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Figure 1. Terahertz transmission spectra of camphor at room temperature (solid line) and
low temperature (dashed gray line).
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Figure 2. Powder X-ray diffraction patterns and polarized light microscope images of camphor,
camphorquinone, and their crystals
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Figure 3. Comparison of terahertz spectra taken at room temperature and at low temperature (160 K).
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Table 1. Thermophysical properties (melting point, transition temperature, enthalpy, and entropy
change) of camphor, camphorquinone, and their crystals obtained with DSC measurements.
DsC #l =
(DSC7000X,
BILNAT4)
1Ty, B85
meufK 445-449 445 Wi
#3421
T, /K 241 204 178 162 330 E—ZieT
| vhOE—%
AHm/J' g 81 49 30 9.9 103 TeERHI-.
ASm/J‘K_l ‘mol™! 51 37 26 9.6 52
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with Other Substances
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Mm[x= R-In

Adamantane
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10 Paat R.T.
N <1Pa
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Table 2. Comparison of Camphor Vapor Pressure
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Introduction
Platinum Group Metals PGMs wsed for car exhaust catalyst. jowalry, skectronios devieas
(PGMs) —‘
—+ Rh, P1, Fd, Ru, Os;
. Ronia e “ Pt, Fd and Rivane used
= High catalyiic aciivity | = Ratio to tota supply
- Heat resistance, chemical resistance Pt : 40%, Pd ; B0%, Rn B0%
+ Expensive, risk of prics fl
PGMs recycling from used products is imporant,
o ional separatio 4
Vale refinery in Acton
PGMs | sovent | sovent | Residual
oncenirabion |_> ‘draction exraction |_> salutions
P, Pd, Rh L l l
Offier metals
Pd Pl (Rh)
F K Crunowell of g Exvectes Metallugy of Micke|, Coball and Piatinum Group Metals (Elkevier 7011) EE

The order of PGM recavery cannot be changed.

4

Introduction 2

Rh_price in recent years

30000
110,000 yeniy —_— Rh price 67,000 yen/g (January, 2022)
25000 |
20000 - h risti f Rh
% 15000 k- * The most expensive in PGMs
a } = Price luctuations are large
& . oyt
soop | 8000 yenig . for car
+ * Selective recovery is quite difficult
(1] == L

2018 2018 2020 202
Year

Process time of Rh recycling is long = Economic risk is high

. 2

Development of preferential and selective recovery

Economic efficiency is low depending on the metal positions and prices. thods for Rh is d d
3 .
Our previous reports Other previous reports ‘
[ Rh selectivity precipitation ] Hy o
& o
4-Butfaniine ol e H;N—b—Q—NH; W’I‘MW
o | * e W Nt e A gt AL
— AT 3,3-Diamincbenzidine (DAB) HEMOEAS)
A0ven/g o Rivcenmaining precipitats B \ !
ke aohmens camnhn ik > :Rh:gu:ni; Pl LI T Suzkie! al Anal Sci., 35 (2019), 13531360, H. Nanta o1 al. Chee. Cememun, (20081, 5921-5023.
_ Problems . Single unit structure of Rn-BuAni

Insufficient Rh selectivity in high
eancentration PGM salution

K Mot e 3l ACS Srmega, 4 (2019),
1B38-1873.

pPhenenedianima —~, 2 S o
(PPOA) X7 — +3:$T:t§:+
wOw | @
0 yen/s g Ht—mnl:ld:l'ﬂng precipiats + '_:"' i
PGhix solulions containing P1, P, 7h 14

eEia) |RHCL] /PPOR ICHH,0 =11 23452

FProblems

Belective precipitation of Rh from high PGM extraction and selective back

concentration PGMs solution ‘

extraction of Rh
Probi Probi
Recovery agent is expensive (2,400 yenig) process is

Low oxidation resistance Recovery agent is not generic.

Practical Rh y

thods have not been developed.

Demands for highly practical Rh recovery agents

Single-crystal structure of 2h-PPDA
Low oxidation resistance ¥ Masicitioto ol ACS Oniega:4 (2016), mmp High stability, high selectivity, high recovery percentage,
Insufficient Rh recovery percentage i and low cost
This work 5 Rh recovery experiment (PGM : 5 mM) 6
W00
Development of a practical new Rh recovery agent "J:: x R
W
=) Precipitation recovery (Easy process, organic solvents are not necessary) MJ‘N’J‘NHa e P % o ;:‘
Melaming f -3¢-Rh
“ High Rh selectivity o 5 ines with low basicity . kg B ;
+ High stability — & MelaminafRh = 30 mol/mcl
« High Rh recovery percentage M Polyfunctional =t | DL Srdngrimes3h
9 recovery p Y Pd,PLIRN (5 mM) in HCI A o o { _o@
oz a4 8 8§ wm
Primary triamine Metals by ICP HC2 ooneanteation [%]
100 = 100
NHz There are 3 amine groups In one molecule. x’( * S Moo X
o sl .
N"kN Stable due 1o heterocyclic structure 3 0P E |x ©-Pa
| g L] ar gl o
Hal NH, Inexpensive (5 yen/g) amine gw * -rn 2w x - N-Rh
Melamine &M HCI
Syenfg “w  Shaking time =3 h : 20 Matamine/ih =26 mol/mcl
5 P PO~ SO | P g
This work o 5 W 6520 3 @ ? ) 0o 150 200
- Selective recovery of Rh from PGM solutions using melamine as a precipitant Melaminefith [malimal] Shaking time [min}
- Analysis of the of Rh ining precipi Selective precipitation of Rh was achieved.
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Rh recovery experiment (PGM : 50 mM) ? Purification of Rh-containing precipitate 8
W00 = - - HH,
Ny e .
e z® A 2 M HCI
25+C HANT N THE 1M HCI Melaming
WN)\"’J‘ He g P Melaming 2 o 7 > 2 //,
Melarming T ~l—-—2 g = .
1. Braking g- @ B M HO 1. Srakng (60°C) [
z Cenirilugston - & 20 Melamine/th = 2 mal/incl m""‘—m - anmn - Diuelmen | _ D«en_pnum
Fel, PR {50 mbA) in HCI o o Pd Pk {50 mM) in HCI e
T T . . . | Determination of
Vioas by ICP B g ety T T Rh purity by ICP
100 e W0 Recovery process Purification process
x . &M Hel ]
L / 25 ;" | paelzmine/Rh = 10 malfmol
z e £ shaking Urne =15 min 0 -F Precipitation (%) after Precipitation (%) after
gw % i L L g::_ TECOVENY ProCess purification process
w0 S emma -9 a Pd Pt Rh | Rh purity | Pd Pt Rh | Rh purity
E " Shaking time = 15 min E
= B »lo 85 aT a9 86 13 05 a8 98
] - £
L] 10 15 20 - 0 I & 80 &0 T ED 80
Melaminedn [makmal] Temperature | %5 e e L . N
) ) . * . Purification of Rh-containing precipitate was achieved.
Selective precipitation of Rh was achieved by heating.
Oxidation resistance of precipitants 9 Rh separation from simulated leaching solution 10
2
" ,‘I; N - Y
1 e 1. Shaking 15min T
=a Wslamine {60°C) [ Datermination of
\x = 40 mal/mal) 2. filtration ‘@ Puification  Rh-containing Rl purty by ICP
Simulated salution pred
solution After recovery process After process
100
Concentration | Concentration Concentration
! Metals Recovery (%) " Recovery (%)
- | MelaminelRh = 20 mobrmol — et o) — ity —
- M HECl &M HCI 5M HCl SMHC PPDNRh = 20 mol/mol e 358 d 3.3 C
* <
E 4 H0, B i Ho0, -.h wl Hy0; Pd, Pt, Rh: 5 mM : 1iaa are B4 14 i1
8 : HaOt 1% 1 815 815 100 782 o
% o i L Ce 18482 181 14 <04 <01
[ i Al 8355 <01 <01 <04 <04
&5 : Ba 7827 <01 <01 <01 <01
H K. Metsumeks =t o, AGS Ormega, r 621 =01 0.1 <01 0.
H 4(2018), 1461314620, La 159 =01 =01 =01 =01
PdFiRh PaPtRh  PaPLRh  Pd PLRN
Metamine PPOA hd o =01 =01 <01 <01
A = Fin purity B4% 99.4 %
Melamine is highly stable for oxidation. p BT pe———
Recovery mechanism analysis n Conclusions and Acknowledgements .
N
NH; » Inexpensive (5 yenig) amine
Ay W
MataminaRh » Highly stable for oxidation
505 g Rh single crystal HZN)\NA\NH,
Melamine
H # Highly selective precipitation of Rh can be achieved.
HaNo_ M N,
> > iy T ) . . .
.\rN » High purity (99.4%) of Rh can be recovered with high
.: Nk yield (96%) from a simulated leaching solution.
Melamine-H*

H
e
HaM. NH,
mﬁm ;oo
YErH
[RhGL]™ : Melaming-H* + Melamine-2H" 1 CF 1 H:0% :H;0 ]
=1:2:2:4:1:14 Melamine-2H"

Protonated melamine and Rh chloride complex anion form unique ionic crystals.

The structure of the heterocycle is the key for Rh recovery.

» Rhwas recovered as unique ionic crystals,

=) Melamine is a practical Rh recovery agent.
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BE:-EEE (t—4%—) PMKA ML —VIZHET 2= XA F —HEEOHE KN TFEREIC
o TWDH, TNHLDEZRON X IIKABADEMERILETH D, FeCo EHEIT. K TE
HEHEATHI LT, BUEHRKBRORA VYV LAMAZB A DBAME L0052 2 L3
FETTHIN TS, £ TARIFETIE, EBRIIZ FeCo ~DI&FEHLDHE ALK,
AREZ TN 5, BARMICIE, FeCo EAEMEA ML, JLHRIRMIZE Y FeCo ~DIE+
ETOBALRRD, FLEFHRY VT 77 0 —HKTTT 2 27—k U, BRSO
A ZARAF MR ST ARE DR 72 E 24T D

F—T—F:n— FEAEM B, BB, T

mE%-ERAk:

VAR O R A E R T ) A — VI T, (/T 7)) 1E, BHiEM - BERETEAEN A B
BLE) ETHEEMRES>TOXF—T 7 /) uar—Thsb, LLFICEEWZRISHG &AM
Y,

() KAWeA (HE—H—, BEY =L —F—7 L)

FeCo HA4i., BUERRD XAV T AEA D 2{EOMARMELZ AT 5 Z L RHHRTH EN T

WA=, b LERETIUX. 540 2 FOMREOE—F —NEBLL, 50 2{FDON"T —0%E

WREFTHELSHHERLY = 2 L—F —NEHRHT L SN D,
Q)EBEFT A A (EARL—, "N—KF (A7 RT 47 HDD 72 )

BT —H L Z—TIIEITHE D HDD KT — 7 008 LTl |, HBENBIEFFEIC
K&V, H L HDD —HH V) OREREE % 7 L TE UL, £ ORFIEEMY /O HDD A%
LD ENTE D, FLEEEITKRARAFEIRET 2 DT, FeCo FGaITR AR &% B
HDD, R 7 —7IC&T 5 Z EBHREESN 5,

BSEEORERR

FEERHTET —~ ZLLFITRT,

(1) FeCo FE GBI~ D = LRI L D8R A DB & — il S 7 MO R
Q)BTHRY V7T 7 4 —ERN=T ) A — VBRI T & AR 71 5T

Wiz, FIZ B, QDEREIZ DWW TR A X — A TRd,
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Formation of bct structure and high magnetic anisotropy in Fe-Co films

A

with added V and C elements

Takashi Hasegawa’, T. Nishikawa, C. Shirai

Department of Materials Science, Akita University, Japan

*E-mail: takashi@agipc.akita-u.ac.jp

| 1. Introduction |

| 2. Experiment |

Buffer

First-principles calculation Objectives
a0 as 10 Fe
"Fer,Co | L/ Investigate the bee-bet—fcc transformation of BpuedV2
1 < = = FeCo caused by the addition of V and C B
I \ 0. sm
1 - \ »-w  elements using XRD.
242 1 i - 0 ) . FeCo(001)[110] // Buffer(001)[100].
by / % w v Evaluate magnetic properties of the FeCoVC
11 o films and nanodots. Buffer | Structure | aom) | avZ (om) | dla
FeCo bce 0.285 — —
-9 Rh fcc 0.381 0.269 1.19
e s =
!o” 05 R .‘aﬁaiﬂg Eﬁﬁm { ol MgO fec 0421 | 0298 |0.86
Baeonie ¥ F‘ =5 [ ° s
T Bkt ot P o Lot 03 & - MgO(100) sub. /Rh(20 nm @573 K) [FeCoVC(t nm @473 K) /SiO,(5 nm @RT).
ill Burkert et.al., Phys. Rev. Lett, - <ca< -
027203 (2004). 4 e/a=1.0 (bec) 1.0 cla <141 (bet) cla=141{fec) + Base pressure of 10~7 Pa and Ar+N, pressure of 0.3 Pa.
'l —— = 3
3. Characterization for films |
2000 (x,y)=(0,03) (x,y)=(8,0.3) (a) 2000 (C)
MgO(100) sub. /Rh(20 nm) /((Fe,_,C0,) &Vp 1)100-,C, (20 nm) IS0, (5 nm).| 5% (@ )
E so00 i n 1500 9~
(a) In-plane XRD (b) Out-of-plane XRD g 503 _ -
5 o 5 o i £ £
i gt f g %1 g § ;)_Iseudc.-:li-'ngt:-ie-cr):stalt | iEEE £ 31000 :
ol g1 & o =i ol o] films wi e structura 20 10 010 2020 40 0 _ 10 20 <
R 3o 2| relationship of MgO (001) o e 0o
- ks £ | [1001/Rh (001) [100)/Fe- | amo un=Co08 o han=Eos
Ak P | Co-v-C (001) [110] have | [T 4 I . 02
i [ i I ' ' 500 0 010203 04 0506 07 08 09 1.0
gt ; \/Kw been produced. £ A i S e 0408 08
A A ‘ N : = 50 12
/\/\/\W,w \ o =809 = ®) 11
_— ! : * ! ! | N * ! 2000—2.0 1.0 0 10 20-20 1.0 0 1.0 20 10
EPAVEL : b\ ™1 (% ¥)=(10,0.3) boH (T) mH (M) ::
S0 | P\ H -
sl : o 0 y)=(8,03 Eoa
L B e o 9000 _ppmmon 3 1Y
I i : Ao : 1500 f(€) /b ® < o4
a | | | Wt | 1000 03
HW V. i i g M L 02
St et TN AN T (en=(10.09 £ o
Sy o f PN i 1000 “: B
oo ' Vo (%, ) = (8, 0.4) 1500 o 5 P 15 Py 08 10 11 12 13 14 15
N i* ; : Vo : 2000, 535 Sqy? 2020 0 B 30 20 C content, x (at.%) cla
N : : : : o i
et i A\ v 6,91 = (10, 0.4) The M, value tends to High K, are obtained for the
AR ! Ao e y1= 010, 05) @ 7 decrease with increasing x, samples with y = 0.3, 0.4, and
b,/ i b ’ ' L1 whereas the K, reaches a 0.5.
o ' | |10 ; - L1 i lue in th
oo ! . T e =@0s 5_503 335"2";2"1‘2’2:';'" © range K, strongly depends on cla
/,{‘\ \J,:\ om0 -0 o and exhibits a mountain-
bt T el 1 : 1\\L~ : 2000 shaped curve with a maximum
' ‘VM": 1 Mg . .| B.G A Am value near c/a » 1.2, which is
e - . - consistent with the results of
60 65 70 75 8045 50 55 60 65 N N
26 (degree) 26 (degree) A bct structure with 1.06 < 2000 h)"" 7=(0.05 "‘ 1=(805 theoretical calculations.
1500
cla £ 1.30 is formed in the | _ 1000 I
(c:."s . range of 5 < x < 12 at.%. 5™ |
LT S e | e For the  V-containing | 5 .0
Ry-D5wow a sample with (x, y) = (10, | 1%
L } 0.5), _the bet structure wﬂfh 2000 ) G T 0 25 AT 50
P } the ideal c/a of ~1.25 is HoH (T) H M
N obtained. Meanwhile, for 2000 ¥ =(10,0.5) “‘ ¥)=(15,05
14 the sample without V (y = :ggg i n The sample with (x, y) = (10, 0.5) depicted in Fig. 2(j) has a bct
3 0.5), the crystal structure | £ s i structure with the ideal c/a of ~1.25, while its y,H, determined from
18 Peeleres retains the bcc or bcet 3.503 the perpendicular magnetization curve (~0.5 T) is considerably
. lattice with c/a = 1.03 even 1000 lower than the pyM; value (~1.5 T), resulting in a perpendicular high
J s [ at high C contents close to | % K, of ~6.0 x 10° Jim®.
€ contant, x{at'| x=20 at% 2000-2.0 1.0 0 10 20-20 1.0 0 10 20
-%. BoH (1) WoH (1)

| 4. Characterization for nanodots |
M

5 nm) /SiO, (5 nm

000
© 00 @)
°Q

D

0(100) sub. /Rh(20 nm) /((Fe,_,C0,)g sV 1)100-xCx

(b)

Resist
FeCoVC (t=5nm)
Rh (=20 nm)
MgO substrate

Ar ion milling

\AAAAAAAAA222021

Spacing

(c)

~ Continuous film
-D=290
-D=85nm

0.20
0.18
0.16
0.14
0.12
0.10
0.08

1

He (T)

01/02 03 04 05
)

0.06
0.04
0.02
0.00

som{l

0

200 400 600
D (nm)

@The film with (x, y) = (10, 0.5) was microfabricated into the nanodot array. The squareness ratio (M/M,) of the MH curves increased from ~0.4 to ~1.0 after
microfabrication, and the H, increased with decreasing D. Moreover, the H, of D = 85 nm was 8.5 times higher than that of the continuous film.

| 5. Summary |

6.0 X 10° J/m? was formed.
(2) The film with (x,

of the continuous film.)

y) = (10, 0.5) was microfabricated into the nanodot array. The squareness ratio (M./M,
from ~0.4 to ~1.0 after microfabrication, and the H_ increased with decreasing D. (The H, of D = 85 nm was 8.5 times higher than that

Related paper: T. Hasegawa et al., Scientific Reports 7, 13215 (2017).

