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Platinum Group Metals (PGMs)

Platinum Group Metals [PGMs)
- Pd, P, Bh, Ru, O, If PGMs, Au, Ag
® L produtten ‘,

* Uneven distribution of preduttion area
* PONS wied Tor car saxfuast catabyl, jrwelry,
eecironcs devices

Ag

| ==

Car exhauit catalyst
b 400 of #1 i cad
[, L
e —
W g m ¥ =+ Pd
Rhadium e
Abeosst BF% of B b uned - — Pt
o i bt canainr J A
HE
sy Precipitation —+ If
Car exhaust catabyst s the three-way Resid [Hh]

catalyit consisted of Pd, Pr, Bh
v {5): sobhvent extracticn]
LR P ——
Gt s s s Pt i, 32435

Mechanism of Solvent Extraction

Solvent uxmctun [ Mechanism of solvent axtraction |
2
cl
O + %R
."‘ -’i"‘"“g [Extractant]
[Hlﬂh |
)
R . Extractability “H :_‘;
";-..;-“ Pd>Pt»Rh | |-~
e~ x| o o
a0 R R=X-M

Coordination mechanism lon pair mechanism

Nammnctabiding Ratractability
Pd(ll} = Pt} 2 Rhill) 2 Py M1, = MCLE & MCLT > MGl
—':r P pr— PACLY PG RROLY

S e o prenp B e Ea e D v b Vo 008 ap 508500

Selective Precipitation of Rh &
- o~
&-Hexylaniline O ,‘—) Ml
(u--w-) Q
S
o >
Pd, Pt, Rh in HCI —— %:3 o
mkunwwuaue

K Matsumoto of al, ACS Omega. 2019, 4, 1863.1873
PPOA
T Comtrbgaron Sepermans xr
_— .
‘_:":N ™ Mets contmmrg
Py precotme |Cryte)
s .

Single cryvtal structure

K Matsumoto et al ACS Omege. 2019, 4, 1461318620

This Work

Precipitant: Aromatic primary diamines.

m,ﬂ—@—nﬁ,{:

p-Phmylene diamine Fydrechlande

cm,uwnn,m

m-Phemdene dismine hydrachlaride

(PPDA] [MPDA)
PGM precip i behaaar will change due ta
the differe im the chembcal structung

Target : = Selective precipitation of PGM using PPDA or MPDA.

* Maechanism analysis of PGM precipitation.

PRI or MIPDAL =y
PP - 1% -J.h-l
P = 1% ekl

LT
b,

st gt Supematant. — 0P
—_—

P— Wezal Lomaning

1 lor AP, precipiate

Precipitation percentages of the metals wene evaluated by IOP of the supernatant.

4 [

HE concanirabien [M]

Precipitation of PGMs from HCl Solutions '

Precipitation of PGMs from HCI Solutions )
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Selective Precipitatiun Using PPDA
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DIROpEE
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B obution

Selective Pre:ipitation Using MPDA

CHMH P
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Single-Crystal X-ray Structure Analysis Analysis of MPDA-Pt
RO or MPDR ﬁ J Caloulated from 4 rgle cryst,
Sl arekeg Fitrataon
N pE——— ) Y| IO OO YR P
bArasoned
PPDA-Rh MPDA-Rh MPDA-PL
et XM 3 et
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Rl Wi o
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sl R =t . the Lumi strueture 5 its single crystal,
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L |
Mechanism of Selective Precipitation “1 Conclusion "
PPDA-Rh MPDA-Rh PDA-Pt * Aromatic primary diamines precipitated PGMs from HCI solutions.
»
'«a %’5'% X‘&Xﬁ& :“\ ?;‘}( PPOA - - - Rh selective precipitation from 4-6 M MO solutions
. s . Bl
. < MPDA « + + Pt selective precipitation from high HCO concentrations (2 8 M)
’t:p:{“ﬁ’t‘ Xﬁ&ﬁx. x L, x ®  Selective precipitation of PGMs was achieved using aromatic peimary diamines
' ST ] R e ) from catalyst leaching solutions (PPDA for Rh, MPDA for Pt)
ST MM MR

[RhCLJ™/ PPDA 1 CI'TH,0  [RhCLJ> : MPDA : CI : H,0 [PICL]"] MPDA
“1:2:1:2 “-1:2:1:3 =1:1
Packing cosfficikent
0702 0.701 0.740
Pt sefective precipitation using MPDA

© MPDA-Pt is stable even at high HCl concentrations,
(Due 1o high packing coefficient)
* MPDA-Rh is unstable at high HO concentrations.
(Dissolution due to caticn exchange with proton)
Rh selective precipitation using PPDA
© PPDA-Rh s stable in 4-6 M HO solutions,
© PPDA-Pt does not form precipitate.

)  Pselective precpitation

mp Rh selective precipitation

® Aromatic primary diamines formed icnic crystals with PGM chiloro-complexes.

* The ddference in the stability of lonic crystals in MOl solutions leads to selective
precipitation of PGMs.
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Introduction
Objective:

Designing and synthesis of organic electrodes for next gen-Li-ion
battéitgsbatteries (LIBs) - high energy density, high specific capacity, and
high efficiency along with low cost and long life time
A n Limitation in Conventional LIBs
Li-ion batteries + High gravimetric and Volumetric density
= « Structural rigidity
« Environmental issues & lack of ore in earth
crust
« Specific Capacity of Graphite (372mAh/g)
« Solid Electrolyte Interface
« Self Discharge

— ——
Anode material : Graphite

Cathode materials
General formula Li,MX;, (M=transition metal,

Focus is on organic electrodes with higher
enerqy density for future LIB technology

Previous work in organic electrodes

Covalent / Metal-Organic
Frameworks

Molecular
Crystals

Toenl A bl

Polymers and ‘ Supramolecular

M
Macr

p2% . A

S,

*Para-polyphenylene

Previous work on bipolar para-polyphenylene as electrodes for LIBs
Zhu et al. as reported bipolar redox active cathode and anode for LIB ( < > } n
*Bipolar : p- & n-type of redox activity, where p-doped at high potential as

cathodic electrode and n-doped at low potential as anodic electrode -

Low potential range: +0.02 V to +1.5V : v
Capacity : 400 - 600 mAhg for current 40 mAg™ | —

High potential range: +3.9 Vto +4.5V
Capacity: 80 - 70 mAhg for current 40 mAg™ ’

Zhu, L. M., A. W. Lei, Y. L. Cao, X. P. Ai, and H. X. Yang. Chem. Comm. 2013, 49(6) 567.

Synthesis and characterization of Hyperbranched Polyphenylene
as electrodes for Li-ion batteries

Pd(OAc),,
o cl SPhos
\, EE— .
B
o’ K3PO,, THF/H,0,
Cl 66 °C, Ar atm. Ci/n
Scheme: Suzuki i
| X *
I35 TTA 18 1410 135 6 137.0 1386 1336 1310 12,6 47,0 1356 133
o o < B hecgninpiipagiiing S——
> - e e e e

15C NMR of HBP from 3, 5-dichlorophenyl boronic acid pinacol ester
r 20

PEEZED Cf branchm%B =50% oe= Ir+L 2D+L Comparison of TGA of HBPs synthesized
- ° from ide and j

Tusss-400 OC & Tyy00, - 600 °C

> Molecular weight, M, = 22,500 gmol! & M,/M,-1.85

Laurel Simon Lobo, Kazuya Matsumoto & Mitsutoshi Jikei, “Synthesis of hyperbranched polyphenylenes using aryl dichdoride
” Polym. Adv. Technol., vol. 31, no. 8, pp. 1875-1882, 2020.

nonomers by Suzuki

Introduction: Organic electrodes for LIBs

Potential of organic electrode materials

»  High theoretical capacity
) Flexible structural design-ability

7
\

>

> Ease of synthesis f

»  Environmental friendliness ' #at "
W\ gy

Challenges in organic electrodes :? s

» Poor electronic conductivity \ T ”

» Low volumetric energy density -

» Easy dissolution into liquid
electrolytes
» Sloping operating voltage
» Cyclic instability
Polymerization is a strategy used to overcome the solubility issues
associated with small organic molecules for charge storage

Annlinatian

Most interesting advantage of organic
materials is they are electro active not only
towards lithium but any metal ion in general

This Work

Hyperbranched Polyphenylene was evaluated as a

Li-ion battery electrode

This Work

Suzuki Polycondensation of HBP from aryl dichloride monomers
Pd(OAC),,

o, cl SPhos
/B
o K;PO,, THF/H,0,
Cl 66 °C, Ar atm. Cl/n

Investigation of Hyperbranched polyphenylene as electrodes for LIBs

Hyperbranched

&
gc 2 Large surface arey a% - Polyphenylene
£5 g5 e
S Hyperbranced 24 —— Y
- R Architecture Ry B er X
Fabrlcatlon Of ce" : E 95 'ﬂ") Hig hcrﬂ;cnrcutal capacity 1143.63 mAhg~
e o \E Highly porous 3D networly g e e tolow b repeatingunit
ey 1zl

Cyclic stability & highe¥
Specific capacity

& . -
BET Analysis
Surface area Total pore Avg. pore
S. No. (a, BET) volume diameter
[m? g (cm.g") (nm)
HBP 48.566 0.3253 26.795

*Nitrogen absorption and desorption measurements, specific surface area and porosity

rface area and porosity relatively high compared to the

I:> HBP revealed high specific su
typical linear polymers

| Solubility: NMP, THF, 1,4-dioxane, Tetrachloroethane, Cyclohexanone & o-dichlorobenzene

¢ Pd©A9, 10wt.% MWONT g
o SPhos — (Dispersing in NMP)
g ) oo MWCNT
onication, .
o K;PO,, THE/H,0, 15 min composite
Cl 66°C, Ar atm. Cl/n

HBP
Scheme: Syntheis of HBP by Suzuki polycondensation and
preparation of HBP/MW CNT composite

Low conductivity in HBP is increased by adding MWCNT to HBP, to obtain

= HBP/MWCNT composite

Electrochemical studies were evaluated for HBP and HBP/MWCNT composite electrodes.
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Electrochemical studies
aration of electrodes

SE.

Conductive
additive
(carbon black)

Pre,

"o .
"¥-9
—

Mixing

Active Material
(HBP or
HBP/MWCNT

composite)

Binder
(€MC)
ion

hematic il fre

Ratio = Active material: conductive agent: binder = 7:2:1 or 8:1:1
Coated thickness ~150um, Electrode loading mass = 1.5 mg and Surface area = 0.95 cm?

Fabrication of cell for electrochemical measurements

Casing wewi_ 1

- Spring

Spacer
P — Li metal
Separator —— —————————

| ——

Electrolyte ==
< ] HBP electrode

Casing ~=={

Electrochemical studies

« Cyclic voltammetry

< Charge-discharge studies
«+Electrochemical impedance

* Cu foil is been used as current collectors

* LiFPg in EC :DMC solvents (1:1 v/v%) as
electrolyte

« Li metal as reference and counter electrode

« Celegard as separator spectfrosconv

Electrochemical studies: Galvanostatic charge-discharge

etudina

HBP  charge-discharge studies Cyclic stability & Rate performance
30 100mAg’ 50mAg' Gycles 1200 {3 Pl
orele, h SRR G
i L]
—a 1000 ° ° % M ivp
e 2 ° ° w0 &
3 o E w0 @ Charging 3
320 — £ . n @
° — s 2 SymAd @ Discharging 13
2 — g o @ Columbic efficiency [ o
5 — 53" & a0 .2
4
g A 3 2 comng’ 0o meg' [0 8
S — & 20 500 mAg]’ . 0 3
5 Lithiation N g 1000 mAg, . 3
Sos ~Lithation ] %%ww S
2 o =
0.0 @« 10
a0
o 300 200 1200 o © 2 s 4 s
Specific capacity (mAhg ™) Number of Cycles
HBP/MWCNT composite
200mag" 100mag" gl o fy
> o
H )
g § @ Charge g
S mAg @ Discharge oG
%‘ @ Coulombic efficiency | &
£ o ) omis oo 8
g 100
S | o £
9w 300 mAg" 03
5 ey H
§ 200 S
0.0 1z 20 =
o 20 sw | 70 1000 1260 I @ 100 180 10 180

Specific capacity (mAhg”) Number of Cycles

Good stability was achieved for HBP/MWCNT compared to HBP electrode  *°

Conclusion

* Synthesis of HBP from aryl dichloride monomers and obtained high
thermally stable & high specific surface area compared to linear
polymers

« HBP/MWCNT composite electrode obtained stable electrochemical
performance from increased electronic conductivity and branching
architecture

* Hyperbranched architecture can be develop for future high-energy
organic electrodes for different metal-ion batteries

.
o Jsean e SmUsee 44 ogy o fy -
s Delithiation 2 & 3 8|~ Before cyclin
- Foono @ charge 2 s
Enn E g © Discharge 8 —9— After 160 cycles
- £ 0 o,
z . o s
5.0 Lithiation “oycle| & P
2 — 3% cycle 3 100 mag” ]
5 S .| 3
3as 2 0’ ws 2
5 R, [ 3
20 8 20 S
4 2 o
2 o 20
I ERIE] T34 5 b o

T

T3 5 4 % W
Voltage (V vis Li*ILi) Number of Cycles 2" (ohm)

— 102 —

) Current (mA)

Electrochemical studies

' o
Scanrate-5mVs’  36_408V Scan rate -5 mVs " - HEP
05 Delithiation _Zj 00 $ 25 ‘composite
o H @’/ L
05 —eycle | |20 & — 1:
makinn —2cycle| |5, — 2P
0 —3"cycle ‘g - —3
4 -0
15 O I
2.0 -5
20 Voltage range - 0.01V 10 2.0 V. “L,,
1 2 3, 4 0o s 10 s 20 6 5 10 15 20
Voltage (V v/s Li'/Li) Voltage (V) Z(ohm)
Cyclic voltammetry Impedance spectroscopy
Cyclic voltammetry:

*Bipolar electrode behavior (operating voltage : 0.01 - 4.8 V)

«Clear redox peaks observed in lower voltage range (0.01 - 3.0 V)

*Only anodic peak at higher potential range (3.0 - 4.8 V) without cathodic
«SEI formation in the first scan and stable reversibility from 2" scan onwards

Impedance spectroscopy:

Electronic conductivity of HBP/MWCNT is increased compared to HBP

| Charge-discharge studies as an anode material at 0.01-3.0 V was evaluated

Electrochemical Impedance spectroscopy

HBP and HBP/MWCNT composite electrodes

40 HBP MWCNT/HBP
-@- Before cycling 8] —@— Before cycling
%1 _o- After cycling —3— After 160 cycles
30 .
—_ -6
€ 5] £
S S
L 20 Fa
H N
N -15-
0] 2
5]
o
ol
0 5 10 15 20 25 30 35 40 45 o 2 4 6 8 10 12 14 16 18 20

Z'(ohm)

Z'(ohm)

eIncrease in the charge transfer resistance in the HBP electrode due to the
formation of an SEI layer during cycling resulted in the capacity fading.
*Relatively low resistance effect in the HBP/MWCNT composite electrode
Superior intrinsic conductivity of HBP/MWCNT influencing diffusion

coefficient of lithium ions

* Rapid charge transport and enhanced electrochemical performance.




B2 FEFERK R H-IT AlAE T o F — R TR S

FeCo EAENDHBFENEAICKL S ESEREMAM M ORFE

B AN %

(B TR BB T = — )
takashi@gipc.akita-u.ac.jp

BME:LFE, T—F MK A ML —VICHE L3 VX —HEEOHERKPHEEICR-T
Wb, ZTIHDETZ RO FITKAMA DGR TH D, FeCo EEEIX, LT
T EAEZEANTDHZET, BIEMRRRORXA VD LA B DBAaMEIE 055 2
LS, 2004 GEICA Y = —F L OBBRHE /L —FIC LY RS, 2 TABE TR

EBRIIC FeCo ~DIKE T E DB AZRA, MARMEEITET 5, HARIICIE, FeCo G4
BEZ R L, TR LY FeCo ~DIETEDHAERAL DL, EETRI VYV ITT7 4 —
Bl ©F 2 2 — VIR L L, BERERFE D Y A RIRIEPECIRBE IS O g 72 © 21T 9,

F—T—F:— FEMEME, BZREE, 577, Rk FrzroY=70 07

SEf:
%ﬁﬁﬂ@#%%ﬁﬁ@(F%%%iyy*YUyﬁ)%%/xﬁ—»%%%l(f/%
7)) VX, FEM - BEREMM B AR L L) LT A EERICL o TCOX—T 7 /v —Thd,

uT_A%%ﬁﬁ%m&%mﬁ%T¢

() KAWA (Hi't—4F—, BEVoRxL—F—7 L)

FeCo A4, BUERIRDOR AT U AEA D 2 {EOAFHEEZHT 5 Z LR EGwH TR ST
wét@\%bﬁﬁmfhi\¢®2%@@b@% HZ—INEBLL, 5D 25D /NT—RE

HEEATHBEBIJABHESY 2 X L — X —NFERT L L WfFSh D,
Q) EFT A A (KA PL—Y, N—KF 427 R4 7 HDD 72 &)

KT —H X =TI HEO HDD PR T — 7 0@ RiRE LTl v, WHEEDINIEFIC
K&V, b L HDD —EY 0 OFSEE &7 ETE UL, ZOREIREFY 70 HDD £ % )
CHIENTED, GBI ITKARARMEICKTF T 2 DT, FeCo G & ITRHMARND =7 B
HDD, X7 —7 & T 52 EnifiEsnsd,

BSEEOMERR
TEARE T —~ 2 LL FIZRT,

() mh - mH e —2 —IC& T 2 i RESREE OBIJE (NEDO — /L ¥ — « BRECHHA /S 7'
7T L KEF ¥ Y2050)
* FeCo B &S~ D — L RIFMNIC £ DR EHOEA L — Bl 5 5% J7 M O FFAM

) BRI VT T 7 4 —KOA F I E T 27— VG0N T & G107
PIBSE, EC ERODERIZAONWT AT A FETRT,

— 103 —



1. BRI AZIRE 1

EADE—S—(CKDHEEBNE

BA2H& FESREBFT

R REE.

EfEHE (T73>.
PEE. TLAR—
F—. EILDKE
BokEgfE. BRE
ghEs...)

E—5—DEERFIND
ERGHEN1ES

i ER21FE RFEREE AR SSBHIEE )\ EE S8R,

E—Y—& BARDHEBNEDHIS5%ZHEHDHD.
= BIRICIETE—T—DFMERIENEZD.
= EHEEE—5 — ([C(FEABEDREN AR,
EIFMR : RIC, REATHRBBORAS AHAD 2 FOEENEREMN, HD

BADEE—I—DZNCBEMD > E LS, BIRSNZEESHRIERTH
2,475BKWh(BADEEEHEON 32)).  CO,HIRIRE#I9,60055 N> /4E(BA).

2. BEMEMFIDLEE )

¥ SmFe,Co,B
2-Sm005
. SmyFe ;N3
SmFeTi
BTb,Fe,,B YCo, M "
Mn,Ga g
FEPt Prre, sV N
= 10 | DvFeu ™ _ ﬁ: m OSSNk FeCoV(Cale )
e . CoPt NdFe,TiN ¥ .NdZF&:B n bet-FeCo(Calc.)
r T'NE g (SmZr)(FeCa)M, ™ ’
3 I S IC ProFeB (smzr)(FeCo)y, 4TI
L m.Co )
< BFe,0, M T-MnAl 2C017 PrFey TiN GZ(FeCo) TN
k] , - .
ig MnBi Ce,Fe 4B FePd
> - [
[ ) B Y,Fe,,B
o BaFe;019  YFe,,TiN 2=
g " m | LigFeNi FeweNz
o 1¢ CogPt o
2 .
é Co .bct—FeCoAI(Exp. Nanodot)
B A TOEROESR KR
. I'M
2s
. Fe
0.1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
(BH) max, Ms2/(4p1,) (kJ/m?3)

HBL:Y. Hirayama, T. Miyake, K. Hono, Rare-earth lean hard magnet compound NdFe,,N, JOM 67, 1344-1349 (2015).IZ#E& M MNEEIE.

bctiBiEDFeCoBAR(IL 77 —ATVU—THBNRHAICRDIES

— 104 —




3. bct-FeCozBd b7 JO—F 5%

o) [¢) o O { ol |Cle o)
oi ol |®lof |O } Olo| " |®lof|© O O
c/a=1.0 (bcc) 1.0 < c/a <1.41 (bct) c/a=1.41 (fcc)

DIEIFS v ERAAURETHE Hh(cL3HH)
E T

RN iy
1Ll
o4

Rh buffer

==

Areco arV2

arn
bct FeCo[110] // fcc Rh[100]

&

@BEITRXFMIC KL DEFHEE (RHICKSHEE)

4. bct-FeCoZHopk L2 LNRINTTERX DT EIESR

- BFY 7 RPHASE (Advance Soft Corp., Japan)Z{#H.
- BREGAEEEEEA (density functional theory: DFT) [CED<KEVRT> I vILiE

- BEEFDRT > )LICIEPAW (projector augmented wave method)

- RZHAARE T =)L F — DIELEE(C(EGGA (generalized gradient approximation: —f%1{b
SNZEEARAN)

- BCEIESS (self-consistent field : SCF)
DULRZEAF(E5.0 x 1011 Hatree

RPN EEREEDODY AT IRILF—
(3% 4 25 Rydberg, 225 Rydberg

- kBOY>ZTU S IEIF16x 16X 16 Tmeshik

!ii#w‘is.uef
1
|
1
1
i

- BEREEBICER UERA—=I\—tl (FeLCoDRFEMNE 4 81E) .

