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2 h, 3 . VL 2°C/min 09 IR 3R NHE] 950°C , )
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v A Bh 1B (0o =0.01lcm”/s) , 24 HL 1 i€
e LN rad/s FoR I, R H %L 0. 62, JEA A
L H% (rotating-ring disk electrode, RRDE) iR & 7F
0. 1M KOH Hi fif W rf 47 1Y, B & 49 4 3 2
10mV/s, 8 A AR RLH 0, (Vo) JFIH 7 #
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2001,/N
0 R —
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P Ta SRl 20 R EE AN 2- B Rk mk oy JEORE I 45
1) ZIF-8, B R 1~2pm, B WAIZEE + =
AR TE SRR AE . 25 BC & 4 1 XO ZI il i Ak B
ZIF-8, Z o v (9 R 1R 25 o1 fb 2- P kw42 3k
TR Zn-2-MIM # , Fifi J5 2000 i) XO 5 B
ORI Zn® K AEBCALE L B OE Zn® 5 2-MIM
FOR . T LLEBIEMZNEAE TS ZIF-8 iy 3k
17 TAR Z LA R AL S5 (& 1h) i Z1
19 pH (HTE 2-F BEpkm Fo AR ot e AR i G 2
YER  AE TR MR I 45 11 T o 2- HY 56 ok s T 44K 52 1k
RAGARDE P B A R B M P e . 7R
PERE G55 T 5 2- HY S ko mae e {4 R BB 58 &2 T 1k
B AiE 4 2] ol ) 0T AR R AT B g R HEZR 254, 2
J& o AE Ar SUH TR 1L ZIF-8@ 2. 5pH 15 %] N-C@
2.5pH(E 10) ,N-C@2. 5pH B 4f Hbo {5 45 7wk b 1
BB S, X A5 5 T 43 Be 1 itk Ak o R A 48 1 T
AR TS N AU 00 fEE . &5
N-C@2. 5pH 7 NH, F #4758 R kb B, DLIR Y
Hor iy FLIE S5 48 SO AR AR A AR TG 1 NI N
HCmaigh., AT 3 FONFEM NH, i
AT B2 DLARAS M BE e B 19 70 e 2 4L N 5 2 kM 4k
) (Fm K N-C@2. 5pH-X,X=800,900,1000°C),
HrA ,N-C@2. 5pH-800(F 1d) 5 N-C@2. 5pH (&
Lo) BT S 26 L, AT LA B UL 2% 31 b1 R 36 1 B A
100nm AZA KA, M N-C@2. 5pH-900 (& 1e)
N-C@ 2. 5pH-1000 (& 1) v I WL 2 2 5 £ A H Al
ROTFLAFTE  UEWT NH, #ab B1RT DU 2800 45 464 B H%
g54 . I HL Rl A e fb TR B 09 B2 s e b4 R b 8 43 G AL
Bt r i £ .
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500pm

500pm

500pm

B 1 JL## S SEM B F
(a)ZIF-8, (b) ZIF-8@2. 5pH, (¢)N-C@2. 5pH, (d) N-C@2. 5pH-800, () N-C@2. 5pH-900, () N-C@2. 5pH-1000

Fig. 1 SEM images of several samples

() ZIF-8,(b) ZIF-8@2. 5pH, (0) N-C@2. 5pH, (d))N-C@2. 5pH-800, () N-C@2. 5pH-900, (D N-C@2. 5pH-1000

fii ] XRD #7551 ZIF-8 B AL B (0 A 45 4
WL BB AL AT ZIF-8 5 ZIF-8@2. 5pH ) XRD
T CIEL 2a) v H B 17 AR ) 04 437 S5 6, 36 6 437 S 0 K K
A XEF ZIF-8 5 (011),(002),(112),(022),(013)
M(222) fh1E , SEAY ZIF-8 fik gt — 5, ik
Ja B XRD E3 (B 2b) R, 78 2540, Fr A o 8k
B BT — AN B W ) 0L % g R T (002) 1A
B, X — R A BmIE R T EERY

BET 3 25 5 3% WY, 80 W B/ B ot £ (&

20) 1, JUAIRE it 14 3% B 1 REARL A9 R AE , {H R 28 NH,
TR A AL RS R A A W B R ) AR
1T HL R A = B AR I B2 0 T, R RE i
fryag . B 2d Hoxk T LR RE S LR TR B
NH, 1%L EE 4 b0, BET He 2% i A2 3 14 m, =
i N-C @ 2.5pH-1000 Ay H 3 1 A2 nl LA i %)
1562m’° /g, XAl ABZEH T2 MK SR =il T &

