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il

1-1 HEKIERRLRIE

HEKRAELIE, KBNODTRXLFXF—%ZITMAZ LICL Y, Bx NHEEZEOKA RAEMIE
L, BECEIBMREBREBELTE R, Ll KB RV -1 Tidfi 4 BEA T
LEEDOHIROEII RN 0T E VR D, EMBEDOKE RZEEIZH - TV AL OB HMERDE %
BoTWAKKTHD, KEAFIZITZ TRESHREAR] LMEENDZRMENTFEEL, FRNRHERNS
FEHNEXRT TSRO —EEZHOXZTHENHBREO L S ITHERZBO TS, ZDX 5425
Fix MREHR] LHEh TV 3,

RENITKBE O HIEKICRE D E K, KR EZRINT 2T RKNTEAEFELRWZD, E
RRKEZFOF VY, BE, Wi L2 o TH 30%ITRF S, KBHE DR DK 70%ITRE
hao@ilE L CHIREICRIN SN D, HREICRIN I N2 KEEHAN I L o THIR ZED, H#h
RITED GNREILS U RS L > TBEFHER~KEH L TW3,

KBBFHIRR P TR S 20, #RE D O SN RA B O—BiZ, BENEN X
THOIRIPDOZEELRE, AF v, EREER, 7rr, KEKREKL-oTRIRENS, T
NoHDOH A —ERR SN IZFRAKEIE, TRTOFBIZE» > THEURE SRS, Z05BTF
FHiZrmho THIRICHEH SN D713, AERFEHEMIKEEIND I TOLORMRIZRINATL
EFO1H, TOREICHRBEDONDZ LIZRD, ZOX DT, MROBEEITKEHKE &Rk
BHRDONZ L RZE>TREDZ LT,

BEDRBEITIR TTRGBRNHDTHY, b LHIK LISREHNES A 2T, EHR
HIZ-18CLR2 D, AMOFETERVRBREDE LR IITTHS, LrLanbiRORIEIL.
BEHHROMAEAICL Y, HEROFHRIEITH 15°CEAHOEFITE LZRBITRIZNATWS,

W, MERFE TORERMB L LT MEREE(HRR] BMEXZ2MEO—2 & LTHEY L
NTEY, THIIABEIICE ) ZBERFZIILD ETHRMBEDRT ANKRPICERFL,
RIIMEE T LICE o TELDZBREEMBRE L S TWD, KEEVABENEML-E 4
JRE & LT, LR DR 2 LT X 2R ZAOHHBEOEMAE 2 b, 18 Lzl 5
EIZABEPHERREICRITTEEIIHRA NI RO ThH o7, L L 18 ik EnEEEMLL
K, EEORRBIZHEV, (LARBIE KEIERLTE 7, {bARBIZREIEIZLICED, R
FEATANRET D Z LIIBEMDETHY . BIZABEHOBEIHNILRILT S L3k, LHBEEOLD
CHENRERL L, BRORET AR EHE L TE, ZOX I L TREENORRIC
FEOAEDR 52 2 EME~OREBITIBRINTHE L, HERRBR LITKEE T 2 OHEHBEORIMN &
Rk B0 X B IREEA 2 DRMROBA D _EOBERIZ L > THEHITL T&E =,

ZOMRER., REFPOREBEHT AOBEIIEMO—F 2= 0, EEEMLATO 18 #i2% ¥(1750
F)TiE, KKFPOREEN A REITH 280 ppm TH-7=DIZxt L, 2000 FEDORK T DO KEE T A 1
FEI1X 369 ppm & 32% LM L 7=

K[UEZENIZBE 9 5 BURF ]2 SR /L (Intergovernmental Panel on Climate Change : IPCC)7s 2001 ££

CEKNEKNEBE LR R



2
WAERK U 7= 85 = IREF e & Tk, 20 RO KIR EF BiX 0.620.2°C, HERD E¥HEE AN L5
12 01~02 m TH Y, FFKMITIE, 2100 £F TIZKRRP OREEH 2 DKL 540~970 ppm &
1750 €D 90~250% DM, FHIKIRIL 1.4~5.8CH LH . EHHERER AN IL 0.09~0.88 m D
TLERATHEVWI FRER L, BICRBMEEICIE, BEVDRTAER OMEKBEEL~DFEE
WREN, TOFREEIX, ZBLRE :601%, AF¥ :19.8%, —B{L_%EF :62%, =+
VREEMET 57 0 U(CFC, HCFO) R U Y 113.5%, Y VBARIEELAWRE Y o V|
72 E(HFC, PFC, SFg72 &) : 04%Th V. £DHFERZEDOE RN O ZB(LIRFE N F b HEKIRREL
WHEELTWAEEINS,

HERBBLRRICE D EHRBOLRIT, Bx OAFERBEICEALRXBE2E-TL2R5,
7. R TIEIRE LAY, BAKOERE LR ICLLBIERO - DI RKOEEI ML, '
WKFIREKD— B MET HE VD ZENRBLOND, TORR, HEROKMEL LR L, 20
%o ER LA 2 L IERRERESAEL, BL255BbH Y. BATHEK T A — hLH
DBIER L., BREEORELZITO2HENERT S L FREIND, £, B TIRRIBERIC
L VHEKROEEEPHERL, KRPOEZEESEML, ABCHERE Vo KOBERBIBMLL 25,
ZORER, WAKBERTHMENH D —F., BARRLFIEOOHEENERL T 2 IR 72 L,
KEBRDNG VABBEND L EZ OIS, BHEVLRVEA 20T TEHRE~, S&HEOWLTES
EBHABHIETRBEORLICHEISSE LS L7258, EYUPETE2LIELTOHELETS
HEIL, 40 MEPLEE THM 2 kmHE L Ebh, BBLIZ XLV 1.5~5.5 kmMETBEIT K
BERHIIZBV DT TIITEHE RN, BICEIEDRL[EDOEI D £ BEISTE TIHIRT 2
BT 2 L FHRIND, LOLEERENZTICRIET, MRECREE L Vo> KEE O
BEBEOEIZE T, AV VEBICHLBEMERZENRRD, TOEETHILFERET Yy JOREN
HHTHEOICRY, ERBEHIRICEZNT U TR EDERFEN, [UEOE(LIZ X v BH HiR
WETE@AAICKR D, BICEBICIIEE QORI L ) BHECTORTHENEMT S22 L, MK
DRFEIC HIRANBREEEZ 126 T,

b, IREETADBENSEML TS0 E, i, KEFET T, BEPTHLED
2 TWD, KRRFDKEEN ARESEMT D L, BERE~DORBENT ZADEMPEZ Y, BrEP
DIREEHT ABRENEINT D, ZORKER, WIEICRAR L2 RBET A O—HIX, BAKFOILT T A
EEMICIVEE SN THEICICE L, REEILV D LE LTHRRKIZAS, LrL, ZOhLY
U AORIFITHFCRER ENEETH D EVIFRH Y | WHEPOREET X BE R ITEETR
WCHREREEEEZD,

TDXOIREERERTSID, HEKRBLOREIIROIRIFOZBLRERAZ 2L, R
ENREHAOBREZRENLSEDZ L 2B L TRIELEEIHASLK] 25, 1992 £ DO HIRREE
P Iy PTHEIN, 1994 FIIRITINT, TLT, 1997 F 12 A, FHBICB W TN [R
BEEBNAMESKE 3 BfEESZE - CPO3] T, &#ER LIcxt L T 2008~2012 £ TOMIC
IBRENREA A% 1990 £k T—EHMHIKT 2 Z L 2 BEM T - TREBEEEI PSRRI, (R
WEEE] 2RITT DL, HHE LB OREBET X DR & 1990 FheR D 55%LL Lk
RITHER ST, TTICEADIEN EU 22 & 125 H[E - HUROSHEME L7223, 2001 SIS IRBEY A B
RIFBEOT v & 2 KBHEDBBERL L7272, ZRETRITT DI LN TE M o7, LA L, 2004

COROKCEKCEBE LR R
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F£11 A48, ARBEEOHHRIC S TOS—F V KEENRES L, KEKE THREITAD
HEHHEA 61% 522 7-7-H, 90 B D 200542 A 16 H, X 7oK [HEHHEEE) »HERITHE
TN, EEMRIBRCRENROE —SE2 AL LT,

