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EXECUTIVE SUMMARY

Mines of rare metals such as platinum group elements (hereinafter referred to as PGM)
containing ruthenium (hereinafter referred to as Ru) have limited supply volumes, reserves
are unevenly distributed, and there are many cases where there are geopolitical concerns
about stable supply. In addition, because Ru used in HDD (HD media), electrodes, and pastes
is thinly coated on a base material, and because Ru oxide hardly dissolves in acid, the
enrichment of Ru from HDD, electrodes, and pastes has not been realized in terms of cost and
technology, and a social system for the development and technology of recycling of Ru has not
been established.

On the other hand, because Ru has the best characteristics (heat resistance, strength,
chemical stability) among PGMs, demand is expected to grow as an indispensable material for
electrical and electronic devices in the future, and the necessity of developing recycling
technology and establishing a recycling-based social system is increasing. In recent years, in
addition to finding the recovery potential of the HDD containing Ru, the electrolysis electrode
(hereinafter referred to as electrode), and the resistor paste (hereinafter referred to as paste),
it is expected that the recycling of Ru, which has been conventionally dissipated, will become
possible by utilizing existing technologies.

Therefore, this demonstration aims to clarify the possibility and problems of realizing
efficient Ru recycling from HDD, electrode and paste by using existing technology. In addition,
the possibility of expanding the HDD recovery route by coordination with HDD dischargers
and dismantling businesses and the possibility of constructing the Ru recycling system were
examined by conducting business feasibility evaluation.

Regarding the recycling of Ru from HD media, the efficiency of recycle was verified for three
methods of aluminum dissolution (total dissolution), surface dissolution, and electric pulse. In
the surface melting method, firstly, the melting conditions of glass media and aluminum media
were investigated. Regarding the glass media, it was confirmed that Ru and Pt were peeled
from the glass media by using an acid mixed solution as a dissolving solution and performing
film peeling by dissolving a metal layer with an acid solution. As for the aluminum medium,
since the DLC layer exists on the surface layer of the medium and it takes time to prevent the
penetration of the solution, the reaction time was shortened by plastically processing the
aluminum medium as a pretreatment and cracking the DLC layer. Thereafter, an acid solution
was used as a dissolving solution, and the metal layer was dissolved to perform film peeling.
When the surface of the aluminum medium after peeling was measured by simple XRF, Ru
and Pt were not detected, and therefore, it was judged that peeling was successful. Based on
the results of the detailed examination of the dissolution conditions, a large-scale test was
conducted on aluminum media to confirm that the peeling was successful.

Regarding the electric pulse, it was confirmed that the discharge occurred at the fixed

position at the jig/HDD interface with respect to the aluminum medium, and the current trace



was not observed in the center portion, but Ru peeling by the electric pulse could be performed
with respect to the glass medium. As for the peeling condition, it was confirmed that the
peeling by the voltage change condition can be performed efficiently from the viewpoint of the
peeling area and the charge energy as compared with the voltage constant condition, and that
the peeling area does not greatly change by comparing the voltage doubler circuit and Blumlein
power supply, but the energy consumption by Blumlein power supply is small and the efficient
peeling can be performed.

Regarding the recycling of Ru from paste, the recovery efficiency was verified for the two
methods of dry test method and direct acid dissolution method. In the dry test method, Ru in
the paste was present in the form of an alloy with Nb or ruthenium dioxide, and could be
concentrated to a lead button by reduction melting. When lead was removed from the lead
button by ash blowing, lead ruthenate was produced, and separation of Ru and Pb became
difficult. However, by dissolving the lead button with nitric acid, lead removal and Ru
concentration became possible, and an Ru concentrate having a target Pb quality of 1% or less
could be obtained. The Ru yield was 103%. In the direct acid dissolution method, lead removal
and Ru enrichment were efficiently carried out by hydrofluoric acid+nitric acid method, and
Ru enrichment with a target Pb grade of 1% or less could be obtained. The Ru yield was 106%.

For commercialization, a collection scheme was considered to put the waste HDD into a
dismantler with a technology capable of efficiently dismantling the HDD and collecting HD
media. Regarding the recovery of waste HDDs, two routes were examined: recovery from
recycling and industrial waste disposal companies in Japan, and recovery from overseas HD
media manufacturers. With regard to media scrap recovery from overseas media
manufacturers, it has been confirmed that scrap products have a large collection potential, and
that scrap products are expected to be in a better state than used products both in aluminum
media and in glass media. Therefore, it has been confirmed that scrap products have merits
from the viewpoint of cooperation with the later peeling process. On the other hand, it is
anticipated that the cost of transportation will increase due to recovery from overseas, and
how to reduce the cost of procurement of HD media will be an issue. With regard to HDD
recovery from domestic HDD collectors (industrial waste companies, etc.), there are also issues
such as HDD400 of 10,000 units for domestic PCs (approximately 8 million sheets in the media),
Ru8kg content (approximately 8 million yen in the sales price), and Pt4kg content
(approximately 14 million yen in the sales price). For commercialization, there is a need to
collect waste HDD effectively using both routes.

When the profitability of the entire HDD procurement-demolition-stripping process was
estimated, it was confirmed that it was difficult to secure the profitability of the entire business.
Since the profit on the sale of HDD parts and the profit on the sale of media after peeling are
small compared to the HDD procurement cost and the dismantling cost, it is necessary to

examine the reduction of the transportation cost in the HDD procurement process and the



reduction of the dismantling cost by the mass processing in the dismantling process in order
to secure the profitability. The profit on the sale of parts for HDDs is expected to be attributable
to the sluggish market for iron and non-ferrous (aluminum), and the profit on the sale of parts
is expected to increase with the rise in market prices. Regarding profitability in HD media
procurement, stripping, enrichment, and refining processes, it was confirmed that the selling
prices of enriched Ru and Pt exceeded the procurement costs of media and the costs of stripping,
enrichment, and refining, thereby ensuring business profitability. In the trial calculation, the
cost advantage of the peeling by the electric pulse compared with the peeling by the surface
dissolution was also confirmed.

Regarding CO2 reduction effect, CO2 emissions associated with HDD dismantling due to the
use of the HDD automated dismantling equipment demonstrated in this project were 2,052
kg-CO2/kg-Ru, which was smaller than CO2 emissions of 6,035 kg-CO2/kg-Ru when the
crushing and sorting machines currently used for HDD dismantling were used, and CO2
reduction effect by this demonstration process was confirmed. In addition, CO2 emissions from
the processes demonstrated in this project were 1,320 kg-CO2/kgRu (glass media/electric
pulses), 336 kg-CO2/kgRu (ground glass), and 1,366 kg-CO2/kgRu (aluminum media/surface
dissolution)-less than the baseline CO2 emissions of 30,000 kg-CO2/kg-Ru, confirming CO2
reductions achieved by this demonstration application.

Although this demonstration project has shown the possibility of efficient Ru recycling from
HD media, electrodes, and paste, several challenges remain for commercialization. Regarding
Ru recycling from HD media, the following are mentioned : Securing of HDD procurement
volume, cost reduction in procurement and disassembly process, examination of destinations
of deliverables in disassembly process, adjustment of lines to purification process of debris and
dissolved solution, automation of surface debonding pretreatment and automation of pulse
crushing, examination of scale-up facility design, etc.. Regarding the recycling of Ru from the
electrode, it is necessary to carry out detailed analysis of the recovery amount of precious metal
after peeling, and to examine pulse crushing automation and scale-up equipment design.
Lastly, for the recycling of Ru from paste, it is necessary to examine the application of an acid
melting process after reduction melting and slag separation by an electric furnace in
accordance with the composition (mainly the presence or absence of Cr) of the object to be
treated, or a process in which Ru is directly dissolved by hydrofluoric acid and nitric acid, and

to carry out an investigation of the distribution of various impurities.
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BEX IO RIEEBDFZILIATAT

(2) REBMRE
(7) BREHORE

REEMROFBRFERICIT, ETHTAAT 4T TIAI AT 4 T ENENDOEMRERIEOREE
Z{To0z,

T AAT 4 TIZHOWTIL, WIFAIR L L TRIBEARIR AN L, BICX Y @BE BRI 5
ZETCRHBEEZITO) 2T, HTAAT 470 H RuBX NPt BRBES D Z & MR STz,
IRIERFRIL 30 2 Th -7,




BT -1l BREHSAAT4TF

TILI AT 4 TICOWTIE, AT 4 7T HEBIZDLC BAFE L, WROBREZYET D01
REIR DD Z Lnh, AIERE LTT VI AT 4 72T L, DLC gl s b =
EC, BRI ORI K o 72, FORIBMERE L TR EER L, SRR nis2 L
THEHRIBEZAT - 7o, RIERFIIIA L5 R CTh o7z, HBEROT VI AT 4 7T ORI % fH5)
XRFIZTHELTEZ A, RuBLO Pt A S o7c/ow, FIBEICEE) LTz &l L
77

BFE 11-12 BREPFILIATAT
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HF -3 BBERTFILIATAT

(€) REBBRHABRDORE
FRCB RS ORERE R Z b LT, TAIAT 4 T xR L RBRERR & F2h LT, Wi
WITRRIE S VAIR & . RIS 2 LT,

BE 11114 FILIAT4 7EREBRBABRESBREH
GO | BV T Ur—27 A KT 7k

WIRO | BIRA TR

RE @ | B ALK 2 RERE

¥ @D | 100 ¥

i@ | BRWfRT ) 7 VRRAE
BIRQ | FERIR

RE@ | BA A 1 RERH]
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H& -5 BBRTFILI AT+ 7 (EBRESHEBE®)

kS

Yk . B

2) kR

HITARAT AT TIVIAT 4 TIZONWT, TNENEEMR, RKEEMIZ K D KRB 5
ZEEPL T,

HITAAT 4 T7HORUBIOPtEHAE (1HHZV) X, FAREMRZORER L OEET O
RubBLUOPtZzEEGHELEME (DE¥+2) ML TWs, Oxnfke L, BIEAREEZE
fRWR & LT iR fifte DR K OWMEHT O RuB L O Pt 2 E&AH Lcli4 01L& LTERER
DFIBER AR LT,



HE 11-17 KRERBRITER (HSAAT47F)

PR alia At
o P P GHE I mg
i ARE g | EARImE e o)
Ru Pt Ru Pt Ru Pt
VN 0.37 |0.32 |042 |ND. |0.79 |0.32
(100) | (100)
FRIR BV 0.11 0.29 |[057 |ND. |0.68 |0.29
(86) (91)

TAIAFATHO RuB LGP OGHE (LHCH0) 1E, UM (RGOS
ROV O Ru 5 80Pt 2 ERAT LRI (QLT5) ML TS, Q&ML L,
IR AT A AR & L= AR O TRHE S - DA O Ru 3 & R Pt % B A L 74004 53
b LCRNENOMEERE S LT

E7o @B L. BEASIA ARIE L LIo VAR OBES K OV O Ru #5 K0Pt 27
RO LRI 2 5y 7 & LTI E N0 MBEE & 5 Lz

% 11118 KBEESHBRITHER (FILSATA7)

