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AR R —FF Ce~Co-S-P AR e H & 7 ik, OLIETATEK: FHmR
Mg, CBRABAG . Wi, B+ B, ZEFABIRS, B E 3200,
BB, 3R89 FMBEHCE, BSOSy H1FE Ce—Co-S-P h k. K&
BF) W 41 #5689 Ce—Co—S—P A K dh LA £ 7+ 69 OER ML A, AE % & S IRAT & 0
89 0ER. AR KR A “—4A " &k, A F Ce AZIAT T Co-S-P Ak
FegAn T, BEAT THAMRE, TERE, REBEK, WHEkE, £456T
MEAS, HTFTTHARBRRKAELATZHIFE L,
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1. —#% Ce—Co-S—P AR a8y %) & 77 ik, LHIEE T, Frk# &7 ke
BTARIE: Briiiimis., CBEAEALL., Wik, 1+ M., = EF 4%
A, FHEE 320 °C, RIBRE, FEZHESRIE. O HITE
Ce—Co—S-P A K dh .

2. WA AE R PR R & Tk, HRAEET, PTRRIE RO 69 B 18]
# 30 min.

3. e RAN 2R PTRGH & Tk, ERILET, TR RBAERT C
/min 69 £F R,

4, Je A B KA PR H & &, ARFEET, kR4 B8R,

5. 4o AUF) B K PTG & T ik, BRI T, & RA IR A A
FHER A% 0.375 mmol, CBLTEA% 0.7 mmol, HBR 1.5mL, E+ —#F%8
mL, = EFHEBES5 mL,

6. 4 AR 1 TR H & Tk, A IEAET, RALERRARCEE
RIEAT R

7. de B A Z K 6 Frik e H &7 ik, R IEAET, BTk Rixfe BRI
AR A 3: 1,

. — AP de AR E K 1-7 £ — %) %49 Ce—Co—S-P £ K b4k A MkH & 5t
B AT 69 & R o
9. JeAXA B K 8 PTRG A, HAFIEAET, PTERE AN AR,

e
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—# Ce—Co—S—-P AR S 89 %) & 7 kA &

BARAIR

RA IR ARHERAAR, BEARE R —F Ce—Co-S-P 4K ah 49 %] &
ViR =353
FRHEK

AAF A — AP A FF B, B8R THRAE LSRR HRE
AR B R E &, mEALKHRK, FREAIF. A S TATEF, L#E
KEZHEAZE, mAFHLE, TEAMNGYS 2 XE, OBKFAEZ R
O AWM AR (HER) A=faiitfr & R~ (OER) AAF Rz, H+ OER
Aessh ) FIRARANER, RARER T TR, BAT, Pt &ERE2E
A AR A MEW HER (Pt. Ir. Ru%)/0ER (Ir/Ru AR %) #HERF
BERH, 2 iAm BTl EZ, PEHRT OB KA ZLEE. B
o, FRATMAARSR . AR ART R S A M — AR AN KA MG

TREEEBND AT X BN, ERBIFZFEAEL, FHT
A RIF R, AR M, REBLESEHENYF LR EERNHZE E I
8 — LA RAEAMH . TS5k, LK BB E R/ GRS FEKAT A
e A Ak AF R P RIE 5572 MR E OB EN, BERN “f
AR o RMABRGF L T EiE e R, A KM R & 09 BRL
M RTER K, AL B T AT & @, &M A R 24K,
F & LA FRERE, B, 4T 580300 R iEE 4258
% T E AT e AR B AR AT A R B R KA de AT R AT AR 5 A4 09
FeM; defTiE AR R — P RS FEARA B ATRF L T g
R 89 TU K AR o

ARG FF A B, LR 2 5 MR HTH 2R © BT ERE
MR T B, Am, FIAMHETE4HFFOANLRMER. RIFOET
FHME., REQRALRE S, AR AT BRI AR A P RE AP EE A AR
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A3 ILA BARGEGERE A, KRPARME—FF Ce—Co—S—P # K ah 9
F & Tk, FHI4F69 Ce—Co—S—P 4y K Jh VE A BRAF . i b A7 B R L HEAL T
AEA#HA, ma. EMeda =

AR R 69— 4P Ce—Co—S—P A R ah 8% & 7 &, PT&H| & H 04
TRV E: KR AE. CRARAA., Wik, B+ /M. Z EFABR
&, FHIRE320C, REBRE, FEQZWESRRE. HS o HIFE
Ce—Co—S-P 4 K ah,

Rk, PTEPRIR RO GG EF ] A 30min,

ik H, Pr&RAER 7°C /min R ER YR,

ik, Pr&AIEA AR,

ik, 19 Ce—Co—S—P 21K il & RAH GG iAot t] 7y : Al BR 45 %% 0. 375
mmol, CEBEAEN4 0.7 mmol, HER 1.5mL, £+ —FEE8mL, = EFLB

5 mbL,

ik, KA LR A OB IRBAT R, L P RAEREAT
DRILE, By BORIETUAE T E 3-4 K.

