok
eI DT T HY v 7 AT L—1%, ERNICB O T2 2EE B X % L QO D8RA 4 Ok
e LT 5 2 EARECTH D LB X BiLD,

D g
bt TRl T
R &g

1 tert7FNFT Y v 7 ANT b—r
s, n=4, 6, 8

— 100 —



SR 234 ERK R A VBLIFZE R A I8 6 4y CPI%244F 2 )])

WexiZFTHY w7 AT L—HOEMIENEZRR T DRI T, ZNETISTF T A v 7 A[4T
L= T R 2R CEE 1] (K 2) OF1 R0 bA F 88 Aok shemi 25 < i 24 2 &
EBITIEY T A AW RS T /B W CHIEE IR 2 R Z A DN L CE 2, i, 77
NY v I AT L= RENET DEWIEYED R IR HDIE AT > oA, FT Y v 7 Z[6]7 L—r~FH
ZOVR U 2] (K 2) 25 T Mt A itk oMiaE o 72 GAM #ICiEEIET25 Z &2 R L7z,
A, FTAY 7 AB]T L— D8R 5 Fl, tent-7 FNTT Y w7 AT V—> Bl FTHY v
267 L—r @, FTHY v R6)T L—rTa Uk 5. FTAY v 7 AB]T L— =TT AT
K [6]. F7 Y w7 A[6]7 L—r T 2 TR 7], & CRIBEII O TIC 52 588 % i~
DT, HFEIHIEhR & A ClRET 5,

R = -CH,COOC,Hg

Lo 0 & ?@ &i:;%@

K2 FT7TAaY v I AMT b—2T RTZRVRCEEN) FTHY v 7 R[0T L—r~F W AL R 2]
FT RN v 7 A[6]T L— RS [3-7] DR iE

2. FHiELRER
HBEIADREA T2 F T I Y > 7 A6 L— o OFFBERO 5

7 1£]

96 7 /L7 L— T 1 x 10° cells O TR i Friiak Jurkat fIEFS K OMMEREL 27 23R L,
37C, CO A »Fa—Z—WNTHET S, 20 Wefilfe, 5528 LifabRE L. DNA Getaid (50 ugml = w{k
Zu 'Yy L 20 pg/ml RNase A, 01%2 = iE7 ~ U 7 L, 03% Nonidet P-40) Z#IN L, 28l C 2 IFfHI
9%, MR E 415 DNA &% Flow cytometer (2 & 0 JlE L, MIREEAO AR O 21772 5.,

— 101 —
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DNA contents

3 Jurkat MR OMIE I OEITIZRTTHF T Y > 7 A[6]7 L— L iE R 4

2 13 Jurkat AERLOHIBREIADHEI T2 20 pM DFREET G2AM HIIZIEIE L=, 2 D AVKRIED ter-7 FVIRIZ
B U7 3 1A O8I 2R S 7edno Tz, 3 O/KEERAZERE =T LM L7z 6 12 b MR E 1~ s
ISR o Tz, pAICEHEED 720 412 G2M B COIEIEZFHE L 727> 72 D% L, 10-20 uM D
JETHHO GLITOIEIEAE N, UL, 4 OKBERT ek LIz 5§50, 7TEF/ELZ 7 TILGL
B IR IBIER SN o Tz, ZRHDFRER G, 2 D GAM B IEFFEZ 1T p LD AVREEDSVEATH S =
LN oT,

FTHY v 7 A6 L— OFEIRIZ K 2D AR ) 5
5 ]

96 7 = /L7 L— hZ 2 x 10° cells o Jurkat {IHES & ONiadkl 27 ZFN L, 37°C, COpA v a4 —
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tILETFTEAR—ILEBELBEBEORMINKPDODEELEREDFH
FILRED ) NEAHE ek 257, Ljubisa Obradovic™, Branko Blagojevié™,
Jelana Petrovic™ and \Voika Gardic™
(55 AR N—7 P HIERE L, Mining & Metallurgy Institute Bor*=*)
ishiyama@galena.mine.akita-u.ac.jp
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NICOEEB I E R L. 20114 8 HICHER AL @Rt 241, Al Cu, Fe*, T-Fe, Mn, Si 12>
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FRILIFEAK & BT D OBEKIZ XV B E R Z SR TWD Z LR LMNI R T, A— gkl
1575 T 25 km DRSO INZHNT S CuB A& 10ppm H Y, KT JIOKREIZIFR
WERHZ TN b o0, BmHE CHIUBEKORENRH S Z L i3bhoTz.

