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Removal of impurities from copper ores by flotation and leaching

Arsenic problem Typical copper ore
®High As in Cu-resources reduces economic value due to Cu—resources that contain As “}i']‘erals that associate
the hazardous emissions generated in smelting. - with enargite
Mineral Formula Mineral Formula
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Luzonite CuzAsS, Chalcocite Cu,S
»Combination of flotation, leaching, precipitation Sinnerite CuAss -
steps are investigated to remove arsenic in the Cu— US> Chalcopyrite | CuFeS,
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Result 1: Separation of enargite and chalcopyrite Result 2: Selective leaching of arsenic and antimony
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300 400 500 600 700 800 900 300 400 500 600 700 800 900
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1000 800
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| 600 85
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= 900 I
| & & Pd R &
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I 0 50 100 0 50
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WS f PEOCRO—FETHD Ce 1T, HFEITARMEAIEL TUAHWLILTEY, K
DAE TS O 2 T A TS, [ AOFEERIL Ce @R TEHA TS
23, BLR CIXENR SN A Z L7 <D ST SN TS, Ce D2 ERFE D=0 121, EWN
V23T D0 I A EERINH 0 Ce DRI OBIF AR FELD. AL TIE, HEbER
VX TR G AW EEAI DB D 2% BRI 357 22 ADOBRF IR T e D —Br &
LC, 5T AR E TR CHEH S A 3 TS A1 50 4 HXHoc 3 (Ce, La, Pr)

K OIAFICFE (Al Si, Fe ) DFERFHEL D EEBITEITLAIE L TOBRRFZIRMD
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SR -
FZeClY, wRICED2EEBR LT A ZLOSBHEIN 7 v A RT52 ¢ %
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T LR, 2ol SRS K D TR OSBENTIRE T, MEESS T R
b HE TH 5, [EINKIESRITTROREMEL L ARET, & IIABgE it AtdE
e (Ce, La, Pr)>OARMMZE DBEEHNRD Z L AR LT

FRAELE LT, SHEAD Ce RIFEEAZ V-, EICAIOTNIIRNEZ TR -0 0iEHE, #EHS
IRFE A B 804 Wt DFIRREZEHE 1:1 TIRA L CGRELL. FIGNE & L TERAEZ Y, R
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~ 600 ‘COIRSE TR L, MtHrkEHifRETH D Z Ebhotz. RFEIEGNMRTIX A1 X°Fe [ 347
HHETCHE LR U CIER T2 2 LD, IREBOTENNC LV F B L rni 2 itk 5 2 &
BH 50N 2o 7.
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MEEE : L1078 FePt HIAIAGIE, c BT 7 X 107 erg/em’ FRIE DR E R K, ZA L, %
T=E Wit X ORI 2/ T 572012, mERZRKABALE v b« RNF—
YR AT 47 (BPM) (ZHEFITHE L TW5D, L LAKARA DAL FeCo %D
BRI LA R E DA LA ZE L, £72 BPM OBEAITIEI U 7 OBICA U S5
HA—UPMEE o TS, & ZTABZETIE, #lxiX BPM O%E Tix, BEx 2
U v 7P O Z & §li#9 5 BPM (ERUEOBAR 217> T\ 5, FePt IZ81F %
Pt Jii¥% Rh i CE#HT S = LTtk (FM) - ROmirt (AF) MZ{EnET %
ZLEEWLMNCL, TOMEAEFH LB BPM EREZER L, Zhick
O 8RGE 7w 2RO D ERIREC, KD — oS RiaREs LA ATRE & 7R D,
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1.L2yFeCo K U* L1yFePt-bec FeCo (235 H L 7= S ilsAT Al 2 B4~ 5 ZEshr o
QSTPEFILAI 7 v =7 b 5 Hogiu it s RERc A A1)
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o HEGT)
3. BRI TE AT O BHFE
- MFM BIZEHEANT (&0fReell, TEEBSET MFM, FePt & He £281) - 7L AREBERTAIRL Y —2h 5
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hsaito@gipc.akita-u.acjp,

W O THETHHELSBITES L EDNIESENY, HRRBEEYEEZ T HONEL, EFEEE CEEE
TEHA b L — VOB EEREA~ O AN AR/ R R B T~ DICAPIIH I T0 5. EkRErEE D72
OIZIEF ) A — L CORBERIEALETH Y, £72F ) A — /L CORSHERENE DR I S BB 2
5. AKBFFETCIL, FITHERA ML—U% X =7y b & LToEEiee R - KB AER L, MR
Pt 5. S TR EEEEERESE T ORI EE & 722 5 BRI iRRE 2 479 5 e RE 2o e 1 TR
(Magnetic Force Microscopy; MFM) % Ba%&9%.

F—U— R XA T N AR, SEREIERAN G @R, T -y ) R, B BEER

SR -

(A) BMBRERT /S A AOHEEMFHH - FHMIEICE 3 5 B2 fREE - MK A A—T v 72 HE LT,
1) REENZERIHNCINR Lo oifildis &3 A S8 5 2 LN AIRE R 3 73—/ REEAGESR~ v R DASHil:
BEEAIC, MRS FePt BB LY. a) 18O T I v NERESHIM 2 AV 541
MIRECH > IR DO 2B A%, FARRIFME N D R R 2 - D & & T2 = L 3w
REIC72 0 [FEMIARE 2 *—YHEZM] , b) 16 kOe UL EOEVMEE ) 2 H T 55Z 20 nm @ FePt-
MgO 75 =25 —fE (FePt &b OBKEHINI LD 72012 MgO % 16 vol%isin) % Al U 7= 181+ % H
WA ZET, YR IT IO D T2 S A, 8 nm FRE OB RAE OB L. BRI
A 3 N—VHESM] . 2) MKESEAOERMISGBIZEAIC, SRRl 7 NS A B L
72. JEE 20 nm ¢ Fe-Co WillA A L 7=381 2 W5 Z & T, 6 nm FEE DS 22 ARRE TOBIELTRY
HiLiz. [FEMIEAR 4~X—THEZSM] .

(B) Fex BIITEFR LT, AR MFM OBSGRITICER & 725, 1) B LORFRIZE LI fE
I FEAERBFOEB L Z ATREICT D, A b e RSEARIT AL RS Lz, BRGNS~y NIZBWT, MR
EOBALDIEHRIIEE S, TS ORFRZLOBBICICET Uiz, EEEAR 5 ~—YHEEZSM]R] .
2) Brp % 2 OO H S T BTSN IN T, BRI O A TRA 2 < (T 5 = L &2 ATRE
2T 5, BN NEHINEZBRSS L. 725 2 SO % S 1o & Tkl LT-ReEEsk~ RiC
BT, & DR O TR OBBILIC R Uiz, [FEMIIARE 6 ~—Y HE S]] .
INHOHATNE, MEEEEER T E2II U T HRIREMERET A AOMFEFEDA Y —RT v
WCHRTHS. AEMEED, ZivE CBI%E Lo @2 fMmfiie - XA A — v 7 FERb 5 EAER
TOUSHIRGE 2, B, MEN N T2 A = A, KA BFEER L 2 —, HdbRZ:, L4dR
K, KRR, A7 0% « oo 7K, FE - BRRY, BMNRE, RERY, SLED TS,
I BIZEL OMFHERNCRI L C, B LIAEERA A=V v T FER RO TNE N EEZ TS,

WHTHAT O FF

(A) 1-a) SR FePt HREHE, FEBSLH 2NN T B THBIKGETE~ v RO, FAERGDZEM
BHOIRNVBEICENE 72D, 1-b) KREEBE L OBFFEK T Codgi 7 1t AR STz, M
(20 nm) - EPRIES] (16 kOe) D FePt-Mg0 THIZ A3 H8EEHT, FARS RO THRW B TR~ RO
EFREEBIEI AR 725, 2) B FeCo HRENT, BRGSO E EREBERICANE 72D,
(B) 1) WAGEER~y ROIEMIGORHRZE LA A haREy (REaEI) 12835208 TE5. Ik
V) ERAMEESORAIERE AT & 5. (A haRGHANY, Y7 hv=TI2kY, vy L2
Y MIEGHER (cos(wd) 3 KON sin(w) Fisy) ZEFRWSELTITS. ) 2) EROBEEE &t
2Rk MR CBIEE T & 5.

