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BAG BAE R BAE A B FRE L, AR AR E ) 0 45 45 4 8 4 4 8 IR, 5 AT BRAR A 4 A
& T — R AT R =2 K K 2 M 0y B R AEAL A 3T Co@ NC-L—-Co,Zn, . A SEM TEM SAED EDS-
Mapping,XRD ,XPS BET ICP-MS #» Raman 4 % #73 RFZAE T 1R A 69 T $045 Hy , B R B Pl X T
Co@NC-L-Co,Zn #wALF AL, %R KM, Co@ NC-L-Co,Zn, ZIL vt K K4 M, A F 0y B i
EE LA E M £ 0.1 mol/L KOH & ffi& T v E(E, ) feFk vl (E,,) >3 H 0.918 V =
0.853 V, 3t B iR 547 10 000 s /5 A48 & 37509 87. 3% , M4k 5 B AE A 20wt% P/C 48 %
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Pt 53 4w 0 S B v | A v B AT B AR
FE5F R E 2 AR N ], BRI R SR
s PR K F i H A AR SR 19 ORR AL 58
PERR I} L 20 S

4 J& A PMLAHE 42 ( Metal organic frameworks,
MOFs) J2& H 42 & 251154 P BlRTA HLECAR 1 Ry %
PRI ) — R Z AL R MR — R Rl £
fLAPEL, MOFs B A 254 7T 3tk 3Ky R i
TR LB S5 R0 I D0 %) FL T8 65 A8 25 L, HE7E ) 4%
ORR AL 7 miBUS TR KAy Hd, 4k
ZIFs 546 7 4ERBLRT MOFs 1945 A 455, B —
TR IR 45 ¥ A1 MOFs JIL U 71 FL 38 235 4 548
SO (S A E A S5 AT 0 BT 9T A 2 TR, )
U, Huo Fl Zheng %57 & 1% T HA KRB 724544 (1
HTURAA ZIF -L—Zn@ ZIF L - Co, $ BT SR 1A ZIF - L -
In@ZIF - 1L - Co i 2 5 , A58 T F AN EAE K Y
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4L 7 HM - Co@ NC ( Heteroepitaxially MOFs derived
Co, N co-doped Carbon catalyst) ,HM—-Co@ NC 7E 0. 1
mol/L KOH Hr) i Bt RN 5 L A2 5353 2 0. 998 V
F10.905 V, it i Ak Pr/C AR, BRI, A%
HEZERY Z1Fs 1A BOREAL R AR AFAE — 2] . DG
AL BRARXS &2 2%, Hoahil 46 1 2055 ek — 20t
b s @A RN TE AT AL TR PEAS &, B
AR AR PR S — DA i

BT LI AR TER A — ik T R T
-BERLE IR ZIFs — L A AT 9K, 65 % K Co, Zn, -
BMZIFs -1, Conn_T —-BMZIFs -L. H Co-ZIF-L Hl
Zn-ZIF - L 1945 AR5 (Co - ZIF - L A RRAL AL B E
A Co-N-C {EMENT, Zn ~ZIF -L 1 Zn (5 &5
BRFE) o TR Co,Zn, - BMZIFs — L 44 15 31 41 1k
#] Co@ NC-L- Co,Zn, , AR SCHIFE T R4+ Co JT
25 Zn TR L0 HARALTEVE RS20, [R5
B T AR 83 PR 7 55

1 SEEA
1.1 #MESiEF
ANIKERRRBE (434, Zn (NO, ), -6H,0)

IKATEBERES (/0 Hr4li, Co(NO, ), -6H,0) I 3L B 17
THRHNA A5 2- B SLRR IR (43 #1400, 2-MeIM ) W 3K F
it LI R A BR A A 3R 4 U R £ M ( Nafion
5wt% , D520, Dupont) .Pt/C fALF] (20wt% ) Wy T
IR R IRERHE A BR A F]