F—U— R JRLBEK, WDk, B, KEHL

SEFE -

FRILBERDNRAT 23 [DRO BRI LS <, KBS 52 5. #HmaHk
EEFHT K D071, i CHRMTREICT — 2 M50 5. SiRA o b A FE O
W0t U CHER SR IS5 2 N AIREIC/R D, BREEESHIICEE L C. Bl b7
WHESHEAAT S 2 LN TE D, AR TITo - FEY, BEGEHEZ1T5 B¢, SERy
Hisas i 72\ WS EEICB W CE b TR IETH 5.
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Fig. 1 Map showing the river system and sampling sites from the Bor mining area to the Danube.
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Elements measured using chromometer in the field

Type of chromometer: DR/890

Elements Range for measurement

Al (Aluminum) 0.01 - 0.8 ppm
Si (Silica) 1 -75 ppm
Cu (Copper) 0.02 - 5.0ppm
Fe?* (Iron, ferrous) 0.03 3.0 ppm
Fe (total iron) 0.03 3.0 ppm
Mn (Manganese) 0.007 - 0.7 ppm
Mo (Molybdenum) 0.03 - 3.0 ppm
Ni (Nickel) 0.013 - 1.0 ppm
Zn (Zinc) 0.02 -3.0ppm

Fig. 2 Elements and detection limit of chemical analyses in the field
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Fig. 3 Diagram showing relations between pH and flow rate of mine drainage water, wastewater and river
water in the Bor mining area.
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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.

1000 R
e B RN %,
.90@ ‘9.5‘(, %po #
% . s “, %, Large
Bor &2 o B
61
.undergruund ({S‘ B it P
— 100F [ ] P2 Y
E B P-11 Saraka / Auguet
% Robule stream I'd
Q. C‘e@’ lake : pa \/ P 10
= SRS
[ ] s i
o syl PN 1\ Pe5
P-6-3
g 10k » Overburden ,,"' i ?
O )9% s ’ o\
> 4 ! [ ]
Q ] > £ 1 P-g
o L 4 ! P-13
3 % Q
o/ @ |
O o /& !
& s & i
1r v E '
2 l, \‘0{‘ |
“oq, ’ ((}t‘ ; P-10
4""&,, - © _ August 14
Small e P62
municipal ™~
paz - P8 water
0.1 . *— -
100 1000 10000 100000

Flow rate (L/min)

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

and river water in the Bor mining area.
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Fig. 6 Diagram showing variation of pH of river water from the Bor mining area to the Danube.
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Fig. 7 Diagram showing variation of copper content in river water from the Bor mining area to the Danube.
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| Tailing along Bela River (P-15)

Romania

VEIR
Krivelj
open

Ravna
River

Tailing along Timok River §
(P-20: Brusnik)

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.
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FIANIYVIRIZEBAEILO—R - TET— FMNESSKE)
HEROUIRIEEMTIZBE T HH3E

Rk Em R, OKPE O —F L &K HKEL, HFEHNOOH
(VBL 4 3 % 7 71— 7
hongbing@gipc.akita-u.ac.jp

2L . We have successfully achieved terahertz imaging of cellulose acetate membrane
electrophoresis of egg albumin using continuous wave terahertz at the frequency of 0.189
THz. We have produced a sample holder that can eliminate the membrane crook generated
in the drying process after electrophoresis. We have also produced a probe that assembled
with Schottky barrier diode detector to detect the terahertz signal. The combination of probe
and Schottky barrier diode detector made the detected signal to get up to 17.89 mV, which is
3.37 times larger than 5.3 mV of only using Schottky barrier diode detector. Furthermore, a
higher spatial resolution of 0.3 mm was also achieved, which is 6.83 times larger than 2.05
mm without using the probe. Terahertz imaging and staining of cellulose acetate membrane
were performed. The terahertz images of cellulose acetate membrane electrophoresis of egg
albumin of 1 pl were obtained, which positions of protein was perfectly accordant with the
stained images. Furthermore, more information of cellulose acetate membrane after
electrophoresis was obtained in the terahertz image than stain image. Thus, the terahertz
imaging technology can be used to analyze deeply cellulose acetate electrophoresis.

¥ — U — F : gingle frequency continuous wave terahertz, terahertz imaging, cellulose
acetate electrophoresis

SERtE

Terahertz imaging technique has developed and turned into a road
connecting the terahertz world to the real world of scientific and commercial
applications. In the fields of medical diagnosis and biological analysis with
terahertz radiation, terahertz imaging is mentioned more and more widely.