WiEESh 2 g

(A) SERERIRIE R v RROSE IR C T 5, B2 fRbeRi £t J OBBE AT,

(B) WEKGEER~ >y NEORRERRET S AR5, BARBROFRIZ MELZ (A b oREE) |
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[20124£5 A 7-11 B T IEEE International Magnetics Conference INTERMAG: 2012), Vancouver, USA | T®D
OEERFE “AC magnetic field imaging without image distortion for current perpendicular magnetic writing head
by using frequency-modulated magnetic force microscopy (FM-MFM) with cone shaped FePt tip” X (&%) ]

Introduction h
Frequency-Modulaled Magnelic Force Microscopy (Fe-Mrm)
using the requency-modulation of MFM tip oscillation

risriay RAFELE For AT rnpegrombas
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Eprge
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diazon in Bp o xon | peneraied

ging this froquancy domad|
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+ W'hesti f-tnpomninics A magnabs Nl
nhard rmagnl i, & Smguancy e

+ Tha AD magoatic fisid i olsinined

= FAEAFM can measare tha

[ i el i = -
ol AG rrognat Lo ™ el A e i
P 2 i T Hel e e
" o
FHl im Eip osclllabion FaP hard
Magnabc iz | Fes vl s
] gl

&G magratc Nsid :_?.'_"f. £ . | s |-!-pp5
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Experimental procedure 3
Maoaruromant conditions A convenbonal pyramiclal FaPT ip

WFM systom ! LNF 40 He. aitn Oipbeal | b
ISR ELIO[JEDL Lid

Ogmraticn modo

i o wilh summounded shaids on |
T Ko

o ot}

AL current [O=p] | 20 mA
Fregquancy . 100 Hz
Fabrication process
Plasma caldation
B X107 PE . Dy fow - 10 s

A now cona shaped FePt tip
5

Le] o - 3l min
Ciair 04, Vollnge | B0
Flim depaosition (mngratron aputening|
BPR-1=10°Pa
Fef film fhickness - 30 - 50 am

Hapil tharmal apmeaiing
30 Crass FOOCC, 100mn

| ] e et 8

SEM images of the conventional pyramidal 5i tip

This ridige line is one possibility of the factors for the image distortion

= To discuss the inference of ridge line en AC magnetic field images,
AC field images against the spatial configuration between the
pyramidal FePt tip and the writing head with surrounded shields
was invesiigated.

1
SEM images of cone shaped 5 tip.

Tpm

This tip has only one vartex and point symmetry,

= To discuss the inference of paint symmetry of the tip on mage distertion,
the cona shaped FePt tip was used

£ -8
AC fieid images of a previous: head with one-side trailing shiekd

Tapograatic image Phass imnga et

Main pole

Ciap |
|
)

Fraulbing uiu‘lll

= Pyramidal FeP1 ip coausad image distorion of AL magnahe field
fot o curnend writing heads with surrounded shislds on thres sides
which can genecale focusad magnetic {edd =il B o i et
Purpose of this study Ao
Exemanafion aof the ongin of the g dEstorton
af AC magnebc fieid of the curranl writing haads
{or the mrnm-r!.'\l FaPtin

5

il weiling hasd

Results and discussions e
Images measured by using a conventional pyramidal FePt tip
Tepographe mage  Amplt Prhipsae om

Previous head
il cv-sichy
trailing shinkd
{akeady shown)

on of AG magnedc Nold images.
vl pyrarndal Fet Bp was observed (i detal

= Toexaming e ¢
Ihe shapes of conve

Images with various spatial configurations between tip and head &8

s Phase Fah

So0mm

SE0nm

g distorbon doponcs on

o apat carfguration
L

The ridge ling behaves

as a line magnetic chargs

.ﬁ‘
for measurement of
AL magnaetic finkd

Ta inhilbit the image distortion, the new tip have to be proposed,
a2

images measured by using a cone shaped FePr tip

Schemalic igure  Topographic image Amplitude imaga Phase ima

The AC magnetic field was clearly
cbserved withow! image distortion.

Summary
The ridge line of the conventional FePt tip with pyramidal
structure behaves as a line magnetic charge, and the AC magnefic
Theled imagir is distorted toward the direction of the ridge ling,

-The FePt tip with point symmetry of magnetic charge ls important
to inhibit the image distortion for the current magnetic writing head
which generates widely spread and strong magnetic field.

This work is supporied by SENTANJST,
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High AC magnetic field imaging for a perpendicular magnetic writing
head: Fabrication of high-coercivity FePt-MgO tip for frequency-
modulated magnetic force microscopy (FM-MFM)

S. Yasui', K. Kamachi', G. Egawa', S. Yoshimura', and H. Saito’

1 Center for Geo-environmental Science, Graduate School of Engineering & Resource Science,
Aldta University, Alata 010-8502, Japan

[Introduction]

Alternating Magnetic Force Microscopy (A-MFM) uses a
frequency modulation (FM) of cantilever oscillation induced by
alternating magnetic force with off-resonance.

For AC magnetic field measurement (Frequency Modu-’ated-MFM)
A-MFM using a hard magnetic tip
Setup

Amp. Phase

t

Lock-in amp,

Signal Ref.
.

PIEZD d river

T 1—o

ﬂ -"“1 » 3

[ Experimental conditions]
Coating film for cone-shaped MFM tip :

MgO concentration : 0 - 16 vol%

VHF plasma irradiation: 0 - 15 %

Film thickness : 20 - 40 nm , Heat treatment: 750 C
Head observation by cone-shaped MFM tip :
Head current : 20 - 30 mA (maximum)

Frequency : 100 Hz , Lift height: 1 nm

e i bead W. Luetal, Appl. Fhys Let, 96, 143104 (2010)
Table 1 Characteristics of Frequency Modulated MFM

Character FM-MEM Conventional MFM

Measuring Object AC magnetic field, H DC magnetic field, H

Available Intensity & phase of Intensity of magnetic

Information pure magnetic force force {usually biased

{imaginary number) by other forces)

(real number)

Magnetic O b

measurement (by using lock-in (masked by strong

near sample detection technique) short-range surface

surface forces)

Spatial Less than 10 nm More than 10nm

Resolution [Air atmosphere is OK) [necessary for
vacuum atmosphere)

Zero detection O X

of H [No signal at H=0)

AC field imaging by previously developed cone-shaped FePt tip
@ FePt (40 nm) tip at low head current (20 mA)

Tip Topa. Amplitude FPhase
10um LI

5. Egawa etal., Digests of the Annual Conference of M5J 2011, 28aA-3
Cone-shaped FePt tip is effective to image AC magnetic field
distribution for current magnetic writing heads without image
distortion from tip-shape asymmetry.

@ FePt (40 nm) tip at medium head current (40 mA)

Line signal ofthe, VWith increasing head field,
= ampitude’ FIM-MFM signal decreases

I
1.0) ik
o ‘iﬁ- Pre\nousnp at the position under large
/™~_____ | head field. The reason
g seems that the tip magne-

- tization rotates by head
field due to the low H..

Signal am pIi‘llee i)

Arnplitude
500 nm

0 200 40 500 80
Crowntrack position (nm)

500 nm

[ Present study for high resolution head imaging]
Coating film for MFM tip :
Try to increase the coercivity of the FePt films by formation of
granular structure by MgO addition and acceleration of L1
ordering by VHF plasma irradiation.
Head ohservation :
Development of cone shaped FePt-MgO tip with high coercivity
for suppression of the rotation of tip magnetization.

[ Results and discussions]
Coating film for cone-shaped tip

5. Yoshimura etal.,
o < Appl Phys.,
2~ 109,07BTE1 {2011}

1] I I
WHF plasmairradiation (0 —15W)
15 Present tip —> g
Previous tip

1 s
0 5 10 15 20
MgO concentration (vol%)
= MgO addition is effective for magnetic
isolation of FePt grains.
* VHF plasma irradiation is effective for
acceleration of L1y ordering.

Head observation by cone-shaped MFM tip
@ FePt-MgO (40 nm) tip at maximum head current (80 mA)

i Line signal ofthe; _ 200 power spectrum of the
SHilitiia ﬁﬂ‘P"t"”E imagsl@ o ampltude signal
| \Presenttip _@205‘ :

Raszoiution

\ revioustip £ 2. 49

13 nm

LA

PRI U TR

¥, (Apm)

Cone-shaped FePt-MgO tip is effective to image AC magnetic field
without signal decay due to the rotation of tip magnetization.