- BHETRVIEEUMEDOFeY A hEBRSE T, RARTENGERDX
S(CcEMICHERELZ (N=6 at%) . sTETEFZOR—/{—tL
Z FIRARIRRSMA TERY (SO 12,

-1.00 < ¢/a < 1.41D8HAT. BFERIEBRENSRIEE D,

— 105 —




4. bct-FeCozZpk LY° 9 WAt =X Dt ERIERER

T EHIC & B REEEDFTFER

Total energy, E (Hartree)

-1214.70 -1264.85
090 100 110 120 130 140 150 > .0 090 100 110 120 130 140 150 > 090 1.00 110 1.20 1.30 1.40 150
1214.75 c/a o § c/a O -1264.90 ° c/a
1214, 4
Tt .1250.98 t
° T £ 126095
-1214.80 ° = -1251.00 L] < )
- w R w °
° é-1251.oz 3 -1265.00
-1214.85 . 2 Py 2
-1251.04 °
° 2 2 .1265.05
121490 © . 5 ‘125106 - ¢ °
-1214. 5] T PP
° S -1251.08 L 5 126510
o ® = ° =
-1214.95 -1251.10 -1265.15
(a) FeCo (b) FeCo-V (c) FeCo-VN

VNiRhl Uf=FeCo®Dd+. bctiiiTIRILF—hME/N

5. ¥&&

FeCoBEEE&DbctiBiE(d. IIATETERTOHERENTNDIDT,
OV TORRDE S ZFim I DIch(C. B REFABEZITO.
—>5tHTIX. FeCo-VNICHBWT. #hitbc/a = 1.25{HADbct#E
DRIEELRDERBESNL. CONERERIIRBBEREFE
07 AM

AR IINEDOKXEMRFT I OIS AXREF v L >=2050 (P14004) SRIABEEBRIARB
(JP20H02832) DEIEER Tz, AARD—SBIRIEAFSEMAMAEMERN BAREE
(20K0020) & U TEESNIZ,

— 106 —




AR 2 FEERA R AR | X — SRR RS

BRIE T AWEMEBRICLSZHENICOBER &£
UNi-Fe &£ DFEIR

B fw A
(EETETTER
fukumoto@gipe.akita-u.acjp

BEEL 2 2050 =D 1 —7R > = 2 — F T VAT TEAIREND & O IR D S0 Tu
5. ALABEHI R 2 =3 VX —L L COKENER SN TWD. KFEOREHEE
LTIET A VKR ZERE & LTEEBRGMNEICHONBN TSR, ZOER
RO BN TV D EBMERE A2 TRIENIICUGE L, &R CKRFBERAE S EHR-A
NELRENTWD., KRy b TIHIREE 2 BR L LT Al OFENT L iRt 2 E
SALSERIHEIENC X v i = & TEMRED BV EM A /ERIT S = & AR AT,

F—U— K, S, RIS £ O

mB% - ERAk:
SHEEXMEAERT 2 3EE LT, BRRTIERO T TFRORFHFZIGFL TV D.

FFIRE 2016-021245(2016 ) FFaFAESFIOCAE 10 H 10 H
HHOLT TZAE =y L ORERE]

A FKEKRT

HFE  mAMmA, RO EREEEE

FEOHESHNE S
2050F R R R1L EAZ

Bia R KA
BiAvI B

4

BAETRET ALY — A
(EEEH, HER) -

BHOREMMBREE
IRLF—EHBRELRS>ESH)

4
KFEHEDER

— 107 —



B2 KRG AV o F — RS

Principle of hydrogen production process

'
.
Alkaline water electrolysis | TEIc;cI:(t)rvcin
e’
Electrode reaction o | Separator
Cathode 2H,0 +2e - 20H +H,
Anode 20H - H,O +2e +1/20,M OH-
Total H,0 > H, +1/20
,0 > H, +1/20, () "
Cathode Anode

Alkaline aqueous solution

B |t is effective when inexpensive electric power can be obtained.
B The hydrogen production technology is the basis of a hydrogen

energy society.

Developed high-efficiency hydrogen generation electrode

IKRREEWDER T E

BRLEENT - BEEEICL S Z FLE Ni §E(Ni-Co) DR
FEAL-ARMEAR NaCl -KCI-3.5mol%AIF,

AIEHT ALAfiR

=0
=0 W)
=0

Ni-Co

Ni-Co
®
Ni-Co
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Experimental Method

Electrodeposition conditions
. 0
Working (Pre';)“all}eocfl tt;yfoglf:;-a]nl:zﬁing)
Reference Ag/AgCI(0.1)
Counter Graphite rod
(mo:?:;hsalt) NaCI-KCI-3.5mol%AIF
Temp. 750°C
Atmosphere Ar
Potential -1.4V
Time 1hr
Dissolution conditions
Potential -0.5V
Time Until the current density
reaches zero

Electrochemical Method

Potentiostat
WECERE
thermocoup|e ——
& | | guarz tube
Ar gas |_J|_J electronic furnace
—= "/ alumina crucible
\ r_] () | molten salt
-_I I|I __1 ./" ] IlII .'i_ r
11 : jf-"r
\ D _ "|:'
N |
'. # ! - .'I "I
.'II ! H':] h “
"II I A \i\:.in_ :/ A

Schematic diagram of the equipment.

Formation of alloy layer by Al electrodeposition

Ni-40at.%Co -1.4V 750°C

Cross-section

Al
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Ni

HOpm
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Cross-sectional Microstructure

Ni-40Co -1.4V 750°C Al Electrodeposition
—-0.5V Al Dissolution

Cross-section Al

. [
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Porous
e
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E0pm
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Surface Morphology

Ni-40Co -1.4V 750°C Al Electrodeposition
—-0.5V Al Dissolution
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Evaluation of Hydrogen Generation Ability

Cathode polarization curve measurement
. Untreated Ni-40Co alloy
Working Porous Ni-40Co alloy
Reference Saturated caromel
electrode(SCE)
Counter Pt Recorder
Temp 25°C
Solution 10mass%KOH
— Potentiostat
Sweep rate 100mV/min
= Salt
1 bridge |

Electrode reaction Ceferencs
Cathode 2H,0 +2e - 20H + H, | Flectrode
Anode 20H - H,O +2e + 1/20,M Eecirode
Total H,0 - H, +1/20,

|

_ Working
Electrode

Saturated KC| Solution 10 mass® KOH Solution

Cathode Polarization Curves

Ni-40Co 10mass%KOH,25°C
-1600 ‘ : ‘ |
‘\\“
-1400 - \
N | -1.4v>-0.5v,
'e -1200 - | 7s0%
< Improvement by \\
= -1000 Porous Layer \ Porous Surface |
‘@ -800 - \
c \
m \
©
b= -600 - \
o \
5 400 |- \
O No Treatment
200 -
0 L L
-2 -1.8 -1.6 1.4 1.2 1

Potential, E/V vs.SCE
Cathode current rises at high potential in porous electrodes.

\ 4

A large amount of hydrogen can be generated.
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Development of high-functional and high-quality
multiferroic thin films for application of high
performance magnetic devices driven by electric field

Satoru Yoshimura
VIT Adjunct Professor (invited by Prof. S.Kalainathan)
Research Center of Advanced Materials for Breakthrough Technology,
Graduate School of Engineering Science,
Akita University, JAPAN
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Important magnetic devices World market (2018) 8/29
HDD  : 25Billion $
Iiitlfplllt!S'ISISISf'Ft:I HDmedia:1B!lIi_ons
M Eatarprise 2 °[A%) HDD head : 3 Billion $
yin | MEaterpriss S50 (BAS) % DRAM : 50 Billion $
B 1ATATA CPU : 50 Billion $ F
— 1 m25"ATA —_—
s LAES Number of production (2018)
= || mATA 580 HDD  : 0.5Billion
E iz 3 Smart Phone : 1.5 Billion
=)
[=]
T
=
©
@
'g m | 5 g
2 H
TR T
"
1 -

Magnetic recording device : HDD 4129

Problems about the writing system, structure, and materials of HDD
R Current Hard Disk

R~

*Energy loss for writing is very large.

*Magnetic writing will become difficult
with increasing the recording density.

. icity of
is very large due to using motor.

-Size reduction of writing head is diffi-
cult due to its complicated structure.

*Noble metals such as Pt, Ru, Ir are
used in large quantities.

New magnetic recording devices (with new writing method,

4 A .
LE ¥ ¢ e @ ) low energy consumption, and low cost) are needed.
New physics for magnetism Domain wall motion 5129 New system for rec. device Example of recording bit motion  6/29
by spin transfer torque by spin transfer torque
. domain 5 Direction of
domain wall domain X o observation
i magnetic 1. Spin (electron) is injected.
gl I
I R b = PRt E T moment 2. Spin is rotated by
. i !' 1 Th 1 i magnetic moment
L e P (8) 0o
| ey 3. Magnetic moment is
3. W5 b TR Al rotated by spin
~'w magnetic moment is
rotated by spin
spin is (b) 1N e\e
LES S rotated t_by =
By magnetic T g
L o ) LB )
— moment | o - =N
- ) Action-reaction force Domain moves
:_,'_ o . momentum conservation
between spin and morment () ™psa
I —
1y 4. Interface of domain and ——
& Sl b e s oy : -
".....'..-:.‘: . a pialilioge domain wall moves. - Domain moves
1 (Domain wall motion)
. Domain wall moves 200 nm
5. Movement of spin

— 121 —



1 i 1 7129 jal Typical multiferroic material and its application ~ 8/29
New magnetic recording device ., ... ics . spin transter torque New material Typ PP
: Racetrack Memory (proposed by IBM in 2008) ~ Observed in 2004 (Bi,A)(Fe,B)O, + T., (ferroelectricity) of BiFeO, : 850 °C
: N, — -Spontaneous polarization : [111
Merits Spin Current ©  Problems P pe gy .
Media: wire structure S N o *BiyBa,FeO, ,BiFe, ,Co0,0, have ferromagnetism
hock-resistant) 3 Writing: magnetic field by current
s < (large consumption for writing) Bi**, Ba?*, Sr2*, Magnetic property Electric property
= 3.D recording g (difficult writing) La, Gd* , Nd** I =g i
(large capacity (100Tbits)) ) ( plex structure of el ) oz 3 B
Domain motion: spin injection %’, (large number of elements) Fe¥ , Mn2, Co?* :
= motor free g N iti thod i ded
(low power consumption) < = ew writing method Is neede D. H. Wang, etal., e
/ g I newly ;)ropo ¢ Schematic image of magnetization switching of multiferroic material by electric field
I A magnetic writing by e jeld Top electrode Top electrode
=) (New material for this is 4% ed)
S M P
Hi <]
i s , Férro-mag. & Ferro-eldc. Ferr g. & Ferro-elgc.
100 times larger for capacity 3 H i M P
1/100 smaller for consumption HL'S p—
against HDD . Bottom electrode Bottom electrode
= :‘I/;’;Z" 7 Reading - very low (ideally zero) writing current  <low electric consumption>>
element - very simple element structure <low cost®» - no noble metals <low cost>»
New magnetic recording device : 9129 Conception of High-performance Racetrack Memory 1%2°
Racetrack Memory (with multiferroics material) with electric field writing method
) nnn, e Vaanetic ire
Merits Spin Current ‘-Q- Problems [Spin Current — N ‘ Electrode)|
Media: wire structure B Writing: magnetic field by current Electrodel ( for bit motion )
(shock-resistant) g (large consumption for writing) i igionof | NN N
= 3-D recording g (difficult writing) )
(large capacity (100Tbits)) © ( plex structure of el ) S
. . I ® £ Insulator 3 .
Domain motion: spin injection e S A S i Mf Multiferroic film
=> motor free % g g g applying vol | ‘W |
B Electrode [

Top electrode
. M P
(low power consumption) Fei g. & Ferro-eldc.
Bottom electrode

magnetization switching
by electric field

Top electrode
o nhs, & Foro i
M P
Bottom electrode

. =Low consumption for writing
t Reading =Easy writing
element =Simple writing element

4

100 times larger for capacity
1/100 smaller for consumption
against HDD =,

{ Recordingbitmotion

&?ecarding

( for reading ) |
Magnetic | "
Reading Electrode Tunnel Junction @

element  ( for writing )
Patent No. 6573374

Many and small coils with core are not needed for this system.
(Low electricity consumption, low cost because of no small coils.)

Writing process:

1. The magnetization direction of multiferroic layer will be controlled by electric field.

2. The magnetization direction of metallic ferromagnetic nano-wire will be controlled
by magnetization of multiferroic layer through the transcription of magnetization.

High performance magnetic memory will be realized by using multiferrioc films.

0. Finding problems and proposing of new system 1r2e

@ To show the possibility of magnetic devices
driven by electric field...

1. Fabrication of high-qualified multiferroic films
< Ultra High Vacuum Sputtering System
with VHF plasma irradiation process
Pulsed DC reactive sputtering source >

2. Research of materials for high magnetic properties
< New composition of BiFeO-based multiferroic material>

3. Functional verification of magnetic devices
< Demonstration of local magnetization switching by electric field >
and transcription of magnetization by electric field >

4. Application to new optical magnetic device
< Design of new magnetic device system
and measurement of magnetic Kerr effect >

Ultra High Vacuum Sputtering System 1229

for fabrication of high-functioning films

40.68 MHz,
(VHF) In-situ anneal

: max 600 °C
10- 20)rpm
Xall ﬁ\rget.l.lm'n -
) B.P.

2% 107 Pa
13.56 MHz
(RF)

Target

Base Pressure : 2.0 x 107 Pa
10 targets for one cathode + 1 target for co-sputtering
Process gas : Ar, O,, N, (impurity level < 10 ppb)
Maximum substrate temperature : 600 °C

Sputtering cathode
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Topic 1: Pulsed DC reactive sputtering 13728 Results 1 Properties of Bi, ,Ba,FeO, films fabricated 14129
40,65 Mk with VHF plasma irradiation by pulsed DC sputtering
. z
(?In-situ anneal This method is effective for 100 . : :
: max 650 °C Acceleration of migration 50 kHz
70 20lrpm bl = of sputtered atoms 200w @ : 90 lemu/cm3
asma on substrate surface .0|kOe
80 B
. by low energy ion irradiation 50 kHz
70 - 120 Sputtered
a e o-%rget I . Pom | Art, o, B = 150 w/.)\ 0
o = ¢}
Plasma 51,88750,001) 60- i
) BP. Y noc 3 50 kHz)
:2x107 Pa # s E ®100W -
13.56 MHz Target ! 3 0L o |
i " 2 [ =
. . B = & $250kHz =
Concept of pulsed DC reactive sputtering a2 0l 100W |
02
B eansy 300 150 0 150 300
';_ . } 2:: Acce\eralizti:;j ;f s)urface 0 ) ) ) 10 E (kviem)
e L ~a R diffusion of sputtered
- VoS S2OFF ~= on 3 atoms on substrate 0 0.2 0.4 0.6 0.8 - 50 1
- 600V ON — OFF ,:i' surface by high x [Ba/(Bi+Ba)] z
ON'g energy depo - — & 00
o — OFF. :}; with interval Magnetic property (Magnetization) E
.'_;__ Reduction of arc "_—;__ ON ’ i : 1.5 times larger compared with RF case. w50 [ I
- and - ‘W Electric property (Insulation(Resistance)) 10 [,
' removal of charge - —— { : 7 times larger compared with RF case. 300 7150E (k\?/cm)ﬁo 300
15129 16/29

Dependence of M, on conductivity of sputtering target
of pulsed DC reactive sputtering

=
150 W
. 200 kHz
. o Bi:Ba=50:50
[] Oxygen Content : 14%
= Sheet Resistance : several Q
= 40}
B -
:J:: oc '-'17% -
= T } SR ; 0 OC:20% For RF
. SR : ©Q OC : large
SR : ®Q
L] p —
] 15 0 15

Oaygen comtent (moala)

= High M, will be obtained when the target with low sheet resistance is used.

The low resistance target (low oxygen content) is effective for
reduction of arc and removal of electric charge at surface of sputtering
targets, and as the results, film quality will improve.

Dependence of M on condition of pulsed DC reactive sputtering

100 T T T T T

L (emulcm’)
()
o

Dependence on pulse frequency
The increasing of M, with
decreasing the frequency is due to
increasing of the “OFF sputter” time.

on#

OFF Acceleration of surface

0 L L L L L ON 37 diffusion of sputtered
0 50 100 150 200 250 300 OFF ”') atoms on substrate

Pulse frequency (kHz) on g surface by high

100 . »:?) energy depo
i i i ; j *:) with interval
ON

~
o
T
o
L

50 kHz 4

5

N

o
T

1 (emuicm’}
[$)]
o

Sputtering power (W)

Dependence on sputtering power

The increasing of M, with
increasing the power is due to

00 50 100 150 200 250 300 increasing of the energy of

sputtered atoms on substrate surface.

17125

Short summary 1

Pulsed DC reactive sputtering method with optimized condition
(high power and long OFF sputter time) is effective

oN ¥
for fabrication of high quality (Bi,Ba)FeO, films OFF 4
s
(1.5 times for saturation magnetization %1;‘ o)
and 7 times for insulation(resistance) ON g
against the films fabricated by RF sputtering method.) OFF' s 9

(Bio.5Ba, 5)FeO; (300 nm)
Pe.oc : 200 W
Frequency : 50 kHz (15 usec: ON, 5 psec: OFF)

surface diffusion =

?ohg;uo:tlc\(/:lty of sputtering target : low resistance M, : 90 emu/cm?
s* .

Pt 5W H,,:2.0kOe

Poy:30 % H., : 1.5 kOe

Pt (100 nm) 300 °C —>
Ta (5 nm)R.T. — =]
| Thermally oxidized Si wafer

(111) orientation
Ll FWHM : 2.0°

However, the perpendicular magnetic anisotropy of (Bi,Ba)FeO
is not sufficient for high performance magnetic device application.