This report clarified a new imaging method for cellulose acetate membrane
electrophoresis using continuous wave terahertz imaging. The technology can
completely be instead of staining method for cellulose acetate membrane electrophoresis.
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INTRODUCTION

wibralions

Hydrogen-bonding stretgl sions [gas and liquids)

frequency bond vibralions
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TERAHERTZ IMAGING FOR CELLULOSE mniil °'T j ‘ m
ACETATE ELECTROPHORESIS will. oarl” sue

300MHz  3GH: 300GH: 300GHz 3TH: 30THz 300THz  3PH:z
GATHz {3mm) ~ 10THz (30pm)

INTRODUCTION THZ IMAGING SYSTEM

» Penetrability as electromagnetic wave
» Plastics , cloths, pages and elc
= Low photon energy
» 1THz = 4.1 meV (X-Ray ,1/100 million)
» No harmful photo-ionization to biological tissue.
» Small influence of dispersion into biological tissue

» Characteristic spectrum to kinds of medical material

IMPROVEMENT OF THZ IMAGING SYSTEM THZ SIGNAL BASED ON SBD MOVEMENT
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Investigation of high-coercive FePt noble alloy in nanodot

arrays form by pulse magnetic field

Zhongjie Yan, Shunji Ishio

(56 3W9E 7 v—"7)
yanzhj@gipc.akita-u.ac.jp

BEZE . 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.

% — U — K : FePt noble alloy. nanodot array. magnetic anisotropy .
magnetic pulse field.

S

Magnetic bit pattered media (BPM) are believed to have potential applications in the next generation informatio
recording. For higher recording densities, smaller bit volume which means smaller magnetic dot size, and
meanwhile, higher perpendicular magnetic anisotropy are required. FePtalloy 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 pul

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 powerf
method to detect the magnetic properties of FePt.

— 112 —



(VBLILFZE L { OBFZEAL)

JEFe CE244E2)])

m

SRR 234 HERK IR 27 VBLIF 2%

"$109]ep 20RLIOIUT Aq
N_uuonusﬁﬁ a1e uoneSedoid [[es urewop oyl pue Suljdnoo sSueyoxe oyJ, ‘7
"PIo1f peay a3 sajeo1jdwos yorym o1yl s1 11q ap1sodwos oy, '|

(6002) 286

(800Z) TLGZG L €6 "WeT  (900Z) GOLELL 68 ‘WeT Ly “ubew suel 333/
‘shy4 ddy e 19 oo g 'sAyd jddy ‘ssens ‘a “1e 19 ‘BIOIN H M

:pipaw 2dA3-25pag ‘pIpai papnis pIpatd DD

<S|2pow>

. ewwaluy,, s buipioosal
Buipuodau 21}2ubow ruolponpodiur

fypiqermun

v 1A 9] 19919P 0] JUAIUIAU0D pue [njJaasod st apmjdure
sl yonoua s payy asind ayp ‘og -o[dwes paredoid-se o
JOo jet) uel) Io[[ews Yonuwl ST YOIYMm ‘ozIs s[dures o) uo sUOTIOLNSal
sey ‘puey JoYI0 2Y) UO ‘cunpoew (J[OS S, "$I919W0PUTeW [ensn
Aq peyoeal 2q 10U UBO ANAIOIZO0 YSIY AI9A o) ‘swolsAs Suipiooal
P2oISISSB-9ABMOIOI 10 P2]SISSE-1821Y S8 Uons ‘Suipioosl palsisse
ASrous Bursn Aq pouspLm 2q UuBo pue ‘Surpiooar opsudew o)
Ul SAIJOERIIE 218 SABLIE JOP 142 2AI00200 US| A1sA 213 ySnoy|v

piaf aspnd aimnos

pi213 2s|nd o42ubow :UOILONPOJJUT

MYV TTI0T
ApssdArun eIy Jo TaA
oysy 'S ‘e v Z O

ALISHIAINN VLY

Y

PIRY dndusew Ispnd £q
ULIOJ SAR.LIE JopouBu ul Ao[[e J[qou
14 QARIICI-YSIY JO UONBINSIAU]

€ ’ e T LD ) -

LwIIB Y0P WP | " 5" e © .n_.mmw_ - 4

e & & > o Sunpayun -4 O@ﬁ-g Us =

-24
Surnsapnd ,—
A ————————————
iy %.WEQHM« %s@mﬁwﬁﬁﬁ w3 dod
<fUalitiadxa >

Bunyojmms

..-NﬁMO,H. N < NU«EN«QENQWN.E

s
< E _ Bulyojms
..NﬁmOr.—L N.H < 3MN - Huﬁmxn.mfm
“BUIPIODAL PIISISSE

ABrouo ur pesn oq ue2 YISy A1oa s1 sureld oy) Jo poiy Suryoims oy g
‘UTYl AI9A 9q ued 10Ae] Surpioooioyl ‘|

<id2d °17>

Ao||o pa42pJo 1424 :UOILONPOJIUT

— 113 —



(VBLILFZE L { OBFZEAL)

