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Table 1. Thermophysical properties (melting point, transition temperature, enthalpy, and entropy
change) of camphor and camphor-camphorquinone mixed crystals obtained with DSC measurements.

Composition 10:0 9:1 8:2 7:3
(camphor)

Tiner (K) 445449 445 445 449

Tis (K) 241 204 178 162

AHy (g 81 49 30 99

A8 (K -mol ™) 51 37 26 9.6
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Cooling_system using_plastic crystals

® 25 to 30% of the world’s electricity is consumed
for refrigeration - for example, for food strage
and air conditioning.

® Vapor-compression-cycle refrigeration are of
growing environment concern.

® Barocaloric effects (cooling effects of pressure-
induced phase transition) are of interest.

® Colossal barocaloric effects can be obtained in a
class of disordered solids called plastic crystals.

B. Li, et al., Nature 567, 2019, 506

Camphor and Camphorquinone

® (+)-camphor
CHa._ _CHjs

CA , EiCHa

T,..=235 K (-38°C)
® (-)-camphorguinone

CHs. _CHs

CQ 6 CHj

O
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melting points were measured with OptiMelt
MPALDO (Stanford Research System, Inc.)
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Experimental

Sub. <m—>
- Base pressure of ~1077 Pa

Targets + Co-sputtering method using Ar and N, at total pressure of 0.3 Pa.

The N content (x) in the FeCoVN was controlled by
the mixing ratio of Ar and N, during sputtering.

Samples
STO(100) sub. / ((Fe, 5C0 5)1.,V,)100-xNyx (20 nm @473 K) / SiO,(5 nm @RT).

I]y=0.1 (10 at.%V) ﬂ y=0.2 (20 at.%V)

M M Buffer Structure a (nm) a2 (nm) cla
FeCo bee 0.285 — —
SrTiO, Perovskite 0.391 0.276 1.10

STO was chosen as a substrate because it dose not seem to introduce strain into FeCo
due to its low lattice mismatch ((8reco — @sto/VZ)/areco = 3%).

2
STO/((Fey5C0g.5)0.9V0.1)100xNx (20 nm) = STOI((Feq 5C0q 5)0.8V0.2)100.xNx (20 nm)
In-Plane XRD Out-of-Plane XRD In-Plane XRD Out-of-Plane XRD
S S ° Gl : Kl o o o
(&} '
22 22 | g8 e 2
! = ' ' ' i x = ' '
g e g ik g8 B3
‘ 6.7 at.% . 8.5at.% oot
l’ \ l 1 8.5 at.% 1
- v 6.0at.% |1 A = ] -3 at% 1
S d ) .
) b ] s )] 8lat% S
= " 5.4 at.% S SN = 1
> ] 2 '
= 1 ® 1 7.4 at.% s
2 | y | asat% S 1
2 1 £ }/ ‘lesat% | oL
= | ol 4.1 at.% > 1
§’ }J ! S f"'"l W 5.3 at.% o
e’ 3.2at.% !
1 1 1 13.8at.% ~
o [ i : [l
| 22at% |- e i | Ty 20at%
| g !
0at.% A 0at.% ) i
B.G. B.G. |
1 L Il 1 : N 1 1 1 1 i
60 65 70 75 404550556065 70 . 60 65 70 75 40 45 50 55 60 65 70
20y (deg.) 26 (deg.) 26x (deg.) 20 (deg.)

At y=0.2, the c-axis changes continuously.
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STO/((Fey 5C0g 5)1.yV,)100xNx (20nm)

1.4
0.1 fcc%
y= _efcc .
13 | 0.2
©
S 12 | o t

1.0 , L 1 L + L 1 1 1 L 1 L 1 L 1 L 1 L 1 L
o 1 2 3 4 5 6 7 8 9 10
N concentration, x (at.%)

Aty = 0.2, the axial ratio c/a changes continuously.
(The bct structure does not change drastically to fcc.)
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At y=0.2, maximum K|, of 1.1 X 107 erg/cm? is obtained. (this value is larger than that of y=0.1.)
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_ ©0.1 curve saturates at a lower
- y= magnetic field than the in-
& 0.2
£ 1.0 | plane M-H curve.
L
2
o 05
~
o
A {
¥ 0.0 I -
-0.5 ' . :
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Oe)
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Summary

(1) In this study, the effect of adding V-N to Fe-Co on the bct structure
was investigated.

(2) In the sample with 20 at.% of V (thickness of 20 nm), the c/a-value
changed continuously with increasing N content.

(3) In the sample with 20 at.% of V, a maximum K, of 1.1 x 107 erg/cm3
was obtained at ¢/a = 1.14, and the maximum K| ,-value was larger
than that of the sample with 10 at.% of V.

(The 20 at.% of V addition is more effective than that of 10 at.% of V.)
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High-Frequency Magnetic Field Energy Imaging of
Magnetic Recording Head by Alternating Magnetic
Force Microscopy with Superparamagnetic Tip N

Marina V. Makarova!-2, Kaichi Suzuki!,

[Background]

Perpendicular magnetic recording heads are designed to emanate high and precisely localized magnetic
fields for high density recording. To enable fast data processing and narrow writing tracks, they should
operate at high frequencies up to GHz range.

Magnetic writing head for HDD

oy

Magnetic imaging methods

X-ray Magnetic Circular
Dichroism (XMCD) =% Complex instrumentation,
— Resolution 100 nm and larger
Electron holography

Magneto-optic Kerr
effect (MOKE)

= Insufficient resolution

Analysis of head offprint™ Indirect method

sensitive only to DC field or to AC fields with the
frequency component near cantilever resonance
frequency— affected by beat vibrations

Conventional Magnetic Force
Microscopy (MFM) —_—

[Experimental: A-MFM system for HF studies]
Basic A-MFM: Tip spring constant £ is frequency modulated by external off-resonance field from

head: 2
d”z(1) dz(t) . _
m7+m77+(k() + Ak cos(wnt)) 2(t) = Fo cos(@ot)

OF" . O"HY _ 4 OH R Akom
Ao = -—= mde € = q[,,,, ¢ ——<<ko, z(t)= 0 sm[ww+ CUS((UWT)]
0z Oz oz mywo mywo
For HF, additional amplitude modulation (AM) with the depth a=0.9 is
used: 0.
H = H (1+acos(w,t))cos(w,.t)) a A
o]
-104 AM off
in-phase and out- °
f-phase signal N
ob-p & -0
0]
e kv—u
10
b 3
e 8¢ e
Sl |15
Modulating 0] =090 £
- £ =88 Hz frequency
signal and " 141,
,/27=89 Hz w] B
! 0]
HF signal @27 261 5 Wi | w7 ms
0.1-1000 MHz frupuery., KHe
®, 127 =100 MHz
‘1( )‘ Frequency .
Amplitude modulated Amplitude Amplitude modulation of HF current
modulation  cantilever modula.ted HF causes low frequency periodical force
angular osczi'llation magnetic field F(w,,1). This force causes frequency
frequency 0 @, modulation of cantilever oscillations
F(w,) o near @,. The sidebands near
oscillation frequency are further

detected by lock-in.

=H" + H,(1+acos(a,t)) cos(w,t) = i n

H"+H, (cog(m H+ 7009((10 +w,)t)+ 7009((m , )t)]
Magnetic energy
20 derivative is
imaged with SP tip

m=yH= F' =

(mett)=

aa_a[ auj &

o\ o) o

P
= H-H)=
0z 0Oz x "zz( )

6’(H"‘)‘ | O°H} o OH; conventional MFM detection

Fl(de)= g ==yt Ty T
2 o 4 oz Since /' (w,t) and F".(2w, 1) include
0’H,’ only periodic components, they are
F (@,1) = ay ———cos(w, 1), A-MFM lock-in 1ot affected by Van der Waals and

other non-magnetic forces. So, the lift
mode scan can be performed at only
few nm above the sample surface.

F! Qa0 = % detection

a<l= F (w,1) > F. (2(0 )= F’(w,t) is the most detectable signal

Possible prospectives of high frequency A-MFM:

-Studies of magnetic resonance phenomena using magnetic head as a source of high frequency.
-Spintronics, studies of spin-hall and spin torque nanooscillators.

Hiroshi Sonobe!, Toru Matsumura' and Hitoshi Saito!

—

[Experimental: Superparamagnetic tip coating|

Method: Magnetron co- Granular structure of
sputtering of Co and Gd,0; Co-GdO, composite

Co target: DC 130 W,
Gd,0; target: RF 100 W
Film thickness: 100 nm

I=thran
I

il
Q0

Composition:
Coy44(Gdy 560,)

Tip: Si, 40 N/m

Superparamagnetic (SP) vs Ferromagnetic (FM) tip coating

Broad ferromagnetic
resonance for SP

Reversibility, zero

Tip transfer function:
coercivity, no saturation

) SP, Magnetic energy:

AT200 = in Prae . 2

= 2 rAC, o o 2
B J' 15 (Hy (~?~O,Z)) av
E @ tip-end volume oz
=100 N sy 1

200 = I ol

5 tip—end volume Amuy)” 2
a0 ‘ms °°° 0‘5 0.5 more short-range interaction

thermal field anisotropy field
’Em (ﬂmm FM, Magnetic field:
s OH (< 0
E p J‘ (= 0,50, Z)'ﬂi’
§"°’* tip-end surface
2 o ] e
o

g
10 005 000 005 0.90 Aty =
H (kDe)

normalized frequency /"

In SP nanoparticles high
blocking frequency provides
magnetic response above
anisotropy-related
ferromagnetic resonance
frequency [D. Hasegawa et al, J.
Magn. Magn. Mater. 2009, 321, 746]

Hp—end surface

[P. Kumar et al, J. Appl. Phys. 2018, 123, 214503]

Power spectrum and
Normalized out-of-plane spatial resolution

F’ (w,,t) A-MFM images

. w » 1 10 100 1C
k. 1/um e

No difference in both spatial resolution (=10-
15 nm) and image quality is seen for all
frequency range. The magnetic pole size is very
close to its geometric dimension, because the
lift mode imaging takes place near the surface.

MH)/M

He

4Ty -0 -BE 08
M (H)=y,,.H = Z,WH (1+acos(m, ) cos(w,t)

2l A uh 0o 1000

m/\ﬂ,

Zﬂﬂ nn HN 00 10

Schematic model for the XZ cross-section of the
main pole with magnetization vector M, its
projections M, and M,, and magnetic charge
density ©. Pole magnetization rotation causes
opposite polarity at the top and side areas due to
the spatial redistribution of of magnetic energy.

=aM,; cos(w,t)

=—aM; cos(w,t) = aM; cos(,t+ )

-Magnetic energy of perpendicular magnetic recording (PMR) head has been imaged in the 0.1-1000
MHz frequency range using A-MFM with superparamagnetic tip and 89 Hz amplitude modulation.
-Both image quality and spatial resolution remained at the same level for all frequency range without
deterioration.
-Magnetic pole size was close to the geometrical one, which indicated that the lift mode scan has been
performed close to the surface.
-The sign of detected signal reflects the flow of magnetic energy.
-This method could be used for evaluation of modern magnetic heads with high sensitivity and
resolution.

[M. Makarova, K. Suzuki, H. Kon, P. Dubey, H. Sonobe, T. Matsumura, H. Saito, Appl. Sci. 2023, 13, 4843
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O EXERHGREHEENEDIIAMERTADEMALERRTF
FRICREL,
O AZFNDERBIZMIT, BiFeO, ReaMM - EFEBIRICEBL.
s FHLWRE M/ LADCR /SR VT THOEREAEED L,
- BilZxL CLaT. FelZxtLTCoT. E#L1=(BiLa)Fe,Co)O,EfE
[ZHBULVT. 30 athFTHOCoBRTEEMAEAME - S KerrSh R -
FAFREAE NME R LTz o (SKenr MBI DN TIL, AS R ERFHAEESI,)
s BT T HERITRICOVNT, FESVA/AFERANZEE.
BEEMSEAM -HSKerr$h R - f2F0RENZEIE LT,
EEMAETE - FKerr YR BT AL DB L BIEXD /=00 DI #FEH F1FE/=dD.
JGTH THEBRINS-BEFEST /1 FICH T ECoDBME (KESZ T /aad) #HH T 8.
O RELGHSKerr I REF OEEEROBEANMIL RERICE 1T,
M- RRE/ A EREC TEENNESESTICRYILE.
O HigKerrBEANDBEEELTAET HEEDRARE -BEELITOTLVS,

W3 HSKerHRDAE L. MEAREERFT L4 —DILRARRKIC, SRUETHNEREHEL,
AWEIL, EEAF, A-STEP, BEFE. TVUFBHE. MEXEREE, BEDXETITDOAEL,
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WE . A7 vy =7 T, TiO: K oiEMHZm ESE &Kk s LTHAR
A RaF T oREA N (Hap) O JEREDS, TiO SRt DK H T o 6 i CriE T
RRICEB JIETRELZMF Lo, X7 Hap OFIHIE TiO, O YEMAREEE M H)
WCHITHDZENBHONE o7, ZHUTKL 3 A AD/NE 78 Hap 1FEFKA
POS M%< 7 FVRAEICL Y REBMNIEL R DT W, AICKEELR
TiOx i & LV < FFEMICHAEEH LZZ SICERT 5 B2 6T,

¥F—U—F: 6ffi Cr, K&EiL, S, ~a Fud 7374 b

WEHE - SR
T N —T TR~ TR A — FOERRIED B % & = & CHEREIC
ToTHBY, FETLIERE LTI TOLORH 5,

(745

“Multiple incorporation of copper and iron ions into the channel of hydroxyapatite”, Saito,
K., Kagawa, S., Ogasawara M. and Kato, S. Journal of Solid State Chemistry, 317, 123673
(2023).