WMEATS ), FEERTIIRE~DOEEODICEREEZEHNT L L TEENBETTLZ L,
BEREREICT A X FOWMARLIZEY), REOTFEPFIEEISND Z EMBEINT
W, AT CIHIERCRIEZ I U LT 2 REMBEONRICER L BREPLERATRGE
Lo TEXTHH, B RRPLEER, REANHE OPRE BB, REXGEHT - B OB,
1ISO14001 DEYE, BIEEEFEEFROMRL L, FESEENICRENREEDOHHX L R
LCW3, FHREBTAHAEE LT, BRACKBARE, M v AREEH - FLT—D
FR, a—YzFL—va VR EOENBELED N TWD,

L2 L. —ECIEHERERLICR L THHE 2B R OVIFET 5, LAERBOREHEBRIZI DR
Bt APBEE ORI & . HERIRRE (L OB IIA 2ANCARICHRA S L TV o b TRl Bida
HHARKEOEEICL AL O THIAREELH B, 1208, HEKRE(IOFE L LT kT~
FERDAMC L RERMAE Z bH, BIOEVEE, CRREBORBHBRIC L DRETARE
DN & HERIRIE(L & OBENE AR SN L &, ZORRTRREZFE L DO TIIHL,
CEBLTHY ., BERMEPLEL SN TVD,

ULk, BRERAH A MBI b HEKIERL 7212 b 5 b O Tidiew, Bol TIHREICE
BL7ZZ Y —VRIIAX—THY, LBro, ERLICELE N TH REEM OB B
ICHESR LT X 7, BBV BRI A B L BEBEORIGIK LV =XV XF—2 AL HTHOTH Y, S HIZ,
RIE%OBIAERYIIADOHTREAMMBIZLA LRV ETERESN TV,

LML, &2 T LTHBEDEWAR 2B 0B BETH D, BIEIMLARENLKEE
T 2 HEREZ LN TWD, R, ZOFETIIKEREE, ZBBLREL—BRLKENE
AEMELTHTLE D, FNOOABEBBENRELTLE D, TI T, IORMBI AL
WEBEVDRLIE, KPR A ZHHT 52 &2 B OBREOERN 2 FURE R D
MEE LCHERT A2 ENAREE 2B, DX D ICIREES A DOEBRBHTIIM S B~ DOEMNIGH b
BEFICANEETHZLHTED,

HIERIBRE (LIS, 4 B, BIH CRT S & 5 2R TIRR L TRV, AEO 104, 100 F5%
DRFFRB L, RAICREBT AZHIR T 2EMORBIZH L& THD,

S NP NYEl T B R VIO R S



1-2 WFZERE

K& 725y B CREE Y A DBEEL - BIROBRIIIThN TR Y . MEMICREBEY 2 2 BELTS
FHikE LT, KREDKREBEN ZADATHREERDD, XA F—r~—b LTHEELA 28
PERTER ., T # K REOMIBI I, H A M, AR BEICEAT S HP R & OBFERThh T 5,
LHMICRET 2 HEL LTODEARBRENENTEY, BIEMESA TV REY 2 DEE
1t - BRBAHTIE AR 2 & (ARRIS FR. Q51 A HR. Q) EZILER O (BR)LERIGS
RO 3BEICHETES Y, REBFAZEZILENTETLL S LT3RAIHEL 1 BTbNT
W3 P OFHEIIEFEICREN XA ZEECSE BT TR, TOBTAERMOEF HHA
BTHIZENOEENETY, BELEAREBERIZ L AHERThh, Fhicky E8Bx
RPN ERBICR W BIRTFE L TRESNS Z L Bbho TE I,

W, BXILFHFRICKLVBONARETZADBTERYITI 1 EFHHWVII2 EFETERY
ThHXEE, Va2Vl —BEREOLZTHY, MIMEEORENERDEEONRNoT, L

L. 19854 A% Y — NERBICEMEOHY AVZ - L T8 ETBTERDD A X UM, bIT
REFBTEBRDOTF LU BERCEVERDERTERSNE ZEBRERENLY, ZORKR
&Y. BERICEHTESREEA R % HIMEEOEVERD ~BT - BRTED L) ZLWT
®Eh, BRACEHFESHEZBOE X o0t L i oTz,

EREBS S OMEAICE LTIk, BEEL OWRENKBRRCBITBERYON Y — RE
BB~ ORI % REHNCTIRTHE LTHY ¥, 20ERIEITETERY Z LIS TO 5 5
oI5,

e B1HE RILKFBEHEOT NV I—LEEROIZER ... Cu

o B2 —ELRFEFBROITAER ... Ag,Au, Ga
Pd, Zn

o B3I XEABIRKIZAER ... Bi, Cd, Hg
In, Pb, Sn, Tl

o 4 HANARMGKET CIXAHLMEEL RS20 ... Co,Fe,lIr

(BSIRRE ZRRFn 4 VXA RE 2 7R 30) Ni, Pt, Rh, W

o ES5EH RISKENERMINTHLAERENLEF ... Al, Mn, Mo

Nb, Ta, Ti

HTHRDFFERONE 1 EHO CuTHY, LD L S ITHE— Cu DHMPBITTAERM & L THRIL
AFEOT N a—VEBROICERTHZ LR TE S, fx OS&RBROMBIEMHERIC L TERY
DRIREDBBN DN, ZNENOERYOFHEM L ERBIS A B = X LEIBEETZHL NI > T
Wiz, AR ORI EREMSCERE OERITKEFEL TV D AREM LB 4 DIFEEICE > T
TRENTND,

O RERCERE LR RS R
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L, INETIZBWTERA RERVREFT SN TE 720, Bt LTHLIESETES
AW HEICBIT D REEAT A DESICFERIE T OMB RO 21T o T BE TRV,

FHEECRBTEIZ, FORARELTLY MU T AVARKARBA, HFEL X, ®HE, B
RT 4 A7, KEBREEGE., BKEE., KT 74 = —F—7 EEFMEEOR I TR
WIRKFEHEIN TS, ET-tMOEBRTRELIIRLRIMELRT, TO—EAEbo-fEki itk
B, BIERX RTENPH CHIEAROIGHABIRFNENTRY . A%ELERTNL
ETORDBFORTCHRRTH DD, ZOXRRICOVWTREITZIT) ZEITERENILTH
%,

—F. BEFRDITD THHENEATEY . KEER TIIRET R OBERREMELS, REEN A
DBETRIG & FFHINEE Z DKROBIRIC L DKRFBREDELENICTEZ > TLEY, REEY R
DIEFTNEBBAOLTLE I, £, ZLOEBTAEREDNERIETH D, ThEP<D,
IR T CTORMES, BETFT TOLMEY?, ¥AEBREEE B W&E Y, BEFERFICLHE
OB TORBT A DBLICFR LIRS, BESh T,

Fiz, KICEDLDRFEE UTIEKBERZAVWIHENED b, FEABRERIIBITAESR
LFHBITOFRE LT, ROXIRIENBETOND,

o HWRTHLALY bEWIRLRERRME LR

o KEVBRMENZD, KOBEEROC)UTIZBWTHHEATE S

o  H*ATHMOKLSMIEEN TV RN, KERESIMHI SIS

T br=hU (AN), FaE LU ALERF— b (PC), YAFARNLLT I K (DMF)Z2 E DI
KIEERTIX, KBERTIERLRWEERRISERDBRERT D LD Z RGNk
719 E7 AARACENRT AFAT RS MEATEEMRE L LTHAWTREY 2D
BRRBTLEIToIEZ A, VaUBPIK BETEHINEREOAX VEENAERT S Z L b#tE
Ehr-, YHEETIE, HFKBEERE LTALY ) —AEHANIZR TORBEY A DBEZILFEET
DIFEBED LN TND, AF ) — VT EROMEEZFDL, EHBRHNZMTHY | KETAD
SEEEETH D LI FV —MEZBWTHEIRIA & L TTEMITE AN TSRS,
REEH A DBERICHASRTOERILEELHBE, A ¥ ) —VIEERIIEEICHLERBTRO—D
THHEEZLNDENLTH S,

R [V N OV NI R N T



1-3 AHFFED BHY

AR DK S I, RET A DBERILFRETICET M EDE IIKBHERTORIFTHY, A
8 ) —NVIEERICB W TR I N TV R WARE £ FET 5,

WHRE TIE A ¥ / —NVEERE VW&, Re UTEIHEMRIC X 2FRICRW T 2022 [KIRE&H
DIARFEREOMG], KEET XA DBITHEOM LICHRWUTHDLZ A2 RHE L, BIREMICI
THBWERDETAF VERBIRUIZELND L NI ZERbhoTND 22, ZD-%, HIEM
RPHEER LI-AEEER, A TF2FE LR TORMM TN TE 222, L, BEER
CEEEMH L EBEAVWERICE IR, EEFIESR AR ERVERTORFHIZINE T
IZATHILTE TV,