(1) In the ((Fe,_,C0,)9.9V0.1)100-xCx (t = 20 nm) continuous film with (x, y) = (10, 0.5), a single bct phase with an ideal c/a of ~1.25 and K, of

;) of the MH curves increased

(3) Fe—Co bulk alloys, which are typically soft magnetic materials, may be transformed into hard magnetic materials through the
addition of V and C elements combined with microparticulation to achieve particle sizes less than 100 nm.
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BERRIER DIER I 5 BRSO E g f .

1TRB ST, x=080~0.83 DIFH Y

20=302° \ZRFEDRFTHRD, x = x=080 v
0.81~0.83 DHEAIZ20=32.5" 12 KoCOs . . : . , i e

(R FTRE AR LTS R B e 200 PR e "

€ x=084 @%ﬁ £T @EW"?‘?§ Y R3.KC05 LiCOs 5 L OV THO, IR AHZERI S50°CT 20h(FE)d 1 1%
ER7ayA MUY FOAT I gon (1) Kok 5 = & THHEREID XRD /S —>

AV U NIRES N, x=084 DI

B DERI % Kot TLO EFRT 2,
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412 KoggTLO DT = 2 AT MVERT, 145 BLUN 1064
em™ 1T TiO, 38 KON KoCOs | I FTRE 7RI 23 Z AV E AL B AL
77o XRD /3% — 21320 6 DA TR 5 [T 3R
LIRS TeZ L ZBET D L MEDFEIOKRIE, HDHVIE
Pefr UT=RB O CORENS R STz,

KoCOs ZFRET D721 Ko TLO % KIZ 7 E& R L 7=
KosdTLO (550) — 40D XRD /34— % [X] 5 /2l oRd, FhfEtEns
(IR 2 ARA FEREI O[T L dE 0.79nm (A L, = Off
VIEFRTD Koy TLO Of (077 nm) & Lol TAEMN IR E VY, =

Intensity (a. u.)

FUIKFTOBRI K& HIO DA A Acffiz e 5, K59 200 400 600 800 1000 1200
AN 5 PRI D Ko TLO DEES- AL RR S (UV- Raman shift (cm')

vis DR) A~%Z7 KJLAFTNC UV-vis DR A7 h L6457~ Taue
Ty hEFRERT, Tae 70y M6 REL o7y |k BAKwTLO(50) D7~ A Bk
Xy v T T RVX—TPHERIE TENEN3TS BLON379eV & Pt vy RE v 7313 —)
R L, ZofnidEklora M AZES Ve K7 ata NMUEBIRY FOLFZ Ui h ) o LD
REEIAVIZ B 2 A TRIFZE DRGSR & —Er L, XRD OFE SRR Sz @M o7 e b iAbz ZHd %,
FEHE LT, 1EE00CLUETOERNHIESNTEZLE K7 ath oA MR FULTFZ DY
7 I K Tignsalivs0s (x = 0.80) @ 550°C TOARRRAERATRER, WITNOFKOEE S BHHLEW D H—F
TGN T2, x = 084 DGEITIATT DIREIOED i /NS W T EDVRIB STz,

2.5 3.5

—— Kiyp-TLO (550) = Kyg,-TLO (860} T
1 Koy TLO (50)-553% 3] — Ky TLO (860} f/

¥ d (020)=0.79 mn V:KTLO

Ko e-TLO (550)-3E3%

KM function
[F(R.)hv]'2

Intensity (a. u.)

. T Sk %6 30 ad0 500 ebo 700 b0 ;
200 ) Wavelength [nm] hvleV]

5. 7KBERTTZ D KogdTLO (550) D (/) XRD /3% — 2 (1) UV-vis DR A7 L35 L (£7) Taue 7
R

(51 k]
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BEEL . AWFSELX, TEF L —BRBBERICEIV Z T AT I =31 K (WC) &
H~ZAYEY REEOGKREITY, WCREOWELHEZITH Z L2 HIET S,
LU s, WCRE E~DX A YEY REEAERIZIX, ZAYEY ROGMIEH
L<, Fio, BEERENMEWZDRETEENEE LT WEDRENDH D, LN
ST, ZNOOMEEMRT D012, WCERH EIZH A YEY REFEEZERTHZ
EINFREIRRESRIE AR R L CERZITY, X< HEIHZEE L4 1 YT REED
B HIEDORF%1T 9,

F—U— R XAVES REE, BREER, RimiEiE, > 727 —14F
SRk :

BT EL VBN REND, BRERBIZIXV XA VYEV REEEX VT AT
V=N RFEE EICEBEL, TOEERENEITNIE, & 30X —TBRER

WCEDWEa—T 4 T E L CHEREEOD 2 FMOEWVWHMEZERKT 5 2
LBRAEELE D, ZOZEIzky, Wl - U TEZE~OISHNAIEE L 72D, £
2 S COFRFAOIER BRSNS,

ﬁ [ =]
ZA YT NIIEEE, MHERENE, (ROEBEGRE, &V EAMREREOENT-WEEET 5120, WHES
UM T EZD TEMICBIASFIHSNTE TS, £, I, BHlGE&THLX T AT U I1—"A K

(WCQ) ZHWUIEI THEAMER S Tnd, 2o WCYIHIT H Rz, SHIMERESS T HAFmoln b, @isy)
B2 YR ORERE 2 B IS, [LF5FEHEFE (Chemical Vapor Deposition : CVD) JEIZ KD XA £ R
Bz i HAlin B S Tnd, L LR D, —i%Z WC Ebf Bic & A &2 R L7354,
A YEY ROBEEN & TR SR & b OBETREEDMRWED B 2> b BN T H S D> H13<
BELCT W E WO RER D D, EHIZ, CVD HEZICBWCEEEN N b L2y, XA¥vEUR
ZRR SE AR IEFICERICD=2 E WO EL H 5,

EF 51T, CVD IEO—FETHY, KKFTTvF Lo —BHEOET RV —TIREERIZ LA XA B
RERIZE B LTE 7o, BBERIED, xR TENCHERRFFRZE L TRY, ZORBERICE 5414 vE
v RERBIEERZANWT, £U 7T Mo) Htk#FEm HicX A VvEy RRIEOSKAZRATED ~Y 0 L
LD, XA 'y REEEA AR L%, SREEABYSHIC I 0 I BiL CLE H>MERH 5, £
ZC, REEL BEOMHZERE LI BiT e B RiEE LT, A Y'Y RORRGRTI RO R ATLE &
SR S5 SBHEARIERIRR L C& -, ZOHEZISH LT, WC M BIoREERIEIC X
0 FENE < BEZHNH] L7222 BEEETREOE WA A YE L FREOBREIT> C& -, LnLRNRG, &4
YEY REERHIC, EREEORE 2 hr— ALY XA VEY RERETIIATZAT, SBIT,
BUSINC L D REINE S BEZ A2 Z E LW E W ZREN A L, 22T, BREERICE T WC
R E~D XA YT REEE AT 5 2 LN ATRER SRR L CEREIT> TE 72, TORE,
FEWREHOIRE Y ba—LRN\BH L0, BELIZWEDOZ A YEr REREE LD Z & BNAHE: 2
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BREARIEERIRE LTz, 0 2 BBEARGIEIL, G EOETICHARFRmIRE % 2 BB b &4 1 &
¥ ROEREITO HIETHD, ZOHEZLY, XA YEL NEREGRT DI ENAHREL 2oT2m, R

L < BECOW IR Rat 21T TR DY, X575 HIT < BHIBET 2RESMNETH D,

Z T, AWFFETIE, WC HEthFm EIRBER I L0 FmiE < B3 L7es S, #EEREOmWA
AYEY REEZGRTHZ EZHME L, 2BHEGHRIEEZAWA A YEY REMREITY, ZOBRIRA
FTHREIT S BEHIOW TR Z1T o7, 22T, SBATHIICEVWT WC ZEARERE O X 2% Fpakim
TEHED LA, ARSI REDIT < BB 2 MIF T & 2, BELE U TSR 24T\ R E oD
ERE 2 2 ST FR Bl A Y'Y REEITo CTE 72, BT, 2BREEEIEICBIT DREERT DA
mmE>WC%W%ﬁiT®E%(E®E%)%%&%K%wf%kéﬁAm%ﬁoT%toit,54%
T2 REROBMLEEL L LTIT> TWAE A YL FhADERFERA~OFEM T HEIC BT 5 414 ' R
RIFORIRITHER LTz, ZOBE, XA YT RRFORRE A THIFE CRWTE IR LD H I HIT/hE
VB O TR LBRZ 1TV, BRBERIEIC L D XA PEV ROGKEI T CET, 22T, XA Y%
v RRIFDOENRE~DOFEHFT R BT B2 X A YT FRFE2EAT-_—A NOBEIZHT-IZER L=,
XoT, AWIETIE, XA YT BRIFORERZ /NS U THEBRERA~OFEHT B ZIT OB, Z A Y&
VRN NOEEESEFA TEY RAKEIT T2, ZOFS, BiWEE U TERLBLORE 2 —iE &
L CHIBR AT > 7o R 2 X A Y B R E T T2, 22T, ZNHDOFRMEDN, GlRAAYES RE
JEDIZ BEPRIIL ST ED L 9 7oidB% MIE T 0 REE 1T -T2,

EEREE

FREE A X IR T, RIEOREIREZ —EITRO720, $ONR v 7 28K ULnET 5, ZED
RERET, FEEMAOFRIMEEIREFHC LV PET 5 2 LN TE 5, MAAEEIL 100X100X55
mm?® OFIRR v 7 Z&EH L, ZOR v 7 AOHRIZHEKE T LiAd, B HRD 5 /INUAR 7 TR
L7z, 22T, ER10mm OZ 7 A7 (W) MHBREZGBHIFOSNEE LTRy 7 2A0hiadmL, 7
— T T TV THEE LTz, ZOXNED B2 WC R EHE SEAREIT T2, ZOFE, MEIZZEEE
AT D T2 OHM & SHEDORNEMBENED BN Ag ~_— A R EEAT L, 473 K TFERICBWTELEES LT,
WHROR v 7 A3 L TFBER[GER AT — RIcH 0, mHUKIE & RIEEER O A 2 5 2 & TR
FHEEZZLSELZENTED, AT—VIIAT v B TE2—2 RO ENEY, RIA41%

ML TCAT—Vary ha—F 2 Lo T ETFBEZHIET 2 N TE 5,

Radiation VTR TP
thermometer
Burner
. Flow meter
Flame
W rod WC substrate
1o £\ .
Cu box \\ = Stepping motor
Cooling—3 N\, 3
water | —
Stage /%:\ | Drllver |
] Stage
controller

Flange
AN

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

=z
ARFEBRCBNT, HbkE LTEEZ 10 mm, JEE 3 mm OFBROZ 72570 H—_1 K (WC) Z1f#
H L7
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2 B ERGE

PRBERIEZ LD WC FARER E~D & A Y FEIEARICBWT, ERERORE 2 o —LAR
S0, BELILWEDT A YEY REREZSLND Z ENAHER 2 BEEAIEZIRR L &=, 20
2 BB A A, A ROR I TR % 2 BB b S B4 A YE Y ROBEIT ) HIETH S,
ZOFEICEY, ERERORE S Fa— LN aREE R0, EAROSIMNEE FRAIHT S Z R8T
X, DWORELIMWEDH A YEY REREAKT 5 Z EMNAlREE 72D, T 2T, WC OMEHREL D 2
1Bz 1273 K, 55 2 B A 1223 K E 2L S HX A YEY FAKEI T2, 2O, &1 E#ETHHY)
HABS P TR 2 Bl U CRES TR 250, 1 X< BEAHI925 2 N alREIC 2 D & & 2 12,

EEREH

AKEBRTHND XA YEL ROGEEER LIRS, 22T, BETR, TEF LU TADELE
VX< BERIHI O 7= D Dot EL TH 5 0.90 & Lz,

Table 1 Conditions for diamond syntheses on the WC substrate.

Reaction gas CH2 + O2
Film surface temperature [K] 1223~1273
Pressure [Pa] 10°
C2Ha Flow rate, Fa [cm®/s] 70.9

O> Flow rate, Fo [cm?/s] 63.8
Flow ratio, Rt = Fo / Fa 0.90

F72, WC HMREE ORI L U RS ) 2470V L S A AT T2, (LFERIE, WC i
BTy F 5 2 EANATREZ: Murakami AR (NS0T 2 8D RS U 7 A Ks[Fe(CN)g] @ 10 g, /K&
{£A Y 72 KOH : 10 g, 7K : 100 ml) |2 WC Bt AR Loy F 7 %fT-7-, Z 2T, Murakami {&HIC
WC i Zi@d S, HEihEm B2 BRI Lz, 202 812k, WC Btk & AR Bk iR
NS, 1Z<EEZIIGIT D 2 EANAREIC e D LB X Hivd, F7o, Murakami BRIC K 2D Hb R mEE
%, BRI (FilR HoSOs : 3 ml, WERfb/KEE HO0, : 88 ml) &AW TR A T o7~ ZHhu, =290 b
(CODBREEATH oD TH D, Co I, XA VEL NERRIHIEMGE R & IEOM OFR ML L,
JROBEEREDIKTORKNE D7 T 774 FEELESEDLE N ZERDN-TEY T, BBIARIZES
(LR X > T CoZbRETH LT, 77774 MNEOEREMRIT D Z ENARRIZRD EEZBND,
Z DB, Murakami {5HRIC L HUERE 300 s, FAIRIZ L DUWERZ 10s & L, {LFRUEROR R Z —E & LT
WFRZAT o T2k BB EIT o T2,

Table 2 Conditions of pretreatments for the WC substrate.

Treatment periods by | Treatment periods .
5 X . Diamond paste [g]
Murakami’s reagent | by acid solution 3
[s] (5] /Acetone [cm”’]
Case A 300 10 0.0025
Case B 300 10 0.0050
Case C 300 10 0.0075

WIZ, BB E U BB AT o 728, A Y REROARKRE L 725 K9 A v FRiF+OfE
% FR R AT o 72, 2 2°C, FEHFEREITH 2 & T, K& I35 S5 2 E N FRET
0D, TOFEMUME LI - D3E T A VB REEOERIZE 720, XA YEY ROBARZEEL,
SO ENC SRR D EEZ NG, LIeR->T, XA TVEY RRFOREINENTHZ LT, &
A A YEY REEOIX BRI SIS EEY 525 LB 27, 22T, HATHIRICBWC, ffhiTa
BIZHWTE 24 A Y'Y RRIF-ORIFEZ 0250 pm & LTE 7208, AR T, RBifE S HIT/EV 0125
um ORI AZET L, XA YEY B FEGATA—AX NOREZELSHE, 20m*O7 & hAZ—R b &
D LT BB AR AR L, 30 R S e CREAHIT B A Hii L7z, Z2°C, R2IT™T LD
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2, N—=AFOEZ005gE L, 20m’ D7 & h A=A R EED LTERETR 0.0025 g/lem® & L7Zd
D% Case A, —ARDEZ 0.10 g & L, BHEIK 0.0050 glem® & L7=H D% Case B, ~—RA D&%
0.15g & L, ¥R 0.0075 g/em® & L7=H D% Case C & L7-.

