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MR, DLROR IR R BB S AR R B A S b
PERE. CO PraptEAts e VR, Wdms, &
LIHIAG T —Fl PtCoNi/C — e & &Kok, T
WARAYERE . PraEtE AR E PRI T RIH I PYC, %07
b n] LA & AN R A G R 3 B S A KR
1 £ B
1.1 EEZRF

Vulcan XC-72 &M AR (Hr4l, Sigma A ,
SR (g, St A R AFD , S (4
Mrafi, LHAEREALE A RAFD , HRES (bt
af, REmBoa AR namRARD , R (o,
FRNBUTARATD , Wl R | 30%id 5
e (RghaD | mife (s « WEE (gl fl
FNEE (R4 kB EBERE M AR AR . S5
FEEA: FUTIEYCEE T RIA TR /A RA R 4
7=, BT (OTF-1200, SIERHEMRIEHEAARAFD ,
HATH (DZF-6210, Lilg—fERFAEA R AT o
1.2 XBTE

(1) XC-72 R BFALBE . ¥4 20 g XC-72 K B Hp K
BN 500 mL (A B, BidE 3 h, ik, HIEZE
KPR 3 IR, BT BT BEFE S I HNO;s (10%.
200 mL) 1 H,0, (30%-. 100 mL) KRS W T, 1
65 CHIEBLiK TP RIG 4 h, I, veEEPE, B
T, WREE, dR A 30 S ok B K . (2) XC-72 #K
HUR LA S KR T % o B Bk AR BE S 1 XC-72 3%
MR SRR IR A SR I N B 4tk
HFE A, &S EmIE I 111, B
& 8 R AT BN BTG 20%, e B IR S N
0.1 mol/L(S 43 J8 BE /R K)o K 0 B L (R T 25 A T 158
Wi EHARRAEZ AT REIE S (ERE 0.2
L/h, AL 180 °C, myE Uit 250 L/h, mhkk
0.5~0.7 MPa, # X ik 30 m*/h) , 4 H XC-72 %
A PtCoNi ATIKMM K. ffa, K XC-72 KEHK
PtCoNi HI K /ARy R MBI IE S/, 1B JE 4R Hy, HRIEN
500 C, fRif 30 min, £3 %] 7 PtCoNi/C & & 4K+
AL o A SR F AR [ 2% v, il & T
Pt;CoNi/C . PtsCoNi/C I & M #E () XC-72 % B #%
PtCoNi & &4 KK F .
1.3 BESL B AL

TAEH AR s AT B AR (d=5 mm) KK 0.5
pm, 50 nm ] ALOs ¥ RIEATHE, FH L mEFIHE 4l /K ik
BN B AR T AT IS, AR T8 AL
B, I 4 mg AL, IMAZEGBESEK (1 mL) FR N EE
(1 mL) JREWWT, A 20 uL Nafion ¥ (5%,

TR, H 20 min, %5 H . B 10 pL AR YA
WO R, AR, &R BB 0.5
mol-L" [ H,SO4 ¥ W A1 0.5 mol-L'H,S0,4+0.5
mol-L'CH;OH ¥, W3R BT F 1 2 Lb AR AN St Hp A 2
WK Ag/AgCl HUARANETIR, T AF siAl Ry R A 57 1)
et oAl o SR =W R 48, P i Ak 2 X 1
FIAAAE FREAT . MR FE, 17 0.5 mol-L'H,S0, HY
R TP RSB N 30 min Ny, SERMEALFIBEATIRAL, R
FIMGEAR % (cyclic voltammetry, CV) ¥, FHHHE
K 0.15 Vis, HfiH)E-02~1 V, H#iE cv ke
BUR], FERHEGE R 0.05 Vis, H1ffi 6 B, 3k CV
WA 2 B 0.5 molL! HyS0,40.5
mol-L'CH’OH, #F&:l A 30 min N,, KM CV Hh£43
i, HAGEHEZE 0.15 mV/s, HFiHEE-02~1 V, HAiE
A e By, PR HAHIEZ 0.05 V/is, i 6 [,

AT PR AL AL 2 (MOR) Gtk ith<k . FIHHIF
FRIINAR 5 5% 7 ] P/C. PtsCoNi/C I PtsCoNi/C #EAT
AR, 3w R AN 1) 97 283 1 PtCoNi/C — 3.