Jedisr Cr2adi 2)])

m

SRR 234 HERK IR 27 VBLIF 2%

AJAIDII0D SAR.LIE J0P 3} JO DWIpuadap J33d2wWeIp J0p

sjUawaJdnsball WSA Ul pasn pjal} as|nd

oe— [

0e——

2L

2 SiuawaJnspaw

PIOW Ul pasn p|a1} as|nd

(s0g.) swn
9 09 _uw_‘m DW\M D_u,.m ,um_wm Qmm Q.vw Gmh cm_m E.wf :w,. EW. um,. nH.\:. ﬁ"m _u.m 5.1 a,u 0
‘PRI 2q UPD [ [ . 5
£ dvau fo Aviran gop ayz fo Aparoa200 2y7 ‘pretf asynd ongausvur gy E[E]a) R SRatlSELad)
e : : L wo.j [eusis e.nsqns ay)
(uru) JajoueIp o Jo uonodenqns Jye —
wiy - 00L 08 09 0k 0T cv . 2
Wy SHONUNUOD —y— '®) : .
W Sureauue-urureped-guneouue —c— 1§ m o v ,J.,..,_‘.,‘.,,...r‘mmz,.m‘\u«.\,u\.g\.g )t OV 0Z€ OO 067 ;mm__EMMAw_W“W,.M_cH,_wa:B_ 08 09 OF 0F
\ furwrayed-Suqranue —e— - w00+ A \.V)M,Nmﬁw:k?.)\z\ L S RO
N 171 & q0e PUAWASTT I 45
HonwaL28qo py.J )W = H02 e inner ey e e e e .
dq poonpop VI : @ (/Ilo.lo PrE
/.n_.\.m; 107 = ‘ajeasqns M 2
« Speundxa =1 lvz m ZOIS pue ‘fe.Le i
Aq paurnisagop °Ir 1O O/O\ z Jop 33 wu o] ‘wu [ .
T 1Bg ——| Z|
y o . . ' . 8¢ (€ ‘WU (7 Wo.Qy [eugis — o

uoi4ooi|ddo pjai}

s}op 958y} Ul paAlasqo
a2le s9)els ulewop -a|buis Ajuo

UuoneBZNIUIEWIP [eurid (q) pue
uopeInjes () J3)Je $3)e)s JUIULUWI.I )

i ST = Jd)dwWRIp jo(q

s4nsaJ4 WdwW

as|nd

wu g¢ punolbyaeq wu goL

Ja1BLI0IoIW
0aQl io

ozis Aelle
ypm Aele
jopoueu

el s e S R O S 4
G e e G e S e G | < G 0 L(E)
e B e e S e S e Ol S 4
=gl e R et e e Gl e | <— /G 0L

@ouanbos piayy

1 Ssiu2waJnspaw

IOW Ul pasn pjayy 2s|nd

— 114 —



(VBLILFZE L { OBFZEAL)

JEFe CE244E2)])

m

SRR 234 HERK IR 27 VBLIF 2%

ol

*SPUIUWRDINSEIW ([DIAX A PIUIE)qO ISOY) YIIAL JUIUIIISE
J[qEBUOSEII U] JIE SINSII ISIY) pUY "A[[NJSSII0ONS PIPIIIP
3q uBd pay SUIYIILMS ) JO UONNQLISIP ) pUe ANAIII0D ],

WH
. %0

Z= - a é
L L L

e

'
'L
\

q00 |~ Fereq 4o SARBAIS — e — 7 u
L

Foo

2OCTPEIEq JO saneausq =
q02_beIeq jo saRenuag —e—

00 L FEIEq JO BAT a-—=

_ 908 peIeq 4O sAReAuRQ — e —

@ reied 40 eAReAua] —m—

$ siuauwaJnsoall
IOW Ul pasn p|a1} as|nd

<l

*3JM)Ny Y} Ul [NISN IqAe
[[0.QuUed uope.np 3y pue Ideys JALM P PUY "SIUIWAINSEIU
SNOLIZA [[JIM paulqiuoed aq ued pag asnd aip jo uoneordde ay g, ¢

AqIsea

pue APUIUIAUCD PIUTE)QO AIe ‘(IS pue S se yons ‘sajdures

a3 jo sangadoad dpauSeu y) pue ‘SLELIE JOPOUBU )3, SAIID0D
ysny ayy 03 payjdde Lngssasons s1 ppayy asind spaudew ay ], ¢

*SPUO0ISI[IW Ul B[S3 ], / uey) J2ys1y jo asind payy snausew
aY) pIoyje ued e ano ul pajessuds pjay asind spsusew ay g, ¢

suoisnj|auo)