BSiR PRI At
o P P GHE I mg
itk SZH & /mg aZH & /mg HEEEE [ o)
Ru Pt Ru Pt Ru Pt
e (BB 1.16 |0.67 |0.46 |0.03 1.62 | 0.69
(100) | (100)
FRIR VAR 0.46 |0.49 |[0.70 |0.06 1.16 |0.55
(72) (80)
WRVAIR 1.02 [055 [042 [0.07 |1.44 |0.62
(89) (90)

Fo, BEHEES N7 AHMICH L, X (XRF) BEXOEEMT (RvFE) LiokER
LTI RT, RPOEBIZEAL Cid, V7 AREBEOEBEEINT-BEZR LTS, PO RuB X
Pt OEREIL, BALELL ORI KO (i) ~ICP g8z W Totr L Tunb,
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B& 1-19 HSAAT4T7 X8I - EESHHER

SHEAE IcP | XRF (B e iR EE)

B {sF wt%

TE B Si02 AI203  [Na20 K20 Ca0 Z2r02 Ti02 MgO
R <0,01 68.19 16.12 10.12 0.73|N.D. 4.48|N.D. N.D
#%:FEB <001 67.27 16.86 12.05 0.46 2.18|N.D. N.D. 0.97
BEHE <001 66.57 16.64 12.38 1.04 2.24|N.D. N.D. 0.87
EE <0,01 66.77 16.6 10.93 1.23 1.63 1.45|N.D. 0.55
BE <001 61.22 23.18 6.92 473 0.18 0.82 0.93 1.73
ER <0,01 67.89 16 10.54 0.73|N.D. 4.78|N.D. N.D

2.1.3. BR/IIIWRIZKDFEE
1) REBA*E
BRIV AL D HBETIX, KEWZ HD AT 4 7T OFLRE ORI E 2, AT 4 7 OFEE D
HOFBEERIT LT, £70, HEEEROSIIIMEREZ TR IMTHZ LKV EBLE, *
7o, HIBEEAECEIURER S WE, BT K DBl R OMFT bIT o7,
%mmu%_omfi ey = Ea =R ﬁ@#%ﬁk%ﬁk%%%ﬁ’ﬁ&#%é@z#~
WCE VO FEM LTz, M EEEES L BTG 0EMEEIL, BELORBEmEN NS <, &
FREEARNT 1 C O BRI AENBE S, T %T%?T@ﬁ% WHT S, £72, EMLiEE
W& B2 A1, LR ORBEmFEA K E <. B3R OSE. BEER COHBENEE
S, HITAAT 47 TORBRICHEA LT,

B 11-20 BER/VLAREBRIERXE
s BB EHUIESEE o B EHRUTEIHES

AR BAR E
Pt, RU/E Pt, ke ——
it g*j::;;:::jyx
R Q R ftipase BMibugy

o, BEIIKFRORHPICTER Lz, KPP THEEZITOFRE LT, 221 K0 HEEN
BWZ LI K DEEE O K], ZRRBROER] BRI oD, —FH, [T TOREOH R
& LT THUMEBEDER, [T v 20 " onsd, UTF, TAIATT . A
TARAT 4 T ZNENORBRIFIECOWTER LTz,

(1) PIVZATAT
TNVIAT 4T OBESKSIVAZL D HBECB WL, FEERBICLDKEEZITo7-, FEE
B IIE =R — T O/ A FEBRDAEE T, £ 100Hz £ TOBMBFIIND AIREToH 5 & 9 K
Z RO,
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Bk 1124 FILS AT 7HERER (ER/ULR) (THETEERS

BF 11-l25 FIIS AT T7HEEEHE (ER/VULR)

a T U —RE 12.15uF
FInEE £ 10.8. 21.6kV
75 1. 2mm/sec
AN JE 1 50Hz

EAR - BRI ¥ 1lmm

(2) HIRAAT4T

HIAAT 4TI L TET NI AT 47 L REREEERRE CORELFER LTz, £, 17
AAT 4 7 COHRBERBR T, MERICEE—E LT D504 L EEL L T 5504 THERE,
FIFEm AL, =2 F—FOK AT > 72, MEIFKTICTHRENEZ 670 < D ETEML
7o

BRIZOWTE, RITORET T AAT 4 T OWNIE T VI TEY, ThENE 7 T2 7 EMm
THH LT b DA Lz, IREDOA A =D& ME 1126, XFE 1127 127" T, £72. ZNHDIE
B AR U7 HBESt 2 MR 11-28 12”7,
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BE 1I-27 HIRAA T« THEHAR (BER/ULR) [2ETHBaREEHEE

FmX

— OS> TEMm

PIL=(")

HDD
JIL=(+)

BF 11128 AS5RAAT 4 7RIBEEHE (ER/VULR)

a VT U — KR 0.1pF
EIIEEES 3.5~28.8kV
EIIESGs 1Hz (BE—ER)

20Hz (FBHEZA{bF)
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B& 1129 HSRAAT« 7HEEEE (BEXLEH) (BR/ILR)

ENANERIE o
BE—E
28.8 kV
BEZIL
3.5 KV [rm—
[@] %%

F 7o (FRIEEEE CO I SERIIIN 2 | GBI & g U TR R L X —CTOREN AHE T,
INOF ROV AFEN FIHEZ: Blumlein IR CTOME LTV, HERIE. FI8EmAES O ik
ITo7,

BJ%#%& 11-30 Blumlein EiREZEE
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BI%& 11-32 Blumlein EJEE}%H#G)E#‘M;!

2) oHhkER
(1) PILZATAT
ifﬁ#’ THKEEEMLT-L 25, BREEL SV RAEORBICEVKENRZ 52V &
BENT, ZIUTENEEAKOWEEEEICE > TR o272 Ll S, kb T
@%%%w_ﬁffi%@—ﬁﬂﬁﬁ%@%m%b<iﬂwz%&U B S OB R LT L
ZHND,
HHTOMBENEZ 52207120, MENEZ 0 RTWKT CORBIEREIT-7-L 5,
JR H/HDD HE COREEAE COMBNEZ Y, FRETITEREN R b o T, R4
FIEE D ERI AT TR R E RIS LER H 5,

M 11-l33 KB TORSIKEBRER (FILIATAT)

OIS 10.8 kV 21.6 kV
BE5RE ' '

1 mm/sec

(50 HzER D)

2 mm/sec

(50 HzER D)

i A
PO S ]

(2) HSRAT4TF
F9., GELEER CEE-TEREDOL EREEITo R EXE 11-34, XFE 11-35 12777, &
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JEAMEVWIE ETE R 2% < . HUINEEAmWIE ERBEmEARE <25 2 <‘:75>Eﬁmhéﬂfco ES
7z, HIINEE 18KV it THIBEEIE D2/ NS e > TRV | ERHE 2RO EHEE
EWJD LD 18KV IRE TH D Z & MR SN D, 723 FIBEE AT >V TIXE& ATV 7 k Image
ICE VLT OFIETHM L,

O EBROEY A

@ Eﬁ%@@f\@’ﬁ?ﬁ

@ RERMMEZzBE REMHE135, BEU E2RETD)

@ pixel 3}&%7‘1‘7/ ML, ez

Bk 11-134 BE—EBFHETOHMBR (HSRAAT47)

e ‘, T I QL ALULA ALty pA R RA T ITYTITEEFETORRYARTIRE L0t
( H ] QL M | 5I UL i !‘; | lg | ‘10\ | T"] H'!TT' \51 I [ L | ]9 | |\°\ | I LT |ll|t]!HH\III!LIHI]HII]\(\]HI]HII‘

ENONEE 3 5 kV 7.2kV 10.8 kV 14.4 kV
EmpnEigy 77 9] 63 [a] 64 [g] 56 [g]
FBtEiERES 13.35% 31.85% 44.84% 55.89%

L A 00 010
L M T - [T

8

FINEE 18.0kV 21.6 kV 25.2 kV 28.8 kV
EppnEizk 53 (o] 51 [o] 56 [oO] 51 [o]
mtmEse 68.17% 69.20% 73.62% 75.77%
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Exfoliating area ratio [%]
= N w B a1 D
o o o o o o

(@)

EE& 1-35 BE—EELETORMERD (HSRXAT47)

10 15

20 25

Applied voltage [kV]

K% 11-36 BEE—FEFH/EEZTLEFHLEER

HH BIE—ERME BIEE bR
FIFE AR A 75.95% 79.77%
G 51 [A] 7t 270 [A]
FEE T R F — 652.8J 630.2J

Hx 1137 BE—EFH/EEELEHLBERERO

BE—ERA

BEZ(LEH

30

WIS, FBE—ERM & BELCRMDIBOITRIR 27T, BEZERMTO T S HBER S &
Mg, TRVF—PFPRN D EARIE ST,

BT, FEIEFE E Blumlein BEJRIC & 2 FIBEO ekl K2 ~d, FIBE@EIC O W TR E
RFET BN o 7253, Blumlein EEJRIZB W TIIHE = p L X —03 D72 < K0 Zh=REY 72 B
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i&:’? & T T&)é kﬁﬁmuéﬂf:o

B% 11-38 fEE|BEM/Blumlein BRLEIEE

HH % 3 E R Blumlein
FIEE r A S 66.5% 62.1%
B 1.78x10*V 2.4x10*V
FeEES) 316.8 J/s 316.2 J/s
i EEREH 54.3 s 16.2 s
THE T R LF— 17202 J 5122 J

% 11-39 fEEEER/Blumlein BIRLLEZEREO
4‘IE'§'I_IE|E5‘ Blumlein

[T R T IR

F 72, Blumlein FEJR TOHFBEIZ I W TIX, IBEIZEEMD AT 47 (3F) Za&iE L7-5MHC
BOTH —HERE LR & Rk i’%ﬁéﬂé bR SN,

B3 11-40 Blumlein KRB D EE
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BFE 1I-41  Blumlein EEMRRERORBELR A T4 7

214, RIFERF LY - EXEICAT-BRE - WEE

HD A7 4 T OREERIZLDHBETIZ, TAIAT AT HITARXT 4 T ENENUTD
W TCIRIRSA: 2 RS AE L7218 . KIFBCHIBESZAE (2800 %) DEMEIZ LV, RN AT 4 75 Ru
ZHEET D Z ENARETH D LR S L,

BRIV AICE L TR, TV AT 4 TSk L CIEIR B/HDD A CORBIENE TOMEIN L
20, PRETITERES R ONRD T2 b DD, ﬁ72%747’ﬂbfi$ﬁﬂwzcié
Ru HIBEAITZ 5 Z L3RR S 4T, F7o, HBESRIFIC OV TR, BE—ESRIF LI L TE
(BT & B FIBEDS FIBEEAE, TET R X —OBLE LR RFBENTTRETH D Z L. £72
HFEE LA & Blumlein SR g U, #EEmAEIIRKEZ < ED L7220 0O, Blumlein EJR T
HE = XL F =D 7 SRR FBENR WTRE T H 5 Z L R S Tz,