BRIZEBNT, 2BBEARIEEZ IV TAEREIT OB, K2R T KO R7 8 F Lo —mRORBER T D
FLL7 D WC BRI £ COREE (RO d2ZBbSETHA Y'Y REREIT T2, ZORE, £3IZ
AT DI B BRIV TR L S TEM AT o 72, ZORLEREN LT o &, XA vES
RElZ GRS % Z & DS FTREZREI T DNRDER L L, Gk Shuvrz s L O < Bl 52
ERIFTZ ERbhroT0nDY

Acetylene
feather

//,?155555 WC substrate ;5//,555

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

ARFEFRTHND 2 BEEBIEOGRFRIT, 25 1 B4 1200 s, 55 2 B4 1200 s & LARKAEIT o7,
T, AiERE LB OR I 2 —E & U CHILER 21T o 723 EI2# A Y& REREIT- T2,
Fo, XAYEY NRITORRE/NELS L, R2ZOFMHETHATYEY RN—R NOEEZE(LSEX A TE
Y REREITTo, OB, XA ey NhiroRifEz/has< L, £/, ¥4 YEY FN—R NOEEZE
{LEEDH LT, GRENTF A YEY REEOIZBECRIHL SIS ED L 5 8% 5.2 50504 Lk
MEIToT,

Z T, RAWER%E Case A, B, C OFMHTIToBEOEED X BEMEIC DWW T ORERE Z N ZE sk
4R, RPUTBWT, T<HEEL &0, 13 <BENRATTHENR BRI RS> CWOAIREETH B,
X< BEE VL, I EER B0 L B> CODIREETH 5, 1X<BEE 1Y, 1< BEDSHAE LI IR
DIEEAEFHRSTRWRIETH D, £7o, BEMRE SITHBEORKREPKE LIRBXTRETH D, KA4ND,
Case A, B, CIZBWTIE, 1Z<EERRAE L TORWRIETH 7=, 2D Z Lnh, KEBRSIFICBVTII,
Case A, B, CIZBWTC, B&IIIBEZIHITH Z &M T,

WIT, B LT EIEOWE ORFEZAT 9 72 X #REIHTHEE (XRD) Y AT A& HWTREEZITo T2,
ZZT, Case A TAINI-EIED XRD fERAZXK 3I1TRT, KLY, ARSNZEEE, 414 vESR
DAFEZ T HAYEL R(11), 0)EDE—7 ZHEeT 5 Z LN TE, XA YEL RBEHRINLTND
Z D,

F7o, BIERZ &L TIT > O AREEORmOFMFAME (R) ORIEZ, EAER AT
(SWLD) ZHW\WTiTo7z, ZOE, Case A THRK SV EIEZRMED R1E 126 pm, Case B THAL SV
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SR D Ryl d 2.14 um, Case C CTHBR SN2 RO R1E 223)um & 720, Case A DEFRFZEDFKH D R,
i b/NE <, Case B, CORRRENED R, LV /NS 0B Z ERbioote, F72, CaseB, C XA YEY
R—2 MEAE < 22 DI TERBIRORED RAVKE 725 2 Lavbhotz,

Table 4 Results of delamination of the synthesized films in Case A, B and C.

Case A Case B Case C

Non delamination 100.0 % 100.0 % 100.0 %

Half delamination 0.0 % 0.0 % 0.0 %
Delamination 0.0 % 0.0 % 0.0 %
Abnormal growth 0.0 % 0.0 % 0.0 %
&) The synthesized film in Case A
>
®© O ()
>
-
k9] &
£ S
8
A
i | T/

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

g

WC SRR FITRBESRIET 10 Rl < B2 L7223 D, HEEREORWA A vE 2 REEAE G
TAHZEHENE L, 2BMARIELZ WA A YEY REREITY, FOBICERR ST L R <
BECOW TR E{T 272, 22T, ¥ A Ve REBESROFIELCH 2R B AT 5 B & A vE
VPRI OREZH/NSLK L, XA YEY =R MOBEEZELSE, il s U TP ORI 2 —TE &
L CHIERAAT o T2 B IS Z A VY RERRAEIToT-RER, AA A YE Y REEDIL < B2k T X,
T2, BRLA YT REEOFEHSICHEL KT 2 Lotz
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MEEE : —efbikFE (CO2) HEHIMHIELAN & LT, ZfbkFE D53 - FI I K
Uﬂﬁ?ﬁ*mﬁz?ﬁ (CCS) MEAENTWD, 7 UAKEBITHELR AT A5 COs
SEET AR E LT SR TS, Lz, 7 2 KBRS L
71 CO, Z BT 28121, MWIRENKLE LD, £ 2T, AHFFETIE, WX
Lf’[ﬂ”@ COTERENE 14k, H2REFEIMT IV TRARDZEICIEALT,
53T X L IKEERRIZ 0.1-0.5MPa O MNESAE FIZT CO ZWIN L=k, Wt
TER 2SR JE % (28 kHz) O F I 2 B L, (KR ToO COo, D i E) 4
Tz

mBt - ERE:

AHFFETIE, MESHHTTT 2 VKRR CO 2 W &7, IR CRF IR 5
T ETCOMMET % = L T, TS L OSHRREEREE & pKa BRI UV E A~
WAL 2O L, ERITRIEY DS S RS S A T2 2 & 0nh
FEREHIRFCTE 5,

AMFIEICBET D
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1. [ IUdi
HIERIERA L2 28T & LT ARk IIFEETT, [T & CO 8 mik i Thitt S5 [EEFE D
5 CO &40 - AR L, Hi F~I43 % 5% (Carbon dioxide capture and storage, CCS) 73 EH SV TV 5[1-2),
PR A5 COp ZBRANC BN HIiE, ALFWRIE, WERE, IRGREE R EORFIERFET D
W T XA UTERAI RS ATRE A LA IRIGE B R L= Hdi & L CRIF ST D [34] , 7
IVET RV EERET AR CTHY . ERSNTIKEORIZE D | F 1k, F28k H3HET I bl
B, ENOLEMEEOT I 1FXCoOE TR (D . 2 . Q) ROXH TIN5,

k., oW I
TR 2RIRINH +CO, — R'IR2NH+R'RINCOO (1)

Bl : RIR2NCOO + HO — R'R2NH + HCO5 )
(5 1#%7 2 > R2=H)

F3T I
RIRZR3N +CO, + HO — RIRZR3NH " + HCOx (3)

CO %7 X VKR HIBET 2B8%,. (1) - QROWSIEEHA TSI/ S Z & T, M ~OITRRIZIE L 7= il
EIRCOMNEUNTE D, UL S, CODOMBEDBRCEIRZLE L T 570, HEEa X MRE< b L
W RIEA I Z TV D, Foexid, 7 2 VKIS COy ZARIE CTIEES 2 7= DI R ot S ERICE R
LC&7 [5] , MERIBENC X > T, WRPICEERIAE U T, BEOMBEIZBOCEENEIMIc 2L L,
AIEL 72 T2BRICH T LT CO, [CO, (aq) | iR & U CTAERT 5, T Ol yalml LavEEEd
52 EIC Lo TRE BN EAT TR T OB 5, COFKKRH T, HCOs, COs>, COxag)e & DI
A LD, £7o. TOFREIIRETO pH \ZEFT2 (X 1) . ZRHOFEOH T, CO, (ag) kLT
BT IR A R 2 L EFRAITHL ML TS (5],

AMFFETIL, CODNENIN & HFIINZ K D COMiBE A G THEMT 5 2 & TR DT IV
KD D CO iR Z R~ K IR T LIS, IR pH 2 86 LLEIZ/A % & KT D CO, DI
BIKFEAEDRA A 720 CO, (aq) & U THHET DEIGHV D72 70 5T OMEIEIC L 5 CO TiENHE
fTL7R0, 7 2 U IKIRTR~D COWRIRBFDIE ZEsh D 2 & T, CO,DRINEDMEIN L, RO pHIHK T
T 5, TOFER, €0, (aq DOIEOEIGIEIINT 5720, MERIC L DBEEES BN 5 &5 260D,

Flo, T IR L 5 TCO E DU ER D, (1)-G)FUTRTLHIT, FHIHT IV EFE 2|/ Iv
TIEEICH AR A= A F UM, F 3T 2 TIEFEIC HCOsAAER T 5, HCO:E, #BEHIC LV EHET
B CX 72 EZ TRV, BB TR D CO, (aq) #BiBET S5 Z LT, ZNE2MH L 91T CO
(aq) ZAERLT 2 HIA~EHFSENET T35 2 & T, HCOs DN EE SND LEZ6NH(@)X), ZnkH7p
HCO57)> 5 D CONaq) DAL ZHET e A1 E, COMBEENRE LD LB BN,

HCOy +H' —),C0; —)Osaq)+ O (4)

o T AWITRTAIN 2 DT I AR LT, MESRFTICT COp 2N SH7-#%, il TSR x
ML, COMiffEEAT o7,
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1.0
0.8
0.6
0.4

Molar ratio

0.2

[ CO,* = H,CO; and CO,(aq)]

K1 25COKEKFIZEIT S COD{LFHAE L pH DR

2. EBGE

FERVTE 1T I ThHE/ X ) —LT I (MEA) | F2H/T IV THDL 2{(=F VT /) =
% /) —)v (EAE) . B 37 I THDH NV x=X /) —1LT 2 (TEA) Zff L7, pKa OffiEzn<hn
1000, 945, 785 Tdh 5, CODWIUZDONT, K7 I L /KAE(S.0 M, 200 mL)Z MHEAZHIAIL, 7750
pm)% L7228 BRI 235 £ T €0y % 0105 MPa T 18 FRREIEA L7z, CO.WIIZ & IRk oD R
Nz COMINEE LTz, CODIEERIEIL, COZMIN L7247 I KR (100 mL) % 7 7 AROEFT
AL, 1 RHERRE LIS Q8kHz) Z 1R L7, ) A MU —EIC LY | BaNOKER
(RS ToBE R DONT—HE LT 2 A 1TW Thotz, CO, DBEEREIIIAROE B2 O 1 Tl
W L7= COETIRE Lic, FEBRPOT I L AKRIROIEL 2025PCOFFACREF L=, F7-, HEHE A
L7aa LW EAT O 120, AX—F—& AW ClAROEBRZ 1T 72, Al U as% VT COx 2RI L7z
T 2 KIS U CERIR IS CHREFREEE 1500 rpm C 1 FFRE] CO, 2 g L2, COBiBERIT (5) & A

TEHE LT,
CO iR (%) =CO B / CO WL E: x 100 )
R LEER
2UTHET 2 KR D COMRIER  (Imol DT 2 AT % CO I E(mol) %77,
1k 2 0.1 MPa
» (0.5 MPa

CO, loading ratio
(mol/mol-amine)

MEA EAE TEA

X2 MESMETICEITEET IV ARERD CORIUL
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0.5MPa DESAEIX 0.1 MPa LV 2TOT I R L TRV CORILE S BV, £z, F 1k, 552
T D MEA & EAEIZEIT 2D COMURELDS 0.5 molmol-amine Z#4 2 727-8, MFEIZ LY —#COIE 2) X
O L EEBEECIHE NI TE 5 HCOSOREL L TRIN SN E 2 DD, -, SiifiEE%
AT 25 EAEIEpKa 23 EVMEA £ 0 $%< D COMILCTE 72, X 3 ICHE IR T HE 3 & IR
&5 CO, DR EZ R, FLECBWT, BEHICLS CO OIEEIIHFHIE L » @V MEEZ R Z E23D
Mole, AF—T—[FTWERINE 7z COy () ZHHERIC L 0 BiEEL TS, BERITERICHIT 21
DONLETOFEECEFIHT 5720 CO, (g & CO, (aq) MiHITx L TR HEEN TE 5 LB X B
%, PERETIE MEA % 120°CI2C 60 23BN L 721400 COMNBIERAN 372 /L, WRBERAS 31.7% & it STy
% (6] o ARFEBROBEIIRS 20-25°C, 20 45) (2 & D CO Mg & Hl 42 & 0.1 MPa & 0.5 MPa T CO, 2%
IV L7~ TEA D COIBfE & X Z N EIIERIED 135, 256120 lA R L, COMBER S FNZH432% & 63.8%
EET IR LEVEEZ R Lz, BT 2T D TEA DR N OWIEER Tl a4 R L2 FEHIE,
pKa DAEEHA L727 2 v OF Tl bRV Z & ENIMMEERESHT 2720 EE 265, ZILOREO
72, 7a hAET 22 (TEAHY) 13 H Z2iEH O HCOs~ DG Z AT 5 L &2 bbb, it~ T,
HCO;5 + H" —=)HCOs DRI DMEE S, CO, (aq) PERKT D70, EHEHIZ XL D CO, DIBENED =
WEEBZBID, 5, MREEREEI NS pKaDEWWVE T, 5287 2 0%, HCOs~D H OfftiG
DENTZD, COy (ag) DAERHIELS , ZOREBEILIC LD CO, i & Bl TEA LK< Z2o7z
EEZLND,

120
Stirring (loading under 0.1 MPa)
= » Ultrasound (loading under 0.1 MPa)
2 100 4 stirring (loading under 0.5 MPa)
= # Ultrasound (loading under 0.5 MPa)
5 80
=]
8
g 60
B
§ 4
8 20
0

MEA EAE TEA

X3 BT ERWINESET T CORIR LT
T 2 VKD B D COfiiEkE:

4.F¢D
AMFFENL, COMEIUR & B 2 AL AR DB T2 B2 DD T X L 7K D> B D CO DAKIR TS - Fat
L7, MEIZ XY COMUREAMSED & L Hic, KEEROpHEZK T S5 Z LIZL - TCO, (ag) DE
BOENT 2 KRR ESD Z & T, COMBERAIZ BV TSR 2 WS Z & TV iBER 25 b=,
B DI DT X KISk L CCOMBEEAT -T2 & 2 A, pKa MK, S EREE A AT 55 % T
I U THDHTEAN, B X AR R bEh o712, CODNNIEMRIN & B X 5 COMMpEZHLA A
Hid 2 LT, 1EREL Y BIREDOIRANCCOE TBETE 5 Z EINRBH LN/ T2,

<>
AMFFR IR A2 BB 4:20k04997 DB %5213 1= 6 DT,
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A EEKERFAZEE L-RECBEDFEERE
MEERAYDEE AR

iR E

(56 23T NV—7)
fiwkn@gipc.akita-u.ac.jp

BESE : B R OB/ IR R AEMIEME R O 2B KT EEHESLT 5 L R
2, BEx R A BEBREEER L C X 0D RIS EREE~ DR Z B 59,
SMSEEIT  aRe KR LT oo ALRY 7= ) — VR T IL Y
N COEGHE BT LT,

F—U—F: AT, EWISTEEERE. RARYWOLH

MEM - EAY:

Nzunuy ATE, brRe 2R REROBELEL LT, AT =T =F
VEAMALED TV TRV T 4 A XA E X T MR LT HTT
BRI ZBRE L., 4EHE Y UM OREELE LT, T =7 AMilliE[2+2+2]

BAbZ WD G AT Lz, 7L/ U RCTIE, RABEVDOREWHROY
A nT S — GO R L T2,

Loy AQhREEROIGREREERERE ) O U HBOEE LD

A7maar A 1) Fig 1) 1% WHRE Streptomyces enchinoruber )™ W S - F/ET V1 a A REL
BEATHD L LI, TAX U, T T RurJ, bakrny, vravy ) r UERE Y v
N VRSN Lffﬁ/\bf_*%l_%%fﬁ&j‘é B 5 ORI TIX, 1 OFRREEOREGE B E LT,
H B R OISR E & UL Y ) O S ORSSE 23 & LT,

ARG OFETIE, ET/ULAY 2 & 3 2R & L TR B OITR AR & IR ERER OB A 2 i LT,
BB, BETFMUEAWTIE 1 OEAKRIBDEREZX P UREIIAT Y 7 VR TESHZ T, PRERKRORE
FUARGRE A B S,

Fig. 1
Me._0H O OH OH e
)lJl:u:uA(1 Me PREKETIL2 FREEETILS

2 & 3 OHGEDOARGEHE % Scheme 1178 T, 2 D47 b ENIATEMA 4 D/KERFEDORRV T, 4 D 7 BB
IR A Z B AT OS5, 53, AT v 87 MAL L TAELET =4 T 2TV T
R 6 IZAINESHTHE S, SEEEEREMED 3 O R EIE, BiBKA 9 @ 4 (O L L 7 BB D OPK
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FTHESLT A, 9 O 7 EFREIIFREICEBRA Z B AT 10 )OS L, 10 13707k R 1112 7 24680
SHTHD, ZOFENERTD E 1 O HIRERN ORI OB NEDHESLT 5 Z 812725,

Scheme 1 Fﬂﬁ
BRFOrAE
CQ'O :>:> :>Q4” S = B
B1E & B9EE y
ves o o _ BREL g/le o oH _FEEZR Me, o e oo
o o) o .
Yo S RIGS R0 = o
3 10 1 7

i24yﬁ/y<m)ﬁ%2&Wf 617XV K (13) 75 3P TARL L= (Scheme 2), 111X, D-
G)JT/1¢77%/«m>b64&ﬁTAﬁLto

Scheme 2
0

2 steps 3 steps . 4 steps H
o< T0) 25, @@o ©§ ' ”% s &
12 oA

1"

HIEREET L 2 OREEDT- 0, SHIOF @6&7ﬁaﬁmm% Si-th, PBRA XA LTZE D
A, BBID 4 ORGP FDBMBELT 16 Fig 203G b7z, ZAUZL Y, BUKPETLIZH DD, HBHD
BRI CHIOFEARFR AL CTE D 2 o7, —h, BTV 3 DARMDT=8, FHENZHEV 11 &
T INOAIMEZ ST 1%, PHERRA 28T A3 5L, ZHEHEADBEI LT 16 M5 DAV72A3, BB EHNHT
&7, 16 12% 7 RMEREAID DDQ ZER S8 2 A, 5 BR BICHBBILNEE-U7 Mo 1T 53455
iz, ZOBRFET, FRERO LAATERIEETT 5 2 Lid, BEERALTH D,

Fig. 2 Me
Me—\’o OH Me—© O
o BEo o
15

17 O

RO A A L ARE G 2023 R MRS (1) GEHZEESSE €9,C19, 2023.9.4.)1C
THRFL,

IHIC, 1 OVE R 77 VRLBLHPRFKET LVE LT 18 ZiEL, 74Tt K21 &, BEEHE
LI E = A T 0 20 5, _ERROIURANZ k5 T%ﬁ%ﬁdbt(&m%B)szm@Am
SET LIER, o OEfSIIREEChH -7, TORRIL, 21 OT VT & RPSEINTIRAE, 22 DT =
F o EDORKEZZ LW EDMEE SN, 2D, Yk Ra 77 VU BEf 7 LTk R A FOD
MEZ FLE L, 5F 6 FEICHETT 2 Z il oTe,

Scheme 3
O OH O
O O. o
M 13 M = bTss M / \ OTBS ] \ OTBS
18 19 22
iﬁ®ﬁ§®*%ﬁﬁ$%?§%lM%@%%§%%@(%@EE%H%}MﬂﬁZM4&MJKT%%
L7

PUBHL L U 2 EOREEGEIZ OV TR, Scheme 4 (R T HIEAHRILT-, 40 F 1 -1-4—/L(23) 15
5T A L 24 |\ ZHEN-1% . Pérez—Castells D JFVE IV, ~a /= F UL (25) &L =7 Al
PERHSED L, RIS AEI T L, B Vv 26 21552 LN T -, 5%, Wy T
B LT 2T A LT, B Y Do v 7/ A s B 2SS 5,
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Scheme 4
Ruthenium CN Me Me
» _Ssteps o, _catalyst X - N - I
NC CN = = =
OH oTBS OTBS Me o) Me | oTBS Me
23 26 27 28

PUEHL L) 2 A OREERRFHI DWW TIIRAR TH Y . ARG OEELDE, FROFIEREC TAE
THTETH D,
(1) J. Berger et al. J. Antibiiot. 1978, 31, 1218. (2) J. Pérez—Castells et al. Org Lett. 2012, 14,
4982.

