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Influences of pyrolysis temperature on reduction performances of
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Abstract: Zn-MOF material is synthesized by using hydrothermal method,and then is pyrolyzed at high temperature
to prepare nitrogen-doped carbon nano catalysts (ZnO@ CN).The structure and composition of ZnO@ CN catalyst are
analyzed and characterized by XRD and SEM.In order to investigate the effect of pyrolysis temperature on the catalytic
performance of ZnO@ CN , the prepared Zn-MOF materials are pyrolyzed at different temperatures to prepare a series of
catalysts : ZnO@ CN-600, ZnO@ CN-700, ZnO@ CN-800, ZnO @ CN-900. Subsequently, the catalytic activities of these
catalysts are tested by the reduction reaction of oxygen.The experimental results indicate that ZnO@ CN-900 prepared at
900°C exhibits optimal catalytic activity with the onset potential at 0. 89 V and half-wave potential at 0. 78 V.In addition,
the kinetic studies show that the electron transfer number of ZnO@ CN-900 is around 4, which verifies that the reduction
process of oxygen molecular on the surface of ZnO@ CN-900 employs a four-electron pathway.

Key words: fuel cells; reduction reaction of oxygen; nitrogen-doped carbon; nano catalyst

TEARZ U T BEIR B b OB A M B AR By
S I A B DR R TS ML AN PR SE AR 3P 19 A SRR AR
SRR ] R AL BE SO B 45 L RE, TR
S HL S R SR AR AR UK X2 S5 PN
WO T ORI Tk HAT PRI 5l Z5 R TR B B AT
FEVER O T SR E TAE SRR
THRRL HR Tt Y BF B 4808 I S (Oxygen Reduction
Reaction, ORR ) %) 2 1 3 8 481G, AL SR A0 4 B 5
NIRRTk b A R A & e, PRI, I B
A R4F ORR fEALTE PR E 53 4 8 AL R 200k i
Tt KA R FH (0 e 28 e 42

BB AN K BRGNS O R O S5 A L H, R4
AR ENE A R T i T ADG SR AR, )
7T A% B W 25 W R R S O T B

GG, A MRS B AR A0 NP LS E B 2R L
AH 2 A AR AN KM Ak %) 2 T M, 0S8 R R Y L
TR A SR AR A AL R | DL R s kA
SRR TS5 A RE, I 10 7] A — 235 1
[ A i R v N1 A O S DR 7S/ 78 g -
AL FIEC 55719 Pr R AL T s ik i Ak 4
M DR 2 BCAY FL AR 2 ST A A

SEH R KA & R A LB 22 B (Zn-
MOF) , Ff-R AR A A AR, 38 4o /= il B 1) 7 1 o)
£ Zn0@ CN GURMEALT , IEAEBUPE 251 T I Ak
I ORR {5YE, R 1T RFTAMRIR EE X ZnO@ CN 4
KA T 8 A 05 A 18 52 0, A TR) 3 A T B 71
#I T —£7% Zn0@ CN 44 K44k, 3@ 15 XRD
1 SEM X H45 46 S 2 b AT HRAE . Bl 5 K X — &

5 B #3:2017-06-06

EF /T 8 (1987-) , L A, B, W55 05 o) A A4 AR Ak B e 435 2347, chenjun097 @ 163.com,



2017 & 10 B

938 P 6L 02 7 o 0 O 0 e, 0
A L B U B3 3% ST TS

1 SLIEEH

1.1 SEIG{UEEFARF

F o T BB (JSM-6530LV) , H A Rigaku
OSEVHE TR X - SRR R AT HHY (Ultima V), H A
Rigaku 22 ) AE 7 5 75 P T BEHL ( DS-8510DTH) , |-
VA B R S AES A PR A W) A B A B R OF
(ESJ200-4) , 428 T BT IR A R ML L A BR 2 W A 7=
TEFR KR Z L2552 (SHZ-TDB) |, I g 1 381 [C 1128
WA BRA F A 77 e ik e 28 U U (GSL-
1500X) , &5 NERH S A BHE AR A BRA 7 Az 77 5 A2 K
FE IR ARG S PP ( DF-101S) , I X AR A
ABRTE AT 2w A 7 v PAHE IR SR T 8 46 (DL -
101-0BS) ,Jbmt o 4Rl AL 28 A BR A /i A2 77 e &
[ 45 FEL B ( MSR ) , 2E [# PINE 28 " 4E 72 e Ak 24 T AR
i (CHIT60D) , bR =,