@ FePt-MgO (20 nm) tip at medium head current (40 mA)

-\Line signal ofthe amplitude image

[ Rt

Signal amplitude (43

200 400 600 800 g
Do ntrack position (nm)

Amplitude

x1 'TT‘

" Power spectrum of the

amplitude signal
Resolutmn

0 20 40 60 80 100 120 140

K, (1)
High spatial resolution of less than & nm is obtained in the head current
range up to 80 mA (maximum) by using the high H. thin FePt-MgO tip.

[ Conclusion]

For current perpendicular magnetic writing head generating
focused magnetic field, newly developed coneshaped FePt-MgO
tip with high coercivity of more than 15 kOe can clearly image
AC magnetic field distribution with high spatial resolution of less
than 8 nm.

{This work is supported by SENTAN/JST.)
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Improvement of spatial resolution by Fe-Co tip with high saturation
magnetization for Near-field magnetic force microscopy (NF-MFM)

S. Okayasu!, R. lto!, G. Egawa’, Y. Kinoshita?, S. Yoshimura'! , and H. Saito!
! Center for Geo-environmental Science, Graduate School of Engineering & Resource Science,

Alrita University, Akita 010-8502, JAPAN

2 Venture Business Laboratory, Aldta University, Akita 010-8502, JAPAN

Sample :
CoCr-5:0., perpendicular magmetic
recording meda {200 - 1400 ki)
Magnetic field (0-p) : 300 Oe

[introduction] [ Experimental conditions]
Alternating Magnetic Force Microscopy uses a freque system / ion mode -
madulation (FM) of cantilever gscillation induced by aiternating JSPM—G4D:}|,JEOL Led} / Lift mode = ar
magnetic force with off-resonance. MFM fip :
iF: : Home-made Fe-Cotip
Ky 8 K 08l 112000 = Fyvastugt) |4 kmm =25 1-“] {icaated by 20 - 30 nm thick FeCa film)

Fe-Co film:M,=1600 emulcm?®

Ferrite core

Intlml‘rﬂdﬂh

Table 1 Characteristics of Mear-Field Magnetic Force Microscopy

)
Character Near-Field MFM Conventional MFM 3
Augilable Intensity & phase of Intensity of magnet H
Information F.lre rpgg'leﬁ.f;rce fnme Erysuﬂyrhased by Ewl
{l i ML )
o ! |re\3lmrrberj oA
< g P £
usi -in mas strong
near sampke Mﬁeﬁniﬂe} shortrangs surface E |I |'n'
=l forces) g U
ag.:du_ Less than 1 nm More than 10 nm .
ution {Air atmosphers is QK {necessany for vacuum Eg W
amuosphere) ]
Zern detection O x 20 ® Sonvertional
of H Mo signal &t H=0) MIFRL (G CrPt i) 50

o [ o AR - | Magnetic field Frequency : 30- 100 Hz H.=50 Oe
ﬂ(smwn::.- el U (OO W }) + 007 (g |-.,=J!]]J Lift height : -68 ~ 20 nm { Ni Fe fim: M_=700 em
For LG magnetic heid measurement (Mear-+ieid MAW) {Fp:sampie: distance: {1-5).: 2 - S nm H=50e)
MNFE-MFM ucing 3 coft magnatic fip which ic drivan by &C magnatic fisld [R Fe ]
9 " asn
2 Ay 08 i . ) )
& knlr) = qup 5 = Lofl + afipenslan ”"{d—.' 7z m‘t*—m-"} In-phase NF-MFM images with zero level of magnetic field
. - CioCr-5i0). media (1000 ki ) - 25 nm bits length
[ ga i gy B pre !ﬂan:-ﬂuT
[ aHE  go :|J . :Su_.l e py o dop BHE y . P = e
ql,_ ar T 3 5z ) :Iu. - L= Iu:!.-..-J_.I 3 oo Luig 1) 5 Fe-Ca Tip
5 i ]
s mp o a2 £ | f\ A
T ; ‘E ? \
Setup Amp. Phase i & U U \J
t 1 = = |
> e A W ) B B
Iin-phacea) 1 ¥ A 5- o
it i Mi-Fe Tip
& P . g AT Y ! [:'I‘fm] b =
oLl Hign-ns Fe-o 1ip s effective 10 have ciear Dl magnetic field image and
o e high signal mtensity compared with the case of Mi-Fe tip.
simp | CelCr Sid. med.'a ."MDD kfzi } - 12 noy bits langth

W m nh A
Fa {AiEm}

HF- qu

Y

T
i)

L)
L
0 nm Hi-Fee lip

sample suface. at a tip-sarmple distance of 2-3 nm.
H. Saito f al, Intermag2011, CO-08 R. lo et al, M3J2011, 27pD-2

z
Eig o
o T [HGEE drans 5 Mear-Fieid MFW =40 "
1 p = {30 nm Hi-Fa 3pi - Cornmnlicre
: | M! S #-:.’ﬂ*-r:: % PAFR
H
I."“q Al ! | E ‘ﬂniﬂeﬁ) 410 |||||'Fl_-.\_ﬁ| i 20
v Vi Resobslin xc® P Ao
u % s5gg CT.imm
1‘ "* ""U B €, . Go0 60 a0 20 0 ;0 4 ®
l T -0 -B0 40 -2 0 20 40 B0
l | ] - e iR Lift hesighit () Lift hesight {nm)
T L R R | | reschufion and {5/} are obtained by using Fe-Co fip
: e compared with the case of Mi-Fe tip in NF-MFM.
mmmmemqm High spabal resolubon of § nm was
of DC field obtaived ing a 0 nrn Mi-Fe 1y -
polarity magnetic near a by using a 10 nm Ni-Fe tip [Conclusian]

High spatial resolution of about 6 nm and high sensitivity were
cbtained by using a high-M; tip with 20 nm thick Fe-Co coating.

[in the present study] [Future plan] This work is
For further improvement of NF-MFM spatial resolution, the effect Development of NF-MFM system with higher supported by
of the tip with high saturation magnetization was examined._ AC magnetic field source up to 3 kOe . SENTAMNIJST.
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Stroboscopic imaging of AC magnetic field for a perpendicular magnetic
writing head by using frequency-modulated magnetic force microscopy

(FM-MF
Z. Li', K. Hatakeyama?, G. Egawa?Z,

M)

S. Yoshimura?, and H. Saito?

1 Venture Business Laboratory, Akita University, Akita 010-8502, Japan
2 Center for Geo-environmental Science, Graduate School of Engineering & Resource Scence,

Akita University. Akita

010-8502, Japan

Al

%

[Introduction]

frequency maodulation (FM) of cantilever oscillation induced by
alternating magnetic force with offresonance.

o L

For AC magnetfc ﬁe}d measurement (FM MFM)
A-MFM uses a hard magnetic tip.

Setup

Signal processing algorithm of the stroboscopic analysis

[

lternating Magnetic Force Microscopy (A-MFIM) uses a

Arrlp. FPhaze
t 1

+[PLL
Ga-sg Lock-in amp.f]

Signal Ref.
L

10umy um
-mp"hme h

2 Agpl Pys Let. 56 143104 (2010

Writing head

Stroboscopic analysis is possible by adding the extra phase
to original measured signals of an AC magnetic field image.

[Inthe present study]

We proposed stroboscopic imaging of AC magnetic field by
using frequency-modulated magnetic force microscopy for a
perpendicular magnetic writing head.