T/ K CHERBIZE
7V /U K C (1) (Scheme 1) 1% 199 FAZA—A 8T U T FEORHAR Y HRY 7= ) —/L & U CHE
SNTT N ) FEO—FETH Y . 23 AMIaOBFEIH (BCx : 156 pM) ' I8 E TN o Synuclein @é%é%rn%l 2
Zod, LIL Q2 iFtxs b b, SHICVAY \277'1257**11/0)E|351%*B75>/w5§i§>07”_f’\ LV VEE &, 1
fth 7 N —1Z L 0 BRI VEAE DT VAR 2 STV DI, TR S TUZRU, 2!:1:%
1 OGO L o Synuclein OEMEIIHIC LA/ 5—F Y /J“ @ﬁﬁ"é’]ﬁ% ~OWEFENL, 1 Oes
iz 2R L a- Synuclein & O EAEHOFTEIC D7 L 5 LFHE L7z, SF0 4 FFEED %@ﬁbﬁ;ﬁﬁ%ﬁ%f
HDHN, A5 EELIT ARG HRZ RE LT,
AFFECTRE L= 1 OERGEHH % Scheme 1 1279, 1 OV AE R T v X —WIKEZICERILEZTFEL, B
BRI 2 ZHBE LTz, ZAUTRA 4 N ORAE LTV T =40 2T 0T R5ICAIILC, BRLEE &
LC3 15714, Bi—TNDOx ) T7— NefHML TR, £724137 7 6 DREFLTHS,

Scheme 1
o 0 EtO OEt

i OOO ) O (0]
e la 2N D 38 DS P
- ’\M‘O\M rWN Ar> BrVBr </Ar <Y
HO MOMO OMOM Ar’ Ar Ar’ Ar Ar Ar
FNJIV I*C (1) 2 3 5 4 5 6

BEETIC, - Rexi 7t L7I/ ‘/(7)75 LT Va—)L 8 L, 4 -t Rax 7 = = L
9) > BAREFEIR 10 245 L7z (Scheme 2), 28 & 10 ZHEE LC 1L 21537-%. 0 A7 /L R—LEa ¢
Z7 12 (AW LU T-, % DIBALH 3% a“Zo L6 AfFHZLINTER, INERFTDHE 40450
NAZEBHERTX -, A6 FEIT VA T 7' ¥ — U [T TRt 2 keT 5.

Scheme 2
o) o)

: Ae 1) MOMEREE O)& o o o
HO 2) RubottomB& 1t momo DIBALH W,
7

3) TESH R 8 Q/L Rk B
HOY\Q 1) MOM{RFE HO\"/\Q\ MOMO OMOM MOMO 12 OMOM MOMO g OMOM
o OH ~ 2) KA © OMOM

9 10

INE CTOMRERNRIL. HFFEOERTHDHREOY A 0 7% X — /L OREZIZITE > TV
%K%)%Thmu iiﬁ/.h\i'%f E)l?) %) °
(1) A. R Carroll et al. J Org Chem 1999, 64 2680. (2) A. R Carroll et al. J MNat. Prod 2022,
85, 441.
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BENMAKREZRNG LA TEILIK
BONNGBIhTEY) OMEERRT

Bom SO R R
( BETZEHER )

modaka@gipc.akita-u.ac.jp

W = 72U ATRIERER 24 nm OB T BAVIRT ) A —UREEEERT D
ZUNITETh D, AR, BEEHUA (scFv) 2= 7k ) VNS
2RIy 7T UNY = AT OB EHNE LTS, KEEIX, scFv W
AEREo TR CEERL, 204N L O ELZAEEIZ oW
T, WELBELRIE RS K OB FBMBBIRIC L - TRl L7z, F7o. MilaEiR
WERTXTF RE2Z A7) ~fIIT52 LT, BB RNT v 77 UN
V= AT AOWEEIT- T,

F—U—F: FI v ITFIUNRY = RT A F NI EF KA, TR

ME - =AMk

BN TEIE, RTS8 E ORFRMEN B . SHIERE R H T DR B
%o Fio, BTSN L 57 2 BROE RS LAHERS I L DRERERIN S B2 w]
RETH D, FAEOWIEI N—T1L, = h TV T ) r—OEANRISHEZBRIE L
T, schv ZNEA ST TR v DF R ERBRZOER LT T-, BT APUR
12, T Bisphenol A FUAD scFv (pRox) & M-y ABFZERKEIC LD, = b7 v D)

) —UREIE B HERF LT F L sy ZNASED I ENAMRETH D Z RSN, F
T2y DSAKIIT R U R R HINSE IR 2R T F R o 7 ) g% 2
LT, A TR Y COREEIIZERENATRE CTH D 2 EAVRIB STz, Ak, NESED
schv OFEEEZ HIIZ L VEIR L QK 2 & T, F KT v 7T U R —3 2T AOREEEN
WiFFcE 3,
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I>hItVU> (Enc)

B .
FIEFI24 nm. 602A4DIE_t+EADHTZILELS > )\OE

BERE
BRZABL. RE - RILBELTBSKEEZEASA TS,

RS IFUNU =S RFLNF ) U T 05— EUTDIGA

23 -24 nm

BHEHK 5&E{k aolﬁ:(ncapsuun}

Sutterr, M. et. al, Nat. Struct .Mol. Biol.15,941 (2008)
*agH{&E(scFv)

scFv:VH&EVLZ D > H—BeS TEIT 6D

XSOEEFTILIAE LT, $1BPA-scFv (pRox) ZfEFH

VH
FV‘[VL\ CH1 //
o)
Fe CH3II
IgG scFv

U>h—

i

VH

B : iR RSvIFUNU—-SRF7 LADRHFEE
BigU. EncllF(CEEHNGEZEAT D

scFv 1
Enc_/Hi¥

FEEARNE R ENCONRD Y —BRBS XU
FECFEEBE DR
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scFVODARE{t

RARENCORTES > )\ IEDYypDCKIHI7HRES T FIL
B (EncRBIEI BT ARSI )NOB(CHINEE S
C ETENcOAREBCERDIAD

Enchabvo
i et

\g

GRANIINOE

EncARAa{t5 0 &30 UJzpRoxFEIRNI I —DIBE

PUC118 —AGE T mmm PROX jum NCO I o
PET30b=Age1 Nco I = pyifss

U

BLFIFFET. ALY IT=MANMUTE
pPROXFEIRNRT S —Z={EE

SCFVEENCDXIBEEC KD HFEIR

—
Ll - . §IBPA scFv (#334 kDa)
25 kDa— e Enc (#128 kDa)

EE

SDS-PAGE(C & D, BIEMESY (CEncE ST FIL
BeHl 2l UfescFvad s > )\ O EFHIRFER TS Tz
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BhEIERIEL(DLS)

pRox N B &Y ReEnc

10 o #9324 nm
9
8
7
<6
w5
4
3
2
1
0
1 10 100 1000

HIE(nm)

Ench'hTILBEZRIFL TV MR EnTz.

scFvZRE S B ZENncOEFIEMIE(TEM)EHE

HFERAKDTEME B FeATEm X DTEME B

Fig : #1BPA-scfvAIEE4ReENC Fig. C : EGFPRI&EYReEnc
Fig. D : luciferase‘@84ReEnc

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

c EnchF o —HBEMMHF SN TULB C EhREN/z,
« SCFVA'EnclCRAB SN TWNB C ENRESNIZ,

CRIFNADNRT F RDEA
EncdCXim(CHis-tage B A SHEBZZET
NiDSAICKDIBRICHKINUTZ
D P

CRIBNRECTEL Uitz & 3
RIF RDT« AT LA HElHE
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RN T F RDIEA

- BEANRTF R : [AEYLR]

- YEFAIRHY: EGFR (A549. Helaffifd’& *Negative control K562, HEK293)

- #BABBAL: I) TmEnc CKiffk, II) TmEnc C141-G142Df
(WINBAKRECELLTEDBEE LD TLRNEEZBND. )

- U2J7L>X : RSC Med. Chem., 2021, 12, 288-292 , Int. J. Nanomed., 2013, 8, 1541-1549

TmEnc
PDB:6WKV

EDESAMER B (C &K DMl AiERiR B0 Enx oD S

Bright field Fluorescence

C_Enc

141_Enc

- EncOffZIEIRAEMEHIRIE SN,

FEo

o KBEEKLDscFvAE %R == ZEncdD& >IN\ &
FIFRXSNCE—BR(ICKII U,

o scFvZERB B TZEnchF /o —iEEh s
TNTWVBZ ENREENIE,

- HREEREANRT F RZENc([CEAT D ET,
N AFRRGEIRIY IS EX (CR I LTz,
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BREEMER VN =HMEMRMER MFC) DB

w» R E K4 hor — b VARVANIVNES a1 %
( FTlE ) FLLZAFZeR

kabir@gipc.akita-u.ac.jp

BEEL - IEPEIGIRS T A 2 O K 9 REFMM O G MERN HiE L LT, MAEDRE
T (Microbial Fuel Cell; MFC)DBA%E Z ik A 7. FEEHEAK/ F/AKQLELE C 13 f4E
KREORFNGREDFEL, BREMVIC - RBERCTOLREIRAHLRSTND. F
72, BRBENEATHDIMBETOT AaNREICEAL, REBE{LICOARN
HZENDHD. EEBRET A3z HWT, RIFTE TIXAEDREE
(MFC) Z#/ERIL, 2N LD 72T A —2 2B SE 550
BHELEBRE LT,

F—U— F 7o, EHER, B

e - ERAM:

AFE CHRET DRI AEM OB IEIIIT, BEOSHE~EIRTE 5L L bica
Bzl TE 5 Z LT, Rttt ~o72ni 5 Ll s, 74 afiEITRkH
WL \BRIRFRAEDORIRETZ T Clde <, IR ERBLIZENZ K DED DD Z TO D BREEDH

BO—o2 L Bbg. FT-, FEEFEFEMO—FETHD, RENEMEHIROAZFIIICL 55
BERAR ORI S7225 0, AT TERL, 2L OETYH ZOHIRORMB T TE 5.
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(1) W9 CHERE A K T
KROFEOREET| | ETBHR
H %75‘71( q:l k_‘%;]- RV TF 20707 (B H24.7.30 S| [=0]

- BE) D Microcystis
T N
HDAERERIC
RENELD, v

H24.820 #i)l (=EHED)

FKH B\ BRI 19T84ED G Eh il
B I~ E P CRAEDERS N, B
FTHRIBTT 2D TERND

HARIZI T D RpEEFEEY O
RIAE 5 EBEZEY)

BAEREXRL7%EEEREYH TEL

F72, RETEHEIGTRIT RS TLEEREICRE
> F—my 3200

> HE:#40ER~

> TAUH K805 R

BEEXREVNLHIEFRIALDEE

’ WLERIZ DD AR RE

I baskwsncons

ZEIAE ¢ Yulin Xiang 5 ¢ [Kinetics of activated sludge protein extraction by thermal alkaline treatment] ,
Journal of Environmental Chemical Engineering, Vol.5, pp.5352-5357(2017)

FE EEEEYOBERECLEBYRRE (Fl2 9FEER) o1 T
http://www.env.go.jp/press/107628.html
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(a) 1i#zXMFC (b) 2H5MFC
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MFCIZHW = 1&MH:1518
A, FEEPEKIT FARMBEEIC B\ CIEEBJE % |
DT L, 1)1~ ’

__ T
= K T AGH RS
i KU 355 70 > 60 5% 1
o) THRTG VR
Al T .-
TV TR (R

MO 2WELTFETH
n, BE~OHHENDN
RS THA VLR TWD

FEiE R TR ~

PEVBIE AN HE N

B EAETHRES FeSEetnl LUsI8

WFEEE CHIE P O IERIR

| KEDRRIFHETIE

MFCIZHWe 734 =
¥4 : Microcystis aeruginosa (Kiitzing) PRIRAD BRI Lo v D ERET D

Lemmermann

BeF 5 : NIES-2627 PRERITENICLS L, KEWHERD
kv

E':J VeSS ATy T E Ry B e 1 H

4 (BEmER) : EIE J\ERE SOKIE, YRR SRR ¥ O &qt
(2008-08-22)

BEOUREE : Bl yo—y gk ICKVEFELIIEET S
HEVE © KOFERK ;

> R /_\ A
BZ 5 EHEGHREET ) HERREAT D
. BERRE
& EREtk DIREE
¢ pH
)t
S IR TR AR s ®IXRTNRYL

— 148 —



A5 AR R T A o F — IR RO RS

MEC O] (1FE0)

| T |
| 7 Al — I

> POSE & R UAREEE L TT

FraeiE G e A
> T /)—REB—RIZFNFNIT
TREEMPCE SRS [ AR A AR S

> AMF10 kQAFH A LE )ALk
(midi LOGGER GL200A {# )

118 MEC: 74z - iEHIBIROGE (BfidHD)

HEE | 25T

IF ] 30 53
CRERIA
TAaIDRE Hml
BAR | TT77ARNT VR
i} 10 kQ 1
Z %
";1 ): * Activated Sludge
; _ xk ° Warer Blooms
ey
o g
0 5 10 15 20 25 30
Time [min]

— 149 —



T 5 AEEERK RS AT A o F — IR RO RS

1A, MEC: \BRHOT A2 i4 (A T)

O\BRH)  (K73%) MFCQO T #l & B AR B2
PMECD T MECD (BB ALK T
0.10
0.08 7 A A LA D AR
> 0.06 )/\\\_ L DB
S % ¥ _p® o _____
o ; RSB
® IR R
0.00 e’ Safeeee = TTTTTEETEETTETS
-0.02 :
0 1 2 3 4 5
FFfH] [day]
BT 2 MR ’

HARF DT A a2 TMFCHSEHL A HE !