AT LAUR R AR MR A2 T T 2 LB,
C+NH,—>HCN+H, (7)
C+2H,—~CH, (8)
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2NH,—N, +3H, (9
FEFLAR S A (L 2e) B I rp LR RE & 4177 7
KEERE N 0.55nm 1. 45nm 1) FL, % ek L
J& Z1F-8 fiT A Bk AR AE R AL 45 4 L 3= Ry Z1F-8
TE B AL B b v (5 Zn® " 2 Bl 2k A B DS 3
R4 BB Zns AR B R T Zn A A5 (907°C)H
W, Zn S5 A0 ZE it AR R L FEX — i 2 L Zn
B Ay s L7000 b e 5 G L O 7 AR K g oK AL
B K B B fL . T R R N B T 4. 2nm Y AP
AL, s fLR AR 2R Z Bl 5] AR, 7E Z0 ko B PR
B XO ¥ AT ] B 78 224 il Z0 500 FEE 5 57, XO %
WERKIK R T 1L 2-MIM g {K, B 3K Zn (1D-2-MIM
T o7 B B B B BT SR 1Y Zn® T L I UK IR P Zn-XO
AW XA AR Zn JR N ZIF-8 Fh iR o i
Prlk, I B8 e qe Zn® " A7 A6 19 00 B T 3R, 95 15
Ti) J&) B 5, 35 5 B b e P i 2 FL S5 48 (B 1b)
I JUFNRE & 0 25 H ) i LA 2 A L 25 NH,
A B BRE S AT R LA i B L SR
TRk 1) T e 28 T R vk 2R L B R T b 2
Bk — 45 R BB T AE NH, HEFT TR Ak Ak 2
2 b 35 B LR L AR B i Lk vl LLE
B B R R R AT A
P23k (K 20) % 1338em ' Al 1586cm
BHUT T A B A 9 0 L 43 )@ T 2 ALk I RRAE D g
MG g, D BT G AR S5 4 L T G e U sz i
TR AL sp® BRI TR PR 80 2 1
GBWAM ., WE R LE . N-C@2.5pH #Y
T, /1o (80K T 28 NH, 5% £h Ab B A FE 000 A 52 %
1 1, /1 16 I H B 2 Bk Ak 16 B 09 T 8 12 14 72 947 s
JIN 3k 3 B — VR A 15 31 B0 Bk 21 20 L BB AL R B A
G 1T R Ak DU AT LB v R o R RR L X
A T AR ) A S A L T A B T R A b
7R 1 e A A B
T XPS &3 (E 2¢) W% 51 i A 1 8B 8o
H4 AN, 43 S %R Cls . N1s.Ols. Zn2p H T #1
L3k 4 PR A iR NH, W6 PG TRE AR
MG A AL, BB NH, 3% AL B 3 I, Zn &
WD, O W) 5 & = % W0, Xl fE
NH; e #E T Zn 3% H, 5 76 =R R 5 02 1 1 A
HRER R B AR, A E RS, NH, i1k
Ji - N it It 2 T Ak I R A 388 2 7 R A, X ]

B RO NH, 7648 43 20 U8 9 [R] B £ S — Fob 6 ok
PEARAE B TR T PR 2 N A 3 T (A X
7)o XF K EEAE S N TR HEAT 2 1 LG A B (R
2h) Z B, 1E 398. 440. 2eV,400. 4 £ 0. 2eV,401. 3 &
0.2eV Fl 403. 4 40. 2eV H I 4 AL, 43 51 %F Ji
MERE N, LR N, A2 N fl&E ‘L N, & NH, 4b#
Je o IR IR B TR LN R R A i
N FE L N & A Fr b, mink g N ffa &8 N
S A TN, KL, %R N 2R AR 4, 1T L
KIONH, 8 Js 5t nE N JE A RR K A B4R R
B8 SRR L TR P Y £ 8 N R (L 20, AFSE R,
ORR G M I AR AR T A N A &, i 2 o 2 K
TR R PR 2 N AR & =2 — kA
L BRAEAL N AN, BT HoAl N R BE 4R H A AR
PERE . JLrpmbnE R N A AL A ORI | BE A5 4 0
F2 52 U 09 Be 0. AR HE AR R O,
OOH™ .0 JOH" ) Ay W& Fff, i nk i 789 N 0] ] DA
fIX O, WL . 22, DT 38 23 34 i o 7 5% 8 ok 42 iF
ORR T — N F BB, A5 N LR
HEEE 2 ) f L ok 48 5 T L TR Bl 15 B AN Y
ST A AR R C-N B AE 3 O, 1Y W B A fd
J& O=0 S i 85 /5546 - DT A e $5 TH L R g
SRR, NH, 396 165 W AT AR K b 4 i 4 L 3%
T T RE L AR P N 28, 3 AT gE X ORR 4
[ AEPN-A TR