Topic 2: La and Co doped (>20%) BiFeOj film

SCIENTIFIC REPLIRTS

s

L ]

18129

(fabricated by the pulsed DC reactive sputtering

with VHF plasma irradiation)

Magnetic and electric properties of (Bi, 4La, ,)FeOjs thin film

¢
P pClon)

N

Ferromagnetism

Switching of both local fermoelectnic
and magnetic domaing in
mudtiferrost Bly yLag , Fed, thin film
by mechanical force

JimAom’)

Ferroelectricity
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19/29
Magnetic and electric properties of Bi(Fe g5M, y5) O thin film
[M = Cr, Mn, Co, Ni, Cul

Lo Y
d .
. | H. Naganuma, J. Miura, S. Okamura,
b ] Applied Physics Letters, 93, 052901 (2008)
§4 ¢ '
5 T
i'Te " el e
§ o | i )
¥ | :
' 4 _._.J.'rrp 1 7 o
> £ a3
4 y
e LD g
" T | ur

i.3
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T Tl Ty
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i
»
1
s- UX )
st ® e

Results 2 (Big 41L-a 50)(Fe 75C 00 25)O3 20129
(B"rgLax)(FeonMo 2503 films ) 8 " Out-of-plane it
fabricated by pulsed DC sputtering = a0
E r i In-plane
100 — - -+ — 5.0 B f !
g |
B g Oul-of-plane g Or ) M ]
B 140 2 ‘r
= 40 B
e 8o/ lag = -80,
I S -20-15-10 -5 0 5 10 15 20
E ) = H (kOe)
L af 120" (BigssBagas)FeO,
= 80
20} 19 <401 / 4
E ﬂ{ Out-of-plang
0
3 9 ]
. A g E
G4 05 08 a7 2
x [LaiBi+Laj] = 40 1
Perpendicular magnetic anisotropy (PMA)
was obtained in (Bi,_,La,)(Fe,Co) film. 20-15-10 -5 0 5 10 15 20
(PMAis suitable for device application.) H (kOe)

Temperature dependence Electric properties 21/29

22/29

of magnetic properties on BLFCO film of BLFCO film Magnetic roperties of (Bi,_Nd,)(Fe, 7505 »5) O, films
06 P fabricated by pulsed DC sputtering
50| 50| 0.4 b
b ] QM '\é 02 / v 150 5.0 150 (2%i85N(‘10 s)(Feg 75000 25)93
50| 50 nm
. - a |
i g i ESERRER 3, |
~100 o . | aiiiin X = \( y * 04 / 1 4.0 750 In-plane |
o [;5 s 06
E - | -200 -100 0 100 200 - L -of-|
g 75l . ° ) £ (kviem) E 50 o Out-of-plane
E g | w— 6.0 =2 o A =
= : a0l E Me = E 0t ]
5 % b B 207 = 60 U ool S
- S O o0 2 ool = A = =
T 25| E 20 \‘w_‘_ 5| ]
=] 30 A 4 1.0
B Magnetic field : 10 kOe 40 ad
= 0 L L L L -6-0200 -100 0 100 200
0 100 200 300 400 500 E (kV/cm) 0 L L L 9 -150
Temperature (°C) 03 04 Nd/OIBs'+Nd0'6 0. 20 10 u I?O 10 20
(Big.sL20 6)(Fe0.75C00 25)Os thin film has Clear hysteresis x INd/(B+Nd)) (kOe)
large Curie temperature of more than 450°C and The multiferroic thin film with high magnetization (M;) and high perpendicular
: ! ; . o Low leak current y
(This value is available for device application) anisotropy is really suitable for magnetic device application.
Short summary 2 2028 Topic 3: Transcription of magnetization 24129
(Big 4L-20 6)(Fe75C00 25)05 (300 nm) ) .
Pooc: 150W _ Conception of High-performance Racetrack Memory
Frequency : 100 kHz (6 usec: ON, 4 psec: OFF) with electric field writing method
;s : 57% \(I:V M, : 70 emu/cm3
VHF - B — H,, :4.0 kOe . — M. tic nano-wire
Pz :30 % i == = - — [Spin Current " Electrode
Pt (100 nm) 300 °C = (111) orientation 3 Electrode ( for bit motion )
Ta(5nm)RT. —— EWHM : 2.0° Ti Yion of | NN N

Thermally oxidized Si wafer

The squareness S (= M, / M) and H, of the BLFCO film
= perpendicular to film plane : 0.65 and 4.0 kOe
parallel to film plane : 0.50 and 2.5 kOe
The squareness S (= M, / M) and H, of the BBFO film
= perpendicular to film plane : 0.40 and 1.5 kOe
parallel to film plane : 0.55 and 2.0 kOe

(Big sNdy 5)(Feg 7504 25)O3 (200 nm)

Large perpendicular
anisotropy !

Pe.pc: 150 W, Frequency : 100 kHz (6 psec: ON, 4 psec: OFF) | M : 130 emu/cm?
T,:570°C, Pyye: 5W, Py, :30% H., :2.5kOe

Demonstration of the magnetic reversal by applying electric field is important.
Demonstration of transcription of magnetization by electric field is really important.

Multiferroic film

( Insulator

lgnei T
= — —Hy applying volta
SSS — |
Electrode “'“"‘ ]
( for reading ) 1

Magnetic | S
Tunnel Junction .,

Patent No. 6573374

—

Electrode

element ( for writing )

Many and small coils with core are not needed for this system.
(Low electricity consumption, low cost because of no small coils.)

Functional verification (demonstration of transcription of magnetization) is needed.
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Results 3 Magnetization switching by electric field
(multiferroic single film)

Writing width of 500 nm

MFM image Topo.  EFM image (-1V)
m . II MFM image EFM image
s '
po. MFM image nl
Electru:-wntl III
-10V)
'-T MFM -
Cross section of electric writing - E 400
2 =
‘metal coated tip Deceasmg 3 E
™ . 5 = 200
the writing width § EFM [
ol
0 1000 2000 3000 400C 0 200 400 600}

Bottom electrode
Substrate

Magnetization switching with 300 nm width was realized by electric field.

Nominal width (nm)

Transcription of magnetization by electric field (laminated film) 26129
Electrode

Magnetic
nano-wire

Multiferroic film

.9
SSS e 9 Bottom electrode
._.t [ . Substrate
[ S
Electrode .
(for writing) S N 86% W N 50"/
ST i A
ERNCETTA
Downward magnetic moment 5& S 50%
of 75% was reversed to up- .
ward by applying electric field. X (nm) X (nm)

= Operation of high-performance Racetrack Memory was validated.

Demonstration of transcription of magnetization by electric field
was successful. = Dynamic measurement of transcription of
magnetization by electric field is really important. (future work)

Topic 4: Application to new optical magnetic device 2129
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Magnetic Kerr effect of (Biy 4La, ¢)(Feq 75C0, ) O3 multiferroic film 28/29
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300'nm 2 AP Gords 3007
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The mechanism of dependence of Kerr effect on wavelength and thickness is not unknown yet.

The multiferroic material with constant Kerr effect against wavelength and thickness is important.

Summary 29/29

For realization of novel and high performance magnetic devices,
(e.g. memory (or spatial optical modulator) with electric-field writing method),

Identify of issues of current devices,

Proposal of new system which solves issues (patent),

Fabrication of high quality materials required for the system,

Search for materials which improve the system performance,

Verify and demonstration of the new system operation are needed.

Newmemory  Electrode (BloaiLao o)(Feq 5004105
large capacity ) T A=670-680 nm
(100Tbits) Magnetic |.:I w v i 2|
low power nanowire Plasma & [ wpine] 25
consumption . ) ¥
Sputtered ] ol
A, 0 .
) -
Plasma.gy %0150 5 0 5 10 5 .
H (KO
it o Target =i
fforwritng) o 9
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T2 ARFERK R ST AV | v — AR TR R

TiIO2&EnNA FAFLTNE A FDEEIEIZED
RS AR EM A DRI R

W OEE R - /N A& JROIE W - 0 BRORE RE - o R PR Ot &
(BT PHF2EED
saitok@gipc.akita-u.ac.jp

W A7 V=7 hTik, BESCICAERZ Tio, RO 42 B &

L. 7kqﬂfﬁ/ﬁjzémt TiO, (P25) //\4’ Fexv 7% A4+ (HAp,

Caio(PO4)s(OH)2) ¥ ;%MK(DWFEEP(@ NO, 53 fif BG4 5 S il % v % S Al

L7z, P25/HAp % Feiiifl L 72 SR (R1E 290 nm 45 £ 1F 400 nm & V) R RO

WRE FTIcBW TENENEAEN L L TN P25D 2.1 BXO2.7HD

FefIE A R Uiz, 2SR FRIE B ENCK-S < P25 2B 2 EM S
OIHENCERK T 5 Z EBRBINT,

F—U—F : REEHAL - G - (LT Z 2 - A P T 82 A |

mEt - ZR%:

R =T LB~ TRE 7R R 28— AR O B R & = L CRbERDI
ToTkY, BETIMRE LTIUTO DR H D,

[7%3C] “Ni-doped protonated layered titanate/TiO, composite with efficient photocatalytic

activity for NO, decomposition reactions”, K. Saito, S. Orikasa, Y. Asakura, Y. Ide, Y.
Sugahara, M. Ogasawara, S. Yin and S. Kato, International Journal of Photoenergy, 2021,
8847956 (2021).

(FEfFrRE] RIS ZO AL DR EHT T 72 Jg ik T & o BRYE O RE /T REHI A,
TRRELR, BEEHTREMIEET b S 7 v = AT ERFT =6 58 38 18] ClayTeam
I, TAA T A B, 20204 11 H 20 H

1. #8
FRot iTRE 7R B ARG E~ DR LOEE D D, VX —ZBRE) ) & LGRS T Cf
A7 EFE RS 2 S 2 8 AR B OB E B 210N C0 5, TIO IXERIMERRE T
SR 2R 2 LD AL E RIS B U F o TEAUTHFZE S L CL \6#%@-‘7’5%@2
D—2THY | JLE - PLU A NV AEOHZE TIEFERE I TS, L LRSS TiO, D ARG
TSR & LTI EOSRHNER SN TR Y, BERIEERFO—D L SN A EM S (6 Eﬁ%ki
WIEALORER) FIHIOBLE D, B ERE - G OHENNERIA TN TE 7, & D biT Tio, D

TiO, TiO,

.;h ebw")

M reduction

S >
E hv | Recombination ’ g hv ]
w 3.2e § ui 3.2eV —
< ! =
oxidation oxidation: o

Fig. 1 SREE(R L DA &L D TIOZHVT 2 BTG AHIHI O A F— A,
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T2 EFERK RS T Al & o F — PR S

RFORSICTHDLT T 42— (MLEEM) AT (EIRLEM) BOFEBRI T MBS E)
L EMPHE S OMHNZAI THDH Z NN TERBY, 7HX—EORERE WS- R LD T4
—BINTFNVEEROFRINHE ST b, RENRT X —BNTFAEEEO—o L LTHbR
% P25 &, F DB IS D UIE USRSt - LTV D,

TiO, Z )72 E VS L AT 5 BEOFEER LA LT 5 & TIO, 2> b BAEE(R A~ D BB
F 0 EATFRESIH A, TiO, OYAMETEIEN M B35 Z Eamb g (X 1) Y, s, JEik
KE 5 &\ o T RPEEE DAL TiO BTG ~D SUGHEE DOYREE & Hefitmiim FIcaEh T 5
AN D D, BRWOTRYE LTHMBNE A Raxy 7% A & (HAp) (. TiO, DEEE 1%
ZRAREIRE A 2T A LM TR ENEDE OWIEEAMEITH Y . e H LT OB
DOWAERBITENLD Z & D, EITHUA « JLY A VAMEASOIEH % SIEIC TIO, & OB AL A DL
T&ET=, ek, WEOMICREEEEZERT 2 TEE LT, PO L7z TiOR -2 A 20k
S, HAp & TiO K BT E S5, & LITZDOWOFENHWONDGENR SN T203, &l
HFxi3xd D pH S T ClE P25 Kif-& HAp R 103 HFHIZEIE LA TR T 5 & & biT, ZOkE
RS LR IR CUERE -2 2 & 2 LI Lz, AWFZECIE, KHD BRI L 7= EEE R0 NOx 43
(2R 2 FEEE A2 RN 5 & & BT, SeisEm B2 BEY L LT P25SHAp Lok a7 -7,

2. EBAE

HAp 1%, BESR IOV IEAEIZ L VR L7z, Ca(CH:COO), » HO 35 LT KHoPOs A E/LEL T 9.8:6 &
725 & 97K 800 mL (ZAN X & S, 4 mol/L HNOs /KA R % 16.5 mL N 2 ¥AiE S 7%, 2 mol/L KOH 7k
TR % 59.5mL Nz pH % 125 \Z3%E Uiz, L% 60°C C 24h sk L7148 L 0 70 L. 300mL
DIKT 5 [AIPES L7112 60°C Tz L7=, P25 BX OV HAp & B72 2 EEL (mgmg) T/K 30 mL
TNz . SRR L0 5. ~ 3% F v AX—F—HFWT IShig Ui-, BERAEE LT
., THUT—a ALV EHERE KD BEL, HE - HIE R TR L7, P25, HAp £
T VSRR RO YR X T D NOK iU TR L7z, BIRRBI 2 T L7e T T A7 v
%= E OBEARIINIZERE L, 1ppm O NOH A &Ll SHRA B4 290nm) & L I A

(400 nm) % PR U7z, SERREHZ O NOGJREE 2 2R b B #hiHIgs CRIET 5 2 & T NO o fifE:
ZHRIES o7, FmAE I LT E BB & 7 i3 5720, BREMR BITEHTHE L7z POk O E %5
A L7, P25 200mg) & L<IZHAp (200mg) FLUNP25 200mg) % A%/ —/LKIEE (25 vol%, 50
mL) (258, P25 (kLT 1 wt%& 725 K 9 IZ[PNHaCL « HoO 20Nz, <R F v 7 AL —TF—
THREELZ2500 0290 nm) MU Uiz, OB K 0 LB 2 W8 BoBEL . 7K 35 mL
ICHESE L1, mODBEHC X 0 BEDZERE Lz, ZOWsEEE 2 BiT-721%. ThBM A FiE
WIE R CHER L, BEAE TS (TEM) CBIZ LT,

3. HRLEE

Fig. 2A (2725 P2SHAp IRA L (mg/mg) TR LIVZEEERO Y (290 nm) HES FIZH51F 5 NO
frfbR 27" d, P25 BARZ FAVVZEE NO Bi(b=RI1T 31.8% Ch o 72, TiOx 2L D NO S fifZIL, bt s
FTBICEADNHOR O, & T 5 2 & TR T ARG 35 2 ENMmon T Y, JSET
FEOR(D)-O)D X HITHEITT D EEZ BN TN DY,

TiO,+hv—e +h've (1)
hvg +HO—OH + +H" 2)
e+ O,—0; - (3)
0O, + +H" —OOH - (4)
NO+ {OH-+, OOH*+, 0.} —HNO; ©)

HAp BUEDBFEITI143%D NOBA RN R, S, ZAUTEESOEIRIHCAE S POS OB THEER L L Oy

ARICERT O EEZ LD Y, —J7, BEEEROLEWTNORAIZEBWTY P25 & HAp 1
TNEHIRTHOWGA & L NOHA bR B i, P2S/HAp IRA DS 15/150 (mg/mg) DRI
ROLEWVNOEHMEE (683%) NELNZ, ZOMIE, I E Tloil Sz @fEm s Tio Rtk
NO #ALERICVLHTT % ¥, Fig 2BIIRT XL 912, AlfE (400 nm) FREH FIZ381F 5 P25 MR V-
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e >290 nm e | >400 nm

g 80 g 80

o

T 60} %sm

S 8

§ a0} § a0l

; ;

20 - 20
Rl 3 S g S O

A \‘ﬂ \@\\ N ot N \‘ﬁ\ .\‘P\\ \9\ ot
TiOy/Hap mixing ratios (mg/mg) TiOy/Hap mixing ratios (mg/mg)

Fig.2 1725 P2SHAp iRE L (mgmg) TRl S 7= BEERE FIVW 2R NO AR, (A) 2 0200nm) B LU
B) At (400nm) FRES .

B0 NO B b3RIT 134% &, &Yea WG L725A L LK) %K T Lz, £7-. HAp HUROSE
IZIHIEE NO MEITA b ZroT, AR FICB W CHmE OB LOBFIL R G, &)
D56 & [FERIZ P2SHAp IRA Y 15150 (mg/mg) DERIZH S EV NO BB (36.1%) 23AH AT,
AYE SO O W I L7-85512 6 A o7 P25 & HAp D#EEEIZ X 5 NO Bafb=ROHEK
I%. P25 OHEE 125 HAp DRMEHENLIZ kT v 7" Sd, P25 IR DEM SR S -2 i
KDAREMERH D, VN -T MBI X DR S I TiO. ki1 & il HAp Bi-OWERRAIT K D[Rk
O NO#HALFI RN Z N E TICHE SN TN D 9,

Fig. 312 P25 iR, & L <IE P25 3 XUV HAp Dt 5 2 5 Te[PUNHa|CL AKESHRIZ . (A>290nm) % PR
LR L 7= [ER D TEM 47797, P25 BURIZHERRST L7235 213 P25 K1 RICHRRI T3l S, 2
FUL P25 Dbkt EEF & DIISIZ LY
ERLT-4E Pt LB 26D, —
J7. P25 & HAp OEHERDLAIC
1%, P25 BT PSR 23R ©
XMooz, TiUE, R RiEmE
L P25 O 128 HAp ~&
Lz tErmBed 5, UEX
D, KFETOREGIZE VBRI
7= P25 & HAp DEHERDN, KHEH
TO NO /RN xE L\ efil
PEIEMEZ RS2 E RGN E R
D, T P25 2°5 HAp ~DJihid z@gﬁ(ﬁ;{)ﬁpzﬁﬁ% %< %cgg(?yis %ﬁz U‘L};Ap- %ﬁﬁ%é}gg}(gg)%%{g
ETREN L P2SICRIT HEMERE S WIRISE (°290nm) UL, ClAD TEM R ZREOREN
BN RS = & AR X P25 | ZHHEF S N7 PHIShi % 9.

77

(2% 3R]
1) R. Marschall, 4dv. Funct. Mater., 24,2421 (2014).
2) J.Yaoetal, RSC Adv.,7,24683 (2017).
3) S.Kato,etal.,JSolid State Chem., 265,411 (2018).
4) K Saito, etal., Int. J. Photoenergy, 2021, 8847956 (2021).
5) H.Nishikawa, J. Mol. Catal. A: Chem., 206,331 (2003).
6) T. Giannakopoulou, et al., Mater. Sci. Eng. B, 177, 1046 (2012).
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B2 AR R T A | v — AR TE R

RO AT oN—INA FRENDE IRILEF—RIRBER
[Tk BIECHIMGFIEEZRE LM VEY FRIEGRK

oA

(R T5ER
mtaka@gipc.akita-u.ac.jp

R . ARAFZEIE, 7TEF Lo —BBRIERIZL VX T AT —"4 F (WC) #
HA~HA YT REBEOAKREZIT, WCEEOWENWEAZITH Z L2 B ET D,
LU G, WCERH E~DF AV REEAKRIZIE, ZA YT FOARKR)
L<, &, #EERENMRNZOFEIZ BERBAE LT WEDOMERH D, LIh
ST, ZNOOREEZRIT 572012, WCEH LA A vYEy RERZAKRT S Z
EWAREZRFE M RR L CEREZITY, 1 I<EEMHI A2 EZE L1241 ' FEED
BRIEDRFTZ1T 9,

F—U—F: XAVEL NEEE, BRBER, Rimid<ii, ¥ 7 A7—3 4 K

SR
AWFRICEIVEONTZHERNDL, BRERIBZIV XA YT FEEEXY T AT
V=N, REREEICKEL, TOEERENETNIL, B2 —BREER

WX Ea—T 4 7B E L THEBEREEDOHD2FMOEVTMEEKRT 5 2
EWERE L B, ZToZ ik, WHl - BIHI TESEA~OSHB R E 2D, £
IR COFAOIERPHER I D,

ﬁ [ =]
ZAYEY NIIEEE, MHEREE, (ROEERRE, SVEAMREREOENT-WEEA T 5120, WHES
U T EEAO TEMRICEIAKFIA SN TETWD, F, %, BEGETHLIX T AT I—3( R

(WC) ZHWUEITEMER SN QD 20 WCHIHIT H Fiz, SHMERESS T AFmom b, @)
B> UIEIRE O 2 B, (b5 AHHERE (Chemical Vapor Deposition : CVD) {EIZ LY XA ¥EL R
T HARD R ST D, L LG, —fi%Z WC b Bicx A YvE L FEIEA it L7355,
A YEY ROBEEN & THK R & TR OBEETRE DMREDOBLH 2> b NS HM 0513 <
BELCTWE WO DD, EHIZ, CVD IEZHRIZBWTCOREEN K0 b0 L), XA YE R
R S ARMAIEF ICERICDT D L WO RTEL H 5,

ECE CVD IEO—FETHY, KETTTvF Ly —BEOE T RLE—FIRGERIZ LA XA B
RERIZER LTE 7, BRI, BRax R TEMICHERIRRREZA L TRY, ZORERIZEI DX A YE
v RARKEEZRNT, ) 7T Mo) HEEm XA Y'Y REEOAMEZRATERZY ~Y, L
L7as b, X4 YEr FREIFEE G U721, AEIENBYENC L A< L CLE > BERSH 5, <
ZC, REEL B B LI e B TEE LT, A Y'Y FOARGRTI RO R ERE %
SEY PRI S5 SBEARIERIRR L T -, ZOHEZISH LT, WC Bdem FITRBERIEIC X
0 ST < BEA BN L2 DEEERE DR WF A Y B REBEOAREIT> CET, LhLans, ¥4
Ve REAHIZ, FEREImORE = e —A B LR XA YEL FEREHDITAT, BT,
BYSINC L D REI S BEZHIT 2 Z ERFE LW E W =TEN A LT, 22T, BEERICE > T WC
FFE EA~DXA YT REEE SR T 5 2 LN ATRERESRME A IRR L CEREIT> TE 2, TORE,
FEWREHOBE 2 ha— VRN EG L0, BELIZWEDL A YEy REREESELND Z EBNAHE: 2
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B2 AR R AT AV | v 2 — AR R

BB ROEETRRE Lo, 0 2 BREGRIEY, FIEEEGRHICEARGER IR 2 2 B2 b &4 1 v
¥ ROBREAT) HIETHD, ZOHECEY, XA YTy REEEGKT 5 Z ENAMGEL 2o 7208, St
I BEZOW T 72 it 217> TR b, S 5720 R BB 2HESMLETH D,

ZZC, AWFFETIE, WC FsFm BICRBERIEIC L 0 RmEiE < BEZHH L3 B, BEERE D= A
AYEY REBEEZERTHZEZEEL, 2BEBEARIELTHWAY A YEY REREITV, TORRIIREAE
T ORI BECOW TG 2 T o7, 22T, TRV T WC FERE I ORI X % Btk
TEREDOZEALN, B SNTEOIZ BRI LZ RIFT LB X, AL U T 2 TR R 1 O
TEREA ML ST BICH A Yy RFAERE T CE Tz, 51T, 2 BEMARIEICBIT DREER T DA
LD WC SsZmE ColE (A0S Z2&ERIc VT LS ERE T CEle, £z, ¥4
EY REBOBIFEL L L TIT> TWAE A YEY FRFORRFER OB 541 vEL R
K ORRITEHR LTz, ZOBS, #A4YEY MR FORREZIBEDOHIETHWTERRL Y H X 51T/
VR Z O TR LR A1 TV, BREESIEIC L O XA YEY ROARE T C& T, ZI2T, AHFE
TIL, XA VEY PRI ORZEZ /NS < UTHEREm OB 21TV, BIEL S U TP B ok
W28 2 BRI DR 2 AL SET- R EIC X A Y REREIT T2, OB, ZnHo%MERn, &
% AZ A YT REIEOIL BECEIH SICED X 9 7B KIET D THEE2IT -7,

EERIEE

FEREEE 2 X 1 ORT, RIEOREEE 2 —EIRD720, $OR v 7 2K ULnHldT 5, RO
FREL, FEERV ORI RNEEFHZ LV ET 2 2 E N TE 5, MAHEERE L 100 X100 X55
mm?® OFJFR >~ 7 ZEfEH L, Z0OR v 7 ZAOFNTHEIKEFE Liddr, SO IFD B/ANR 7Tl H
L7z, 22T, BEf10mm OX 7 A7y (W) MHERZHHEHIAOIEE L TRy 7 2A0F9icEL, 7
—T T TV THEE Lz, ZOXAED EIZ WC R E#E SR EITo7o, ZOBE, WMEERE
AT D T2 OHMR & SHEDORNTBMENED By Ag ~X—A R EEA L, 473 K TFENIZBWTEVLEES LT,
WHIHOR » 7 A X L FBEEER AT —Y FIcd Y, mHEVKE & REEEONZ 22 5 2 & TR
KEEEZILEEDL LN TED, AT—VIUIAT v B 72— 08B T 6REBY, FIA4 1%
NLTCAT—Vary ba—J12L> T ETTBEZEHIET L Z ENTE D,

Radiation Mass flow controller:
thermometer
Burner
‘ Flow meter
Flame
WC substrate
Wrod /)
Cu box \\
Cooling:)\\ _)
water ] .