A0 MEC : {&ME75TE  LED ST

& MudWattf} & Bl % WV CMFECOLED ST 23R A 7=
& E ¥R LT MFCIZ [ A 8265 LT~

mgmuz:u%
MFCEFIA LR ELEDRATD

58

»MudWattft & [Bl# 2 FAVNTS 25 LA _EOLED SiBIZakTh L7z
> MEC DA CHEA G ([ 5 2 1 09~ 2 & C il RF ] 23 8 N3~ 2 ] fig

— 150 —



AN 5 FEERK R HU T Al AR o 2 — R e R RS

ENIKERDEEERSRIKF DT D

(EEE LRI

ishiyvama@gipc.akita-u.ac.jp

FRISR KRR O RAICIZESEED Pb, Ba, REEs %G FiL, HiE TH
BCXDLPWIRTHD, v IO DOILFEOWE T AT L EMRAT L 2B
ICHFIE 24T - 72, ABFZETIE, RHRRAK E L OE A Sr RIS, KIER
DIRRKITZ~ ZV~HRO RN H D = L, ~ 7~ 081k LD 20km FEE D
EEICAFEST 5 EIRET D &, [FAIRRKOWEIX, 11.5 m/min & H#EE J v, 30
R E T~ 7/~ O HIRIZEL TWDL I ENEZOLND,

F—U—F: B, KR, SeE. BRI, SR, JiefEA

WE - SR

FJIRSARER OBEERSKIT, FIRWZ ST AR, BEMIIKR, S0 mL
FKICHEE 52 TOBIREKTH D, = DIRFARDLEMEOWEHIZ, RO
AN=ALOMPIL L HIC, MRBITO7 =~ 2AOEIEHED, BRHEHED 5 F]

DIKEREE~DEEARANR K 2 5 2 DA R E M TH 5, AWIEORRIL, B
WO KEIRIZ BT 2 RETH B A T 57— 2 ThH %,

EJIRIE R D ER M m 5R K R D TT 3 D F

cl-so, B (KmE) (ot N

80, ¥zl H,5-350,
k FhE0RES 172,
Bl E|tEs-amEn pH: 1.2 pH: 1.7~2.9
§350m H,S H.s
cl, 50, 150C s
Liquid Boiling Vaper
B Cl, SO, H,S

e bl Ui, 1098
SEs il -ﬁ%ﬂéo / i‘l i, 2010
7 A Q= & — ——
b H: EIERefisnE B3 /I IBRARRRE

— 151 —



AN 5 A LERK R LT AR o 2 —RIFJE R R R

Cl-SO, type | | S0, type
thermal water thermal water
(Ohbuki, This study)| | (This study) |

0.70500

| Andesite in Tamagawa Hot
Spring area (This study)

Yakeyama Volcanic Rock HCI-H;S04

B4 KIEREERKOSEIELEDEN

Cl-S04 type

CI-S0, type 1
Ohbuki. This study ; " (This suwidy)
River
B7c /86 (This study)

Three possibilities of

£ origin of elements

0.70500
Andesite in Tamagawa H
Spring area (This study)

1. Yakeyama andesite
lava

2. Aniai Formation or
Pre-Yakeyama lake
deposits

3. Andesitic magma

5 19510 5201 7TED AIE S8R KOSIDIE

— 152 —



AN B AFLERK R HL T Rl o 2 — R e R R A

S0, type
thermal water

CHSO, type |
thermal water
(this study) |

this st
Y e ‘°°°L = =3 1 i TR
River water! £ ol o
f i R
T ~ —. o
Y £ g
5 2 00 0 &
Andesite in Tamagaw 8 3
Spring area (this stud & h=]
8 2000 ; 200 s
° e B / T
c ” /
g 10091g” > f o > 10 &
o = > 0
1955 1950 1970 "7 1980 . 1990 ,2000 2007 &
0.704050 [-=— e
(] v v
—
(7]
g
[z
5 :
Period for Period for
decrease in increase|in
070350 L__concentration _concentfation)
78 1980 62 84 BG B8 199092 94 96 S8 2000 02 04 06 07

Secular variation of elements in CI-SO,
type thermal water from 1954 to 2007

Year

E6 1978F N 52007FED K ERIBREKOSIEAFLOREE

S0, type
thermal water
(this study)

(this study)
0.70500

Andesite in T:
Spring area (this

0.70300 243

Secular variation of elements in CI-SO,
type thermal water from 1954 to 2007

875r/865r end member

Fluid in deeper part: 0.70300
Strata (Aniai F.): 0.70700

Stages Il ar:q y/ Fraction of fluid
0.70300 %X:;O.70700 x (1-X) = 0.70401
Stage V =
0.70300 X X+0.70700 x (1-X) = 0.70399

0.704050

\

\" |

y (""/ b

L “»\,«-_E*f’)‘
! T iV

Fraction of Increase

fluid X =125% —> X=715%

0.703950 | 4}
781980 82 B84 88 88 190002 04 06 98 2000 02 04 06 O7

Year

E7 2001 EMNS2007EOQKIER B RKOS-EAL{F D g

— 153 —




AN B AR FERK RS HUT AL A | v — AR TR R

Estimation of traveling time of

[Csoue R e CI-SO, type thermal water from
“V(this study) 2 ;

| (thisstudy) |

s p— magma to surface
| | I < (this stuay) | | "
- — i Assumption
070300 on R0 e Depth of magma: 20 km
{8omes a6l Akita Yakeyama 0 ow rate: 9, m!n
i I Volcanis 3 : =9 m¥/min
2N
S~
S Flow rate (L/min) =A X V
)
> A: cross section area (m?)
B £| V:velocity of fluid (m/min)
£
: g V = 11.5 m/min
Qo
% Traveling time = 30 hours

----- Depth: 20 km ---*- from magma
‘ to surface

B8 AEREBRKOBEIEE

FEH

1. EJICRRKRER EFDDREEER R RKDSIRAIALL I RGY, MEEEIER
KDSrRGIIALEIE, BB DRENIIKDSrEGLR the K8 R IR R K DSrRERLE
b EFREL R SR K DSIESLA LEDRF 255 (H4).

2. EJICRRRERDSIELIALLF, ENLRREBIZHTIT HRIUEDSIFE
(KL ICEEL 9 %A%, THRLICHFE I S-SR ©EEILMAEIRY DSIFE
R E T RGD (D) .

3. EJIILRRKERDOSIERALLIX, 2001EMS2007EDIRIEMPAA DR
ENEFUHMICIETL. COZEE, 2T IERTDFESNKREL-
f=rlgettZR% T 5 (K6, 7) .

4 EJIBERKEROBEHEEIL 11.5m/min (3085f5/20km) S FEIND.
CHORETIE, ENRREIDRIUEERERDERKNT+DIZITRET
BHZEIFETET, REROBRKPOSITFELRRIZFETIELELDDOH
BT IDSIFGALLIZEELTHIEEEERTDHE, FILERKERDERF
BE, YT THEDREEITEINS(KS8) .

— 154 —



AN 5 AR FERK O LT A & o 2 —WFTE RS

MR[IAXILIA URBREEOHRHE

Hooe A, T OWE R o, i E fD ok
(PR LF9ERD
so@gipe.akita-u.ac.jp

B IR AF VI AV EMFEND T ) A r— oAt EEZ Yy & LT
AW ZLitkoT, WMRAETYDOREE - mHElt - B RN ERTEDHZ
ERRAENRTWD, —F, MMRAFIAIF U E2RATLIWEITIRS LT
bo REWR AV I AU YETH D B20 BlEE %2 H D FeGe B4 DA KIZ
I, TNETHERGEERNMLETH T, AMFETIIA I =INLT a7
BT T A< BEREIC L > T B20 8 FeGe A& A ERLL, 42304 L 7=,

F—U—FN:BERAXLIF, A& BiE

HmEH - A% :
AFX)N I A EHR AT VISISHT DB, AR DO RN D WERINO R T =7 ¢ )

PEMX D Z EMAIREND,

— 155 —



AR5 AR T R B o Z — TR S

SEAMMEFRRTMGe THAEZFIL=A D ERR T A LhSEEERD TS, —
ARICB20ETMGeMEFL(CZ4~5 GPaB £TF1000 KDRMERESHESLELTS. ZCT Ydek Ag
FHATIE, LOMELRERELLT, IFEHIOCAD—RATEIAR=HLZOA ‘l l\; 'ﬁ_!')
22 (MAEEB0MTMGeDEHICIEAT 5 c2BNRE L, “M’t \1‘{1

Fh, MABICEDERUEESRET /EBTFIERLZHHETSDY, MEFRANE sszsisisousm
BISEDHIC/UL2ENEETES. LA'L, BORTMGeZEEEHEEFERETE o
BCEHB L, —RNLRREEOERNERTSS. ARRTE, HEMEETREL
SEETHDMET S AHAE(SPS)ICEB L, MASPS(C & SB0RTMGedR) LD tk

o TSRS RS
+ —DOHFORICIESED
+ EBREETHRITED

eogaosc @ 1esure, namure eusap

REAESAEVIBELE LTHE

~ |~ =+ ZEPIBE: P 2,3 ’ = e e i:‘.’__m‘f:_"'m'
¥ i ™. ERIESE ORISR "t I
i i o® S - HUGPERBEHEZCELL " el i
: L= ) ) WEETS by NI 10T
| BHROBNERETS | - HWSAFLSACORATAEEE y Uiy :‘} S
- B2OETHMGeD RIS Vo et o, Metrs Matwrsabs 0011) v oo ST .

iy ol'l *%M:mns;

CrGe
MnGe I
FeGe M
Ve L P

A

Interstyta.m )

1
J':mdlmvmi d,, {nm)

: - R I man CoGe = - —
\ 1 KRR 0 FeGe S & HREELE
G — - il 2 soirpm 10 e o : STEMERREF @A &>
;!Jlr?g::lgis;:mﬂ ; 100 rpen_2h : 00 2 STEMEREF ﬁ.?‘?*f:‘lﬁmﬂ:‘@ﬂﬁ

T T Gent] [adtan T )]

. &
B sootooon 0 | [y, wmh ), B [Rececalatiton; o - -100 it ZDRBF ORE
. e R R =z| 8 - BMME(C & DREET Y LS
SN i BeLEREREE Srcetmomoig—y L 10 el L B e
« FERESELR—)LE S GIC SRR T - B - Zoidegrea) - i & Mt . s
RIGARETENET = & fo kDA | E L -~ MOTMGEEIMZSSERAN BIORHE | i ®
B T e e y, ! A 7 ’
:J.:mdlolll * FesGe wm ’%‘»M gy :
.MA[u&%BZOﬂTMGe (TM=Cr, e ] s e ‘ e
i Mn, Fe, Co) DARRICRIILIE. all| G T O MeGe | 0475 | 04795 | IEE S e
L : ST S A e el el
B2BORRILR—LSL | s " Tl T S o, o) b+ IR
EIEHERE - SRR BAFce N EREME £ B e o st Phye Condon: Matte (1989)

TS X 4Hh(Spark Plasma Sintering: SPS) —_—
F 93% .
i N, [TReGeT 7 w2
P53 - 0.4702 nm Jr . g -
[ I\ ﬁ?iﬁﬁﬂ" I B 1" egy e i
- E o= 046960 700°CT SPSK B |- B
] ™ B FRRETTREIC |- 000 um o
e il P Pool frouse, o T E | l‘n.._,lu- A
‘ seswmn ’F_____.-L_Jl‘m______h_ﬂ._:d_ E@J—/ |
2 iy S N TR Slesamsria 77% | g—
SRR R SPS3 FeceMARDIAZ— 2 o o) | | | —
XRD - SEM - STEM - MPMS. e ¥
. umqmzmu.mmaﬁ A : e :
pus = - S s o -
mamwmwtm l-.m,a.,.a_, TR
[ e Adthe L
\gaﬁmh;'ﬂmfﬁm“ﬁﬁ‘w  ———
= = 0 2 0 7&:]31!;5!”&-} 0 T0 B0 B i 0
N — + Crpdlic & DT00°C TEBOHEERET
_ i smmonosa=y - SIS B0
; 650 0 76 : + Crl. LaceiftN T (BB E 03 %D B EL
o i I ——— . FeGeTEINCHITBOWENMECES MR
I N * SSUCHMTIRERIE G, RGO BEEERLEEZE/OLSECHIBULE. |
B e e 70 w0 'l Fizsny

SPSHESR[FMMEIREET T > —EiRRRICCRAOVEEES LE.
AL, B (RIAEWR(C) 21K04626)8 LULOETREFSFiRATFAMNIC
FoTEBENFELE.

BZDLF@G@ELCIE : ﬁmw‘Fe, ,Cr,eeaargwcm+spszm\. EEED/C
ARSI L.

— 156 —



A5 AEEERK RS A o F — IR SRR RS

ZiEmERZAVEERFERGRORKR ESLELR

TINA A~DGA
e BE W —

(B TEHSR BRE T Lo — %)
yusato@gipc.akita-u.ac.jp

BEEE : v E CIEHRE MM B & i & 72 R L BRI K D EE BT A A
DEBUZMIT WS DD T e —FZ2{ToTETNDHD, ZOHFTET A MK
BEMIZZH SN TWA MY Y 2 (Si) R ET LW -8RI X
BHIENT NA ZADERIZK I L TWD, ZZTIEHEDT NA AD & k7
2 05 TV T it i D BB AU REME D e & 5l A 7,

F—U— N BELEWMRT A A BAWEEER, SR FENR

mB% - ERK:

— RN E RO BRI T A X Z BT DERITIE, S PE O SO SRR S
VETHDHT2O, TORRITEEREREANDI T E XX Y VRIZEDZENETH D,
ZO—J7, HFHREESUIHRRERICHASZOBHRERDH Y, Zhz HWIoOeELRT
A A&G5 Z LI RISHORBIC SR %, EE LTI E TICEMYFEEE =%
flidnE EDFENT SA ADTERITELA L TEY . 25 OMERED S 5 72 5 ZRRMECUGE 2B
T HME R HEhE LTV D,

SER B RN K DHHT S AETERRT DBICIE, —RANCRIENRRE NS D155 - E S
BIRDT X — N\ RS AT 2 8RR VD, E72, B & FRIRHCRERTEO @V LG 2
WD ZETEOMRENEWS DG OND T80, WHEITHREREERE AW B8 % o v LRdREINIC
D BREREE R AR L. T3 AT D, —J5, FEBUERA RIS B 7 2 A FEEMO T HURE R
WARTH B S THEID D72 <, D BITERL LTZT 3 AL 0 SR BRE TR 5 2 L A3 AlHE
2B, ZODX DRI DER BT T E TV DD OIEFHEER 2 F O T8 AR O E &

T, REMIDNEEMT A A THDLHENA A A—F (BD) #1552 LITHFIL WD, ZD X5k
T, BHH7 LD IZBWTHYT Z LD TE 28ER E) N Ha2EL TV Ad, L RS LERZRT
ZEMHREICAR D Z E TR mUVVRIERE A D Z ENAIREIC R D B X biLD, EOUGEDROEZTED
728, T2 LED O— ARG S TR (AT T v i) OBKERHEORHI 21T
7

— 157 —



BN S AR R HT AV & v Z — PSR

MR ETERRI L TWDHFT~T . (OH) TOFRIR LD OMEOIEA7~d, 2 2 Tld%is
pr U a3 (81) OHEMREANTNDA, T3] AJERUCA R LA RRRE SO TEERM 2SRRI L - T
FRHCSWGEDR O DT, SitsaiR RICPOREEINR M L2277 Y Ui a gz L, £O RIZ DH
W LED Z1%% 7o DI & AE A NERAEE L CD, ZORTT U U IfERIEA ¥ hE DT NNCE
LA T LTY 7L (InGaN) 22672570, ZHE TR F—7"21T-> T L7, ANl R—7 12
K OZOFEEMNRLDEEDL Z EDBHIFTE D,

&
@

i
AR
TT T s n
(InGaN) 5 p—_—
& B e
| B
m-5i (2EHEIR)
X 1 Zhkeh SiFb FICTERL L7- DH %Y LED OREEOHIEX|
——1180°C ——1140°C
600 g é
00 | ——1100°C 1060°C 1140°C1180°C

400 ==1020°C ==080°C
300 - L

200
100
I3 0
f® 100
-200
-300

400 ||
-500 =T [V]

980°C
g V20 €,
N —570?’:1: L

7 [mA]

=

=9 . BIS  SN R

[X] 2 ZAitah Si bR - InGaN AT 7 U o Z s O BIR-BERHED Ge K — k17

— 158 —



TS AR R T AV & v — AR TR R

(a)Ge+ JL1140°C (b)Ge+t-1180°C

X 3 Ge 1%\ F—7" L7=Zhtdh Si 55 E InGaN A7 7 V) o Z s DI REDZEAL,

MHDATT Vo TREGRIIRA T 4 7 TIEERZEADOFEIZ LY n AUREA =T, FRTII=m -
ERIZHT D n AR Ch 5 ST, KD F—Er Z7RENREE V0TV EShd v~ =
T (Ge) AMIE LT R—7"Liz, X 2132450 S R ITIERR L7z InGaN 2777 V) o Z i DI~D
MGk U CHlE- SR EORIE 21T o 7o Rt e, MRS TWDIREIL Ge G35
T20IZ Ge DASTZ RN ENENY 5120 ORERE ZEKT 5, [FX LY R=7ZAThRWEEIT~, Ge
 R=T LhoZOMGIREL LA 77200 Ge DHHEEA L LT 2 & T, L ERTNT <
ROTND I ENGND, ZDZLinh, AT T U U i ~OmR R—7"%2175 Z & TYi% LED 128
WTEYEWER BE) MEOND ZLATRTE D, k. FRIZEWT Ge OEHRIRED 1180°CH
BAIEERICK U TEIREA NS K 2o TDD, Ge O R—7BDN% & /x> 1= 851013 K 3 1R &
AT TV o THEERORER AL L TL 2R S Y ZOENRBNTND ZENRBEZHNDHTZD, Ge
O R—=7BIIZFNLLFICMZ 20BN B D LWV R D,

