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Abstract  10%Nb,0s°nH,0-20%Pt10%Ru/C electro-catalyst for methanol oxidation was prepared by
deposition method, followed with heat treatment in Ar atmosphere. The effect of heat treatment on mor-
phology, structure and electrochemistry performance of the product was characterized by X-ray diffraction
(XRD), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), cyclic voltam-
metry and chronoamperograms. No diffraction peaks of Ru were observed in the XRD patterns, while all the
peaks of Pt were in accordance with the face centered cubic crystal structure. The binding energy of Pt was
not affected by Nb,Os*nH,0. Compared with 20%Pt10%Ru/C, in 10%Nb,05nH,0-20%Pt10%Ru/C sam-
ples, the activated particles were uniformly dispersed, and the performances of methanol oxidation and re-
sistance to “CO” were better. The results indicated that the introduction of Nb,Os°nH,O inhibited the growth
of active particles, and decreased the alloying degree of Pt-Ru during heat treatment. Besides, Nb,Os*nH,0
also provided active “~-OH” and improved H' transfer, leading to easier adsorption-desorption of methanol
and its oxidation intermediates.
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SERALEERE. BRIE, Pt pFEAl_Ein N At 43 T
Z TR T B AHT Y Pt FE £ oA 7 LSy BH AR
PR TR 5 P ARG PR RS R i T 9 A i . X
HrPERAN T : Pt A& P44k ™. PRu/C
S HHT 2 A ) R R v B A A A R, R
LRGP RV M A AN BRI A AR PR A I ) 3 A
(PIRESR, I A2 R Ky — 7 TH A8 A I () T AR R,
(PP AR B DA T . 4 MR AR K T B AL
FE AL D S5 SR PR 3 1R, 55— 5T, Ru (FIINAAE Pt
LRI PE T UNT 60 "C)3 H R (R b5 R S
100 R348 307 20%P10%Ru/C AL FIFIERE b, ¥R T
Nb,OsenH,0 1E A MW =215, W T NbyOsenH,0
X PRu/C A E5 AT RE 52 mm, Ay 2 F I
KLt (DMFC) S8 AL I T AT R T 24l

1 K4

1.1 Nb,Os*H,0-PtRu/C &£ 5 B9 % &

B 'E 2.5 mol/L ) NaOH ¥, #&imth 51
(NaOH/C) A 8, 7E IR S, A e s i - O
2 h, BRI, dIE, M REBKER R, B
T .

FREL C Jdisg, AN —& &1 & IR IR AR K,
BRI 20~30 min, Kk C R2IFH.

INFAC BT, FL L1 P, Ru i3 i HoPtClg
VA RuCl 098, 700 NaOH i pH fRF5:4E 11 A4,
110~120 ‘ClHIMEBEFE 2 h.

KN SEEE, SR BARA IR =i, i, YRk,
T4, #3%] PRRu/C. Pt, Ru IZE0H 20%, 10%.
20%Pt10%Ru/C fi] R /8.

FRECE T8 20%Pt10%Ru/C, MIA—E8H 4 FF
FIRLRRYE, TN 2K AT pHAE N 9 2. A 40
JEAE 65 Clad /KA RN, RNV sehe, W,
L8 PR T, 7351 NbyOsenH,0-PtRu/C, NbyOsenH,0
HEA 10%. 10%Nb,052nH,0-20%Pt10%Ru/C ] NR X,
*%.

¥ 13 # M 20%Pt10%Ru/C, 10%Nb,0senH,0-
20%Pt10%Ru/C 43 5l 75 P AT) AN [ il 5 F sk 3
2 h. LHAEFERT 300, 500, 700 CHALH K 20%Pt-
10%Ru/C 43 B3 AE R-0, R-3, R-5, R-7; JEHUL BRI 300,
500, 700 CHALH ] 10%Nb,05nH,0-20%Pt10%Ru/C
23 30 4/F NR-0, NR-3, NR-5 Fl NR-7.