[#6=1]
TEPKICEENDEBA A OFTH Cr (V) 1B AL RFERNER SN TWDZ Enb b
RIS TS D, ko Cr (V) 21836k, HAWIIEINS 5 7 7 0 —F 0T b 8 Aol c X
LIGRTIT T A FOIKRERKG =N T —2FHTE R THHATHS 2, XO)BLOQITRT LI,
NI D R Ry » 7L 0 b RERTRAF—Z2FT DN S5 L L2 1EFLIC X vk
DAL S OVERT D0, BICLD CrVASETL S NS d,

40H™ + 4h* - 0, + 2H,0 1)
CrO2~ + 4H,0 + 3e~ - Cr(OH); + 50H~  (2)

Z OB Cr (VI) DIITic &0 AERd % Ok COH) & L CHEEAOEAME DR mIATH I 2560300 (K
D, @BREY LI L Cr fRIIASEE L CHRIITE 5 2 &0, ROl m T Cr (VD)
DIGRTTITAKFH 5 D Cr(VI) DEIRZ T Tide < EEMBEOREHI LA TH 5,
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Cr (VI)
1RJT
> 11_2,%% Cr(OH),
o OH-
k5 ﬁsa—?mwm
0O,
FERS A

X 1. EEA RIS XD Cr (VI) R ITEUS OERE D A F— 2

HEEASAMEO T TiO, 7/ R 1d 3 A MOIEHEOBL B LIV AT 2 YefiliiEss gt
Th o0, KPP TOEWGBIET K2 SO6% OSBRI ONEES 2337 E L THRIT D, FxldZnE
T, BRHEOTHSE LTHOND N R T 3% A b (Hap) K25 TiO, 7/ Rif & KPClEEE L
TiO, F / BiFDILREEARME SE 57217 T <, TiOy T/ R O e 2 1) L X2 Al LR
ThHhHZEZRML TS, ZOHEE LT TiO, 38X Hap OR]OEFELKAIFHAIERIC L 5 imfak &
TiO, A R T % A NA~DOEABENT L DL E 1 & IEFLOER S G OMHINE 2 b,
AK7avxr NTIE, BrHE FBEMEEIC L D EMERES O & Cr (V) ZEoIs 0@ bz EX L,
NaxCrO4 /KA CRIZHTE LTz TiO Zm & §F RN BAER 5 RaXx o732 4 Rt &K
SHLBIEND, i POSNEL 7o FWEEIZ LY REENNIE & 72D 0FT WRL RO/ ST Ke
XL TREA NI ERR LTz,

[52h5]

YA RO D Hap ITINBHEIZ L 0GRk LTz, ZAvE TIEE & DSUSIIEIR 278 T % Hap DA RRE NC
e TR U 7-308H % Hapa, K VRIHA XOD/NS72 b 00565 LIRSS Tk YTl L3t
% Hapb EFRd 2, 25 ppm NaxCrOg KIAHZIZ TiO, (P25) BL RS Hap 2MA~ T X F v 7 AH—F—
THAE LR O @ Hg 7 0 7 T I Uiz, ik & BRI 2oy B Uiz Doy B S 1 0 R 2 /KRR D ©
B0 BN t% BB AR OB 370 nm O ZJIE L, FI Cr (VD) ZKEEHKIREE Cods L UYERS D Cr(VI)
TSRS C % AR o 70, Cr(V)ERIFE A C/G & TEF% LT, Hap ORI A TR S BiMEE (TEM)
A T RS 72, BBOY— 2 BATITEIDEEELE THRE LT,

[ & B4

2 |Z Hap-a 35 & Uf Hapb ® TEM 847797, TEM %
ZICICE I L &3 BL O SR 9 4 X X2 Eh
3728 L0217 nm TH Y, PO DR A X DE
72 % Hap DAERDMER CE 72, X31T P25 B LUV Hap &
&t NayCrOs /KIAIR OB DR L2 s, W d o
BB bERES 30 min DLNICRIFOIEE A EDERE LT
eI ER SNz, £ EBABROT X IVBISRIT
Hap-b £ ¥ % Hap-a DEGICHEFICR OGN &b,
Hap-a D550 735E 30 min 4 O _FEAHRIZZ < ORL
FWEFEND T EDVREENTZ, ZAUTRI - Hapb & P25 & DD L Y K& ZpErErf EERIC IS < bR
AO7RUHE AR’ d 5, P25 B2 D Hap &2 &1 NayCrOy KIAIKD pH 1L 7 TH o7z, ZO pHIZHITH
Hap-a 35 X OV Hapb OB —Z &ENITENZEI 251 5B LN -020mV Tho72Z &35, HapbXEICHE L
fdnifiZ Hapa £V AT D2 EAVRB Iz, pHT ICH1T 5 P25 OB —FEN13-100mV ThHo7oZ
LEEE 2D &, Hapb DY AT DAV hs- 70k - OERE I T IEIC i L7 flihimi 4 2 < 3% Hapb &
P25 OFENFAEERIC I Db EEZBND,

IX] 2. Hap-a (/) 33 X OV Hap-b (45) ® TEM 18
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P25 B XL O 5 Hap % &de NayCrOs /KA D Cr
(VD) B A7 ORI L2 X 4 1 d, e 3h %o
Cr(VD) 17 £ 13 Hap-a 35 L OV Hapb 2 W 2356 TF
NEI 010 BLO002 &, Hapb Z#HW=5E5005
DHERAINZ Cr (V) DNRIE ST Z L AVREBE STz,
ko> X 912 Hap-a & ¥ & Hap-b D573 P25 L #EHY
(R BEAERT 28582 2% < A3 5729012, Hapb —
& P25 OT LV R FRIE BB E 72 K 3. P25 BIOWRD Hap & ETe NaCrOs /KA D
T M, P25 ITHUT D EM A OBIH] & ARSI RS X 0 BB A S LTS () B &
PEA) FICE Ch ol b B2 Divd, AL TER  O%HE 30min £ (£)

STz Cr (VD) ZEIeSUeI 32 TiO, O YEfidyE

It CHECICES RO L5 pH AR L C Tio, o) 142 T p——
AT 2 HRIAE L 7= SeA TOFSRIC G %, ARSI\ T, K= 2 || == P2siHapb
N OBREEAM D/NS 7oA Ra v T X2 A NEIRINT 57200 1

T Cr (VI) DRITCRUSTH 5 TiO, DYl 2 U< 1) b L7 sid
RFPEITAT 5,

P25/Hap-a P25/Hap-b P25/Hap-a P25/Hap-b

|
I
|
o '\ Lighton
(&) i I
S 0.6 |
|
[723% ijlﬁﬂ 041} |
1) R Djellabi, F. M. Ghorab, S. Nouacer, A. Smara, O. Khireddine, Mater: Lett., :
176, 106 (2016). 0.2} :
2) J. B. Islam, M. Furukawa, 1. Tateishi, H. Katsumata, S. Kaneco, Chem. Eng., I
3,33(2019). oL 1 |

3) W.Y.Lin, C. Wei, K. Rajeshwar, J. Electrochem. Soc., 140, 2477 (1993). 0 1 Tifn e [h;f 4
4) Y.Cai,Y.Liu, W. Yan, Q. Hu, J. Tao, M. Zhang, Z. Shi, R. Tang, J. Mater.

Chem., 17,3780 (2007). 4. P2535 LUV 72 5 Hap % 512 NaxCrOy
5) S.Kato, S. Ikeda, K. Saito, M. Ogasawara, J Solid State Chem., 265, 411 7KV C D Cr (VI) A7 DR L

(2018).
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BEEL . ARAFZEI, TR F L —BBRERIZL VX T AT T1—4 F (WC) #*
AT A YT NEBEOAKZITY, WCEHOBENEAZITH Z 2B ET 5,
LML G, WCERE E~DX A VT REIRARKIZIE, #A YT ROAEI
L<, Fiz, BEERENMEWEORmIIBERBE LT WEORENRH D, LN
ST, ZNOORBEERIT 572, WCEH LKA v REEEZAKT S Z
ENFREZRFE SR 2 RR L CEREZITY, 1 IEEHIHA2EZE L1241 YT FEKD
ABIEDHRFZ1T O,

F—U— R XAVEL NEEE, BREER, Rimidii, ¥ 7 A7 —3 4 K
ERM%

AR IV BONTRHRNG, BERIECLIV A VYEL N2 EEY T AT
A=A REREEICHKE L, TOEERENSTIE, A= F —RRBER

CEDWE =T 4 7 0HEE L THEREDH D HFmORWEM 2K 5 2
EWFREL 2D, ZOZ LIZEY, HHHl - OIHI THEA~DOJSHBA AL 2D, K
2 IR TORMOIERBHEI SN D,

# g
A ey NI, MHERENE, RWVEEREL, @O EBMEBEREDENT-HEEH T 570, HHES
UM TEZD TEMITEAS RSN TE TS, £z, IHF, BEEETHIX VT AT U H1—3f R

(WCQ) ZHWUEITEMER S TWa, 2o WCHIHIT B Rz, SHIMGESST EEmon b, Eiy)
B> >UIEIREE OE 2 BRI, (bF5AHHERS (Chemical Vapor Deposition : CVD) {EIZ LY XA ¥EL R
el g Heflis bR S Tund, L LD, —i%ic WC b Lo A & REBEZ i L7-54,
A YEY ROBEEN & T UK S & T OBEETREEDMRWVEDEL 2> b NS H S D513 <
HELoT W E WO RIERSH D, X5, CVD EHIZBWTXEEN N b0 L2y, XA vEVR
Z iR SE DR IERICRRFRIC D= D LW ) b B 5,

E1E, CVD EO—HTHY, KKPTTEF Ly —BBEOE TR X—HBUREERIC LD XA T
RERIZHEH LTE T, BBERIEY, BRx R TEMICARRRRZA L TRY, ZORERICE 5414 vE
v REEIEEHANT, Y 7T Mo) RER LICH A Y'Y REBEOGHERARTEZY ~2 0 Ui
LD, XA 'y REBEE AR L%, SREIEABYSHICE 0 Fmi< B L CLE > MERSH 5, £
ZC, FEE< BEOIH A BE LT HiT- e Bk E LT, XA Y'Y ROBRGETIC RO HIRE %
SEHPICE (L&D SBEBEAMIEEERE L CE e, ZOMEZICH LT, WC EfiZm LI BERikIz &
0 FHE < BEAZBIH] L7 DEEETRE DR WA A Y B REBEOAREIT> CT&T-, L Lans, ¥4
YEY RERKRHIZ, EREEORE Y ha— RN #L R0 XA vES REREHIITAT, S6I,
BUSINC L D REII S BEZ T2 Z EREE LW E W =TENBE LT, 22T, BERIZE T WC
FWFRE E~DO XA YT REEEZGRT 5 2 LN ARERESRM A IRR L CTEREIT> TE 2, TORE,
EWEROREa ha—R3ES LR, BELEWEDH A vy FEEZELND Z LA AEER 2
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B ERUETRE LT, T 02 BFEERIEIY, BIEARGRTICIREIIRE 2 2 B b S A v
Y ROBREAT O HIETHD, ZOFKZEY, ZA4VEy FEIEEGMT D Z EWFREL oo 72hy, St
LS BSOSOV TII TG 21T > TR 67, & b5 i BEHIBT DTN BETH 5,

Z T, AWIETIE, WC HAMGEERE LITBRBERIEIC K0 A3 <BEZ I L7222y 5, #E5mEOmWE
AYEy FEBEZEKRT D22 L2 ANE L, 2BFEEHIEEZIWS A T2 FEREITY, ZOBRITHEA
THRET B OWTHE 21T o7, 22T, SHTHMEICREWT WC FRRi ORTLELC K 2 Stk
TEREDZALDS, ARSIV SRDIE BRI Z KT T LB Z, AL U TR A TV EER R D
TEREZ L ST SR EIZH A YL FEREITo TET, SHIT, 2 BMEGAIEICRT DR T OH
DD WC HEthRm £ ToOmfE (FDHED 25BN TRILSEERETTT>TE L, £, #1477
EY FERDOAMELL LTIT> TS XA Y& PRLFOSMREm~ORE S TP 5 4 A vEV R
R F-ORFETIER Uiz, ZOB, #A Y&y PR OREZFATIIE THOWTE R L D S BIT/hS
UKL VTR LB 24TV, BRBERIEIC LD A v FOAMEIT>TE T, 22T, #A4v¥E
¥ BRIA-OFMRKEA~OFHF BT % 2 A Vo PR 2B A=A FORITHTZITEH Lz,
LT, AETIE, ZA Yy PRFOR#EZ/NS < UTHMRER ORI 2T S B, 21 v+
Y RN=ZA FORZIFATHIETHONTEELIVEZ L, &b, AilEs L TEUEORHR 22 2 T
FMREERORRE LS TR EIZH A e FERZEIT 1o, ZOB, ZHODRMN, GRS A Y
EY REEOIE BECRAEMH SIZ 8D L 9 e84 KF T il Z2 1T o7,

EERIEE

FEREE A X 1T, REOREIREZ —EICHE-o720, $FOR Y 7 AZi@K LnEIT 5, KD
FIIRENL, FEEAVR ORISR HZ LV IET 5 2 E N TE 5, WEHZEE X 100 X100 X55
mm?® OFIEIAR 7 ZA%FHHL, ZOR v 7 AOHIHEAIKE R LiAr, RIEFHB/ANR o 7T
Lic, 22°C, B 10mm OX > 7 A7 (W) MHEREZGBHIHOXMEE L TRy 7 20 guzi@L, 7
—TINZT TV THEE LTz, ZOXED EIZ WC A5 ST ARE T2, ZOB, Bz E
AT T2 FM & ZAEDORNTEMREED By Ag ~X— R R 28 L, 473 K THENIZBWTEVLEESE LT,
WHHOR v 7 A3 L TFBERIGER AT — BIcH 0, WHVKIE & REEEORMZE 2 5 2 & TR
REEEEZZSEDL LN TED, AT—VIUIAT v B 72— 2 BB AT BB, RIA4%
MLTAT—Var ba—F 12 k> T ETBEIZHIET S Z LN TX 5,

Radiation Mass flow controlle
thermometer
Burner
‘ Flow meter
Flame
WC substrate Gas
Wrod /; Stepping motor

Cu box \\{ :
Cooling:)\\ —._) E.i
—

water
Stage &:\ | Drllver |
) Stage
Flange controller
e

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

HE i
AREBRICBNT, HkE LTEAZ10 mm, EX 3 mm OFERROZ 725 o F—34 K (WC) %1l
L7,
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2 BRE & RGE

PREERIEIZ X D WC FEth& i E~D X A Y& FREGHIZIHEWT, BRERORE = e —/Ln3gw
S, BELEWEDK A YEY REEZGOND Z EAFEER 2 B S EARE L CE, 20
2 BFEAROAIY, IRERGR I EARER IR & 2 BB L S X A YE Y ROBRELT O HETH S,
ZOFEZLY, FEEEREORE = S — L3 meE 720, FAROSIRRE FRA T 5 2 R8T
x, ORELTWEDHA YT REEEGKT 2 2 ENAGEE 72D, 22T, WC OMEMFEL VS
1 B2 1273 K, 2 BefE% 1223 K ML E XA YEY REREIT T2, OB, 1B THLE)
HABS P PRI 2 Al U CRESTREE 250D, 1< BEAINHI9 2 Z LN AREIC 2 D L & 2 12,

KREREH

KEBRTHNDL XA YEY FOGHEFEZR 1IN, Z2TC, BEITA, TEF L TADNELE
< BRI O 7= D DR T 5 0.90 & L7z,

Table 1 Conditions for diamond syntheses on the WC substrate.

Reaction gas CH2 + O2
Film surface temperature 1223~1273 [K]
Pressure 10° [Pa]
C>Ha Flow rate, Fa 70.9 [cm?/s]
O Flow rate, Fo 63.8 [cm?/s]
Flow ratio, Rt = Fo / Fa 0.90

F72, WC FEEFREORTENZ K 5 HRFIERED LD, SRR SN EEOIX < B 2% KFT &5
Z, BIAUELE U CTESLEES) O 2ATOEIRER I OIBRE 2 220 S A AT T T2, (LAE T, WC Rz
Ty F LY S D L NAIRES: Murakami VAE (ST 8 EES U ™7 A Ka[Fe(CN)g] : 10 g, AKER{L
FYTAKOH : 10g, 7K :100ml) (2 WC M ZR L=y F 7% 7oz, ZZC, Murakami iA#RIZ WC
TN A2 S, FeEE EABERAICHL Lz, 2o Z 2k, WC FER & SRR b 4
N, 1X<BEZIHIT 5 Z L AIREIC/R D & & 2 bivd, 72, Murakami JARIC K 5 SRR AL,
FRVRIR (% HoSOy @ 3 ml, 1EAR(L/KSE HoO, : 88 ml) Z W TR A T o 7=, ZhUE, =279L MCo)D
BREZATHOTZOTH S, Cold, XA Ve NEAMKRHI MG & FIEOMOR MBI ILB L, RO
EMEDRTOFRNE /DT 774 hEELEEDL LN T ERD-TEY T, BRIAIRIC X Db
BIZE->TCoZBRETHILET, VT 7 74 NEOEREZIHITHZ ERARRICRD EEZBND, 20D
B, #2179 & 51 Murakami 7AIC Z DA 1, 3, Smin, BEATRIC X DAUHEZ 10sec & L CRHILER
EATH T2 M EICA R EITo 72, 2 OB, Murakami ARIC K DAL 1 min & L72H D% Case A,
Murakami A2 Z 5% 3 min & L72 % D% Case B, Murakami iAIC K DA Smin & L7z D%
CaseC & L7z

Table 2 Conditions of pretreatments for the WC substrate.