# A AWFFEOERITH S LT EW e RERITEGH L £ 7

— 159 —



W5y FlitRZERRE LI-ERBHES

WO ORAAE . P E . %
(B T 2e
y.miyano@gipc.akita-u.ac.jp

i LV R BEFEY) O Mg AL I W D B R B ER DR T v NiE Ok B %
PR R RS CHEA T O HINOM B 2 BHiE 3, REMICH 2 /B8 E L7230k
EHOWTEEBBRBESRBREZITV, EAHoWmSl L mMmENMZEm L T, @
ARt EZRESI Lz, 7. E5b5FlBRiC L 0 AT oMM 2 55 L
77

X—U— N BEERES. S V-V EREREY . 8. R 3R

mEt - ER%:

FEERBPEEGIE, S T A2 s X, Y — v EMBIO BRI I A3 2 BT X - THEH

ZWbsE, BUERBAZEZ L TG ZREAT HEMEE 7 A ThH o5, ZOHETENO

ARG, RIRAT A 72 EDQBREEAM 2K TE 5 2 LITMA, #5671t A O EH]

BERBRD TEW, o, vy MERPEEAM L7 v & 2 ~O3EM b K& etz i o Ty

Do

B OV B e IR L T B S h o R g (F—"—3y 7)) OB TH 5
L, BRSPS OB A G e e ShTWnD, ZoHEIET, #uREh~DA
BBt LT W E WS B AR S A — ="y 7 ORBIFFmIBE T D8RR IR T
(ZRF L TRE SEBCT 2 ATREMES IR S D,

1. &S

i LoV MBS O MBI T SN D RER (—3— 3y 7)) 12DV T, AARTIIRBEMZEM & L
TERFIDED HILTN D, —J5, LB T4 Tl THREMEEN D 8% A4 —/N— Ny 78 & U TR % 3
MEFASNTWD, ZOEEND, AARDIEF IS EERTEHER  (NUMO: Nuclear Waste Management Organization
of Japan) &, #7174 ® NWMO: Nuclear Waste Management Organization & $:[F]C, BGHIAERDORMEIZH A » X g%
FERK LT- a4 — 3= Ry 7 OREEHIROBRF 2D T D, SEAA— N— 3y 7 OBEIZIE, g ~DEO
P HRNHEE ORSTHBIL L DB KD B D, Fxld, ABGERWE, 7o X BHE, EHRERESCE AL
ATREMEDS O BRERIB R A AN B L, A — 33y 7 Ot L~OA & et LT,

AMFSETIE, NWMO i A~ g OE S A8l L7827 7~ R A O CTREERFEZER L, Wik~ 2
mflgg, S AR, EAMOM MR 21T 72, AT, 800 pm - 600 mmvmin, 950 pm - 600 mm/min, #3
J OV 1100 ipm - 600 mm/min @ 3 DO TOREREZWET D, —F, MEMEENDHZ A — S— Ny ZFITIE

— 160 —



LIS &V g RALER, T X 2 HDICE S TWD, 2O L9 RER25, NUMO (Nuclear Waste
Management Organization of Japan) /)7 BB BRI ZIVNTH . 4D NWMO  (Nuclear Waste Management
Organization) & L[] C, RFEHAZRORGITHOBERA v F @2 ST EEA— 3 — 3y 7 OREELEIRIC
OV TRADHED LTS, FHEAEA— Ny 7 OBATE T, $E~OBOT HOER, (EEE~Dlk
SHRBIBEOBIZ: EDRO DD, Fexld, HEEREO ABGIENE, 7 a2 AFRMROMTO BB, =ia/mA
{b~OYEIRM R & O R TR EI T & D BB A HINMZER L, A — 3 — 3y J i T~OmRAEEE L
TREtEB o Tn5,

AWFFETIE, NWMO UG A~ X DL S 5L L7827 7~ RERR A RIS G T A ERL L, Wik~ 27
n g, B SERBR, BEARHRR O MR 2 925 L 7=, AHE T, 800mpm—600mm/min, 950 pm - 600 mim/min
B L O 1100 pm—600 mmvmin O 3 S0 RISV TS 5,

2. B
21

BRI ISR JIS-H3100 (C1020P) | REBAIC Idiaetsid FHZ L8R JIS-G3106 (SM490A) ZffH L. /&8
JEEECRIGE S N8R 7 » R E V-,

22 EEBtEGHR

350 mm £ X 50 mm g X 105 mm/E @7 7 v NEOESIE35mm) Of7 7 v Rtk ER2AEEA L-,
ALY — Iy aZ—F 15mm, e —7%6mm, 72— 7K 29mm OFBSESHC, g3 IRE
L7z, AN & — VDR IED =%, i 18 Limin @ Ar H A TY—/L K L7z, BEASMHIInRSEE
200~1250 pm, FEEIHEE 100~950 mmvmin DOFEPH TETE L, B2 5 NG THEF2/ERL L 72,

23 EEEMEYIDBRELIVUE vH—RESHER

HEF ORI D 110 mm ONZE THEAFIZIEEIZ 10 mm 1§ T Lf:%it*ﬂr%ﬁﬁb\fco il 2 = A U —if&
#1200 £C) THEAMEEL, HEe, kg, =% /—/L (HCl: FeCR2 : C2HSOH=S : 1 : 12) DIRATAK CT= v
Fo T Liztk, T UXVBREE CRIZR Uiz, PR, ~A 7 vy h— AEEG (AMT X7FS-B, <> UHl)
ZHV FIATE 294 N, PRIFFIRF 20 70O SERER 21T o 72, JIEITHES S H IS 15 mm X, [#6E 0.5

mm T 61 mAHIE L, R GEm ST 1.5 mm OAEZHIE LT,

24 [FEAER

ABHBI L, VR A R E T 024 X 3mmOMERLE L, Kz ¥ A vEL RX—ZX G um) THimEHt:
FF L%, BIOE (1em?®) ORRERR LA —ICRE LTz, BRILF 2 VT =Em 25 L, 2RBICAg
AgCIEEMR, XRIC HemEima i Uz, HUNK OB A U 74RO 2 V- 0 (@) NaHCOs(0.001 M),

(b) NaHCO; (0.001 M) +NaCl (0.1 M),  (c) NaHCOs (0.001 M)+NaCl(0.5M), (d) Na;SOs(0.6 M), Skt iﬂ”ﬁﬁ% RE
) A==y 7 OB B ZE L, IREII80 CICERE L, B OKEERIRE A2 BT 572 DIC a5 —
UTCHRRERBE A L LT, B Y — RAEIE-1200 mV vs. Ag-AgCICTEATVY, D%, H %ﬂmlaﬂﬁ«ﬁm L7,
512, 10mV/minDEEFET500mV vs. Ag-AgClE CTT / — Rz 32k L7,

3 EEER

31 EE~YOEE

MUCBEAE R R, WTHORETYH, BEREs
IIEEE TREE L., KOV BEA R
EN TV, Fo, KRERANYORELMR I
ol Z En, ABNETNCHBEI S TWizZ
LD I D,

3.2 fHEFABR
B A BT & — S 2R, & I EE 7 ORER

— 161 —



TORMT, BHERITR L 0 O0m R 10 |

ARSI, 1275 L. B OBLEA L 62000

SR D @O &N & < e DA 8 > ] ——1100-600
oo —MRBUIC, [HIRREREE DS SRl TITAER :
WREL D720, W bOIENE, BEEIRE
D _EFIZ K o THESRBLO IR L DMIERE & v 7z
REEZOND,

3.3 JEARER

312, NaHCO3(0.001M)+NaCl(0. M) itk
R TN L7=7 /) — RofaBRoOfE 4R~
T, RO HT, [BHREEE) )N 800 pm
Tt Z A L RERICERBR A AMBI e ) SR
Az, UL, 950mpm 35 £ 08 1100 pm o[ENES B2 BFWEOCvH—RESHh
T, BRI FEIN RO NI, BEA R
EETHRENCIE, AR TERENOON -

Vickers hardness (HV)

ELRDMEMN BTN, EOZETEApAFRET @o b [——oooe0n
by HEREN LIS T, BAKIHC 2™ | e
FARERAEHOEOE, BHOMEAELT g b
WD AREMEAVRIE SN DY, FEIICOWTIEBIE 5,
FENTHD, Z o
4 HE= %100

NWMO H# A - & DJE & % fifiE L 72 HUR 3.5 ﬁ_zg
mm O 7 > RERIZ L, 256 S B Pes o

A% 3 L7z, 800 pm - 600 mm/min, 950 rpm - 600 " 0 cuhantDensity Guaier®) '
mm/min, 1100 rpm - 600 mm/min @ 3 >0 THERL

Lok LT, Wi~ 7 mglgg, il S5ABR, e 3 BREMEARTPTOT /—F D 1BEE)
PERHIl 24TV, LU Ofam 215372,

() BTOEEERMT, KD MERR AR 157,

Q) MFOBHIBIZ, WTILOFMTH R L D R AR S 4172,

() BEASMHOBENCIY | NMERER) O IEBAAE TN T D T &M HER S Vs,

— 162 —



A5 AEEERK RS A o F — IR e RS

REE EHERKEFRLETEILIIFRVYaVUEEDL
[CFEE L -ER It EIRICEE T 23T

rRHEKHL AR ®

( ETEIEH WERETK MR )
REFEFEDA=NT FL X tsujiTl@gipc.akita-u.ac.jp

W EEEEAKELT 'L T 7 AT Y a RO BIZEBIbyE A fERE L
WSR2 ER L. 20BN, ISR DWW TERRMICHFZEZ 1T > T
Do FRITARGFRAREARFME 2 pH K AF 2 IRBRIERBLG 2RI A L7z A2 F AV
EC X > THREF LT,

F—U— R kFBEMTEALT 72U aL . Bk, FEE

mBE - RAk:

RBADENMR, AIEAR, ERMROLVEREOXI RILF—ZFAL
KOBKRERMBERMERETESMREMNHY . KREEHELFAAZE

DEFEIZDEN D,

EETERRE AR T BN T 7 AT 3 RO BRI 2 fE LT EER A
TERLL ., ZORMERIRHE, I OWTIRRIITAIEZAT > T\ D, & <IZ, AL D
FEAAERICRET 2 a0, B LI O/ AL & W22 LD BRI IE 217> C, A D
TFEZRINT 27O EHED TX T2,

& Z AT, Plnus Lanessiana DIEFRICEAT D7 TR ) A R121E pH ARIFIEDORA DY
WRIARFIE, PTRFEICREDN & D, HEAKA LT 'L T 7 AV U A (aSiH) (3KFEY v

FRYTY =7 2 A AP SIS £ IR L AKAREZHIET D & 20 Ricazatk

— 163 —



AN 5 AR EERK R T RN AE 2 o 2 — R e R R i

DEREREET D & BaEDNI 3
- — pH 4.21
BV EZ D D, 13 & zo4 —— PH5.00
5 ! —— pH 599

] ]
StH & Ak 1. ks rom = ° —— pH 65!
B pH 6.99
S 151 —— pH 750
HAER "D N SghoT 2 — pH 799
Z 1 — pH 849
W5 < — pH 8.98
‘ 0.5 — pH 9.49

T ZCIE, KGRk oo IR R . N
200 300 400 500 600 700

it A& LT, BCR 77 A~
Wavelength / nm

AN ZUETCYERL L 7-i8iifE)E Kk Figl pH dependency of absorption spectrums of ethanol extraction
pigment of Plunus Lanessiana
FETENT 7 ALY A HEED
WALz ~ 7% b a o A8y ZIETRIE LTCiR SR T2 F R L7258 7% Plunus
Lanessiana 8RR OHIZIE , pH (A7 2 IREEMIEBHIR ZFIH L7 A~ FMVRIEIZ

TEHE FIZRWN T, AKBEERICOWTIERE ORI 5 Z L2 AR L Lz,

2. ERGE

Plunus Lanessiana (J\EEt¥%) DAL ZH:

%, KoEL., =& ) —/ViRIAESEIRIK

% 3000rpm. 20min CrEOoBEE. B

== (0-60min(pH8.54)

ZARE St LIz . 50%:50%00 = 4 A . 0-90min(pHS.34)

Difference in absorbance / a.u.

J =V FERRRKESI T 50 RIS ATR Lkl

200 250 300 350 400 450 500 550 600 650 700

R AT, 3O aFREIRIZ 001, Wavelength / nm
0.05M DIERE/KEHL, 72 001M, Fig.2 Difference absorption spectrums of Plunus Lanessiana

L solution and TiO» / a-Si:H / film on glass irradiated (@ UV 375
0.IM DZKERET N YV o7 SRR AN

Z pH #/T A—2 L U CHRHEEZ T, WINARY "VERIE LT-, £7-. & pH &M
BWTEFRIKIZ 375m =D LED 7 o 7% MR L, 9N TRzt 2WE Tbh

DL EHER Uz, a-SiH HEFE, RIS AT S E 2 IV, Ar T A L Ar- Hy DR

— 164 —



TN 5 R ERK R SE T A A o Z — PSRRI S

BHAZTaR AT AL L, =7y MT Sifisathz v 3.0 X 10Torr FRELIZHER ., 14655
ExA 7 ALY T A~ 2R ESETERL., 7 at A0 AP OKERE, RES
1228 2 (55 1 )8 KSR X% A% Z ] 300s / 45 2 J8 /K38 0% A% & IR 60s) 0038 F e 7o
a2, £ LT, TiO, ~—RA hEEA L7 /L =7 Al E 500°C, 2 B CRER L T
VERIU7= 2 — 7y R L~ 27 % ha s A8y X G TiO, #ilk4 a-SiH o |- io ekl L
7

Punus Lanessiana 705 T X J — /L CHH L7727 T8 / 4 REAFEEEGTeK 50%T X /) —)b
50%(vol Vol IR 72 AFL. 30 47, 60 %3, 90 43 375nm D-EiELEIMG 2 RS L 7=1%

(285 % . WIRAR T RV ORIE 24T 2 T2,

MERBLIOERE

Fig.1 /&, Plunus Lanessiana 7 7 78 / A REAFEEHKD pH & /37 A —4 & U THIE L7
AT MV TH D, 2 IREMER SR CTE 72, Fig2 X, (50nm)TiO»/(80nm)a-Si:H 7[5 %
Plunus Lanessiana 7 7 7R / 4 R EAZRVAN T C 375nm SEAMRIRE 21T 72358 O NI A~k
IVOIHESET & DFERINANR Y MV T D, SN AR 725 & & B2, 3750m O
WOCEE DD DL E 7o Z &I A A AREEDERMEANC 7 b LTz, 73BN pH HIRTFL
oo ZOZEMNBKRFEREZE=F VI TEDLZ NP LMNIRST,

4. FL0

AFUETIE, Plunus Lanessiana 7 778 / A RAFED pH IZ L > THRIEART AT 5
BIGAMRAT L, a-SiH {5 EIZ Plunus Lanessiana 7 77K / A REEFEOMBAERIL | f%ME
ST OBRHEOIEERG & LT, 7o =T FHR T CEIMUBIR 21T > 7258 ORI A
A7 MVERIE LTz, OFER, HEO AT MVEHEDZE LD pH b2 HEE T, [H
HBHINCT BT HICAZI Ch D 2 L R TE T,

5 [ CHER
1) Yutaka Tsujiuchi, Junya Suto, Kenji Goto, Shigeki Shibata, Tadashi, Ishimaru, Manabu Ihara, Hiroshi

— 165 —



AFN B R ERK R KR EHTAIE | X — PR R S
Masumoto, Takashi Goto, Thin Solid Films 438439 (2003) 90-96.

2) Yutaka Tsujiuchi, Hiroshi Masumoto, Takashi Goto, J. J. Appl. Phys. 47 (2008) 1211-1214.

3) Yutaka Tsujiuchi, Keigo Furuya, Jun Matsumoto, Yukinobu Makino, Hiroshi Masumoto, Takashi Goto, J. J.
Appl. Phys. 49 (2010) 01AE1S5.

4) Yutaka Tsujiuchi, Makoto Horigane, Takahiko Sano, Takaaki Ichikawa, Hiroshi Masumoto, Takashi Goto, J.
J. Appl. Phys. 57 (2018) 03EK06.

— 166 —



AR S AR EERK R SE T AA | o X — SRR R

Geochemistry of black ores of the Furutobe and Nurukawa

deposits, Akita, Japan

Manuel Nopeia!, &#E 7% 2
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manuelnopeia@yahoo.com

WEZE © The Furutobe and Nurukawa base metal (+Au-Ag) deposits are hosted by the
Miocene felsic volcanic rocks in Hokuroku district, Akita, Japan. The Nurukawa deposit
was discovered in 1984, after the peak of exploration in the district, and was relatively
less studied compared to the Furutobe deposit, discovered in 1959. In this study, we
compared the chemical compositions and sulfur isotope signatures of black ores, i.e.,
sphalerite-rich ores, of the two deposits and their implications for conditions of ore-
formation. The black ore samples of Furutobe have higher base (Zn, Cu) and precious
(Au, Ag) metal contents than those of Nurukawa. Sphalerite of Furutobe has higher FeS
content than that of Nurukawa. Calculated ranges of sulfur fugacity (logfS, in atm) and
formation temperatures of the black ores from the Nurukawa and Furutobe deposits are -
9.0 to -6.2 and 255 to 340 °C, and -13.0 to -9.8 and 250 to 270 °C, respectively, which
suggest higher formation temperature and sulfur fugacity for Furutobe. 8°**Scpr values of
sphalerite, which is the main mineral in black ores, from Nurukawa and Furutobe are +5.3
to +7.3 %o and +1.9 to +4.6 %o, respectively, and indicate more magmatic component for

Furutobe.