[ Measuring conditions]
# MFM system: JSPM-5400 (JEOL. Ltd.), Lift height: 10 nm
# MFM tip: FePt coated tip with a coercivity of over 10 kOe

Raw images before the signal processing

X oand Y 5|gnals_. of AC magngnc ﬁ_eld by a Iock_—m amplifier can be g=25° g=55° 5=05° g=115°
transformed using the following signal processing procedure.
PLL .«Tpllhlde Dl*a_a::] y
?0\ ({;80 ;. ILc»c‘.k-lnamp ;::‘m ”
\ ~ s.gnal Ral. .“
. Magneti- i
%4‘{" Man.p—‘ fiotea) reE Al zat|g1 H
9 I
g=145" 6=175" 8=205° £=235°
writing neag P " ” "
X+iY =H, expi(—8,)= {8,)
Adding an extrz Bchanges from
X=H,cos(-5,) pha e, &4 0* to 360 *
A ﬁ Transfun'ned B=265
ol images

Resuits] Listal., Appl. Phys Let, 100, 2224052012}

In-Phase I Out-of-Phase I

3D image of out-of-phase

The maximum positive signalis
observed around the edge ofthe trailing
shield and the maximum negative signal
is observed atthe edge ofthe main
pole nearthe head gap.

3D image of in-phase
AC magneticfield direction atthe

main pole is opposite tothe
direction atthe return pole andthe

trailing shields.

Calculated images after the signal processing

Adding an extra phase to the
original in-phase image

At the centerarea of main pole, the maximumintensity is obtained at 8=25°
and 8=205%, andthe minimumintensityis obtained at 6=115%and 295°.

The rotation of the magnetization at the main pole from
perpendicular direction to in-plane direction is detected by
the stroboscopic imaging of the magnetic writing head.

(Mitto Optical Ltd.)
# Sample: trailing-edge shielded SPT writing head
Head current: 5 - 40 mA, AC magnetic field frequency: 100 Hz

[ Signal processing]

[ Conclusions]

#We demonstrated the stroboscopic imaging of AC magnetic
field for a perpendicular magnetic writing head by a signal
processing.

#The present stroboscopic imaging of AC magnetic field is
thought to be effective to analyze the magnetic rotation and
its rotating axis at the main pole of a magnetic writing head.

This work is supported by SENTAN/JST.
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Alternating Magnetic Field Spectroscopy : Fourier Imaging of

AC Magnetic Field for a Magnetic Writing Head .
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Alternating magnetic force microscopy (A-MFM)

z
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e : structuresf1] .
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Advantages of A-MFM

aracter nventiona rnatin
Characte Conventional MFM Alternating MFM
“HD’;;:'Q“""L DC magnetic fleld, Hee AC magnetic field, He
Mainly >10 nm <1inm
Tip height (Masked by short-range force) (b lock-in detection)
R;‘::';'Iu“ ~10 nm <10nm [3]
Zero level
detection . O
WVertor
detection A 2
Frequency
Lspectroscopy 2 O

For AC magnetic ferce consisting of multi frequency components,
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B
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P Tip osciiation spectra
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o
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Tip osculation spectra for dual-frequency madulation

1]

-5 b foa - 150Hz
g L 42| The side-band peaks at feexfin and
R ol fetfes | Fuetfor aooss the peak at fu
e e Y indicate  the funcionality of
E"‘s i extracting/mapping the individual
g Ir frequency  components AC
- magnetic_field, simillar w0 well-
_BS |‘\ W Lﬂ"’ﬁ‘lﬂ known Fourier spectroscopy  in

optics.
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Experimental setup B —
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with surroundes shield
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Interferometer

i

o AN

W

A

FePt coated-Si tip
(Nitto Optical Ltd.}

v

Ay ik

& K

T

~Pyramidal Si-tip
<Film thickness = 30-40nm
“Tig radies : ~ S0nm
«Coesivity : =12 kDe

fres 2 =300 kHz
= k2 ~40 N/m
= Qo ~400

Dual-frequency AC magnetic field imaging on a writing head
Amplitude]my] Phase[degree]

Hema{ 200z, 2SmA )

HienL (15007, SOMA, )  H=ai 200HzZ, 25mA ) Hemi[ 150z, S0mA )

Amplitude G| Phaze ey
a5 =
. T Scan_parameters
20 - = -In air
i JII ~Scan mode: Lt
= ¥ & SLIPE hesight: 10 nm
i " Fioz I| L IIIr
: A ke
b = 1580 FFLY 2 o " L ns 300
Cistance [rim ] Distance [nrm]
[ (i) - A fr }=0.58 = Hemw Hema |
Amplitude of AC magnetic field with frequency fms and fmz was
reconstructed.
Conclusion

« Individual frequency components of AC magnetic Aeld generabed on a magnetic
writing head were successfully extrached and mapped by using A-MPM.

+ Spectroscopic analysis in >MHz reguency region can be expeced by osdllating the
Hp at its higher resonance Frequency.

Reference

In this study. AC magnetic field spectroscopy was demonstrated on a

writing head by using A-MFM.
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[3] R. Ito et al., M5] Annual Conference, 27pD-2(2011) supported by
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TN TFA REHRBEFRSED Z LN TET,

A 7»%!:@&%@#% Y GRS 15um PLEDTEGGEITIEE L L miﬁﬂ 7 MBEMED ) B L
oo ZOFEFCITR BRI THELD THIA R FIZA DAL ALOg A 7 — L ANHER S 7=
Y EAEHZ A Ce HA BN I 7 MB(EIEO I LR DIV -T,

BE

(1) J. L. Smialek: Metall. Trams A,9A(1978) 309-320.
(@ F. H. Stott, G. C. Wood and J.Stinger: Oxid. Met., 44(1995) 133-145.
(3) M. Hara, Y. Matsuda, M. Fykumoto and T. Narita: Oxid. Met., 70(2008) 295-306.

¥ 018 ks
Ca:0.12 ks

(a) EfEER +Ni(3.0ks) *Al{3.6ks)

(b] Ni{0.Sks) +iEIERME +Ni{2.1ks) +Al{3.6ks)
(e} Mil1.Bks) &M EM +Ni{1.2ks) +Al{3.6ks)
(d}  Ni(2.7ks) +iE{TERE +Ni(0.3ks) +Al3.6ks)

(a) {b) (c) {d}
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[ Mgl j_N"N'E'j Substrale
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(a) (b) (c) (d)

B4 YEBIOCeGABOWSOERTm AL 521k

0.1 o1
r e
Zoos (b} 2 005
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2 005 2 -0.05
= Mo treatment Al = Mo treatment Ni-As
01 o
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Conlent, C fat.%

(a) Y-Ni(3.0ks)-Al
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T340 TILTUoYA MEEHEBRT LR

MR E LEERERTES

W ORAE, MR E, LEFEH, 562 A

(PR T E PR e B T2 504
RFHEDOA—)LT RV R . y.mivano@gipc.akita-u.ac.jp

WESE « BERERREE G X, B OMBEHOMG], BT A, SR DI A % Rl AT
RAESETOHHOA~— a2 Ths. 8512, MHBEEO—ETHD
FEBRIBHREE O 1T, ABVEOHIEEA K W, RENEEE CIIkT o fERL ) #
LWE SNTEMEBHIXI LT, A28 E 720 5 5 RetEnH 5 A4
ZETIL, BMAETOBEARNETHDE 7 2T4 b« LT A FEAHRR
AT VAP R LTRSS AW L2 RIC oW THE T 5.

F—U—F: BERHBES, oM BEHES, BREME

Friction stir welding, Complex structure, Solid state joining, High strength material

SRt

PEBMBHREEG L, A — VTN DERE TR L, MEOMICHAET DIEEEEMZ LY
MR LS, #BEE1T O LB Ch 5. BERESOHERH, Rt AD
FE, AETR, BECROBEIEBE TS 7 UV —rRn e LCERSRTEY, £
HHETEMALSI TN A,

Fo, BB IV Z BT TR T D EREO—ETH Y, FIABED
HE S IERDERRFES KV BIXDNIRENE VIR G T 5. i, wRlEEET
XEEICRONTH, FRZRER EOFEAR EDMEE S D BHRBEA RN LAY e SN
LRV RTREMED B 5.