1.2 BAFENR

0 — g ot PRSP DR i, P e PRI R 25 /K T

BRI B B 2.5 g/L IR, B A HRY 20~30 min

TE RV, X 2wl J TR B2 24 3 mm (13
EMH L, 50 CTFEEET, FH2 uL 5%H] Nafion
WA T, T 50 CFERET, #i&Meb
2R, FAL AR AR CHIT400( iR A3 24 7))
RHEAT, TAR ORI A, XA R Ak, S
EL H AR by YA H 7R AR,

8 B AR 2 R0 v B G I A VA 0.5 mol/L
H,SO,4 fi1 0.5 mol/L. CH;OH ¥R &, AL
KL 5 ug, AR 2 FTE 20 min N,, HERR R T
AR TRAMR a2 —0.242~0.958 VAHIXS T+t
MR MR, FHHEEE 20 mV/s; TN AR AT & 0.5
VX T AR R HiA), 1] 80 min.

2 HR5ITE
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Bl 12 R Al NR £8 0t A [RlLFE A HE 5 (1) XRD
W, AT 24° TSI BTG58 TR IFT C(002) A
I, AT 40°, 46°, 68°F1 820 IlL (KT S I 43 il X6f I
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Figure 1 XRD of R and NR with heat treatment at different
temperatures
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(FPRSAE AT 0, 3 55 AR 22 SCR IR i — 212 sk o
Ja Pt A T AT S e iR P W] S R 0, LA B SR
e, Pt 2% b T FROAT S U, Tt ph TR AR B A T
i, Pt ORURL S AR G SR T S AT DR AN [l il FE R dk
S ) NbOsenH,0 247 XRD 7341, WF5CACHL, A fehe
fE 600~700 “CIR] th G52 Jo A Fe N 45 Al 2, (2 AE
NR-7 [RATH B3 LT A 2R PR AT S, X
A RE S H T AP oz Al /s LA T v A HOIR A
H IR AR DL EAT S W s LI (I T Pt AT U
SR

EU A (] o2 H A B S 20%PY/C( 5 S 4 0F I,
JH P ARZR)A R AL Pt(111), Pt(200), Pt(220) 4 i fi
SHmAAE, AR 1 Ps.

K1 AFRREZHAEBL PRI R 1 Pt 54 THATS A
Table 1 Crystal diffraction angle of Pt of P and R with heat
treatment at different temperatures

Pt(111)

Pt(200)

Pt(220)

P R

P R

P R

“... 39.6365 39.7963
iy
300 °C 39.6882 40.0129
500 °C 39.7483 40.3256
700 °C 39.7621 40.5346

46.2311 46.4659

46.2560 46.5823
46.2671 46.6092
46.2748 46.6586

67.4435 67.7783

67.4501 68.0234
67.4697 68.2338
67.5571 68.2888

PRI, AR AR FL ) P AT R AEALF, R
AT Pt b TIRTES S ) i A T 1 A 5l LABIFSTE
FERFFT PRu/C AL WAL T AR ISR, A ATA
IS BT PRu A 8 A . A S T
RAEALTRI ) Pt il IR AR A1 10 e A DT TR A Bl AR, 3R
W it AR FRAE PtRu A S R B 1 5.

[IRE LG T AR Rt A B R AT NRHEAL A
Pt(111), Pt(200), Pt(220) & HIATH A AR 4, 45 sk 2
B,

F 2 AFNREAKEIE R FINR (¥ Pt S AT A
Table 2 Crystal diffraction angle of Pt of R and NR with heat
treatment at different temperatures

Pi(111) Pt(200) Pt(220)
R NR R NR R NR
gy 397963 39.6963 46,4659 46,3558 67.7783 67.7683

300 C40.0129 39.8293
500 C 40.3256 39.8938
700 C 40.5346 40.0803

46.5823 46.3923
46.6092 24.4398
46.6586 46.5611

68.0234 68.0211
68.2338 68.2333
68.2888 68.2788

EA A B, A )R B B A PR R FDNR #4677, NR
HEAL I Pt b AT AL, BEWT NR iR Pt 5
Ru 2 A& AR /NT R, RIS I NbyOsenH,0 5
REPHAG HAL I FE P PR & &k, XATRERE | T

Nb,OsenH,0 BHAS T Pt, Ru 7 HAb B FE 1 FH I $% k.