2.2 POREBYEE R R AR AL 1 B

JEHE B 3% B A% (rotating disk electrode, RDE)
M5 R LB A6 O, AR 0. 1M KOH & .
2 NH, W61 ab 3 fE AL 7 B A B EOL R 1 ORR
HLPERE . &l 3a Sy JLAI i AL R B BEAY LSV 4k, A
E el LUE Bl 28 NH, 36 12 i 4 10 50 44 R 22 31
SO 5 0 H A A I L RE R NH IS AR BE Y 42
A S P 2 B B D S (A 3a.
3b) . Hoh N-C@2. 5pH-1000 ¥ 45 HL {37 4 0. 98V,
P ELAT K 0. 79V, 5 40% Pt/C IR 25 5 43 )
M2 50mV M 40mV, N-C@ 2. 5pH-1000 [q] B} H
AR 0 A PR B ORE L A BR H A BE Ok )
6. 1mA/cm® , #f Jr il 2% 0 Fo A AL A RS 4026
Pt/C 4L .

&l 3c 4 Tafel RHEX LK, H i N-C@2. 5pH-
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800+
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6001 —— N-Cc@25pH
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Volume Adsorbed (cm®/g)

Intensity (a.u)
(
N
r !
£
Intensity (a.u)

5 10 15 20 25 30

400}
N-C@2.5pH-800 ool
N-C@2.5pH ol
10 20 30 40 50 60 70 80 90 00 02 04 06 08 10

2 Thceta (degree) 2 Thceta (degree) Relative Pressure (P/Py)
,(S) 1800 © 1.0 —— N-C@2.5pH-1000 ®
5 1600 1562 N
S0 | —— N-C@2.5pH-900 N -
2 1400 | ~ 0.8 —— N-C@2.5pH-800 In/16=1.02 N-C@2.5pH-1000
= 1200} oo I —— N-C@2.5pH =
= L 00 S 1/1=1.03 N-C@2.5pH-900
< 1000 | g > @)2.5p
8 800} & 04 z
T 600l N 8 |Ib/I=1.05 N-C@2.5pH-800
& > 021 E |
2 400f =
B 200} 0.0t In/16=1.06 N-C@2.5pH
0 N-C@2.5pH N-C@2.5pH N-C@2.5pH N-C@2.5pH 0.55 1.452.644.2 35 500 1000 1500 2000 2500
- 0 e Pore Width (mm) Raman shift (cm™)
Pyridinic-N Graphitic-N
(© Cls NIs Ols Zn2p (h) Pyrrolic-N Ox?dized-N (1) 6 Il Oxidized-N
93.41 Nls i A_{N»C@Z.SpH-IOOO [ I Graphitic-N
N-C@2.5pH 221 427 0.1 = 5] I Pyrrolic-N
-1000 5 748 ! ! } N 3 [ ] Pyrrolic-N
91.44 = NARS | N-C@2.5pH1-900 X al
N-C@2.5pH-900 3.84 434 038 3 1 | } } &
43.96 ~— 2 | ' N-C@2.5pH-800 § 3L
N-C@ 2.5]3H-8[J()l87 - 5.83 455 0,’2‘6_ ‘§ [ i i § o[
. = Lo Z
0.93 ‘ .
WA_ XOOnal Ncaspi 1
n s s s (s ) ) il PR R s s 0 49.54%]
100 200 300 400 500 1025 394 396 398 400 402 404 406 408 410 N-C@2.5pH N-C@2.5pH N-C@2.5pH N-C@2.5pH
Binding energy (eV) Binding energy (eV) 800 900 1000
B2 (a)BRBETAI XRD Bi%, (b)BRLER XRD Ei%, (c) @S WM /REE £k, (d) Lk RERERA,
(e)F LB, (R SHEE, (g)XPS BEE, (N SEBESEE, () LMHERNHEES SLLEE
Fig. 2 (a)XRD profiles before carbonization, (b) XRD profiles after carbonization, (¢)Nitrogen adsorption/desorption curves,