1 HE

WgExtgel Lizc, 7274 b « w7 oA MEGHEA T o UV RBIE, BB~ LT oA N
(2K 25%DIRE 727 = T A MAZEGATODIZOMTIERR L, BHNEARRRIC X 0 EmsREEr s 7a > T
W5, BIE, AT U LATL—AR0, e ECEMEEINTEY, FEkiYe SR b ST
W5, L, BRlAREEZITO &, ISR, HAZ SiCoOIIC L DBBIORHEDIR O3S S Tnd.
AW TIE, BRAREC X DBRREDOIR T ORKZZE L, Fonicmize b & ICEHES Th 5
JEEIRFERE S ORI LV, BHRHEDIKN T OUGEEZE 2 T2, 774 § « =7 A MEGIEREA
T2 L ARSI U CERER I L 0 ABE, $EA AL 10 I ELEEE Al U7 BRI PR A 2 i L 7.
ZAUC KD, BEEBREEOMT L, RRNVAESETOERZI T, BEEIBEE G K D HER O R ED
UGB ATREME 2 T LT
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2 EEAE

21 M
M DML 2R 1 IR T, IRFEEGHED, —MWIBEbE L 0 KD T, A—ATF A MEEbHE

ThHhOHINIGARERL DR,

£ 1 IR T A MESHEBRTOL RBDILEHARL (mass%)
C | s [ Mn | Ni [ C | N | Fe

0.070 | 0.60 | 0.30 | 2.00 |16.30 | 0.010 | Bal

22 &A%
221 EEBRRES
FEEEHEEEAY, e —T 2 E TS SN — (2 g LA 15 mm, 7 e — 78 6 mm)A ] L2eat
SR CEM U7z, BEASME, MHSEEE % 300-1000 rpm, HEEHE 4 25~300 mm/min & (T2 b S,
ANB, WABERE DR D CRERAMERL L7 AT, ABMEOREL IR L3650 5 (2
AHE ;100 mm/min —E, [EESHE : 300~1000 rpm), AETHEE ORI A MR U2 BEA S USRS (R
400 tpm —7E, BEAEE : 25~200 mm/min)iZ OV TS 5.
222 TERLERE
WRAHAY, —MRA7e TIG WA i L7-. TIRFERT, WRIZRRmm b 7202 &, B E CORE
SBOEGRNHER SI-EAE, T72bb 7 — 2 EIE : DC 17V, SRR : 140 A, HEHEEE 100 mm/min
DEMCHEFAERL L 72
23 EFRFERTE
231 BREERE
Wi BIEIE, MBS Z O C #1500 F ClaiEEtL, S 7 #fEE CHEmmih EIF 217, 7 o fl
. 7)) ARG ERHWC T T A T o 7.
231 Evh—REEREAIE
oy B — AR, frE 49 N, BRI 15 sec & U7z, JEREPHIIEEA S 2 Tl & LAl
AN 1Smm, ZIRENZ 15mm & L, JEXHM03mm, KFJH51H 0.6 mm [HIE T4 250 » FrfllE L.
233 BIREAER
FliEaER A1, FEREEEAE 13 mm OB Z/ER L, S19REE | mm/min THIRIZ THEREL L7-.
234 EBSD
EBSD f##T1% FE-SEM A F L, B den s 25 LX2 WX ' OB 2R L TiT o 7=

3 RRERPLUEBER
31 EEEETEmEEE

IZHEG T 100 mm/min —7E & L7250, FRlmd OB MM Ok -2~ T . EEEEFREE ARk
T(H 1 @) CHEMEERDOHINMI E H ABVEOFET, SR E, HAZIROY A XN L T D8 105
WTE5. F£z, NUORKEDBBE TS TODERTBER S, REWFFTIIABWBREI CH-7- 5
ZbN5. —77, TIG BN 1(d) CITAHESIR S CRASELIC L 0 Aksb RS L CO DR TR S h
7.

Jdimm

1 BEA&EE 100 mm/min DIHE D& EERREDE </ NEHEER:
(@) 300 pm, (b) 400 rPm, (c) 1000 pm, (d) TIG welding
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X 2 (Z[FHEEEE 400 pm —E & LA 0, AR OBEAWRm O -2~ d. BEEE ORI fE
5, AHBEEEAHINNC L 0 BHEE & HAZ O A X080 L COAREF N T 4.

“-W | l
[c1 -"' o
el

B2 [E#RERE 400 pm DISE OB ESEEOME v/ NEHEER:
(@) 25 mm/min, (b) 50 mm/min, (c) 100 mm/min, (d) 200 mm/min
32 EvA—REERIE
(¥ 3IZHEEIHE 100 mm/min —7E & L, ABAEZZ(E S ETMEF L TIGIEHEEFIOG L TTo 7o ey 1 —
AR % 2D~ v B 7 CRT. BEERHE AT 3@~(0) Tl ABMEDRD I O EHE, HAZ
%T@Wtﬂbfwéﬁ%mﬁ;f%é —77, TIG T 3(d) Tl D ABMC X 0 R4 R,
HAZ i COMPR TR STz, E72, IMBIBIER OGN L LM R E N2 LG ST,

S, e, 2 TEEE A

X 4 (Z[EHEHE 400 pm —E & L, WEERE 220 ST RSB kRO By A1 — ARHRE 345 % 7R
T BEAHEEOBIN D, AW U CO DR TSR TE S, FRIS, MEEEDNEY 200 mm/min
DX Ad) TITIBFER CTHEEE B L, S BB B LT SRR3R S iz,

IS DFRERMNG, [BHEEEABE) 2R S8 5 2 LK VIR oML RS, BAEEGE
A RIS 5 Z L2 L 0, BIBEOBNAIHETH 5 Z LAV STz,

o ATy O
o R - AT
DN T IR

3 EEEE 100 mnymin DIHE D& EELEE##FImEE v h—RBES
(@) 300 mpm, (b) 400 rpm, (c) 1000 rpm, (d) TIG welding

4 [EEREE 400 om DIFEORIESEERFIEE vh—RXEES:
(@) 25 mm/min, (b) 50 mm/min, (c) 100 mm/min, (d) 200 mm/min
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34 FIIREAER
SIFEEAEEE 100 mm/min —E DS U CHEE L7-5 [ERBROFERTH 5. {5 =GR, fiih
CEAEO SIS LT, R OB BEREE 2 F O I, TIG OB BRI 4 7R F55 TR L=,
BEBEHREE S DM TIE, TIG 2L 0 BIIRIREES A L QO AT SMER TX 5. BT, ABEDE
<, BEEE ESHERR S 400 pm OFAENIHEN TV DR E 22 o7, UL, @BRA 13 HAZ F0#k
(b CREWT MRS S AL 7D, R OS5 IBRIREE L 0 135 iR & o T,

Base meatal
1200
& 1100 |
=
=
[ =]
E 1000 | :
I - —_
2 i ' :
E GO0 3 - -
&
'_
200 |
TG '..l,.'l;l!dllu-:
700
300rpm 400rpm G00rpm 800rpm 1000rpm

Rotation speed [rpm)

5 HE&EE 100 mm/imin —ERFDS FEARE“RIFTT EEREE DB TIG BEMFEELOLE

61%, BISRIRE L BEAHE OB A R, [ 5 CHIBRIEAE DR AL TV 400 rpm- 100 mm/min O~
2y~ OJE P Rl [ASEEE C R 7 HEEE R CIERk L7k PO MRS 2Bl iE L7, AKX VY 200
mm/min DT, BEDNRBENLREEL o702, Ziud, HAZ OEAEIEED RN & 78> TV i3
WCERT2 EEZOND. —TF, HBHEBEINVNEV 25, 50 mm/min D4 TIE 100 mm/min DAL 0 &R
FERRDRERE -T2 T, ENREE O T ISR HAZ O b K & < 72> T s RIS RIA
HHDEEZBND., ZDOZEND, HENEEOM LK Y HAZ OB Lk A D> S8, HbkirEE 416
FEEFBIENTEEHD ERIBE N,

Base metal
1200
£ 1100
= :
- / 200mm/min
£ 1000 ® :
' se—— 100mm/min
L o i
B a00 . 25mm/min
&
50mm/min
200 ;
TG welding
700 *
300rpm 400rpm 600rpm 800rpm 1000rpm

Rotation speed [rpm]

6 SIREAEICRITYHEAEENFE (HEREAE 400 pm —3E)
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35 EBSD fi##7

EBSD fi##r? IPF : (Inverce Pole Figure}f§:iZ & V) | B2AEBH RO IR DIREZAT o 7. [} 713460
100 mm/min —E & L7z86 OFHEGHT & TIG VAR F OB ARG 2R L QW D, S AM OfRL
B 367 um ThoT=. [HHSHEOERNGRMETIE, AR S A X0 SFESRIHEE L T D
BT DSMER S AT, BRI ORI, B L 0 BERRIOCHI L L T B EMA 2 R S 47,
—J, TIG VAHECIEFRRESEIC £ 0 SRS 100 um LA ET 7205 30 5L R L L Tz, Zhuc &k
¥, EBSDEHTIC X 0 fildbkiookRA