Treatment periods by | Treatment periods Diamond seed

Murakami’s reagent by acid solution particles size
Case A 1 [min] 10 [sec] 0.125 [um]
Case B 3 [min] 10 [sec] 0.125 [um]
Case C 5 [min] 10 [sec] 0.125 [um]

WIZ, AIERE U RSP AT 572k, XA VEY REROERIE L 725 X5 A4 Y& R -OfE
FHF PR R EIAT o 7o, 22T, FfFITABEAZTITH 2 & C, RiraFRICAE S5 2 ENAEET
b5, TOREMUNFE LTRFDERRL A VEY REIEOEREZ L 720, A VE ROBAREZREL,
SOITFERRICORN B2 bND, LIZR>T, FAYEY FRFOREIVENTLHZ LT, &
A A TE Y REIEOIZ S BECRIM SIS BE 52 5 B 27, ZI2T, AW T, BT
BUZHWTE 24 A Y'Y RRIFORIFEZ 0250 pm & LTE 7208, ABFE T, s S HIT/E0 0125
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pum ORIFIZEER L, #A VT FRAE2EGATEN—Z FOBRZBEOHIETHNTE - 010g LY LW
015g & L7=—RZ b &, 20em’ DT & b AZS—R R EBIEY LTZRREIR 0.0075 glom?® FUZHAMRAFRAL, 30
3 R IR ey o CRRAH T LB At L 7=,

BRIZEBNT, 2BBEABIELZHVTEREIT IR, K2R T K927 8 F Lo —mROREER T O
FLLD 6 WC Hat R i £ COMRE (HOHEEED 422 TH A YEL REREIToTe, ZOR, #3112
AT R DI S B IRV TR LS TER AT 7o TO DN T 5 &, X1 YES
RN GRS 5 2 L DS FTREZRTEI Cdo HINRDER DAL L, GRS Tz Blids KO I < B2
ERIETZ ENboTND Y

Acetylene
feather

Rod

— L =

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

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

= B

ARSBRTHND 2 B EAEIEO AR, 5 1 BfE% 1200 sec, 55 2 BxfE% 1200 sec & LARAETT-
77e 22T, XAYEY FRiFORREZ/NSL L, 2, ¥AYEL R—X NOBEEIATHFFETHWT
XELVEL, K2OEMICLVATLELE U BB ORR] 2 28 2 FpEE I ORIEZ b S /7=
WC FARE M ~NRPERIBZ L DX A PE Y REIROGHKEIToT-, ZOB, A YEY NRifORE%Z /)
<L, £, FAYEV =R MOEEEL L, WP ZELIE 52 LT, ARSI A
Yy REEOIF BRI SIS ED L 9 7285 5.2 2 )i URe 21172,

Z T, HIMWELE Case A, B, C OFMNTIT o BRO GO IX < BEEIC DWW T ORE R A Z N E gk
AR, KRBT, 1T<HEEL &03, 13 <BENRAE TR LIS RS> COAIREETH B,
IR BEE 1T, BN B U B> T DIRRETH B, (< BEE 1L, 1< BEASIEAE LI I R e
DIEEAEFRSTRWRIEETH D, £z, BEMRE SITEEORESKE LBETREETH D, RAND,
Case A IZBWT, ARk LTZREIO2IRD 67% TIE<BER AL TE BT, 2D 33% THITBENFAEL
TWAHIRRETH 7=, F7-, Case B, CIZBWTIE, 1Z<BEERFREL TORVIREETH o7-, 2D &b,
ARFEBRGIHZBNTIE, CaseB, CIZBWT, BRI BEEIHIT S Z LM TE T,

WIZ, B LT FEIEOME OREERAT 5 72 X fREHTEEE (XRD) v AT A& HWTREEITo T,
Z T, Case C TAMINIZEIED XRD #ERAZX 31T, KLV, GRS, 1 vEVFR
DIFEZE RS XA YEY F(111), R0)EDE—2 2R 5 Z LN TE, XA VEL RBGHRINTND
Z Wb,
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7z, BIERZ S S TIT S TeBRO B ULEO R E O FAEM S (R) OHIEZ, EAM G

(SWLD ZHWTITo7o, TS, Case A THAK SV ZIERTD R1% 1.88 um, Case B THEL I IV
JFEZIAI D Ryl & 2.10 pm, Case C THELS AV EFZR D R1EL 223 um & 720, Case A DERLIEDOZKIED R,
73 Case B, C DG RILNED R, LW /NS T n Z Enbhrolz, Fi2, 20 DT & hAZH A YEY Fhi{-%
G NI NOBEFATHIETHNTE 72010 g & L7z3—2 R EIED LT-IRETE 00050 glom?® HZFEH 2 Ffi A
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Table 4 Results of delamination of the synthesized films in Case A, B and C.

Case A Case B Case C
Non delamination 66.7 % 100.0 % 100.0 %
Half delamination 333 % 0.0 % 0.0 %
Delamination 0.0 % 0.0 % 0.0 %
Abnormal growth 0.0 % 0.0 % 0.0 %
(5) The synthesized film in Case C
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Diffraction angle 2 8 (degree)
Fig. 3 XRD patterns of the synthesized film in Case C.

#% B
WC b EIBREERIEC &0 S < BEZ B L7223 5, #E558E OmW & A Y& REFEE AR
TAHZLEHBE L, 2EBMEAREEZHOZ A YEY REREITV, FORICARK S 7 R & R <
BEZOWTHRETZ T o7z, Z2°C, ¥ A VES REEEROFILEECh DR TUEEEIT H BEDO X A Y&
vV RRIADOREZEZ/NEL L, A TEY RR—Z NOBEZIATIIFRTHNTEZELVEL L, il s L
TR DI 228 2 HAR R O TERE 2 2 b S BT BIC 2 A ' RERRE T T-RER, AAA
Y& FEEORH ST E RIFT 2 LdbioTz,

SE X

1w i OHEE—, e & K4F B, BAMSRTSESCEARR, 71-703, (2005), 578-583.

2. mif B M B KAFE, &IRFEEES 313, (2005), 154-159.

3. mif G M B KA E, BARSRCESRSCEAM, 73725, (2007), 125-130.

4. Takahashi, M., Harada, Y., Kamiya, O. and Ohyoshi, T., Journal of Solid Mechanics and Materials
Engineering, Vol. 3, No. 6, (2009), pp. 853-864.

5. Polini, R., Allegri, A., Guarino, S., Quadrini, F., Sein, H. and Ahmed, W., Thin Solid Films, Vols. 469-470,
(2004), pp. 161-166.

6. Geng, C. L., Tang, W. Z., Hei, L. F., Liu, S. T. and Lu, F. X., International Journal of Refractory Materials and
Hard Materials, Vol. 25, No. 2, (2007), pp. 159-165.

7. Neto, M. A. and Pereira, E., Diamond and Related Materials, Vol. 15, Nos. 4-8, (20006), pp. 465-471.

— 128 —



AN 4 FEERK R AL o 2 — P e R R S

FOLAA EMRIEGBEYE L
BEMA—RODESEIL

K s —

moEE e &

(B T %= o %8 F)
okawa@mine.akita-u.ac.jp

M

B . ) F 0 bA A B EBAE vy FeeOs(~ 7 ~~ A ML, SN TR cETHD
7o, EPmE, 2 A METENALTEY, EEMNEEM~OFHANMGTE S, LR
N, v T~ A NO—RBLTEN~A 780 A— LA —X—LPLETIX, HEORET
AERNAEEN S, R MR L2 SR 9720, BOIRLAREEZITY Z &N
HiskZ2 0, RBFFEClE, 7B VIR E WD HIETHE S ICSILERILEENE LN
5:&\it ZTOBMBERMENTND Z L, SHCF, BERICI Y kLT
BNNSL Bt mHoMNI Lz, £, R TFENBNESLS D LETEDOR
maziiﬁﬁﬁé:&ﬁb#okoéﬁﬁﬁ&@@ fEb L TWAE R, K
TIHENSFERICOWTIREIET S,

F—U—Fix v b BER, TNT ) F AL A

B - =AM
HRERISHZRI LT, UF U LA A AFWE DGR L ORESE Oz B 2
RoTWEY, GMBISHED—oE LT, BEBIZERZ LTOWET, @5 &5
MR HROBOSHE, ALFAER & B ER 242 L £ 9725, Tz s R :%Uﬂ% TEN
(. MEHE BRI ORI TSR DM B S M ORIESHE 72 EASATREIC 2 W 77,
Z D& RIES A LT BHE R e L T E T,

PORIGWEIE, CEAREEMMAOMELL LT, BliEE = X METHANTH Y . mitkkE
IRFERARFMEZ R TR COGRAIIHF SILTWVET, 20 & 5 2RI SF L ORISR
EEAT CHRIERS B O IR IC R L7z & o T ET,

TR BET 2

1. Y. Kitamura, H. Okawa, K. Shinoda, T. Kato, and K. Sugawara, Synthesis of porous y-Fe,O3 from scorodite
synthesized using ultrasound irradiation and evaluation of its battery performance, Japanese Journal of Applied
Physics Vol. 61,(2022) SG1056-1-8.

2. Y. Tanaka, H. Okawa, T. Kato and K. Sugawara: Effects of ultrasound irradiation on Au nanoparticles
deposition on carbon-coated LiNigsMn; sO4 and its performance as a cathode material for Li ion
batteries, Ultrasonics Sonochemistry, 82, 105879-1-9 (2022)

— 129 —



T4 FERERK R AV T o F —IHIERCR IS

<#E>

UF 7 LA T M IERGEDE D 1 D ThHDH~ T~ A b (FeO)E, O/ L&A, 2 A NI ChH
FICHDZ LTz, 336mAh/g & AR WEGREZ A L TWNDH 2 E0h, BAINTH S, ljbbﬁ#%
BIDS um L EOHY A X ClE, BB A B /UG D DRSS~ & RN lis 25 [ SR 23720, —
WwEE UTRIHT 5 Z Eniskian L, —0, F ki35 2 8T, ICERRORSAE SO )] <4
DI EMNHEZINLTWD, E- T, %ﬂﬁ}lﬂ“ﬂk LT~~~ A baFIHT 5701302 48~%+ nm OV A
A TDMENRH D 2, T, A NPy A MFEPOs2H0)E 7 /WA VARG 5 Z &G, ¥fif - HTHbOs 2RI
LCw I ~~vA bt ki LTRSS TENRE S 3, ZORKFIETIE, Lok OB AR
L7z, $RI 7GR0 % U8~ 7 ~~A EMELND, A TIZZ DO HIEZ L > T~~~ A N 2R -Of
KEAT T, T~ A MaeBEp B e L CRIHT 28 E LT, S mEEMENZ LT onb, 2O
WK E LT, — R DGEE L= KRR T2/ NS5 2 ENET oD, ZIUTE R8O~ 7~~~ A
VI N TOEBE B A HL 57 70 —FThd, IR FRE/NSLTDH7-0DFEE LT, BEK
ORR%EE z2 7-, KWFET ivﬁf\’?/f MR Z2ERL, U F U LA A EmmHEEs RS UMl &
L HIZ, FOBEMAEASET D202, B LTz~~~ A B2 KR CHEERERT 52 6T, K
KA /NS5 ERHERD DR AT o T2,
< SEER>

v T~ A NP RIAE, U gk A KER LT R Y DA

(NaOH) /KIAIRIZIINGG, 100FHEST D2 & TH-, F7-, &

DT~ T~ A NaA F U RBOKIZIRINL, A4 —7—TCH
FR(1000 tpm, 5 43)%, ﬁ%&%zﬁﬁ%%btﬁ 5 H R e
L, S5IZ65REHIIRN Uz, SRS I &S A (38 kHz,
180 W, KALIO CA-34800) % ]\ \Tﬁo 70
<HERLEE>

U RSk T VA UVRIRICESIN L, 10558E L7=alklE, B
K XAMEHHED D~ 7~~~ A b EFE LTz, Fig 1ITA A58
HoKIZ~ T~~~ A MORZEINL, 2 FFEET 2 RRH U 7=k —
&, gl L CHEERORD VIZA X —F—(1000pm)iZ T 2 I Fig. 1 Appearance of y-Fe;Os dispersed solution
WHFERE L7k, BLOY, & 5 Ao 2oy, B4 usngultrasound irradiation for 2 h (a) followed by
B LT B O 503, B L TREEDMR TN T DR T DML standing for Sdays (c), and the solution using stirring
N, ZOZENHBEERICLY, ~Z~et h kg or2h()followed by standing for 5 days (d)

75>< Tpole T EAVRBRE NIz, WRIT, EHRHEEFHET 5 7‘:&5 Al V-Fe:03 before ultrasound
, BAENT X015 S TR A BRI, KA LIRS — | treatment
27 V—& L, TAIBEIHE T, S Eme ER uio ﬁ — v-Fe,0s after ultrasound
WY T Ld e O CEE VAT, BRI 1540 g 3\ treament
VT, 05COEEMR CHRMERARA IR LT, Falftlo2v12 2
JVHOFHEFERRZ Fig 2 1ORT, FHESIETAHM L= ko go 51
AR 135mAlg, A 4 L ARHKIZ~ T~~~ A NRZETRINL, O
RE T R 251 8.5 BRI T o 7o 5B O BB ¥ Bl T 146 mAh/g T ”

0, T E R LR O B R R LTS, Shb Lo 20 %0 0 160
DOFEFRNG, BEREARF L2 LT, v 7~~~ A O ki

Capacity [mAh/g]
PISHME L, ~ 7 ~~A bV NOE FRBENRRE S 720, . _
EENSE L ZEZ DD, Fig. 2 2™ charge-discharge curves of y-Fe;Os sample
before and after ultrasound irradiation
References ZOFREE 3T ) LA b Y~

(1) Pemet M. et al., Solid State lon, 66, 259265 (1993)
(2) S. Kanzaki et al., J. Power Sources 146, 323-326 (2005)
(3) K. Shinoda et al., Materials Transactions, 64, 307-317 (2023)

FhaR

KHEYeAT, KIRE—, sz, SN
T Wz~ T~ A S OBHMEORES X
OVEEHRHERH ) AR L2 H DT,

— 130 —



AN 4 AFEERK R R LT R o 2 — iR R R RS

A EERFRRAZERE L-RRECBEDOFEERE
MEERADDEE AR

i R E

(B L2 9E R
fiwkn@gipc.akita-u.ac.jp

BEEE © PR R DV 0 AR IR S L B B A M 00 % T R A M T T S 0
SERAERR L, BIER E T U B EE A 7 A B B % R LRSI 4 B
BT B M THIE LRI L, A4 b ofn s KL T om s
ALA VY R—=NVREMT AT IVBEBLORY 7=/ —VREMT VY KC
DR E W LT,

MEH - ERAK

N7mry AT, hedRer2E5h R oML LT, A T =T =F
VERRLIEy TV T ERBRA LV T A AR EYRE X T AR LT T2 7
AR AR Lic, A7 I BT, R22VEREIGERYE L2 ) U8R
EELEERARDOMEERESFSET D, 7/ ) FCTHE, AABEVORE VSR
DYAE BT F— EEOBEL R T 5,