2 43 )& RFINR 285 A )il J #2125 ¥ TEM
WA MR EREHLINE 50 MR KD, AR5 T
SEIRiAR, R-0, R-3, R-5 Fl R-7 K-SR4 214 2.8,
4.2, 5.4 1 7.2 nm, NR-0, NR-3, NR-5 fll NR-7 [{°F-H)%;
BOMLIN 2.6, 3.4, 42 F15.5 nm, R [FJ3E EHAL P 1K)
10%Nb,05enH,0-20%Pt10%Ru/C ) ki ki 42558 /N, 2
WILE 20%Pt10%Ru/C fEALTH] EAS I NbOsenH,O 2 )5,
Rl BEL S A 75035 P 2 A A B vh R I B T SR K
K, BRI HEE 2 1 e A 7S 1 20 23 i VR .

e

B2 AFREEASEEL R A1 NR [F) TEM
Figure 2 TEM of R and NR with heat treatment at different
temperatures

3 j& R-0 Al NR-O [f] XPS M5, Wi
20%Pt10%Ru/C Fl 10%Nb,05+nH,0-20%Pt10%Ru/C ]
XRD K1 J TEM FE A ANBERINT Ru, Nb Jo 2 IAA/E
FHAL SRS, A EATH XPS &I rfis 28 poAe ) 21 316
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Figure 3 XPS of R-0 and NR-0

Kl 4 2SS A AR UG 3 R T NR
LT Pr-af KEANIA K. Sl flEa0T, MHALFIF Pt
TCE LM AT, A PO, PO, P BESEWE
SR 2 R SR U R ) % PYC, XPS 40445 L [+
FEZWT Pt U EZ LA =RER(PE, PET, PEOYEAE, K
Pt U4 @ Pt B AEAE. VFZ TN, PUAE C BifkER
AL BRZAN I Pt Ab, IAAAES PP AL P,
LA 2 A R 2P 2X P (L R fR 10 2 3 4
H T AN FREE P E R AR Pt AR FPRAS 4SS
HE.

M 3l DUE Y, SR AR 4 Pt 1 465,
Sia eI KT &8 PSS RE(T1.30 eV), XZHTA
SEEG T IR Pt = 2 UM AKRORL,  H S Bk 1)
AELEARELAE . WLEE AR I, AN TR S FAKE BE (R fEE 40 1) Pt
A (R 45 B BEFEAHATR], 2R H NbyOsenH,O X Pt (R 454 fg
FEARTCEM. 5 20%PY/C LT Pt 1 4f, LS e

R 3 AIFHEE AR FT R FITNR (¥ P-4f (1454568
Table 3 BE of Pt-4f of R and NR with heat treatment at differ-
ent temperatures

pt’ pt?" pt*"

4ty 45 4ty 4fs 4ty 4fs,

R-0 71.73  75.03 72.79  76.13 7390 77.50
R-3 71.83  75.16 7292  76.22 74.05  77.60
R-5 71.75  75.09 72.80  76.13 7390 77.30
R-7 71.81 75.13 72.83  76.15 73.92 77.4
NR-0 71.81 75.11 7290  76.25 73.80 77.30
NR-3 71.79 75.10 72.85 76.18 73.83 77.24
NR-5 71.74 75.07 72.80 76.11 73.82 77.30
NR-7 71.89 75.20 72.80 76.10 7390 77.30

(71.47 eV)AHLL, R I NR AL Pt-4f (255 Re UK, X
Al g PtRu & Ak 15,

Kl 5 MU (A PSRN AAAL BE ) R FT NR
HEALT Ru-3ps, KEANLA . 76 NR #EALFIH, B2 T Ru
TCERMIPLA VAL, 15472 eV TR HIL T Nb 17 3s L&
. B 5 Far DU, R AT NR AL Ru JTCEAEAE
b HUBET(463.6 eV)FIEALET (4655 eV). fiE
it Ru BEA R, XE AR,
X5 AT ;50 MR R LA 2R i Ao T
B VPSR R TR AR AT 1 o i, LR S A
Kl 6 .

M6 TRl LA th, Rl ARk BRI B2 ), RO
NR A A A ST 1 B B AT, 0 il A B i
PR o ST A . X T AL, RuO, 1 Bh i
AR IR T Rul™, A7) RuO, 5 548 2 A 184 Jin i
A FADRT PR E ) e A AR A P .