1.2 BIIR{E R L FIH & &

AUKIA Co,Zn, —BMZIFs — L (45 WU 4~ i
R e 5. 2 g 2- HISEBRIKIA AT 100 mL KB
FKPIE AW A — € BisE Co(NO,), -6H,0 Fi
Zn(NO,), -6H,0 % f# T 100 mL 255 F/K I s
W B,Co™ 5 Zn® B R L4y 1:0.6: 1,
3:1.1:1,0: 1, HEAA KW 1; &8s 75 2-H
FEBRME A R N 10 8 B IR B 2B 1R A T
TN A, ZW T R FE R R 24 hy )N 58
B CBIRRAE 35 CC R 2 h fd 258 Ok BRI, AR
JETE 10 000 v/min 2504 T #4780 (5 2000 3B 0
HL, B4 SIGMA 3K15, B F B0 0L () A BRA
Al e BERE S AR 60 °C HEAR T 75 B8 AR [ 14
i H Co,Zn, —BMZIFs — L, Hrt x 1 y & AT IR A4
JERE ) Co* F1 Zn®* I A SR B LU B, 4L
FA R BEE 1 R,

F1 HIERIIEIA Co,Zn, —~BMZIFs - L R}
Table 1 The preparation of Co,Zn —BMZIFs —L diagram on the amount

EIEIELN 2-H LRI/ o Co(NO;),-6H,0/g Zn(NO;),-6H,0/¢g
Co, Zny —-BMZIF -L 5.2000 2.304 1 0
CogZn; ~BMZIF - L 5.2000 1.974 9 0.3365
Co;Zn, —BMZIF -L 5.2000 1.728 1 0.5888
Co,Zn, -BMZIF -L 5.2000 1.152'1 1.1776
CoyZn, -BMZIF - L 5.2000 0 2.3551
Hl £ AL Co@ NC-L~ Co, Zn, ()7 IL 40 F Bt o b ot R
A K BRI RYATIRIE Co,Zn, ~BMZIFs ~L B T . \W>

B K (45 BTF -1400C -111 @80 , %44
NMEFRREFEARARAR) RSN N, R T
PAIFHER 5 °C/min R ITHE 900 C, PR
900 C It AL 2 h, & R ) 2 = R 5 B,
ML FIE N Co@ NC-L- Co,Zn, JH Ly SR
A RCHTIRIRJERE R Co™* Al Zn®* W R 4 8 L 191
1.3 YERIESNEK

T B8 (SEM, JEOL, SU-8020, Ja-
pan, JIGEHLE 10 kV) F138 5 B 2 088 ( TEM -

o .
/ ORR
e \» OH

2-MeIM¥E F7k %

Cthny-BMZlFs-L
B 2 IRGS M AEALR
Co@NC-L- Co, Zn, [ & /R B Al
Fig.1 Schematic illustration of preparation

Co@NC-L-Co,Zn, from Co,Zn -BMZIFs-L

Co@NC-L-Co Zn

2100F B5{ JEM-1011, Japan, HI3#E % 100 kV) FH T
FAFAALFI A TE S 45 F , TEM i 45 10 RE B (0 B0k 3



. 86 - T E A & S 4
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(EDS) Hl T 3RAEM ELHY IT R 4341 (EDS - Mapping) ;
X-HHR A5 (XRD, D/max 2500, Japan) F T2 AEA#
RTINS ALK 280, XRD 4 S ~ 80°, 4314
M 2° min ' X BTG HLBE IS (XPS, ESCALAB
250X1, Thermo Fisher Scientific, VG Co. Ltd) T3
ML I TC R AN S AL 22 2 LA X 2O BE
TECR ] 200 W D3RG Al -Ka /E N B (088 X S2k
U5 57263 ( Raman spectroscopy, LabRAM HR E-
volution, HORIBA Scientific, France) F TR IE#E 1L
BB B AT SRR E = G35 AH ] Ne - He
VERBOCT, WORBER T A in = 532 nm; FI A
A R ( Micromeritics ASAP 2460 Physisorption
Analyzer, NOVA3200e and autosorb iQ, USA )l &£
A Y LR AL BET) AL L5045 (] DFT J7
VE RIS EAT 20 AT ) 5 LR 5 55 S A -
X (£ EZEHEME Agilent 7800 ICP —MS) I T-46: I ij
JXAR A AL 45 B T R & i, ICP - MS ¥ A1 Ui
4 15 L/min, RF I3 K 1550 W, 09554 0.8 +
0.1 amu,
1.4 fEEFBLRERENR