PXT IV B DL

VAT I B () (Scheme 1) 1&, Wik Zyzzya fuliginosa MRODFKEDT V1w A RTHY | 1,3,4,5-
TR Fabtl R23-gbtrrl432-d]¥/ U BRRIC 4 Rafs 7 = =) UENE#R LBV
HEEEZR 92 |, SHFEETIE. | O aEE & OO RAICERZ D, EWEttoiR Ay~
n—7 %L L CORMBREEZ HIIZE IR ZBME LT-, 1 OLEICBW T, FhRor ) v
B [2+202) BUBRA LA NSO TR IEER 9~ 2 8t C ARG 2 5%5t L7z (Scheme 1), BB, 6 & 7 &8
(BLEFTEHREF%L TEFLL T ) E2 oo — Uik 3 10 L, KR HlT % > & T
3ETV—NTEvF L4 & 2202 I TEYUANEET?, vrad /) ) 2585045, &kice XUy
VEREBALTI OERERET T 5,

Scheme 1 oy, OH' peprotection OR o
Piperidine CN\AOBH
Formation OBn 7
> OMe > . ¢
Ti-mediated = OMe
N-ch, [2+2+2]
SX7PVB() TBSO 2 cycloaddition TBSO 3 OTBS &

THETIT, Six OFikE T 4 L 3a OBAUSINEES L, ba ALOBEHRILL Ts ZEDVBUHEE L 72BN
10 VT DFAZAFTOD 2N, ARICR LARFHMESRE L 2 o7 4, Al JHE 3b-3e BLUET/UELE
W8 & MW TERALAINZ RS L, BALDTODIE DB PR LTz (Scheme 2), TOfER, Ts FMFE

— 131 —



T4 FERERK RS -T AVAE T o F — P IERCR IS

THE= UL E T $5R 9 RIS LT B CRUGHME LT D03 5 Z & MEEHLCT L% L E#fi e 1
— VIR T 5 2 L 572, — . BEr— LA RUPUACET LT 8 I LA ST L 11 &
12 DIREMZEG2T-, ORI, REATFZ N & 5 [2+242] B CTBRAKAHINTIL, Er—rank 57
5 BERIWEERT D L)l b & B 2 W REVE Uiz, Z 072, A% v —u % (2022 BB LA
D% DB CHEET D L ORKEETTHTETH D,

Scheme 2 TS

AN N OTES
s \ ‘ \ ‘
OTBS OTBS OTBS
TBSO 3a TBSO 3b TBSO 3¢ TBSO 3d TBSO 3e
CH3 OTES OTES
i-PrO__Qi-Pr
BuLi Ti 3or8
4 — MeA©\ e or N or @
T. O-P S X
i(0i-Pr)y . OR TBSO N CHy N Ar
R: PMB, MOM 10 (from 3a) 1 Ar 12 CH3

ARRFNE A A AbRE G 2022 FEFMSRE S (AU T4 ) GEEAZEESE B10, 2022.7.23.),
SR A LSRR RIS (&) GREZEISEE 1P053, 2022.9.17.), BIXOHAFEEE 103 FHF
L (BPH) GEEZIEE DI1443-4am03, 2023.3.25.) ICCTHF LT,

(1) P. Crews, et. al. J Mat. Prod 2020, 83 174. (2) Y. Yamamoto et al. J Am Chem Soc. 2005, 127,
9260. (3) Y. Six, et al. Chem Commmn. 2014, 50, 7666. (4) EIAWEL MEEES AMNMEFEE 101 £
B2 A21-1vn08, A T4 > (2021).

N7 wana s A DFIEROBEEORE

N7vaar A Q) Fig D) 1. e Streptomyces enchinoruber D>6BEES V- SHFHET AV A REL
PATHL L 1I1E, 7oAV 7 hTE FD77/ feRuy, vraxXvy ) v NEBRE D v
DI ARICHES LTS 2 RS L 35, AT ZORRIEED A E RN E LT, BT MES
W2 L3 wEENE LT qﬂﬂf%@ﬂﬂﬁ?\ﬁkkﬁmﬁﬁaﬁé@%ﬂﬁﬁ% L7, 72k, T MEEWHTIE 1 O
FARBOERE N B VBREITAF Y T VEBRTEE ML T, FREROBEEICAGNEZ BN S 1T,

Fig. 1
H
Me OO0 OH OH Me
)bjl:n:uA(1) Me FREEETIL2 FREKETILS

2 & 3 OHEDOEEGEHE % Scheme 1127897, 2 D47 b UEIERIBRA 4 OKEEFLORRL T, 4 D 7 BB
XA Z B AT MOREET 5, 51E. AT v 8 &7 oAb L TAELET =F 2 T2 7 V7
R 6 IZAHinESETH5, ZEEFEEREMED 3 O bR B&IL. BiBRIA 9 D 4 ok & 7 BB D DMk
FLTHET S, 907 BEEIIERECHBRA XL AT 10 W OEEE L, 1013707 R 1112 7 24800
SHTHDL, ZOFENFEBT DL L. 1 OB PIREENOBESRR FOEANENHNLT 52 L1275,

Scheme 1 /gﬂﬁ
BZarAL
:>:> @m =
Bt & =23

oS o 0 _ BKFM e o H /;zt»/ngne . Me
= ="

8lx2-A %/ (12) MH2EMET, 61374V K (13) 75 3EMECTAAL L7 (Scheme 2),
H-VR /1,477 b (14) S 4 BEPECHRR LT

— 132 —



AN 4 AFEERK A R R o 2 — e R RS

Scheme 2
o) (0]
2 steps 3 steps 4 steps H
Me—A
12 HO OH Me \

ﬁ%ﬁ%%%wZ@%%®kw\é@@ﬁuL@6k7#%ﬁm¢%ﬁt%\%%%&kvxbt&:
A, BIID 4 ) HAKRGFRMEELT. 16 (Fig 2 03MEbi7c, ZHUTL YD, BOKDBETLIZH DD, BHD
BRI CHIROEART R AR T D 2 L7, — . BT /A3 OEKOT-0, SV 11 &
T INOAIIMEZST %, PHBRA X AT 5L, ZEHEAEDBEI LT 16 25047275, BAKBGSIEHH T
X7, 16123% 7 VR EFIO DDQ ZER SB- L 2 A, b BB LIC b b RE =27 o 17T 55
N, ZOBRET, HIvEio L ALICER LOETT 5 Z & 1d, EERMATH D,

Fig. 2 Me
Me—\/o PH Me—O, P
Qs 28 oY
15 17 O

RRFNIRANFZTHY . BRSOt D, FRERCFNFEI TAELT HTETH D,
(1) J. Berger et al. J Antibiiot. 1978, 31, 1218.

I Y R C DB
7V U K C (1) (Scheme 1) 1% 1999 A —A N T U T EORHARYHRY 7 = /) — & L CHEf
ENF=TN ) REO—FETHY . SAFIROBESEIIH] [ECyp : 16 u) ' B LY a- Synuclein D¥ ;gﬁn%u
%Tﬁ‘liczﬁﬁ@%%% EbIT /XtD???~W@¢%%#@&%otFLV%L%%O 1

fth 7 N —1Z L0 BRICHLEREDOET VA2 STV D D, EARITER STV, AT

1 OHEE~OBIE L o Synuclein OEMEINHIC L B/8—F% Vﬁ@ﬁé@ﬁ@?ﬁﬁ“@%ﬁﬁﬂg\ 1 O)/}i/a\

ik Z& R L o Synuclein & O HAEHDTHAEIZ ST XL 5 LEHE L7,

AT EBT D 1 OEEGHEZ Scheme 11273, 1 DYV AR T X —/UIREIZER{ILEZ TE L, Rilbk
KX 2 2HE LTz, ZUIRIEM B O RAE LT =40 20TV T R4 IAINLT 3 215721, b
FEEPFHELTHED, 2413 AT VT OB THRONTETT /U Re baRkT 5,

Scheme 1
\ O ]

\ / MEMOQO OMEM MEMQ OMEM MEMO

O QD :> DOQ \HOOH/ g HO? :> éBr

MOMO OMOM A

DJLJUFC (1) 3
O_o 0
ArS:Z:\r = Ar)K/OjO(\Ar
6 7
HAE, FRoFHEIZE, KB A FEERAL TS, IiEOESTHLIT RO A T &4 —

JVOREGUZITE > TORWD . AFZENRI T F LRSI IR AR TH 5,
(1) A. R Carroll et al. J Org Chem 1999, 64, 2680. (2) A. R. Carroll et al. J ANat. Prod 2022,
85, 441.

— 133 —



B AR RO AV | v 2 — ISR ORI

MAEED RSy I TUN) =R TLOREFEZHIE
LI=ATeILRE VRO BETI O HTEY DL

om0, A R

( PRTSRWRZERE )
modaka@gipc.akita-u.ac.jp

W oo Fv ) ATKIER 24 nm O TR T ) —OREER TR T S
ZUNRNTBETH D, KWFFRIE. BEPUL (scFv) 2= 71U VIR 72
X7 4 AT LA SHTEHHAERBRASR T v 77 IR =2 27 L0 A
HEOE LTWb, AEEX, scFv 2RO D7 v ) VEERT L2
IZ, PCRIEIZE DY scFv B+ D 3" Kusicz= o W7 o Nab¥ V&%
ML, RIBEEZHWTHZ X7 BERBLIE -, EFHEMEBREORRE, H—
KR U7z scPv ZNE &7 B 7wV Uix, B7vVIRT 7 r— D%
FFLTWbdZ EnRraniz,

¥—U—F: FI7vITTINR)—=VRT L, BT EF ) RiA
PR

WmEt - A

Z NI TR AR EORRMEDS m <. SREEE A T DR D
B, Fio, BIEFTFEIMI L 27 I OIS AHEMFIZ L DML AL I
RETH D, Fx DWIET N—T13, RAIEPY— MG & 5 2 o\ Bl FEAR
AXRE L, IO OESERORESLHTRZERMIC, BERCTUA L & OREME 2 TINE

TIENEAESED Z LT, FBEREEE ML= S, F~T U 7 ILVEM OB EZ B LT
W5, ARFRETIE, =T r—COEANRISHE B E LT, K
(scFv) ZNASEIZ o BTV Y DX R ERAZOEE T -T2, BT APUE
|2, P Bisphenol A HUKD scFv (pRox) & FV Nz, AMFTERREIC LD, =2 7® Y )/
r—UREIEIZ, schv ZNESHEDL ZENARBTHH Z LR ahi, 4%, NE3E5
scPv OFEEZ HEIZ L VIR, M@ Z R T F Rem o 7 ) U~ g5
FEEBEIL TN ZET, FBRT v 7T VR —2 27 AOBENIRTE D,

— 134 —



I>HhItVU> (Enc)

B .
KI1ZH24 nm. 602ARDIEE_+EADHT)LEIS > )\ OB
HERE

BRZABL. RE - RILBELTESEEZASATNS.

RS IFUNU -2 RFLNF ) U T 05— EUTDIEA

23 -24 nm

BHEHK 5&E{k 604 #k(Encapsulin)
Sutterr, M. et. al, Nat. Struct .Mol. Biol.15,941 (2008)

PHELICKB I >HhT Y iBiEDHIH

Enc 60&{& BREEDHNT-Enc B#EAk L1=Enc

. | —=t# ZHRIOTMEN BESHDTMENC
» [| —EsRE -
& | —E%e
i, ' L
1 10 ﬁﬂFn[o"mj 1000 ) 10000 4
DLSIC &2 H%EEDHER TEMIC k281

MR T CRIRIBEN BN, PR THIBNT D

RELS D FIVICEKBTARIVINOEDEA

Nativetk SRS RESIFIL

R mﬁ?«ml + B T</T\
Abzen ' e
Vir e e

KA TENCICAB =N BDYPOCKIHI75%
BEZT0ANI )\ DEICRIESHERZET.
Enc\DORE{ELH ETEE

— 135 —



AN 4 AR FERK O HUT Al A & o 2 — R TR R S

CRIBGADT A NI VINIBEDEA

EncdCKifi(CHis-tage EASHE32ET
NiDSAICKDBRICHKINUE

Encapsulin » &

CRImhREICEHUIBEZ LD

GRANIZI)INOEDT « AT LA He]hE

N AF ) IFTUTIEULTRADEE

A AERR
R

-BEE
FTUNU=2ZF A
AA=D2D
AT IOSD—:
FIVTOE—
Bi5YINOE

RN I)I\NOE
BA

B : SiMRSyvIFUINVU—-SRF LADRFEE
BisU. EnchiF(CEEHNEZEAT S

ik Encs /T

SEHEITARNEEENCONRT Y —BEREB LV
FLF B O

— 136 —



T4 FEFERK R T Al & o Z — WP RS

MtHIN{E(scFv)

scFv:VHEVLEY > —Ee TRITIZED

XSO(EEFTILIAE LT, HiBPA-scFv (pRox) Z{#H

U H—
VH
‘[v \\ CH1 // v <
N
Fe CH3II
IgG scFv
scFVDARa{t

RARENCORTES > )\ IEDYypDCERIHI7THRES T )L
Be5)(EncRBIL I E S A NI )\ OBE(CfAEE 3
C ETENcOAEBICELDIAD

Encha{t5 o

&4%” rait
SRANFINOE

EncRE{E5 I Z{IMUT=pRoxFERNT 5 —DHER

PUC118 —Age ] mme| PROX = NCO I
PET30b=Age1 Nco T = parss

y

=Age ] mmm pRoXx == Ncol- REMEIT L

BLFIFFET. AebyIdxEmMuUz
PROXFEIRNT S —Z{EE

— 137 —



N AR R RS T AV R v S — AR TE R

SCFVE ENCDXRIZRIC KD HFEIR

HBPA scFv (#9134 kDa)
Enc (¥128 kDa)

SDS-PAGEICL D, BIAMED (CEnc&E =TI
BeH 2l UizscFvad s > )\ O BFRIRMER TETZ

scFvEA8 B IZEncDiFH

NiHSLZBWT, scFveERE == /ZEncd
BRI,

“&’é\ 20 mM Imidazole
A

b

p

50 mM ImidazolelC X BBHET. (FEFE—
HFEIRARDS > )\ OE)\> REER U

— 138 —



A A AR R M A o 4 — S S
scFvZRE B /ZEncOEFIAMIE(TEM)HIR

HFIBARDOTEMEHS TR XD TEME S

<\ N
Fig : #BPA-scfvIBEIReENC

Fig. C : EGFPRIBEReENc
Fig. D : luciferasel&E4ReEnc

Tamura et al.: Packaging Guest Proteins into the Encapsulin
Nanocompartment Biotechnology and Bioengineering

c EnchF o —EEMiE SN TWLWWB S ENRSENTE.
- SCFVAEnclCAB N TWD Z ENREENTE,

FLH

 SCFVIB{LZFD3'Kim(CENncABALS T Z 1S
D ECRINUTE.

s KEBRKLBscFvAB%Z B ZEncdd5 > )\ U&E
FKIRRSNCE—BR(CHKRINUTZ.

« sCFVvERNBSIBTZEncDF ) o —HESEh s
SNTWBZ ENREEINTZ.