& | Driver |

Stage
controller

Stage

Flange

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

E i
AEBRICEBANT, BkE LTELZ10 mm, EX3 mm OMBRROZ 725 H—34 K (WC) #ff
L7
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TN 2 FEFERK R T Al T o F — PSRRI S

2B A RGE

PREARIEIZ KL D WC FEER i E~D X A vE L REEERRICEWT, FEREOIRE 2 F e —/L3E
G, BELIWEDOH A YEY RERESGOND Z &N AR 2 BEREARIEA R L CE Tz, 20
2 BEREERIEIS, IS BOEFICIERERmIRE % 2 B b S A YE L ROARRKEIT O FIETH 5,
ZOFECEY, BEREERORE 2 Fa— LN FREE R0, FAROSIMMRE FRA RIS 2 E R T
X, DORELILWEDH A YEY REEEZGKT 5 Z ENAlREL 72D, 22T, WC OMEMREL D EH
1B 1273 K, BB 2B % 1223 K &ML EE XA YEY RAEIT-T2, ZOB, & 1EETHLY)
HABS P TR 2 Al U CRESTREE 250D, 1< BEAHI9 5 Z LN aRBIC 2 D L & 2 12,

EEREH

AREBRTHND XA YEL ROGHEEER 1VITRT, 22T, BETAR, TEF LU HADMELE
< BERIHI 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]
C2Ha Flow rate, Fa 70.9 [cm?/s]
O Flow rate, Fo 63.8 [cm?/s]
Flow ratio, Rt = Fo / Fa 0.90

F7-, WCHEBRRE OB X 2 FREmREOLD, SRS EIROIE BRIEEE KITT &5
Z, BIAUELE U CTESALERS) O AT EREI OIBRE 2 280 S AR AT T T2, (LT, WC Rz
Ty F 7T H T ENARE Murakami AR (~F T 2 8D EES U 7 A Ks[Fe(CN)] @ 10 g, /Kb
J1Y 7 AKOH : 10g, 7K :100ml) (2 WC AR LTy F o 7% To7z, ZZ T, Murakami &I WC
FMRZiRE S, HbEm EAENCHL Lz, 202 &Ik, WC MRk & AR OBl s 4 1
NS, [ Z<BEAIIHIT 5 Z ENFIREIC /2 D E B 2 bIVD, F£7z, Murakami IR L 5 FEMGR L%,
FRVRIR (% HoSOq @ 3 ml, 1EAR(L/KSE HoO : 88 ml) Z W T LR AT o 72, ZhUE, =2/9L MCo)D
bBREZITIT2OTH D, ColL, ¥ A YTy NARFHIERZ m & BIEOM OREESIZILB L, o
EREDKRTORINE 257 T 774 b U ESED LN 2RO ->TEY ), FBRIEIKIC L AL
HIZE - TCoRETIHIET, V7774 MNEOERENHITS Z ENFRRICRD EEZBND, 0D
B, 2 2177 X 912 Murakami IXKIZ L A 08 % 3, 5 min, FRRIKRIC L AR E 10 sec & L CRIEEZ
TR BB EIT> 72, Z O, Murakami WiRIZ K 2B % 3 min & L72H D% Case A,
Murakami {&FHRIC L AW E Smin & L7=H D% CaseB & L7~

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 3 [min] 10 [sec] 0.125 [um]
Case B 5 [min] 10 [sec] 0.125 [um]

WIZ, BERE U TR AT > 121%, XA VEL REROERIZ L 725 X 5 XA Y& FRiFOfE
B FR R AT o7, 22T, FHFAEAEITH 2 & T, R a2 BT E S5 2 A ARET
b5, TOFEMUNE LIRSS A VB REROERIZ 720, XA YT ROBAEREIEEL,
ELIIBREIC SN D EBEZ NS, LIER->T, XA TVEY FRTOREEINEITHZLET, &
R A YE Y REIEOIE S BECRIH S I BE 5.2 5 £ B 21, 22T, IEOWIITRWT, FEfHT
WIRZHWT X 724 A YE Y BRI ORE%Z 0250 um & L CE720, A TIE, RifRE S HIT/hE0
0.125 pm DRIAIZZEF L, 20 em® DT R A2 010 g DZ A Y E Y BRiA-Z 8 AT =2 N 2D LT85
% 0.005 glom’® FUZEARAAFA L, 30 S B eidess CREAH AL 2 i L 72,
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BRIZEBNT, 2BBEEEIEEZHWTEREZITIEE, K2R T LT 8F Lo —BBEOBREERTO
FUL D WC EsHm = ComRgE (R0 d2Z2 LS THA Y'Y RERE T 72, ZOBS, #3112
R XD ICHODIEBEE B BB W TR L S TR E T T2, ZOHLIEBENEILT D L, XA YEL
REERA GRS 5 Z & DS FIREZRFEI CH HNROTD MR L, Gk Sz Bt L O < Bl g
ZRIETZ ENDoTND Y,

Acetylene
feather

Rod

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

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

£ R

AREFRTHND 2 BBEEBUED AR, 55 1 BefE4A 1200 sec, 5 2 B4 1200 sec & LARKAETTS
7o ZZT, XAYEY BRIFORRE/NS L, R2OFMITE D ATAEEE U TERLBRORFR 228 2.
FARFREOWRREL LS Te WC FRFRE~ARERIEZ L D7 A VE Y NEEO AR EIT>Te, Z DR
XA YT NRIFORIREZ/NS L, BB 2 2L &85 2 & T, Bl EN=Z A YE RERED
S EERCREH ST ED K 9 70 B% 5.2 5758 LIRET 21T o712,

Z 2T, RiWR%E Case A, B OFRETIToTBEDOARBEDIL BEEIZ DWW TORERAE ZNZENE 412
N, BHRIZEBWT, E<KEEEL &0, 13 < EESRAE TR RIS RS CODIRIETH B, fHF<
BEL IS, FEDEMR B P EE > TV DIREETH 5, 1Z<BEE 1, 13 <BEARA LR EIC AN
EAEFHRSTRWVIREETH D, £7-, BEHE S ITEOFEAKE LIBEIRETH D, F£40D,
Case A, BIZBWT, 1Z<BEEHIRE Lo Tz, ZDOZ E0b, KRFERSFMHFICHBVNTL, 52alciE< BEaH
Hl42DZ ENTER,

WIZ, BT IR E ORFEZAT O 720 X #EHTEEE (XRD) v A7 L& HWTCRIEZIT ST
Z ZC, CaseB CARINIZRIED XRD FEREX 3127, KNIV, AMRSINIZEEL, 414 YES RO
fEEA R HA YT R(111), Q0)EDE—2 ZiEs T 5 2 LN TE, XA YEY RBRGHINTWD D
b5,

£, BLERAE K ST - RO SR EO R m OFM S (R) OWEE, EEMAGTHH
(SWLD) #HAWTiTo7z, T, Case A TEMR IR D RJE 1.71 pm, Case B TEBR I 7=H
JEFRME D Rl L 214um £ 720, Case A DEFRILIEDOR A D R, 73, CaseB DEFENED R, LW /h&<l7ebZ &
NhnoTz,
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Table 4 Results of delamination of the synthesized films in Case A and B.

Case A Case B

Non delamination 100.0 % 100.0 %

Half delamination 0.0 % 0.0 %

Delamination 0.0 % 0.0 %

Abnormal growth 0.0 % 0.0 %
g The synthesized film in Case B

wC

Intensity a. u.
Diamond (220)

ngamond (111)
—

30 40 50 60 70 80 90 100 110 120 130
Diffraction angle 2 6 (degree)
Fig. 3 XRD patterns of the synthesized film in Case B.

Db Z &b, ZA YEy REEAROFIERCh DT ET OB X A Y ' FhifDRKE
Sxa/NEL L, BIRLEEE U COMLABE DR 2 8 2 B Em OTEREZ 2L S W72 WC HAR I ~REESS
BIZ LD XA Y'Y REEOAGRREI T TR, FBREROENE(LT D2 & T, GlRSNZFAYE
¥ REMREOFRMIML S IR E KIE T 2 Lo Tz,

L
WC EthER i BITRBESRIEIT 10 FUi i < BEA#0H] L7223 B, BEEMEDmWZ A VE L FRIEZ SRR
THZEEAMNE L, 2BMEARIEEZ VT A YEY REREITY, TOBICARR SRR & R <
HEZOW TR 2T o7, 22T, #A vEy NEEEKRORMLEL TH DI AT S BRD ¥ 1 v
¥ RRFDORE S Z/NS L, AERE U TR ORI A28 2 FtER i ORE 2 2 b S W7o et ki
FAXEY REREATOTMER, G A VEL FEEORIM S ICHEL KFT Z LnibhoT,
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KN —L db /F 8 9% E R B R
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okawa@mine.akita-u.acjp

WEEE  EBE WA A W TA L 10 im BREDOH KA an XA MK um
UUTFOMMski RN ELEs-FEMORaa XA MhifE2 8 LTz, TUHkiF%7T )V
HVMEET D2 LIk o Tv T~~~ A Fy-FaO) DA EIT>7, XRD fERNL, £
H DI Z HWTZ5E S y-FeOs DEMRMAHER TE 72, 2 bE b7 y-Fe03
DORMEBREEIToT-E A, MERRIFHKZ2AaIE LA ML ELNLTL DI
145 mAh/g 2 A 7 VBE)&Z R L, Wi A an X A4 Fh /B 607 H O 150
mAh/g ZR L7z, ZOARKGIEEZRHATS 2T, “kEE L THRILEN ATHEZR,
TR AD y-FexOs DG LD Z LR bhoTo, o, HBEEEO A XA EREEE
BT HZ Lo T,

¥—U—F:Z30f (b, B wsed b, BER, VTV LA A

mBEtt - ER

AWFET =TT, B EZ 1L T, FEREMA B 2B E s X W E ER B LY
LA ER 2 @R TR 5 Z & TR ZHIBI L T, MEZ B 252 T> T E T,
AWTETIE, A=n & A MR ORI E TR 2 L ThET,

AW BEIT D5

1. Kotaro Yoshida, Hirokazu Okawa, Yuki Ono, Takahiro Kato and Katsuyasu Sugawara: Sonochemical synthesis
of Aw/Pd nanoparticles on the surface of LiFePO4/C cathode material for lithium-ion batteries, Japanese Journal
of Applied Physics, 60, SDDD06-14 (2021).

2. Yuya Kitamura, Hirokazu Okawa, Kozo Shinoda, Takahiro Kato, Katsuyasu Sugawara, and Shigeru Suzuki:
Synthesis of Porous y-Fe;O; via Alkaline Treatment of Size Controlled Scorodite Particles Synthesized Using
Ultrasound Irradiation and Its Evaluation as a Cathode for Lithium-lon Battery, Japanese Journal of Applied
Physics, 58, SGGD03-1-7 (2019).

3. Yasuyuki Tanaka, Hirokazu Okawa, Yuki Ono, Turtogtokh Enkhtuya, Tsermaa Galya, Takahiro Kato, and
Katsuyasu Sugawara: Effect of Ultrasound Irradiation on Deposition of Au nanoparticles on Carbon-coated
cathode material, Japanese Journal of Applied Physics, 58, SGGD17-1-6 (2019).

4 R)NE—, /N, HPEEZ, MEREZ, EIRPSEE LiIFePOs ~D4a 7/ R DM E I G
B L O OBMERE, BT 7554 56(3), 117-122 (2019).
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L ZL®IZ

UF 7 LA A BT, 8 RO X9 /MR b 0G| R BEIEOBRENHER, HAERET
FNF =D ERMO SO FE T, FIFFEFANIEN > TND, FHIEERIORE AN— R TH HF2
FEPLORHLEE, ZETONAEM TR L TE 72 LiCo0, D & 5 ZEdffiZstfBlin s, L0 2l &
RN EE R 2 0D Z E DR EN, AR SNTNWD, ZO—DThHoH~v T~ A M-
FeOp)ld, ZAVE THREN TE RN “REMMAMEL L L TEI 20> 72d, T/ Rk d 2528 T,
FEENTE D ERWME SN TOWD[N, T, yFeOs 7 /Rt 2155 70— o & LT, koA an
A N(FeAsOs2H0)R°A kL P ¥ A NFePOs2H0)% 7V 71 U EHRICHEIN L, ERHTHIZ T yFeOs T/
K725 AT D TENRE SN TVWDR3L, ZOHETELN LR T1T, JFEMRIF-OIR 2 RE L
7o yvFeO3s T/ KiA-M O SN DL IVEIR TH D, B F-DO YA XK, BT O REE R
Brhz HHEREEZ LD, RS, EREORLTO8E . B ORI HNERIZ T TH— TR HEST
T B0, K- OV A RIARNZE A o7z yFeOs WA TE D LB 2 HLb, W, fatEoAaa XA
MR IIZEEORR A LT 523, pH 05 LU N OREESEREMAR P THREZ W TEREITY> 2 &
T, BREORaa XA MRAPELND EBMESHTNDAL, L LARRD, AlSAERIFiE. 10
pm ELF2>25 30 um FREE DJAV A REEFH ORI - DNRIE LTo AR )R- Th b, K7k 152155729
(i, FEEREE DR R & R A T D BN B D, LLETOF % ORFFE T, pH 2.0 ORGEARRIERR
S CEEE OBEEE 2 VT, TERT DftaZ e i 42 2 & C, KA X&filil L2 am
ZA NOBRRAEZFREIZ L TWD[56], € 2T, HERBNEZHWD Z & TN Z Ao EKEDO A am &
A NOERRERGTT 2 & &b, KO A ARBIREE XA aa X A Melfkle L2550 y-FeOs D
BB LDV A XN G- 2 D5 ~Tz, S DIZHLTZ yFe0s DY F 7 LA AL Bl H IEAR
BB U TR Z 3 -l L7-, AR, @52 HWTAR L 10 um DA a0 XA MRif&ERE LT
. 4 Fe0s DAL E F OEMFHEZ T2, 72, 4 um LLFTO R aa XA M- & e e LTHW S
A HITT 5,

2. EBHE

FOSTRIE T D Fe(-As(V)ERMIAI (S0 ml, pH 2.0)i%. tE2/AKZE 7 b U 7 ALK NaHAsO4 TH0,
Wako), #Aifiilg, AileskI) CAKF(FeSOs THO, BIR L) A VTR L7, SOSEIRO b FIREIL 20 gL
T Fe/As BV 15 & UTe, @SR IREHZITH I3 200 W OO S 88 58 5 A 2518 (TA-4021; KATJO) & 200
kHz O ERAIRE)1-(KAUO)Z -HWTITo 70, AKIEIZESARALOD 200 kHz IRE) -4 E &, 2O EIC/ER L
72 Fe(I-AS(VEIRINA A 2 T2 ' — 1 — Ze iRE U 7o (Fig. 1) BEEIIE, B3R A (100 mYmin)i 2 T B —2 —
DR O FHERIT 3 RS Lz, B O AEmE, ik X#REHT(XRD, Ultima IV; RigakuyfllE, &
TEMSEE(SEM, TM-1000; Hitachiyi£2 41T~ 7-, B LIz Az n XA ~%& NaOH IAERHICIRINL, yFeOs 15
7o TRILX—EEE X BHXRE, EDX-7000; Shimadzu)ifllE, XRD HIEIZ T, FrthzaiHl Lz, £z,
R E R TR E 2 2 VTP T o 7,

Gas inlet 988 outlet
l T Thermocouple

1 'I_L{gt water

— =

I I
“ Solution *

— —— Water bath

=

o ——— R —

{ Transducer
S —

——" B

Fig. 1 Schematic of the experimental apparatus [7]

— 135 —



A2 FEFERK R MG Al o Z — RS

3. FEREEBE

ZanXA M, Fel)& As(V)a &Rk 2 et - ME 5 2 & TRISHIIINT Fe(l)Z 2 eriibK

BDVERT 5, ZORIBKAD Fe(I)a & HICEMET 22 L TRaa &4 MVERKT 5E)8]L
4H3As04+4Fe(I1)SO4 + Op+ 6H,0 — 4Fe(INAsO, + 2H0(s) +4H:80; (1)
LIRTOF 2 ORFFE T, pH 2.0 OREERRMAIR(70 CONABE I & 3 BB IRET+ 5 Z & T, 10 um 2
FEDOHR/2Z A ar XA M2 AR L TWA[6), IR F-OGRICE T HBEEOFGIL, EICT
FLOD 2 ATH D, ORISHINZAERT 2RIMAOEEZ LS Z & T, FifukZ & 72 2R A S8 5,
QOB IBEHC X - THERR T 2ERLIROH T 2 V)0 BiIBRAR[Fe(D)-As(V)|DOfR L A2t 2y 5, Ok

R, FEEEH 720 OB EABINES 5 2 L THRAR A an # A Mhif-a2 8 L[5,

Fe(Il)-As(V)+ OH: +H" — Fe(Ill)-As(V) + H,O Q)
Fig. 2 (2R D XRD PIERER A 7T, 5D ERMIE, PDF No. 00-037-0468 DA 2 7 A &R L7z,
Fig. 3 IZAM LIz Aam XA MR- SEM BIESERAR"T, Aau & A M, ZEFEOMIRT 10 um
FREOY A XaH LTz,

Aauaf A "NeTNAH VBT 52 LT, B RBEFNEHL, ﬁi%@%@yﬂﬂkkbfﬁm¢éo%
2T, TV VEREI#R OFEI D Fe & As DFEE XRF JIEIC CHERR LT=, 7V U AWBRR#: CHERRY)
FOeFRENRE LT L, SFRENER L2 L 2SR Lz, TV U APRET# CHERE N E L 2o
TVDHDI, EROBEHICHED, AP OSOEIGN L ol Z LICER LTS B2 bvd, R
2TV VR I o TR DIV AR O XRD lERE R % Fig. 412777, XRD B —2 7267V 77 U Lg%
DEINT, ~T~~A N ThdEEZLND, TNAA VBN I Y AERKT S yFeOsid) kit CTh b