1d3.0 3y} jo dooj s1s.a3ysiy ] : .
3} JO UOCIINI)SUOIAL e ; ;

WH
L iovoE ¢ 0 i b g L
oS R AP £ AP T AP S S PR A T 1 0

‘sie.ae jop L b / b

Aelle JOp WU Q0
L m
z oo b

LR R 5oh 8 R

Ay fann-
sy
,. . |
[ S

o

Aeye jop wu oz

€ Sjuawadnsoaw
AAOW ul pasn p|21} as|nd

) “SUIOSUO ST HI0M I,
.n_vm_uwam PAPIdAP 23q ued » pue "y Jo iy pue 1y jo dajawueted
ap ‘symduaansedwr uonedidde pjayy aspnd atp pue qOHINX
3Y) WI0.0} )Oq SIN[EA P[ILJ SUMIIAMS ) SUISN ‘puey] J3Yo 3} uQ
2 ra
grp="m H
"H-"H

‘prayy osynd J0J sui~ pue JusWBINSEAW ([DNYX J0] SO[~2 su~"2° yo'11="1 /I

°2€69°0 ,
Th ol -1/’H=
1€69°0 W g
— — 5 ={2
T PR Vg =0°H

Aq peaa s1 afeas awny 3y uo surpuadap a1dI200
Yy ‘uonypies Juasoos Ysnoay 3deld saxe) [esI1aAa.1 dppIUIeU J1AY)
uaym ‘ddogostup pixviun YN mpiop-218us € ul sapn.aed a0

sisA|pup jalug

— 115 —



SR 234 ERK R A VBLIFZE R A I8 6 4y CPI%244F 2 )]) (VBLILFZE L { OBFZEAL)

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 Hey 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

Practicability : 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.
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Experiment

FeCo/Ru/FeCo exchange coupled synthetic antiferromagnetic multilayers were prepared on SiO, substrate by using dc
magnetron sputtering. The base pressure is lower than 3X 107 Pa. The FeCo target compsition is Fe;qC0so. A magnetic
field of about 800e 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).

Ru Snm || ubstrate holder

X 2nm
SiO2 substrate
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 He 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 Hey, 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
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the surface intermixing. So we can get the exchange coupled field Hex of series B is 2 times lager than series A sample.

2004

1504

1001

ex

H (Oe)

50 1

06 08 10 12
Ru thickness (nm)

Fg.3 exchange coupled field Hex depend on the Ru layer thickness of series B samples

0.004 T / 0.004 T —
—— Easy axis (a Easy axis /
0.002 Hard axis Vi 0.0 —— Hard axis b //
_
: /|
g 0o g 0.000
= N
. =
0.002 0,002 /,/
0.9nm
-0.004 ; 0004
~1000-800 -600 400 -200 0 200 400 600 800 1000 -1000 -800 -600 -400 -200 O 200 400 600 800 1000
H (Oe) H (Oe)

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 150000e to -15000e. 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 15000e 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 10000e, 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
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decrease from 10000e to 2000e. 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.

-; 8 lu|_|_1]_ 8 [“n] 5 -;

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
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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)-(I) 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 -2500e to
-15000e, 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 He, 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.
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Analysis of static magnetic field from magnetic recording media
by using signal transformation algorithm for Near-field

magnetic force microscopy

Zhenghua Li*, R.1to®, Genta Egawa’, Satoru Yoshimura?, Hitoshi Saito®
(*Venture Business Laboratory, Akita University; “Center for Geo-environmental Science,
Graduate School of Engineering & Resource Science, Akita University)
lizhh@lzu.edu.cn

HEZE : 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.

F—U—F: NFMFM. signal transformation . magnetic recording media ., static
magnetic field

SERtE -
»  Proposal of an static magnetic field analysis of Near field Magnetic Force Microscopy using new
signal transformation technigue.
> 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 .
>  Givesa very useful feedback to the design goals, and is crucial for the development of advanced
magnetic recording media

— 121 —



SR 234 ERK R A VBLIFZE R A I8 6 4y CPI%244F 2 )]) (VBLILFZE L { OBFZEAL)

Introduction of Near-field Magnetic Force Microscopy

AC magneticfield » Mear-field Magnetic Force Microscopy
—— (ME-IMFR is one of Alternating Magnetic Force
FM of tip oscillation Microscopy which uses a frequency modulation
AR (FIM} of cantilever oscillation induced by

*’;P* ""11“ alternating magnetic force with off-resonance.
Lech-in armge
-y =58 &rE)
m—t my?ﬂ:.t- +di cos( o t]) 208 = Focos[ wit)
B o %,
Ak -Eﬁf.k- m:r:'“'m;u ;m[:.: H?ﬂrﬂ o[ :r}]

« ME-MFM uses soft magnetictip which is driven
by AC magneticfield.