« SRIE REFUARIGICKD. EnciBiEARD
SCFVODIEIERIEZIT D FE CTH Do

— 139 —



AN 4 AR FERK RS HOT AV A | o 2 — AR JE R R

TAaAZRWEHAEMRKEMR (MFC) DB

R HF KA B — A A oA K ow oL

( BETZH9ER )
kabir@gipc.akita-u.ac.jp

WE . RBEMEO 2 LTEREBULEMBETCOT A a0 RERENET L
N5, 7AFMRPOMBECTRERAEL, BATHE » BOKH RO J\ERH 2 L
THRAEL, BERLRBEZBENRDIE L CHEE R TE, £, T4 IEIHED
EOBEWEREMAEY L SN THEY, RFEMRAAINMME L E > TH7Ruvn &0 5
HRHD. £z, TRLFXF—FEOEEV SDGs OBELENH 7 Y —r =)L
XF—ICHEENREE->TWVDH. £ T, AWM EEM (Microbial Fuel Cell;
MFO)WCEBR L, 742D &) RBEEMAEMEZRH LI BELSIFHFTE 5. A
FETIIAEMBRELE OMEER LD 72D x e T XA — 2 2 BbSE 550
BHELE KRG LT,

F—U—F: 743, @AEWREER (MFC) , JUHSH

mE% - RA

AWTETIRES L7 A =70 EOBREIEEM OB VEIMUIT, FEEOSERE~AIRTE 5 &
BT NI &L TE 52 LT, Fdiitta~onns Lillbnd. 74
[T IAK R I \BSIEFRAFIORIBTZ T TR <, I ERZITEOZ < DEDD DT

WDBEEDOEDO—72 L Bbhd, TOBEARAOT 42 XY MFCIERAFREIZ /25 Z &
T, BAZT TR, Z2< OETH 2O O HNEG & 5.

— 140 —



T4 FEFERK R MT A o F — PSRRI S

A6 =2
B3R

&

it

TAa  FEEOMM R BRETHLE
REOEAK

T A2 XL BOP
< ARPERRIRE DT

- mBlEERD 20226F9A K IR \EGH

) 7R AER L, HUROEE ISR,

db ==
ﬁ JI?I\-

Jd

ft

20204, H—R o —ma— N TIILOEBEES

- A EENEY 7 Mok A ESER
s BAROREORTEIN K IREITEEFELTWD

BRIEFE DR RNV X —DEIRCICTFEERH 5
) AR R il (Microbial Fuel Cells; MFC)IZ % H

— 141 —



AR AR R T RV | o 2 — AR R R R

WAEDBNELFER (MFC) (22U T

(a) 1iE=CMFC

(b) 24EXMFC

0, H,0 OH™

e 4 3)

HY CO0, e

TI/—=FK T A 2 EE K hV—F

7/ — F:CH,04 + 6H,0 — 6 CO, + 24 H" + 24 ¢
71— K :60,+ 24H" + 24e” — 12H,0

MFECIZHWz TH4=
BKH R\RRH (J\RRIR)

J\BRIA IR B R A S peEs, B
YEOFIFRICALE L, BEFI32
ENLIEE > 7= \BRIBETHEE
WX o TEINTZWAKITH Y,
BRREERNIEEMICRSCHEAR
FULOEFEEZH LTV,

— 142 —

I\NERHADKE L, THEEN
SET LT birAICEXRE
NEITL, IETET A2 NKE
RBAETDHRE, KEBEEBDOR
BERBEEEL TS

FromERs]

ALt
L=



AN 4 AR EERK R LT R o 2 — R E R R RS

MFCIZ W= 7 F4 =

F4 o Microcystis aeruginosa (Kiitzing) >R BRI L o v Y LR T D
Lemmermann .
P& 5 : NIES-2627 FREAITEENICSL, REWERD

[ IR R R A R (R SRR

4 (BEESER)  FHEHE \ERE IR, JERRAE, SRRy fp L&t
(2008-08-22)

BROWREE « Ml : s u— et (CXVEFELIHIET S
Kotk KO ; .
SN
BB < MHEREET—) HEREAT

HERBRE

& £ REIE DR E

¢pH

\ i

OREHEE
SXINRE

EIF  HTEHE A BRI MEF R ES TR R R (aEs
3L ¥ es) hipimeeniesgojp

T A3 O TR (MFC) D]
1f88 MFC: 74=

v3DF Y Z THEMLES RO 2BHORSREERLT.
VEMIY 7T 7 A N7 eI,

VAR BT, EFRREELICERAREBELE. -
VEROFER, BROERIIELRSIICER L. 07 |
VENFERTA%R80 ml FAL, #&AENTHH10 kQD el

oS5 |

A ALRRAET & llELz. = —
B\ \"\az 3 1 et
. — a 03 |
0.2 | » EE

01 |

o 5 10 15 20 25 30
[E5F [min]

EAHEMFCER ) FREMFCEET)

— 143 —



N 4 AR FERK RS HUOT AV | v S — AR TR R

(.—.l::)

1Rl MEC: 742 (EA|E:

VAL RS T EMRA L E L MECA 68 =41 |2
7% T

VBRI TS TFARTTILNELT:. -
VENENT A 280 ml EAL, # 0 EVTHH10 kQ L e
OEPTEHALRET HERE L. =
=1 30 F

Ll L LT 5

. i iy = « MFCEfS

 — V- — % - 10 f

’ 1] 10 15 20 25 30

B [min]

\ _

MEFDMFCOHF (MFC & BRI

7 A% BUEMFC (GERE)

$oE R EMEC R E <Y
BHBRKEAE T I AHRENEE

/ 4.4 uW ‘

BEREINENHDEE
ZaaZ 4 Vel ERICP/RE |

4
3 L  CRREES
'-‘:;J 2 _—

1

0 L L L 1

0 | 3 10 15 20 25 30
253 IF ] [min]

ERIL fcMFC BFL{EBLIEMFC

— 144 —



TN 4 IR R HT AI A o F — PSRRI S

7 A% FBWEMFC GRE)

2007«JL a(Chl.a) AIE

1. A7 RAWEHE AOCCREHZES TR T2
2. I AWHE ALD TRBRE I AN, 90 %A% /—/L %30 4y,
70 C° THNEALHH 2GR E 1T TN IRANZ2 L THEYE)
. 3000 rpm C10 4y 5 Doy BfE4 5
4, FBBIEDREVEAAYZCHIY, NanoDrop 2000%
FVNTT50, 665, 645, 630 nm®  WEEEZHIET S
5. 2(1)&HUVTChla EEEZ Rk D

w2

4
Chla(ugﬂ) = (11-6D665 = 31D645 - 0. 140630) X _Vf %1 (1)

VIR B, Ve S A OB R, L e oy ;
Dy (N D IE) — (750 nmD ) Chla it

7 A% BWEMFC (GE58)

2007-J)L a (Chl.a) BIE

012

WEHLEE [a.u]

£ i {g&ﬁ%gﬁ%ﬁgtw 11.225

%Jrﬂucchl.aéjﬁ;;;ﬁwm 230, RRAH TR 5 4e TRQO1)
MFCEFEE‘& MFCE%% L = =T L3R
Chl.a =563 pg/l — Chl.a = 57 ug/l Chl.a B'§91/10iC ... 7 A22HYES

SR BB AT LORENEBIET.

— 145 —



B4 IR R HT AI A o Z — e R S

FEINKIERDENERRIKPDITR D

FOlR =N s R, BB KR T

(EIBSE 2R
ishiyama@gipc.akita-u.ac.jp

IR R KM RO RAKFPIZIZEEED Pb., Ba, REEsENREFNTW5H,
ZOMWRBEAKIE, HIRICEH L TWDIREZZ DI ENTE D, ZOHREAKD
HERALFR RS AT 2 2 E CTHIFT b0 I NG THEOMIET AT L & fRH
THIENTED, RFETIE, REROCFHEKEZ ST T2 L EbICZiLE
TOT—H LI LT, REROIFMEOBRELNE 6 DOREHIZHTET D
ZEMARETHD I ER Do, BEICITREROFRENSKE S ELL
TEREHI B 7RAE L7203, 2007 FEDARRISHRE BN L E L TV D Z EBNbho i,

mE - =Rk

EIRSRRMESR ORISR KIS, BRI Z &L ENAGR, HEMIKTR, RO R
MKIZHEEZ 52 TODIRRKTH D, T OIRFKDILEREOERIZ, B TO
7 == ZADEIESE D, TR RTED bR E O KBREEA~ DR EHR IR 25 2 HBRIC

RARIRER T D, ABFIEORIRIT, FKHIROKEIFRIZEE o % BT B A I F ]
TELH7—4Tho,

F)IIKRERDEEMER R KR D ITTHRDFH

1
7 i
] ( Cl-50, B (KIR) SO & ume
) 1,50, 240w H,5-350,
112 FKeREE H:1.7--2.9
B I assss _— .
#J50m ;% HS
d, 50, 150C  Hs5
Liquid Boiling Vapor

d, so, H.S

[RL3EE, 10067
{EXEIF £, 20100

Bl EH RSB RAkaTRE Bz ENEE Rt TR

— 146 —



B4 IR RE MG A o F — PSRRI S

FIRE (mglL)

50

40

30

20

10

o

Year

1850 1955 1960 1965 1570 1975 1980 1985 1330

1995

2000

2005

2010

E4 1951FED H2017HEO KERIBER KO pHEFIEED REE (L

1950 1955 1960 1965 1970 1975 1980 1985
Year

1990

1995

2000

2005

2010

2015

2015

14

13

31

0.9

[:F:]

0.7

06

05
2020

2020

pH

14

13

12

11

03

03

o5

05

BI5 1951EN52017FED RER &R ADpH, WIEN 11 RE, TIEREDEEE(L

— 147 —



AR AR RO T A | o 2 — AR R R R

250 14
13

12

11

09

03

ﬁ? el Nl 'Av 07

05

50

. K, Mg, Ca ;2 (mglL)
g
/
i :

o
1950 1955 1960 1985 170 1975 1380 1985 1990 1935 2000 2005 2010 2015 2020

Year

Bl 1951FEN 5201 7FED RIERBRINDpH, Ne, K, Mg, Car A BEDRERL

300

g g g

8

T-Al, T-Fe JRE (mg/L)

S\t f/\fvf

o
1950 1953 1960 1963 1370 1975 1360 1983 190 19393 2000 2003 2010 2013 2020

Year

B7 1951 ES2017TEO RIBRIBRKD FAC SRR EORTE L

— 148 —

pH



AN 4 ARFERK O SHT A A | o — PR R

FEDH

1. EJIRRAED1951FENS2017EZTOpHD REE L, FBrA L BEFFTELIE 4 EE,
e, EIEENGEET, LIFOeRIIE oan s | Bl 1960FE~19715, [ HH: 19715 ~1978
&, EA: 19785 ~19904F, IV &f: 19905 ~20004F, V &i: 20005 ~2007F, VI EH: 2007 F~
20174,

2. pHOZEALIZ, T He THICIgROE (i @Enonic. TEHNSVEINT TR MHAINDE
£, VEATOBEHANOBRHLRHoniz(Ha).

3. CigE(F, [ 83733100 mg/L#2E, I HiTI33000 mg/LF2ENY, 1977ENSRFICMTT

3000153400 mg/LICENIL = (Bs) . MEAD CLEE(S, 3380H52480 mg/LIC /L=, V #ID
2000 152004 F (2T T, CEREIZ28000 54437 mg/LICIE 0L, 20045 N 52007 FEFE TIBHE
Hdn -7 D 02007 FE LI, CEEIE3020 mg/LIZ @A LTz (BS) .
SOuEEIT, T BiTI31300442930 mg/LIZ RV LIzh, T ERIZ900H 53160 mg/LE TIE MLz (]
5). MEATI(Z, 316005900 mg/L~ @ Lichy, WHEAT O EIEEIT, 900551080 mg/LTH »71z.
WV HB (2000 FEH520045) DSOEEIS, 930051780mg/LICIBNIL., 2004 FEN 52007 EF TR,
Didh -T2 02007 LA, BEIEET 1310 mg/UTFHP LI (BI5) . CigEESousEld, THITOIE
. MEAT DR, VEITIEN, VTR U ZE bE L.

4. Na, K, Mg, CaizE(3 T i T8, VIERTDRED R, VEERFDLOREENE, BUTEE
EZ{tErLZ (Bl6) .

5. FeCALEEICIT, THTOEMEMETORED DRHoNTZ(E7) . ZhaDigEZELIT, ., so,
EEOE(ICELTS.

— 149 —



B4R R A o F — IR e RS

MRAFIVZF ORBEEDHEFE

Mgk, M H g I
(BT 5e
so@gipc.akita-u.ac.jp

M RAFAIA L EMEND T ) A r— oS EE2 ey & LT
ANbZLick-oT, WMRATY OREFEL - EH#l - B xNERTEDZ
ERRIAENTWD, —J7, WRAFAIFTUEZRETI2HEIIRONL TV
Bo REMRAX VI AU WE TH D B20 BltEE % H D FeGe B4 DA RKIZ
X, TNECTCHBEEARPLETH7, KFETE A= LT al T
BT T A< BEREIC L > T B20 % FeGe & & B L, k4 514 L 7=,

X—U—F:RAFLIA L., B4 Bt

WMEM - ERM:
AXNI A EHER AT VIZSHT AR, RO LW EIRONNT =7 8
YWENDZ ENRFIAEND,

— 150 —



EREES LT ATMGe) RB20RA S ANZAHILTOA 2T MACED

1 B20EUTMGeDE R 2
- |- - - RSB P2, 3 Lebech et e journal of hysics BB : XD=HIFOA D (MA) Tt BFSEER 2022 SHEE171 DBEAR
°""°--"°m - #&FIESK 1 04689 nm (B20-FeGe) s p2omINCeS R DR
o o - ZERAR R R DN Je ST 75 & e | '
e —REEDPRERIEER ERLVWIMEERY
— = HSRFIL A ORRTESEE i
‘J"l Yu et al., Nature Materials (2011)
B20BETMGeDIERIEE H5OIFSESESRIRE ~ . ;
2| pece BERR—)L S EBABORT
|J, } 4 - S 2T —)LOORIS EES é http://www.fritsch.co.jp/planet.html
p 2 A A, . .
el  —DOHFORICRSES cioe RIS THER U T S
R  EBREE TR TES , ¥ EERTIEE LIE
WEAFISA>ORRE Nagaosa & Tokura, Nature Nanotechnology (2013) Felie_caleulation : SYPERFRICIBHEL TLVRU
HERAFILSASERE  EARSATUEREES LTHE " B20ETMGe(3#ZEHRFZ(XERBIETHD
MA-TMGe®DXRD/ {5 —> ENZL, VLI GRDERICIETRDNBE

PAS =] | —
ESA=]:8 . ERSERRHC DT ,
B8 : MAATHRR L 72B20EEED) UL DAL Sl : FeGedS KUCHRIN L TZFeGelc DLV TSPSZ il
MEBT'S X Bk (Spark Plasma Sintering : SPS) SRR | R
EFINSHIE L) UL RROBRTRN A~ () | (mpa) | BIE
MU, BRCRET SRBISAIBIRILE—% | SES1 FeGe 500 50 X
FVT, (BB SEBERMRE(CH ) AR T SES2 GEGE 500 50 x
SPS3 FeGe 650 60 A
1) MATHELERRORECERE | SPS4  Cr,,FepsGe 700 60 o
SPS5  Cry.:FeposGe 700 60 O
SPS6  CrysFeggsGe 650 60 x
FEATHAZR : SPSIC K BB20-FeGed3 LU CoGeD/ )L
T. Hiroto et al., Materials Transactions (2018)
HBIE/N>F - H14ZBNZ~600 MPaDIIESRMAFT) ULO{LEER
SE : h—ARUI>F - A ZRANT, ABANRRREMFEBEIR
= s
EERTTE : B20B!FeGeDFEAEHEERDXRD 6
HEHER T
+ H SPS1
R PR Cr Fe, Gelik (99.9%5LE) e ok iFeisbeg Fete, ; 500°C

HAFHHERK : (Fe, Cr):Ge=1:1

- EE 28R —)LI)L (Fritsch PL-7) .
MA B[R DIV R 45¢c o i
L DILAZFH 5Smme .
B4/ R—)LER : 3g/519. 10g/709 700°C 7| sps2
[CIFRES : 1000 : - i
' i rpm 650°Ch\FESIE D LIR  §| 600°C
RE | BT SABHEEB(ERARILE SPS-2080) =