\Fm%ﬁﬁw*&ﬁﬁiéhfméu ZFD7=H, XRD D —27 I 7a— R ThoT-tE2 Hb,
BRI, BT y-FeOs D IS E QI E BB EH#PH 40-15 V&I To7- & 2 A, IEREIT 145 mAg 2 ¥
/1)7/1/9)7&/7“[/\ TIREME UCHRMENFIRE TH D Z L3 oT,

WIZ, KiA-HPA ZNL D /ISR an & A Mhif-(FeAsOs2H0) % HIFEFE: L THWT, y-Fe0s DAL
ZITH 2 & T, EMEFEOm EA2 G L2, pH 0.5 ORREERAEANR(70 SO 2 3 IRFfilEeerZ B4
L ETHELNRAan A MR OFRE Fig 5@V T, EEEETOZHED A a4 M L%
H20 FALO S ORELITZ9), EET VH VIR L 7-% 0 SEM GHE.% Fig SO\, 7V U AL
B UAMEIE, AEERTO B O LT D28, K XRD JITEDFER, yFeO; DA HER ST, Z O
Btk 2B Lz & 2 A, 11 7V H T 150 mAlg UL EDERHER S L, ZHEDO OB HLD L0 b,
BIfFE2 R Uiz, ZOZ D, FEHRI OV A AR0WIRE (LS ES 2 LT, EEEORR2 D 10
DELND Z LRI LN ST, A%IF, BRSO EER EICHER L b, % kT 5 TET
H5,

E
5
)
g
2
R
=
3
=
Scorodite PDF No. 00-037-0468
||||.an.L R
10 30 50 70

20 (%)
Fig. 2 XRD pattem of sample synthesized using ultrasound
irradiation at 70°C for 3 h with O, gas flow [7]
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=
Maghemite PDF No. 00-024-0081
'l | | ; 1 | |
10 pm 10 30 50 70

260 (°)
Fig. 3 SEM image of scorodite particles synthesized using Fig. 4 XRD pattern of sample after alkali treatment [7]
ultrasound irradiation for reaction solution of pH 2.0 [7]

- 4 J

Fig. 5 SEM images of (a) scorodite particles synthesized using ultrasound irradiation for reaction solution of pH 0.5
and (b) y-Fe;O; particles synthesized fiom scorodite particles using NaOH solution [9]

E 33
AWFZE IR B84 20622321 DBhRY A2 1T 7~ & DT,
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2. T. Nakamura, et al.: Japanese patent publication 083719 (2010).
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4. T. Fujita et al.: Hydrometallurgy 96 (2009) 189.
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EIE ALY LE COLRIRLE-E/ T4/ —ILT 2 VREA
NEBEFEEIZLABIRGIEHLE-REHAILDLDOER

R BE W, K EE —T ., W R B
(CHF A v H —, PR SAFSERL)

Kkitamura@gipc.akita-u.ac.jp

BEZE R L RO & LT, ZWbRFOMFPITE (CCS)YDE MR HIFFI
TWb, KOREFZR2ENPOHHEIND T A0S ALK FE(CO)D A 1T E /
TH ) —=NT I UMEABREHEIND, LrLAaRs, CO, ZBilEd 5B 120°C
TMBAT Z20ENSH D, KIEERFIZEBIT D COx L, pH IZ L > THELF COx(CO2(aq))
A A (HCOs™, CONICZEDEREMNE/ L, BEKOBKIERIZER COITxt L
THENTH D, FTATHFETIZ., COxaq)t L TOHFEMEEEGN/NEL 220 | kAN
#Z7eD pH 8.2 O MEARKIZKI LT, LI V> 7 AERIML, BERBS £ 72
R EITO ZE T, WML WEAS LT CO, DLEERMN A E L, RIFFET
%, bV T A&V pH 8.2 D MEA B> 5 O COy D BLEERERS 2 59 5
EE BT, BT DIREET VY T DR &R,

F—U—F:CCS, “ffbiRE, £/ X ) —NT I, MEWRK, KBV T L

MmEH - EAk
BE R DR & B E ] 2RI R 45 2 & T RIS 72 & o bFsE &

IToTWET, RFETIE, BT L e TRLRFEZRN LT ) =¥ ) —
NT X SR~ OEBE B RRSTC X 2Rl e R LIRBR O IRIRMBE A RE T o L L b
(2o AERR LT BRIR 0 V2 0 DKL DR A 3l L 72,

ARFZEC BT D w3

1.Y. Kitamura, H. Okawa, T. Kato, and K. Sugawara, Desorption of carbon dioxide from
monoethanolamine solution via calcium chloride addition under ultrasound irradiation and
evaluation of the characteristics of generated calcium carbonate, Japanese Journal of Applied
Physics, Vol.60, pp. SDDD12-1-SDDD12-8, 2021.

2. H. Okawa, Y. Kitamura, T. Kato, and K. Sugawara, Utilization of tertiary amine solutions and
ultrasound irradiation for CO, desorption at low temperature in a CCS process, Japanese
Journal of Applied Physics, Vol.60, pp. SDDD01-1-SDDDO01-4, 2021.

3.Y. Kitamura, H. Okawa, T. Kato, and K. Sugawara, Enhancement of desorption amount of

carbon dioxide gas from monoethanolamine solution using ultrasound and calcium chloride,
Japanese Journal of Applied Physics Vol.59, SKKD08-1-SKKDO08-7, 2020.

4. RN, BEIFER, NS, WIRIERE, RIRET /=4 ) — LT I IRE» B D CO,
WilEAE B & U7 B R SR b v v AR, & &K TECHNO 28(4), 61-65,
2016.
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LIZUHIT
BIfE, HIERRIHLAIR L LT, KOREITEN DU SIS CO ORI~ E I 5 7201,
CO, % Ht 7 (Carbon dioxide capture and storage, (CCS)) 9™ 2 £HTANHIF ST D, JERA AN S CO A
ENBHRIUCIL, ) 58 ) =7 L AMEAYR EDMCARIGA DN T (1), MEA IR L IRAT 2
. —HASHERET D720, 2 OVIRITHIEE AR (),
RNH: + Ho O — RNH3"+OH™ (1)

(R: C2Hs50)
COy % MEA VRGN S5 Z LT, KQ)E@D L HIZ OH #iHE L. B3 A— hA 4 (RNHCOO)
BT D2, 3], EDH, NS A— M A UATMKGET 5 Z & C, HCOs RS 5 5)4], MEA I,
DT I V& A THATEEH 72 Y OWIER JOWIIGEE O 72 & TEL TV D, LnLans, I
I L7z COy A % MEA IR BIEIT HIZIE, 120°C TIELT 5 BN B 5 (1],

RNH;" +20H" +CO, — RNHCOO +2H0  (2)

RNH: + CO2 — RNH:'COO™ 3)
RNH;*COO™ + OH” — RNHCOO™ + H20 @)
RNHCOO™ + H:0 — HCOs + RNH: )

o, KEEPIZBIT D COE. pH IZ &> THEAF COACOAaq)) oA A > DIRREHCOs, COP)NIE DIEREN
AT 5 EOH8)5T).

H>COs 2 HCOs +H' (pKai = 6.3) (6)
HCOs 2 COs* +H' (pKax=104) (7)

COx(aq) + H20 2 HoCOs (K=1.7x107) (8)
ARFZECIL, BREFHOBENER %2 W TR QR5°CNC T MEA IR H D CO, DRBEITAIRETH D Z & £
L. BiBENATREZRIEREITIATE CONCOaq) T D Z & H B LT LIZ[8-10], HEHIRIZ LD COy B,
CONaq)DIFEEIENIEFIT/ NS < 72 % pH 82 LA EDYEIEN b DM T 5, U4, CO, T AZ ML S
72 MEA TERICHE L V2 7 AN(CaCh)Z N L, #iRH D Ca?" & HCOs 36 KUY COZ DIZREN ST 5 Z & Tk
fe 1 v 7 INCaCO)PERR S S Z LT X D CO,DEE L HE TV 5[13]( 9, 10),
Ca* +HCO3; — CaCOs+H' (9)

Ca’>" +CO#* — CaCOs (10)

AHFFETIX, pH 82 D CO, Z W L 7= MEA FRIRIZHRT L CHAL IV o B AL, SN E21T9 2 &
T, LNV T DERIMLRWES J 0 b CO, DB M = L72[12], pH 82 (23U T, CO, DK
DOIZREIL HCOs 23 F L 721 . CaCLIRINICAE: D CaCOs DAL FTR9) & 72 %, CaCOs DAERSUSIT Y H
DR S, RO pH MR T T 5720, FO)DFHERRAE~TS<, S HIZA(B)L Y HCOs13 COxaq) & 72
5728, COAaqeFEAHINNT 5 (HC0; — COsaq) + HYO), L7273- T, COfaq)DILEEHHINNG 5 7= O
WIRFHC L DEEN CE T2 B2 BND, LU D, REEIN Y T DOARRICEED pH ., IWERDOZE
{23 MEA 5D CO, DIRBEZ ZIZTRENIA SN TE TRV, F7-, BIEWM TH A REEH L
TULATHDLN, ORI EWH OB IR TR D Z ENTEIUR, HHASRNIEN D, Bz, M
T4 T7—ELTILRT TAF v R, Bk E~OHBNEZ LD, Lizh-> T, AT,
WAL Tl CO I LT MEA IiR~D B IRIIHZ L5 CO, O T2 & L biz, B
AR U 7o IR T V> IR DB R AR LT,

2. EFHIE
CO, WY L 7= MEA AHR(CO-MEA) . £ 02 M D MEA 17200 mL)Z i A7 T CHER(750 ipm) &1 T
WIRDID . CO T A(>99.99%)% 0.5 MPa T 20 Z3fFFEAT %5 2 & T CO,DRINZEAT T2, £ D%, MERET
BEZODEEEZE L, KEUE T TR 2B OFE %2 L1k, pH 82257 % F TIHA®0 pm)&Z1TH Z & T
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MEA ¥k 2 Wfji U 7o, CaCLIAHR(30 mL, 53 mM)iE, Hifk 1L L(Wako, >99%) & A 7 A&#i/K 2z T
FHEL L 72, MEA BHEA~D COp W EmM)IE, CO, WINAT# D MEA EROEREZE(b) DR, 75
6)-®NIR LTz CO,DHAEMN D, 25°C DRI ISIT D CO, DI FFEE pH DOBHRIFIX 1 D K 512k
LT LB, COWINED MEA ¥IED pH 2126, IO CO, DILTFREZ & OfFE A R T, R
(HCO) FR@) DI EH L V) . CONaq)DIFRE TIFE L TS L H 72 L=, MEA IR 5D CO, DBk,
L A IR B (TA-A021, Kaijo) & 28 KHz OFRTIALIREEN % FiV - B IRE,, 713~ %y
F o 7 AL —F—% HOTARFR1500 pm)l2 TITo 70, BEIRIIHNZ LD COMBEERBROBIME 2 X 2 1TR
F13], AFEFIZERE L7 HRE) 1D EIZ CO, 2 SH72 MEA (30 mL)2S A->72 100 mL B —0—
(Pyrex) 7% L. CaCLIANE(30 mL)%Z MEA ¥&I(G0 mL)IZHR L, KisrR DK ZN L CE—h—DEH 5
1, 5,10 2RO RHERE 21T o 7o, ARERICISIT 290D pHAEIX, pH FHHORIBA, F-70)% FV N CHIE L7z,
CO JIHBERF OV D CaMEA E/VEIE, 0026 & L7226 mM Cal0.1 M MEA), ¥&iEHIfmb HEE I 1
NX—%a Y AN RIS THELZE Z A, 11.8 W28 kHz) Th o 7-[14], HEHE IS O HEIR
FE%, 25°C & Uiz, BB OVAIR DO EED 80> 5 COAQ)DIBER) & FH LT,

* LLFT 4% OMEA- CaCl, VI 5 0 CO, il s: [mM
coz(g)@ﬁﬁtfﬂ@@[%]=(5L # aCl, > B 0 CO, it [m ])x 00

JUERRTTOMEA- CaCl, 7&K H 7 CO, W& [mM]

CaCl, DI X VG ST REETI V2D SE, W | A TR IC I L, —Bo 22 21T
ST, VG DREEI N T AOBEREEZT5HZ & T, YN L7z CaCh (mM)IZk}F % CaCOs & LTD Ca
[EU (o) 2 L L7,

Ca IR [%] = ( AR L72CaCo; FITHE £415 Ca B [mM] > « 100

AP D MEA- CaCl, w76 @ Ca JRE [mM]

F72. R XHREHFTXRD; RIGAKU, RINT-2200)1I7E$5 2 O AR 31 BA{E(SEM; Hitachi, TM-1000)81£% %
1TV, FEERERI A DN A DIRE, B f-P A X3 KUK 2 7Hl L7,

1.0

0.8
0.6
04

Molar ratio (-)

0.2

0

1 25°C DKEEEHFICIT D CO, DILFIRE & pH DRIFR[13]

Gas outlet
Rubber stopper

Solution J
f:'-_":?;_:“:'—* Water bath
| ran duceif___. / _—

2 FEEI A HIO T SRR ORI X[13]
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T2 FEFERK RS T Al & o Z — R e S

REREBR

312 CO ZMRIN L7 MEA BRI U CHI b L 7 DI Z TN L, B 7 3R T & 2 A A ]
#%D MEA A D D CONBEREZ R, EOMPRIHBNTE 1 43 OEREEC COAQDMBENR A B, &
AZEHL. 924 1L0%(EETEY), 6210.8%(FHERD CONgBiBER A /R L, EBEEAHE L 0 bR & o7, AFLS
S LA DR BEERIE, HEEIIE 9.540.9%(5 min), 9.841.9%(10 min), F#RIE 72414%(5 min), 7.242.4%(10 min) T > 7=,
PEERIT, AR 1005 ST T IITBER D[] EN T 530 5 DS 1.0%(6.2%—72%)]. MBI ZALEE 1
SLIEDOBBEROM FIXIZ e A EHB BN oT2, COEWIN L7z pH 820 0 MEA IEHRIZHKT LT L 7 A
TRIRETIN L, B E 7213 U L 72B2 0D MEA-CaCLIAE® pHEIX, EH 5 OMEIBWTE 1[0
RUPRIRF ] CERIR D pHAED -2 H AL, A 1 LR TIE, ED/ES pHED EFIEIZ L A EHRDILRD >
7o L2 TC, 1 SROMERRFH ORI MEA-CaCL AR C pH ZbA A5 UG E TWDH E B X Hivb,
pH 82 ™ MEA IR U CHUL AV T NIRRT L, S & 72 1R 2 S AR T35 = &
O ZTAERIE, XRD HIEIZ L > TTRTORNT/NT T4 MPDF 00-025-0127)DH—F1TdH 5 Z &b oTz,
FALPRRFIZ 381 D CaCl, OFRINEICHT T2 CaCOs & LT Ca [FICRIT, HEIIL 89.1%(1 min), 91.9%(5 min),
93.1%(10 min), FFRIT 78.0%(1 min), 84.8%(5 min), 90.3%(10 min)Z7x L7z, &5 5 OMLER & MBI OB LA Ca
[EUERITHEIN U7, BRI L 2B E, LD b CalBERAE < 1 /3 OMERIFE T 90% < DV Ca Al
WRTH D Z ENbolz, LEER-> T, @ElE. 20 1 9ICTE Ca BT CaCOs VS HAL Z LA,
FHEL D HEW CODMBERIZ DT o7 LB 2 bivb, B LT 1| HRIOUBRRHIICISW T, CaCOs DAL
B L MEA 05D CODIBENTE T LT\ 5, £ 2T, B0 AAIN L CHEER E 7213
DM D 1 3 ORI 31T 28K O pH EOZEL AR LT2(X 4), £ H L0 0-10 I TR
R CHEBPBIEE S, BEIRIL pH 821 25 pH 8.11, fifPid pH 821 2°5 pH 8.15 ([ZEIE4 pHIEDIK F 271
L7, Ziudk, RODKEES VY T AOERSINIEN, RO pH PME T L7z &E 2 bhvd, BERIE, ik
£V pHEMEFLTHY, WERBHAGERZIC pH EAME N L TWD Z &b, REED VL T AOERSIRD
LI TON TN D EE X BID, SR LOWRIC L 20T, 4 0-10 O pHIEDIK T4, Ene
AUpHED B 2R LTz, PLEDZ ED . MEATRIRD DO COQDMBEIL, [REEH VL D DOARSEDE R
T Z > TN ZERASNT 5T, Fi2, TRTOLBET, 1 ALNOLBIIC T MEA W COLg)
OREERBIAE S DN, FROBEFIIT, Sk & T CONgBEfE D pH ERNHEC/MITEZ > TV D, JEAT
WFFEIZIUNT, 28 kHz DIRJEE DA F R OMSIERIL, R X Y & FERH#IC T MEA K5 COLaq)% COAg)
ELTHBECE 2 Z L 23 LTV D[8), AFEBRICBWTE 28 kHz DT Z WA Z & T, dulic Co g
B L T D Z LR TE T2, RIS, BBFBLORIEY & U TR OIDIREE IV D DRLT-OY A AR %
FART=(K 5 @)b)), F7o. SEM Z W THIZR L7 200 fH ORI ORI R AR T2 2 & TR 1Rk L ONENE
fRzEz KTz, HEHEE S @) F IR 5 )2 L DT 1 OB TS DT T A MR -0
SRR, ZAEFL 091 um, 226 um Th V) | EEREIHFEZ HOWEGE L0 b/ S o T, EEEDIER
T2 KO EREOBER A /KEETICRET 5 &, WP TIIFry BT —a U Y | IO &
2D Ve MICOEERIE AT 5, 28 kHz 72 & Ot kHz DIRER ORI, ¥ £ 77— 3 CEfEAME
< RIAOEEHCAE S WERAOR R SO HIERANE W Z ERR MBI TW 515, Lizai>TC, 28 kHz D
BFROMHT 2 2 & T, RN T DO ZNE L2 A3, 1 R OAEERENC TR Ca [BIL=R[89.1% (&R
TR), 780% (B, 2 O R RER T V7 DR F- DRSO o T~ L B Z BN D, BRI X DT,
T AT OPRRE TR 7[R E3E L C 2 WKL T Z AL L TS ODMBIEL S L72(K 5 (b)), FRERA W CALBE
R TN T2NT T A MRIAF-OIFHIRI£82.26 pm (1 min), 201 pm (5 min), 241 pm (10 min)]A> 5 OFEEHEFZE L,
0.74 (1 min), 1.22 (5 min), 1.55 (10 min) & FC & < | EBEE & Hlig U CRIEEIZIED D& NS N2 Ebhoiz, —J7, @
B A A TR TS DAL T T A MR- OFEEIRFEE091 pm (1 min), 1.37 pm (5 min), 2.02 pm (10 min)]7)>
O OEHERF A, 050 (1 min), 0.73 (5 min), 0.57 (10 min) & /NSWZ ERdbhote, £, BB LE 1 oL
COLDIMHEITE T L TV D DT, B 1 3 LIEORL-ARIEFE T, COfaq DIt I TN T, EEIEOTx
NR—DIENZ 2D EEZZ HNDH(IK 3), LLARRL, QHRHAZE 352 6T, hEDIXL X2z >
O, R A 091202 um OFPHCTEZ 5 Z LN HRETH ~ T2,
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B2 AR R HOT AV & v — PR R

—
[\

—
(=]

[ee}

0 2 4 6 8 10 12

Desorption ratio of CO, (g) (%)
(o)}

Treatment time (min)

Wb v DAL TR E 72 IS R L 5
pH 82 O MEA &I 75 D COx BifER[13]

K]
w

8.30

825

8.20

pH

815 r

0 20 40 60
Treatment time (s)

B4 AL D BRI RS 72330 X A 08 o
1 53 I ONEREERIZ 331 F DI D pH EDZAE[13]

X5 S Q@) E 2 ITEERb) & O TARR LT RER D VL o 25K 1-D SEM B 13]

4.8V
ARFZETIE, COp 2T L 7= MEA ¥R LTk LS w7 BRI 2 N LGRS I(28 kHz) & 721 34541500
pm)iZ £ % pH 8.2 D MEA ¥5%(02 M7~ & D COAgiBBEFRIZI51T 5, Ca[BIERRS CaCOs DAERIZFE D pHEDZ
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TN 2 FEFERK RS HT AN & o F — P JERCR S

{ba®IEL LT, 28 kHz DRRFIIE. 1 DT ONEREREN TREE I VL T AOAERR T 2 ENFRETH Y | HiHk
X0 Y COAQDIBENTIEI A TIOD Z & 3 h > 72[9.2%(28 kHz), 6. 2%(HH+E)]. MEA IR 5 D COAQ) DM,
SRR 1 53 LANDERER T 713 7 WO ERE UG DB Z > TWND Z EMRBHBNIAR Y . AP 1 457055 10 4y
TORIA DR T COADMBETITE A E72NZ LRGN~ SIS, 1 /TR OABRRFREIC T 28
kHz ORI & TS BV RER 1 LS 7 DR OSHIRIFEE 091 pm /NS < 0Py RIEE /AR ki1
THEAZEMARETH L7, T + 77— 7 U — FORFMEORIE~FIRADB IR 5, £z, A
Refila 1 0 K0 R LTH, COAQ DB IIIFF TE AW AS, PRI SR DRI 12 H4ERF L-DD, KD
Ki7E8% 091201 pm OFEPHTEZ D Z ENARETH D Z E b7z,
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AN 2 AR FERK RS HOT AV | v 2 — AR TR R

BREGBEDEAVE D RFEERRAYMDEGAE
HEIEEMEAER BRI S

iR & T

FER TSR
fiwkn@gipc.akita-u.ac.jp

B2 HICEERD) — FERDUHREOHIBFELGBEDERN VU RFEEIE
ZEAYODELEMERITL, IRELTE LB ALARPRGFLFIAL THEE
HHEEERAETSEMTHELZRRALE, SHN2EEFIT7TYT7ALUOXRAM L 21—
FeosréboRovRAYIILITOOVADEERZRETLT=.