FERICET 2 EE LT, T TIEA 7 —AT v AT 2R EO S B RO AR O H B8k
DEBANFET BN DH, BRI, REEMIZI T DRI, X VULV A O BEEE R
Koonsd, EXoVUVAOBHEIEEMICE L TiX, BT ARXT ¢ THEICERE S - B b
RS, FULTEM S REMRE CHREEZRESTEHETHIAAT 47 LOGBELFEET 516
BofiArmitsnsd,

Z O, FIEEY ORESTER LORERT A B ANIZEIT 72 Ru OERIGICERBEN R 508, fitk
DWW T A e B BRI CRHUG FIRE Td ¥ | IWIRAKIZ DWW IR ANESR 722 & O¥HEBEAF OB
i CxHGAREE B 2 DD,
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BE 11-42 BR/VLAEBMEICRITI-ARSE

2,000mmigE

2.2. B, DD Ru BT ORETE

2.2.1. BiTHE - EIME
HD A5 4 72250 Ru #EEIZ#E ] L7-ER SV AFEZEBMm S OFEEICE A L, Ru [BUL AT

BEM: B OVhRIMEIZ DUV CTRREE L 7=,

222, HEAx
BRGNS OFBEIC B CIE, [}XFE 11743, [ME 11-44 [RTHIR OB L. iE S-SR

SIEMm A BE) S TRAET DERBELMAE LT, /o, MEMZEE L, KEICHWD a7
Y —RREEELSE, BRUEOLKEZIT 7o, FEERORMFITRE 11-45 1ITRT,

BIR 11-43 REEHSORIBICE TS5 EE
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HZE 11-44 REEH S OFIEICE+HEEQ

Rl

BF® 11-45 HREED o OFIBEEE

AT U —RE 1.2uF
FInE+E # 9kV
EIIESGs 500Hz, 100,000 [=]

EAm - R IR # 0.5mm

PRI A K& 11-46, M I1-47 (TR EBRIC A L THRBEREUT 21T, MERm AT
RIENC R T 5 RBRR L OBGEEZAT - 7o, RIBESRIFILXE 11-48 (2”7,

EE I-46 EREES SOHRIZH T SBIE
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HE 11-47 #WREEL SOFIEIZE 1+ HEEHQ

Rl

TiEE A

BifE

B

K% 11-48 #KEE, S ORIRESEH

AT U —RE 1.2uF
FInE+E # TkV
EIIESGs 500Hz, 100,000 [=]

EAm - R IR # 0.5mm

2.23. HWHER

BB O I B4 X 11-49, [{ME T1-50 (2R, BROBENCA Y THkE O BT ) E
GLTRLNE, F. av T o P —REICEAHBERZ R L. arF o —REN L
BA . BRESKIV L BHERSN,

EX 11149 RREHBOHHEERD

m IJ.I ”“"."_'” '”J," | ','L' ! |',_” |_‘”'|'”,' T Tr Ty
EERATER EERIS R
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B% 1-150 RREBBOMEERO

ES S EERILER

EANZAE : 50% (#9712 kV)

ERANSEAE : 70% ($99 kV
A2F2Y—8E 100 nF j>$>ﬁ—é%:m%F

e T MR FERR O FIBERS R 2 XK T1-61 (g, #REMmO R TIERRBED HERR S 728,
MIHE TIEH £ 0 REEDHEGE TE o Tz,

@i II 51 ﬁ’lﬁﬁ*ﬂbiﬂﬁﬁﬁ%
hMmMMMmMMMmMMMMM

22.4. EIHERF L O - BREICMIT-ERE - ®EEK

AREFEZ LY HD A7 ¢ 7225 ® Ru HBEICEEH] L7 BV AFESEMA D 0O Ru HIBEIZ
LEAAHETH D 2 & R STz, TERERIFOFIEE L el U<, FIEECE L CREB LOER
I K DEER OB E LB L L, KB KO kL X — %2 KREICHE L TV edy, KFEORKRT
TV — DR TR 5 2 E N TEX 5D T, EBAMEA R T RREMED e &z,
AREFETITRIBER DR o &2 i L7223, HIBEY o DB ETHED ® 5 0irEz 15
HTENTE f£75>o7‘:o FEAITHT T Ru OFIBEEZ EfEIC O T 272100 ORAGER 217 5
VEND D, ZDTHOIZ, RFEFEIZTINM LIZIER T 1 M TORIBEL 5720, A7 —v
A mftkiﬂﬁmfnﬁwﬁﬁ% DTV LERD D,
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2.3. R—X bH o OMBRERTOIREE

2.3.1. HEHE - EIHME

N=2 MI—TEREU EOMZEREL TN ZENG, VA 7T 5EIChZ2EaH L H5
EHPEEFEIEN S ORI RIEOMIGYC L0, VYA 7 ax hogne ) 4 7 LAk
FEENBRESINTWZ, 207D, VA ZIVORTLE E LT $BREEMTNRD Tz,
HANEADBRETENIE, BEFD Ru BRI TRAIEH T2 2 & T—Z MY Yo 7 V% IR
ATH ZEBNAREL 72D, SABREBIISARBTT O n v ARG T 5 Z LIk 0, o FERL
EERBREBIT - THRAET DHET A - YKOBWEIELBZ R FHITITH) 2N TE S, BEL 2 HKH
JE Ru o Pb ffiid, RubsBlT A COMBNKEL L7250 1%L F &35,

2.3.2. HEBRAE
1) HEBRY2TL
AHBRTHWAR—RA MU TIVERBOBETHY . TONBEZEZRE 1152 ITFRT, ERICE
IBER L3 ICRTHOMEBRZANTEEINET21-DT, TODHEE
R 11-54, B II-55.

AET—2RuRT)

3e+004 ‘

2e+004

4P (cps)

1e+004 ‘|

1 |
[ | |
|11/ (]! I | | ‘
| ;‘:‘\'\ I il‘ i i i Iy \ . A il I ' N
N / \ A \
Oemoo-wwwwﬂ’ Stvmmett W\adu‘fw [ L L W LW | VO D E
] Niobium Ruthenium (0.02/0.98), (Nb0.024 Ru0.976), 105226

Lead Niobium Oxide (1.45/2/6.52), Pb1.45 Nb2 06.26, 202746

L L
Zeolite, Si 02, 170528

[ ||‘| L “I 4 L OV Y WO IO | N Lkl
20 40 60 80

26 (deg)

X II-56, X II-57 (27,
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ERIER
REST

ERIER
RESHT

H& 1152 R—X FIEEE

B% 1-53 SHEE
NWAE r—h— wiE
T7ILAH) EifiE-1CP  ThermoFisherScientific iCAP7400
RN

X#R[EIHT By HY MiniFlex600
SEM-EDS HAEFH JSM-6360LA
Bz 1I-554 R—X FES [Bif : %]

Ru Pb Ti Cr Bi Ag Pd Si
28 25 24 4.2 1.0 4.1 2.5 -
21 10 - — - — 1.1 17
Nb Ca Fe Al Cu In Ta Kn

334 08 05 07 05 05 08 37
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B (cps)

EF 11-55 XRBITICK BHR—X FREERTHRE

3e+004

2e+004

1e+004

HMET—2RURT)

|

1 | 1 i
h 1

| | I I!n i I ( | w",
by ot i) A A [ \ J\ J\
\-..'J..,)'\#‘.I\w [ v Www'"w’\u)l [ RSP o T U S L
Niobium Ruthenium (0.02/0.98), (Nb0.024 Ru.976), 105226

Lead Miobium Oxide (1.45/2/6.52), Pb1.45 Nb2 06.26, 202746

L L
Zeolite, Si 02, 170528

- ‘|l| L “I n d TR D P Y " L
20 40 60 80

26 (deg)
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B%*E 1-156 _R—X kO SEM BEE

B 1157 ~_*—X kO SEM-EDS S #ifgR

BHEY

( 0 Al Si S Ca In Nb Ru Pb &5t
001 68. b3 31.47 100. 00
002 271471 1.94| 22.82 1.99 | 3.03| 2.39 15.93 | 24.43 {100. 00
003 | 2.64 | 33.99 22.24 1.1 6.02] 21.99 | 12.01 (100. 00
004 | 39.35| 40.35 9 84 1046 100. 00
005 | 4.48| 42.10| 0.39 ]| 36.42 0. 81 15.79 100. 00
006 | 4.86| 45.79| 0.38| 37.00 11.97 100. 00
007 | 37.78 | 36.88 | 0.34| 9.03 1.26 8.56 | 6.15(100.00
008 | 13.21 | 34.97| 0.49 | 22.61 5.08 | 23.63 100. 00
009 48.93 | 1.b55| 49.52 100. 00

F9. TN YRR —ICP B airic kv, ~—X FDOEKSSIT Ru, Pb, Si THH, £
NEN., 21%., 10%., 17% 5/ SN TWDH Z EMRfER S Lz, £, Nb A BBFELTEY ., 3.4%
Tholz, FAMEFRIZH 7= Ti, Cr, Bi, Ag IR I 2o T-,

WA X BRIETIC K D TEREfEAT OFE R, ER7E Ru & Nb O&4&TH Y, T oMz by
T LA, AT, BATA NBFEELTND I &R I,
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%72, SEM-EDS TOHRIZ LY ~2—2 MIITkix KR E & - RO~ 7ok DL AN IR
FELTWD Z LB STz,

ZIDDOSHTRER & FATE SR A B E L, ARRBR I3 REAe Tk L EERRIAREE D 2 DR RETT
HZ kb LT,

F7, HAGELBIR LB & LTI, FAMFRICH -7 Cr ~DXHRTHD, Cr &AW
R CHEE L7250, YOKE TRA~FEWME TH D 6 i Cr NHAT D AlREMENH 548, —i%
1 72 BRI O P AL TRRIZIL 6 i Cr 2B LB T D 72D DOFAF R 2N 3%V, £Z T Cr
ZEER S U CHBERTRE e FIEEARETT 52 & & Lz,

WIS, EREBRTAMRE 28R U728 & U<, Ru 2MEMUSAORRICER TH D = & R OBRELS
LN THD Pb NHRE CHEGICIHEMTE D0 TH D, £12. SR ZEIRERT 2 LB e
<, BN F OB T o A THhHZ & bHEBO—2THD,

2) RBRAE

(1) EZXHEE
HRRSIEIIIATOESBEDOERICHOND HIETH D, MRS ED 7 0 —%2XF I1-58
R T,

HF*11-58 BEXHEEI0—

e i ™

Ru. Pb, Si, A §280

L&_A_L_ﬂ'>——+-ﬁuﬁ =T g —s EH

BN [Ru. Pb. Ag] T

[Si %) l l —?&
B 254 Bieda .