7 HEEEE 100 mmymin —EFIRHERRR IPF Eig
(@) Base metal, (b) 300mm, (c) 400rpm, (d) 1000mm, (e) TIG welding

EBSD f#Hr > 1Q(Image Quality)fg1Z &0 | BEAREFERZIZI1T DHRIEETTo 7, X 8 13 7 & [F—1H
B OHEAMREEZ T LTS, Z 2Tl BORERRIA~ LT YA b, AWEEIRIA T = T4 MO L
TW5. ABEOD IR AT T, 7 =T4 b, /T A FOMEDHEF STV 58k
TR ST, —J, ANB\EOZWEEEIEAGETE CIX 7 = 74 MEOFEIGEIML Te. i Fo
HERAVEHEDIR FIZ 7 = 74 MEOBIINEEL-bDLEX NS,

TIG %4 TlE, 7 =74 MABKIEIZHEML, ~/A7 P MEDHSRHIED L TSR T
5. TIG iEHECITRIELIAMNS, W72~V T A MEORBINT L0 BERFREME T L7 D LB %
YR

(a) Base metal, (b) 300mm, (c) 400rpm, (d) 1000mm, (e) TIG welding

9%, BRI OREARIER & A SR AR OB R L7 IPFI& CTh 5. HAEE 100 mm/min
DM I OO)ITELE L, AR 9@) 2133 25 mm/min, AIX] 9(C)iZiZ 200 mm/min D45
HEZRCE LT, T2 b BnEERE O E L7 9QDSIETIE, Mk o) D&EL Y 55
I E L QW DRk TSR CE D, — 7, BEAHEN BV S OTIE, FEHSEENE— DR THoTh
FERERISEER L QO DR OSER S U7,

(@ 25 mm/min, (b) 100 mm/min, (c) 200 mm/min
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101%, 1% 9 &[R—tHEF ORI L, EBSD i 1IQ I L W MIRIE AT T T2/ RCTH D, HEny
M 9~ < T 72 100 mmymin(X] 10(b)), 200 mm/min (X 10@)DSRMAETIE, 7=FA4 b, ~LT
P NOMEBHERF SN TS Z ERMERSNIZ. SO LD, HIE 2RO & Bl
HENZ XV, MR ORESRIOMMY L, MTFRETF D7 =7 A ~ L~ T 1 FOMLDOMER:, HAZ
HAVAEIROW D & FEBLE 5 Z LI L0 | BRI 2 PR SRR ORI FTRE Ch 5 & &
2 HiLd,

B9 EEREE 400 pm —EHFHEHERRR 1Q Ei]
(@ 25mm/min, (b) 100 mm/min, (c) 200 mm/min

1. By h—AEERIEEIT 7R, FSW kT T TIG IREEKT O 2 20K FOUE A fEs L.
F7-, ANBAEZEO L, BAHMEZ R EXE25 2 &IV T2 2 L 2 s L.

2. BIRERBROME, FSW #FT, TIG EAET L0 SRS SGE SILD Z LR Sz, 72
Th, HEBREEEDSEL Y 400 pm-200 mm/min DS Tl HEN TV,

3. EBSD firoofER, FSW MEFO I CRIEAMEN D S0 LI <, Mok, =71 k-
VT YA NOMEDHERF SV TN D Z AR LTs. TIGHEHETIE, fbdwhiofRb, FHZRE
IZ R TR T AR 2 L=

4. DEORERLD, ABEZRS L, WEEEZ 3D 5 2 & T L5 FREOWENTTRETH
B eIz

BEE

AWTEL, RBCRFAEGRIAIITERT ARSI - JERFERLR) HREBFFERMRIEE K0 S0 S
Nl Z L&t 5.

ATEDOZITICER LA 2D THEZBY £ Uiz, KERKRFARGFSAOEITERR B e i
TR MEZRT. BB OIS T he el s £ L, SRHEEERINGR et 2 —
TAEAER I B RICHEERT .
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BT AT A=A FREANDE I RILF—RIREEX
[CEBIECBINHEHZZR L2141 VEY FRIEGRL

s
(5 3T N—7)
mtaka@ipc.akita-u.ac.jp

BEEE © ARWFFEIE, 78T Lo —BBIRBERICE D X T AT U I1—3 14 K (WC) &
AT AYEY REROGKZITV, WCEROBENEZITH)I Z L2 ET 5,
L L7en s, WCEHE E~DF A YE L RERAKIZIE, A YT OB
L<, &7, EEEMEMIWZO R BERRBE LT WEORENR S H, LR
S>T, ZTNHDOMERRRT D201, WCEE LA VYEy FREZAKT S Z
ENHRERGESM AR R L CHERZITY, X< BEMH 2 BB L7=4 A Y FEHEO
BIIEDOBRT 1T 9,

F—U—F: XA YT NEEE, REER, Rmix<#i, 2> 7AT70—nAR

SRk
AFGIZ L VB ONTZFERNG, BRERIEICLI VXA YEY NEEREY VT AT
U= REE BRI L, EOBEEBENETIL, AR X—RUREER

WL Ea—T 0 B E L CHEREEOH 2 FMOEWVEM 2T 5 2
EWRARELE D, ZOZ kiIZLY, HEl - I TESE~OICHMBFEELE D, £
2 RSB CTORHOTERBHER S5,

-

AT RITERERE, MHEEFEE, (RVOEERE, @OV BMRERSOENT-WE 26T 5720, HHES
UM T ES0 TEMBA RN SN TE W5, £7, IHE, BEAETHLX T AT =3 R
(WQ) ZHWUIEI TEMEF S Tnad, 2o WC UIHITE Rz, UM T EEamorm b, mil
BIHID > SUIHIRR O R 2 B9, (b5 BHERE  (Chemical Vapor Deposition : CVD) {EIC &V A &
R R fit A DS BR ST D, L LR s, —fIZ WC Bbf HIo# A v NEIR A L 72354,
HA YT ROBREEN & THAK B & Fp OBEETRIE MRV OB 5> b BN S BB 5135 <
LT W E WO RN S D, SHIZ, CVD IEFRIZB W COREERN K b oLy, ¥4 vEU R
Z R S D RHRDSIERN R D722 LW O EEL H 5,

X H1E, CVD EO—FETHY, KaPTreFLy —BEOE =X —RREERIC L A X A e
RAERICER LT, BREERIAT, Ha R THEMICARBEEZALTRY, ZOBRBERICL D4 (T
By RAMEZHNVT, TY 75 Mo) FbkEm & A Y& REBEOARKEZRATEZY ~9 L
DL D, XA YE L RERZIZHEWT, AREEABUGIC X0 R <#L L E SME RS 5,
Z 2, FmEiE < BEOMIR 2B RE L2 HiTo e A iR E LT, A Y'Y ROGHORHIC R EOF TR E
% 3B L S SEEARIEA R L CE Tz, ZOREZIGH LT, WC ik Fioiasikic
X0 L < BEZ AR L2 HEBESSHRE OEW S A VB RRIEOG AT TE -, L LENRS, &
AXEY RERPIC, FREROREZ Y hr— AL <) XA VeV REREDITAT, &6
2, BUSINC X AR < BEE IS D 2 ENEE LW E W TERBEARAE LTS, 22T, BRERICE - T
WC FEWER E~D X A Y REEAZ AT 5 Z & WNATHEAGE R 2R R L CIRA T H) 2 & T, R
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FTLRMEE L B OV TR 21T o772, 2 2°C, WC IERFEmE ORI X 2 IURERTIZEOED, &
SN T EIEOIE < B E RIFT EE 2, AL S U TS 2 T O SRR I O TERE A2 2L S T2
MBI A v NERETSTo, S5HIT, 2BMEARIEICEIET 2 BERT O R0 E WC FafkZim £
TOWRE (FLEEEE 28BN T LS EEaEITo 72, ZOFE, AR 72 © N HDEREEA
LS HERAITV, T OFULIHAEE & RTALERRHR OZ G B IFEC L < BEC & D K O 7p588 % RIE
T LG E 1T 7,