Wit CV(RZIHIR) Al LSV (ZRMEIRLIHIA) ok
TR T il & AL A9 ORR PERE ., R = MR &,
i TR HLAEE R Y H Ak 2 TAE 25 (CHI -760e, I ifF
SRR IR A ) BeE e B i (RDE, H A
ALS) 4T CV FI LSV I 52 56, DL G s AL 77 Y
B A R TAER, L Pe 22 R X Bt , DL He/HgO
HEHHM (E, p,0 =0.098 V),

il f TAER AR Iy B an N ik, SEg 2 i, Al
FH =480 ARGk X Bl i AT AT IS AT J 5
B CBK IS MO P e T, RIS mg RO AHEAL T
TEPLAE T, YA 270 WL 28557k 200
wL T EE A 30 L A9 Nafion (5wt% ) , FH8 75 43 8L
60 min PA_EAAT AR B0 B0 . 15wl 5y Bk
3 R 1A BT e 1) 35l LA 2 1k b (A TR
EIELY N 765 pg/em’) , HIARBET 12 h 5, 152
O AR

HEFT AL 2 AT, 38 5 CV 7 i 78 4 A i
AT IA R, ETTER 2SR Y O, FIANES & Wy s e Ak
LR . 8o TE AL Z 5 1l Y F i A b
SR A O, F1 N, 29 30 min, {fi 15 f3 f# 8053934 O,
HIFIRZSFNTC O, IR A M3 Y F, A M BR 455 0. 1
mol/L KOH (pH = 13) ; CV 3zt i 1 4 3 B R 50

mV/s; LSV WA HEE N 5 mV/s, el o3 5] oh
25002 000,1 6001 200,900,500 r/min, FAHi M
H(0.2, -1)V,

FiAr CV Fl LSV % H Al H #AR 38 3 Nernst 7
TRV HA A ol AT 306 S0 M HL 34 ( RHE, Reversible
Hydrogen Electrode) , Wz (1)

Eyyg = EHg/Hg() +0. 059pH + ESg/Hg(} (1)
O E e A AT S AR LY VS B0 8 He/HgO
SR Y S0 HL s, VS BT 40 A Heg/HgO
TEZ T BUbRER 0. 098 V,

B B B (i - ¢, chronoamperometric re-
sponse ) 2 I 41 A 51 A9 RS R 1 AR P T2 52 P 1 o
BB, Hom kel b g5 —MEE [ i T, 2
Prep G a2t th 2k, i — 0 DA i i o
-0. 1V, %# 4 1 600 r/min,

2 HiR5HE
2.1 fEF Co@NC-L-Co,Zn KIRAE

Xt £ (9 AL Co@ NC~L - Co, Zn, FIAHLY
HIBR A4 % ] SEM . TEM ,HR - TEM , Mapping 2% fif H:
JESURSEH (12 A& 3) o B 2(a) Fl 2 (c) 2 HTEK
1K CoyZn, —BMZIF - L ) SEM &A1 TEM &, 7] L&
SR B AL A I IR 254 AR R B AL Co@
NC—L-Co,Zn, i SEM(E 2(b) ) F TEM(E 2(d))
WS E 4k R &5 0, (ER T L AT DR, A
7 PR A 1) 18 2R T A8 A5 RELRE | T L 45 A8 A7 7E — o AR
3P X B T RTARAARTE AR A b Zn S8R T &
U B3 SERTIRAAR Co, Zn, ~BMZIFs — L FILHAA R
HEALF] Co@ NC-L - Co,Zn ) SEM &, A LI &
MTHTDRAAAR SR A4 A B — 2 R 25 ), JHE AR 7 A
NG5 R A — R B R R T Zn # R DA
B ZIF - L 75 e i 280 3k 72 v 4 ) 1 -1 42 i 4 e
gl