§8[Pb] [si %) ] Y~ Ru&Pod

£ [Ag] p S AT

@O FBHZEA, ZoHL fa. AL, TOREMEFIZI VBT 5,

Q@ MRILTZEEMIILEICIVESBEZEA LB THLENE T AED X

TGS N D, AT T MBI OBEL . BBl ¥ 2 —~Ur (K
M) IZFRETHFIZL Y KRS 5,

@ ERENTIRRIFIZ TER A D E 72133 = — VLRI S H, F 2 —~L RICES
BE A LIRS,

ARBRICBNTE, FTX—AFDOERTO—2OTHDHSiHAT 7L LTHEEL, Ru, Pb %

ERENCIRMET D, T D%, Pb ZJKREX CTRRETHZ LICTLD, RuzBhIIZET V) 7a—L
725,
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B% 1-59 RELBHEDES

EE 1-60 EAMDIER
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E& 11-61 $EIERST DR
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E& 11-63 KW=

B& 11-64 &RH

(2) EEBBRE
EHERRTAMRLE L 13, @REORTER~OBMEDOZELFIMA L, BE 25 Ru 29T
PICERIH GRS T 5 Pb & Med A TR 2 715 Th 5. ARBRCHV BRI, Bl
FE. BRRE. WHRETH D,
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2.3.3. SR
1) EXEH&E

(1) BHFFOEEVOBRE

FPIXEVEREIZ 15 B 72 OISR BAIE O RE RIS O 2 Eii Lo, BUVERENNE S
T E 5 D 3ERanE R (2841g) & 2T Z4MBL (B0 %) THIMT L=, f5 R4 K% 11-65 (TR T,
ENEN DB SR I3/ N & 3.0g TR L 72K T 0 | SBIEIC—ELL EOBITAINBER = L AR
SNiz, BRI E LCTAT VS IREBIXBIFCh o 12,

B 11-65 $RENTEFHHBR[BAL : 9]

No. k& PbO Na2CO3 Si02 Na2B207 /J\%% fhens AT
GEITAl)
1 0.5000 80 40 12 20 3.0 38.5 O
2 0.5000 80 40 12 20 2.0 27.8 O
3 0.5000 80 40 12 20 1.0 15.8 O
4 0.5000 110 50 15 30 3.0 37.4 O
5 0.5000 110 50 15 30 2.0 26.1 O
6 0.5000 110 50 15 30 1.0 14.5 O
7 0.5000 80 40 15 35 3.0 33.9 O
8 0.5000 80 40 15 35 2.0 24.5 O
9 0.5000 80 40 15 35 1.0 14.4 O

(2) HRREEHDOHRE

WIT, BN DIKRE BA Z BT D720, DR L 20y 128080 %& AV T 2508k
L7z,

JRIREZBDHF 2 — VBl LTm & T A AR RO BEABINIAE L T, ZOMT2X#E
11-66 (277, ZOREHEZRET 5720, X #HEHT RO SEM-EDS CIAEMT & K52 %
ML7=EZ A, BEHPLT =T AN THD Z E LWKRXIZE > T Pb BERETETHRN
ZEDHER S LT, X AREHTIC L D TERERRIT OFER 2 K& 11-67 |2, SEM-EDS 12 L % K Hifl42
fER A XK 10-68, X 11-69 IZ/RT,
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A (ops)

E& 11-66 RIREHLOREHR

X 11-67 XBEWMICIIREBRBEETER

1.0e+005+

5.0e+004-

0.0e+000,

| ) Jli AJLA

BET SRR TR )

* )

L N
Lead Ruthenium Oxide (2/2/6.5). Pb2 RuZ 06.5. 49531

20 40

34
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H%* 1-68 REHRD SEMEE

B 11-69 REBLD SEM-EDS HFH#ER

BEY

0 S As Ru Pb &t
001 9.97| 7.40| 0.52 82.10 |100. 00
002 | 10.00| 7.82 82.17 |100. 00
003 | 8.37| 4.64| 0.22| 24.90 | 61.88 |100.00
004 | 6.61 4. 71 28.00 | 60.68 [100.00
005 | 8.31 4. 81 28.74 | 58.14 {100. 00
006 1.86 | 7.09 91.05 |100. 00
007 | 5.17| 7.84 86.99 |100. 00
008 | 3.25| 5.13 26.98 | 64.64 [100.00
009 | 12.89 | 4. 32 27.46 | 55.33 [100.00

(3) BMFIFOESMOERE

INETORER LV SREIDOIESRIIZ BRI CTH T2, VT =0 AESADAERT D Z E N BIK
REIZLDINDOHECEIEN H D Z & PR SN, &2 TAT =7 LSO AR Z B3 5 72
DITERRIDN AL LT WSR2 5 2 & & Lz, XFE I1-70 ICROTINE 22k S8 7= ¢ndn
TERGRBRRE R 2. XFR 1T-71, X T-72 [Z8R2 R0 L CTHERL L 728081 No.1, 9 DIKRE % D5
HA7T, Nol~9 OBMENZIKIRE LN TOMTRAMMNER L, R L THRFRNE
R L THIRR SRIEBOBGEIXT TE R o7z,
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Z
e

0 3 O O A W N R

B%& 1I-70 $RAMEER
#AEE PbO  Na2C03 SiO2 Na2B207 /MNEF e Ag IRINE

(ZITAl)
0.1000 80 40 12 20 3.0 37.0 20
0.1000 80 40 12 20 3.0 38.4 40
0.1000 80 40 12 20 3.0 36.9 60
0.1000 80 40 12 20 3.0 36.7 80
0.1000 80 40 12 20 3.0 36.8 100
0.1000 80 40 12 20 3.0 39.6 150
0.1000 80 40 12 20 3.0 39.9 200
0.1000 80 40 12 20 3.0 38.3- 300
39.7
0.1000 80 40 12 20 3.0 41.2 400

E% 11-71 ﬁ%hué‘ﬁﬁl:ﬁﬁélﬁ&%%@%@.ﬁ (No1l)
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& 11-72 ﬁ%hné‘ﬁﬁﬁlﬂ;‘ﬁéﬁﬂk%&@%@ﬁ (No9)

‘

(4) RSN EEAERER
INETO—HEHORBRIZEY | BWSHENIAE LN BKKR XL 280 mBfc RN H 5 Z &
DR ST, & 2 CTIRRE DR L U CHRENZBRIAIE T 5 Z & THBREDN AR 21T - 72,
RIZ_R—Z MHIZ Cr BFIELT2HA T, Cr TERIFICA 7 7 ~BIT T2 L B2 6 b 720,
ERENDERVEM I IHEKMIRIZ BT 2 &1 70 < 72 D, ShEN%E 2 EAEEE CIEMR L. JEIEIC X 0 Vi
PR & VTR % Sy B . BSFRARIE D Ru, Pb IREZ o LT, SMBR Y m— & Z DR ZXF 11-73
[t N

E& 11-73 ShENEEEARRER

A=A b 308 —» iERFE —> fatn — ,
|
Ru 21% l L | wociss |1 R 00
Pb 104 i ! (4= =E 103%)
239 : l ' Pb O1NLLT
: BRI i '
: [Pb] i

BT BIALER L B ERYSRIC X 0 . Ru A8f7 99.2%. Pb /ifi7 0.1%LL F D Ru iBH a2 155 = &
NTE7, £72, RulllEFEIT 103% TH 70, HRRZEIC K D IEED 100%#E L 7> TLE-T=
D, ZOZEMDBRuBEANTEA LN L LRI,

2) EEREERE
(1) WEkE
BRI EEIC L DMRELRETT 212H 720 . T 13 b — RN ZRE5EE T H 2 e TLERS
L ik AR L, LT v—2XE 1174 17T,
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BE 11-74 BEEIO—

BE BE 7 o E= L
g EAeR miREaE
,{_2 '.., e 3300{: lﬂﬁ = f"—# — 120‘0C IUH E— RU ﬁﬁm
[Ru, Pb] B 5l [Rul
fRRR
A [Pb]

FI. RX—R N EHEE TS 5 Z & THBERIC AR AN A bRE L, Pb Zhiisth & 95, K
(IS 2 MR T B = LA THRIRT 5 Z & T Pb SBRESNT Ru IREME/{L. W) ik
ERRe LT, TR E 520 L 72 2 nPREFRDK 50% & K- 77z, RIEDFHRE~DISHIZ
PRIEE &l U 7o BREBMEWVEIR & L TR, ~—A D Ru, SIS EE LD EE R
HAL. WIT Pb LAIFFIC S bERETE 2 FEELRFI LT,

(2) BhE&IR

N—Z MDD Si & Pb ZBREARERER L L CIXIRBA B X DD, BEEIT Si 2T 25 L4k
AL AKEBE L 720 . AU RSO BM TIRICBWCEMRKRE L TSR WD TH D, o
TV, ZOMOAERS DB L RETT 2 0BT H 503, Pb OREIBL/KRREAMIR TN RSO E
FRIICHET 5 Z EBATRELE B2 LD,

N—Z MRl CURE L, TR K EIRIRIE & SRR & oy E . TAREFRIE O Ru, Pb RE%
SHT LTz, REBRT7 o— L FORERZXFE 11-75 1ITRT,

H%F 11-75 HEEZEIO—
BE

l

A—ZF 0.5z ——» mEEg Ru @i 0.20g

Ru 21% 120° 10 4 Ru 54.6% (IR 104%)
Pb 10% l Pb 5.1%

o). 303

[Pb, Si]

Ru B4 @ Pb fbfild 5.1% & HEED 1%L FETHRETHZ LT TE oz, 2O LT
HERINEIEE T D Z ENEIR & & 2 b, IRICHERICERL 10 & D% 12 T Pb KON Si 232
TE DR LT,
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(3) FHER+THERIE

N—2Z MDD Si & Pb ZFREARE/AREE CTH 2 b BRICER L 1D H D hEE % N2 CTHLERS 2 Hik%
Fat L7z,

R— A~ Z IR L HEE CIARR L. TR L 0 IRARERIE & TR & oy BE, . TAFRFRIE D Ru. Pb
BEZ SN LTz, R T o— & 20 R 2 KE 11-76 (2777,

E%E1-76 HE-+HEEID—
HE. AR

!