« ME-MFM can detect magneticfield nearsample
surface with high spatial resolution lessthan 10
nm and high sensitivity.

* MF-MFM can detect the direction of
perpendicularmagneticfield and polarity of
surface magneticcharge.

H. Saito, R. Ito, G. Egawa, Z. Li, and 5. Yoshimura,
J. Appl. Phys., Vol. 108[2011) 0TE330

Signal flow for NF-MFM
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Currentresults of NF-MFM

Spatial resolution and sensitivity. ME-MFEK images of magnetic recording media
an with 20 kfci.
{B]'.

30 Corventicnal
MFRA (S tip)

-
L]

Péoar-Fapkd MIFM

{30 nm Mi-Fo tip) —
Paar-Fankl MEM

& {30 nem Fe=Co lip)

Resolution {nm}

.

q-ﬂD-EiD-d-l]-E[l 0 20 40 &0

Lift height {nm)
(&)
A ' . ® Simultaneously captured the X, Y,
a boiiomnade Amplitude and phase images against a
=40 ™ g . .
= Comventionsl magnetic field source from a lock-in amplifier.
i
= ® Signal transformation technique is
effective to an adjustment of the phase from
%0 60 40 20 0 20 40 &0 MFM images of a lock-in amplifier,
Lift height {nm)

Motivation and Purpose

Transformation of orthogonal signals (X and Y)
detected by NF-MFM

Xand Y

_ Using our new technigue
signals

Signal processing technique
‘T — Convert the orthogonal X and Y signals into in-

phase and out-of-phase signals against magnetic
Lock-in Amp field source.
X and Y signals
Slignal Ref.
0O EI::' Adjusting phase

Adding an extra phase
rn—pilaa-e and out-of-phase imag | Vector analysis of
| magnetic field

In this study
*Development of the signal transformation algorithm.

*Proposal of an static magnetic field analysis of Near field Magnetic
Force Microscopy using new signal transformation technique.
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Signal transformation algorithm
H, cos( 8 ):—H, sin(4,)

X—7
R . AY

_E.i'g-r\mI Ret (_%}

generator

:= Hl:l:ﬂ:n’z—ﬂ :l Sigl‘lﬂl

F, cosgaf) X

I, cos(at — 89
A+i¥ =Hyexpi(—8)=Hycos(8,) -1 Hysinld,)

Vector analysis

of static
Adding an extra magnetic field
A =Hycos(—8,) | phas. 8 A= Hycos-5 + )| B changes from
_ _ ; - = Adjusted
Y = H,sin(—8,) ¥ =Hysin(-6 +8 | L1365 TS

Measured orthogonal signals (X and Y) by a
lock-in amplifier

-
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In-phase and out-of-phase images against
a magnetic field source

Process of phase correction

crossing point at

. Ferpendicularmagnetic  In-plane magnetic
: ﬁ fieldimage (28=4.5%  fieldimage (25=94 5%
- -“F
- Detection of zero
recorded bit center

" | Lising 5ine
i function

Signal intensity (arb. unit)
]

= el waal = I F =
02 03 04 a5 96 a7
Angle of phase correction 4@ (% )

Magneticfield direction can be determined within 1 degree by detecting zero-
crossing point of Sine function.
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Results of perpendicular magnetic recording medla

aﬁﬂ-ﬁ-i[m e it )ﬁj

8] HY ‘H

atE at g Andding extra phaze, &

=——— M, (fip)cos(w £ +—=—M, (fp) snfw §) £ 5° (1Bt 5° perpendicnlar

2" 2 magnetic field

AH" a‘H component 94 5° (274 57 [ im

E—g cos (@ fj+—‘—M (fip) s fw ) e e et skl
Ccomponert.
34.5(30} 64.5(G60) 84 5090y 124.5(120) 1545(150)

b

184.5(180)  214.5(210) 244 5(240) 2?45(2?[]] 304 .5(300) 334.5(330)
I|_. . M M

Examples of perpendicular and in-plane magnetic field
component
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Summary and conclusions

. Si?nal 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
(perpendicular and in-plane ) of magnetic recording media and
effectively evaluate the vector information of magnetic field.