i TEM (& 2(e)) A1 HR-TEM (K 2(f)) AJ
PIE Hi#k 5] Co@ NC -L - Co,Zn, B £1 B AL ik A
B Co AR IBURL ) 25 44, 3 B Al AR 9 25 K0 08 18 T 43
JZLHAL, TEL R Co O AN JEFZ R AL T %
HEEM D E—H Co@ NC-L- Co,Zn, ) HR -
TEM(E 2(g)) AT LA H, Co 40K T0R: # 11 AL Bk
WEE A NFR Co 44K JIURLF A1 1M A2 Y A1
SRR AT 571 H VR AT ) AR AR B, 43 B R 2 Co
GKURL A4 THTC> 57,7 4549 (fee ) (JCPDS No. : PDF#



"/

2025 4F 4 A2 WEASZEE  BPEOORE R AR I T AE Co JEAEALTI I 55 5 PERET ST - 87 -

(a) ATHEIECo,Zn -BMZIF-  (b) Co@NC-L-CoZn,  (c) ATHEIACo,Zn,-BMZIF-
LEYSEMR -

(d) Co@NC-L-Co,Zn,
LEYTEMIR R BYTEME J-

Co(111)

Co(200)
0.21 nm

Co(111)
Co(220)

10 1/nm

50 nm fm: GO
e 2 ;

(e) Co@l\’C-L-CoSZn1 ) CO@NC-L-C%ZHIE’J (2) CO@NC-L-C%ZnIE’»] (h) CO@NC-L-C03ZnIE]’~]
RTEMBE /- HR-TEMBE K- HR-TEMBE | SAEDHE i

250 nm 250 nm 250 nm 250 nm
e e EEEm——
(i) Co@NC-L-Co,Zn 3\ (G) Co@NC-L-Co,Zn, (k) Co@NC-L-Co,Zn, (1) Co@NC-L-CoZn,
Mappingf{g TEMAE H- fy Mapping i - ffyMapping i - I Mapping i -

2 Co,Zn, -BMZIF-L } Co@ NC~-L~ Co,Zn, ) SEM ,TEM £l Mapping 18 F
Fig.2 SEM, TEM and Mapping images of Co,Zn, —-BMZIF-L and Co@ NC-L- Co,Zn,

5w
¢ Hm
(a) Co Zn,-BMZIF (b) Co,Zn -BMZIF (c) Co Zn -BMZIF (d) Co,Zn -BMZIF

5 pm 5 wm
TSI RERS

S i
B ]

(e) Co@NC-L-Co Zn, (f) Co@NC-L-Co Zn, (g) Co@NC-L-Co Zn, B ( Co@NC-L-CojZn
3 HIAKAK Co,Zn, —BMZIFs - L L] Co@ NC-L- Co,Zn Y SEM i f
Fig.3 SEM images of precursor Co, Zn, ~BMZIFs —L and Co@ NC-L~- Co Zn,

15-0806) "> i) Co(111) FhTf AA7 84k C(002) fii @ NC—-L- CosZn, i Mapping £ (& 2(i ~1)) ik
(JCPDS No. : PDF#01-0640)'"_ K 2(h) K Co@ — BT R B 4k Rk &5 H, H Co N AT C
NC-L- Co,Zn, i) SAED [ (3£ X HL F 74, Selected  JCEAME AL, LI LSRRV RTIRIAF Zn T
Area Electron Diffraction) , °] LI H H HAG ML) £ RN Co g0 KR AE i i F2 v & A= 1Y
AT R IEW T Co@ NC -1 - Co, Zn, A £ 4 FRIGE ARME Co 94 KUK B £ A {07 451
¥, T H: Co(111) ,Co(200) T Co(220) ATHIAE HR BT, X PP AEE A9 254494 A T ORR i fb st
-TEM(E 2(g)) AJ XRD( K 4 (b)) #H—F, Co  #F,
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R A