FEE DITREEAT 2 OBTAERICEBEOEER Y A YE L FEIIAT =0 AR EZHEFF LT
BRIZ XL DIREEN ZADOBTERAOHEEIT, HEHEBRICYHOBEBICIT I L TEE LITRR
STEEBERTZEEFWE LT, EMEMOF /R FREMZ R L T 5 26,

Z ZCTAMRTIE, KBV A DBRTIERICHEERTH DI =y Iy V&R EEHEL LT, £OXRE
CHETHEBRBHE BRI IE-ER, RUWHEES I E-ERE AWV TRBY X DERILED
BILEITV, R A DBRILFHETIZB T A EHBEBOABREORMNE21T 12,

S LAV N VNl T D 1] o



FH2E KR

2-1 AR
RT3 F/ HAX)AHE o B

Ty rvarYaRl—F—
AT TL—F—

XY lLa—&F—

ERIR

BTAHB I —F—
BFiAAE—F—

B RE R

INBLS O 7V ER R R
Ry 7 AP

HA-3001A
HA-310

HB-111

Model 1109

WX 1100
CCM-1800
EYELA ECS-50
AW-1103A B(AH)
G3 PX-220EUN
DB 530-000
KBF828N

A7 v~ k7 7 (Thermal Conductivity Detector, TCD)
GC320 U—z YA T A

YARIBSE

71T LFCHEA)
TCD 7'V v V&R
BT LRE
A= MRE
XY VT —HA
53 M RE R

S VR

CcO

Molecular Sieve 13X-S

100 mA
50°C
100C

FEHEITH

e EIE

e EIE
BRERUERTER
7777y I8
VP A T AR
B

I\ BT EAERTER
N =N

¥/ —
REY—E AT LH

mesh 60-80

He (99.9%), 4.72 mL / min

125

250 L

HA27 v~ bk Z7Z 7 (Thermal Conductivity Detector, TCD)
GC320 U—x )Y A T AR

FAEPSE
715 L FEEH
TCD 7V v V&N

Hz

Molecular Sieve 5A

60 mA

SR OKCE KRR U O R

mesh 60-80



T LIRE
A=y NRE
Xy VT —HA
53 BT EF ]
ST VE

50°C
90°C
Ar (99.9%), 4.10 mL / min
15 453
250 L

H A7 v~ k257 (Flame lonization Detector, FID)

PARIBSE =

AT LFEIEA
BT LR

P EYAN Y
B BRI

XY IVT—HR
IRBEAT A

5y M B fid]

ST IIVE

GB358B V—xz YA = A

CHy, C2Ha4, CoHs

Porapak Q mesh 80-100
70C

150°C

200°C

N (99.9%), 28.0 mL / min
H,(99.9%), 45.0 mL / min
1245

250 plL

E#RA 7 v~ k77 7 (High Performance Liquid Chromatography, HPLC)

SAK IPSE
N

i Janbir
R &

R

7T A

TR

i

Saiitisit
SR TV E

HCOOH

MODEL 576 DY A = R
SPD-10AV-VP B RERTR

220 nm

0.005

RSpak KC-811
0.1% H3POQO4 aqg.
800 uL / min
204y

20 uL

SR (VR NIl /SR M o 7l T S



FEER T T A~ RF RN ITH
(Inductively Coupled Plasma Atomic Emission Spectrometry, ICP-AES )
VISTA-MPX A a—EBFITEMFK)

SaE IPSE Cu
SRR R 327.395 nm
e JE e 1.20 kW
TR T a— 15.0 L/ min
#HBh 7 o — 1.50 L/ min
XTI Y7 a— 0.85L/min
Xy T —HR Ar (99.9%)
0 R LB 3 [@]

THRAERNER TENRRE R



2-2 RAFE

TE{bIRFE (99.999%)
EF (99.9%)

k3% (99.9%)

T (99.9%)

~Y 75 (99.9%)

AL ABHEN R (99.7%)
TF LV ARHEH R (99.5%)
T X AERES R (99.5%)
—BE{LIRBIFLEN X (99.9%)
KEREREN A (99.9%)

XB (98%)

U B (85%)

AH ) —IL (99.8%)

% ) —)L (95%)

KEE(EY F 7 L (99.0%)
KEE(LA Y D L (85%)
IREEAFE SV U L (99.5%)
HEE (35%)

Wi (60%)

b 27 vm L (99.5%)
Bt or v s (99.9%)
HBEZ > 2 > (99.9%)
WHEENL T F 7 L (99.95%)
HALSA(T) (99%)
#Hikh Y A (99.5%)
ERK

AT A

=7V Ni(0.2 mm thickness, 99%)

= AR Ni(¢ = 0.5, 1.0 mm, 99%)
H&kK Pt(0.1 mm thickness, 99.98%)
H&H#R Pt( ¢ = 0.5 mm, 99.98%)

S Cu( ¢ = 1.0 mm, 99.9%)

fRiE Ag(15 cm, 99.99%)

HNF AR Nafion 117 (0.18 mm thickness)
W BRI BE A Baikalox Emulsion (¢ = 0.05, 0.3, 1.0 ym)
Porapak Q mesh 80-100

Molecular Sieve 5A mesh 60-80

Molecular Sieve 13X-S mesh 60-80

SN RER LE R

CO,

N>

H2

Ar

He

CH,
C,H,4
CoHs
CO

H;
HCOOH
HsPO,
CH;0H
C,HsOH
LiOH
KOH
KHCO;
HCI
HNO,
Dy.Os
Eu,O;
La(NO3)s
Lu(NO3)s
CuCl,
KCI

Dy(0.25 mm thickness, 99.9%)

)IIHEREZERR
)R E 3
WETEF LW

)V WP 2 (B

=N &S

D—x YA T AW
VA T AR
e Y ) e Y
V—xz YA = R
DT )Y A T AR
FTHATAT AT
FTHITAT AT
THATGAT AT

I FnEE M
THATGAT AT
FRYEHIZE T MR
FTHTAT AT
FTHATAT AT
FTHGAT AT
FnYEAIZE T3EMR
FCAiZE T3E
THIATAIH
BRI
THTATAITH
B
FTHATATAIH
=7 2

=7 2R

=7 a

=7 a

=7 afy

=7 A

=7 a2y

Aldrich Chemical Company,Inc.
Baikowski international Co.
V—x YA T R
D—T YA = A
V—x YA A

10
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2-3 ENEOFALER

2-31 7 /) —NER - hY— NEW

7/ — FEMRIZIZAER, »Y— FERIIEEL L THITREEBR{EYEFERII=v 7L
W, AEBEERIIZ= v 7FVEE W, BEMCEY VEEAKRTP T1 A, 60 BE@EEL CTEMR
BTV, “IRREKRTHRES LI-RICA Y ) — LV TEBIE O BEICA V-,

2-3-2 BREMR
BRERIIIFRELSBERL AV -, BEAMITKIZ 1.0, 0.3, 0.05 um O 7 /v I FHFEER THF
BEAITV, ZIRARBAKTHRELZ LT-RICA S ) — /L THR IS O BEICR VW,

2-4 {EREREHHIE

2-4-1 FTEERBRCHHEFER

FLEGBARY AT 72012, HFTESBRBIEYROH RSB HEMBED 2 BEOREK:
Rz, & RBEE{LY(Dy,0s Eu,03)i&(1+1)HEEE 20 mL THEAREEIZ ZIRFKEA THI,
i TS BHEEEE (La(NO3)s, LU(NO:):)iX ZIRZRBE KD B Trafig - FHR L. 500 ppm OF LEER
WIREZTARL ., FO®IK25 mLE 50 mLSA Ly 7 AH 5 RABE—H—|Z A, BILEEDRD
=y VIR EBESE-, EXIE T 500°C, 2 BEEIMEEERR L., EIRE CREXRELEZITWV., £
D%, BRI VR EBERE LTBEELEZLOZERE U TEMRREICHV,

2-4-2 $RAEZEER

EHEEEN% Fig. 2-4 (27T, BLH(IE —KRABKTELMHOBEICAR L LD EZESE
BE L=, WiREENMZ 100 mL AR, RIAEBEAD= v 7R, BEREZENETNY Y — NE
B, 7/ —FEEBL LTHREL., TEHK 500 mA(vs. Ag/AgCl sat. KC) TEE L T= v 7 VRER
LI EE S O ERBEICHWE,