Co(NO,) +6H,0.Zn (NO,), - 6H,0.C,H,NO
C,H;OH, AR BRI 1 A 7 5 CH 0, . CH, N, , |
3 VAN N2 E a1 Ol 0 1 S5 11| B B VA L\ .Vt
0, , T RHAFH AR BRA Wl AR 7= 28 T /K N SE 56
= Hil,

1.2 EWH*E
1.2.1 Zn-MOF #4) %

¥ 11.47 mmol 757K A fi§ BR % ( Zn (NO, ), -
6H,0) 1. 47 mmol X} & " H R (C,H,0,) .5.7 mmol
= T (CH LN, ) AT 120 mlL N, N- - H 3 H it
JHe ( DMF ) 1A A 21 B JFS e, i i s foff ] 4
Vs BB W B 38 — SRR A 120°C /) TV
B IR IR R EHE 4 b, Bl S R EARER 44 ho
T SN 5E I K R P I 22 2 R 0T 98, - DMF Al
FH 22 YR R V4% B AR R B | 26 T 100°C b4 b T
12 h J515 3] Zn-MOF ¥4k},

1.2.2 ZnO@ CN #9%] %

B 5 Zn - MOF A i 70 380 45 = B o, 72
20 mL/min Ar ﬁ[ﬁ]ﬁﬂ, Lh 2°C/min [ THEHE BN FE
TR TR E] 200°C , FF7E 200°C F4ERE 2 h LLsE 4
Bk AR A 500 - 9 LA A R 2544, B S
DIRRTR] By o i 3 58 4k 2 H iR 2 O R A B A i
600,700 ,800°C 1 900°C , Jf- 7 % IR &£ T 1 F 8 h,
FRAH 5 19 2 B 0k AR fE 1L, 43 34w 24
Zn0@ CN-600,Zn0@ CN-700 .Zn0@ CN-800 . ZnO
@ CN-900,

FRE . ARRIRENXS MOFs $T4EHY Zn0@ CN YK ELFI SRR ALY RZIN - 131 -

1.2.3 1EALA 89 R AE

BT A& 00 BT A B RE 22 X - B 2R R R AT SR
(XRD) Ff=1 4 fL 7 1 5% ( SEM) #E 173K fiE, XRD
MR . A Cu—Ka BF 4 M AT 5108, 3K A
0. 154 18 nm, M1 JE 2 40 kV, HLJi N 30 mA , F94 %
A 10(°) /min, KN 0. 020,
1.2.4 &AL zm

T AR A HI 45 B 0. 005 g fEALFRIRE S, 1) H:
HMA 0. 50 mL ZFEZS A 0. 50 mL B FE Nafion 7
W, RS I AT O AT B A AR I
BT H AL O, MG I i B ik LA, I 1 AR 25 X
o SR T BV AT AR B A s i Y TAE AR .

FE=HARIR R R PR R 2205 (LSV) il
AR P ORR Th R, = H IR &R, il AL &
TR HL A S L LR, B 22 FE AR R X LA, f AL R
RHME A B R L R TAERLK ,0. 1 mol/LKOH ¥
YA FL R

2 FHR5ITE

2.1 XRD RIERLZR

Zn-MOF ) XRD i 1 fras, MK 1Al
DA, HARE 04 5 SO B 19 Zn—MOF I {57
Bt — 3, RUISLE Fr il 25 1 Zn-MOF B4 H A%
#E, ZnO@ CN ) XRD (5K 2 frs, K 2
ATLLA H, XRD W7 B R BTF 31.4.34.1,36.2,

1

5 10 15 20
20/(°)

B 1 Zn-MOF # XRD K 45 &

R Ja.u.

BRAF fa.u.