L4 AR &

HAZLZ: 30147 B X AT AU(XRD, 20 4
20°~80°, LL 5°/min HHFERIATICR), BHHET
WAET (JEOL JEM-2100) , HAk2% T /Eu (CHI760e,
g R ARAFD .

2 HREWE

2.1 PtCoNi/C By XRD 2 #f

Bl 1 ok 25 A Mk A 5 B e Ji T £ B 2 PtCoNi
E KR A XRD B3RS . Hr ] 1a KoK kb
H 1% 4k PtCoNi fE4L7] XRD Kk, & 1b AEKIH
2o IOPE S (R 2 B4, PtCoNi 4L XRD K. M
XRD Bk o] A1, 75 25°4 A7 LI 7% 1 (002)
i, B R R B AEAE . R la s, 2
HAF AT, 22555 Pt (JCPDS No.04-0802) [
PRUEATHT WX LE, S AAH T AELE P AR, RISy — 2 0
I VSR BN Pt EL A AR ) ) AR A 5, #k T A
JigE Ry . M S5 FRYERT IS Pt. Co (JCPDS No.15-
0806) 1 Ni (JCPDS No.04-0850) *fEb & B, K Zik
I(111) (200)F1 (220) 4 i WA 51 7E Pte Co FT Ni Xf
() T (6], an ] 1a s, X UiH Pty Co #INi 3
FHOCETER T AR, SIS HA T 3 MocE a2
Mz 18, F54 Vegard el I 1b 40, BT R
AT, R 1 AATag, S ERILZ4L
T S V& DAy T 0o ST T S5 K, AT TR (1T 1) (200)F0 (220)
i T W A7 945 4F Pt Co A1 N S (1) 5 i & o7 22 1), HL
XRD &% %47 L Pty Co A1 Ni (AT 06, 33X 35 B



Mty e lm A RS TR

49 3

* 3892 -
B Ni A PtCoNi(20%)/C @
. Pt . c
=
<
z
=
20 40 60 80
20/°)
Il Ni b
Il Pt A(111)
B Co 2—— PtCoNi(20%)/C
—C
=
R
B °(002)
z 2(200)
[}
E \
A(220)
\
, ‘l; L’,"u . PR
20 40 60 80
20/°)
Kl 1 PtCoNi/C [¥) XRD Wi
Fig.1 XRD patterns of PtCoNi/C: (a) PtCoNi nanoparticles

loaded on untreated carbon black and (b) PtCoNi

nanoparticles loaded on surface modified carbon black

200 nm

Pt. Co I Ni 584 [E%F, JE% T #—1) PtCoNi [ ¥ {4
G4

WL B 1 AR XRD 534, A S A Ab B
(¢ FEAE A, o5 AL A o AR G A7 A, 3 b
TCRWAH BTG RA &, AL FH R 200 v i R A
AZAAIT S 4% () PCoNi Ak 77 Ay B0 [ 5 A4 4
2.2 PtCoNi/C B 53