F—U—F: bpdhoy THETAL o REMERK

MmEH - EAK
LoarAlk, AWK AYFTIDT, LT A3V R, BEUDFRHRT

IWR—IEEEEBRELTFORO U EREZEBET D, P a—FERI U T,

Larock f > F—ILERE A S VBILZEBE L TTFTH7ALUBKRZEET S, E
EREEDEYEEYEICR NS EH T ERILERBEDEBERMEZMARERITLT
ll\éo

RKREOFRY 2 — Feu T v ORI

va—Rtvov Wik, RFEW=%t> /v 7 LYE Pseudoceros indicus H>H iz L U CHEE
ShieTuliad RTHL L, NR Z5EE L TEORENHEE SHL, A2 F—Lo 2,32 477 X1
CUIHEER LT R B &L BRA R RO DT e o7, L L, SBIORRREN L%
HHHZEHH VEEIIME L TR LT, MOUSEEO - OFEEENHE TE 3, HEAER LD,
I T, 1 OEEEEEZ B E L CTERBRIZEIZET L, BUE, 47 7 XL UARERA v B—/ i & FF
DET LAY 2 HEREER L LT, BREEORE 2R L T 5,

(bW 2 DERRICIE, 7=V 7 L3707 ) v 8 MBLENTNFERS & 6 #157-%. Larock A
VR ARERT b 4 AL, BT VR 3ICHELTA I UBRIbT AR AR L
(Scheme 1) , 7 h> 4, 5-A ¥ 2=+rua7=U > DOnALAM5 &, 8 MO EEANIGZ R CiHE
L7 6 % Larock A o R—/LERREUSITAT U714, IBX Bk Al LT 7=, 4 O TBS A sk, a v
{BERETT YV RMEL T3 2K, BIE., 7Y REF MATL D TNT W Wittig [OGEBEFT LT\ 5, 4
i, RHEBREIC BT DAL O ZBET L, T /UEEM 2 28T 52 TETH D,

Scheme 1 oTBS
N3
MeO.
= N ® Me ———— MeO, —— MeO.
HO. \ \__ome ’
O N G Me

S~ ETIEE®E2

c/g
HN
o}

Me TBSO

MeO. |
MeO. NH
Pseudocerosine (1) © \©: 2 P \E:[ HO -
N > NH, + <\
8

Dl




A2 KR PRI 7 — e R s &

ARRFIL AR 100 FFES BFH) GEEZEFLSE 1H5-17, 2020.3.22.) IZTHEE LG =)
A IV AEYSEIERES 1 7= 8056 EBE) .,

Wk 0 1) Shupp, P. J.; Kohlert-Schupp, C.; Yoshida, W. Y.; Hemscheidt, T. K. Org Lett. 2009, 1,
1111.

A7aa s A DFRLEEDERRITGE

A7 wmmr A Q) 1E, 1978 4E|Z Berger H 1T X o THOBE

Streptmyces enchinoruber D6 WREESNT-HEFET Vv A REHEHA

Thbd, 11I, TAFUPE, T hT7e k77>, hakRer, ¥

7mm/&// PUBHLE Y & S IRICHRER LTS & R,

WP TIL Z ORFR G ICHER 2R D . R 72 ORI
EEMAEHELT, 1 OGBIIEICET L, oo A@) Me

1 O7 7Y a3 U BROBEIEZOW T, TAFURZEIKLE Y

Do ERCBVBETRALICET UEEY 2 IER L LTI 2 2 LT Lz (Scheme 1), 2 DA

TiX, THFBREZ AL M4 EHMET L b MOHBRA X B AL ZANKR Ty 7Y 7T 3 HERL

72, 0 FINT IV R—Ufig e C hrdi e OB TR DR A M35,

®
o o Ho ®ring-closing I Tol
Oon I metathesis 0:S:=0
Me Lo O. |:|'>Me74 ” Me l\(n—og\)
Me ? o ®su|fone e

TBSO @upling TBSO
3
Tol
Me78 " {o §:0 HO
e Omed — 5 —>°
TBSO Phthalide
4 D-Arabinose ;

4130778 =AW E LTEMAEET LIz, b i7&)Fm%AWLtoﬁf 4 L5 DAL
YT T ERER T, Atk REEPREELHEE L, 0 FNT LV R—UliiG 2 iEtd 2 TETH D,
AREFITEH 2 FEACFRTFHESFIERS (P74 ) GHREEFLE PCL03, 2020.9.26-27.), IBLTN,
AAMLFEEE 101 FRAES (KT 4) GEEERSE A21-1vn09, 2021.3.19.) I THRFE LT,
ZZ k1) N J. Palleroni.; K. E. Reichelt.; D. Mueller.; R. Epps.; B. Tabenkin.; D. N. Bull.; W
Schuep. ; J. Berger. J. Antibiot. 1978, 31, 1218.

— 145 —



T2 FEFERK RS- T AV A & o F —IHIERCR IS

NEITSEVEERDEAIZLD D TEILIK
BONGEIH TR DR

FBom SO, B ESR

(B T20r2e R
modaka@gipc.akita-u.ac.jp

W = h 7V 2 (Ene) id, R 24 nm DHRZEDF ) RiFREHX 378
ThO, " AF /) ~=T VT AHFEME LT, WEES AT LSRN, F A A=Y
MR E~DISHADPEFFSN TS, FAIZINETIZ, Enc i 7 7 B 1k
ANPGRS EZ L WL EEZHLICLTWD, RFZETIL, ZDOKXRAK
77 AbE W E Ene DHREL, RO T T MLEWHEERE B AT S D
& T, Enc ICH LWHEREZ NI 2 2 E N AlRETH D 0 Miat Lz, £ DOfER,
FIB0%DNRTH KT T &% Enc ~EATHZ LTI LT,

X—U—R: A AT VTN, B RNIEF I RF, 7T FHER

e - ERE:

B R EIE, SRRSO B R e EORREMENE L . SR REE T D, F
7o, BE IR X 27 2 BROZE BV FHEEZ X AHEEMIN B S FTEE
Thb, Ferld, PGy — MEEE L DX Bl THEGREGE L, 2
O OESROFHCNERZERNZ, Hiik7e EOBREMEW-E OMINEE1TH Z & T,
BEREZ AN LT A A ~T U T VEMORRFZ B L Cd, AW CIL, BEne T
I RIFDEEREIIZIENT T, Ene IZHEHAREA L QWD RIRTZ I 2 N L7 T v il
RANEHT 5 2 L 2RI LT, Ene 2O RKIRT F BV EBRET D100 AR LT- &
:% Enc ORI FIRIEEZMERF L2 D, RIKT7 I HBRETHZ LTI L, &

KR T U ERE LT Ene &, ASERERIIALTY I BV BERERETH I LT,
Wk5%®ﬁ4fmmmﬂ%itikl77t/ BREEANT D LI LT, Uk
DFEFIE, AL7 7 EVFER~OBHC LY | Bne Z22HE(LTE D fEM 2R LTV
2o
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B2 FEEERK R A A o Z — e R RS

Encapsulin (Enc)

o FIFEH24nm, EZ+EADFZES/ HhTEILIEE
e NFEHIOKDaDE—TF/ I—HECESLERERK

BEEE . BEAC4RET 3 ETHAYORERVRSEE LT
HEEL TS EZEZODNTLS

23 =24 nm

v

BHE& S5&k 601 {&(Encapsulin)
Sutterr, M. et al, Nat Struct.Mol. Biol.15,941 (2008)

EncilcfE& LI-BFILEW

« TmEnciaBMEE
> CNETIZ, BREEVZET LS HEELGL

243.0873
Z=1
-
) R E>
T 243.0874
Z=1
BEELES])
TmEnciaik ., rus

MSMSA~2 FIL (£: VRZSELTF : BFEEH

BEMMGEEIZTELE>T, BRILEMIVARISEL ERE
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5 EA=L:N

Ench b URISEVERE

ERIZISEVEEGRLBEER TS LT
EncA~$r1=- 8 EE % {51 A0

<
\\-?.:4\:\‘}@ # @ # .

Encapsulin 7 A Ht-taseEz={mL =

Encapsulin .
P Encapsulin

JARISEDRELEBIER

v BRE8T : Enc (0.6 me/mL)
BRE% : Enc (0.6 mg/mL)
__ 015 FBH+ERL : Enc (0.6 mg/mL)
=
<L
g 445 nmT DURLE
445 nm .
2 o BERM . packat: 0.066
E BEE . K% 0.007
3 005 Q - B : 0.035
<
0 ¥

250 300 350 400 450 500 550 600
Wevelength (nm)

e $990% MY HRITISEVERE
« #50% DYRITISEVERER
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RIS EVEEREDTEMEER

)

RIS E UBRER RIS EURER JRISEVEERE

« VRISEVREARUBEBHBRICHTRILBEIHEZETES
« BEREOH T EEDRIIBIERATD2EEE

EBRRISEEDBER

OtA IS EVEDBEER

Enc
75 EUBKREREnc
53k T S E VEnc

— AR 7S5 EYEnc

Absorbance

Wevelength

OtA 75> EDBERIZAD
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B2 KR PRI v 7 — e R &

FEH

« Enclz#E&LzURT S ECDOREIZHE

« YRISEVEREL THENCIERIREE ZHE

o TRAEncOHNEKRIRITISE D EDBERIZHEL
7 RIKENCHDER 75 EY & DBEERIZHE
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Ce0, i#5h0 Pt EBABIZ & % C0, EffI=TT

I N ]

R F5ER
tkhshrk@gipe.akita-u.acjp

BEZE © ARBFZEIT CO, HEHHEOHI A kT 5 <<, H &z CO, ZEMETTIC X
STHRZWEICEBRT D Z 2B E LTS, S4EEL, Ptd CO,EfifE TiE M
IZRIFET CeOr DIRIMEN R ZTHE LT, F ORISR, #EWED Ce0, % Pt BN 5
Z LT CO EMBETIEMENM LT 2 E AR L, £72, CeO iR Pt 71 — Kk
X, BROSHRIETH D COIZ L DWRmDEEN DI, AZ ) —NREDELL DR
A7 AL EDRAERTE 5 LIRSS,

F—U— R :COz, &EffiEITL, Pt EM, CeO2

MEMY - ERK

CO B ETES I CH MM 5 Z LN TEIUSE, KA D COTRE 2K L
KRB COZPEXRMANAEHTE %, CeOIRMNPL I Y — Rl x, fERHAW I TE 72 Cy
T L W LD TRBRELETCOZE T TE, LObIGHIRTH D COZ L HHDE
WHIe, A8 ) —=NIpEOZL OFMBCEMDERTE D LHIFFSLD,

FEFF I DIESE, mkEsMEn e T b RB PR (K38 EATE) TR L7 Y
ROBMERTC « A X ) —VRIRFE KD T2 DI “FRUIRFEAEE S AT I, 5 2016-115452

Emﬁ] EH3Cco-EEETE “F;T

;! i HO —2H"+1/20.+2e
hh— l‘Eﬁ‘} CO;+6H" +6e —CH30H+H20

(|

l.-|’ +-RRE

H4 SRE LB BRG
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CeQ-DF=0

':-E-‘D:F:'ﬁf'.:_

SESSETCRESIRE
@z = EmsaETRERS EED

HFEEm

PHZFNT 235 = | CeO, )

ERRERLEE

BE: 25°C
E]&ET - 900rpm

e
Bl A AT IC & 3Pt-Ce0y/CEE® {ER
EEERICAT5CO-BERETEEORE
=BT =
SEER T EE Specimen Thin Film a0
CO.ERETHE 0 15 2 —
31— L 5,
Oi-ring w20 . Ti Resd Brass
Cap of Acrylic Resin
E7 Pt/C# & UPt-Ce0./CERDEET « A FEE~0 T
HESE
EEE EEFT«AFERE

& PtA S S

EEE&E  Ag/AgCIER
EHEESEERS  Ar150ml min? 60min
FHAHAZ D CO-150ml min? &0min
ZEET  0.1M HCIO,
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BN 2 AR RS T A v — AR TR R

""" EIEFE
ELE 3
g Mr {25
= 12 F o )
E 1 ST I B
E B L]
-
< 08 } {15 =
EUE 5
s 11 £
el | &
5'5"-1‘ . -'U.S%
“ 0 - 0 <

Pt/C Pt-Co0,/C Pt-Ca0,/C

[PE:C=5:5)  [PtCed,:C=5:2:3) (PtLeQ,L=54:1)
FH1? EEPt-Ce0/CEROQCO-EEAT IS L TEEEECHE
(01M HCIO,, 25°C, 900 rpm., I:I.IIIE'-.-' ve, NHET 1omin{#151E3EH )

|::> CO-EEAT IR EESEEL L 6ICBXT 280

=EE5E
—
CD:':: IIIII EEE"' ':':'I’F -313'
1 1.6
COEBEL
0.9 ; 14 E
0.8 12 d
3 0.7 = B
-] 1 =
g 0¢ ¥  BX85%m
g os 08 5 COEE=EET
5 o4 0 g
=
v E’: 0a &
01 02 O
0

Pt/C Pt-CeD,/C Pt-Ce0,/C
[Pr:C=5:5) (Pr:Ce0,:C=523)(Pr:Ce0 s(=5:4:1)

FE1T Pt-CeQ-/CERDCO-EEAT IS LCOEEEDEE
Ce0.0EEFHM ::) COFEZET - CO.SRATEES LS

Ce0- 0BR[N B [COREZ(ET - CO-ERATEEPPLE
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CO-EZETEEDRL | mE) [Cel:s 3EESE~DCOESER
) Pt O Pt @ Cel:
HY p+

CeQ-F=10

> SCRNISCETS

Pt-Ce0;
10 ERFEE~OFEENDORS

Pt~@CeQ-0FEINIZ& VPRI T 3CORSHAER
::> CO-BEFEmmEiEi

*Keisuke OHELUBO, Hiroki Takahashi, E. P.J. WATTERS, and
Masami TAGUCHI, Electrochemistry, 88(3),210-217{2020)

3he
L

[

®PtH Y/ — FOCO-BEETTEEIZCe0-MFMICL - T
FELT-.

QCO.EERETLEFEIALELIZERL LT, Ce0.MEE
ICE 2iEEERBOEBRT S UICEEICEIT5Co0NER

EDERTHFEESNI.

PtiZ¥i 9 5 Ce0.AMIZCO-MEFE=TTEIED R L
ICEHTHSEEELNS.
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A2 FERKE R PRI v 7 — e R s &

SEMEEREDERICRUVENICET HHHK

e — VARVANIV NN NI A%

FELTSTER
kabir@gipc.akita-u.ac.jp

BEEE © UT4F, BEEREMCARTINETEBIRAIE L 72> THR Y, FRCIEMEETRIT B ARICE
HEEEBEIY D 44.5 % 2 HHOTWD, ZILH OFEFMYCRENEIEHRZEERE L
Tﬁ@@%#é?&&bfﬁi%%ﬂ il (MFC) 238 %, MFC 13084 2 I L7/ rl
RERTXILF—ThV, £OMBIZEIT HMEME RV T/MNIBIZREE L, KO
%“ﬁ%ﬁw%ﬁ®§ FEEAT A D AR B D, A TIE, 1EMERB LT 42

Z T AR L MFC) I DWW TR L7z, £ DAL, MFCIZ & DA RIS RREh
L7z,

F—U— N EwpREEm (MEC) , {EMEGIE, 74 =, BEHEE{L

mBE% - ERAk:

PEEFETEN) T oo 2 RENEMEIGIRIIMAEM DL TH Y, X R_IE, [FERE DY

ER=¢

HbLAL, BEETLET TR, BETMRE RV —L LTOWRELA LT

Do WAEMOKRBBISERH L, BHEEEZ BIE TR RAETH 5,

MEC I3 N E VB TH L0, AETEDBHNNSVORRETHD, £z
AREIARNBMZDIVLERDD, ZNHDZ L 2EET D EKEIDOE VS LED
BNZERT 2 2 EnHIfFcE 5,
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TN 2 SRR R T AV & v — AR TR RCR i

IR EFEMEC) &1

R 2 2 ¥4 FR it (Microbial Fuel Cell)

v 8B O fGHEE N ER L TR E (AT %
A R S B gt

v T /= F(—HE) T, e it LD
[ s =3 g 0] - That [ ol e L 225

v B EE TR, HYThY—F~iGid

v BENL 7 TR — R+ ) CE T U - LA i

1A 2 L7 o B, o0, )55 R AR,

R v
: P A
- Cellyz0g + 6,0 — 6C05 + 24H* + 2de Nt
Bt EOE (24 )BT IND : il f
SRS o —Fer f ’I’{‘
_ o 1y
6l + 24N + 24 = 1IH0 PR
l-l .'-_:'RJ..?_!.H".‘.ZI"H .'E?r'i:li'iﬁli-? 'ﬂ li-.'!.‘a-':r.f.:t:'f. ), 1,1 ; I1' e M SRR LKA R ARA T H S
AP EHERMMFC) DR Y
VEER - BETNANSAMATANCEERE
VR DR T O£ AL AP ORIERR
SEBRBRHNRL
*T7Aa ome
VEHBEWO/NA AT AIZHIEHTATEE SEMER ome

FMSE - AR, REY |
#EfE ME, ToT. BE £AO—R

o4 -1
# EEEhLIRILE—AU L
& EENFRIACELL
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B T XA B0,

SLIB(CH D BRI KEL

EERPERID SO SHRIZONIE R RBEN TS
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HERTEIREE RBTRRN\NARBEES
R1% 6338 7AIRERR
https:/fwww.pref.akita.lg.jp/pages/archive/42690

7 A H(\EBFDF)

Y ARRERMIC I IME, 05

BERFIINES RATEN\NSRRANEST
- N - H30F A 72 M RHEAR (74 J0SHM)
7 BREORHISINELE https:/AMww.pref.aka. g jp/pages/archive/36288

v REBT7ASRRICEIT A WMNLY
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AN 2 AR ERK ORI B A o 2 — BRI S

BKH I\ERHA (J\BRIR)

JABRIA TR B b e imqi s, B O
RSO L, WER2EN 0% -
= NERBTh I L > TR AN
KATH Y, BRI SN
THAFNOmEEEL A
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e
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FHEERTT L
ThHHLIRAIZER
AL BRHEIT L, I
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15 ORI PHE

| APNEAY

S FEEE

SEEMIC
LT,

L TUTOMETHERFEOR RIS ES,
WBEOBEFRBIICORBS>TND, T3
DEEL TSRO R, EZT, |
EMREHRZ LW IC VLT, B
RBHO—JIiX, TAINLEETEDL
s, é

IO GEWAY S/ EREN R (MFC) Offl (B d %k 80 mL, A

MURFRAR TRNER-HERPBTFR .
http:/ /www-cycle.nies, go. jp/magazine/mame/ 2016 12, html
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B2 FERK R A | 2 — AR SRR R

IO Y S R (V

IiE
B 300x130:1.20 mm
Wi 250x12010 mm

e
Pt ER825°C
IEr 3043
BREEAE 1.5L
X 7L 7k
=L0] 10k

[FC)D | (Ad%h 1.5 1, Afrf)
) #auw  12IF—E
LR —
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ﬂu 5 l:ﬂ ll.‘ 2IIJI EIF i}
B aen
MECHE X A A4 i
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L‘J Wi, \WH—EAGehHZ EETT
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T 2 FEFERK RS T Al & o Z — IR JE R S