' Aoadhed
20 40 60 80
20/(°)

1—7Zn0@ CN-600;2—7n0@ CN-700;
3—7/n0@ CN-800;4—7ZnO@ CN-900
2 At Zn—-MOF 15 2| 1y ZnO@ CN 1y
XRD # &



- 132 - A AL T

56.3.62.7.66. 5°F1 68°, 5 CHik H T RIE /Y ZnO 1
(VA= R o U= R | L R RS R A e s
A ZnO, [FIBIER Zn—-MOF 7E & IR 3Vl 54 T A
T ZnO@ CN 9K A1 RL, WA, B & R T B ) 7
11, ZnO GKREF 1 XRD 77 5 06 558 J38 328 7 388, E
P A 0L 32 68, 2N KA 1) i R A

Zn—MOF FUBHe1S 211 ZnO@ CN-900 [ SEM
e 3 iR,

(b)ZnO@ CN-900

(a)Zn-MOF
B 3 Zn-MOF F1 ZnO@ CN-900 #y SEM &

H & 3 AT LA #8585 Zn0@ CN-900 Sj#he
HIFY Zn-MOF (5 R AHAL , 2R WM RS I fi 1k ) ) 3
IRHEZREE R IT T AT S8 P (R R IBRAF 2] ZnO
@ CN-900 BT Ht Zn—-MOF HUHLEE Z 1L, XFh £
FLEEHLE SN T A R T L F A% 5 1 B R
FAE AT
2.2 {E4LF) ORR MEAETIL

ZnO@ CN fEALFIZER AN O, H11%) LSV Wil 4 fr
N AR AR 1 R, R 1 AL
F i B Zn-MOF AR B /G T &, AR i 7%
PEIER | 05 F R U HE S 900°C B Fe ok, ke
Uy L A 0 B 3450 53 4 0. 890 V i1 0. 780 V, [RlAist

2] ZnO@ CN-900 HA f:fER ORR HEfE,
0.5F

B /(mA - cm2)
S
in

03 05 07 09 11
BV

1—Zn0@ CN-600;2—Zn0@ CN-700;
3—7Zn0@ CN-800;4—Zn0@ CN-900

K4 ZnO@CN £ 17|89 LSV # 4
%£1 ZnO@CN EUFIHEEBEBMEFBEBITILER

WRE/C 600 700 800 900
Rl kYA 0. 868 0. 858 0. 802 0. 890
Rk YAY 0.714 0. 759 0. 652 0.780

F37THBH 10

R T INE AEARTR  Bl A SR T AR 7
ANFEEHN Y LSV fhge, 45 R aniEl 5 s, KNS
AT LATE Y, R P AR B 47 P50 P % B 38 ) 34 R
MR, Wb FEARRE LG K-L fhiZerh (&S 16
) HORRHAE T B9 K-L kX230 B ro 2k
PECR, HAPRREAIT , LB 7E A R LA T, Jfy
Ao TR TFECE A, ORR WX F 5t 4

l“.E
>
2
w
_38 L . L L .
01 03 05 0.7 09 1.1
/v
(a)ZnO0@ CN-600
2.0

0.5F<0d

Eﬂﬁi/(mA . cm'z)
N

.5 1 1 1 1 1
0.1 03 05 07 09 1.1
BV

(b)ZnO@ CN-700

~035

1 7]

oL g0 /

:E-; 025

—1} go2l¢

Foas

2+ 002 003 004 005
@ (epm?)

o.
-0
0.
o
.0
0.

P
222232

B3/ (mA - cm)

02 04 06 08 10 12
BV

(¢)Zn0@ CN-800

0.
7 0.32

1
Or £ 029) .
< 026 .
| <023
1 § 0.20) .

0.1
=2+ 0.02 0.03 004 005
1 ©"(rpm-")

coooos
BRgnss
222232

L i/(mA - cm™2)

—4+

01 03 05 07 09 1.1
BV

(d)ZnO@ CN-900
1—600 r/min;2—900 r/min;3—1 225 /min;
4—1 600 r/min;5—2 025 r/min
K5 FREE®ETH LSV i &
(36 B LA B K-L dh %)



2017F 108  FFRE . RER

R A — T R E 1% A AR TR
B o s - B B F AT LR K- Bt 7
L B

1/] = 1/Bo"* + (1/])B = 0.62nFC,Dy*v™"°
s J AR L E A T X R A R 9 R I E A B
Levich %800 NAEE (w=27N,N L) |
J NN I2F R B sn A ORR B B L 5%
BBGF RS W BU(F =96 485C mol™ ) ;C, N
0.1 mol/L KOH " i fift A MW FE (€, = 1.2x107°
mol/L) ;D, 7 0.1 mol/L KOH H 48 S A4 B R %L
(Dy=1.9%107 em®/s) ;0 4 0. 1 mol/L. KOH A9 5 /1
SFEEE (0=0.01 em®/s) (4