EREE

FIEE 2 X 1R T, RIEORERE 2 —EIZR27®, SIROR v 7 25EK UHHEIT 5, RO
FIETREL, FEEMAR ORI BEAIREFHC L O MIE T 5 2 LN TE 5, WAFMEEIL 100X 100 X
55mm’ OFAR » 7 ZZ2HH L, ZOR v 27 ZAOREHUKE T Lidd, FOdIT1aD S/ NUAR 7Tl
Hl7z, 22T, BEE 10mm OX 7 A7 (W) MBEEBREZGEIHOIFEE LTHRy 7 A0 L,
F—T T TP TREIE L, 20D FIZ WC Btk a8 SEAEITo T2 ZOR, BHIZR
AT 9 T2 & RO BMSENED B Ag ~2— & R ARAT L, 473K THPICIBWTEVLEES LT,
BHRAOR v 7 23 L FBE R A7 — Ricdh 0, mHVKi & ROz 2 2 5 2 & TR
RERELZBIEDL LN TESL, AT—VIUIAT v B TE—2RBWMO Mok, R74 3%
AL TAT—Vay ha—F k> T EFBEZHT 5 2 LN TE 5,

Radiation Mass flow controlle
thermometer
Burner
‘ Flow meter
Flame
) WC substrate
Wro y i
Cu box O\ " e
Cooling:)\\ _)
water _l I_
Stage&:\ | Driver |
- Stage
Flange controller

Fig. 1 Experimental set up for synthesizing diamond on the WC substrate
by acetylene-oxygen combustion flame.
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2 B REEE, FEA BRI IR IR & 2 B (b S B4 A VB ROERKEIT O FHIETH 5,
ZOFECEY, FARFRHROBELE 2 ha— L AREE 72 0, RO SIRRIEE ERA BRI 2 LR T



SR 244 ERK IR A VBLIFZE R AR I6 6 4% CPI%254F 2 )1)

&, PORELEWEDOFA YT FEIEEAKT D Z ENAMGEL 70D, Z OB, WC OMEHHEL v
1 EfE% 1273K, 55 2 BefiEa 1223K LB (b SHX A YEY REREITo72, OB, §5 1 B TH 59
B HPREE 2 AR U CRESTE 2D, (X< BEER RS2 Z LN WREIC R D LB 2 T,

EERG

AREBRTHWD XA PEY ROGKEFER 1IORT, 2T, BBEHA, 7TEFLUHTADRRLE
< BE D72 D Ofpi R Tdh 5 0.90 & L7z,

Table 1 Conditions for diamond syntheses on the WC substrate.

Reaction gas CyHy + Oy
Film surface temperature 1223~1273[K]
Pressure 105[Pa]
C,H, Flow rate, F, 7().9[cm3/s]
O, Flow rate, F, 63.8[cm3/s]
Flow ratio, Ry = F, / F, 0.90

ZZC, WC HMRERmOFMLERIC L 5 FMFRMEREO AL, B SV REIEDIL < Bl C 2% KIET
EEZ, BELE U R AT TO R ER R OFRE A 2L S AR AT T 7299, (LU, WC &R
Mfi% Ty F o 74252 L 3A[REZR Murakami 3K (927 2 8K (MDEE U & L Ks[Fe(CN)g] = 10g, 7K
f2(t Y 74 KOH : 10g, 7K : 100ml) |2 WC Bitkaiz L=y F 7 & T->7c, ZZTlE, Murakami &K
(2 WC SR ARE S, JbRm B2 BRI Lz, 202 &2k Y, WC MM & ARk IO
A M E, (Z<BEEIHT 5 2 L AMRRIC/2 D L& X BD, $£72, Murakami ¥ERIC K 5 FERE
WUERTR, BRI (RS HoSOy @ 3ml, iBiR(b/k3E HO, @ 88ml) 2 WL i A T 7-, Zhud, a/3L
MCoO)DBREZEITHI T2 TH D, Co Id, #A VEL REMRHIIHMF I & FIROM O i 2 irmk L,
REOBEREDR T ORN L 72D 7T 7 74 LU SEDLE NI ZEXb-TEY T, BIAKICX
AL L 5T Co ZBRETHZ LT, 77774 MNEOERENHIT 2 Z LN FREIC/ 5 &2
b, ZOBE, ALFAEREAT O KOOI L 2 RO ZA LA GRS 1L < B &0 X5 725
B KAFTHWRFT 5728 Murakami #WHRIZ K H4LBE%A 10min & 20min, BEAKIC K D402 % 10sec &
20sec EBMLEHT, ZDOBROFEARDOFIIRLEAT 5 SRS AR 2 17T, Murakami J&HKIZ X 5 B DAL
PRERFH] 2 10min, FREAIRIC L 2 MR OB % 10sec & L7=H D% Case A & L, Murakami {AKIZ &
2 HAR O MFERE 2 20min, BEERIRIC X D EAR O F BRI % 20sec & L72H D% Case B & L,
Murakami ¥AHEIZ K 5 FAROMFEREE] 4 20min, FAANRIZ K 5 HAR ORI A 10sec & L72b D%
Case C L5, %72, BMINRIZE DTy F L 70%, A4 YES FEMORER & LR 025um O XA
YEY RR—R RN LIAAIET & b O Z AT, 30min B SR Ge s ORI LB A fi L
77

Table 2 Conditions of pretreatments for 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]
Case C 20[min] 10[sec]

TIT, 2BEARIEEHWTEREZITORS, M2ITRT X977 vF Lo —BEDOREER PO L)
5 WC FhEm E COmBE (HOE) d 2L THEA YT FERETIT-72, ZOK, £31ORT
LD IR Z S B B W T L S TR E T T2, ZOHLERENELT D &, ¥4 'L R
Gk s 5 2 & A AMREZREI CH 2NR O NEL L, A S iui= Bl KL O E < B 528 %
FTZ e TS
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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.

Film surface temperature Inner cone-to-substrate distances : d

Case 1 Case 2 Case 3
1 step:1200[sec] 1273[K] 7.0[mm] 7.0[mm] 7.5[mm]
24, step:1200[sec] 1223[K] 7.0[mm] 7.5[mm] 7.0[mm]

£ B’

AREBRCTHWD 2 B A RIEDO AR, 55 1 B4 1200sec, 2 2 B4 1200sec & LARKEIT T2,
ZORE, £2, 3OFMEICLY XA YEY REESHKRORAEETH S WC EERFE OB D REH]

(Case A, CaseBI LW CaseC) &, KEPEICIIT S ELIEHEE (Case | ~3) 22 SETRREESEIZ L
% WC HARFEHE A~ A YT REEOAREITV, AR & SB35 2 FEEBEO 2L Gk R
I IX < BEC & D K 9 7o 8% KT T 05 LIsst 1T - 7,

Z T, AEEE Case A, B, COFRMFTIToTEBEOARRENEDIL S B IZSOW T O REZ Z Tk
4, 5, BITTT, ZOKE, Case A DRBRSEEICIWNT, KB O Q.OBHEZ Case 1~3 D5 TEL
SHEREITo7- b D% Case A-1, Case A-2, Case A-3 & L7-, £7-, Case B OFMFRSAEICBANT, &
BB AR Case 1~3 DS TEL S HEMREIT T2 H D% Case B-1, Case B-2, Case B-3 & L7=,
X512, Case C DEIUERSIFIZIBWT, KBED BLEEES Case 1~3 DFMTR{L S HEAEIT-72h
(D% Case C-1, Case C-2, Case C-3 & L77, RHTIZRWT, 1Z<EEEL 2%, 12 <EE3 34845 Eic
Rl CODIRIETH D, YT BEE 1L, B EER EI DLl FR > T BIRETH 5, 13<BiEE
1%, (< BEDVRA LR BICEIENE & A B> TRUVIRIETH D, T, BHEE & (FREORE RIS
ELHXIRETH D,