F¥— U — K : Kuroko ores, Furutobe and Nurukawa deposits, geochemistry

HEE - ERKE:

This study aimed to describe and compare the geochemistry of Kuroko ores from different deposits hosted in the
Hokuroku district, northeastern Japan, based on bulk and mineral chemistry and isotope compositions of ore minerals.
Based on these data, we investigated the physicochemical properties of hydrothermal fluids responsible for the ore
formation in the deposits. A detailed assessment of characteristics and origin of ore-forming fluids, gives a better
understanding of criteria that control abundance and distribution of base metals (Zn, Cu, Pb) and precious metals (Au,
Ag) in volcanogenic massive sulfide (VMS) deposits, which can lead to the discovery of large-scale deposits in
exploration. Investigation of concentration and distribution of minor and trace elements in ores and minerals of Kuroko

deposits in Akita can contribute to the development of technology in mineral processing and smelting to improve recovery
rates of byproducts including Au, Ag, Sb, Mo, Cd, and Ga for ores of VMS deposits, which are imported to Akita from
the world.
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RESEARCH BACKGROUND

v' The Furutobe and Nurukawa base metal (+Au-Ag) deposits are located in
the northern part of the Hokuroku district, Akita, Japan (Yamada & Yoshida,
2004, 2013). These deposits consist mainly of sphalerite-rich black ores,
chalcopyrite-pyrite-rich yellow ores, and quartz-pyrite-rich siliceous ores
(Tanaka et al., 1974; Hirose & Ishiyama, 2015).

v" The Nurukawa deposit was discovered in 1984, after the peak of exploration
in Hokuroku district, and was relatively less studied compared to the
Furutobe deposit, discovered in 1959 (Tanaka et al., 1974; Yamada et al.,
1988; Geological Survey of Japan, 1989).

v" The black ores in the Nurukawa deposit was reported to contain higher Au
and Ag, and lower base metal (Cu-Zn-Pb) concentrations compared to other
Kuroko deposits, including Furutobe (GSJ, 1989). The physiochemical
properties responsible for differences in mineralogy and composition of
Kuroko ores are yet to be well understood.

Objective of the study

v" To compare the mode of occurrence, chemical compositions and sulfur
isotope signatures of sphalerite-rich black ores of the Furutobe and
Nurukawa deposits and their implications for conditions of ore formation.

GEOLOGICAL BACKGROUND

Lava dome and dyke

[ Andesite

[ Dacite

[ Dolerite
Tonalite and

- quartz prophyry

Post-Kuroko

[ ] Quatem

allwiumgd veleanic debris
[ ] Piiocene lake sediments

[:] Late Miocene to
Pliocene tuff breccia (T0ab)

[:l Alternating bed of fine
tuff and mudstone (T1/M1a)

) Alternating bed of
Ohyu depression [:‘ fine tuﬂggd mudstone (T2/M1b)
Rhyoite lava (R2)
[ Basatic lava and tffs (82)

Pre-Kuroko
[:l Rhyolitic hyaloclastic (R4/T4)
[ ] mudstone (m3)

[ Basat lava and sills (83)

I Precursory andesite (AS)
- Pre-Neogene basement (P)

= Pliocene depression  \__Main River ™ Faul ©  Kuroko deposits

Fig. 1. Geological map of the Hokuroku district (modified after Tanimura et al., 1983; Yamada &
Yoshida, 2004, 2013).
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SAMPLES AND METHODS

v" The black ores samples for this study were taken from Akita University
archive; some samples from Nurukawa were provided by Dr. Teruhiro
Suzuki and previously described by Mr. Kakero Ito.

v" The ore samples were prepared as polished sections, and doubly polished
thin sections for petrography and mineral chemistry using electron probe
microanalyzer, as well as scanning electron microscope of the Department
of Earth Resource Science, Akita University.

v Pulverized black ore samples were acid digested for bulk analysis using
inductively coupled plasma mass spectrometer.

v Sphalerite, which is the main sulfide mineral in the black ores, was
separated and decomposed for sulfur isotope analysis; the analysis
conducted at Akita University followed the protocol described in Manalo et
al. (2018).

ORE OCCURRENCE AND MINERALOGY

: pyrite g -
quartz:filled cavity . gigsemination o

frégméhl of host _:c;r_:k - o

i
f

' S Sclast of black are
cmj__l_tact : .

" black ore
clast of black.ore

2cm
, : & b R
Fig. 2. Photographs and photomicrographs of black ores from the (A -D) Nurukawa and (E-G) Furutobe
deposits. (A-B) Disseminated sulfide minerals in host rock. (C -D) Photomicrographs of black ores showing
disseminated sphalerite and pyrite in host rock. (E -F) Photographs showing the occurrence of black ore as
layers and clasts within the yellow ore. (G) A photomicrograph of massive black ore. Abbreviations:  brt-barite,
ccp-chalcopyrite, el-electrum, gn-galena, py-pyrite, sp-sphalerite.
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CHEMISTRY OF ORES
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Fig. 3. (A) Ternary diagram (Zn -Cu-Pb). (B-1) and bivariate plots of major and minor element compositions of
black ores. (B) Cuvs Zn, (C) Cd vs Zn, (D) Mo vs Cu, (E) Au vs Ag, (F) Auvs Mo, (G) Agvs Mo, (H) Sb vs Au
and (I) Sb vs Ag.

SULFUR ISIOTOPES AND CONDITIONS OF ORE FORMATION

v Sphalerite is the main ore minerals in the black ores for both deposits and has higher
Fe contents in ores from Nurukawa compared to those from Furutobe.

v The 8%S¢pr values of sphalerite separated from the black ores of Nurukawa and
Furutobe deposits vary from +5.3 to +7.3 %o, and +1.9 to +4.7 %., respectively.

8 4 150 °C 200 °C 250 °C 300 fC 350°C 400°C
A B
&1 Furutobe -6
[l sehalerite
Nurukawa & -8
2 [] spalerite 24
5 g
g —
@ -12
2 -14++
_ . -16- = - . Black ore at Furutobe
] e B : [] Black ore at Nurukawa
o N i ra— 2.0 1.8 1.6 14
0 +2 +4 +6 +8 ’ ’ : ’ : '
i - 1000/T (K)

Fig. 4. (A) Histogram of 534S of sulfide minerals from the black ore samples fromthe Furutobe and
Nurukawa deposits. (B) Log 7S, and temperature ranges of black ores estimated from FeS (mol%) of sphalerite
and at.% Ag of electrum for Furutobe, and FeS of sphalerite and fluid inclusion data for Nurukawa (lio,
2023MS). The FeS and at.% Ag lines are from Barton & Toulmin (1996, 964).
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CONCLUSIONS

v The studied black ore samples of the Furutobe deposit have higher base
and precious metal contents than those of the Nurukawa deposit.

v The Kuroko ores of the Furutobe deposit were formed by relatively higher
sulfur fugacity and temperature hydrothermal fluids compared to those of
the Nurukawa deposit.

v The sulfur isotope compositions suggest a more magmatic component for
the black ores of the Furutobe deposit, compared to those of Nurukawa.

v The differences in the contents of base and precious metals in these
deposits could be related to differences in the physicochemical properties
and compositions of the hydrothermal fluids responsible for the
mineralization.
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Recovery of Pt(IV) by Additive-Induced Co-Precipitation
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We explored different additives for instantaneous co-precipitation and selective

Pt(IV) recovery from the other platinum group metals. The precipitation studies

were performed at different experimental parameters. Additionally, we showed that

Pt(IV) dianions may be separated from a mixture of Pt(II), Pd(Il), and Rh(III) using
additive-induced glycoluril-based macrocyclic compound, cucurbit[6]uril.

¥ —9Y— K :PGM separation, precipitation, macrocyclic compound

HmEE - ER
When benzene is used as an additive with cucurbit[6]uril, Pt(IV) recovery efficiency rises to

89% from the mixed metal solution. The approach has the potential to be utilized for the

extraction of platinum from spent catalytic converters and other waste materials.

Introduction
Platinum group metals (PGMs) are more technologically significant than the remaining precious metals due to

their extraordinary properties, which include high catalytic activity, outstanding mechanical strength, and
remarkable resistance to oxidation and corrosion. These are extremely important due to their uses, such as water
electrolysis, fuel cells, jewelry, automotive catalysts, and electrical gadgets. Particularly, automotive catalysts
consume more than 50-60% of the world's supply of Pd, Pt, and Rh to transform incomplete combustion products
such as CO, NOx, and hydrocarbons into innocuous compounds, namely COx, N2, and H2O. It is anticipated that
when gas emissions from cars are subject to stricter laws, the use of these platinum-group metals will rise. There
are just 66,000 tons of PGM natural resource reserves worldwide, i.e., around 0.001% of the earth's crust.
Moreover, demand affects their worldwide market pricing and results in a scarcity of resources because of their

restricted availability and reserves. Thus, the development of a technique for the recovery of PGMs from
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secondary resources such as spent automotive catalysts, industrial catalysts, and electronic waste is crucial for their
efficient recycling and long-term applications. Among all, spent automobile catalysts are the richest PGM
secondary resource, and they are frequently exploited for recovery. In a catalyst monolith or honeycomb, PGMs
are mixed with base metals, wash coat materials, and cordierite materials, making the purification of valuable
metallic forms hard. It is anticipated that once the auto-exhaust catalysts complete their service life, the produced
wasted catalysts will be 20,000-30,000 tons per year, including 25-40 tons of PGMs.

Recently, Wu et al. used cucurbit[ 6]uril for the selective recovery of P{(IV) from mixed metal solutions through
the instantaneous precipitation method. Pt(IV) may be selectively recognized on the outer surface of
cucurbit[6]uril by noncovalent bonding interactions such as hydrogen bonds and dipole-dipole interactions.
However, it was observed that the recovery ability of CB[6] alone is a maximum of ~75% and quite less with
mixed metal solutions. On the other hand, Wu et al. employed different additives to enhance the precipitation
ability of gold in the presence of B-cyclodextrin. The research shows that employing additives with high boiling
temperatures as a way are boosted the stability of precipitation.

We explored the P(IV) recovery studies through instantaneous precipitation using CB[6] with the inclusion of
various additives and the results were compared with those of other platinum group metal solutions. We have

demonstrated that the CB[6] + additive can act as a precipitant to separate the Pt(IV) from mixed metal solutions.

Results and discussions
Solubility and precipitation studies

Prior to the precipitation studies of CB[6] with metal solutions, we performed the solubility of the different
concentrations of CB[6] in various HCI concentrations. This is due to the peculiar combination of CB[6] and metal
solutions reported by Wu et al[31] in their work. The results showed that 2 mM of CB[6] was completely
dissolved in HCl above 1 M, 10 mM was entirely dissolved in HCI above 3 M, and 20 mM was soluble in 4 M
HCI. Table 1 shows the precipitation ability of different concentrations of CB [6] in HCI concentrations with the
addition of metal solutions in water. It was discovered that CB[6] in 3-4 M HCl in all concentrations precipitated
with metal solutions in water, particularly with Pt(IV), and that if the metal ion was present in any HCl
concentration, precipitation did not occur with all concentrations of CB[6], even for Pt(IV). Further, we also
noticed a similar trend in solubility as well as precipitation ability upon inclusion of different additives in the CB[ 6],

and the details of the precipitation studies are explained in further sections.
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Table 1. The precipitation ability of CB[6] alone as well with different concentrations additives.

Pt(IV) : CBJ|6] 1 MHCI 3MHCI S5MHCI SMHCI
1:1 Not soluble Yes No No
1:5 Not soluble Yes Yes No
1:10 Not soluble Not soluble No No
Rh(III) : CBJ[6]
1:1 Not soluble No No No
1:5 Not soluble No No No
1:10 Not soluble Not soluble No No
Pd(I) : CBJ6]
1:1 Not soluble No No No
1:5 Not soluble No No No
1:10 Not soluble Not soluble No No
Pt : CB[6]
1:1 Not soluble No No No
1:5 Not soluble No No No
1:10 Not soluble Not soluble No No

Kinetic studies of CB[6] upon addition of various additives

Figure 1 shows the precipitation 100
ability of the various metal ions in ! —&— Pt(IV) —@— Pd(ll) —&— Rh(lll) —v— P(ll)
. iy L U m
water with addition of 5 mM CBJ[6] 80 H
containing 0.1 v/v% benzene as an on
adductive in 4 M HCI at different o0
o

intervals of time. It can be seen from 2~ >° I
the Figure 1 that Pt(V) obtain “1

30 |
immediate  precipitation ~ and !

20 |
observed maximum precipitation

10
ability within I min. As the time gocs O T R T T T T T
further, the amount of precipitation 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time/min

does not increase and is observed to

Figure 1. The kinetic study of precipitation ability of various metal
ions. Experimental conditions: 5 mM CB[6]+0.1 v/v % benzene in 4
performed comparable M HCl and 5 mM in HxO; Shaking time at 15000 rpm and
centrifugation time: 5 min

approach saturation. We have also

investigations using CB[6] alone as
well as with other additives at

varying concentrations. Within one to 2 min, the findings follow a similar trend and reached the saturation limit.

Precipitation studies at different metal to precipitant ratio
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Figure 2 shows the precipitation
ability of Pt(IV) upon addition of different
concentrations (1-10 mM) of CB[6] + 0.1
viv % benzene with 2 mM of metal
solutions. It can be seen that the precipitation
of Pt(IV) ability increases with an increase
in the concentration of CB[6] and reaches
maximum precipitation at a 1:5 ratio, ie.,
90%. Further increases in the concentration
found no change in the precipitation
percentage. In contrast, other metals lack
the potential to precipitate at any CB[6]
concentration. This could be mainly due to
an increase in the bonding nature as well as
the influence of benzene through =
bonding.

Precipitation studies with mixed metal
solutions

Based on the metal precipitation
findings for various additives to CB[6], we
performed a selective recovery of Pt(IV)
from a metal-mixed solution including
Pt(IV), Pd(II), Rh(III), and Pt(IT) in water.

Figure 3 shows the precipitation
ability studies of 5 mM CBJ[6]+0.1 v/v %
benzene in 4 M HCI and 1 mM each
concentration of Pt (IV), Pd (II), Rh (11I),
and Pt (IT) in water. The result shows that
the Pt(IV) is selectivity precipitated from
the mixed solution without interference

and % P was found to be 89% when

—a— Pt(1V) —e— Rh(lll) —a— Pd(Il) —v— Pt(ll)

/ B

20

80

70

60

50

% P

40

30

20

10

2
1:10

[
1:1

. >
1:5

Figure 2. The precipitation studies of CB[6] + 0.1 v/v %
benzene with different metals ions at different metal to CB[6]
ratio. Experimental conditions: 1-10 mM CBJ[6] in HCI+0.1
v/v¥% benzene in4 M HCl and 1 mM [M] in H2O; Shaking time
=2hat 15000 rpm and centrifugation time =5 min

100

—a— Pt(IV) —e— Pd(ll) —&— Rh(lll) —v— Pt(ll)
90 - Oo— —i- 4
80 -
70
60 -
o 50
°
40 -
30 L
20 -
10 b
0 - s —— 3
nn n?2 na ne6 N\ 10

Figure 3. The precipitation studies of CB[6] + 0.1 V/V% benzene
with mixed metal solutions ions. Experimental conditions: 5 mM
CBJ[6] in HCI+ V/V% benzene in 4 M HCI. [P(IV)] = [Pd(Il)] =
[RhID)] = [Pt(I1)] = 1 mM in H20; Shaking time = 2 h at 15000
pm; centrifugation time: 5 min

benzene is employed as an additive. The regeneration and stripping investigations were carried out as shown
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below. By filtering, washing, and air drying, the yellow substance that contained Pt(IV)- CB[6] + 0.1 V/V% of
benzene (alone as well as from a mixed solution) was separated. The yellow material was then reduced by 1 mL
of N2Ha-H20 and 4 mL of water. A black suspension was observed during two hours of heating at 60 °C while
stirring. The stripping percentage of Pt was found to be almost 90% in all cases. By centrifuging and repeatedly
washing with an aqueous solution containing 4 M HCl to dissolve any leftover CB[6], black platinum metal was
obtained. What remains of the CBJ[6] dissolved in the aqueous solution can be recycled by precipitating with
acetone. Using centrifugation and three times washing with water and acetone, the regenerated CB[6] was

separated into a white powder. The regenerating CB[6] can be used in subsequent recovery studies.