Rk 3, PR EE A OB SR AGRARL N 3: 1,

AR L FAE—FP AT iR Ce—Co—S—P 44 K iy 4F A HEFF d. i 69 R 4 AL 7]
OYSA

R, PTERL AT B

HAA BRI, AXAGH ZHRA:

1. AKX Ce A#IAT Co-S-PAKK AL, Ce#H %5 Co-S—P 4
Kby Eah B oAREH, BAR S, 6Mskisiz s, BAMKRFH 0ER M
At AE%% = AR IRAL . e d 69 OER, 2246, M AL T B AT & 49 1r0,,
ST THAEARBRREBERAEEA ETZNHFEL

A

Tk
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2. ARUE T BRAMLF R, 1 A ARG BT T 38 H] Ak
T Ce—Co—S-P vAKah; BB KA “—®HMA” 97 X, FIRAAEFIEEXF
2| BA KK Ce—Co-S-P th K dhik, TEME, RN BAEIK, M4, &
ST L~
B B 359

AT RHFRBBLIARKAELARE R T KRAABRRFHHRTE,
B KA AR SR 56 7 X R ILA B AR FEE P BT E 248 a9 I B AE ) ﬁi@ﬁ\%
EmH i, TERHETHREZRKAG—LEHEF KX, T RS
BHARAAR KRB, ETATHAIERTENATIRT, LT LAARIEX I B 5
1R,

1 R AR FE 5]+ Ce—Co—S—P 2K ahéy TEM B,

K 2 4 A KRBAFE 5+ Ce—Co—S—-P #4 K ah 49 HRTEM. Mapping A

B 3 A A K545 F Ce—Co—S—P 24 K &4 49 XRD. XPS &,

B 4 K K5 5615 F Ce—Co—-S—P 24 K &4 49 EPR .,

B 5 K A KB %545 Ce—Co—S—P 4k & &b &9 OER ML AKX A .
EARFHT X

RETRERBIAAT LAFHE—FZBRKY, HREHRTHERK
EFEH T K, IR LY G R EA D T8 B M TR F], AET AL R K6
Jo T T RAWK KRR L HANA BEARGRFIERATH S RF R GETE KR
BF 48 ] SR ABULARGY = S, B AR KRR TERZ A

5% 249
8T, #r& 203.5mg (0. 375 mmo| ) A4BL 4%, 178. 2 mg (0. 7 mmol )
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CBEREE, HF 42 RA—R I NTIRGEREH 250mL &9 =3 & & B
P, BRAKKATSR1.5 mL hEE. 8 mL E+ —#BEAf5 mL = FEF

AR, AN ZHE R, REAEH, [FRBR,

Fr=ZR R R EMESZVEF, BFREETATC /min REFRE
320C F#Ri& 30min, RELZR, HFREE ARALINETIR, MAESIK
ARA 3: 1 ERARCEN K, B0 HEK. FRKLEE T2~

4 73 Ce—Co-S-P tARah, 60°CEAZTIKE, ATHamkit.

% 1 XRD, XPS, Mapping, TEM A= HRTEM, EPR MJ4X 2%~ 513t &= S 4T 5
M, R wB1 ZER 4T, B1 ARG TEME, KE$ T A B
ARIKRGEM . B2 AF LG HRTEM B, B P 7T AE H A5 R Eah Rk
GM), HERR S5, 6 FHmiGiz s, ek EY, gl EaTw
s EE LR T 2A4E R, Mapping B 27 £ &L % & Ce. Co. SA=P,
B 3 XRD I8 % B P & ik 8949 i 9 Co,S, (JCPDS# 47-1738) #= Co,S, (JCPDS#
19-364) . =77 48 Co,S, 89 iT 4442 T 26.71° ,31.41° ,38.16° ,50.25°
#= 55.23° A2 & F (220) , (311) , (400) , (511) #= (440)
sh @ ;277 48 Co,S, A9 AT 4 {2 F 30.02° , 47.99° , 52.15° , H»Al)2