2-4-3 FOER

ERRELICES LEHORIE, UTOLSICLTERERITo T,

1. = NVERORE O % EEE CIREI -,

TWRIREAKCHEREN 100 mL IR B X D IR T,
ICP-AES # AW CTHERFT OFDOREZ ERE LT,

D N



Salt bridge

Working
- electrode Counter
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Fig. 2-4. Electrodeposition system of electrode.
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2-5-1 EBRIEE

FIEEBABEE L-EHBTOEROEEBEX % Fig. 2-5-1 12, A2 BEESELEBTOERD
WEN% Fig. 2-5-2 77, BRSNS Ly I AT RABMOHBELVERW, B Y—FKEET
— FEOM % A A AZHE(Nafion 117)iI2 & > THBEL -,

2-5-2 EAFETTHRIE
EME TRIEILUTOFIRETIT 1,

1. BRDOREICHE LIEREPIC, Y —FE, 7/ — FRZELEN 70 mL FOEMREIR
EANT-HEELVEZRELT,

H Y — REQIAREET A% 2HNT Y 7L, BREBRPICRET X fafnsw7,
BB EZATolNY—F 7/ — FHEBEZ EVICRE L, BEERT~LRESETEIC
1R ST Y T BT T,

4. RT/VFRLZy ML, BEBEXEEL 50C & L TEEMEMEZITV., ERFRFMEZREL
oo BREETIZE Y I Y — FETEK LEKFIIRFOEMISRTRAEERRE TER L, X
EAEBIZHEWD FLA U U SN KOEREN O REFERZ LI,

5. B THR, EMEHRPICEML TV IRBERYORET DO HBEELVEZIRD, BIR
PORBER TN TRASHND E TR L,

6. HEELALIEENENOREERM KR N NVRNOBREKERM DT 2 L,

SHRERMIZ 250 yL TV v 7 L, HAZ aw T 57 4 —T, RBERYITE VN OEIK
FZRAEAKTSHEARL, mERE 7 o< 777 4 —TRIE LT

EROHEFETODTNOBAICEOTHHMRBERIEL AV THERZT 2,

R OWEBRTERDOSITIZTONT, AR TIHRERTARY Z ¥BHE LTHE LT
DM, AZ )= NP OXBRIIREETHRIEIC L ) —MAXEMmAFALE LTERLTWD LWV S #
ERBHY, AFROBEITENTHXBA FARER LTV HEERHS 78, LirL, Xt
AFNVEFBERBRICBWTEBRATFUMELTERT B O, BXILFEMIZIT 2 EF
KiETHY ., BRDBICEELZRITIRVLOEEDNS, AFREIZEIT 2 XBOERDIRILX
B & XA FNVOEHFDOERDOFTREMEZZBE LI ETXEEE LTHE L,
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Gas sampling
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Fig. 2-5-1. Electrochemical reduction system of CO,

on rare earth metal (REM) oxide-modified Ni electrode.
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(Nafion 117)

Fig. 2-5-2. Electrochemical reduction system of CO,
on Cu-deposited Ni electrode.
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. A REVE X100
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FIE RN A DBEBIILFHNETIC BT 2/ L HEBR{ILH D
fr e e

INE TORMY ADERLFHBTOREICIN T, &R, 2 Lo£ELBEHLSR 10
ROE GBS FEERR 2207 Uix 2BEEZ AV RICE 2R TbRTE =, LAl
Bh, ToF R EERRETIFLESB TR L BHAME L L TRV R 2DBERILE
BB TEOHRITREI STV, F 7Bl TIRBEN X OB TTRISIZIBEIEE R SRV %
AEE LTHV, 20 LS BE L #HE LB E V- REE Y 2 DESULFHSR T OMK
HBITONTETND B, 22 TRIFETIEA X J — VEEPIZRBW T, REET XA DERILTF
HB TR ISR RIS 2RI AN v FVEREE LTHY, RE&2A TESBBLY T
HEE LB & B REE T X OBRULEHB T ATV, & O O 5 f 2 #Et L,

31 A7V IHRNEF AR —

BILEREEELMD720, ke RHFTLRSBERICYHEFERO P IO, —flE LTI &
B & B L= ERCOER-BMAEZIT 7, RIESRMT Table 3-1-1 1278 L= G4 TIT
o7, Fig. 3-1-1 ICZEB{LIRBEROZERFEHIATICBITI DY A2V v IV RNVEFET T LEFT,
FERBZBBLRFBEERT., MRPERFHI T CTHONHERTH D, BEROHEITBITS
BIISEIEAZ /= VEEPICAMH L LTEENTVWDHKDBRICL DD LEEZ LD,
10 pA/em 2L L EFH ST NGO A &y MEMIITBCREFELAT. EXBHAKTEH
ZFNOHAICEBNT, -1.7,-1.3V THY | ERFHEKTOLINMBMON S 3 Y BEL, EfL
FRANCRBI T2 L ERFEHITOF P ZBILREFHR T IV bERBESE 207,

F oty NEAE TITEREEMEN T DICEBSEENIEE IR 20 | BN
MY RMIEE CITEREE L& 250, ZB{LRFBOILEBHEED 2D KFREVEL L
20, ZLOZRNANF—HbUBETHLD, ERFHELLTEELWVHDOEIEIFE LR, L
LAFZR TiZ, HERDRVIBEVEIR COEMIZLZ2EEBLZRFNTIED, ZORLVIEST
LADFER LY, KERTITEMEAIEE-2.6~-1.9V O#HHICHRTE L TESILENETEIT,
PR E A RET T D Z LT LT,

Table 3-1-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni foil(30 x 20 mm, 0.1 mm, 99.9%)
[Metal oxide modified : La oxide]

Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte

Catholyte 80 mM LiOH in methanol

Anolyte 300 mM KOH in methanol
Carbon dioxide 99.9999% purity
Nitrogen 99.9% purity
Potential 0~-3.0Vyvs.Ag Q.R.E.

Sweep rate 10 mV / sec.
Temperature 0+0.5°C
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Potential / V vs. Ag Q.R.E.

Fig. 3-1-1. Voltammograms on Dy oxide-modified Ni electrode
in CO, and N,-saturated methanol at 0 °C.
Sweep rate : 10 mV / sec.
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3-2 T8 VB R Lo ERIC KX DR A DBERILFHNETT

IITRET ENTIAIEEBRRIM L LTRFES ST 07 7 U OBREMERWIZHE
DIREEH A DBSALFHIRITIC OV TRET&1T o7, EBREM % Table 3-2 127,

Table 3-2. Experimental conditions.

Electrochemical reduction cell

Working electrode

Counter electrode
Reference electrode
Electrolyte
Catholyte
Anolyte
Carbon dioxide
Total charge passed
Potential
Temperature
Product analysis

H-type cell (70 mL x 2)
Ni foil(30 x 20 mm, 0.1 mm, 99.9%)
[Metal oxide modified : La oxide]
Pt foil (30 x 20mm, 0.1 mm, 99.98%)
Ag quasi reference electrode (15 cm, 99.99%)

80 mM LiOH in methanol
300 mM KOH in methanol
99.999% purity

50C

-1.9~-26Vvs. AgQ.R.E.
-15~10+0.5C

GC with TCD and FID

HPLC with UV detector

3-2-1 BLOFEE

REEH A DBEBSLFHB TR WT, BN %-1.9~26V OHHTEL SV L DB TERY
DEFRNB~DEMNDOEEEF -, TOKE% Fig. 3-2-1, Table 3-2-1 IZ" T, TD L EDRE
1 O'CTEMEIT 2T,

Fig. 3-2-1, Table 3-2-1 X V| [REEA ADBETLAERME LTXB, A ¥ UinBbhiz, Zhbo
BLTERDOF TXBOBERDEVIELE ., B ERICT S LENT2EHANRLN, 1.9V
WCBWTERKT 82% Tholz, AF NIBMEEILIETHERDFIZKRELRELMITIRONT
1% U T Thotz, —BMERFBIZZ OFFIZRBWTIIRBEN ot o, RETADETK
i L BRE UG TH BARDOBILRISIZ L » TRET ZKFEOERSEITBMNERMIZ /L HI2 o80T
MR S BEmMB R LN, REET ZAORETHEIT-20V LV ERTEI—E L2270, 1.9V
DBPETIE-2.0 VIS TERBEEMEN - DICEBRISEEIELS 2 EREEFE LL R0,
Lo TEDHEEEZER LI ETREEME-20V L LTz,