BRMESRILBRKPAFEROSEPHNEIC X HZERIELZ 5 VIS
EREMENOEENLICEHAT LR

S A | = W=

(BB &5 R
vas-tksk@gipc.akita-u.ac.jp

BEZL : SRILBHFEIZ W CH AT HeMESLLFEK (Acid Mine Drainage; AMD) &
JED R D BRBEE Y T D ER L 7g o TvD, AMD OXFRITIT PRI LEE ik
DI HANBNTWD 23, B TIXBRE AR Z 855 L7z pHilE &L B F a8
DERENFERBR TH L7280, Fifit Al aE 2t O EBLUZ MT 72 E IR O A 2hiE H
Ol RN HBEBEIIRDEZEZ LD, RFFETIL, AMDIZEEN 5T
# L LTFe, As, Cu, Zn, Ni B X O Mn 2L, EMEOEWEZFIE L2
PEPAEZSEAL, pH ABICL 2B FERBOSEE 7 v & ROV THRE LT,
SHIC, EIESN T BORKEICEEL, HEENEORE WEMREIUEDE
WA MATE, FRE LR ITHEHRTH D, WEOBMEITIT—
R sh e aEmRFIHIN TS, ZOBEBORFLITEMBRELENEH N LT
HY ., ZTOEBARD N TWD, ABFZETIT, BEMREEREIC XV ERE
B Z bS8, EEELIRBTcEs 22 A LT,

F—U—F: LT, @B, BRI, BRYEFN LK

MEMY - ERM

ARRFEIL, BEPESLILBE K Py T4 8 4 2 (2B 3~ 2 ZEalfe PR~ £ 2 248E L,
AMD O pH 7% E¥BE0ZHREE U 72’ BIRAFAIR 2 RN BRI 32 7 e e A /gt Lz,
TERIECIIBEE SN D BREN) Tl 5703, N ABRT 5 2 & TR IR Z RN o
UL L, EIREOFTREMEIC DWW THRETTE D, & BITARIIE ClifaE R b EDOIAFIZ O
THEE LT, 2 OHOFLLBIRICRR T DHEILEE S « FRMEYIBEK 7 & OfEEIL, &R

WAEZII LD & LT, SROFTRERERR L EA D5 ) A TEERINETH L L5
A6ND, Fio, ERRIGEOE B MUTEMFEEOMRIC LV ERESNL3, AAD X
DT A LA O BERMEAA AR E < AT D HEESRME Tl i 2o B 728 T
VRV, ABFFETIIAERFIN S T 25 & @B ORI T2 TIT 5 2 & TRHIZ
BAFEEAT 2 Z L2 RVZLTRY . HillEMRAEA L TOE= 1 RIED
NAHATHREMED B %,

L EEMESR I LIBEK YA T4 B DO 2 BEH FIALEE F6k
1.1 ZC®IT

WiAbdE %z £ & U= i IS BA b & LTV D03, IR E OGS CHilEIEMEDBEKZE L 5
Ptdegi LB K (Acid Mine Drainage: AMD) 23RHRE & 72> TN 5, AD 25851 LS B4 5 & &
HIROKE « THEHY: S DITIINAEA~OERZZ LI TERMERH 5, — AN AD (2 X DEREHG %
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BN 2 AR R T AV | v — PR R

Bilkd 27200 kEE LCiE, HRAENALS AL TS V) Rk, SUBEKICT VA U SEAI 2 BN
THILET, BEAA 2K tE LR SE D HETHY . AD ([ZLDEEAMOFNE 725 pl 7/
H L AT R OIWR B Z [RIRFAT 2 IEFICAN 2 FEETH S, Lo L, BUROHFINEITEARNIZIL AD
DA LBUT DIRVITOMEDH LB TH Y | D OfENEREE~O AR 72 D O E b F 72 B
THHEZD, W TR TRET ISR ZEGLEEOIHBAT v ik, 1FEAEERE LTRSS
Tl PEEREFEME LT END, ZOMEK, BETDAT v VaRET D700 KBIRHERGY;
DMEL 725, £, ADITEET OS2 T, BIlE S EFEo X 52Ut st DR 0 Fk
DENZFAETH 2 Enn, BIRRAETZ T T, DREO X 9 ZRBEIILILEZZ B2 HEIZB VT
R CTERVREE 2> T D,

Z 2T, AMETIE, AD FOEFER OGN LA R AT BRI 7 v & 2 O ATREVEIC DU N TR
RITz, T TITRATE LIS, FRNEITSR ORI D pHARFFEAZFIH L72 ETH D05, KFTO%
fREEIIEIRREIC L > TR 2, KoT, ZOBWEFIATLZ LICk Y, AD FORIFEIE & H 2 1255
BT 27 B ANBETE D, ZOEX LI, A TIE, ZEEEGHRVEZEAL, AD @ pH %
BN CTREE U7 iS DI R 2 R S B 5 7 a2 R Z DWW T 24T - 72, £72, AD 1354
T HHE, BREEIC L > THEiA Th DD, —BACIFENE D AD ORETHEGHREV, Fo, #&
EFRT AD IZEENDFOZMFEIT, AMRICEELZ RTTAERLRETHY . FHEROERLES
2 HBRITF DIBAZRRITNZ DM ENH 5, L= > T, Bt 7 a2 2Matd 218 LT, M#EiT
TELETERAREREDEEL TBRETDHZENEEND, ZILETOWEIZEBWT, MFREITE _8ThH
% Fe(IID) EDIRIZ L > THRESND Z ENHESINTWDHZ Enn, ZOBGEFH L CTlEEZTES
T RMEBEST D 2 & CRETE 2 AEEMENE 2 65,

PLEDSEEBEE 2T, Fe, As, Cu, 7n, Ni BEO Wn Z2&Te4BKIEIK 21 AD & UC/ERIL, drfnit
BRIC X DR 2D Z LIk ZERERFAIC L D AD FOBEFERO BRI vt A L
L CHgi Cdh % pH FEEIEIZ OV TR 21T o 72,

L.2. FERGE

AREBRICBNTHRE R DEBIEHFEL LT, Fe, Cu, Zn, NiBEO Mn 2B L, Fe & LTH 1 8EOBA
VEmEEEk (1D LR, & 2 $kO%A 133G LR (1D SRR 2, Cu I36RRS (1T) HAKFW, Zn 136 L EESR
(ID) AF#, Ni (3hifb= 7 v QD AR, Mn 13HEER~ o 7 (1) TAKF 2 VT 2 b O3k
W EAAR KIS 2 2 LIk, Bl RS RKER A T EVER LT, WIhoRELE -7 21
LFEHEE (R OGS CTH D, FNEIUKEROSIEIREIL Fe 7310 M, Cu, 7Zn, Ni 232 mM, Mn
221mM & Lo, F7o, WIIpHIL 0.6 MESO, (BT 4 /L AFDGHEE (KR ) 2T Fe ik Tl 1. 5,
Cu, Zn, Ni OFFEETIT 31T, Mn R TIL 5 IZENENIHE LT,

A SN Z T T A= —IZ50 mL73EL, 7Ry NAZ =T THEIELARN G, FTED pH 1T
THET1Imol/LNaOH (FEE7 4 VAFGHEE BF) ) Z4R4 RN LT, pHIlss& T, #8e4 30 4
MfkGE LT, FLER23 0.45 um DOBUKIEPTFE U P AT L w7 4 VA ZWTIER L, odr Rk
LLTTTAF v 7R MVITHRAE L=, B#E% 1L T 30 55HE LR S, IR OIBIREE AR LTz, 3
BRIE T2, T ORI R O& BRI 1CP F8E 0 Yok (ICP—O0ES) |12 K W IE L7=, ICP F&Ie0 bt
$EFE 1T SIT Hlod SPSE510 % AV -,

2 B RN 2B TV AR AVD ¥SEIE. Fe, As, Cu, Zn, Ni BEON Mn 25 Te/kiaik s LT, Fe & LTH
bk () </KFn#), Cu IXRREASR (1) FAKF), Zn (3HEALHEES (TD BRI, Ni (3 b= /v (1) 7</KFn
¥y, Mn 13~ o A o (D) TR 2 2588 K SRR L 7=7#%. 1,000 ppm O As FEHERR 2 FirE &AL C /RS
Lz, FNENDOEBIEREILFe 7810 mM, As 2310 ppm, Cu, Zn, NiA32 mM, Mnid 1 oM TH V. ¥ pHIX
0.5 M HoS0, & FAVVT L5 ICFHHIE L= b D& FBRICHE L 7=,

FEERI T WD IR A T A ——I2900 nl /HiEL, w7 %y hAZ—F TR LN S, FTED pH
IZ3ETDHE T mol/L NaOH 2434 ICHRIN L7z, pH & T15, S HIC 30 /R 2k L. =D 30 45F
& L7, B4 L7t GFB T AREHEISHE LIS TS I8 L7223 H458E L. IBIRI3E 2 &0 T
1,000 mL \ZER LTz, ZOVE¥ELE b BPEE TRV IR U T2, KBS CTOpHIL, 2.7, 4.0, 6.5, 7.7, 9.6
ICRRIE LTz, FNENOBPETHE S NI E ICP-0BS I fitsk S, ET 28 BIEE A RIE LT,

L3, ERERB I UEE
HAD pHIZFHEE L, 30 ZofilfiH: L= % O RIERRI T D8 RIREIC OV TR L 2 A, REA
IRITENENDEETTIE DVEMREE %2 SO U CU =, pH (26132 FRRIALER % O8I T O & B IR EE D28 b4 X
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LWRT, Fe(IDITIE, pH 4 AT E TIIAHRE S IXZE T 10 ™M T—ETH DD, ZLIBEIE pH O
IR MR A IEEE SR L, pH 9 LA ETTIEEENRIE O Ll o7, — 5, Fe(IIDIWIEDOEA. pH 2.5 1)
T CRMRIREEK T 233 541, pH 3.6 LAEC Fe OFFIIMER SN TITFEENIEE L T2 Ehn, I
THAEFFEIC L o> TREZMITGEV DA LI, 7o, MOIERIZONTIE, Cu KTl pH 5 Ik Tl
PIHREEE L IZFREC 2 oM T—ETH DM, TILIEET p O_LEFATLEOEE B L, pH 6 DL TR
FX 0 & ofe, IntARTIE, pH 7ML E TITANRE L IHZF L 2 M T—ETh DL, FHLARRILIRE
DNEPT U, pH 8 UL ETIRENIFIT 0 L7270, Ni IR TIE, pH 8 fHLE CIIRIENRE L 1ZFF U 2
m C—ETH DD, THLIEIL pH O _EFATHREN B L, pH 9.6 LLETRENZF0 E7eo72, MniE
Wl pH 8. 5 A1 £ TITAIHIERE L IFIEF U 1 oM T—ETH DA, THLREIE pH O SR AN 2
i Uy pl 9 LA ETEENTIZ 0 &2 o7,
WTNOERITTEICONT S, FREIZIST 5 NaOHFRINC & 2 pll _EFHTRE S TRIREER F o8 %52 1)
TKEAEIEE D AR U, W FERREEMET LB OND, £ LT, ZNENO&EREIZER OWRiE
FEAFFOZ LA, AD BEARFOSBEEINT L OB ThH D Z L AVRIE SN, £7-. Fe IO\ T
1. BHITEHE 8 - 80 2 FEEOERE TORENE Z DNDEN, FH—8k Ik Wit O3RET 5
pHA3Cu, 7Zn, Ni 7R ED&E LT D720, B8ORS G TE 5, (IREILILZ &3
Bioo AD AEETRECIE, BAEH 2 R e EOBLEMND, ATV 7R08kiRb 7 7 U 7 & FAVW-ig b T
FEARR T, BT AL 2 SR LS DA T T D, Lizid> T, IRIFERO BRI 25
ZTGAE. BV X > T 8k & LIRSS BB EGTI7 a b A2 @HT2008EE L EE X
SY TR

Concentration (mM])

pH

BT R I 5 pH Z I 5 B Gy R B AR OB R OHER
(WA + Fe= 10 mM, Cu=2 mM, Zn=2 mM, Ni=2 mM, Mn= 1 mM)

2 | AR AVD PRI D2 B P AIRRBRIC I 1T D R B TR AT 2 BRI R L SR iR Z R T, pH
2.7 Tl Fe 2569 20 %WLB% L, As 134940 %k L7, pH 4.0 CFe (3480 %k L. As 138955 Wbk L7z,
As/Fe EiZpH 4.0 TR F L. As OEMEIHEER T 7=, pl 6.5 T Cu 235965 %bE: L=, ZiUuIiFcHEo
WAL AREIRTO HOTNNRK EB X LD, pH 7.7 TZn T 70 WAL L7z, Zn b Cu &[RERICTHE:
TETLRDOEENEIK & & 2 bNASEROE TN LN, Ni, Mn 135K TIICEIN Sz,
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BN 2 AR R TRV | v — PR R

Z ORGSR, LB K 2MRODBERE L A MSBODBEDO RN IR ST, IEERIRCIA T
ROFENHONTT2D, ZNO DB~ L T LIZEY, BeRE L0 &V oldR ot 5
LEZBND

100%
izo., DOAN .- .. — -
I 1‘:—{3 25 __”__RE'S-'ldl.lE'.' __
90% = 1-1 “-." 205
BO0%
I , e 40.2
T0% + i
a5
-]
@ 1.5 Phase 5 pH 9.6
Z00% T 3926
o !
. I ¢
5500 :
= L 637
] '
o40% T ) X !
= | K H U O D
30% + r’:a' ‘.11 |1 Phase 4 pH 7.7
L s SN Phase 3 pH 6.5
. W T SU——
20% 7 31 - Phase 2pH A0
10% < H n Phase 1 pH 2.7
I e 81 S
0% T T ———t— T T
Fe As Cu In Ni Mn

2 FEiE AMD 18K D2 BX s rhAIRRER I 36 1T A BB CR AT 2 &Rl & & & iR
(FIHHREE : Fe=10mM, As= 10 ppm, Cu=2mM, Zn=2mM, Ni=2mM, Mn= 1 mM)

2. MENEMHREUR T/ — FICBE9 % 328k

2. 11T

FOMIN A BRI X 0 ET 2 H1ED 1| S Th HEMEREIEIL, 7/ — RRUSH/KOEL IR X
DLEEFRASG, 1Y — RIS E T TSR OEMTS & 70D, — AR BRI AW TN D 7
J— FMEHI P BETHDLN, ZDOT ) — R ETOKRDEZSII L HEEERENSIEEE (BFEEE
JE) MmNz, HEME L 0 HEE nV BREEWEBMNANEL D, LI -> T, BFEREAIC L 28R
BEEIIIZ L OBIRLEL 20 | BEINENLEN TN D, ABFIETIE, HEREMEREE T RIE
S Tnd PoAg 647 /— RIZER L, BREBEEETEOKEZ B LI a1To72, BARIZIE, M4
TRV AA TS Pb 547/ — N Bt %, BHER SIS o —Pb0, 26 B-Pb0, &35 Z & Tk
FEE (7 — NEA) OEEERAT, BP0 ERIZ L D7/ — REMOEK FIEZAVE TN D0
IO LD, AL P AAT ) — ROERZERd 252 L T7 /— R R PbSo, 2K L. 2
HEHIEETDHIETEPO, LT 5, ZHETOMETIE, BIZIE 1 M OmEE S 1 RO 2 24 R
DI 72 E LT, ZAUTEFDEWRHE IR S D PoSO, DI Z L Qo itk b, =2
TAMIETIL, AR EREA BT 5 2 & CEER (Pb A&EMI T Y — R/ d) 1289 PbSo, D
FERRAEAR L, S DIZHERFRIOEM &2 2 & CTii7e B-Pb0, 2R 2 2 & 23T, ZHUTIZNETO
WFFERER D . #86k72 B -PbO BRI - NER SV D &7 ) — RENAME T AIHAIN R S 7=720, 7 B
PO R - DI E E2RHIE LT,
2.2. FEBRHIE

FZBRIT Po-1. Owthdg B4 7/ — R & AW Gl &R L OVEHIRERERTIC L 2B LTV, 7/ — REBAL
DREEIT- T2, £2. 7/ — FREBMLYOFRE SIM BIERE1T 70, FEARZLBMAML, BRI
150, 220g/L. & 500ml, iR 40°C, FEFEEE 5000/m’ & L7,
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T2 EFERK R ZE T A A | o 2 — R SRR

AR O, PRFEBRIC LY | BARMOECTH-oER (5008/m) H~A F ARORH %K
STDHZEWEIThHoTZ Enn, 7 AER (7 /—F) 130.1s £72030.2s & L, ~A FA&ER (I
V—R) 1X0. 2805 0.4 & Li-, EFEIRICILKIKUSUL #1:84 PBZ2020 2 VM-, 7/ — RO (J8
HIRCERFEMR) Z1T D HINT, 500A/m’ C 48 KM D TMEM (EBITEM) ZATV, —EEDOBA LN % TERL
éﬁto_hi%ﬁﬁ%%ﬁbﬁ_Lﬁ%%%ﬁékﬂibt%m%ﬂﬂ%éhm<w:kmiéo7/
— REUBHE, #Pb 35 L O Ag & BIIODARKIZ 2 D X D ITHHAE L. K&K 900°CLzhngh Lt,mﬁ/\/v‘/f‘f
R LT, Tk 300°CIZ T2 L TR HREIEE I ZBHAZ: (lem X Lem X 10cm) , S8R T2 EER S A
L7, EBROIRIE lemX lemX 1em & LU, BEMREEN lo & 725 L9 RGN E~=F 27 CTa—7
oV TR AP LR SRR CTHOIAATS. Y — RIZiEHt Al Z2 v, BRIRE Uiz, AR
3em & Lic, WEDT 7 — RIZOWTIIARKE W CEMmE A £ 7 Pad LTI R T4 v — Tzl
SH, IBHIZ60CTBERERE LT, 7/ — RREBOBIEIEL, SEM (A1 7 7 a8 SU-70)
2L ViToT, 7/ — REBALORIEIXE G TR DO 7= D OEBIREAT o 114, BIREIE %
1000A/m* £ T LH-&H, 5 0%ICT /— REMZHE LTz, BAHER, B L 500/l S8 5 \ﬁé
FFEIZRBRIC T/ — REMLERIE Lic, Z OBEMEZ D 500/ & 7225 F TR IR LIV, 50A/m
Bl L7215 Z OWORIEZITV, FfHIIZ 1000A/n” £ CERBE A 500/ > FH-S8 5 \1%%@%7/—

SN A HIE LT,

2.3. FEERRERB L OVEE

X 3 ICHK BRI BITA2ERBE LT /— NENLE OBRO—FZ2~d, RIZITEGaAEEOAE L
AR (e L) bt X3 LV E oI, AWIRERERIZ LV WL 2IT 727/ — ROEMN
BEFLTWA, F5RI20.28, A F*I20.3 @9: L7 Cl, — 72 B Cd % 500A/m” Thb
g% LRFREE L DT ) — RIZx L T4V AR T LT\ 5, 7277 L, Wm0 4 1 REREE ¢ 24 eRIAT
ST 7 — R 60mV LA EBMIAME T L W22 EMB a7 R L 1T 2720,
4120%, %7/ — RSB 57 /) — REf SMBIE G 4R, K41 it[:é,ﬁi& LC 1 & A
T 24 B OWORBAIR A T > 727/ — FRED S & HoRT, K4 KWL X )12, EMKEEER
EICE VRSN T /7 — N LI 7ok - Ch 5, RFEBRTIE, 7/ — Fi‘%ﬁ%t%mﬁfﬂw B-
Pb02 Wi Cho LT /) — REMMETT 25 2 ENMFRE SN EMNOIK FIERE {13eh iz, Lo

T, FEAER L <R BP0 JB A TERR S5 Z ERSHROMETH 5,
1.9

z
EJ],H - "l"!!!! s
2 | 3 ® +01s,-02s
< L s3
E .'!!::1: *1*11“ A +025,-03s
= .|*1 ad ® 1025, -04s
£ 17 K LE
‘E A
t |
Z

1.6 — - ' ' —

0 200 400 600 800 1000

Current dencity [A/m 2]
3 BT — FRHESAHCRT 2 EREE L T/ — N & OBIfR
(H,S0, 220g/1, 40°C)
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e 1 1
20:0KV:48 8 X3.00k oE(M)- 31 & 20,0KV/16:6mm x3.00k SE(M)

(a)MIE&LMsB#FaE]:EO)ﬁ) (b) +0.1s, —0.25

20.0kV 26.5mm x3.00k SE(M) 20.0kV 24.9mm x3.00k SE(M)

(¢) 4+0.2s, —0.3s | (d) Er¥z@E (1hEHA, 24h)

B4 %7 ) — FERERSEARZ BT A7 2 — R SEM 4%

T
ABFZETIX, WRMESEILBEK (WD) D4R OBE IR 2 B AT 2B 7 2 = A D RIEEMEIZ DUV T
MatZ1T 9728, Fe, As, Cu, Zn, Ni BL O M 25 U@F@@%W%L%%m&ﬁ%%ﬁoto%@#%
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Burpose of study:

Sequence mineralization was not clear.
The characteristics ofindium was not clear.
The formation environments of the Ma Bop :> .
and Lung Hoai deposits are not clear,

+ Clarification of sequence mineralization of the Ma Bop and Lung

Hoai deposits.
Evaluation of the potential of Indium-bearing sphalerite of the Na
Bop deposit.