AL B 5 R 5 & 6 fras, Ho, ZnO
@ CN-600,Zn0@ CN-700 .Zn0O@ CN-800 Fl ZnO@
CN-900 MHL TR H n BVERITE 3.9~4.0 Z[H],
FE R AR 33X BEAE AL 0] R T 40 Tl R BR A R I IO v
TERAZ

£

\:3_ .\H\o—ol—o
S

w7

H.,

# 1f

0 1 1 1
0.15 025 035 045 0.55
B/ V

1—600°C ;2—700%C ;3—800°C ;4—900°C

Ko TREMANETESH

3 #ig

WK IE S BT Zn-MOF, Lk Zn-MOF /[
B, TEA [FIRLEE T i il 45 T — &% ZnO@ CN 4}
KAEARF, I8 XRD FIl SEM %5 X i £k 577 6 25 #4)
FUESHEAT RAE b5 FF X — RFUAEIL I T ORR
Fni A A M BE . S g0 45 SR R I, B I B R
900°C I, 145152 ZnO@ CN-900 fi 4k 71 7 11
U, O 4 W AR I #5443 G S 0.890 VA

GOTOWEB/ comtribute.html.

Y

BN MOFs $T748Y ZnO0@ CN AKRELHIS

(R IYRIB KIEE MR, A RS hhp://www.chemmedia.com.cn/ !

o e e S S S S e et T A St S . S S e S S S S e e

B RIMERERVE I - 133 -
0.780 V, AR K ORR [ Wi,
S X Hk

[1] Debe M K.Electrocatalyst approaches and challenges for automotive
fuel cells[ J].Nature,2012,486(7401) :43-51.

[2] Greeley J,Stephens I E L, Bondarenko A S, et al.Alloys of platinum
and early transition metales as oxygen reduction electrocatalysts
[J].Nat Chem,2009,1(7) :552-556.

[3] Gasteiger H A, Kocha S S, Sompalli B, et al. Activity benchmarks
and requirements for Pt, Pt-alloy, and non-Pt oxygen reduction cat-
alysts for PEMFCs[ J]. Applied Catalysis B-Environmental , 2005,
56(1/2) :9-35.

[4] Arico A S, Bruce P, Scrosati B, et al. Nanostructured materials for
advanced energy conversionand storage devices [ J ]. Nature
Materials,2005,4(5) :366-377.

[5] Di Noto V,Negro E, Vezzi1 K, et al.Interplay between structural and
electrochemical properties of Pt-Rh carbon nitride electrocatalysts
for the oxygen reduction reaction [ J].Electrochimica Acta, 2011,
57.257-269.

[6] Di Noto V,Negro E, Gliubizzi R et al.A Pt-Fe carbon nitride nano-
electrocatalyst for polymer electrolyte membrane fuel cells and
direct-methanol fuel cells; Synthesis, characterization, and electro-
chemical studies [ J ]. Advanced Functional Materials, 2007, 17
(17) :3626-3638.

[7] Gong K,Du F,Xia Z,et al.Nitrogen-doped carbon nanotube arrays
with high electrocatalytic activity for oxygen reduction[ J].Science,
2009,323(5915) :760-764.

[8] Qu L T,Liu Y,Baek J B,et al.Nitrogen-doped graphene as efficient
metal-free electrocatalyst for oxygen reduction in fuel cells[ J].ACS
Nano,2010,4(3) :1321-1326.

[9] Yang D S, Bhattacharjya D, Inamdar S, et al.Phosphorus-doped or-
dered mesoporous carbons with different lengths as efficient metal-
free electrocatalysts for oxygen reduction reaction in alkaline media
[J].Journal of the American Chemical Society:2012,134(39),
16127-16130.

[10] Liu Z W,Peng F,Wang H J, et al.Phosphorus-doped graphite layers
with high electrocatalytic activity for the O, reduction in an alkaline

medium[ J].Angewandte Chemie,2011,123(14) :3315-3319.H

S S e B L S S e L S A (6 (6 A S (A S Y

+

Mo