A=A F 0.5g —p iR —— Ru B&EY¥ 0.15g

Ru 21% 120°C 10 4 Ru 72.8% (IRZE 106%)
Pb 104 l Pb 0. 1%5LF

BRI

[Pb. Si]

kK OVHIE CURIRT 2 Z L1280 . Ru dbfir 72.8%., Pb S 0.1%LL F > Ru ifEM %155 =
EMTE, E£o. RulltRiE 106% T o7z, DRI LV ILERDS 100%8 &> TLE-7
B, ZOZENPDRUBAPIFEAEANT &R INT,

ZOFEEL Cr 2 E5H T 5B SMIILHE AN REECILd 573, —BHET Ru & Pb O43BEN
AREE R DR TENTND EFZ b,

234, EIHERF LY - BREICAITERE - XK

=2 N ORBRERBR A AGSIEIC THEME Lz, X—AZ MHORUINbE DE4EH L IXHR
VT =0 AOFTHEELTEY , EBIU/ERIC X0 MENcgiET 5 2 LN T, e bing
JRREICTHREL LD ETD 0T =7 AERERHDVER LRuL PhO BN INEE L 7 > 72728, dhdns
fHlA CYEMiE 5 Z LI LV SpBRE ERUBMEDS FTRE & 720 . HAEDPbALML 1%L T DORuIRHMEY) 2 15 5
ZEMNTER, F72. RUMERIZI03%TH -T2,

A=A N OEEREAEE T, IR HINERTEIC X0 RIS EAPRE ERuBME NS TE . BIEDOPD
f 1%L F ORWRBHEM 21525 Z LN TE 72, F7o, RUlEIT106%TH -7z,

FHENADISHIZH 1o o IR G O (F1C Cr OFHE) (125 T T, BRIFIC L D&
BREKR R T 7B TR T 5 7 a2 b L IIBEEK OMEERIC X v EHEmEM 5 7 0
TAOEARBZZOND, EHLDOTrERATHSTH RuEMHEWIT Ru iR T A >~ AFEET
b, AT T OB TR R ISR T OBF 7 n B A2 EM L TLRT 52 L RE2 6D
D, FEEEOME AT 2 D DR H D, Flo, ARRERIL Ru OYEE K OERBR B DR
REAME LTERECThoTo7ow, FEE BB LI SFAMY O ETEN S % ORE L 725,

ZOMOFEE LT, R+ RO KEULIC O W TR 21T 9 LERH 5, 7k, KAL
Z EE U TR 2 2 s OB AR U7 fE R, BmE + MR LRI 5 1T & ATALER AT DWW T

(T Rulg Y72V ATMBEDOI A MTHY, Ru Hifli & Fle L THAICZMTH D, E7o, RufE
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b EREE ARER T2 BEF ORI T A ANTRAWRETH D Z L2 b, BRI [EI A]
RETHD LMW TE D,
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3. B HDD EUL— FHEKICH T =45
3.1. HDD BiSRE

FEIZT 728 HDD O RIULV— MaEFhamid ¢, ENIZEIT 5 HDD OpEitiid 2 30 L
77 F72. ENIZIRS T, #5250 HDD BN ATEEM:, [BIART v v M2 HOWNTH HiE T
A - A A S L7,

3.1.1. HDD OTHiGHE

2017HFIZ BT 2 55T o HDD HAT A5 AT L 4.9% 80 4 (% 308 Jif & 72> T 5,
HDD O#FEE L 2017 4ELARE &IV ME M 236t 0 T D L 2019 Fo2 R o AT E50E 3 (£ 6,500
TEETEDLT L L THESNTND (2016 FLIREF Y 4.4%08) . ENTHIZI1T 5 HDD OH
FIBEHIZOWTIE, 2014 FOIEME (3,300 HH) LTS TO MLy R 2019 £ TH)
2,600 T ERETHDH & FHISND™

R IC 31 D Highloo HDD i a8ia 45 & 2017 AREAC PC [ 28 11 5,580 &
T39%% D TibZ W, PCHIITONRIZT A2 ~ 7 PCRITMN 7,650 HH. /— K PC S
8 8,080 1 TH D, PCHITDRIZENDN, BEFAF—LRE[MH AT, ©F 4 La—& b
—F e —rvarEoaryva—<mlt (28%) THDH, 2 ya—<HITOWNRIT, ET 4L
— X1 3,803 &, BT AT —L0 2850 i Thd, PCHIT, 2 a—<fici\TT K
FUHMN 17910 A (19%), =7 742 (12%), =¥ —7 74X (6%) Efi<,

R 1I-77 F#&3 HDD HEF&8%=4e (HAHE)
BEAIHDDHE AT & #1 (%) [t R 5]

Z DAt 3%

IVA—TS54X,5%

P54 1 PCMEIIT, 39%

A{E308H &

TEALH, 19%
ava—<MH
[+, 23%

X JEITA TEAXGEEEEICET 2A®RSE 201747 A 21 H
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H% 1I-78 F#& A1) HDD F A G4

Fi& 8 241
.« TRYUMYTPC
39% | Pcrlt L TAZMT
R
%
19% TrEAUH * 4 1+HDD
e C i AR
Lz = (EET— ks BEH)

5% |xT>a—F54X . FAEUA—(KBE)

3.1.2. ERIZHIF 5B HDD DEIYLIRHR

EWIZHT 2F HDD DOEIL 7 B —{Z2W0W T, FHZHEDEZ W PC & a v v a—=mificon
THEHT 5,

1) B PC OEYVRR
EWNICET 5B PC ORI 7 v — OB % X% 11-79 (21, ENOER PC Pt H4k01% 2014
EHEAEM T 1,287 TE (D BFEEERN 427 TTH., FHERD 860 ) &7-o TV, EITHHM
(&) BEUEE, V—R « LU ZSER0RR - il k=2 —W%— PC A——, BIAH%E
ZER S TWA, [N E L7z PC BT LB - FEFEALERSEE O/ MBI TR - W 33
WZEIN S 4L, Va—2 0 BERb, @it Ao 3hd 2 eilks,

BRI TS PCIFFERT 364 UH (FEHPEHEED 28.3%) . ENY 2—Z2 I T\ 5%
PC 13280 its ([ 21.8%), ALy ST PCIE3s it (FA2.7%) Thod, £/, s+
i ST d PCIE 523 I (A 40.6%, U =— i@ & IR H OW#H %2 5Te) 12 15, BE
PC 75 @ HDD [EIUIZ A Tk, BRI LALERSER - pEFEILERSEH W EIR A D%t g & 3% PC,
BHEAS LC0D PCE A —7y MZT 2 Z EBREEN5,
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HF 11-79 BEARICHITSFEPCORNR7O—HE (HIEX 2014 EHRDEH)

. 5 - A
;EFJE-EFE[E 171 CX—EBIEBAEEEAN) ERY1—2 B BE
ZRA—Y—
280
E 3 171 .
INE — BERLAEEE. (5% HhHPC203)
o VJ é BEE-NBES FEREIIR L
o |
:5] v H y 5
% 384
H & Biak = ]
2 42
427
1287 PCA—H—
— (PC3REL) | INFAEE R
79/ HiEE
— v
% BRAt | 353
g @J 11— R B t
:Jn é 215
=R TR (&) ;
=4 g LAVt | — @f&iﬁgﬁ ;ﬁ;
&/ — SR
860 o 225 308
pAA 4 \4
v

2) BRNMEREBEOEYRR

ENIZB T 2 B/NIFEORI 7 1 —% XK 11-80 277, ENOFER/NMIGEDEH AT
2017 = FEHEE T 596,694t (9 HFEERM 575,875t FHFRN 20,819t) L/e->THY, EIZHIA
&, /NFERE. RHRSEICZER N SN TWDIER, FAMEBSIC I EREA TV D, B S
N/ INRZ BRI ERLB O/ NVUEE Y A 7 ARETES ., M EESICEI S, AT
. BERL, Va—2A&hbZ Licb,

PEFEMML BRSO EFETFIC IV ENTY Y41 7 L T D /NS XA C 229,022t
(FEMPEH B D 38.4%) . PEFEMALILER °HIAIREIZ K BTy STV 2 /MR BT
212,243t ([7] 35.6%) T#H D, FE/INUFEEN SO HDD B EGT Tk, 245 O/ ERIL
BH—Fy MITHZERRFI SN,
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E% 11-80 EAICEITHBE/NEREDOEIN T A—

ERROMEEE 54,583t
50, 463

D ARIR3I
50, 463t 19 37 %%
212, 243+

EAFH = .
IERE ZmErH

572 396t 240,440t

B2

(EMBES)
229,022+

25,042 ¢

@FRREIRS . -2

20,819 ¢ |

3.2. & HDD ERL— F&ET

FHEAICIANT T, 2RI HDD 24K LT HD A5 1« 7 2B T & 5 i 2 Fofipih s
(2BE HDD #5497 5 72D ORI A F— Afgat 2 % L7z, B& HDD ORI DWW TiE, EICE
NOFEIF B - FEFLFEE S ORI, ik HD 27 4 7 A —H— b OEULD 2 5
DN— NBFET B,

321 ERBERECLERSE - ERLEREDN SDOBE HDD Iilll)l

EWN OB - FEFALIES D HFE HDD # BT 5356, STV TER L
T A IERIFHE IEOEF 2 U 7 4 3RO 7280 HDD ALz J‘ﬂ%?“é%%%%éo HDD KLU %
K&T, P T, B O 3 BRI 2 Ik 2 B, XTI X D2 33 5 X b T
m@\m)%?47W@Mn@ﬁ%%ﬁ@ﬁ;ioTTATHbﬁWZ%i\%ﬁ?—&%ﬁf
T DEMIEED 3 87— N5,

Wy BRI AVEE A5 L 7235413, HDD O XM S i, HD A7 « 7 Opl el <ok B i
OEANEHELL RHBER DD, — . ROETUEIEIAT 4 7 O—HIZADBHL b ODZLDZE
FAZHEE Y, BKEE S HDD ~O/MENR G- 2 HivZe iz, [BIEO HD AT 1 7 5 O HEfE
BEANE S Thh b, RIFFEICHIT 2 ik, FE HDD [ IC Ru MBS 2 @M+ 2 2
LERME L., WEREE SN TS HDD [ ZEICES4 &%,
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BEI1-81 Xxal)T4HWMEDI-6HD HDD LHE

ALER AP Ru HIBEH @~ D528
W PR s RBOF &IV T &TERD 3|« WLEEKIZHD AT « 7 ORAITH
BB O & FE i WeEiu, AT 4 7 OFBEIIL K Y
BRI 0 A A3 EE L
RV ALER o RHITIT K DWES % Ehi o WFEZITIHD AT 4 7 O—HERITN
MZEL DD, BV DEGIZE E
DI, AT 4 TG O HIEEH AT
1 FTREMEDS & 5
Té 5 A « HDD NOWR DA & Z5f% | « HDD IC/MEZ 5 2 202 AT
Fiz X > TETRH CFmICHE A T b O RIBEE T 23R S
X, FERT —F EHE

F72. PC3R MU PC A—H =5 PC Z[EI L TV IFERLALHEES - PEFRILBIER & 4

HF% 11-82 BERICNERE - EREAEREEIC K S HDD EIERE

R, BIV— MREHZ AT 72 BURO BRI DWW Toe 7Y 7
AT CUIE, FREIORT RS IT L L < ITEEAEE 21T > TV D &RV ALEEZEE - BEREULE
MFEN G DFE HDD BN % ST 5,

At A R L7, AL

HELE HDD [B ot TX o U T g xS
At o PCRFEH, b LIEIKRFEA—T—00DE | R0
X L7z PC &Rk
Bt o PCREH, b LLIIKRFEA—D—00E | RbITULHE
¥ L7z PC &Rk
C #t * PC3RRAbIEEW BYAIR, BERENSE | b
W L7 PC, Hr——% MK,
* HDD BR DB FE i
D #t: * PC3R #&H TMEMY L 72 PC Z fiRfA T VLB
o [\ U7/ MRS 2 iR AR
E #t o PCA—H— Wb, BENOLOBEULL | B
PC A
F 4t o PEHEEICEVEE L —T EOMR | BERE
(N
3.22. #BHNHBDEEHD A 7« 7EUR