K TEM X il % (1) PtCoNi/C Ak 7732817 1 A 7
P Mo Bl 2a F1 2b g oK Ab (1) ik B 2K PtCoNi fOW B
i, M F AT PtCoNi R F AR ™ H RIS, H
FE IR SR AT AN AY, BT AL R AR 5 351
MG . B 2c F 2d by 3 140 3k ik 16 ok HA 4% PtCoNi,
L5 2R A H ) R B2, PtCoNi #HEL, PtCoNi 4Kk 14
S A BOE R SRR T, JC B R AR AEAE . B 2d T4
e Ay i 58 3 B DX 3glon 7 R 855 PR R - R AT R AR e T A5
BRI 4250 Aii P, PtCoNi 9KbL 1 0 A 48 1~4 nm,
Yokite 2.3 nm. i@id TEM S0 el 40, JHARAC BT
(1) ¢ SBAE A 30 A 4% 1) PtCoNi A7 48 ™ 11 B SR Bl %
LR IR A R RN AR Sy B B IR S, T T 2 v 1
W FBAE N BARIT, PtCoNi & kL 73457 ) 43 HLAE 344
Fm, LHEHI. SEOZMEMEE N KA
IR BRI KI B REHI R BRILSE), FHEUR
MR g KY, EZ TR R, SRR 2
(1) 25 ¥k A6 1 J 15 ER T e 2B RV A R AR & 1A 9

100’ nm

%2 PtCoNi/C f] TEM M )1
Fig.2 TEM images of PtCoNi/C: (a, b) PtCoNi nanoparticles loaded on untreated carbon black and (c, d) PtCoNi nanoparticles loaded on

surface modified carbon black (the inset is the particle size distribution corresponding to Fig.2d)
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8058 S R ORI e B B, AT 3 BUBCRE I IS A
PSR R 2y 885 1T 2% T 20 0ok 5o A B 1) o 22 3R T
FAAE KBRS AT RR, RBHB KKK, 1E
AT, SR AN WAR G (R, TS IR A
(1973 A R R THT  ORAUE T MBRE I8 5 5 4 Kok 7345
I HTE .
2.3 PtCoNi/C 1L RS L |1k M RE
HIAL S G MR TR (ECSA) EEAE Pt JLAE 1k 74
R PEBEI — AN T B4R, O T AR S5 = A 1
PtCoNi/C FIFH PYC MIHALS IS TER AR, 1N
0.5 mol-L ' HySO, % MR T 1H IR 22 il £k, F3tia %
950 mV/s, W 3a F1 3b 43524 PtCoNi/C FE H Pt/C
AR 2tk th 2 o W3 i X5 ECSAR',
ECsa=Zu (1)
mC
i, On RORFNBRACHZE 5, R H R B 0 B i B Ue
BEAT Uy BTA3E, m b Pt EE, C=210 pC/em?.
HEHE 30 (1) PtCoNi/C F1Rg H Pt/C 4L 57 ECSA
I3 N 44.65 F1 84.75 m*/g. i FHAEAL T ECSA JLF
J& PtCoNi/C AL T 2 £i%, 1XJ2 DA 2k 7S A A7) o 4l
Pt AL, 9KRL TR IAE Pt MG T, ff H
W B U AR A RS K, 1T S 56 % ) £ ¥ PtCoNi/C {4k
s QKR RIMAEAE P A K44 Co A
Ni J7F 4, S E0H R E AR N

Scanning rate: 50 mV/s a
PtCoNi(20%)/C
0.4_ I|I|
e
é 00k | 4465m7g,
§
041
0.8 L L L L L L L
-02 0.0 02 04 06 08 1.0
—— IM-Pt(20%)/C b
0.8
g 0.0F | 84.75 mivep
°
< 08}
S
-1.6

02 010 0:2 0.I4 OI.6 0:8 110
E/V (Ag/AgCl)
{13 PtCONi/C Al IM-PY/C fiEALFITE 0.5 mol-L™ HoSO4 ¥ W T
3R 4R 2 1
Fig.3 CV curves of PtCoNi/C (a) and JM-Pt/C (b) in solution of
0.5 mol-L" H,S04