T AL Co@ NC -L - Co, Zn, 1) i &2
FFNZFEH JC R AL, #1477 XRD A1 XPS Ui Ak
(K 4), [ 4(a) WHTHKAK Co,Zn, - BMZIFs - L #
XRD 25 5L, o] DL H A 3R 7R B9 XRD A7 5 i 5 3¢
TR R A R A R A R A AT S A —
& 4 (b) AR AL B XRD 4558 0l LIF I AT
26. 3°J@ T BALHk C(002) AYfF 14 (JCPDS No. ;
PDF#01 - 0640 ) , H 4% (1 = A~ 17 5 0 7 F 44.2°
51.4°H175.8° 43 HIXS N T fee S5H4 Co 9K FURLIY
Co(111) ,Co(200) F1 Co (220) f# T ( JCPDS No. :

| | Co Zn-BMZIF-L
_MA‘L‘J A-‘L/L‘/‘J/ ﬂlWAW\/\-J‘-«/VW\AJ{W»W\/W%.\W
| H

N i | CogZn -BMZIF-L

L b Al .
S N A W AV Armtnnn g,

i
:nﬁ.d

/ 1 | Co,Zn -BMZIF-L
n » | R i | B ‘
A’L,‘jtﬂﬂ_ jk/ J\/\/’M ‘ ,M/JJ\/\/\AJ AwdmAnan S,
o | , i | Co,zn-BMZIF-L

| | Afl }\ I |, Cozn -BMZIF-L
HJ’U‘JJM J »/‘\JILU I ‘\,A#J\Jb-'\f‘\/ml \/ '“‘M\N'\Af,‘,u'\\j\”l
5 10 15 20 25 30 35 40

200(%)

(a) AUARIAXRD

s 0 1s Co 2p Zn 2p
Lj'l:s'-—)l"‘—/_JCoSZn,-BMZIF-I L
] i
H )
| - i i
1
i i

0@NC-L-Co Zn,/

5 ()
l
i

0@NC-L-Co,Zn,
PR,

NC-L-Co,Zn,
e e V)

200 300 400 500 600 700 800 900 1000
45t REeV
(c) XPSIELEHIAR N (15 73 FEXPS [

B )

395 396 397 398 399 400 401 402 403 404
AV

(e) Nls

PDF#15-0806) '/, Hii4K{A Co,Zn, - BMZIFs - L
Co I, AL Co@ NC-L- Co,Zn 48 Co
AT S B Y IR X — 45 R 51 2 (g) By HR -
TEM A& 2 (h) i SAED 45 R A0—2,

M 4 (c) 7T LA L BiT9RIA Co,Zn, —BMZIF -1,
(1) XPS 1% & 7 1 5 W1 AR DS 43 52 Cls
(284.83 eV) N1s(399.15 eV) ,01s(531.90 eV) .
Co2p(781.28 eV) Zn2p (1 021. 96 eV ) 4HAE I, i
f£H] Co@ NC -1~ Co,Zn, .Co@ NC~L~- Co,Zn, NC—
Co,Zn, [ XPS & & iR i Cls N1s,01s,Co2p iX 4

C002)  Co(111) Co(002)

Co(220)

" iCo@NC-L-Co Zn, |

(A CRI)

!Co@NC-L-Co]ZnIE

Midieane ko oo o Ul

ditipetuletdmsdiitn
o )

1 i !
10 20 30 40 50 60 70 80
2000%)