SPS 54 . )F: ISTIA R
BER : HE

BENREYYIVETEH.
LA BRECEEHAKI00 h BUUE

i il
XHRERFAITE (XRD) CuKa, 40 kV, 15 mA
RSN B DET (VSM) 200 Oe DC

EEBFIAMS (SEM) 5 15kV

as-milied
N M JL_;'\ A W om W W % oW W ™
i I 2w degrea)

W W 3 4 s e T =
26 (degree) S

B )
SPSEBEDS — MR LI/ UL IS MA-FeGeDRIRIEE B20BYFeGe) VLI ADIFRICHTH

— 151 —




B20BYFeGeMDBEIEFER QSEMERZ 7

SPS2 SPS1~3DIBRIEERE
SPS1 62.9
SPS2 67.4
SPS3 76.3

- ERHSL 5ER/ULO G
FEsnTULRNL

+ 600°C=>650°Clc K DEEDR
ENRS5NhEZ

EIZU. FeGeDIFETNB LREZ

LiFzedTERL

SPS3
650°C

B20Z4Fe, Cr,Ged/ULTERK 8

700°CTHE2 0B RIS

[Pre-imnn SPS4 VFece
FeG
: l 700°C Mo
l a= 0.470 nm _]
S Ll |

[o0vc_1oonpsana
- Z| spss
1 Y | § 700°C |
M £ a= 0.470 nm .
it i resrece
DEL D EHIG
i ; m | 20
SPS6
MA-Fe,,Cr, ,Ge 650°C ] a,u/nm
3 millled a= 0470 nm e ol CrGe | 0.4790
I FeGe | 0.4689
i i e
WM M % W o M W i degres
20 degroa)
MA-FeqoCro GeDRIIZELE B20E(Fe,Cr)Ge/ UL ADIERC HLTH

SEMIC &K BB208Fe 4Cr, ,Ge/ VLT DERER A

FeooCro ,Ge : S FeGe_SPS
\ 7 | BEI(>F)

iroto et al., Materials Iransactions (2018)
SPSA~6MEE L ARNEE

[t | oo
SPS4 93.4
SPS5 77.0
SPS6 65.9

CrAERMICKDBEIN>FEEE

FIEDEER) UL O FERICHKII

BV (C L BEMSEORE

BRFIAINT

SPS4 700°C100hZLEE

. MR ERROSESE
- MASRODSTEMBREREFE

m HHERROEE)ULIIL

~REAR&EDEV

RS B, $171ERFAXWF R (2022)

HIEATERSER 1

280K

TR FeGe
* SPS3_FeGe §
* PS4 Fey,Cry Ge 4 -
® SPSS_FeyysCrysGe LI

Teikh

i} .
=0
[§S " - --{ﬂl- - '
‘t - 2 | . BEARELASOTERLE
" Mmoo "L CHRAIIC & T bt
SPS) ULt A DLEES

. =33 -
[BEARIC & B A DMHEFGe : T, = 280K) RIBDHHEIIFe;;GeylC & D
Vi )

u et al., Nature Materials (2011

MA+SPS=>BEAMKICHAET SB20ETMGeD/ ULV E{EREL UTER

FED

12

MAF KTUSPSIC K DB0E FeGeD) VLI AEE ZRET U TE.
o SREDH—R I F - 1 ZFLE~60MPadIlESE

1 CHEB0EFeGeDEEIE(FAIRE TH D 1.

o AEMEEEPPELS SHERENMT TR EEZISND
« CEADERNT D ETHRIEREZ LI TEER/ ULD

HOMERTE.

« JULOKRIEHMERA TBR SN TE D, CDn &R

BEASRKGAE (FRIEDRTHD
SEOFE :

« HIR(L - SEEDIZHDHEHEREMADIRF ZHEDH D

o VSl R ED D

— 152 —




RN AR R U A AE & o X — AR R RS

Research on vibration-based early diagnostic system for

excavator motor bearing using 1-D CNN

Dor jsuren Yandagsuren, Tatsuki Kurauchi, Hisatoshi Toriya, Hajime Ikeda,
Tsuyoshi Adachi, Youhei Kawamura

Center for regional revitalization in research
and education, Akita University

dor joo_must@yahoo. com

Abstract: In mining, super—large machines such as rope excavators are used to perform
the main mining operations. A rope excavator 1is equipped with motors that drive
mechanisms. Motors are easily damaged as a result of harsh mining conditions. Bearings
are important parts in a motor; bearing failure accounts for approximately half of all
motor failures. Failure reduces work efficiency and increases maintenance costs. In
practice, reactive, preventive, and predictive maintenance are used to minimize
failures. Predictive maintenance can prevent failures and is more effective than other
maintenance. For effective predictive maintenance, a good diagnosis 1is required to
accurately determine motor—-bearing health. In this study, vibration—-based diagnosis and
a one—dimensional convolutional neural network (1-D CNN) were used to evaluate bearing
deterioration levels. The system allows for early diagnosis of bearing failures. Normal
and failure-bearing vibrations were measured. Spectral and wavelet analyses were
performed to determine the normal and failure vibration features. The measured signals
were used to generate new data to represent bearing deterioration in increments of 10%.
A reliable diagnosis system was proposed. The proposed system could determine bearing
health deterioration at eleven levels with considerable accuracy. Moreover, a new data

mixing method was applied

Key words: Bearing diagnostic, Excavator electric motor, Vibration analysis

Signal processing, 1-D CNN

Practical issue:

Machine reliability is of utmost importance in the mining sector as it ensures
productivity and uninterrupted operations. Achieving high reliability relies on various
factors, including effective diagnostics that enable efficient maintenance planning
Therefore, the implementation of an advanced diagnostic system holds immense value in
monitoring machine health and presents a significant opportunity for predictive
maintenance in the mining industry. Consequently, the occurrence of unplanned motor

shutdowns can be eliminated. Looking ahead, early diagnostic approaches utilizing deep

learning techniques, such as Convolutional Neural Networks (CNNs), hold promise in

ensuring machine reliability. This CNN-based early diagnostic system has the potential
to introduce cost-effective maintenance practices and facilitate continuous operation

of machines in the mining sector in the future
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1. Introduction

The Baganuur mine, located in Mongolia, holds the distinction of being the largest brown coal mine in
the country and serves as a primary supplier of power plants. Initially established in 1978, it
operates as an open pit mine covering an expansive area of 31.6 square kilometers, employing the
stripping mining method [1]. In the mining industry, the choice of excavators varies based on
economic and technological considerations. Diesel excavators are commonly employed in mines lacking
adequate infrastructure or power sources due to their self-sufficiency and ability to access remote
locations. However, the utilization cost of diesel excavators tends to be high. In contrast, the
majority of excavators utilized in the Baganuur mine are electrically powered. This preference is
attributed to the well-developed infrastructure in the area and the cost—effectiveness of electrical
energy compared to fuel. Furthermore, electric motors offer enhanced energy efficiency and
environmental benefits when compared to combustion engines. Numerous motors are employed to drive
various mechanisms in electrical excavators, including hoist, swing, crowd, and propel systems.
Consequently, the reliable operation of these electric motors plays a vital role in determining
excavator productivity. According to a survey [2], bearing failures account for 51% of all motor
failures. Real-life scenarios involve several types of bearing failures, such as ring faults, ball
faults,

lubrication material, leading to rapid bearing degradation and reduced operational lifespan.

and degradation. The primary cause of motor bearing failure is contamination of the
The presence of bearing failures in machines can lead to a decrease in productivity and subsequent
breakdowns in other machine components. Therefore, it is crucial to quickly identify such failures.
Vibration measurement has emerged as the most widely used method for detecting bearing failures, and
numerous studies [3]—[8] have been conducted based on vibration analysis. In recent years, machine
learning has made significant advancements across various fields, with deep learning emerging as a
prominent subset of machine learning. Several research endeavors [3]—[8] have leveraged deep learning
techniques to address this issue. It is important to note that the vibration measurements in these
studies were conducted in laboratory settings

This study focuses on investigating the degradation of electrical motor bearings in the EKG-ba, an
electric shovel extensively used for coal excavation in the Baganuur mine. The primary objective of
this research is to enable early detection of bearing failures, thereby minimizing the downtime of
mining excavators. To achieve this objective, bearing vibration data was collected directly from the
field, and a deep learning model was trained using this dataset. As a result, a novel system for
detecting bearing failures based on vibration analysis and deep learning was developed and proposed.

2. Analytical method

The research encompasses various activities, including vibration measurement, data collection, signal
analysis, exploring failure frequency, deep learning, and bearing health estimation. The analytical
process flow is illustrated in Figure 1. Vibration measurement involves the use of an accelerometer
to capture the vibration signals, while data collection is carried out using a data logger. The

subsequent research activities are elucidated in greater detail below.

Vibration Data Signal _ | Explore failure
measurement collecting analysis frequency
Deep Bearing health .
o learning estimation > :

Fig 1. Analytical process flow

2.1. Signal analysis
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In this study, two signal analysis methods, namely the Fast Fourier Transformation (FFT) and the
Inverse Fast Fourier Transformation (IFFT), were employed. The FFT is a commonly utilized technique
for analyzing vibration data as it enables the identification of dominant frequencies of vibration

By analyzing the FFT results, the frequencies associated with bearing failures can be identified. On
the other hand, the IFFT serves as the inverse counterpart of the FFT. While the FFT converts time—
domain data into the frequency—domain, the IFFT performs the reverse process, transforming frequency—
domain data back into the time—domain.

2.2. Deep learning

Deep learning, a subset of machine learning, has gained widespread application across various sectors.
Over the past decade, Convolutional Neural Networks (CNNs) have been extensively employed for image
and signal classification [5]—[11], representing a prominent form of deep learning. CNNs comprise
multiple layers of neural networks that perform sequential mathematical calculations. The key layers
commonly utilized in CNNs include input, convolution, batch normalization, max pooling, dropout,
fully connected, and softmax layers. Each layer within the CNN serves a specific purpose,
collectively enabling feature extraction and classification of data. Activation functions play a
crucial role in artificial neural networks, with the Rectified Linear Unit (ReLU) [12] being one of
the most commonly used. In the context of this study, CNNs were applied to develop a bearing failure
classification model, facilitating quick and reliable estimation of bearing health.

3. Experiment

Vibration measurements were conducted on the electrical motor 4GPEM 55-2/1U2, specifically used as a
crowd mechanism generator for the EKG-5a shovel in the Baganuur mine. The process of data collection
is illustrated in Figure 2. For this purpose, piezoelectric—type TEAC s acceleration sensors were
utilized, along with the Keyence NR-500 data logger. Figure 2 provides a visual representation of the
placement of the accelerometer on the bearing house, and the degraded bearing. Vibration signals from
two distinct categories, namely normal and failed bearings, were captured during the measurement
process. The waveform representations of these measured signals can be observed in Figure 3.

.

Acceleration (m/s”2)

0.00 0.01 0.02 0.03 0,04 0.05

Time (s)
Fig 2. Vibration data collecting Fig 3. Time—domain waveform of measured
vibration

4. Results

This section presents the results obtained from the signal analysis and training of the Convolutional
Neural Network (CNN). Both analyses were conducted using the previously mentioned analytical methods.

4.1. Result of FFT

As depicted in Figure 3, the waveform patterns of the two types of vibration signals (normal and
failure) exhibit a significant similarity, making it challenging to distinguish between them visually.
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Therefore, Fourier Transform analysis was performed to further investigate the signals, and the
outcomes of this analysis are illustrated in Figure 4.

0.30 - = rs
Failure o :

Normal

0.25 -

0.20

0.15

Amplitude (m/s"2)

0 260 520 7é0 1040 1300
Frequency (Hz)

Fig 4. Frequency—domain waveform of measured vibration

Figure 4 presents the results of the Fourier Transform analysis. It can be observed that the failure
frequency range is identified within the 410-450 Hz range, as indicated by the grey band.
Additionally, another frequency band was shifted towards the lower frequencies, specifically around
800-1000 Hz.

4.2. Result of CNN

The CNN model utilized in this study consists of multiple layers, including an input layer, two sets
of convolutional layers, two max pooling layers, three fully connected layers, a dropout layer,
softmax layer, and a classification output layer. Each convolutional set layer comprises a
convolutional layer, batch normalization, and RellU activation. The measured time—domain vibration
signals were employed as input data for training the CNN model, with the aim of classifying them into
normal and failure classes. The dataset was divided into training (70%), validation (20%), and test
(10%) sets for the training and evaluation of the CNN model.

Figure 5a displays the learning curve of the CNN model, illustrating the training progress and its
impact on the validation accuracy. Notably, the validation accuracy has been measured and determined
to be 100%, indicating a high level of accuracy in classifying the data. Furthermore, Figure 5b
presents the test accuracy of the CNN model, visualized as a confusion matrix. The confusion matrix
provides a comprehensive representation of the model’ s performance in accurately classifying the test
data.

100
) Normal — Failure
= 60 Normal 100% 0%
o
g a& Failure 0% 100%
E B Accuracy 100% 100%
0 Epoch2 Epoch4 FEpoch6 Epoch8 Epoch 10 Accuracy 100%
0 200 400 600 800 (overall)
Iteration
a. b.

Fig 5. The learning curve and confusion matrix of CNN
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For this particular case, the test data were categorized into two distinct classes: normal and
failure. The confusion matrix, depicted in Figure 5b, showcases the classification results of the
trained CNN model. The diagonal elements of the matrix, represented in blue, correspond to the
accurate classifications made by the model. Notably, the test accuracy, demonstrated by the 100%
value in Figure bb, indicates that all the test data were correctly classified. Therefore, it can be
concluded that the CNN model exhibits excellent performance in accurately distinguishing between
different bearing health conditions.

5. Proposed bearing degradation detection system

In practical applications, accurately detecting bearing degradation is crucial to minimize excavator
downtime, as previously mentioned. However, relying solely on two types of data (normal and failure)
may not provide a precise determination of bearing degradation levels. Therefore, it becomes
necessary to generate new data that can effectively represent the various levels of bearing health
degradation. This additional data can contribute to a more comprehensive understanding of the
degradation process and enable more accurate assessment of bearing health conditions.

To augment the dataset and capture a broader range of bearing degradation levels, new data was
generated by employing signal processing techniques such as Fast Fourier Transform (FFT) and Inverse
Fast Fourier Transform (IFFT). Through these methods, a combination of data was created to represent
bearing degradation levels ranging from 10% failure to 90% failure, with increments of ten percent.

——— 70% Failure
30% Failure

0

Acceleration (m/s*2)

1

—_

(=]
1

)
S
i

T T
0.00 0.01 0.02 0.03 0.04 0.05
Time (s)

Fig 6. Time—domain waveform of created data

Figure 6 displays the waveforms of the “30% failure” and “70% failure” data, which are representative
samples of the entire dataset generated. It is notable that the time—domain waveforms of the
generated data exhibit a high degree of similarity, making it challenging to discern the differences
between them visually. Furthermore, the waveforms of the generated data, as depicted in Figure 6,
bear a striking resemblance to the measured data presented in Figure 3. In order to effectively
differentiate between the data, FFT analysis was conducted on both the measured and generated
datasets, and the corresponding graphical representations are illustrated in Figure 7. This analysis
enables a more efficient identification of the distinctions between the various datasets.