¥, BEFHARXTTT IV 7 EREToLEZ A, KOBEMBITL CERT HKEOHL BRI
Eh, BIZHEEZ2To TRV v S VERER TR A DBERILFERSELEZIT> 258, 2
~3%FREE LDRBET A DBTEHREBONT, IZEAERKERETH-T2Z 0D, BEEBKRE
A TEERE A BET A Z LIC X VRBTAOBT/ER, HICFBR~0RTAR LTS L
WH ZENbhol,
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REEST A DBSACFERBTICE W T BEA-15~10CO®A TEL Iz & & OB TERDH D
BIRNBA~DREDOEELFAI-, TORKEL Fig. 3-2-2, Table 3-2-2 (Z/RT, AHROFER LY.
FIMEBALIZREE A 2 DRIBITENE N2 72-2.0 VICRE L TEME T,

Fig. 3-2-2, Table 3-2-2 L V| [REEHF ADBTLERM L L TXEE, —B(LIRE., A¥U»nBLH
Too BEMR-SCOL XIZXE, RO—BLKREOBRDENERL LY, TNEN 9.5%. 3.0%
Thoto, TIUHES TRBET ADKBITHED 133% LB KL 2o, A¥ L OERMDEIIR
EEESETHLREREMIRONT, A% RETH o7, KBRREFTBRENRE L 2BIZoNT
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Faradaic efficiency / %
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Fig. 3-2-1. Effect of potential for the products by electrochemical
reduction of CO, on La oxide-modified Ni electrode in methanol.

Temperature : 0 °C.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-2-1. Effect of potential for the products by electrochemical

reduction of CO, on La oxide-modified Ni electrode in methanol.

Potential Current Faradaic efficiency (%)
(Vvs.Ag density cO
Q.R.E.) (mA/cm?) HCOOH CcO CH, H, Total tota2I
-1.9 0.30 8.2 n.d. 0.7 42.6 51.5 8.9
-2.0 1.0 8.0 n.d. 0.9 73.0 81.9 8.9
-2.1 0.81 5.6 n.d. 0.6 81.0 87.2 6.2
2.2 2.4 3.0 n.d. 0.6 82.7 86.3 3.6
-2.4 2.1 3.5 n.d. 0.6 76.1 80.2 4.1
-2.6 10.1 1.6 n.d. 0.3 84.1 86.0 1.9

Temperature : 0 °C

CO, total : total Faradaic efficiencies for CO, reduction.

n.d. = not detected
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- & CH,
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Temperature / °C

Fig. 3-2-2. Effect of temperature for the products by electrochemical
reduction of CO, on La oxide-modified Ni electrode in methanol.

Potential : -2.0 V vs. Ag Q.R.E.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-2-2. Effect of temperature for the products by electrochemical
reduction of CO, on La oxide-modified Ni electrode in methanol.

Current Faradaic efficiency (%)
. Temperature .
°C) density co
( (mAlcm?) HCOOH CO CH, H, Total  °°2
10 0.77 5.5 0.7 1.0 64.3 71.5 7.2
0 1.0 8.0 n.d. 0.9 73.0 81.9 8.9
-5 0.53 9.5 3.0 0.8 41.7 55.0 13.3
-15 0.28 8.0 n.d. 0.7 39.4 48.1 8.7
Potential : -2.0 V vs. Ag Q.R.E. n.d. = not detected

CO, total : total Faradaic efficiencies for CO, reduction.

|44



3-3 2yn vy AR EEE LIZEMRIC & DRI A DBERILFRNET

I HBT A2/ EHEEBEBIME L TURFES 63D vty A0 LM E WGBS DR
FEH R DBRCFABTICOWTRE 21T o7, EBREM% Table 3-3 127,

Table 3-3. Experimental conditions.

Electrochemical reduction cell

Working electrode

Counter electrode
Reference electrode
Electrolyte
Catholyte
Anolyte
Carbon dioxide

H-type cell (70 mL x 2)
Ni foil(30 x 20 mm, 0.1 mm, 99.9%)
[Metal oxide modified : Eu oxide]
Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Ag quasi reference electrode (15 cm, 99.99%)

80 mM LiOH in methanol
300 mM KOH in methanol
99.999% purity

Total charge passed 50C

Potential -1.9~-26Vvs. AgQ.R.E.
Temperature -15~10+0.5C

Product analysis GC with TCD and FID

HPLC with UV detector

3-3-1 ELOFEE

REEH A DESICFERBITICE W T, B £-1.9~26V O&FHETEL S B L X DB TAERY
DERNDEB~DEN O EERNI-, TORR% Fig. 3-3-1, Table 3-3-1 i7" 7, ZD L EDRE
I OCTEMEIT > T,

Fig. 3-3-1, Table 3-3-1 £ 0, REF ADOETERY L L TXEE. —BLIRE, A ¥ UM ELN
foo TNHOBTERMOF TCXBOBEBRDENPELEL ., EMEZENICT S L{MT 2 H @A
Roh, -1.9VIZBWTHEKT91% Th o7, —EELIRFEI-2.0~-2.6 V OFEH TITIZITRITV
THY, 19V DL EIZROPHEMLTRERK07%ThHhoT, A ¥ FXEME LT BN
L., 22 V X W BEAITERHE SRR o7, T2, KFBOBRDBIIEMPEMIZ LB IZo0T
fiml SN AHEAmB RO, RETADKRETHRIT-1.9V THRR101% L2075, -19V D
BRDBOMBIZHAT-2.0 VORIBEOFTNKENI &, FiZ-1.9 VOFEIT-2.0 Vick~
TERBEMEN-DICEBCEEN B RV ERELEE LI WD, T0REZE L L
THREENM%Z-20V & LT,
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REEH 2 DBESALFRIRITICB W T IREZ-15~10COFEATEL S ¥ & X DETERD D
BRDE~DREOEE LT, TORE% Fig. 3-3-2, Table 3-3-2 (Z7R~"T, ARDORERLY
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Fig. 3-3-1. Effect of potential for the products by electrochemical
reduction of CO, on Eu oxide-modified Ni electrode in methanol.

Temperature : 0 °C.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-3-1. Effect of potential for the products by electrochemical
reduction of CO, on Eu oxide-modified Ni electrode in methanol.

Potential Current Faradaic efficiency (%)
(Vvs.Ag density cO
Q.R.E.) (mA/cm? HCOOH CO CH, H, Total totazl
-1.9 0.37 9.1 0.7 0.3 60.6 70.7 10.1
-2.0 0.70 8.1 0.3 0.2 62.9 71.5 8.6
-2.1 0.78 3.2 0.3 0.1 81.6 85.2 3.6
2.2 1.4 1.5 0.2 n.d. 84.3 86.0 1.7
-2.4 2.4 0.9 0.3 n.d. 101.5 102.7 1.2
-2.6 4.6 0.7 0.3 n.d. 112.2 113.2 1.0
Temperature : 0 °C n.d. = not detected

CO, total : total Faradaic efficiencies for CO, reduction.
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Fig. 3-3-2. Effect of temperature for the products by electrochemical

reduction of CO, on Eu oxide-modified Ni electrode in methanol.

Potential : -2.0 V vs. Ag Q.R.E.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-3-2. Effect of temperature for the products by electrochemical
reduction of CO, on Eu oxide-modified Ni electrode in methanol.

Current Faradaic efficiency (%)
Temperature i
°C) density cO
( (mA/lcm?) HCOOH CO  CH, H, Total total
10 1.0 3.0 n.d. 0.2 92.9 96.1 3.2
0 0.70 8.1 0.3 0.2 62.9 71.5 8.6
-5 0.86 4.6 0.7 0.2 86.8 92.3 5.5
-15 0.26 6.8 n.d. 0.2 50.3 57.3 7.0

Potential : -2.0 V vs. Ag Q.R.E.
CO, total : total Faradaic efficiencies for CO, reduction.

n.d. = not detected
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Table 3-4. Experimental conditions.