FAnD, Case A-1 TIIERITIIL BEAIIHIT D Z L3 T& 7=, Case A2 TlE, 84.6%DMeRTIE< Bt
ZIHICE, FEFICEOEER CIE < BEAZ IR 2 2 E N TED, 154%0DMERTIE BERRET D L)
FER L TeoTe, WIZ, Case A-3 TlE, R3%DiEFRTIE BEAAIHITE, Case A2 [AIFR, FEFITE SR
TIEL BEZPIHICE 7223, 17%DMERTIE BENRET D LWV IOfERIC o7, £72, &5, 625 Case
B-1, B2, B-3725NZ Case C-1, Case C-2, Case C-3(ZBWTIE, 5e&III<BEEIHIS 2D Z A T&
Teo LEDZ D35, 4T Case ICBWTEVWIER TIX S BEZHIHIT 5 2 LN TE 2,

WIZ, G LT IO EORFEZTT 9 72 XRD ZHWTREZITV, BRI RN ED L H 72
BBE 2T N D NEEEITo T2, Case A-1, B-1, C-1 THRSNI-RIHED XRD fif a3, 4, 51T
AT, &Y, BRESIEEL, A YEY ROfEEERT XA YEL R(111), (220)fHD ' —27 A fifgd
THZENTED, LLARDD, Case B-1 TAMINTZ LB TIL, Case A-1 B Case C-1 TAHRLE
NIZRRIEL D 2 A vE RUIDHEDOE—2 il 7o TWD 2 ERbnd, ZOZ LD, CaseA-1 B L
X Case C-1 THRSNIZREDS Case B-1 THRSNTIZEIRL D 24 Y ROENRWZ Lo,
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Intensity a. u.
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Diamond (111)

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%

Table 6 Results of delamination of the synthesized films in Case C.

Case C-1 | Case C-2 | Case C-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%

)

The synthesized film in Case A-1

g

(220)

AN

Diamond

Intensity a. u.

g Diamond (111)

30 40

50 60 70 80 90 100 110 120 130

Diffraction angle 2 6 (degree)

Fig. 3 XRD patterns of the synthesized film

in Case A-1.
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U

The synthesized film in Case B-1
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Fig. 4 XRD patterns of the synthesized film
in Case B-1.
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Fig. 5 XRD patterns of the synthesized film
in Case C-1.
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;:1 %%ﬁfﬂi& Table 2 Inorganic chemical composition of heavy oil ash.
FKH K TJ3E R 2 S HHEH S AU EIMIK 2 FI Oxide (wt. %)

L7z, Fig. LIZREIOFAER A . Table 1,2 1L 5HH NiO 29.9

P, SRR X EHE(XRD, Ulima o, 00| 188
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Fig. 1 Mineralogical composition of heavy oil ash.
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Table 1 Ultimate and proximate analyses of heavy oil ash.
Ultimate [wt. %, d.a.f.] Proximate [wt. %, d. b.]
C H N _ S diff V.M. Ash
Heavy oil ash 795 12 44 4.0 10.9 19.0 7.7 I

Pyrolysis |

b
o
A
4
Y

| Water Washing I

y y
Product-SW Product-KOHW

Fig. 3 Flow chart of our experiment.

2.2.1 FfiZEA0EE (Sulfur impregnation)
SRR 2 IS B 7250, EfIRIZHR LT KoS ¥ATH
Fig. 2 SEM photo of heavy oil ash. DREE T 7=, 10 2 Oil ash % 1 mollL IZFHHE L7~
KoS W% 100 mL ISV ML, v 7R F v 7 AL —F—T
24 h R LTz, Z20%, WHlEE L, 80 °C DHzlEER
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Fig. 5 XRD patterns of HOA-S and HOA-KOH.
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Fig. 5 XRD pattems of the final products from (a) HOA-S and (b)
HOA-KOH.
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Fig. 6 Carbon and sulfur contents of the final products from HOA-
S and HOA-KOH.
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Fig. 7 Lead removal of the final products from HOA-S and HOA-
KOH.
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Fig. 8 Removal of the product prepared from HOA-S at 300 °C
heating for Pb*", Cu”* and Zn®" in the mixed solution...
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Mineralogical and geochemical characteristics of
Precambrian Au-bearing Boliden massive sulfide deposit,

Skellefte district, Sweden

Zhang Jiandong®, Daizo Ishiyama*

(*The fourth research group of VBL)
csuzjd@sina.com

Ishivama@galena.mine.akita-u.ac.jp

Abstract: The Au-bearing Boliden massive sulfide deposit occurring in the Skellefte
district of northern Sweden is formed in a volcanic arc setting at 1.89-1.85 Ga. The deposit
is well known for high gold grades (average 15 ppm) with 128 t of Au, 411 t of Ag, 566,000
t of As and 118,000 t of Cu. The sequence of mineralization can be divided into two stages:
early Au-bearing massive ores consisting of a larger amount of pyrite with lesser
arsenopyrite and minor pyrrhotite and late Pb-Sb-Bi-Cu-Zn vein-type ores with a complex
assemblage (chalcopyrite, pyrrhotite, sphalerite, kobellite, tetrahedrite, bournonite,
gudmundite laitakarite and quartz). The gold can be separated into visible gold and
invisible gold in arsenopyrite. The gold content in strongly brecciated and fine grained
arsenopyrite ranges from 2300 to 9400 ppm with an average of 4700 ppm. The 5'°0
values of the wall rock of chlorite and sericite zones range from 7.9 %o to 10.2 %0 and
6.4 %o to 9.8 %o, respectively. The 3'°0 value of quartz in andalusite-kaolinite zone is
6.4 %o. The 3'°0 value of quartz in chalcopyrite-bearing quartz vein cutting the massive
pyrite ores is 9.5 %o. Given that the formation temperature of quartz in andalusite-kaolinite
zone and chalcopyrite-bearing vein is 300°C, the 5'®0 of fluid of forming quartz of
andalusite-kaolinite zone and chalcopyrite-bearing quartz vein is estimated to be -0.5 and
2.6 %o, respectively. Those facts indicate that the hydrothermal fluid forming initial
alteration zone of andalusite-kaolinite zone as precursor and chalcopyrite-bearing vein is
thought to be seawater origin.

Key words: Au-bearing arsenopyrite, Mineralization, Seawater, Boliden deposit

Practicability:
The practicability of this research are (1) to provide some new ideas for the principal

geologic characteristics that could be key in understanding how and why this deposit formed and

(2) new policies for mineral exploration on precious and rare-bearing ore deposits.
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Mineralogical and geochemical characteristics of the
Precambrian Au-rich Boliden massive sulfide

deposit, Skellefte district, Sweden

J. 1. Fhang (Central Soath Univ. China, Akita Univ.), ). Ishivama, T. Miruta (Akita Tniv.),
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The oxygen isotope of ore fluid at the Boliden deposit

Conclusions

1. Mineralization of Boliden deposit

Early stage: Au-As mineralization
Late stage: Bi, Sb, Te, Se, In and base metal mineralization

2. Occurrence of gold

Invisible gold cccurred in fine-grained Asp
Visible gold occurred along late veins

3. Origin of hydrothermal fluids
Seawaler estimated by fluid inclusions and oxygen isctopes
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Mouse ICU model system

Multiple lung pathogens including H5N1 avian
influenza virus infection cause high lethality due
to the development of the acule respiratory
distress  syndrome  [ARDS) We provieusly
reparted that the oxidized phospholipid (OxPL)
acted &5 a damage associated molecular patbern
(DAMP) and induced severs ARDS and cytokine
storm  wia  TLR4-TRIF  pathway. suggesting
phospholipid modification and over-response of
innate immunity as key lung injury pathways
involved in the pathogenesis of ARDS. In the
present study, to further examine the lipid
matatrolite profiles in influenza virus Infection, we
conducted an  oxidative fatty acids-targeted
lipidomics analysis in the influenza virug infected
lungs in mice. We found that new classes of pro-
resolving lipid mediators, namely the lipoxins, D
and E series resolvins, and [neure) protectins
ware dramatically changed upon influenza virus
infection, which were reciprocally changed to pro-
inflammatary lipid mediators {i.e; prostaglanding,
leukotrienes). These dala suggest a balance of
pro-inflammatory and  pro-resolving  lipid
metabolism pathways, contralled by in influenza
wirus Infection.

Background

Influenza virus infection and ARDS
Influsnes virises rigoer the acute respirMory distress
syndromes (ARDSE). which is charscterized by an sxtremaly
severs pulmonary Inflammation. Patlents with ARDS
require critical canes in KCU,
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