Figure 7 depicts the entire dataset, with the data gradually progressing from the normal state to
various levels of failure. To facilitate easy observation, color coding has been applied to represent
the different stages of degradation. Following the generation of the new data, all data were
subjected to testing using a bearing degradation detection system, which is a CNN model trained for
this purpose. The outcome of the testing is presented in Figure 8.
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The developed bearing degradation detection system provides a means to diagnose bearing failure at an
early stage. The vertical axis of the system represents the bearing health indicator, which serves as
a measure of the current state of the bearing. The horizontal axes, on the other hand, represent the
different levels of bearing degradation. By analyzing the input data using the detection system,

becomes possible to identify the presence of bearing failure and accurately diagnose its occurrence.

Furthermore,

ol ’ i
100 90 80 70 60 50 40 30 20 10 0
Levels of bearing degradation (%)

Fig 8. The curve of bearing degradation detection

the system also enables the estimation of the remaining useful life of the bearing,

providing valuable insights for maintenance planning and proactive decision—making.
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6. Conclusion

This research proposes a deep learning—based bearing degradation detection system for mining shovel
motors. By utilizing CNN, the system has a high potential to significantly reduce downtime in mining
shovels. The CNN achieved an impressive test result accuracy of 100% enabling the classification of
two categories: normal and failure.

Signal processing techniques, including FFT and IFFT, were employed to generate data representing
bearing degradation levels in increments of 10%. FFT analysis unveiled the failure frequency range of
the bearing to be between 410450 Hz. The CNN model, tested with the entire dataset, exhibited
practical applicability for diagnosing bearing degradation.
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Abstract : Spectral indices are combinations of spectral reflectance from two or more
wavelengths that indicate the relative abundance of features of interest. They are often used
in remote sensing applications to monitor vegetation dynamics. The mining and exploration
industries have however been slow to adapt this technique to aid in overall system
optimizations. By combining five multispectral bands sensors mounted on a UAV drone, and
a specialized spectral index, this paper aims to perform the identification of magnetite iron
sands from beach sands. This paper considers five multispectral bands namely blue, green,
red, red—edge, and NIR. By assessing the three best performing spectral indices from a total
of 3'° permutations, it was found that the best spectral index for the identification of
magnetite iron sands from beach sands was ((-Blue-Green+RedEdge+NIR)) = ((-Blue-Red-
RedEdge+NIR)).

Keywords : UAV drone, multispectral imaging, spectral indexing

Originality and Practicality :

This study presents the application of spectral indices, which are typically used
in remote sensing for monitoring vegetation dynamics, to the mining and exploration
industries. This adaptation of the technique for identifying magnetite iron sands
from beach sands represents a novel approach. The practicality of the research is

evident in the use of a UAV drone equipped with five multispectral band sensors.

This setup allows for efficient data collection and analysis. Furthermore, the

assessment of 3! permutations to determine the three best—performing spectral
indices demonstrates a systematic approach to identifying the most effective index
for the specific task at hand. Lastly, it offers a practical methodology for
identifying magnetite iron sands from beach sands using multispectral data captured
by a UAV drone.
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1. Introduction

Modern—day industries invest heavily in output maximization with goals aimed at improving safety,
cost efficiency, and overall system optimization. To improve safety and mineral exploration abilities
the mining industry has been no stranger to this trend as the introduction of machines such as automated
haul trucks, conveyor belts, and unmanned automated vehicle (UAV) drones has been seen. Studies aimed
at employing UAVs to identify certain rocks or minerals in mines are important as they offer a plethora
of these advantages (Martelet et al.,2021 and Saha & Annamalia 2021). Despite this, it is difficult
to perform a thorough mine site, rock, or mineral assessment via a visible light camera—mounted drone.
This is because such cameras do not collect the intrinsic characteristics of rocks and minerals beyond
the visible light spectrum (Sinaice at al., 2020).

Mohajane et al. (2017) applied a method that incorporated remote collection of vegetation data to
identify certain vegetation species via a multispectral camera—mounted UAV drone. Moreover, numerous
authors such as Joanna et al. (2018) have employed a Normalized Difference Vegetation Index (NDVI) to
quantify vegetation greenness as it is useful in understanding vegetation density and assessing changes
in plant health. This study modifies and improves on this methodology, hence, a novel method by which
rocks and/or minerals can be identified in rapid, large—scale areas with detailed field assessments
was born. This proposed method combines multispectral UAV drone technology with our proposed mineral
separation reflectance index to automatically identify magnetite iron sands. This is an improvement
from NDVI which considers the red and near—infrared (NIR) bands, whilst our method considers blue,
green, red, red-edge, and NIR bands. The main potential advantage of this proposed system is that the
UAV drone and the proposed mineral separation reflectance index take advantage of the pre—existing
spectral bands by assessing the difference between a reference subject’s (magnetite) spectral
characteristics with those similar or different to it in an image scene (Girouard et al., 2014 and
Shafri at al., 2007).

Kamaiso, the research location (Figure 1), is situated on the western coast of Yamagata prefecture,
bordered by the Japan Sea to the west. This site contains a deposit of magnetite iron sand, formed
approximately 600, 000 years ago because of volcanic activity from Mt. Chokai (Kobayashi et al., 2019).
Given the global decline in ore quality, it is logical to consider exploring easily accessible placer
deposits like those found in Kamaiso (Nyuyen et al., 2018).

A Magnetite
at placer' !

deposit

39°04'55.0"N 139°52'16.4"E
Kamaiso Fukura, Yuza, Akumi
District, Yamagata, Japan

Figure 1: The map depicts the magnetite iron sand placer deposits in the research area of Kamaiso.
The red polygon indicates the specific study area measuring 30 m by 90 m, within which the UAV drone
was utilized. The map was obtained from Google Maps (2021).
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These deposits hold potential resources that could yield significant profit margins, depending on
their quantities. However, assessing deposits located near coastal areas presents challenges due to
their proximity to the sea. To address this, unconventional methods such as utilizing UAV drones can
be employed to effectively explore and quantify the targeted resources in this region (Beretta et al.,
2019). Figure 1 illustrates a map displaying a 30 m X 90 m area where experiments were conducted to
apply UAV drone technology for identifying magnetite iron sands.

2. Methodological Strategies

2. 1. Combination of UAV Drone Technology with Multispectral Imaging

Over the years, aerial drone technology has undergone significant advancements, particularly in
catering to specialized industrial applications. One major advantage of UAV drones is the ability to
assess sites from remote locations, thus ensuring the safety of human lives (Beretta et al., 2019).
Furthermore, drones equipped with cameras enable real-time site assessments through visual feeds.
These feeds can be displayed in various forms, such as real, false, or pre—processed colors like NDVI
(Normalized Difference Vegetation Index) and other specialized indices that convey specific occurrences
understood by the operator (Mohajane et al., 2017).

Hyperspectral imaging is considered one of the most effective methods for inferring the
characteristics of rocks and minerals based on their spectral properties (Sinaice et al., 2020).
However, van de Meer et al. (2012) have achieved high accuracy in classifying similar rock
identification problems using multispectral imaging. Inspired by these demonstrated capabilities, this
study employs a DJI P4 Multispectral camera mounted on a UAV drone (Figure 2). To ensure centimeter—
level positioning accuracy, the drone is equipped with a real-time kinematics (RTK) module. The camera
system consists of six 2-megapixel 1/2.9-inch (complementary metal oxide semiconductor) CMOS sensors
with a global shutter, mounted on a 3-axis stabilized gimbal. This setup ensures precise capture of
multispectral images at spatial resolutions as fine as 0.1 cm/pixel. The spectral sensor specifications
include Blue: 450 nm + 16 nm, Green: 560 nm + 16 nm, Red: 650 nm + 16 nm, Red Edge: 730 nm + 16 nm,
and Near Infrared: 840 nm + 26 nm. These spectral bands are captured as TIFF image files. Additionally,
the drone has a field of view of 62.7°, weighs 468 g, and features an RGB camera that enables the
extraction of magnetite iron sand spectral information within the visible light spectral range of 400—
700 nm as a JPG image. With a total of six multispectral bands, the system proves effective in a wide
range of electromagnetic spectra within the visible—near—infrared range (VWIR). The drone is programmed
to automatically conduct aerial multispectral imaging at intervals that ensure complete coverage of
the designated area (30 m X 90 m) by the end of the flight mission.

UAV multispectral sensor with
the respective spectral bands

5 — NR —+
[ | _34 m? per 700 nm E

2m image S
16.3 mm? per VAR g

Ground pixel

Figure 2: Flight spatial resolution from 2 meters flight elevation. The 6-bands multispectral sensor
with a 62.7° field of view; (1) Blue: 450 nm = 16 nm, (2) Green: 560 nm + 16 nm, (3) Red: 650 nm + 16
nm, (4) Red Edge: 730 nm + 16 nm, (5) Near Infrared: 840 nm + 26 nm and (6) RGB camera: 400—700 nm
represent the multispectral sensor capabilities. The red point is the reference area from which
magnetite iron sands are known to exist.
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2.2 Spectral Indexing

Satellite—based reflectance—derived vegetation indices and related parameters have proven
useful in monitoring vegetation health and assessing drought conditions, particularly in savannas
and semiarid ecosystems. The NDVI, for instance, has been employed to evaluate the performance
of modern land-surface models in quantitatively predicting vegetation health (Crow et al., 2012).
However, challenges persist when utilizing satellite data for the classification of rocks and
minerals (WO, 2006). One such challenge is that traditional indices like NDVI only consider two
spectral bands (Eq. 1) and are primarily designed for vegetation analysis. To address this
limitation, this study proposes two mineral separation reflectance index techniques (Eq. 2 and
3) that utilize five multispectral bands, namely: (1) Blue: 450 nm £ 16 nm, (2) Green: 560 nm =+
16 nm, (3) Red: 650 nm = 16 nm, (4) Red-Edge: 730 nm = 16 nm, and (5) Near Infrared: 840 nm + 26
nm, to accurately classify magnetite iron sands from beach sands.

(NIR-Red)

NDVI = NIR+Red

@)

(—Blue—Green—RedEdge+NIR)

Index 1 =
(—Blue—Green—Red—RedEdge+NIR)

@

__ (—Blue—Green+RedEdge+NIR)
Index 2 = (-Blue—Red—RedEdge+NIR) &)

3. Experimental and Analytical Results

3 1. Binarized image map

With the UAV employed in this study, each image is captured at a resolution of 1600 X 1300 pixels
then reduced to 1500 X 1250 to account for parallax correction due to the placement of the spectral
sensors (Figure 2). Figure 3A and 3B show a true colour image from the study area and a binarized
version respectively. In binarized imagery, each pixel can only have one of two possible values: black
or white. This process involves applying a threshold to the original image, where pixels with intensity
values above the threshold are set to white, and those below the threshold are set to black.

Binarization is often used to simplify image analysis tasks by reducing complex grayscale images
to a binary representation (Figure 3B). It can enhance the contrast between foreground and background,
isolate objects of interest, and facilitate further processing such as object recognition or
segmentation. Binarization techniques vary and can include methods like global thresholding, adaptive
thresholding, or Otsu's thresholding algorithm, among others.

(2],
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Figure 3: True colour image [A] of magnetite iron sand (dark colour) and beach sand (light colour) vs.
a binarized images of the same scene [B].
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3 2 Spectral Index Maps

As opposed to image binarization, the reflectance spectral index considers multiple spectral bands
and the variations in pixel variation as non—binary quantitative data. Using the same technique as
NDVI where a ratio is used to discriminate phenomena, our approach is a more advanced system that
considers the reflectance values of five spectral bands from each pixel within the image scene, thereby
giving a ratio of sought-after subjects vs. non—sought-after subjects. This was done by using an
algorithm that runs arrangements where each one of the band’s reflectance intensities is multiplied by
a positive one (+1), negative one (-1), or excluded (0) within the index. This results in a total of
59049 (3') combinations as demonstrated by Equation 4, from which spectral index maps were deduced
(Figure 4).

Indices = ((+1)/0/(-1)Blue (+1)/0/(—1)Green (+1)/0/(-1)Red (+1)/0/(—1)RedEdge (+1)/0/(—1)NIR) (4)
tees = ((+1)/0/(-1)Blue (+1)/0/(-1)Green (+1)/0/(-1)Red (+1)/0/(-1)RedEdge (+1)/0/(—1)NIR)

NDVI
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Figure 4: Spectral index separation maps based on NDVI, and two high performance spectral separation
indices used to map magnetite iron sands and beach sand [A], and mapped pixel density histograms [BJ.
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Having assessed the two highest—performing indices for these procedures in comparison with NDVI,
it was found that indices 1 (Bq. 2) and 2 (Eq. 3) performed the best for this task. With reference to
Figure 4 spectral separation maps, NDVI had the least separation performance, index 1 being the mid-
performer, whilst index 2 showed the best separation performance. This is moreover supported by the
histograms in Figure 4B which quantify the number of pixels belonging to each class. All three indices
were able to separate the magnetite from the beach sand, however, index 2 is better suited as it
recognizes two main endmember classes, which agrees with what the original scene shows (Figure 3A).

4. Discussion

Global binary thresholding from multispectral data, while a simple and commonly used method for
image binarization, has several disadvantages such as sensitivity to image variations, limited
adaptability, lack of flexibility, difficulty in handling noise, and inability to handle shadows or
gradations (Joiner et al., 2018). To overcome these limitations, more advanced techniques such as
spectral indexing are vital. These methods consider local image characteristics and adaptively
determine the threshold values, resulting in improved segmentation results for a wider range of image
types and conditions. Though all three indices have exceptional separations based on the maps (Figure
4A), the histograms (Figure 4B) suggest the best—performing index for magnetite iron sands and beach
sand is the proposed index 2 (Eq. 3).

5. Conclusions

The best performing proposed spectral indexing technique (index 2) has several advantages over
conventional image binarization techniques and NDVI. In the identification of magnetite iron deposits
from beach sand, index 2 was found to be; non—destructive and cost—effective; demonstrates enhanced
discrimination by combining information from multiple bands to create an index that highlights specific
features or characteristics in the data; sensitive to target parameters as it is designed to capture
specific characteristics or properties of the target of interest (Magnetite iron sand); and lastly;
this spectral index provides a standardized framework for comparing different datasets
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Fluid-inclusion microthermometry of barite in the black

and yellow ores at the Ezuri deposit, Akita, Japan

Apivut Veeravinantanakul!?, @tF 75 2

(KRR FHG A 2 —, 2 EEE R AEERD

apivut.vwgipc.akita-u.ac.jp

Wi : This research aims to reveal the characteristics of fluid inclusions
and ore-forming conditions of barites in the black and yellow ores at the
Ezuri deposit, based on petrography and microthermometry. Barites are
defined as gangue minerals in these ores. The barites are colorless and
typically have a subhedral to euhedral blade or tabular shape, with sizes
of approximately 300 pm. The fluid inclusions in the barite of both the
black and yellow ores are predominantly primary, liquid-rich two-phase
(L+V) fluids. The size of the fluid inclusions in the barites in the black
and yellow ores is similar, ranging from 3 to 5 pym. The modes of
homogenization temperatures of the fluid inclusions in barite for the
black and yellow ores are 140-150 °C and 160-170 °C, respectively. The
average salinities of the fluid inclusions in barite are 5.2 wt. % NaCl eq.
and 6.1 wt. % NaCl eq. for the black and yellow ores, respectively. These
homogenization temperatures are lower than those of other Kuroko
deposits in the Hokuroku basin and the salinities are slightly higher than
that of seawater, indicating a possible result of the mixing of magmatic
fluids and seawater.