(d) Histograms of specific surface area, (e)Pore size distribution profiles, (f) Raman spectroscopies, (g) XPS general profiles,

(h)N split peak fitting profiles, (i) Content and proportion profiles of several types of N

1000 IR /N, 8 51mV dec™ ', X 3 7~ 20 2% A [A]
B HL . N-C @ 2. 5pH-1000 75 5 Jh 25 i B JE 5 /D
IEI B AR %17 h . & NH, ik
JE W) TE i Tafel #4558 2 B W/, H 8h g 2%t 3% i
e, SIE BB PR B 0 T A BT AR Ak R A
# ORR 3 J12%:4TH .

BT E(n) & ORR AL FI I — N EE S
B TERREREL T, i TR R T 0L BURUE
AMTFEANBE T O, ik OH™ &AM
R RERY S 7 2, 43 S 4 RS AR A 2
TR

4 WP

0,4+2H,0+4e” =40H" 1o

2 TR T
0,+H,0+2¢” =HO, +OH" an
HO, +H,0+2¢ =30H" 12

1E 4 BT HREERT, O, 2155 4 i T H
RN AOH W TAE 2 TR BE RSP, 0, 25
JefFE 2 AT gk iy HO, M OH L B S
HO, 258 2 i 7y SO o T 2
HL o AR R B B — AP O (X1 AT R BE AT 3
JO7 A AR R 2 W BN o R Y R — R T
AT RONLE R, T H 2 MR R AR P AR R
HO, 2Tt B8k A it 0 25 5 MR 0B, 36 pi ™ 19
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(@ of ®) 12~
| —— 40% Pt/C 7)) E..

_| | — N-C@2.5pH-1000 1.03
e | — N-C@2.5pH-900 1.0 0.93
L | — N-C@2.5pH-800 o
= 2 T
£ | —— N-C@2.5pH .xm 0.8
Zz 37 S
£ t = 0.6
2 4 E
= | < L
g | ° 0.4
@)

02t
-6 F 0.1M KOH
0.2 0.4 0.6 0.8 1.0 0.0 :

N-C@2.5pH N-C@2.5pH N-C@2.5pH N-C@,

Potential (V vs.RHE) -800 900 -1000
© @ 030
‘., o 5 0.
Vo, o, L)
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Study on the Preparation of Oxygen Reduction
Catalyst for Fuel Cell by NH; Heat Treatment ZIF-8

LIANG Chengming,RAN Shuai, DONG Xufeng™ ,QI Min"

(School of Materials Science and Engineering,Dalian University of Technology,Dalian,China,116024)

Abstract: The development of catalyst in fuel cell is seriously hampered due to high preparation costs and
complex processes. In this paper,a graded porous N-doped carbon material was prepared using NH, heat
treatment ZIF-8,and its microstructure and electrochemical behavior were characterized and analyzed. It is
found that the chemical etching process can introduce mesoporous(2-50nm) or macropores (=>50nm) into
ZIF-8 to form a graded porous structure,and the pore size of ZIF-8 can be effectively adjusted by control-
ling the pH of the etching solution. The NH; heat treatment can effectively adjust the pore structure in car-
bon materials,increase the number of micropores(<.2nm)and mesopores in the materials,and increase the
specific surface area of the materials. NH; can be used as an N source to dope the material with a certain a-
mount of N. It can also regulate the conversion of pyridine N and pyrrole N in the carbon material to the
more stable graphite N,and the pore structure and N doping content of the carbon material can be reasona-
bly controlled by controlling the temperature of NH; heat treatment. The N-C@ 2. 5pH-1000 prepared in
this paper has excellent electrocatalytic performance, similar oxygen reduction reaction( ORR) activity and
better cycling stability than commercial Pt/C catalysts. The synthetic strategy proposed in this paper pro-
vides a new idea for the preparation of efficient and inexpensive fuel cell catalysts.
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