2.2 Nb,Os*H,O-PtRu/C BB 1L 14 RE

Bl 7 J& R A NR 7EMEPEUAD AN RIS #kk
HE =0 R IR 2 ik, B 7 dhml DU, A
AEFRJE IR R AT F R A AL IR M RS T o R AL 3
1) R AT, X ATREE B TS PtRu & 42 11
VE 3G S AN P 20 7 55 ik 2 IR R/ 3 5 (O ROXT
PR (1 A 1 R i o R Ak B 52 T T o S8 15 K5 I/,
Ar “URE 300 C AR FR IR AL TR A A (0 2 e s
U, IXATHESE 300 “C KL Ab 7735 P 4L 43 TR pE
FEAE S HERL VS R N, I FLAEE A 713 T 1 e AT 4
A 3T A 2 43 ) R R TR I O, 1T 500
CHI 700 CHALIR 5 Ak 7735 1 2 23 PR OB R AR 3 K,
AL FTEE A 2 R 2 A%, R B AR AL S
AL RIFFON N, FEIE M R4 PRw/C b7t
ATHAREE, AT LB Ry 00 F B (G SRR R RO, A
AN I B T A H S A SRR R C R R T
BT R, HUbEEE ) NR fE 407D A AL
(P BB iy T G AR BB R AL AR, I FLBE A PR AL BRI
FEI T, NR A D AR AL R PR ARG 5, Ar U0 R
700 °C A ER ) fHE A DO F SR I PR R R . TRAS R
FTNR A, RS U B, NR A7 1 BEAR
U, RWIAIN NbyOsenH O Ji, A KL HE ] DI e fi
A% R IR A8 AR R

NR A FIFERAE R 5, b () NbyOsenH,0 S —Fif
WARR, ReledtElss Fifeid, f4WEME “-On” , ffH
Mg R A0 R ) 4 5 25 S W B = B . 300 “C Ak 3L,
Nb,OsenH,0 &3 K& 13 M R I AR s LA & A e e
FINER T RESE AL = 04E Pt W BB, BT DAL
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Figure 4 XPS of Pt-4f of R and NR with heat treatment at different temperatures
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Figure 5 XPS of Ru-3p;,; of R and NR with heat treatment at different temperatures
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Figure 6 The percent content of RuO, of R and NR with heat
treatment at different temperatures
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Figure 7 CV of R and NR with heat treatment at different tem-
peratures for methanol
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B8 KRN, Ar /U5 300 C AR B AL TN LR
Bl PAEELS ) NR AT H i s ek
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Figure 8 Chronoamperograms of R and NR with heat treatment
at different temperatures
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T4 A[FNE AL R FINR LEH 2 I o) B4 T I e 5
IR E

Table 4 Attenuation degree of chronoamperograms of R and
NR with heat treatment at different temperatures between
specified time period

1~20min 20~40 min 40~60 min 60~80 min
R-0 51.1% 19.9% 11.9% 6.89%
R-3 47.1% 16.5% 8.68% 5.54%
R-5 48.7% 17.02% 6.70% 4.68%
R-7 48.7% 18.1% 4.31% 2.86%
NR-0 49.8% 17.4% 8.42% 5.53%
NR-3 45.4% 14.3% 7.01% 4.08%
NR-5 38.1% 11.2% 5.69% 3.42%
NR-7 30.23% 9.77% 3.62% 1.98%

PR (R A R RO NR AT 0 2 R 5400,
NR IHZNF R, BRI Nb,OsenH,O FFE4T HALFE,
nf AR R AL T “CO” THERE.

Nb,OserrH,O Gl A Ak B ik it o 335 2 S (1 [ 5
KRN P, Ru & 44k, Nb,OsenH,0 X Pt {145 & REFEA T
REM, AR P AT 11 S A B AR A B P T v
X.

PEIRR 2R 300 CHALFL) 20%Pt10%Ru/C i
TS AR A BE B i, (HPT “CO” PERERE AR HIE
JEE () T v v 3 AL A ER AR 2 AU I i K R
10%Nb,05enH,0-20%Pt10%Ru/C 1k 71 11 fE Fiti $h Ab BE
IR TE AR 4, 700 CHUAEEK 10%Nb,052nH,0-
20%Pt 10%Rw/C % A A A e R e i[RIk 5 F A 21 1)
10%Nb,05+nH,0-20%Pt10%Ru/C F1 20%Pt10%Ru/C 1
AT, 0T R E ) e A AR A P BRI e
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