WS OFE HDD [EICHOW TR, EIZHD A7 4 7 A= =6 OREEBUESMNL A T 4 7

20Ty TOEWNPRE SN D, WA HD AT 47 A=A =KD AT 4 THFD

e7 Y

A A I LT,
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% 11-83 BHNHD ATLTFTA—H—~DETYITHER

FEE HD A7 ¢ 7Heti&E |

At AR 12t o TAIERICOWTIXLME (XA 7 L—F)
(TWIHF 47 6t filik& THEHN
NIRRT 4T 6L) o T AEMRIZOWTIIIEA

B 4t AR 12t o T EMUTOWTIZAEMFE L, HD 7L
(TWIAT4T 6t XA & L CHRAI
W IANTT AT 6t) o BT RAERTOWTRI YA 7 (R

AH)

3.2.3. BEHDD EMRR F—LDEEE

ECPEE A A B 2 E 2 2B HDD D[Rl A - — A DOk G 2 X FK 11-84 (Z7-7,

FPWHNHD AT A T A—H—InODAF 4 7 227 5 FEIIZONWTIE, A—H—~DE T
VU TRERDOERI 126 DA T 47 (T A, TVI) BREASNTNDZ ERERTE, K
ERENART v VEfGT 5D, £lo. A7 7y FRIMEAFRGB LR LTI AIAT 47,
HITAAT 4T EHICRIFRIRIETH S Z LRGN D720, BOHBE TR & OEEEDOBL A
H5H AUy EBRHD, —FH, WAL LOEILE VD Z & Tk N m< b Z ENBES L, HD
AT 4T OREEZ EDO L IITHITRL T 0GR E L 22 D,

[EPN HDD [ EE (PR35 H 5o HDD EIICHSWT b, FE¥(KIC T Tid HDD A
ENfRRIEE OENMBER K ORRIHA 7y — VT v IR0 L5, £z, BIEAT > vy L& BT
t . EWNO PC A7 THDD400 & (A7 « 7 THI 800 JiH%) . & A &4 R 1E RuSkg (97E4fi 800
B ). Ptakg (GeffiFy 1400 HH) &, FEMIHT TUIENTFBREND RN EHEREE R D,
ZD=o, FEMIZAT TELE/L— R &2JEH L72BE HDD [BISRO Hivd Z &2/ 5,

EZ& -84 [EE HDD IR F—L£&kig

HODEHERR e
ST B [T
! = —_— H=PBDATAT || o AT, PR BRI RD
: I;li ﬁ'i : 295y 7 EIR ATAT R THEH
BEIL—FR) [ a4 HDDAT(7 =
: Hx =
2.0 RuNSAHONEEH
@‘ HDD#i% HDDAF4F KFK{ F M i
HDDﬂl g o ‘-‘ ] HDD A‘T FK: Furuya etal Co.,Ltd.
—ﬁ 4’ ﬁWﬁ llllllll%ll?
+ HDDEHEADH - BERAKREZE : . = - 2%
B R U5 BB IR FALI-HDDER IR R Ui L e PRI
&BHDDDHKAE ATAT DER : e

3.2.4. BEICRIT-FRE

HDD [FUICH T Tlx, ImFEAEESE L 72> TWAEBRIR 2 ORI R OB NS D L 7 b,
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FFIZ, ARIOEFEZB W TEICE S & 55 HDD (38Rt Sz fin Tid <, R Tk
gL L ITHABE SN/ THY, X2V T A ETOIY A7 2METHLEND D, F
IIARFEFED A — A TlX, HDD [FIUZE 2 CHDD #FN Lt X = U 7 ¢ %R 250 L7-t%., fi#
RHEH¥EFITT HDD OEEITH Z L2200, HltEx a7 4R Y —F Cilkaike LT
D=V ZATEIZE D FEICHHRFEAE L IBEO RS E K OFALFTEL PRI T 2 LER H
ol

X2 U T o5 RIZET T, HDD (HD A7 4 7) O RL—HE VT 1 V2T LADOWFE LMK
HaEnsd, HDD A—#—, HD A5 4 7 A—X»—IZM %, HDD D[alY - i# KB 585D e
EHELSMAFEEEN L=V EU T 4 AT LB LR THEEL, AT 47 Z LT TG
L7zDD) TRERT — ZEERIZ AT 720D [5EZTE I NS AN TN D D)
BT 21 HA~DT 7 2 AFEMEZ @D 5 Z & T, FHROFRA Y R T OIRRE & O3 AR O
BRSO D Z ERIR S NG, FELICHT X, hL—TE VT ¢ AT AMEEEIC
L BERITAZNY A7 ~ORME R OFRICHE T 232 FEBICOWTHRFI LTV Z ke
Lbivd,
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4. RREERUEFEET
4.1. LifeCycleAsessment

411, AIRVE) ROV FYDERA

P13 11-85 24 RIFE 35 CO2 HEH B xR % ~3, HDD FiE) 5 Ru o 7 1 74
A 7 NVOHRT, KEXOMRThH S [HDD k), TRkl [RfEl TR 7 v+ X &5l 4
& L7z, 7ed, THDD figfk] & Tl MifEl, Mgl cenzinuy v 2 ) 2% & Lz, [HDD
gtk ICEB VTR, AREIETITHEMAEEOH I TH D3, RX—RATF A > TiL HDD it n
M E Uiz, Fiz. ARFEECHRT 5 THBE] TR TSR] iclonTid, "—=2F 1L LT,
L2 [Ru ), M), ] & Uiz, 703, HDD J=, fi#kth HD A7 ¢ 7 Ok
TR AFARFEFELE RXR—AT A VTR TH D EHE L, CO2PEHEDHE HOFHMxI g4t & LT,
F/o. KT 5 CO2 PEHHEOREALE LT, #BiZD Rulkg H72 0 @ CO2 HEHi& L LT,

EZ 11-85 ARIFIZHT5 CO2 HiHE D xR EEH

R=2F12D
- | [y g 1e )
L — EECERD ry R -[ 72 il AR I

: 215

[

) zof |
E-H11Q) I
R L3 ) o
- TNE b wiceR)
o EEGES) b @k HEfRA PN
— :_ £ Z0tt
e TP DAV ER O
| _ .
| ORE > mEm > W :
| Ru-PEE& Y I Ruith &
I (RRE) PGM¥58! Pt &
| HSR | Z2545
. I | (H5z&%)
AREIQ I I
HSR ()
#5z277 > BRIULR ~|: I Ru th%
| Ru-PtEE - —QRiE#E > PGM sl —rl:
(A) I I Pt th &
| 1
I Ru ih &
H5ZHR) b —XkEE > PGM #8
@ : : Pt ih &
255
I 1™ diszasn
I - I
. - FILZ
FLSATA7 P R 1 Rutti £
© | Ru-P&iE > —RiEHE > PGMEH
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E%* 11-86 /A5 BE

VAT ) FEAR

o « HDD Ff#IRIZBEF O - BB A2 L= CO2 %
INT AT
Ry ET 1 ooy =:x

ARFFE « HDD fi#{KIC B @i E 2 H L 725 CO2 34 &

N=RATA © BRI DERAE L. BB BT HBRICH D CO2 PE R

(57 AXAT 4 T IBL SV A]
s BROUVAFIEICE DT T AAT 4 7S OFREWEH
Bt} OFIBER: O Ru, Pt A O —kig#E « PGM KRR
% CO2 HEH &
Ny 2 ) [(B#et 7 2]
s HWIAAT 4T %77 AR TUTLL Fe A Z W THE
£ LT A rE R IC%S CO2 HEH &
[TV AT ¢ 7 IR
« THIAT 4 T OREEM, FEEL O Ru - PtiRIEDO—K
BHE - PGM FERUZAR 5 CO2 PEHE

4.1.2. CO2 Hl@zhE
1) RHiEH
K 7av R8BI 5 CO2 BEHEDE LRI A R,

B 11-87 CO2 HFHHEEMBH (D& 1)

HH I HARHL
N—=2F A | BERREERICE D | o Ao/ HE X, HDD @ik F¥EE~oe 7Y
CO2 P& THRERICEE D& TBRW LR IE,
(HDD #LuEf & £ 830kg FF)

« HDD f#IRIZHEN BN X 40 2 &350 O SEEAS 4 57
IZE D HD A7 ¢ TEIUCHE S CO2 P &4 i,

« CO2 HEHMREI A AUE AP LR (2018 47)
0.455kg-CO2/kWh %,

ARFEFE HEhfiF R E A | o Mo HE 1%, HDD ki ~oe 7Y v
WD CO2 BEH & THRERIZHES X, 25.6kW & RIE,
(HDD /P & 830kg )
« HDD AR ENR S 40 2 4550 b 0 S8 HMIRS 14 47
IZE Y HD A7 ¢ 7EUUHE S CO2 Pt &4 F i,
« CO2 HEHREUI IO E /% HE IR 3 (2018 4F)
0.455kg-CO2/kWh %,
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R 1I-88 CO2 BFHEBHIRHL (VI FY 2)

HH I HARHL

R—=2T A E4EA, BEOR |« IPALCAStudy2013 I TRENTWS PGM @
3, ~ gy 126 ~ i L P S LB ~ K5 LE R O CO2 HEHIF AL (n P
5 CO2 HEHH & L) OfiE 30kg-CO2/kg Z 1

AR HIFEZFE S CO2 PRt
i
TG - WA EE S | o FEEERN LG ONBRAM AR, KA E,
CO2 HEHi& PRBHE & A
FERUZPES CO2 HEH
=

2) HEHER

FREOBHRMUZ LS TRE L7z CO2 HIBZNRIZOWTRT, AT U Z U 11T2O0nT, A%
% CHEGEE L= HDD H#ig(AdE @6 i1c & 5 HDD fi#{KicfE 5> CO2 HEH&IT 2,052kg-CO2/kg-
Ru & 720 BUHk HDD BRI ST Dk BeRiEE 4 L 7= 856 > CO2 Pk & 6,035kg-
CO2kgRu LV /h&L, REIEF ot AL D CO2 B R/ RSN, o, "7 FY
2122V TH, AFEETHEIELLETRICL D CO2 HEHEIT 1,320kg-CO2/kgRu (T ARAT 47T
[FER SV A) | 336kg-CO2/kgRu (F3fitii 7 2) | 1,866kg-CO2/kgRu (7 /v AT ¢ 7 IFR HTARE)
X, R—=AT A BT D CO2 PYEH & 30,000kg-CO2/kg-Ru LV /h&< 7280 ARIEFEEHIC X
% CO2 HIBZh AR R STz,

E%F 11-89 CO2HIEMIRELFER (N5 )D)

K=25120 EZT- - -

e . S ik GRED
L BGER) — B | mReRm 52 L .
— : £k zow 1 gg;fiﬂ%?o:yk R
AETFD 000000 e e e == ) g g-ru
T - ;-
| TERE T wzoRm)
— BEGER) > @G =L G
| =:
L - _E_ﬁ _____ ot 1 5 052kg-CO2/kg-Ru