(b) fEALTFIIIXRD &%

1 C-C

Co@NC-L-Co,Zn,

Co@NC-T-Co,Zn, /A
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iahelev
() Cls
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N i i !
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iRtV
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Fig.4 Physical characterizations of different catalysts
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AMRHIEIE BT 9RIA Co,Zn, —BMZIF - L H' Zn JGRTE
fpad B rh iR L . HIEF A& MR A 4>
SRUNEE 2 MIF 3 Fis, XPS B3R Cls K3
(Bl 4(d)) BRFAE =P a2 i ey, o 5l
H C—C(284.87 eV) .C—0(285.61 eV) ,C—N&C
=0(288.93 eV) " E4r¥E Cls i E P C—C )
PG UEE IR U T AL A 78 A S8 A ik i AR 2
e, ARk C—C SR C—N B AY 4540 4 Jin
JiF - Pl R P R A NE 4 (e)
AL LU Y XPS (5550 B N1s Bl XTI RE-N e -N
LA S5 40-N AT LA 400, 23 0 67 T 398.25 eV,
399.78 eV . 401. 82 eV Fffir, 5 IAHILRE-N Flfy
SBAL-N REHLAE IO B 7 A1 p L1 IEBE-N ALA
BEAb-N X PIFRZEH N BB 2 ORR L h A
B EATE NS, B 4(f) B Co@ NC-L - Co,
Zn, Fll Co@ NC —L— Co,Zn, 5 7395 Co2p &3, 1
BT IUA EERHENE Co”  Co2ps, .Co—N, (Co2p,, Fll
TRIE Sy AT 778.22 €V . 781.21 €V ,786.22 €V,
796.41 eV 803. 11 eV [fift, 1Ml ORR HEAL I Y LT
£ Co—ORR f#E Co2p,,, .Co-N, .Co2p,,, .
F2 s XPS AT 20 AT IR
AR oTR SR (JEF A
Table 2 Atom ratio of various catalysts from

XPS test( atomic percent, absolutely) — %

R A K Ak 5 Cls Ols Nls Co2p Zn2p
CosZn, -BMZIF-L  70.38 16.43 8.78 2.96 1.45

Co@NC-L-Co;Zn, 84.92 11.38 2.97 0.74 —
Co@NC-L-Co3Zn; 90.90 6.13 2.23 0.75 —

NC-L- CoyZn, 82.24 14.18 3.58  — —

4001

350k == Co@NC-L-Co Zn, S;,,=191.48 m* g™ ¥

—o= Co@NC-L-CoZn, S, =215.03m* g™ §

T, 300F —=—NC-L-Co Zn 8. =227.35m? g!

0o 1 “~BET

g

5 2501
200}

W (STP
2

100+
50 et pyel Pt
of
0
HIXT I F1(PIP,)
(a) Nzlg)—’(wﬁ?ﬂﬁa

k25 oA B ] o AR B e T AR A 22 AL
K SR E T 77 KRR N WS R BR 4 R 2R
ME 5(a) ATLAARH, Co@ NC-L~- Co, Zn, ,Co@ NC -
3 WL ICP - MS A5 2 A AR A K
AR S EoCR SR (R A0 H)
Table 3 The metal element content of precursors

and catalysts from ICP-MS test

(mass percent) %
GIE/SE & Al Co Zn
CoyZn, ~BMZIF-L 15.2 5.3
Co@ NC—L - Co, Zn, 20.3 0
Co@ NC -1- CoyZn, 38.7 0
NC-L-CoyZn, 0 0

L — Co,Zn, il NC =L~ Co,Zn, [ 1% FFF I BFF 252 5L i 2%
L I S R LV RN BRI AR AE A FL 4G
¥, W4 [UFH,Co@NC -L- Co, Zn, ,Co@ NC —
L— CoyZn, Fl NC =L— CoyZn, 1 Sppr (RL L F TR 43
A 191.48 m* ¢! 215.03m” g ' f1227.35m’ g7,
JR4E Co@ NC~L~ CoyZn, 1) S BEAKTF NC -L - Co,
Zn, (BHAFLHLRRA(S, . =210.10 m* g ') FIFE
B4 (9.36 nm) BEK T FLAS A T 5840 22 6%
ORR AL M7 A, In sk A AP (40 + O, = OH Al
s« OOH) AL B EE ™ | FB Co@ NC —L.— Co,Zn, 7]
B A R4 ORR LG, B 5(b) iRl Co@
NC-L - Co, Zn,.Co@ NC = L. — Co, Zn, Fl NC - L -
CoyZn, WALEES 1, T — DR W] T H B A A fL4S
. LA VA ESERIEI, Co@ NC-L- Co,Zn, fUFLES
FIFEHME A F] T ORR fEALTHPERY 2 5

161
—o—Co@NC-L-Co Zn,
—0=Co@NC-L-CoZn,
_L2F —2—NC-L-CoZn,

0 10 20 30 40 50
A4 /mm
(b) fLARS A

5 NRMEALTIAYG N, W B A 4 A F LA 0 A1

Fig.5 N, sorption isotherms and pore size distribution of different catalysts
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Table 4 Specific surface area and porous structure parameter of different catalysts
- ERERY,  MILIRER?, AFLERmS/ TLIRFRD, FLAR® LR/