« This technique gives a very useful feedback to the design goeals,
and is crucial for the development of advanced magnetic
recording materials.
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Characteristics of chemical analysis of geological

samples by PIXE

Zhang Jiandong*, Daizo Ishiyama*, Koichiro Sera**
(*The fourth research group of VBL, ** Cyclotron Research Center, Iwate Medical
University348-58 Tomegamori Takizawa, 020-0173, Japan)
csuzjd@sina.com

Abstract: Chemical analyses of fine-grained power samples from the Geological Survey
of Japan trapped on polycarbonate filter were carried out by PIXE to measure the
chemical compositions of geological samples having small volumes (1 to 0.5mg). The
variability of the results obtained by using a filter with a pore size of 0.4 um were smaller
than the variability of the results obtained by using filters with pore size of 0.2, 0.6 and
0.8 um for rock samples. The results obtained by using filter with a pore size of 0.2 um are
better than the results obtained by using filters with pore sizes of 0.4, 0.6 and 0.8 ym for
ore samples. Results of chemical analysis of Japanese rock standards powder by PIXE
were slightly different from certified values by the Geological Survey of Japan because of
self-absorption of characteristic X-rays in measurements. Calibrated factors were
calculated on base of the measured values and certified values. It is possible to obtain
accurate data of geological on the basis of the factors

Key words: Chemical composition, Membrane filter, Geological Survey of Japan (GSJ),
PIXE

Practicability:

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.

— 128 —



S 23AE ERK IR 22 VBLIFZE e A T8 2 2y CPki244F 2 )]) (VBLILFZE L { OBFZEAL)

Powder preparation for the deposit Distribution on the target Measurement using PIXE Beam distribution

Fosdeent
aamples

Vortevmiver wiwmion

—

Nonuniform target |

Sample collection\
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Keep the slide in the
Place filter onto the slide
polypropylene bottle Filtration
Fig.1. Sck ic flowchart of the preparation § dure for the powder sample analyzed by PINE in Geoscience field
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S Crystallization Side view

Acetone

Top view

Figure 2 The asymmetric unit of crystal 1 (stick representation). Crystals of thiacalix[6]arene—propyl derivative (1) were gained by
crystallization from acetone.

Crystal data for I: CsHgOsSs, M = 997.42, triclinic space group P-1, a = 11.7021(7), b = 12.6302(6), ¢ = 19.9216(12) A, o=
73.0110(15), 5= 87.3970(18), 7 = 66.3070(15)°, V = 2569.8(2) A Z = 2, Dy= 1.289 g om®, T = 100 K, u(Mo Kor) = 0.315 mm?,
24317 measured reflections, 11317 unique reflections (Ry; = 0.051), 7673 observed reflections (1>2.00c(1)), 656 parameters, R =0.0447,
wR =0.1219, GOF = 1.088.
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EE R LTy FT2TFTHY v I AT L—rDZEfL xR
BBy, 7oA B8 ACLATF T A v I AT L—
Y EROZEILOYEEN T X Hfseh X #EEETT D
58 32 ROZEELn e % Z LR BN L 72> TS, K
\CEFUEREE 2 A D50 1 ORI X 5 HF i
TEEATH 1459 % Figure 312~d, TIAN I WEAESEE
WMER L, FEWEREL DR M 1 TR
HWAEREN NN LR BN E IR o T, AW
PEOFHIIZRBWNT, FBEER 11 ZTFT7H ) v 7 AT L—
VO TNOZEFLERN T AR WRAET HHRA L R &
oo TWDHD, fEdmiET CoOFTHY v 7 A[6]T
— S TIZEA LT a EAVENFDEILICESY LT

(VBLILFZE L { OBFZEAL)

V/em*(STP)g™

0 0.2 0.4 0.6 0.8 1.0
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Figure 3 Adsomtion isotherm for N, by
thiacalix[6]arene —propyl derivative (1).

FETIHHEL TV D72, T ADYAEZEBOBIIIHER S e~ 7o LHERI S D,

212. pANVER—RFTHY v 7 R[6|T L—r-F U 4EEQR)

SO,

Crystallization
S

sl § LaCl7H,0

Figure 4 X-Ray crystal structure of p-sulfonatothiacalix[6]arene-lanthanum (2) complex showing 1,2,3-altemate conformation, and
overall crystal structure of 2 showing the assembly formations by the hydrogen bonding, coordination, and S-r interactions, viewed
along [011] plane. The assembly has water layers through the length and breadith of 10.661 A and 8.731.