Electrochemical reduction cell

Working electrode

Counter electrode
Reference electrode
Electrolyte
Catholyte
Anolyte
Carbon dioxide
Total charge passed
Potential
Temperature

H-type cell (70 mL x 2)
Ni foil(30 x 20 mm, 0.1 mm, 99.9%)
[Metal oxide modified : Lu oxide]
Pt foi! (30 x 20 mm, 0.1 mm, 99.98%)
Ag quasi reference electrode (15 cm, 99.99%)

80 mM LiOH in methanol
300 mM KOH in methanol
99.999% purity

50C

-1.9~-26Vvs. AgQ.R.E.
-15~10+0.5°C

Product analysis GC with TCD and FID
HPLC with UV detector

341 BLOYE

REEH A DEBZACFHETICBWT, BL2-1.9~-26V D& TEIL X E - & X DOBTAERD
DERNE~DENDOHBEFT-, TORERE Fig. 3-4-1, Table 3-4-1 ([T, ZDOL X DRE
X 0O CTEMEIT T,

Fig. 3-4-1, Table 3-4-1 £ ¥ . REEA AD@BTRAFM L LCEEE, —BLIRE, 2 2L nBbh
re TNHOBTERMOP TXBOERDERELEL ., EAZERNIZT S LM MmN
Rbh, -20 VIZBWTREAT92%ThoT, —B{LRHEIT-22 VIZBWTREKR 1.2%THY .
1.9V CHATAEARR DN, A ¥ 1321V TEK 2.2% & 72 1= B2 LS TIIZIERIT
W Rrotn, Eio, KBEOBRDRITBELSBMICAE DI ONENT HERAR S, REEY
ZADRBITHRIZ-20 VTHERK 112%L 20, FBOBRDERVEREESEVAEZER L
FCREEME-20V & L,
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Fig. 3-4-2, Table 3-4-2 X 0 | REEN ADBLAERM L L TXEE, —BLRF,. A2 UBELR
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A R LTn, KERAIRBRAIC 22 >0 TEl S B ERA R Sz,

SACEKCEBE L BEA R



Faradaic efficiency / %

15 100
m CO
¢ CH 1
A HCOOH 80
10O CO, total
60
a0+ M
5_._
20
s 3 | ol

[ [ I [ |
-2.7 -25 -23 -21 -1.9 -2.7 -25 -23 -21 -19
Potential / V vs. Ag Q.R.E.

Fig. 3-4-1. Effect of potential for the products by electrochemical
reduction of CO, on Lu oxide-modified Ni electrode in methanol.

Temperature : 0 °C.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-4-1. Effect of potential for the products by electrochemical
reduction of CO, on Lu oxide-modified Ni electrode in methanol.

MAY LY =

1 &4 L

Potential Current Faradaic efficiency (%)
(Vvs.Ag density cO
Q.R.E.) (mA/cm?) HCOOH CO | CH, H, Total totazl
-1.9 0.33 7.4 0.2 0.9 40.4 48.9 8.5
-2.0 0.74 9.2 0.8 1.2 68.3 79.5 11.2
-2.1 0.66 7.7 1.2 2.2 - 60.1 71.2 11.1
2.2 0.90 7.8 1.1 1.1 57.0 67.0 10.0
2.4 1.6 6.9 0.9 0.8 87.4 96.0 8.6
-2.6 3.8 3.7 0.9 1.0 93.5 99.1 5.6

Temperature : 0 °C
CO, total : total Faradaic efficiencies for CO, reduction.
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Fig. 3-4-2. Effect of temperature for the products by electrochemical

reduction of CO, on Lu oxide-modified Ni electrode in methanol.

Potential : -2.0 V vs. Ag Q.R.E.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-4-2. Effect of temperature for the products by electrochemical
reduction of CO, on Lu oxide-modified Ni electrode in methanol.

Current Faradaic efficiency (%)
Temperature i
°C) density co
( (mAlcm?) HCOOH €O CH, H, Total 2
10 1.7 4.1 n.d. 0.5 101.1 105.7 4.6
0 0.74 9.2 0.8 1.2 68.3 79.5 11.2
-5 0.54 11.6 6.3 0.9 65.1 83.9 18.8
-15 0.32 11.8 3.9 0.7 45.8 62.2 16.4
Potential : -2.0 V vs. Ag Q.R.E. n.d. = not detected

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-5. Experimental conditions.
Electrochemical reduction cell H-type cell (70 mL x 2)

Working electrode

Counter electrode
Reference electrode
Electrolyte
Catholyte
Anolyte
Carbon dioxide
Total charge passed
Potential
Temperature
Product analysis

Ni foil(30 x 20 mm, 0.1 mm, 99.9%)
[Metal oxide modified : Dy oxide]
Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Ag quasi reference electrode (15 cm, 99.99%)

80 mM LiOH in methanol
300 mM KOH in methanol
99.999% purity

50C

-1.9~-26Vvs. AgQ.R.E.
-15~10+0.5°C

GC with TCD and FID

HPLC with UV detector

3-5-1 BLOFE

REEHN A DERACFERETICB VT, B %-1.9~-26 V OFHATELIE L ZDOBTERY
DERDB~DOEBNOEBERAI-, TORKERY Fig. 3-5-1, Table 3-5-1 (TR, ZD& XDRES
HiZ 0OCTEMEITo 1=,

Fig. 3-5-1, Table 3-5-1 X ¥ | [REEHT A DE AR & L TXEE, —BR{LIRFE. A ¥ U HBFEoNT,
INHOBILERMORTFBOBERDEIRbE S EMLZERICT D LENT 2E@AAR OGN,
1OVIZBWTHERKRT16.3% Th o7, —BELIRFE b ERROMEM A R 641.-2.0 VIZB W THEAKXS5.1%
Eipotz, AZAZOWVWTHREETH Y19V THEK1.0%Th o7, £, KEZEOERSRIZEN
AN 72 Iz O BEMNR R DT, KEET X OB RITEM S ERNITAR DT oI
MAERL, 20V X0 BRITIFERIVERY, 19V T2214% L4 X TOEBOR THRADOMES
RLTz, LA L-1.9 V OBATIE-2.0 VIR TEREEMEN - OICEBUSEER B 22 E
BRERF LR, Lo TEDOREBE LI ECHREEME-20V & LT,
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REET A DERILFERBETIZBWNT, BEZ-15~10COHEATE(L I B L E DR TER DD
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Faradaic efficiency / %
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Fig. 3-5-1. Effect of potential for the products by electrochemical
reduction of CO, on Dy oxide-modified Ni electrode in methanol.

Temperature : 0 °C.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-5-1. Effect of potential for the products by electrochemical
reduction of CO, on Dy oxide-modified Ni electrode in methanol.

MY s Y il

1930 &l

Potential Current Faradaic efficiency (%)
(Vvs.Ag density coO
Q.R.E.) (mA/cm?) HCOOH CO CH, H, Total tota2I
-1.9 0.14 16.3 4.1 1.0 26.6 48.0 21.4
-2.0 0.20 15.2 5.1 0.7 33.4 54.4 21.0
-2.1 0.33 10.8 4.3 0.5 42.4 58.0 15.6
2.2 1.3 3.4 2.4 0.2 82.8 88.8 6.0
2.4 1.7 2.3 0.7 0.2 70.0 73.2 3.2
-2.6 4.3 1.4 0.5 0.3 93.3 95.5 2.2

Temperature : 0 °C
CO, total : total Faradaic efficiencies for CO, reduction.
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Fig. 3-5-2. Effect of temperature for the products by electrochemical
reduction of CO, on Dy oxide-modified Ni electrode in methanol.

Potential : -2.0 V vs. Ag Q.R.E.

CO, total : total Faradaic efficiencies for CO, reduction.
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Table 3-5-2. Effect of temperature for the products by electrochemical

reduction of CO, on Dy oxide-modified Ni electrode in methanol.