KERALEE GRE) SOV TRA—RSAVEARIATTO RN AEFTH D LREL. CO2HHENHHDFHER RN ELT
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PGM
R
T

®z& 11-90

CO2 HIFIRELHBER (VY25 1Q)

T
| WmE > ®2E& > W :
I Ru-PtEEY I COZHEK'I:HE: o
| el 30,000kg-CO2/kg-Ru
: (R peMm #a |
: H52 :
_______________________ I
i - TP .
ASR (8
HSRAFAF o> BRILR { I co2ifitiE:
| Ru-PLREE > —RBHE - PGM #u : 1,320kg-CO2/kg-Ru
o .
Aoxmw e —xem > PGM s | CO2HFHH &
1 1 336kg-CO2/kg-Ru
L e e e e e o o o e e e o |
‘/ [J e e o - - o e o -
| =,
FAIATFAT > Bk CO2EEH E:

s I
{ TILE |
Ru-PURE »> —REME —> PGM #al !

|
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4.2. BEMEEE

AEiTiZ, HDD 7»5® Ru U H A 7 VEHEOFEM 2 T4 2 72D OFHHTE H & OFHEFEEIC
DWTHEHS 5, HDD 760 Ru U A 7 VFEEIZHOWTIL, HDD OfifR~HIBE - 12~ B

RlEcoTnt A LICFHMEEE #8895 (X% 11-91),

B& 1191 | IOLXRTELDFHEEBHME

HDDI=[Y HDDfi# A Rus| e I - iRk Sy RS Y
@HDDRIEEAXF @HDDE&EIEaXF
2zk | DHDDEEIRK @HDDRHEIRH (@M. HEAR. T LT ORI,
|Ea/LR) =EH/ULR)
DHDDHRSE QHBEHH AT AT RE
IRA — (;tv-&zﬁbfggism. (FLE. H5R) — ®Ru. PtORRZE
4.2.1. XHIEH

FHOBETICHERTEH % X% 11-92 (12737,

B 11-92 EEMFEICEH T SRR (XHER)

HHH

BEDEZS

@ HDD = A k

o EHEFCAHEZEE - FEFRAIRIEE S
25O HDD R =2 A & (EcE&de)

HD A7 4 7 A —H—

@ HDD f#fk= A k

«  HDD HShfFRIEE I O ERMENE, A E

@ FIfE= A K

« HD A7 4 7060 Ru HERAR L HMB = 2 b EXE
LS NIPNGE &

@ P - b= 2 b

«  Ru i, WiRLIARD MBI = 2 b XU TR
INGE ¢

® JrBERERL, B = A b

* Ru., Pt OBEERL, BIUZRED = A

1) HDD §:Ea X b+

HDD ##= 2 MCOWTIE, RIS - ERLAIEE R HD AT 47 A—H—0
HDD HRFE it 2 25 L LT Lz, %59 % HDD ik [HEHY | 35 A »FR) T, B
RO LD LTS5, BEBICOWTIL, 7L a8y 7 TOBEARHEL L, s~ KW
TOMET — A ZME LT SEAEDEEFEELE S TRV =720,

2) HDD & X +

HDD fE{k 2 2 MMZOWTIE, (IERDOFZEETHETIEIT A MBZIZR D Z ERAHBHO O, Mk
MU KEDIEDO AV » "3H Y HDD iR FZEE BN FEBRITEH L Cuv% HDD H BhfiffAdE & 4
WD BAM R, AMEE A A A N E L THEM L,
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3) FMaX+
AT 4T B0 Ru K= 2 MTHOWTIE, HEESIE A 2500 (R, B v ) Hilic
SEAEERE, R, AMEEEFELRE L,

4) i=¥E - BRIEDR b
Ru i « WAL= 2 MISHOW TR, KBTS 2 Bl (GRmmkiiE, B v2) BN 38
FPEE, AR, AMEEELEH L,

5 HEEFEHaX b+
AT 4 T B RN L72 Ru OV Pt 2 0BG LRI T2 22 2 M 2O T, 3006 AL,
ERMAE, AEEEZEE LT,

422. IRAEH
IWADEEICHE/RHEB 2R T,

B 11-93 FXRMFMICH T HFMEER (IAER)

HH HEDE 2T

@ HDD #Banse HILA - HDD ZfEte Offan Gk, ER%) ICGENL28&BO5E
ESLIN

@ FHEEEAT 4 TRANA |+ RuFlBizoO HD A7 47 (7 A, 7/3) OFEAULA

@ [EH Ru - Pt AlifiE o EEPRENTZD, NTRA—FERGE

1) HDD #B&AERFEIRA

HDD #55 DR FEIAIZ SV T HDD i D~ 7 U 7 AR5 o 2 B3 2% L= 5 2 T,
308 8 0D HAT S8 R OSSR NG 7> & FRFE U 2 B L 7=, HDD RS 0~F Y 7 AN
AR R R OGEAS e AR (BRI ERMEEE HDD % H B iR L 7= B o5l 2 500,

E% 1-94 HDD ERABMAN T T FILNS Y AKEHBERRUTH%L

B BEfPIES FEHISE HEE (%)
HDD * V¥ #k (L A7) RUGRFEH 0.4

ALV VES #k (I n A7) RUGRFEH 2.0

R~ K Bk - IEEREA SJEPE R - S | 21

BE7" 7 H BE7" 72Fy ) (FEBE) (BEAHD) 0.2

HDD Ak PC HAR (4 4895%) BB 2.8

HDD EE {4 TV & )8 pH IR B 42.1

HDD # AT VA TR | BEE-REE - KB | 201

HDD A7 4 7 7V < (REL) & BRI 9.2

ER g F7S gRFEH 10.7
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HBan REPSES FEHNSE HELE (%)
A VLA | ATV LA WA RGeS 3.3
RS A b PC JEAK BBk 0.1
BRIV &k (AL AL) gk 1.2
T ARLY | AR B R R R 0.4
FEERIE Y T 7V G 0.4
23] IR = ol 2.6
SUS &Y AT LA < & i — L 2.1
Z DA, — — 0.2

2) FBEER AT« 7ERFERA
HD AT A4 T A—=I—BLOT NV - HIFARXR=T—~D 7 Vv V&% Lk L, Ru FIHEE
DAT 4 7 OERFEATREMEIC SV TRE 21T~ 72,

B 11-95 RIMERA T« 7ORFEAGEMAETER

A ARG R

HDD A ZAAT 47 |« SEPETE 20D, VA 73R
HTA | A—T1—
T T AT =)V A—T]— o I AY—VEEE LTU A ZVA[EEMESH D,
TR | BERE. FRERREBEE o KPR U7 BRHRIC D B D R N
ST =7 AW TOHUE, FIBERT & RIS
B 3 T HE

3) EUFE Ru. Pt {fi{E
FUNHE O Ru, Pt OGN IOV CiX, HPESE [HEEAMGE®R 225 L35, 2019
H12 HO Ru, Pt Y CEHE) %XFK 11-96 (27,

K% 11-96 BEEMESE (2019 £ 12 A FY{E)

BeR FHY
Ru 1,002 M/g
Pt 3,283 /g
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4.2.3. EEMFME
1) FEHEHR
FEMEORE AWK RT A—2OEERT GEAME SNE 7 — 2 %),

% 1197 FREMHHESET—42 (HDD EXIER)

H H il
HDD & (W7 AAT 4 7) 87g/H
HDD & (FVI AT 4 7T) 700g/H
HTAAT ¢ 7 Hik 0.005kg/#&
TIVIAT T HE 0.022kg/f&

B& 1198 HRMURESET—45% (BEERIEE)
HH i
HTAAT 47 1 K470 Ru it & 0.00037g/f%
(FE5 /L A i FH IRF)
HTHTAAT 47 1 RS-0 Pt & 0.00032g/4%
(BB /L A i FH IRF)
HTAAT 47 1 K470 Ru st & 0.00011g/#
(F 1 I iRt FH PR )
HTAAT 47 1ECET-0 Pt fhi & 0.00029g/t%
(3% i VA gt FH IR )
TNAIAT 47 1EYE7-0 Ru sl & 0.00116g/#
(3% i VA figt i FH IR )
TNIAT 47 1EE7-0 P& 0.00055g/4%
(R 1 VA gt FH IR )

Rz 11-99 FEERESET—4 (HDDHF=ZE - KX 1)

H H (A ik
HDD1kg & 7= v F5E% A 100 M/kg | FAEAHE | BESMRIES BT 72 L HDD O
& T
HDD1kg & 7- v s 2 50 M/kg | 7 L2 CTolgs, #if 1 5%47- 0 1000kg
D% T B ~ KPR O ik 2 48 7E,
HDD f#iRIZ 4% D NFE 104.8 M/kg | HDD & 830kg ALEERfD =2 A |
(HDD1kg &7= 1)
HDD f#{RIZ 4% 5 B & 5.5 M/kg | HDD & 830kg ALEERfD = A |
(HDD1kg &7= 1)
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% 11-100 HEMHESEZET—4% R RF)

HH i
Rulkg H7- 0 EXMEAE (T T A AT 4 TIEK UV A HRE) 25.0 M/g
Rulkg &7 0 BREEREL (T VI AT ¢ 71K Ve F RF) 14.9 M/g
Rulkg H7- 0 EMEH a2 b (HT7 A XT 4 TIEZK OV A R 0 M/g
Rulkg H7z W IEEH A & (T VI AT ¢ 7 /&K e g FRs) 25.8 M/g
Rulkg H7-0 NEE (HT A AT 4 T IER UV A ) 404.8 M/g
Rulkg &7 0 NEE (T VI AT 4 7 12 m A F RE) 504.2 M/g

E& 11-101 BREMEESET—4 (B -HHaXH)

HH i

Rulkg 729 22 & (BRMEHE, L= X M AHH) 100 M/g

BE 1I-102 FEHHEFESET—42 FIBERTILS - 75 XAFHW)

HH FEAENHA
HIBEZ T 7 A 3 M/kg
R T VI AT 4T 51 [/kg

2) HEHER

FEMRHMETIX, AFEREZ vt 20D 5 5 HDD iiiZ~HDD A~ RIBE~ i~ 7 m v =
BRIZEB T DEEMEE HD A7 1 7iiE~ B~ R~ R 2 2281 2 A MOV TR
HaiTolz, EMORRET “BRASNVAICL DT T AAT 4 T 0o OHEE L “RmEMIZ X
BTV AT 4 T ~OREBEI O 24— A BN THEME LT,

E% 111103 EEMFMD &R

.
I

! I
! HDDIEII HDDA Ik >§> Ru i W - it Sy PER Y I
I f I

I —
EREXEE miAELEEcLs | ATAT oD - Ru, Pt |
t : MSOHDDFE | | HODEEE 17|  Ru.P@iEE | | i T smm I
7’|:|?:izEx| l pps7(7 :
| HDDEE{A, HDDEAR. 1
L o o e e HooEMEERE T T 3