Crystal data for 2: CogH1g0s:Splap, M =1929.04, a = 13.9731(4), b = 26.4604(7), ¢ = 195809(6) A, o= = y=90.0000°,V =
7239.7(4) A> MoK radiation (A =0.71075 A), space group Pnma (No. 62), Z = 4, Dy = 1.770 glom®, T=100 K, z{MoKr) = 1.612
mm’™, 66639 measured reflections, 8439 unique reflections (Ri = 0.0455), 7306 observed reflections (1> 2.000(1)), 461 parameters, R

=0.0455, wR =0.1257, GOF =1.040.
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10661 AXHE873LAZ AL TEBY ., ZOENOAS TEIY FrE, 2SS Figure 4D X 9 ICHEEZ
HEFFT 5 Z L3 CX UL, AR & U COBREM 23 Hi CX A r[REMS o 72, £ 2T, k2D
FED DR T ZBROERFORBR X BRIEHTPXRD) S — o & 23R/ L D R mEHIE 21T - - fE 5 %
Figure 5A & B IIRT, fldmH D OKREBRET HHID PXRD /7 —A3fEaatE 2~ b D Th o723,
150°C C— APEREET 2 2 & TRidMEZ 0 REEORE L2 2 & CIRWE~E 2B EL T L »
Tre THUTARSFHMERAEIED S BEL 7205 Z & T Figure 4 1R LI 2GR 5 2 LN TE 2o
TeledThD, o, ZOWE LT 2 OFFRWAEIEICBW T, TR WS SRR E 7R L7223,
EHROWHEREG DR KOG TERET D Z & CREEFIAFE LT T OHD S S 7 N E
. BERENTHAIMEO 22 WEE~ L L Lo iz, s SNRho 1= 2 L MERI S5,

A) B) 3-
oy 150°C, 24hj: [E #6.4%:
= R
T iAo 5
2 x
2 4
s »
- £
[ :
= FER S 1
1 1 1 1 1 1 1 1 0 - T - ¥ <
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Figure 5 A) Powder X-ray diffraction (PXRD) pattems for crystals 2 and guest-free crystals 2. B) Adsorption isotherm for N, by
crystals 2.

22. FTHY I AT L—VBiRBEEEO AR
221. FTHY v 7 AAIT L — @ upper rim ~D 7RV 3 )VFEDE A

Br CHO

1) BuLi THEF, -78°C

SJd 4 2) DMF, rt. S 4

OPr OPr

Scheme 1 Introduction of formyl groups at the thiacalix[4]arene ‘upper-rims’
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A FC100mL =17 Z 2223 (030 g, 035 mmol)a Adt, THF (20 mL)& Nz CEfiE L, S HIZ-78°C T
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EE 7 = F L7, CHCL(100 mL) Thith L7z, ZOAEEZ/KT 3 I L7212 NaSO, THiAK L.
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n-hexane : CHCl (L5)DIRATASE CHAGIM AT\, HE sy 2157, #EEEl: 'H NMR & IR (2 TIRIE,
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'H NMR (300 MHz, CDCls, & from TMS): § 9.99 (CHO, d, 2H), 947 (CHO, s, 2H), 8.23 (Ar-H, s, 2H), 813 (Ar-H, s, 2H),
8.01 (Ar-H, d, 2H), 7.21 (Ar-H, d, 2H), 4.30 ((OCH,CH,CHs, t, 2H), 4.21 (-OCH,CH,CHs, g, 2H), 3.83 (-OCH,CH,CH, g,
2H), 353 ((OCH,CH;CHj, t, 2H), 2.22 ((OCH,CH,CHs, g, 2H), 1.96 (-OCH,CH,CHs, g, 4H), 1.23-1.12 (-OCH,CH,CHs, m,
9H), 0.99 (KOCH;CH,CHs, 0, 2H), 0.54 (OCH,CH;CHs, t, 3H); IR (cm™): v 2937, 2875 (C-H), 1695, 1649 (C=0)

'H NMR T, ZHENORREN ST T B Y v 7 47 L— O upper im ~D 7L 2 VO
WXFTHY w7 AT L—2 15k LT AED BN I NFEDEN SNIALEM OGN TE -, L)
L7235, upper im DRV INVILB X OTFT A Y w7 A[@]7 L—r OF5EER, lower rim O~ 1 £ /LA
DENENOERELTREX 227 MRRLAT, Lotk HIZEius & Duff SUSIc ks F 7Y v o7 2
[4]7 L—2 @ upper im ~D 7RV I NFEOBNT phrd mpio EL LERSILD & ORERH 5,
SEIOEHUZIBNT O LIZmn3 by, F7HY v 7 AT L—10 upper fim O pHzis 2{E DRV IV
F & mAALIZ 2E DAV IVEEDNE A SIVICRHEARMG DAV EHERI L 72,

222. FTHY w7 AM|T L—r® upperrim ~D 35T X bF L7 = =)V EDOEA

MeO_ =~ _OMe
Br X |
OMe I
[H-D,'.,EQ =
Pd{PPh;),, K;PO,, DMF, —_— |
S 4 Suzuki-Miyaura cross coupling reaction YRS 4
Pr Pr
3 5

Scheme 2 Introduction of 3,5-dimethoxyphenyl groups at the thiacalix[4]arene ‘upper-ims’ by Suzuki-Miyaura cross
coupling reaction.
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