Current Faradaic efficiency (%)
Temperature i
°C) density cO
( (mAlcm? HCOOH CO CH, H,  Total 2
10 0.53 8.0 0.8 0.6 65.3 74.7 9.4
0 0.31 15.2 5.1 0.7 33.4 54.4 21.0
-5 0.26 16.9 1.1 1.1 35.9 55.0 19.1
-15 0.16 11.4 1.0 0.1 24 .4 36.9 12.5

Potential : -2.0 V vs. Ag Q.R.E.
CO, total : total Faradaic efficiencies for CO, reduction.
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BBEE E~OF LELEBRBILH OB L BT ERY ~DORBIZ OV TREITT 5,
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FRINDIKEBET A ORIGER Y Fig. 3-6-5 [ZR”"T, FEEOERBFCRONT-D, K
JERREITE COy "2 RA L TEREMIGHET LD EE X GND, RETANBER(LFHICET
Enp L& FT COy " BAERT B, 2D CO ~DEM~DRFE DT DEVIC LY | Fig. 3-6-6
[CRT & 5 IZ(A)CO AR UNB)HCOO ™ AR D 2 FESEIZ /3 2L B V), £ 97, CO 4 i Fig. 3-6-6(A)
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SNTIRBTADETIERAZIZEAERIRVD, HLESBRBR(MAREICHFETIZ LICX
D, COy " DEME~DUWERENTH 22V, Fig. 3-6-6(B)iZRT &L J ARG ZE B TEEEOARKD
REINZHLDOEZBZLND,

UEEY, = ZVRUOH THEBBABR T L A CRBEIZADRTIER LRI o7
B, HIBERBEYE =y FVEBREICHERET 5 2 L TREEV ZADET/ER., FHIFB~D
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Table 3-6-1. Faradaic efficiencies for the products by
electrochemical reduction of CO, in methanol.

Current Faradaic efficiency (%)

Electrode density co,
(mA/cm? HCOOH CO CH, H, Total total

Ni 8.6 2.3 tr 0.6 89.5 92.4 2.9

) Dy 0.08 315 n.d. tr 85.1 88.6 1.7
- La-oxide/Ni 0.53 9.5 3.0 0.8 41.7 55.0 13.3
) Eu-oxide/Ni 0.70 8.1 0.3 0.2 62.9 71.5 8.6
Lu-oxide/Ni 0.54 11.6 6.3 0.9 65.1 83.9 18.8
Dy-oxide/Ni 0.20 15.2 5.1 0.7 33.4 54 .4 21.0

tr< 0.1, n.d. = not detected

CO, total : total Faradaic efficiencies for CO, reduction.
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Fig. 3-6-1. Effect of charge passed on average current densities by
electrochemical reduction of CO, at Dy oxide-modified Ni electrode

and Dy electrode in methanol.

Potential : -2.0 V vs. Ag Q.R.E. , temperature : 0 °C.
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Fig. 3-6-2. SEM images of La oxide- modified Ni
electrode surface.

a) before electrolysis, b) after electrolysis.
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Fig. 3-6-3. SEM images of REM-modified Ni electrode surface.
a) La oxide, b) Eu oxide, c) Dy oxide, d) Lu oxide- modified.
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Fig. 3-6-3-2. SEM images of electrode surface.
a) Dy,05 (with HNO; preparation) [10000x], b) Dy,O5(with HNO, preparation) [20000x],
c) Ni (with HCI preparation) [5000x], d) Ni (with HCI preparation) [10000x]
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Fig. 3-6-4. Reaction mechanism of the electrochemical reduction
of CO, on REM oxide-modified Ni electrode in methanol.
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Fig. 3-6-5. Reaction mechanism of the electrochemical reduction

of CO, on REM oxide-modified Ni electrode in methanol.
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Fig. 3-6-6. Reaction model of electrochemical reduction from CO," ~
to CO and HCOO™ on REM oxide-modified Ni electrode.
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B 413 Table 4-1-1, 4-1-2 IR L2 RAETIT o 72, 10 pA/ cm? L EEBFAS TN S0 724 &
v ME(LIZ-1.20V THo T,

Hot v NEAAE TR EREE MR - b IS B S HEE A ERICIEL 2 . R B
% BRI CIT B I < 72 5%, ZRLRROMBBBERED /2D AKRBENSERL 29 |
ZLOTFINX—RBBELT D0, EREMFEL LTEELV OO LEFE XAV, L LARA
T, HRDIRY WAV COBAIC L2 BBERFT DD, ZORLYES T LOBRE
0. AEBRTITBMHEZE-1.95~-1.60 V ORMICRTE L CEARTLITV, ERAMERE L K
Aoz iicli,

Table 4-1-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni wire(¢ = 1.0 x 170 mm, 99.9%)

[Metal electrodeposition : Cu]
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte 500 mM KHCO; water + methanol (8:2(v/v))
Carbon dioxide 99.999% purity
Potential 0~-20Vvs.AgQ.R.E.

Sweep rate 10 mV / sec.

Temperature 0+0.5C
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Table 4-1-2. Experimental conditions.

53

Electrodepositon of Cu into the Ni surface electrode.

Cell One compartment cell

Working electrode Ni wire (¢ = 1.0 x 170 mm, 99.9%)
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.9%)
Reference electrode Ag /AgCl sat. KCI

Immersing solution 5% CuCl; aq.

Depositon time 10 sec.

Constant current 500 mA

P I NI NS VB W 1) A
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Fig. 4-1-1. Voltammograms on Copper-modified Ni electrode in

CO,-saturated water + methanol (8:2) at 0 °C.
Sweep rate : 10 mV / sec.
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Table 4-2-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni wire( ¢ = 1.0 x 170 mm, 99.9%)

[Metal electrodeposition : Cu]
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte 500 mM KHCO; water + methanol (8:2(v/v))
Carbon dioxide 99.999% purity
Potential -1.80 Vvs. Ag Q.R.E.
Temperature 0+0.5C

Table 4-2-2. Experimental conditions.

Electrodepositon of Cu into the Ni surface electrode.

Cell One compartment cell

Working electrode Ni wire (¢ =1.0 x 170 mm, 99.9%)
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.9%)
Reference electrode Ag /AgCl sat. KCI

Immersing solution 0.1 ~ 20% CuCl; aq.

Depositon time 10 sec.

Constant current 500 mA
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Fig. 4-2-1. Effect of concentration of immersing solution for the products
by electrochemical reduction of CO, on Cu-deposited Ni electrode in
water + methanol (8:2).

Electrodeposition time : 10 sec.

Potential : -1.80 V, temperature : 0 C.
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Table 4-2-3. Effect of the concentration of immersing solution for the
products by electrochemical reduction of CO, on Cu-deposited Ni in
water + methanol (8:2).

CuCl; Current Faradaic efficiency (%)
concentration density

(%) (mA/cm?) CH, C,H, CO  HCOOH H, Total

0.1 12.7 9.3 0.4 nd. 5.3 76.2 87.2
1 25.2 96 2.9 nd. 136 67.5 93.6
3 32.7 4.8 3.2 nd. 130 565 77.5
5 28.7 3.8 4.6 0.2 93 66.5 84.4
20 37.8 0.6 0.8 04 9.3 92.3 103.7

Electrodeposited time : 10 sec.

Potential : -1.80 V, temperature : 0C

n.d. = not detected
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Table 4-3-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni wire(¢ = 1.0 x 170 mm, 99.9%)

[Metal electrodeposition : Cu]
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte 500 mM KHCO; water + methanol (8:2(v/v))
Carbon dioxide 99.999% purity
Potential -1.80 Vvs. Ag Q.R.E.
Temperature 0+0.5C

Table 4-3-2. Experimental conditions.
Electrodepositon of Cu into the Ni surface electrode.

Cell One compartment cell

Working electrode Niwire (¢ =1.0 x 170 mm, 99.9%)
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.9%)
Reference electrode Ag/AgCl sat. KCI

Immersing solution 1% CuCl, aq.

Depositon time 10 ~ 120 sec.

Constant current 500 mA
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Fig. 4-3-1. Effect of electrodepositon time for the products by
electrochemical reduction of CO, on Cu-deposited Ni electrode in
water + methanol (8:2).

Immersing solution : 1% CuCl, aq.

Potential : -1.80 V, temperature : 0 C.
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Table. 4-3-3. Effect of the electrodeposited time for the products
by electrochemical reduction of CO, on Cu-deposited Ni in
water + methanol (8:2).

Time gg;;el{‘; Faradaic efficiency (%)

(sec.) (mAlcm?) CH, CH, CO HCOOH H, Total
10 25.2 9.6 29 nd. 136 67.5 93.6
20 21.5 10.7 43 27 174 779 113.0
30 223 116 56 3.0 157 66.1 1020
60 26.6 5.6 6.7 16 145 693 97.7

120 28.1 6.1 75 1.7 145 73.3 1031

Immersing solution : 1% CuCl, aq. n.d. = not detected

Potential : -1.80 V, temperature : 0C
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Table 4-4-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni wire( ¢ = 1.0 x 170 mm, 99.9%)

[Metal electrodeposition : Cu]
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte 500 mM KHCO; water + methanol (8:2(v/v))
Carbon dioxide 99.999% purity
Potential -1.95~-1.60Vvs. Ag Q.R.E.
Temperature 0+0.5C

Table 4-4-2. Experimental conditions.