BT (311) , (511) , (440) &@,

XPS & % Bf Ce—Co—S—P #h K & Co 2p £ 45448 778.5 eV #2793.5 eV
4t A 9% 5512 B F Co” 49 Co 2,,,%= Co 2p,,, 45478 780.7 eV 4=
796.5 eV 4 494k ik & Co” 4 Co 2,,, %7 Co 2p,,0 HEAFEAE A LS

784.5¢eV 42 802.8 eV 4t A I £ %, Co 49 XPS 25 R % #] Ce—Co—S-P 44K K
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F Co™: Co”H 1: 1.36, KF Co-S—P KK #1: 1.09, #L% Ce—Co-S-P
AR BAIKBLZAAY S, RIER T A S Rz A&, Ce—Co—S-P KA
S 2p ¥A161.5 eV A2 164.2 eV AP Sty AR5t 2 F ST S 2p,, A=
S 2p,,; & 162. 5eV 42 163.5 eV & 6y AN T )3 & T S, 89 S 2p,, 42 S 2p, 0
72 168.9 eV ALK 2] 69 5T AN A 2 T2 A8 m-F 69 S A,
# 7£ Co—S—P 49 XPS i 8 ¥ 161. 4 eV A2 162. 5 eV 4k 9% 5 A5t & F S 2p3/2
#2'S 2p1/2, % Co=S 4ty A f£. Ce—Co-S-P #= Co-S-P, H ¥ P &y3IA
AEAAR Y, AT Co-S-P, Ce—Co-S-P #AK )} Ce 8945725 & 4 B K i

55, B 4 EPR &5 Co-S-P 481k, Ce—Co-S-P 4k K A FF4S
245, f& g=2.004 4 EPR 13 5 45%,

AT ERPATT 4o, KAVPTIF 2] 6 4k =40 & Ce—Co-S—P ARS, A
IE g b REEH)
X5

A Z AR Z P 8 PR IR S R A AR W 2 R IR A s 6 AL
i, BAREARAe T

w403 92 35 /2 AUTOLAB-PGSTAT302N 7 w4k 52 T4k sk F 4T, K AAR
8 Z AR TRAR R, A8 R 69 TAF AR A AR ST IR IR G A S 54 69 ZiaE
M, M A R, SEMA ALK Heg0) . AX I AT A 69 % 43448
5t F Hg0, wi#ik A 0. 1M &9 KOH 75 ik, AT A AL S MK £ 25°CTF 247,

BORFIN, PR SIS 0.1 M KOH J& & b 34704,

A SR SR W AEY B & T R e T
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BRFTAT, FEAKN S5mm 68 HEEARAA 1.0um, 0.3 um
F20.05um 89 A0, B/EZE5dE, REAEFE, RN RARMKKL
Fit, EEENAATFESAR. 5 mg 894542 0.25 mL TEE ¥
REHN 0.7 mL 897KF20.25 mL 1%95E0Ei%, 3R1F5 mg/mL 49 49 &
Fiko 10 pL iz & F kA5 ub 0. 1925 RR, LEH Yy RARFR LS
Wk & N, B P T, 13274 Ce—Co-S—P 4 & dh 54 B A,

OER MK AT, sk @A 0, 30 min, AR KIEiR T &MY
HE AR, FAEFIRTAZ P U LE 0, ARBFEIR 0,5 H. LSV LAAL

0, LB FHAT, ARG EFEREEN 10mV/s, 52X 4 1600 rpm,

AREEA 0 V-1.0 V,

MERHSAHER S5 Frk 1, MiXE R LKW, C-Co-S-P thKah EfENL
OER F a9 1AL FE BT FE 1r0, LT,

21 BAFAERRRAEE THLIEz

Catalysts Mg (mV) Nz (V) N (MV)
Ce-Co-S—P 312 339 361
Co—-S-P 337 357 372
Iv0, 382 420 453
RuO, 297 330 355

B R, ERF PR F # M DL TR 892545, m s dExT 567
KOG E o AT PT B ARG L@ KA R R, £ LRy Ll Esr T
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D CARRB X TR LS X EAEF LR EN A KA X T
VA% 5o i B LT A0 i 69 2 /0 5 WA TR T 54 T A KA 4] a4k

PEREAZ T
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