« Estimation of formation environment of the Na Bop deposit.
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Proposal of early diagnosis system of excavator

motor using machine learning

Dorjsuren Yandagsuren, Youhei Kawamura and Tatsuki Kurauchi

(Center for regional revitalization in research and education, Akita
University)

dor joo_must@yahoo. com

Abstract : In big coal mines, very commonly used super—large heavy mining
machines are excavators, these are performed to main operations of mining.
The excavator is equipped with many motors to operate the mechanisms, but
in harsh mining environments, the motors are often damaged. Bearings are
particularly important parts of the motor, and it takes more than half of
total failure. Causes of bearing abnormality include high heat due to long—
term operation, running out of oil, pollution of lubrication, and wear of
the bearing due to the intrusion of particles such as stones. Damage of the
bearing induces to other mechanical parts, leading to other damages and it
is decreased work efficiency of those parts. In the past, abnormality of
motor bearing diaghosis was performed by skilled operators, who checks the
motor abnormality based on the state of rotation and noise, but this method
is not good enough for diagnosis. Because operator—based diagnosis is not
possible to find failure on time, it is always delayed from reality.
Therefore, the development of an early diagnosis system of motor bearing is
required. The purpose of this study was to develop an early diagnosis
system for the abnormality condition of excavator motor bearing. For this
purpose, we are studying the development of the vibration analysis method,
using machine learning. Acceleration sensors were mounted on the operating
motor to measure normal vibration and abnormal vibration, respectively.
Signals from sensors are used for various kinds of analysis such as
spectral and time—frequency analysis. In addition, those signals (data) are
used for training the convolution neural network (CNN) model that is one
kind of machine learning. The CNN model will give us a good prediction of
bearing health conditions. Because of that, engineers can easily

distinguish between normal or abnormal bearing.

Key words : Bearing diagnostic, machine learning, excavator

motor, vibration analysis and CNN model.
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Practical issue and Characteristics

In the mining sector, machine reliability is a very important issue that provides
productivity and continuous operation. The reliability depends on many factors, one of
them is a good diagnostic that provides a good maintenance plan. Therefore, this early
diagnostic system is very useful for practical conditions, and it will give a good
opportunity for a predictive maintenance plan and to avoid an unplanned shutdown of

motors to engineers and technicians of mining. In the future, early diagnostic methods

based on machine learning could provide machines with reliability. That CNN (machine

learning) based early diagnostic system will bring low—cost maintenance system and

continuously working machine into future mining.

This research is an intersection point in various kinds of engineering scientific
areas such as mechanical engineering, signal processing, information technology, and
machine learning. Therefore, we need many kinds of researchers to implement this
research in real life. My contribution for this research, determine basic principles
and problem mining machinery, obtain the reason for bearing failure, work on data
preparing and processing, and training the CNN model. Our future aim is to develop

this early diagnostic method based on machine learning.

1. Introduction and background of research

In the mining field, various kinds of excavators are used such as shovels, draglines, and hydraulic
excavators. Those excavators are equipped with many motors to operate the various kinds of mechanisms,
such as hoist, swing, crowd, and propel mechanisms. In this study, we have considered the electrical
motor’s bearing diagnhostic of the crowd mechanism of the mining shovel, EKG-5a, in the Baganuur mine.
The Baganuur mine is one of the biggest coal suppliers of Mongolian power plants, it was established
in 1978. The stripping method of mining is applied to that mine. The mine has brown coal, and the
mine area is 31.6 square kilometers. Many electrical rope excavators are used in this mine, almost
all of them were produced in the Soviet Union.

The excavator is applied for the excavation process of coal. The EKG-5a excavator is the main
machinery of coal excavation in the Baganuur mine. Almost all excavators in the Baganuur mine use
electrical energy because electrical energy is cheaper than fuel such as diesel. In addition,
electrical motors in excavators are more energy—efficient and ecological than combustion engines. The
model of that electrical motor is 4ITIOM 55-2/1V2 (4GPEM 55-2/1U2) that is used for the EKG-5a
mining excavator as a generator of crowd mechanism. The generator of the crowd mechanism supplies the
crowd motor with electrical energy and controls the motion of this motor.

The motor parts are usually damaged in a harsh mining environment. Causes of motor abnormality
include high heat, and excessive vibration due to long—term operation, and pollution of bearing
lubrication. That pollution of lubrication material is following quick erosion of bearing and
reducing factory normalized lifetime of bearing. If excavation is continued with the bearing damaged,
work efficiency will decrease, and the bearing damage will be transmitted from the joint to other
parts, and an unplanned shutdown of the excavator.

In the past, the bearing health diagnosis of the motor was made by a skilled operator, but it does
not work well, and diagnosing process takes a long time. Therefore, we need to change this diagnostic
method and implement new condition monitoring, it is necessary to develop an early diagnosis system.
Our research method is based on vibration analysis and machine learning could provide that diagnosing
process without human and it should give us more truly, acquired diagnostic for bearing failure.
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Following figures are shown bearing structure and failure.

Rolling
element

Outer
ring

Inner
ring

Figure 1. Structure of motor bearing

Cause of mining harsh conditions,

that is more excessive.

2. Experiment

Figure 2. Failure (eroded by pollution)

rolling elements of the bearing are eroded that makes vibration

Research object is a bearing of the electric motor of the EKG—5a mining excavator, the motor model is
4GPEM 55-2/1U2 and the bearing model is USSR-3-18T'TI3-314 (USSR-3-18GPZ-314).

We have collected our data from a maintenance facility in the Baganuur mine

The data collecting

process is shown in the following figure 3. For data collecting, acceleration sensor TEAC s is the

piezoelectric type, and data logger Keyence s NR-500 are used

Figure 3. Data collecting at the mine site

Some technical specification is shown by the table 1.

Table 1. Vibration measurement of motor bearing

Specification Unit Value
Sampling frequency kHz 100
Sampling period us (microsecond) 10
Sampling duration s 60
Sampling count - 60 (Normal 30, Failure 30)
Motor rotation speed Trpm 1200
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3. Analytical Method

The research process is shown as following figure 4.

ch2 Ichl
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Measurin . i i
. . & Data collecting Signal analysis
vibration

Normal <:}::::] Check

motor

- <):| vibration

Diagnose motor Use trained CNN
health condition

v L

CNN training

Figure 4. Research process

Our research process consists of three main parts these are data collection, signal analysis is
called vibration analysis in other words, and CNN training.

3.1. Vibration analysis

In practice, vibration analysis is very commonly used for spectral analysis that allows easier
distinguishes critical frequency than other analyses. Implementing this analysis, we have used FFT
(fast Fourier transform) using Origin software. After FFT, we can show each frequency and amplitude
of bearing vibration.

3.2. C\N training

The development of ICT is remarkable as a global trend of new technology. Due to the high versatility
of the technology, some resource majors are trying to implement their own security measures and
reduce costs. Among them, it is predicted that the mine development system by AI will advance due to
the big breakthrough of deep learning that started in 2010. In this study, we used a convolution
neural network (CNN) for the early diagnosis of motor abnormalities and performed abnormal diagnosis
of motors using raw time—acceleration as input. Two types of measured time—acceleration were used:
normal and damaged bearing vibration. In this study, as a preliminary step of CNN learning, we
confirmed both different states are included in the normal and the failure by performing signal
processing of the raw signal, such as time waveform analysis, and Fourier analysis. In CNN learning,

we created a learning model for two—class classification and evaluated the model

C\N is one of the powerful neural network that is very suitable to use classifications. It has given
excellent results in the research field of image and speech recognition. Thus, many researchers have
considered it, in their research works. The CNN consists of many neural network layers such as input
layer, convolution layer, and fully connected layer, etc. Those layers determine features of input
data and use it for classification. In our research, we are intending the bearing failure
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classification of excavator motor using CNN. Our CNN model consists of the input layer, two
convolutional layers, and a fully connected layer.

4., Result and discussion

The purpose of Fourier analysis is to confirm the size of the frequency band under each condition and
to examine whether a normal or failure-state of bearing diagnosis. First, the rotational vibration
waveform of the motor is divided at 0.1-second intervals, and the divided acceleration waveform is
subjected to Fourier analysis to calculate the Fourier spectrum. The vertical axis is the Fourier
amplitude (m/s?), and the horizontal axis is the frequency (Hz), and the larger the Fourier amplitude
is showing strong vibration of the motor. We will confirm the difference in the distribution in the
frequency band of each state using that spectrum. In this Fourier analysis, there was almost no
difference in the high—frequency band, so the Fourier spectrum is shown in the range of 8,000 (Hz).
Figure 5 shows the normal state and figure 6 shows the failure (damaged) state. Comparing the Fourier
amplitudes of the normal state and the failure state, the spectral peaks appear at around 1,600 Hz in
the normal state, and the spectral peaks appear at around 200 Hz and 1,600 Hz in the broken state.
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Figure 5. Fourier spectrum of normal bearing Figure 6. Fourier spectrum of failure bearing

In this study, we classified two categories, these are normal state and failure state. Time—
acceleration waveforms are used for machine learning, training datastore consists of 24000 CSV files,
each of the CSV files are representing the bearing vibration of the motor. Half of these CSV files
are representing the normal situation of bearing and the rest half of them correspond to bearing
failure. We divided our datastore into three groups such as 17267 training data, 4317 verification
data, and 2416 test data. The training curve of CNN is shown below.

i i Evinriy 3 Bl
- - - - - - - . - e

-]

Figure 7. CNN training curve
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After CNN training, the trained model should be tested. For this reason, we have performed the
confusion matrix of trained CNN. The confusion matrix shows the trained CNN model’s working accuracy.
The matrix is shown below.

Confusian Matrix
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Figure 8. Confusion matrix of trained CNN

From the confusion matrix, we can see CNN model’s bearing failure determining accuracy is 100% In
other words, the CNN model very useful for bearing failure prediction, also able to apply for early
diagnostic of bearing failure of heavy machine’s motor using the model.

Future development of research:

In practice, two classifications (normal and failure) are not good enough to apply for making a
bearing maintenance plan. Because we want to some good maintenance plan, we have to know about
bearing failure progress. Therefore, now we are working on creating more classifications such as 25%,
50% and 75% failure, to determine bearing failure progress. We can know the failure progress of
bearing after finishing that. It will give good opportunities for this research will be implemented
in real life. Therefore, we need to make new data using our raw data. It is requiring some quite
complicated signal processing techniques.

5. Expected Outcome

In our plan, the expected outcome will come in November 2021. We are intending to publish a
manuscript in high-ranked journals such as the electrical engineering journal of Springer or journal
of mechanical science and technology or some suitable journal of Elsevier publishing after we will

get good results.

— 179 —



T2 FEFERK R T Al & o Z — RS

Assessment of the hydrocarbon potential and
sedimentary environment of the Onnagawa shale in
Akita Prefecture, based on sedimentological and

geochemical analyses

Martizzi Paolo!' 2,5 F # <2 %, T R IiEHE 2

(FKHRFHGRIAE Y 2 — 2 EEEE IR TEER
h_arato@gipc.akita-u.ac.jp

BEZE . The Onnagawa shales are the main target for hydrocarbon exploration in
the Akita Prefecture, and they provide an excellent geological record of the
paleoenvironment of the Akita Basin in the middle Miocene. In this study
lithofacies, Rock-Eval pyrolysis, and X-Ray fluorescence data were used to
evaluate the hydrocarbon potential and interpret sedimentary environment of the
Onnagawa shales. Our results revealed that the siliceous shales outcropping near
Gojome Town are potential source rocks for hydrocarbons, and they are
characterized by massive and laminated lithofacies, and variable contents of
biogenic SiO,, and detrital minerals. Based on these data, we interpreted that the
Akita Basin was characterized by dysoxic/anoxic bottom waters, high surface
water productivity and moderate detrital input from the continent. The organic
richness did not show a relationship with the bottom water oxygenation,
suggesting that it was controlled mainly by the surface water productivity and
dilution from detrital minerals.

¥ — U — K . Bottom water oxygenation, Detrital minerals,
Hydrocarbon potential, Onnagawa shales, Sedimentary
environment, Surface water productivity,

BB - RAK:

This study is presenting new organic and inorganic geochemical data on the Onnagawa shales.
Differently from previous studies, this research is considering both the hydrocarbon potential and
the depositional environment of this formation. Specifically, the reconstruction of a new model
of the Sea of Japan is fundamental to understand why and where hydrocarbon source sediments

developed. The same methodologies and concepts discussed in study can be applied to future

projects of hydrocarbon exploration not only in Japan but also in many locations of the North

Pacific Sea where the siliceous shales are distributed. Moreover, shale formations are currently
studied not only for hydrocarbon exploration but also for the storage of the CO, in underground
formations. Therefore, geochemical data on siliceous shales could be used as reference for future

studies of CO2 storage in shales formations.
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Introduction - 1
HYDROCARBON POTENTIAL

Nishitsugaru-
Oki y

Yabasc Oil Ficld
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M igawa-Oki

Yurihara-Ayukawa
Oil and Gas Field

Nikaho

Niigata Oil Ficld Arca

300 km

Akita Oil Field Area

BACKGROUND

* Various oil and gas ficlds are distributed in
back-arc basins located along the western
side of Honshu, but several areas are still
prospective for hydrocarbons exploration;

* Potential source rocks for hydrocarbons are
generally of middle-late Miocene age.

RESEARCH GOALS

* Define the hydrocarbon potential of middle
Miocene formations in prospective areas of
the Akita Prefecture;

*  Compare this study results with previous
exploration well data and hypothesize the
factors that determined the hydrocarbons
generation in middle Miocene formations.

Fig. 1. Oil and gas field (red), prospective arcas for hydrocarbons

exploration (yellow), and exploration wells in northern Honshu
(black dots) (modified from Ujiie et al., 2004).

Introduction - 2
SEDIMENTARY ENVIRONMENT
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Fig. 2. Paleoceanographic setting of the Sea of Japan between
13 Ma and 8 Ma (from Martizzi et al., 2021).
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BACKGROUND

Akita region was interpreted as a single silled
basin. However, the Onnagawa siliceous shales
were deposited in various basins with different
paleodephts and geometries;

Previous researchers indicated that  the
preservation of organic carbon in Onnagawa
siliceous shales was influenced mostly during
the anoxic periods. However, some studies
found out that siliceous shale deposited in
oxygenated conditions have high organic carbon
contents.

RESEARCH GOALS

Hypothesize the sedimentary environment of the
Akita Basin, based on the paleo-productivity,
paleo-oxygenation of bottom waters and detrital
input variations;

Hypothesize the influence of paleo-productivity,
paleo-oxygenation of bottom waters and detrital
input on organic richness.
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* 18 samples were collected along an outcrop section of the middle-late Miocene Onnagawa Formation near
Gojome Town and analyzed with Rock-Eval pyrolysis and X-Ray fluorescence methods;

*  The siliceous shales of the Onnagawa Formation deposited in deep basins formed during the opening of the Sea
of Japan in the middle Miocene. These basins were characterized by variable paleo-oxygenation in the bottom
water, and input of detritus from the continent

Results-Lithofacies of the Onnagawa Formation
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l’;“"‘ ki ki asttian s Onnagawa Formation at Gojome Town (left) and photographs of
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*  The Onnagawa Formation sediments are characterized from dark brown-dark gray and pale brown layers.
These layers are both massive and laminated.

— 182 —



2 FEEERK R T AR o & — IR e R S

Results-Rock Eval pyrolysis
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Fig. 5. Vertical distribution of TOC and T, in the Onnagawa Formation.

* Onnagawa Formation sediments are characterized from fair to very good organic richness. However, the T,

values indicate that this formation is immature for the generation of hydrocarbons.

Results-Rock Eval Pyrolysis (2)
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Fig. 6. (a) Hydrogen Index/Oxygen Index diagram showing the kerogen type of Onnagawa Formation; (b) S1+82/TOC plot
showing the generative potential and organic richness of the Onnagawa Formation.

* Onnagawa Formation sediments have a fair to very good potential for hydrocarbons gencration. However,
based on the T,,, ranges, the studied outcrops resulted immature for the generation of hydrocarbons;

* Low thermal maturity of outcrops probably correlated with a low burial depth of these formations;

* Hydrogen Index/Oxygen Index diagram indicates that the Onnagawa Formation is composed by oil-prone
kerogen type I/11
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Results-XRF
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Inorganic geochemical composition

The sediments of the Onnagawa
Formation are dominated by SiO, (avg.
89.5%). Most of the SiO, is biogenic;
Detrital oxides contents variations
(ALO;, K,0, TiO,, and Na,0O) are
correlated and  indicate that the
Onnagawa Formation is moderately
enriched in feldspars and clay
minerals.

Inorganic geochemical proxies

The A1,04/TiO, ratio (21-40) indicates
a detrital input from the continent;

The Chemical Index of Alteration
(CIA) in a range of 74-83 indicates a
moderate to high weathering during
the deposition of the Onnagawa
Formation.

Fig. 7. Vertical distribution of biogenic, detrital SiO2, A1203, K20, TiO2, and Na20 contents and Hydrogen Index (HI).

Discussion-Hydrocarbon potential of Onnagawa shales
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Fig. 8. Stratigraphy of Yuri-Oki-Chubu and Ayukawa
well (modified from Ujiic et al., 2004),
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* Data from previous wells indicate that the Onnagawa
Formation is able to expel hydrocarbons due to the burial
high burial (Yuri-Oki-Chubu well example) and the heating
from dolerite intrusions (Ayukawa well example):

3300-3600 m: VR% =

0.50-0.77 (oil

*  Ayukawa: 1200-1600 m: VR% = 0.60-0.70 (oil generation
window). The Onnagawa Formation is oil mature even at
shallower depths thanks to heating from dolerite intrusions.
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Discussion-Paleoxidation and paleoproductivity
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* Massive and laminated facies indicate a transition from oxygenated to low oxygenated bottom waters
conditions. However, no marked difference in organic carbon between massive and laminated samples
suggests that the paleoxidation did not influence the organic carbon preservation,
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Discussion-Detrital fraction and TOC preservation
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Fig. 11. Cross plots of detrital SiO,, Al,0,, and K,O versus total organic carbon (TOC)
(from Martizzi et al,, 2021).
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Discussion-Paleoenvironment of the Akita Basin
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Fig. 12. Paleoenvironmental evolution of the Sea of Japan in the
AKita Basin during the middle-late Miocene (modified from
Martizzi et al., 2021).
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* Detrital input: detrital fraction was transported from the Asian continent by the winter monsoon (1) and from the
Japanese continental areas (Abukuma and Kitakami) by riverine transport (2);

*  Surface water productivity: surface water productivity was favored by the cold surface waters and by the upwelling
of nutrients from the deep waters. A possible input of nutrients derived also from the Japanese continental areas;

*  Paleo-oxygenation: related to the inflow of Oxygen Minimum zone waters from the Pacific Sea, and the variations of
the sea-level. Specifically, laminated horizons deposited during the intervals of high sea level.

Conclusions
HYDROCARBON POTENTIAL OF ONNAGAWA SHALES:

» Fair to good generative potential and TOC, but immature for hydrocarbons generation;

*  When the burial depth is the main factor affecting the thermal maturity, the maturity stage is reached at
more than 2000 m (depth). In other cases, the intrusion of hot dolerite bodies determined an increase of
the thermal maturity even at relatively shallow depths (1200-1600 m, Ayukawa case).

SEDIMENTARY ENVIRONMENT OF ONNAGAWA SHALES

Paleo-oxygenation:

* Assuggested by the lithofacies variations, the bottom waters were by oscillating conditions between
oxygenated and not-oxygenated. These variations depended from the inflow of the Oxygen Minimum
Zone from the Pacific Sea;

* The minimal difference between the TOC in the massive and laminated samples indicates that the
organic matter was preserved also in oxygenated conditions.

Surface water productivity:

* The high concentration of the biogenic SiO, indicates that the surface water productivity was high. The

high surface water productivity primarily influenced the TOC contents balancing the degradation
process.

Detrital input :

* The detrital fraction originated from continental areas of the Asian continent (Monsoon transport) and
northeastern Honshu (fluvial transport);

* The detrital oxides show a good correlation with the TOC, suggesting an influence of the detrital
fraction on the TOC preservation.
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