Electrodepositon of Cu into the Ni surface electrode.

Cell One compartment cell

Working electrode Ni wire (¢ =1.0 x 170 mm, 99.9%)
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.9%)
Reference electrode Ag / AgCl sat. KClI

Immersing solution 1% CuCl, aq.

Depositon time 30 sec.

Constant current 500 mA
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Fig. 4-4-1. Effect of the potential for the products by electrochemical

reduction of CO, on Cu-deposited Ni electrode in water + methanol (8:2).

Cu amounts : 80 ug / cm?.

Temperature : 0 C.
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Table 4-4-3. Effect of potential for the products by electrochemical
reduction of CO, on Cu-deposited Ni electrode in water + methanol (8:2).

N Y

a1 (] -
ol T

13 340 L

Potential ggrr]rsel?; Faradaic efficiency (%)

(V) (mA/cm?) CH, C,H, CO HCOOH H, Total
-1.95 35.8 149 41 3.2 8.4 72.2 102.8
-1.90 29.6 15.1 4.8 39 125 66.9 103.2
-1.85  20.9 13.9 6.0 3.0 128 495 852
-1.80 221 125 5.6 3.0 15.7 66.1 102.9
-1.75 16.1 10.8 3.9 29 226 516 918
-1.70 149 9.3 4.2 26 221 573 955
-1.65 13.8 6.8 4.1 24 244 528 905
-1.60 7.7 2.5 1.8 1.8 272 493 826

Cu amounts : 80 ug / cm?.

Temperature : 0 C.
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FBikiz, HEEETole=y FVERBEIERERE L THWSA D, REEV A DES(ILTFH
BTSRRI DIREDOHEBIZ OV TR L, 3 LLWERRE R OES SOV T Table 4-5-1,
Table 4-5-2 {27~k

REEH 2 DBEBLACFRBETIZEBWT, BEZ-10~5CO&MBATELEE T, £z, ko FEER
4-2,4-3, 4-4 DFERN O BB~ DEE RN R OENME A Z - OERPED > - EEEIRIRE 1%,
AWM 30 HERESE : 80 uglem?), EfI-1.90V DL CERILFHBIL LT o1, BITAREE
% Fig. 4-5-1, Table 4-5-3 |Z7R %,

Fig. 4-5-1 1R T L 1, IBEMELS RBIZo0, A F L OEFRDEIEML, BEN-5COL
XL, AL VOEBRDERBEKRL 2o, ABRLFRKOBRBR O, BEMELS 251220,
KEFERENME SN, —F, =F L, ¥B, —BUREOBRDEIT. BEXELLTHE
WRICKRE RE(CIZR N> T2,

Table 4-5-1. Experimental conditions.

Electrochemical reduction cell H-type cell (70 mL x 2)
Working electrode Ni wire(¢ = 1.0 x 170 mm, 99.9%)

[Metal electrodeposition : Cu]
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.98%)
Reference electrode Ag quasi reference electrode (15 cm, 99.99%)
Electrolyte 500 mM KHCO; water + methanol (8:2(v/v))
Carbon dioxide 99.999% purity
Potential -1.90 Vvs. Ag Q.R.E.
Temperature -10 ~ 5£0.5°C

Table 4-5-2. Experimental conditions.
Electrodepositon of Cu into the Ni surface electrode.

Cell One compartment cell

Working electrode Ni wire (¢ = 1.0 x 170 mm, 99.9%)
Counter electrode Pt foil (30 x 20 mm, 0.1 mm, 99.9%)
Reference electrode Ag /AgCl sat. KCI

Immersing solution 1% CuCl, aq.

Depositon time 30 sec.

Constant current 500 mA
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Faradaic efficiency / %
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Fig. 4-5-1. Effect of temperature for the products by electrochemical
reduction of CO, on Cu-deposited Ni electrode in water + methanol (8:2).

Cu amounts : 80 ug / cm?
Potential : -1.90 V vs. Ag Q.R.E.
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Table 4-5-3. Effect of temperature for the products by electrochemical
reduction of CO, on Cu-deposited Ni electrode in water + methanol (8:2).

Temperature g:rr]ﬁtn; Faradaic efficiency (%)
(°C) (mAJem?) CHy  C,H, CO HCOOH H,  Total
-10 226 179 53 37 139 5831 0939
-5 216 202 6.1 42 131 59.1 1027
0 296 1561 48 39 125 669 103.2
5 353 117 54 26 99 661 957

Cu amounts : 80 ug / cm?
Potential : -1.90 V vs. Ag Q.R.E.
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4-6 EE

BRERE E~OMOEEFIZ L DBITLERD ~DEEBIZ OV THRETT 5,

=y TNVEBDH, HSAEBOL R OFFERICE T 28R LRI LIAEE#Tol=v 7
IWVERE W REET A DBRULERSRETLOR RS Table 4-6-1 12 F & 7, = v VBB TR
A ADBITISITIZE A LEL, KBREPERIGTH O, MEABHBTII—BILRENS, &
BICBTRIGHEATEA Z VISERIRBT AN LDOBTERY TH D, ARRICRBITIHES%
o=y VEROBE., MEEBOEAITLRTRAZ L OBRDHRIIFD Lzl =F L
ROXE EOBWENRM LT B LD & & DBREKOSREME TR XA DEBER(LERETETT
ST-BE LITRRBEEE R L,

INE DI T AR REICHEIE L2 EREZ AV - A EERRIC L D REBTADER
{LFHBRETICBN T, =F LU OEBRFRLZEFICEH OVIRETHRFT5 Z L3k 2 L 28
LT3 ¥*9 F-z20h Tt S UALROBEBEROE S & =F L OBHIHE L OBRIZ O
THRARTHEY, = F UV ERICH L TREHBEBE I NH 52 L bBITW5E, RFRIZBNT
bEERBRBELEERROREELRHN L CEBRAOROBRELRF LR, =FL 0
BRI ENE Uz, THEHRHERIZEATF LU ~DREET ZADBITERDIINT, =
VBBREICHEF LR —MAEEAL LTHEELTRY ., ToHE{SHOERLMbY | 18
FHRCTZF LU OBENRALLEFREEREZ OGN, IELOWEETIC, AFRICENT
EZZ b LETO=F L OAERRIGETT,

COy(g) +2H* +2e~ — CO(g) + H,O
CuCl; + CO(g) — CuCl,---CO

CuCly---CO +4H* +4e~ — CuCly- -+ :CHy; + H,O

CH,
2CuCly*++ :CH; — CuCly- -+ || + CuCl,
CH,

REZMROEERO= v I VEBRE OKRT 2 HE L7- SEM EE % Fig. 4-6-1 I2, AER)>
HEZHLILDBILRED A K =X 1% Fig. 4-6-2 127 T, Fig.4-6-1 LY, EEZRZT-o- TV ARV=y
VBB TIIREILTZ 7 v MeREETH 7203, OBEEEZITOILICED, AF DA &
b LMo RN EE RN 80 pglem? DEMBTIE, = v VEBEICEE 10 um BEOSRELF1E
FELTWAEFHRBESh, $-REDCHFRFOHBRIIN 40%EETH- T,

RIEDAH = AL E LT, BEEPICHEET DRV APWERHXIC L) EREFOER_ERE
HERONE~ &k Sh, BRREA~RE SN, ERREICES S8R FRin L CREED
ADBTLRIGHEZY . RIS, BTERYNEBREHOHE L, Fh BT RG3#ET 5
LWV —HO T ANERPITEZ -~ TWEHDLEEZLND,
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Table 4-6-1. Faradaic efficiencies for the products by

electrochemical reduction of CO, in water + methanol (8:2).

Faradaic efficiency

Electrode Tem;(:%’)a hire
CH, . "CH, CO HCOOH H, Total
Ni 0 0.3 tr tr 0.6 83.3 84.2
Cu 0 25.0 0.5 5.7 3.5 64.9 99.6
0 15.1 4.8 3.9 12.5 66.9 103.2

Cu+Ni’
-5 20.2 6.1 4.2 1371 59.1 102.7
" Amount of Cu : 80 ug / cm? tr< 0.1

Potential - -1.90 V vs. Ag Q.R.E.
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Fig. 4-6-1. SEM images of the cathode electrode surface.
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Fig. 4-6-2. Reaction mechanism of the electrochemical reduction of
CO, on Cu-electrodeposited Ni electrode in water + methanol (8:2).
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