¥ —U— F : Ezuri, Kuroko, barite, fluid-inclusion microthermometry

mEtt - =Rk

This study presents the characteristics of barite in the black and yellow ores at the Ezuri deposit
in the Hokuroku basin, Akita, Japan. Since the Ezuri mine was closed in 1991, it has not continued
studying almost 20 years ago. This research aims to reveal the ore-forming conditions of barite which
accumulated in the black and yellow ores using recent analytical techniques. We compared and
discussed the data with those of previous studies for the Ezuri deposit as well as other Kuroko deposits

in the Hokuroku basin and current knowledge of the Kuroko deposit study. This study contributes to

understanding of characteristic and formation mechanism of deposits, mineral exploration and

development for worldwide Kuroko deposits including the ones in Akita.
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Fig. 1. (A) A location map of the Ezuri mine (modified from Kitazono and Ueno, 2003; Komuro and Kajiwara, 2004).
(B) A schematic map illustrating the distribution and shape of the ore body at the Ezuri deposit (modified from
Sato and Sasaki, 1980; Ono and Sato, 1995). The contours on the map represent the divisions of the upper
surface of the stratiform black ore in the mine (Komuro and Kajiwara, 2004; Sato and Sasaki, 1980). Black and
yellow dots are the sampling locations of black and yellow ores, respectively.

History
o First exploration: 1977 after the discovery of Fukazawa deposits (Ishikawa et al., 1980;

Sato and Sasaki, 1980; Nakajima, 2006).
o Evaluated ore grade: 9.0-9.3 wt% for zinc, 3.0-3.2 wt% for lead, 1.3-1.7 wt% for copper,

140-200 g/t for silver, and 1.4-1.7 g/t for gold (Nakajima, 1989).
o Mine closed: September 1991 (Nakajima, 2006).

Objectives
1. To elucidate the characteristics of barites and their fluid inclusions in the Kuroko ores at

the Ezuri deposit
2. To investigate the ore formation conditions of barites in the Kuroko ores at the Ezuri

deposit
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Petrography
Macro- and microscopic observation
[Black ore: L60| [ Yellow ore: L215]
L6060 [C] L215Cp

[E]
| L215Py
I
I
|
I

. 4

Fig. 2. (A, C, E and G) Hand specimens of black and yellow ores. (B and D) Photomicrographs showing massive
anhedral sulfides in samples (B) L60 14 and (D) L60 16, and (F and H) massive euhedral to subhedral sphalerite,
chalcopyrite and pyrite and anhedral pyrite, galena and tennantite-tetrahedrite in samples (F) L215Py and (K)
L215Cp. (Bar = barite, Cp = chalcopyrite, Gn = galena, Py = pyrite, Qz = quartz, Sp = sphalerite and Tn-tet =

tennantite-tetrahedrite)

Mineral assemblage of the black and yellow ores

i Black or Yellow ore

Minerals —er~a™| Leo 16 | L215Py | L215CH
Pyrite [ ——
Marcasite - s
Chalcopyrite| N —— | I | R
Galena —_ —r —— .
Sphalerite | |
Tennantite- . N ]
Tetrahedrite
Quartz
Barite I | S | ——
I abundant = :minor ------ .rare

Mineral grain size:
e Black ores (Figs. 4A —4D): 5 to 300 um, with an average of 150 pm

e Yellow ores (Figs. 4E — 4K): 5 to 600 um, with an average of 400 pm
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Sample preparation and analytical methods

e Doubly polished thin section: 10 mm square and 200-400 um thickness

e Fluid inclusions obsevations: a Nikon ECLIPSE LV100N POL polarizing microscope at

Akita University
o About 20 fluid inclusions containing in barite were observed and measured per
sample.

e Microthermometry measurement: a LINKAM THMS600 heating and freezing microscope

stage attached to a Nikon ECLIPSE LVI0ON POL polarizing microscope at Akita
University
o Calibration compounds for the measurement: CO2 liquid (-56.6°C), n-decan (-
29.68°C), n-dodecane (-9.6°C), n-tridecane (-5.5°C), pure water (0°C), n-
tetradecane (5.5°C), benzanilide (163°C), sodium nitrate (308°C), and potassium
dichromate (398°C)
o Salinity of fluid inclusions: 0.00 + 1.780 - 0.04420? + 0.0005576°, where 0 is the
depression of the freezing point in degrees Celsius (Bodnar, 1993)

Fluid inclusion microthermometry

5.7 Wt% NaCl eq.
10 ym

10 ym

Th=176 °C
y Tm=-38 °C

6.2 wt% NaCl eq.
10 ym
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L60_14 (Black ore) ) Fig. 3. (A and D) Representative
. - . i doubly polished thin sections
' J Th =148 °C of (A) black ore sample
B T =-3.5 °C L60_14 and (D) yellow ore

sample L215Cp show the
tabular or blade shape of
barite, filling the space
between the sulfide minerals.
(B, C,E and F)
Photomicrographs showing
primary liquid-rich and
vapor phase fluid inclusions
from barites in representative
(B and C) black ore samples
L60 14 and (E and F)
yellow ore sample L215Cp.
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Fig. 4. (A and B) Representative doubly polished thin sections of (A) black ore sample L60 14 and (B) yellow ore
sample L215Cp show the tabular or blade shape of barite, filling the space between the sulfide minerals. (C) The

350

correlation diagram, based on the homogenization temperature and salinity values of fluid inclusions, displays
the data for barites in the black ore sample L60 14 and L60 16 (represented by black dots) and the yellow ore
sample L215Cp (represented by yellow dots). The area enclosed by a thick dashed line represents the results of

the homogenization temperature and salinity data from fluid inclusions in barite, quartz, and sphalerite from
other Kuroko deposits in the Hokuroku Basin (Foley, 1986; Kitazono and Ueno, 2003; Lu, 1983; Marutani and

Takenouchi, 1978; Pisutha-Arnond and Ohmoto, 1983).

fluid

Conclusions

1. The fluid inclusions in barite in the black and yellow ores have similar homogenization
temperatures and salinities, ranging from 140 to 190 °C and 2.6 to 7.2 wt % NaCl
equivalent, respectively.

2. The lower homogenization temperatures of the fluid inclusions in barite compared to those
in quartz and sphalerite indicate a predominant mixing of seawater in the hydrothermal

system.

3. The salinity values of the fluid inclusions in barite in the black and yellow ores are slightly
higher than the salinity value of seawater, suggesting a mixed source of magmatic and
seawater components.

— 180 —



T4 FEFERK RS T A& o Z — R RS

References

Bodnar, R. J. (1993) Revised equation and table for determining the freezing point depression of
H20-NacCl solutions. Geochimica et Cosmochimica acta, 57(3), 683-684.

Foley, N. K. (1986) Fluid Inclusion Study of Ores from the Fukazawa Mine, Hokuroku District,
Akita Prefecture. Mining Geology, 36(195), 11-20.

Ishikawa, Y., Shimoda, T., Sawaguchi, T. and Sato, Y. (1980) Exploration for the Ezuri kuroko
deposits in the Hokuroku district - Summary of a step-by-step prospecting to the discovery
of ores. Mining Geology, 30(3), 137-152 (in Japanese with English abstract).

Kitazono, S. and Ueno, H. (2003) Mineralogical and Genetical Aspects of the Doyashiki Kuroko
Deposits, Hokuroku Basin, Japan. Resource Geology, 53(2), 143-153.

Komuro, K. and Kajiwara, Y. (2004) Germanium-bearing Colusite in Siliceous Black Ore from
the Ezuri Kuroko Deposit, Hokuroku District, Japan. Resource Geology, 54(4), 447-452.

Lu, K. L. (1983) Geology and geochemistry of the Uchinotai-east ore deposit, Kosaka mine, Akita
Prefecture, Japan. Mining Geology, 33(182), 367-384.

Marutani, M. and Takenouchi, S. (1978) Fluid inclusion study of stockwork siliceous orebodies
of Kuroko deposits at the Kosaka mine, Akita, Japan. Mining Geology, 28(151), 349-360.

Nakajima, N. (2006) History - Zinc (2) - Changes in Zinc Mines and Smelters in Japan and Efforts
to Secure Overseas Zinc Resources. Metal Resources Report, 117-127 (in Japanese).

Nakajima, T. (1989) Explanatory text of the geological map for mineral resources assessment of
the Hokuroku district, scale 1:50,000. Miscellaneous Map Series (27), Geological Survey
of Japan, 107p. (In Japanese with English abstract 10p.)

Ono, S. and Sato, J. (1995) Gold and silver ores from the Ezuri Kuroko ore deposits, Akita
Prefecture, Japan. Japan. Journal of mineralogy, petrology and economic geology, 90, 268-
279 (in Japanese with English abstract).

Pisutha-Arnond V. and Ohmoto, H. (1983) Thermal History, and Chemical and Isotopic
Compositions of the Ore-Forming Fluids Responsible for the Kuroko Massive Sulfide
Deposits in the Hokuroku District of Japan. Economic Geology (Monograph), 5, 523-558.

Sato, Y. and Sasaki, K. (1980) On the Ezuri kuroko deposits with special reference to the present
status of exploration and development. Mining Geology, 30(2), 88-89 (in Japanese with
English abstract).

— 181 —



AN 4R R R A v 2 — e A R s

Mineralogical and geochemical characteristics of ores of the

Furutobe deposit, Akita, Japan

Manuel Nopeia', @ =% 2

(BB RFHT A A o & =, 2 E IR IR
manuelnopeia@yahoo.com

BEZ © The Kuroko deposits generally consist of Zn-Pb-rich black orebodies and Cu-Fe-
rich yellow orebodies, and many of those are distributed in the Hokuroku district, Akita,
Japan. We investigated the mineralogical and geochemical characteristics of the black
and yellow ores of the Furutobe Kuroko deposit in the northern part of the Hokuroku
district. Our results revealed textural changes of sphalerite in the black ores, i.e., from
massive sphalerite to sphalerite with chalcopyrite disease towards the contact with the
yellow ores. Sphalerite near the contact has higher Fe, Mn, Cd and Sn contents, when
compared with that found far from the contact with the yellow ores. The bulk chemistry
of ores indicates that Au and other metals in the black and yellow ores deposited from
different fluids. Gold is positively correlated with Cd, Mn, and Sn in the yellow ores,
but not in the black ores, suggesting that Au in the yellow ores could be sourced from
higher temperature magmatic fluids. The black ores were formed earlier and then

converted to yellow ores by interaction with hotter, Cu-rich fluids.

¥ — U — F : Kuroko, volcanogenic massive sulfides, Furutobe deposit,
geochemistry

mat - =Rk

This study provides new data of petrography and bulk rock geochemistry of black and yellow ores,
and trace element compositions of ore minerals of the Furutobe deposit, the Hokuroku district,
Akita, Japan, in addition to those of previous studies, and deals with the process of mineralization.
Economically important points we investigated are the formation processes of the yellow ores
which have replaced the black ores, and the mode of occurrence of Au, Ag and other trace elements
in the ores. The understanding of the formation processes of the black and yellow ores in this case
study can be a guideline of exploration of volcanogenic massive sulfide (VMS) deposits in the
world including Kuroko deposits in the Hokuroku district, Akita, as well as seafloor massive sulfide

deposits. The description of the mode of occurrence of impure metals including Au and Ag of both

the ore types is applicable to the studies of mining, mineral processing, and smelting to improve

recovery rates of byproduct metals for Kuroko deposits.
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GEOLOGICAL BACKGROUND

In this study, we discuss the implications of mineralogy and geochemistry of ores of the
Furutobe Kuroko deposit. The Kuroko deposits are distributed in Hokuroku district, within the
northeast (NE) Japan arc, which was related to subduction of the Pacific plate in the Miocene
(Fig. 1; Yamada and Yoshida, 2004). The Furutobe deposit is located in the northern part of
Hokuroku district (Fig. 1). The ores in the deposit consist mainly of the typical Kuroko ores, with
minor vein-network type ores (Takasawa, 1969; Tanaka et al., 1974).
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Figure 1: Geological map of the Hokuroku district; the Furutobe deposit is located at the
northeastern part (modified from Tanimura et al., 1983; Yamada and Yoshida, 2004, 2013).

SAMPLES AND METHODS

About 20 samples of black and yellow ores were prepared as polished sections for petrographic
observation using optical microscope and scanning electron microscopy, and for mineral
chemistry using electron probe micro analyzer at Akita University. Pulverized fractions of the
samples were acid-digested and analyzed for bulk compositions using atomic absorption
spectrometry (for Zn, Pb, Cu, Fe) and inductively coupled plasma mass spectroscopy (for minor
and trace elements, such as Au, Ag, Cd, Mn, REEs, and so on).

PETROGRAPHY

Black ores occur as massive layers and clasts within the yellow ores and are composed of
mainly sphalerite, galena, tetrahedrite-tennantite solid solution and inclusions of electrum in
galena and sphalerite (Fig. 2a-g). Sphalerite occurs in three textural types: sphalerite I is massive
and appears to have replaced the host rocks; sphalerite II is also massive but, in some cases,
contains inclusions of framboidal pyrite; and sphalerite III shows chalcopyrite disease which
evolved into layers of chalcopyrite near the contact with the yellow ores (Fig. 2a-f). Yellow ores
are composed mainly of chalcopyrite and pyrite, with minor galena and sphalerite (Fig. 2g).
Electrum occurs as inclusions in chalcopyrite in the yellow ores.
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Figure 2: Hand specimens of (a) a yellow ore with a portion of mixed ore, (b) yellow ore with
fragments of black ore, and (c) black ore with pyrite+chalcopyrite vein. (d) A backscattered
electron image of sphalerite I replacing the host rock, and (e-g) photomicrographs showing (e)
sphalerite II with inclusions of pyrite, (f) gradational contact between the yellow and black ores,
and (g) euhedral-subhedral pyrite and chalcopyrite from the yellow ore. ccp: chalcopyrite, el:
electrum, gn: galena, py: pyrite, sp-1: sphalerite I, sp-I1: sphalerite II, sp-I1I: sphalerite I1I.

MINERAL CHEMISTRY

Sphalerites 1, II and III have different compositions (Fig. 3a-d). Sphalerite III found near the
contact has higher Fe, Mn, Cd, Ag, and Sn contents, when compared with sphalerite I and II that
occur far from the contact with the yellow ores. Trace element compositions of chalcopyrite and
pyrite are uniform and most of the data are below the limit of detection. Electrum has
Ag/(Ag+Au) ratios of 24-34 % and 26-60% in yellow and black ores, respectively.
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Figure 3: Composition of sphalerite I (sp-I), sphalerite II (sp-II) and sphalerite IIT (sp-III). (a)
Zn and (b) Ag contents. (c-d) Binary plots of (¢) Cd vs Ag and (d) Cd vs Sb.
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BULK GEOCHEMISTRY
v' The Au grade of the black and yellow ores ranges from 0.80 to 10.5 g/t and 3.37 to 8.75
g/t, respectively, with one black ore sample having an outlier grade of 94 g/t.
v The Ag grade of the black and yellow ores varies from 203 to 507 g/t and 224 to 348 g/t,
respectively.
v' Silver shows no correlation with Au. Gold in the yellow ores, but not in the black ores,
positively correlates with elements such as Cu, Sn, Cd, and Mn.

CONCLUSIONS

The textural changes of sphalerite, from massive to chalcopyrite disease-bearing sphalerite
towards the contact with yellow ores, resulted from interaction of black ores with Cu-rich, likely
hotter fluids responsible for the formation of yellow ores in the Furutobe deposit. The bulk
chemistry of ores indicates that Au and other metals in the black and yellow ores had different
sources. These findings are consistent with the conversion model for the formation of Kuroko
deposits, which postulates that black ores were formed at an earlier stage and converted to yellow
ores by reaction with hotter fluids.
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