Conclusions

In conclusion, a novel approach of selective and preferential co-precipitation of Pt(IV) from metal
solutions including Pd(II), Pt(IV), Pt(IT), and Rh(IIT) using cucurbit[6 Juri+ additives has been developed. A small
amount of additives improved Pt(IV) precipitation capacity, while benzene had a higher precipitation propensity
than other additives, reaching a maximum of 84%. The precipitation tendency reached maximum with in one to
two minutes in all the systems resulted that instantaneous co-precipitation of Pt(IV) using additive induced CBJ[6].
The metal-containing precipitates are very selective for Pt(I'V) compared to other metal ions, based on precipitation
experiments carried out by changing the loadings of the precipitating agent and additives. The characterization
techniques revealed information on the stability of precipitation produced by additive induced Cucurbit[6Juril. The
selective recognition of Pt(IV) utilizing CB[6H-additives through pi bonding and outer-surface interactions and
the regeneration studies were performed with hydrazine hydrate. The approach of precipitating platinum by
addition-induced co-precipitation by cucurbit[6]uril is a potentially useful application in PGM recycling. The

outcomes of these studies may be used to the extraction of platinum spent catalyst leach solutions.
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Geology and geochemistry of the Utori vein group of the

Osarizawa epithermal deposit, Akita, Japan

Jonathan Macuroy', &f& 5= 2
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jonmacuroy@gmail.com

BEZEL © The Osarizawa deposit located in the northeastern part of Akita is one of the
largest vein-type copper deposits in Japan. This study aims to obtain the mineralogy,
mineral textures, and bulk chemical and mineral compositions of vein samples from the
Utori vein group at 300 meters above sea level of the Osarizawa deposit. Results show
that the gangue minerals in the Utori vein group is quartz and chlorite whereas the ore
minerals are pyrite, chalcopyrite, galena, sphalerite, and hematite, with secondary
goethite, and covellite. Pyrite contains trace amounts of As, Ag, Sb, Au, Ni, Co, and Zn,
as well as minor Pb and Cu. Atoll pyrite contains the most amounts of Co, Cu, and Ag
compared to other pyrite textures, possibly due to its framboidal origin. Bulk chemical

compositions of samples show 0.06-28.8 wt% Cu and 0.07-0.48 ppb Au.

¥ — U — K : Osarizawa, epithermal, pyrite textures, pyrite chemistry, bulk
geochemistry

®mEH - EAK

This research adds to the currently relatively limited scientific literature on the Osarizawa deposit.
The study reported the mineralogy, mineral textures, bulk geochemistry, and pyrite mineral
chemistry of the mineralized veins of the Utori vein group in the Osarizawa deposit, Japan. We
detailed the modes of occurrences of ore minerals and their various textures, as well as their
chemical compositions to investigate their possible formation conditions. Understanding these
formation processes contributes to the comprehension of base-metal vein-type intermediate
sulfidation epithermal deposits which are relatively less studied than their other shallow epithermal

counterparts. The textural variations in pyrite that is accompanied by heterogeneity in chemical

compositions, i.e., their economic metal contents, may provide implications for the improvement of

exploration, mineral processing, and extraction recovery rates in vein-type intermediate sulfidation

deposits in general.
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Introduction

Miyagi
Yamagata

b

Niigata - ~S0km
Fukushima

@ {41.4°N

{a0.8°N
{40.2'N
{a06'N
439.0°N
138.4°N

437.8°N

Fig. 1 Location map of the Osarizawa deposit.
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Fig. 2 Entrance of the tourist tunnel.

The Osarizawa deposit is located in the northern part of the Honshu
Island, Japan (Fig. 1). Mining activities ceased in 1978 but a tourist

tunnelis still open for the public

(Fig. 2).

Geological background
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The Osarizawa deposit
is predominantly hosted
by late Miocene Ohkuzu
Formation.
Mineralization  occurs
as massive,
symmetrically banded,
and brecciated quartz
veins (Arribas  and
Mizuto, 2017)

Fig. 3 Geological map of
the Osarizawa deposit
and surrounding areas
(modified from the GSI,
Japan, 2019; Takahashi
and Yasuda, 1967).
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Vein mineralogy

The main gangue mineral in the Utori vein group is quartz with local chlorite whereas
the main ore minerals are pyrite and chalcopyrite (Fig. 4). Pyrite occurs as a variety
of textures such as euhedral, atoll, and graphic textures. Minor amounts of
sphalerite, galena, hematite, goethite, and covellite also occurs (Fig. 4).

hosl rock §
‘.’_ fragments ¢
&y

v

Fig. 4 Gangue and ore minerals of the Utori vein group in the Osarizawa deposit. Figures C and L were
taken under plane-polarized light whereas Figures B and D were taken under crossed-polarized light.
FiguresE, F, G, H, I, J, K, M, and N were taken under reflected light.

Vein mineralogy (continued)
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Bulk geochemistry

e The bulk chemical
compositions of vein
samples were analyzed
by ICP-MS.

* Au grades range from
0.07 to 483 ppb with an
average of 61.0 ppb.

* Cu grades range from
0.06 to 28.8 wt%, with
an average of 8.39 wt%.

* Au is not correlated
with any trace
elements.

* Cu is moderately
correlated with Li, Be,
Ag, and Cd.
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Fig. 5 Scatter plots of trace elements with moderate correlation with Cu
content (Li, Be, Ag, and Cd).

Pyrite mineral chemistry

The chemical composition of pyrite indicates trace amounts of As (av. 105 ppm), Ag
(av. 426 ppm), Sb (av. 61 ppm), Au (av. 76 ppm), Ni (av. 37 ppm), and Co (av. 285
ppm). On the other hand, minor amounts of Cu (av. 3583 ppm) and Pb (av. 2770
ppm) were also detected (Fig. 6).
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Fig. 6 Boxplots of minor and trace elements of pyrite measured using EPMA. Only the values
above their respective limits of detection were plotted.
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Metal contents of different pyrite
textures

The chemical compositions of pyrite with different textures
revealed that atoll pyrite has relatively more elevated Co, Cu, and

0.10

Ag contents than euhedral and graphic pyrite (Fig. 7).
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Fig. 7 Boxplots of Co, Cu, and Ag contents of different pyrite textures. Only the
values above their respective limits of detection were plotted. The symbology
is the same as in Figure 5.

Conclusions

* The main gangue minerals in the Utori vein group of the
Osarizawa deposit is quartz with local abundant chlorite.

* The main hypogene ore minerals are pyrite and

chalcopyrite, with minor galena, sphalerite, and
hematite.

* Secondary minerals include geothite and covellite.

* The Cu content of bulk vein samples have a moderate
correlation with Li, Be, Ag, and Cd.

* The chemical composition analysis of pyrite revealed
trace amounts of As, Ag, Sb, Au, Ni, Co, and Zn, as well
as minor amounts of Pb and Cu. These findings are
consistent with those of base metal epithermal deposits,
particularly an intermediate-sulfidation type deposit.

* The relatively elevated Co, Cu, and Ag contents of atoll
pyrite compared to other pyrite textures may be
attributed to its framboidal origin.
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Optimized Lithology Classification Using Deep Learning

and Hyperspectral Imaging in Tunnel Boring Machines
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Abstract: This paper presents a novel approach to enhancing tunnel boring machine (TBM)
performance by classifying lithology using hyperspectral imaging and deep learning. TBMs
automate tunnel excavation, making real-time lithology identification challenging due to
reduced human presence. To address this, the study employs a 204-band hyperspectral
camera to capture data from excavated material, which is then processed through a
convolutional neural network (CNN). The method was tested on a 118-meter highway
bypass project in Japan, where the CNN accurately classified different geological formations
with over 90% precision. This integration of hyperspectral imaging and deep learning offers
a robust solution for real-time lithology classification, improving tunnelling efficiency and

managing geological variations encountered during excavation.

Keywords : Convolutional Neural Networks, Deep Learning, Hyperspectral Imaging,

Lithology Classification, Tunnel Boring Machine

Originality and Practicality :
The originality of this paper lies in its novel use of hyperspectral signature data

combined with artificial intelligence for real-time classification of rock cuttings

during Tunnel Boring Machine (TBM) excavation. Unlike previous approaches, this

method leverages deep learning models, specifically a 1-D convolutional neural
network (CNN), to automatically and accurately determine lithology without human
intervention. The practicality of this study is demonstrated through its application
in a highway tunnelling project, where the system achieved over 90% accuracy in
classifying geological formations. This approach has the potential to enhance TBM
operations by optimizing energy consumption and improving tunnelling efficiency,
making it a valuable tool for real-time geological analysis in the construction and

mining industries.
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1.  Introduction

This paper explores a novel approach to classifying and evaluating rock cuttings during Tunnel Boring Machine
(TBW) operations by leveraging hyperspectral signature data. Unlike previous studies, this research introduces a
data—driven method that involves extracting and analyzing rock cuttings’ hyperspectral images using advanced
machine learning and deep learning techniques. The primary goal is to automatically, accurately, and
quantitatively determine the lithology encountered by the TBM, offering a potential feedback loop that can
improve both self-driven and operator—driven TBM operations. This, in turn, could lead to the optimization of
TBM energy consumption and overall safety.

1.1. The Tumel Boring Machine (TBM)

The TBM is an advanced piece of machinery designed to automate the process of tunnel excavation. It operates
using a rotating cutter head equipped with tools capable of cutting through various geological materials,
ranging from soft soils and clays to hard rocks and abrasive formations. With modern technology, self—driven
TBMs can efficiently tunnel through difficult terrains with precision. Unlike traditional tunnelling methods
such as drilling and blasting, TBMs reduce the need for human intervention at the tunnel face, which enhances
safety standards (Feng et al., 2021). However, the closed enviromment of a TBM presents challenges for real-time
rock classification, which is essential for operator decisions that impact energy usage, as well as geotechnical
logging (Kilic et al., 2024). This paper proposes a solution to this challenge by extracting pipe geology rock
cuttings in real—time during excavation, capturing their hyperspectral signatures, and determining the lithology
without requiring human presence at the rock face.

1.2. Hyperspectral Imaging

Hyperspectral imaging is a technology that captures images across hundreds of spectral bands, offering high
spectral resolution compared to conventional multispectral imaging (Sinaice et al., 2022). It has become a
critical tool in mineral and lithological mapping due to its ability to accurately identify and map earth
surface constituents (Kruse, 2012). This study utilizes a Specim 1Q hyperspectral camera with 204 bands in the
visiblenear—infrared (WNIR) range, translating to the 400-1000 mm electromagnetic spectrum The high
resolution of this camera allows for detailed extraction of spectral signatures from the TBM rock cuttings,
which is crucial for real—time lithology determination. When a hyperspectral image is captured, it records the
interaction of the subject with light (Martelet et al., 2021), with each of the 204 bands receiving specific
signals. This process generates large amounts of data, requiring the use of artificial intelligence (AI)
techniques, including machine learning and deep learning, to process and analyze the data effectively.

1.3. Artificial Intelligence, Machine Learning, and Deep Learning

Al algorithms, particularly machine learning and deep learning, are well-suited for tasks involving large
datasets, such as the pipe geology classification problem addressed in this paper. Machine learning algorithms
work by identifying mathematical relationships within the data to classify it into specific patterns (Hartog et
al., 2021). These algorithms are relatively straightforward to implement, as such, several will be tested in
this study. Deep learning, however, offers a more sophisticated approach, with its complex, multi—layered
architecture allowing data to pass through various processing layers in highly interconnected ways (Ganesh and
Kannan, 2017). This results in non—linear data transformations that mathematical functions cannot easily
describe. Deep learning algorithms typically require larger datasets than machine learning models to achieve
high accuracy. For this study, a one-dimensional (1-D) convolutional neural network (CNN) will be employed, as
it is highly effective at classifying imagery and waveform data, which aligns with the hyperspectral data
structure used in this research. Deep learning has proven to be more effective than traditional hand-crafted
techniques in applications such as remote sensing and geotechnical engineering (Jang et al., 2015), meking it a
suitable choice for the classification problem presented in this paper.
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2. Methodology

The study is set in a highway bypass tunnelling project in Japan, where the tunnel entrance consists of soft
ground. To increase the tunnel roof’ s stability, an umbrella pipe support system was used, installed via micro
tunnelling. Excavated material was collected on a screw conveyor, with samples taken at each advance. The
geological compositions of the pipe were classified as sandy clay (040 m) (four samples), sand (4058 m) (two
samples), brown clay (5866 m) (three samples), blue clay (66-84 m) (three samples), and sandy clay (84-118 m)
(three samples), resulting in a total of fifteen samples (Figure 1). These samples were captured using a 204-
band hyperspectral camera and analyzed using a CN\.
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Figure 1: Pipe geology compositions: sandy clay (0 — 40 m); sand (40 — 58 m); brown clay (58 — 66 m); blue clay
66 — 84 m); sandy clay (84 — 118 m) (Note: Figure not to scale).

2.1. Extracting Hyperspectral Signatures
The experimental work involved collecting and labelling pipe geology samples from the TBWs screw conveyor. A
Specim 1Q hyperspectral camera with WNIR capabilities was used to capture the pixel-by—pixel signatures of the
geology in the laboratory (Figure 2). The spectral signature recording process was standardized using a white
reference board provided by the camera manufacturer to filter out noise and ensure consistent data recording
conditions (Kim et al., 2022).

White box stage

Figure 2: Hyperspectral imaging experimental setup.

2. 2. Data Preprocessing

Given the classification problem at hand, this study employed and compared several supervised machine learning
algorithms using labelled data. Supervised learning, which uses labelled data to guide algorithms in identifying
patterns, was crucial in this case, as the goal was to classify pipe geology samples accurately. The labelled
data was compiled into a hyperspectral signature database, which underwent further preprocessing before being
used to train Al algorithms. A 5-fold cross—validation technique was employed for training, ensuring that every
observation set contributed to both the training and testing phases. This method helps create a less biased
model, particularly when dealing with limited input data (Jain et al., 2018).
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3. Results and Discussion

Figure 3 presents the hyperspectral signatures of various pipe geology types,

including sandy clay, sand,

brown clay, and blue clay, showing distinct spectral patterns. Sand exhibited the highest reflectance, while

sandy and brown clay displayed similar spectral shapes.

These differences highlight the potential of

hyperspectral imaging to accurately differentiate between geological formations. The machine learning models

(Table 1), particularly the Ensemble: Subspace discriminant model, performed well in classifying the pipe

geology, achieving a global accuracy of 86.7% and an average per—class precision of 86.6% (Figure 4).
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Figure 3: Sandy clay, sand, brown sand and blue clay average hyperspectral intensities from the pipe geology.

Table 1: Top 5 performance machine learning classification models.

Machine Learning Model Global Accuracy @) | Average Per-Class Precision %) | Training Time (Seconds)
Ensemble: Subspace discriminant 86.7 86.6 30.7
Linear Discriminant 8L0 76.8 4.9
SW: Quadratic SWM 9.7 9.2 18.8
SW: Cubic SWM 78.2 e 19.3
KNN: Fine KNN 1.1 70.6 20.1
! VAN | 1% Figure 4: Confusion matrix
<(ex e % of the Ensemble: Subspace
2 SR i discriminant model.
4] e% Ho% ki Pipe geology/lithology
5 19% | 56% 93% | 1.8% | 37% 1.9% 1.8% 1, 2’ 3 & 4 — Sal’ldy Clay
6 18% | 38% 19% 38% | 17.0% from 0_40[n;
g7 il 5& 6 — sand
¢ 1o i I e from 40-58m;
L 22%) 16% 7, 8 & 9 — brown clay
© ek from 58—66m;
LiL | e 10, 11 & 12 — blue clay
12| 34% 1.7% 1.7% 4% from 66_84[n;
= %% £ s> 13, 14 & 15 — sandy clay
1" 18% 18% 53% 18% from 84‘118[[1.
15| 35% 4T% 12% 12% | 47% | 12%
1 2 3 4 5 B 7 8 9 1 M 12 13 14 15
Predicted Class
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However, the 1-D CNN outperformed these models, achieving a global accuracy of 90.43% (Figure 5) and
a per—class precision of 90.4% (Figure 6), demonstrating its robustness and efficiency in handling
complex datasets. These findings suggest that hyperspectral imaging combined with deep learning could
significantly enhance real-time lithological classification during TBM operations, providing a
valuable tool for optimizing tunnelling processes and energy consumption.

BT
o

=
Figure 5: 1-D C\N training progress.
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Figure 6: 1-D CNN confusion matrix.

In summary, the hyperspectral signatures of various pipe geology types reveal significant
differences (Satadru et al., 2011), especially in spectral reflectance. While the Ensemble: Subspace
discriminant model performed well, the 1-D CNN outperformed all others, demonstrating its
effectiveness in real-time lithological classification during TBM operations. Combining hyperspectral
imaging with deep learning presents a promising approach to optimize tunnelling processes and energy
consumption.
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4. Conclusions

Integrating hyperspectral imaging and Al into TBM operations could revolutionize tunnelling and
mining by enabling more precise, efficient, and safer tunnelling processes, especially in challenging
geological environments. The study demonstrated the superiority of deep learning models, particularly
the 1-D CNN, in processing complex hyperspectral data for lithology classification. With a global
accuracy of 90.43% the CNN model outperformed traditional machine learning algorithms, suggesting
that deep learning could play a critical role in future geotechnical engineering applications. Future
research should focus on expanding the dataset, exploring other spectral ranges, and investigating
unsupervised learning methods to enhance the proposed system' s robustness and applicability.
Additionally, refining Al models to adapt to a broader range of geological conditions will be
essential in maximizing the benefits of this technology.
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