(m*- g™") (m*- g™") (m*-g™") (em?g™h) (em’-g™!) nm

Co@NC-L-Co,Zn, 191. 48 0 191. 48 0. 564 0 1. 18
Co@ NC-L-CozZn, 215.03 4.93 210. 10 0.503 0. 001 9. 36
NC-L-CoyZn, 227.35 24.31 203. 04 0.432 0.010 7. 60

1 : ORI FUE N BET 771415 ;@ WALREBUE R 1-plot 7758 ;@) A FLILRABUE Sy, = Seer = Swie 21 @ FLIEFR P/P, =

0. 99 B FLIATR,

P T R RAE DRI B R S5 AR B Y
BB, ARSI T i £ AL B B = G an I 6 T
7No FE 1380 cm ™' BHIT AN 1 590 em ' BT 43502 Co
@NC-L-Co,Zn M EHH D HF1 G ', D H FI G
743 B B ORL I B 45 48 R A SR AL 254, @
B DA G A YW E R B L (1,/1,) SR IE Y
MR FETEEE . B AT LA B RTORAAR Zn
SRR, T, /T, UM 1,073 88K 5] 1.215, X
ST Zn ¥R ST RTRIAH Zn H B3
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Table 5 The ORR properties of Co@ NC~-Co,Zn, in 0. 1 mol/L. KOH
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Table 6 Comparison with the activity of ORR catalysts reported in the literature

ORR fiE{L.5 [—al Jji/(mA-em=?) Ey,,/V CiN FHEE/ (mVes™')  SHIHR

Fe-NC-1% 0.937 5.512 0. 897 0. 1 mol/L. KOH 10 [24]
Co/N-GO 0.920 4.5 0.788 0. 1 mol/L KOH 10 [25]
BM, —C, —50" 0.910 5.26 0.84 0.1 mol/L KOH 10 [26]
Co,N-PCL 0.910 5.22 0. 846 0.1 mol/L KOH 10 [27]
D-ZIF 0. 860 2.31 0. 60 0. 1 mol/L KOH 5 [28]

20wi% PL/C 0. 954 5.437 0. 866 0. 1 mol/L KOH 5 ATHFT
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Preparation and performance of two-dimensional Co-based
catalysts for oxygen reduction in alkaline fuel cells
LAN Gongjia, YANG Tao, HAN Zhicheng, WEN Guosheng, ZHANG Cheng, LI Yanping, YAN Dazhou
( China ENFI Engineering Corporation, Beijing 100038, China)
Abstract: Alkaline fuel cells have attracted much attention in recent years due to their high energy conversion
efficiency, relatively low operating temperature, and green green environment-friendly advantages. However, the
sluggish kinetics of oxygen reduction reaction ( ORR) at the cathode is a key limiting factor for alkaline fuel cells.
It is of great significance to develop ORR catalysts with high activity, stability and low cost. In this study, a novel
cobalt-based catalyst with two-dimensional leaf structure, denoted as Co@ NC-L~-Co,Zn , was prepared by direct
pyrolysis of precursors with different proportions of Cobalt-Zinc bimetallic as metal sources. The morphology and
structure of the catalysts were characterized by SEM, TEM, SAED, EDS—-Mapping, XRD, XPS, BET, ICP-MS,
and Raman. The electrochemical performance of Co@ NC~L—Co,Zn, was tested in an alkaline environment. The
results show that Co@ NC - L - Co, Zn, exhibits a leaf-like structure with excellent electrocatalytic activity and
stability. The E__, and E,, in 0. 1 mol/L KOH electrolyte are 0. 918 V and 0. 853 V, respectively. After running

for 10 000 s by chronoamperometry (i —¢), 87.3% of the initial current is maintained, and its performance is

on-set

comparable to that of commercial catalytic material 20wt% Pt/C.
Key words: metal-organic frameworks; two-dimensional leaf structure; alkaline fuel cells; Co-based catalysts;

oxygen reduction reaction



