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1.2 HEJEFH cal-ZIF-wood-24 h Y&k
1.2.1 ZIF-wood-X(X=8,12 .24 36,60 h)#9& . FRHL 1. 17 g N/KEHIRE (Co(NOy), « 6H,O) A1 1.
31 g 2-HI BEpkmE (2-MD 43 807E 100 mL B SRS HIA 0.5 g ARJE et AR H 40 $ B 18] 19 R[] i 44 24 ZIF-
wood-X(X=8 12 .24.36 .60 h). fiJ5 . =t JEW S ZIF-wood-X Jf HI F B Pk I £hK.
1.2.2 Co(NO;),-wood.2MI-wood ## ZIF-wood-24-Y(Y=1/1.1/2.1/5.1/10) & & mx.. 1 5C# & K [F e &
) ZIF-67 W SR IE I 0.5 g ARJEHEHE 24 h. 4 ZIF-67 ¥l v BE AR Rl 44 ZIF-wood-24-Y(Y=1/1,
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1/2.1/5.1/10), FfiJ5 i pE i S ZIF-wood-24-Y Jf F H EE e B B0K . Co(NO;) -wood Fl1 2MI-wood N & 43
AR EIEATE QA Co(NO;), « 6H,O 5 A 2-MI Bl th i 45 2 89, S 7 k2 W . ZIF-wood-24-1/1
itk Z1F-wood-24.

1.2.3 —#F k4w cal-ZIF, cal-wood, cal-Co (NO, ) ,-wood , cal-2MI-wood #= cal-ZIF-wood-24. ¥ €. #l £ B9 &L &
A5 B R S B PR, SR NaHL PO, « H,OUFiR b =1:10). 78 H, /Ar(E A 10% HO S F T B
LA 2°C /min FHEZE 300°C 4i35 1 h, 25 LL 5°C/min FHEZE 800°C4E+: 3 h. B HI B %, WEEFE M. cal-
wood Fl cal-ZIF 43 HJ& RIZ 0 ZIF-67 FIA G A JE B8 bt 3 1.
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WME 1) R, NETER Er] LE 77 C.OP.Co PR LE. #HEE 1(b),Cls IEYE 284. 6 Fl
285. 3 eV ML E I AH 73 ) 52 sp® C-C AN sp® C-C ST W A9 IS0 18] 1 (o) Tz » % 3+ Co 2p 19 i 70 Bk
. XPS %, Co 2ps, BEHEAE 778.5 eV Ml 781. 7 eV WAL B A ] LLIN K2 Co-P i Co B F 1 IEH Co 1Y
A Ak, 541, Co 2p . IE(ET 797 eV Bl th T P N i R, 518 Co T 2% E MW, T3
Co™" WEN B F£ 3N, 786 FI 802. 6 eV PRI SN i 1. MRAEE 1(dD.P 2p &4 HEHy XPS 1% K R 78
132.5 eV Fl 134 eV B A7 B 1040 3k P-O F1 P-C X 07 il 0 (8. R i AR 1 1 (e) Z5 5, 7F cal-ZIF-
wood-24 h HIFEA N JTCEE S 3K B cal-ZIF-wood-24h Hh i iZ & A kK B ZIF-67 44 HLHEC 44 i
N TR U NG5 Tae T N & & KR g . tesh ARG E 2D 4558, T &£ mE b, s —/h
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2.2 cal-ZIF-wood-24 h (¥ 1450 1% 9 i W 58 B8 0 Wt