# 0.5 mol-L"'H,S0,+0.5mol-L"'CH;OH i fif i
(RAMARZA) , BL 50 mV/s [FHEER, -0.2~1.0
VI HFE M43 PtCoNi/C FIT FH PY/C 1) H {4k,
Ak oV hgk. B da b 2 Bl R AR AL Sk
Ccv iZk. "TLLE ) PtCoNi/C AR H PY/C 1 CV #hk
FEIEAR R, R BB I EL B E 0.65 V /iy
FEET O AN EE IR, X S T A R
(o Sl 3L FEr, £E 0.4~0.5 V Z (A1 B T 44k,
T PRI Ay FE I A A A AR A o R v B e e A AR AT
AR, W CO, %I IE & R PR PR A
=4 . I EEfE 4L CV gk 4, PtCoNi/C
Xof . B R I SR AR U FLA R 0.656 V, T PHY/C I T ESR
TRUE AT A 0.642 V, PtCoNi/C (1)U Hi o7 Ab X B Pt J5it
T TE Y 494 mA-mg™ =1 F H PY/C (¥ Pt R 1 268
mA-mg”, FW]SZH E H %) PtCoNi/C EL ik PY/C %f
FF e 1 A A JEL A Sy PR 28803 o A A TR 11 I 41 0 P i
(I H5RRgmsE () B 1/, &0 E
7P CO haEEsR S Ae ) MR bR 2 —, LU BRI R
flEfb AP co haEERE ) g, @I AR,
PtCoNi/C f¥) II, & 1.46, Tigil 20%Pt/C Jy 0.98.
BEHT4, PtCoNi/C $t CO Thaifi 1 17 H PYC.
4b Sy 2 Tl Ak 50 PO e A S A 0T B LS PE - (mass
activity) FITHIALELIG T Cspecific activity) FEIRIE, HL
JEHC 0.65 Vo MEHETLUMINE], PtCoNi/C [ L
T2 B PYC 1 2 i, i AR B 2 B PE/C )
3 4%, Ui PtCoNi/C e A H E EALT /i H PYC.
dc K1 4d 435N ESEAEIR 1000 85 R PyC M
PtCoNi/C (1) itk 4tk CV gk, TEIIESAG R
LTSI A PE . 2 fEER 1000 P8 5, W
28 CV Mk RO, PtCoNi/C AT H Pt/C 434 e T 3
WITATE Pt iR IS PRI 35.83%F1 62.21% (1A 4c. 4d
Fin) , FW PtCoNi/C KA EAMF i Att. 2L,
S0 5 i) 45 ¥) PtCoNi/C 7F R AL S Ak v5 1 B AL T/
F PH/C, XA Co A1 Ni JTTERIGIN, B T PtCoNi
[ AR, TEGKRLF R T Pt Co Al Ni Ji 4] (1)
FAVEH, $&m T F R ARCR R CO hEERe T,
[Fi) o - 4 (R0 T JHE v T A KO - (R A 1k
24 AEREF R BT REREL LI
5 JEAN A JET EL AL FIZE 0.5 mol-L ™ H,S0440.5
mol-L"'CH;OH HLfif i Hh FBE AL 54K CV ik .
B, fEMRMAR 2 I IEHE R, 76 0.65 V 4,
PtCoNi/C. Pt;CoNi/C 1 PtsCoNi/C 4L 73 B T H
BRI, H 3 BT JRT E A 4 750 1 FE I A b A4k
Pt R KT PyC, HOF AL S AL P TR
W AR 4 . PtCoNi/C>Pt;CoNi/C>PtsCoNi/C.



*+ 3894 - R X E %549 %
700
— PtCoNi(20%)/C a 600 b 1.2
600 - —— IM-P{(20%)/C s00k 110
_ 500 '
% 400l 400} {os g
i 300 [ 3001 B P(CoNi/C 106
E 200} B IM-PUC p
= 200 F 104 E
100 B
ok 100} {02
-100 04 0.0
-0.2 0 00 2 0. 0 Mass Activity Specific Activity
400 600
Before c L PtCoNi(20%)/C d
—— After 1000 cycles  JM-Pt(20%)/C 500 F ——Before
300 I ——After 1000 cycles
= 400 |
& L
7 200 300
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Fig.4 Methanol oxidation reaction curves of PtCoNi/C and JM-Pt/C in solution of 0.5 mol-L™ H,SO4 +0.5mol-L"! CH;0H with scanning

rate of 50 mV/s: (a) the methanol oxidation reaction CV curves; (b) the mass activity and specific activity bar graph; (c, d) the

methanol oxidation reaction CV curves before and after 1000 cycles of JIM-Pt/C and PtCoNi/C