FT. e 2RI 2 REMERAER R EZ ", HDD iz . i ik L < HDD
A OTEHIE, HEEE HD AT 4 7 OFRHEI NS W2 FERRTORGIEMRENHE L2
E R EN T, BREMEOHERIC AT Tk, HDD #iiE 7 o 212810 Dk = 2 ~ O, Rk
7o ANZEIT D KELPLEMIC X DA A N OEIBEICHETZREBRSLE LD, £,
HDD@ﬁmhﬂﬁ_owfi\%-#ﬂ(?Wi)@ﬁ%@K%Kié%@&%ﬂéh\m%@

AT ERA IS BN 2 2 E I S LD,
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E% 11-104 FEMEEERDO [H5RAA T4 7/E&K/SLKX]

HH & (F/Rulg)

HDD = A 35,270

S ER H]?D AINS S 25,933
HIEE= A b 429.8

IRiE - FR = 2 b 168.2

HDD #dh e i A 31,057

IRAEH HIBERL B T AGEHINA 41
Ru., PtEHILA 3,981

st (A —3ZH) -26,723

E% 11-105 FEHHREERD [FILS AT 1 7IREBR]

HH fill (F/Rulg)

HDD #fiE= A b 31,262

S HER H]i)D AN 7 22,986
HIFE= 2 b 544.8

IRitE - FER = 2 b 169.4

HDD 5 dn 7 At A 27,527

INATEH HIBET 7 L 2 FEHEIA 967.2
Ru. Pt 7EHILA 2,500

A ORA—3ZH) -24,935

eV T,HD A7« 7 ~HB~ R~ 7 o' 2B 2 BEERERE R 2R3, 20854,
JHE Ru. Pt O5Effiay HD A7 ¢ 7 O = A b ROKIEE, BRiE, Bia 2 b & BRIy FEeR
RIEDHERR SN D Z LR S Te, Fio, REEMIC XL DREEL i L, B/ VLRIC K D

HgD = 2 MEALPE B RERR S LT,

H% 11-106 FEMREERQ [AS5AAT 4 FIES/NILR]

HH i (F9/Rulg)
HD A5 4 TiiEa A b 689
X IR H HIEE=2 A b 429.8
B - Rl X b 168.2
HIBfE% T AFEHILA 41
I AIE B
Ru. Pt 78HITA 3,981
it (A —ZH) 2,736
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E%E 111107 FEEHEHERQ [7ILS A T4 7/REBRE]

HH & (/Rulg)
HDD #E =2 & b 967
*HTEH FIBE = 2 544.8
PRAE - FEl = x K 169.4
FIBE% 7 L 2 FE AN 967.2
I ATIH B —
Ru. Pt 52HIA 2,500
it (A —H) 1,786
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5. BETREED®RE
51. HBEEICHITFEISAILA F—2F

X I1-108 12, FEZmiFiz~vA VA h—r a2 RT, 2020 FE X, Ru VA 7 )V TRED
A =Ty IS TR A 2 BRAET 5. Ru FIBE, —KiIEME 7 0 & 2 CIEBEFERR 0 OT% A2
AIRE T DA, FRICAZEGE CGE L 72 B BVARAEANEHIC KX 5 HDD MR TRESCES UL AT &
LHBETRRICBIT DA — T v IR0 L 725, 2021 FREEICIE, REOEBEMREEIINZ
HDD X O'HD A7 « 7 O/ — b ZfEss U, SREMEOFEMFHIRG 2 Ehi 2, 2022 457
5. ERREtaf <, A&t zfET 2 TEEL T 5,

2022 4EJE D pa LB AR S Tld, HDD A —B—I(2 k% HD A5 ¢ 7 12t (§) 200 /4Z) . HDD
B - AR FZER 2 B DY 128t () 1000 50D Z2xRICT 52 L2 HET Ru, Pt U1~
JVER + 3,300 T HRRED), 2025 FEE 20 EiTigpsth (7 U THE) o OfEA G L, SHLRICES
7L A IS E O E K ORIBEY O A AR~OWiE % G T 5, ZORETOXNGHD A7 47 %
6,000 FAFEE &35 (Ru, Pt V1 7 V4 : 116,500 5 HFLE), 2030 4FER S CTattio
HD 27 4 7 O 3 & (3EAFREE) #BTHZ L4 HELTSH (Ru, Pt U+ 7 VE : 818
2,500 7 FIFEHE)

B 11-108 BEEIZHIFF=IAILA b—2F
2019 2020 2021 2022 2023

[ahEkigecE

E)L—MRE Bt W — R

RATARALE RipRE >T5Téi'|‘$§¥.‘ﬁﬂﬁﬁ§¢

ZsT - = | HDDEBMIALEE EERLEEL
K*il*éﬁﬂ'-b%ﬁmwx%E,JGWTx—ﬁ—

DRT—ILTVT LD

52. TROREL

ARILGEIZ LY HD A7 4 72250 Ru #Bf - IRMEEANEZ, HD A7 « 72N BRI & )@ D
AREMER B D Z L WHER SN2, HD AT 4 THO TV 156, T A EEEED D O Ru i
ICBWTARFEIFFETELREZREE L, 2F00NHE, E&BORNEZNES BT L, &k

Bk L COBRREIRE RO D Z LT, BALZERT L Z LR SND, Fio, AEFELRE
h%fl&&%@bféCOZﬁ&é LR SN2 LD BEMEORIE S b 5% D
BRI HIAEND,

EHIZ Ruz & LM AN CEHOMR Ny 7y = 7R 2 85E LT D 413 R SERE
R ZER LTV 2 & T, A%ERL) O OKRE PGM [E OB X A L0 IFHEEL TN Z
LTSN D,

59



5.3. FEIzEITFI-EBE

ARIEFFEFHREIZBWT, HD AT 4 7, B, X—RA 5O M 7 Ru U YA 7 L O a[REMEN
IRENTZH DD, FHEIZAT TUIWN L O OFENE I N TV D, i FE MmN TH
P AREFEE L FIORT,

[HD A7 4 77 5® Ru U ¥ 7 1]

® HDD fiE&E O (HAEPNO PC i} 0 AT HDD400 5 & (HD A5 ¢ 7 C 800 /i #0)
B E®JEIL Ptakg (1400 7719), Ru8 ke (800 M) &, HHAIZ T CTIXEP it &
D 7R0Y)

HDD i~k 7 ot 22815 a2 A hOHRE (SRR X 282 O FIE)
MR, SHIBE Y v & R\ D R 5e E e DMt

REHEER L OB VA% HD AT 4 7OV HA 7 kgt

HIBE I X ORI DR TR~ Z A R OF#

R HIEERTLEE D B8 LR L OB OV ADEEML, A7 —AT v TR EEEF OB

[EH 5D Ru VA 7]

®  FEE O E AR EIE ORI HT

® BREMEDREHIRET

o ETEL VLARDHAGNML, A7 —AT v FRERE O

[N—=Z2 25D Ru VHA 27 1]

® LPEEMOMAL (FIZ Cr OFM) 128U, BRIFIC &L 2B TIEBKL A T 753 Bth O
W7 me A, b L IXIBEE K OWERRIC & 0 BEEMET 5 7' 1t R O

® KFHANIY DS FHA O It
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6. £&H

AERFEFETIE, HD A7 ¢ 7, @, ~X—A MDD OB Ru VA 7 VEBLO ARtk
LR O R 2T o T2,

HD A7 4 760 Ru UHA 7 WO TIE, TR (REMF) . RmEit, S5 VA
D 8 FIEIZONWT, [BEIUGHEMEDORFEZIT o7z, REBEMTIETIE, STHIAAT 4T, T
AT AT ENENOEIRFMEORMEEIToTe, TTAAT 4 TIZOWTIX, R E L g
BAWREZHEAL, BICEVERELZEMT S 2L CHHBEZITH) 2L T, HTAAT 4T D
RuBLU Pt RHEESND Z ENRFEER SN2, T I AT 4 TIZOWTIE, AT 4 7 #EJEIZ DLC
EBBFEL, WKORBEZEET H-OICRRENNNE 2 EnD, ALEEE LTTAIAT 47T
PN L, DLC BIcBRHA VD Z & T, RUSKRRIORME & X > 7o, & OBEIREKE LT
Mz L, @BREEAERT 52 & CIRHBEAZIT 72, RIBEROT VI AT 4 7 ORI 4 1§
5 XRF IZTHIE L2 & 2 A, Ru BEO Pt M Sieinoizizbh, HBEZAED L7 &l L
7o ERBIRGIFORBERBREZ L EIZ, TAIAT 4 T HMHE Lim KEWGBRZ 520 L, I8k
DR LT & 2R LT,

BRVVAICE L TR, TV AT 4 7Sk L TR BE/HDD A COBIENE TOMEIN L
ZU, PRETIIEREN LSRR o726 DD, T ARAT 4TI L TEBR ULV AICED
Ru #BERTT R D 2 L RMER SNz, Fio, HBERMFICHO W TL, BE—ESRM L L TEEZE
LA & D FIBEDS RIBEEFS . RET KA X —OBLE DNRN R RBERTRETHD Z L. Fe
HFEE LA & Blumlein SR g LU, #EEEAEIIRKEZ < ED L7220 0O, Blumlein EJR T
THE = R VX =230 72 < BRI 72 FIBENR FTRE T D Z & D3RR S 7z,

N M HO Ru VA 7 WO TIE, #2ERE Tk & BEERREARED 2 FIEICOW T, [
M DRFEE T > 72, HEGAEIEIZBW T, X—=A MO Ru I Nb EDE4ED LT L
NT = LD THEELTEY . BUTERIC L VERENTIRMET 5 2 LN TE 7, e g X
WMEWZTHRELE D T LT =0 LA AERKL Ru & Pb OBENKEEE 7e o727y, hdn%
FHIE CIafRT 5 Z LIC KV RbRE & RuIBMENS AIREL 720 . BHED Pb dhfiL 1%L F D Ru M %
BB ENTERE, 72, RuUCRIT 103%Th - 72, EEERARE T, IhER-REERIEIC X v 2h%
AIZERFRE & RuIBMES CTE . HAED Pb b7 1%2L N D Ru B A /55 Z LN T& 7, £/, Ru
IXZ1E 106%Th - 7=,

72, FEECHET T, 2RAIC HDD 2K LT HD A5 1 7 % [\ T & 5 Bl 2 B ofig ik
FHEHIHE HDD #7572 0 DI A F— Lat 2 i L7=, B HDD DEIZSW T,
FICENOFHEJRLALIRES - FERAHEE O ORI, WS HD AT 4 7 A —7—725 ORI
D2ODN—hERFT LTz, WS HD AT 4 7 A—=—05DHD AT 4 7 A7 7 v 7RIS
WTIEREREIART v VvEH L A7 Ty FIIMERERES L L CT VI AT 47,
HITAAT 4T EBICRIFRIRETH D Z LW S D720, HhORIEETHR L OEEEOBLE )
BH AUy ERBHDLZ LRSI, — ., WP LDEILE WD Z & THEEED L 2D 2
EREESI, HD A7 4 7T OFMEEZ EDO X D ITHIB L TWL 2 3ifi & 72 5, EPA HDD [H]
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