WE 2Ca-e) B/R T AMEEIL AU, B 2a) 24K 8 2 1m0 i 1l 7 B st E L & 2(b) 22 il
ZIF-67 WA JE F i . B 2 (o) &4l AR JB B 2 5 1 #2100 MR 4 1 = /SRR i 10 491 8 e 7 S 0 181l 2, oK 8 2 1
JEUT BB T WA AT R A AR K AR Ak i IR it ZIF-67 (K T8 2 B TR 2 /N g kR L (1
S S ARE IR B X R AR R R 2 —. B 2( D Al (e) J& cal-ZIF-wood-24 h 414 i
TR B R LB R A B 25 AR T R ST RK/INTE 0. 5-1 pm Z 18] 17 K 5 40 K kLT
REfS B A5G L I8 2D (1933 5 i W B8 IR IR 52 13X — i IE 2 i TR JE 5 90K00 1 1 B8 & 3 A )
T N P XUB 440 Z LA A4 R}, 5T A 08 00 & B ok R4 ORR A 4 4 71
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Bl 2 iR, () A JE &, (b) iRl ZIF-67 AR g % i, (c)cal-wood, (d-e)cal- ZIF-wood-24 h
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K 3(a), cal-wood Fll cal-ZIF-wood-24 h ) N, I [ 46 15 £k 3 B, cal-ZIF-wood-24 h ¥ kb 32 11 31 °
249. 685 m*/g, M cal-wood K HLFEMFL KA 859.172 m* /g, cal-wood Fl cal-ZIF-wood-24 h W A4 8} % N,
B FAAE B S A 22 03 L ik i — 2D R T T ZIF WAL R e N P XUB S TR T8 3R, 3 8O T i AR B T
cal-ZIF-wood-24 h HyfLARIH L] 3 A LE 4. 45 nm Kb J& T AL RL i — 2RSS T Z2ALOR A7 TE 3 10 5 (8 v
T AL 8 5 s . o RAF R ORR HLAEAL R 9 58 5+ 3, A& 3(b). il kb Z )5 . A P A0 5 i ot R (JCP-
DS no. 800-0017) A (111 I (220) ity T AHXS B » 73 b o 78 52° 417 i e (49 3 E XS i CoP, (JCPDS no. 77-0263) K9
(311) fhifT » 45 & XPS A LU WT b 4b o P OCER B ARG 9, inlE] 3 (o).
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2.4 cal-ZIF-wood-24h [(#] 0L 4k 2% Pk i F 55 50
2.4.1 wAEACRE RN K. ARLIRTE Gamry 3000 #E47 ORR HL Ak 22 K. 4 8 B0 = Hde ik & L =
BHARR 5.0 mm BPRRA (GCEME R TAER A 81 F VB B Xl Ag/AgCIUH TR Ry 3. 0 M KCDAE
S E S 4.0 mg ALFI 4 EE) 0. 2 mL 19 Nafion W (5% Nafion: /K =1:9(v/v))Fl 0. 8 mL Z
(TR G Vs 0] B P AL B 30 min B — WA TR SRS I 10. 0 pL WK R B GCE |, Fas S T (2
0 0.2 mg e+ em D). FHF MM B R 0.1 M KOH. 78 45 R 5256 7 48 2 5 - i < 2 2 30 min,
PRAE AL ORR MR B b 1A 3R 5 mV oo s 'L 0T im0 5 A s B 37 v 0 L % 53— i 1600
rpm.
2.4.2  FAARACS AT, QIR 4 Ca) R () 7 o 38 2k X AN [ 452 9 s ) 0 AN [a] i 8 3 1) P Ak, 45 0 5 B ] oy 24
h ZIF-67 ¥R 1.0 M, cal-ZIF-wood-24 h &30 H fe b 11 A 10 R B 6 B 2 B B2 2 0. 85 'V, 2
HLZH 0. 67 V.
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N P-codoped Porous Carbon Material:an Effective Electrocatalyst for
Oxygen Reduction Reaction

YUAN Xue DING Shuo XU Da-wei LIU Xue-mei
ZHANG Mei-xi LIU Jian-hua DAI Fang-na

(School of Science, China University of Petroleum (East China), Qingdao 266580, China)

Abstract The development of sustainable clean energy plays an indispensable role in mitigating the en-
ergy and environmental crisis. Fuel cells have the advantages of recyclability and product cleanliness. A-
mong them, hydrogen-oxygen fuel cells have great prospects, the search for non-precious catalysts to re-
place Pt-based catalysts has become one of the research focuses on the study of oxygen reduction of cath-
odes (ORR)in hydrogen-oxygen fuel cells. We selects the cheap and easy-to-obtain waste-wood chips as the
frame material, further post-modified by the N and P double doping methods. Thus, porous carbon materi-
al with good ORR activity was obtained, and its ORR performance test was carried out by electrochemical
workstation. The results show that cal-ZIF-wood-24 h has higher ORR activity and better stability, and its
lower cost offers the possibility for a wide range of practical applications.

Key words oxygen reduction electrocatalysis; porous carbon materials; double doping synergistic effect