600
——PtCoNi(20%)/C
500F —— Pt CoNi(20%)/C
o 400F —Pt CoNi(20%)/C
& 5
Ten 300
g
< 200
E
=100k
O_
-100 . . . . . .
02 0.0 02 04 06 08 1.0
E/V (Ag/AgCl)
Kl 5 AN LAk HE B A A AR EA AR 22 ith

Fig.5 Methanol oxidation reaction CV curves of catalyst with
different atomic ratios, in solution of 0.5 mol-L! H,SO,

+0.5 mol-L"'CH;0H with scanning rate of 50 mV/s

VAN A R B AR I T fE, 49 21 PtCoNi/C
J3 1.46, Pt;CoNi/C 24 1.36, PtsCoNi/C Jy 1.31, F W
3 MR PT CO hERRe IR TR A PyC, Hit
CO ' & fE JJ % 99 Wil J¥ 24 :  PtCoNi/C>Pt;CoNi/C>
PtsCoNi/C. XS NBEHE Pt J7 7 5L plk, *
[l Co Al Ni Jii 7 aftiti/b, FH Pt. Co I Ni =“JLHEZ

I ) B ) R A 22, 5 S50 P i A SR AL B RE R CO
R e AR
3 & i

1) 383 25 Ak 45 5 B B e ik D T ol 2% 22 U R
(PtCoNi) ZhKki ¥, H 4K T 763 [ 23k ek 1
IR FBRM NI, KA AAE 1~4 nm, TN
2.3 nm.

2) I SRR S A BEIL JR I £ 1) PtCoNi/C
UR7FHh 11D R, SrTH PyC EAGTIAHLL,
AT 1) P AR A S A TS P T PR R CO itk

3D AR IR ¥ EE A A 22 70 e A4 700 A0 R A S A TR BT,
PE_E IR Jy . PtCoNi/C>Pt;CoNi/C>PtsCoNi/C, i
CO " HEENFF 4. PtCoNi/C>Pt;CoNi/C>PtsCoNi/C.
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Preparation of PtCoNi Alloy Nanoparticles Loaded on Carbon Black by Spray Drying
for Catalytic Oxidation of Methanol

Xu Hao', Li Anjin', Yaochen Sigi', Zhao Panchao?, Li Jigang', Pang Fangzhao®, Yi Wei'
(1. Kunming Institute of Precious Metals, Kunming 650000, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

(3. Northeastern University, Shenyang 110000, China)

Abstract: The chloroplatinic acid, nickel chloride and cobalt nitrate, as raw materials, were used to synthesize PtCoNi alloy nanoparticles
with well dispersion loaded on XC-72 carbon black by spray drying method combined with calcination reduction. The influence of the
surface of the carbon black on the formation and dispersion of alloy nanoparticles was studied, and the effects of PtCoNi with the same
atomic ratio and PtCoNi with different atomic ratios on methanol catalytic oxidation activity and CO poisoning resistance and durability
were investigated. The results show that PtCoNi catalyst loaded on surface modified carbon black is alloy nanoparticles, and the
nanoparticles are dispersed evenly on the surface of carbon black with particle size distribution of 1~4 nm and average particle size of 2.3
nm. Compared with commercial Pt/C catalysts, PtCoNi/C with the same atomic ratio has higher catalytic methanol oxidation activity,
durability and CO poisoning resistance. The order of activity of PtCoNi catalysts with different atomic ratios in catalytic methanol
oxidation reaction is: PtCoNi/C>Pt;CoNi/C>PtsCoNi/C, and the sequence of CO poisoning resistance is PtCoNi/C>Pt;CoNi/C>PtsCoNi/C.

Key words: platinum base multielement alloy; catalytic methanol oxidation reaction; spray drying; nanoparticles
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