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PiNi & & = 490K 28 M Rl & . 1% IR & )8 IR
T ISR M E 2 g AR M &L,
¥ Pt R Ni [ 57K ATR AT 500 mL 258 7K
i, AR 30 min, RO 1 g SR, MR
AW RS, EEEERMEH. B5E T
BB &SRR E N AR 0.21L/h, HIE 180 C,
RS E 250 L/h, SESE 0.5~0.7 MPa, #X
i 30m’h, FFEARE, BIRGERENL T,
5 B 50T R TR A T SR AR MR IR T, I8 TR SR
H,, FHRE % 5 °C/min, #& 4 400 C, fRif 30 min,
53] PINi & & = 49K 15 2841 8L .

PINi & &40k MEH & BERBE T 1:1
MG R YT 2 ¢ MAHREMEIE, K Pt M
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PitE 30 min, HARETEEMRSH . HEE THREE
BB EN: BHEE 0.2 L/h, RE 180 C, H/E
AE 250 L/h, mESE 0.5~0.7 MPa, #4 K
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J& 4 AT R A RO A R R IR R, Ik R R
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PR TR A AT IR AR M B B IR R, I8 IR Hy, TR K
5 C/min, RN 400 C, f£i% 30 min, 57|
PtNiCoCuRulrPd = i & 4 = 4E 99 K 5 2241 kL .

H AL A P BB I AR TR MR 4%, X
Pkl (d=5mm) KX HKE 0.5 pm. 50 nm 1)
ALO; B R BEAT e, F < T B 4l /K R & i WA
PRk B RR T AT IS Ve, BARTHR. BERBRE,
I 1 mg AL, AR AiK (0.5 mL) F1 5 4 &
(0.5 mL) JBREWHEWF, FIA 20 pL Nafion &
(5%, =2 , #A 20 min, 1 mg/mL H K
o 10 uL FBR VR ST B AR R T,
SRT M, & M. MARCN 0.5 mol- L' ) H,SO, ¥ W
A1 0.5 mol-L™' H,SO,+0.5 mol-L' CH;OH ¥ ¥, i
FIt ) 2 L R R K HURR 93 3l Ol Ag/AgCl FAL AR R4
W, TAE AR IR B k. R =
WX RS, A AR e =R 1 % 1F Rt
7o MR, 1M 0.5 mol-L'H,SO, H M #5 48
N 30 min Ny, Za XA I AT iE AL, R F A8 B4R
% (cyclic voltammetry, CV) 4, H#IEZRK 0.15
Vis, HAfHEE-02~1V, HiZE CV itz e ],
PR H#E 2 0.05 V/s, H4i 6 Ik, K18 CV s
M2k, MBS A 0.5 mol'L" H,SO4+0.5 mol-L"
CH;OH, % A 30 min N,, XM CV HiZi4,
HIEHEZE 0.15mV/s, HiiHEE-02~1V, H#H 2l
e A, PR A EHE R 0.05 Vis, Hif6 X,
A5 A AL AL B 28 (MOR) TEALHIZE, #£ 0.65
VLT, KRHE HE#E (chronoamperometric,
CA) , KA [E 2000 s, 3K73 CA #hzk. FIA W
W7 PINI A& =490 KB 2EM B, PINi &4
9K AR RN T A Pt SR AT IR

TR & HARFELY: 30142 B X 44T
BHX(XRD, 26 A 20°~80°2 [8] DL 5°/min ff 7§ i
RHATICE), A ISM-6300 FHHlH T 2B (H A&
JEOL A#]), &4 F B %E (JEOL JEM-2100) ,
F 3H-2000A Y4 5 7 50 B b 2 T A (DL 4 A
AR AL A PR A =) b AR AR, UK 22 AL IE
SHEf s (HA JEOL AF) , HAk2E T/Eu
(CHI1760e, LRI/ ARAA) .
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AR B A ARRL T BT R IR KR, K g oK LR IE
Ao B 2b AN S AL I PINT 40K B RHOW 5
FH 28 A0L = A fioh 7 IR 25 0 2EL 25 T B, 4% A fis A e IR
WM AR SR, TR T B R = 4EAK
BREER o 3K 2 R N 0N K &= S B 1) PENT BT 9K A 7E
Ay R IE L AR R, BT T K= 1 HCL R NH; S04k,
R B S AR TBUASE ARk P 3508 R 328 1T T BB %2 1) 40 K
FLIE, T &) A 7E I ON S R T AR R T L
RAAWE N, FEOE RS EHMERE UMEZ
] AR, AT T PINI & 4 = 4E 4K B 28454 .
Bl 2¢ #1 2d 73 5108 PINi & & 90K R CeE s i
PtNi & & = 4EQK - 22 45 KA KL XRD B3 . 3
FRRT KD 2 AR RIS R T PN [V AR A 4 THI 0 3T 4
FJo AN CLITD et 6T B B U 0 s, 2 Fld kA
BHZER, PINI A&90KME Coaibd) HAMXT
BN TR, T PINT & & = 4E 90K 28 45 MM R
SN S NI = 5 N T E TR NI PR/ W ST
2 g 5 AN SRR SF s B, R e A 2 A4 Y PN
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Fig.1 Morphologies of PtNi mixed precursors prepared by spray drying without (a-b) and with (c-d) addition of NH4Cl
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Fig.2 SEM morphology (a-b) and XRD patterns (c-d) of PtNi alloy nanomaterials without (a, ¢) and with (b, d) addition of NH4ClI
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3g~3i. M 3f~3i A %1 Pt A1 Ni ¥ 27 () 7 A5 75 44
Keggesety b, %A EI PR Ni TR mAT, 3
BT PINi &4 = 4E990KH M B &N o REA K
BRI, M0 T MR S .

AR PING & 4 = 4 40K B 40 RO 45 7
11387, PINi A & = 440K B 2860 6L A 35 M i =
ey KT B EE R, H/NT 10 nm (99K 2 2%
., RO KILEARTE 10nm A4, FERETFRE
SERIONTH LT AR, B Pt AT N 355 14 40 A E 90
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Fig.3 SEM morphology (a), STEM-HADDF images (b-d), Fourier transform (e-f), and EDS element mappings (g-i) of PtNi alloy

3D-nanoframework materials

Kb, Ou NHIBR B 2 G, XF H 10 b g 55 i
Mgt 47 AR T8 E, m N Pt s E, C=
210 pC/ecm?.

Kl 4w H Pt 2 Cv ik, i35 ECSA IHH A
KATH1, B Pt B ECSA A 17.59 m%/g. K 5a
F1 5b 43 5 N PNI £ 45 = 48 90 K B 2804 LA PN &
S9KM R CRInEA ) 1 CV #iZk . 48 ECSA
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f139.97 m*/g. M ECSA &5 B A[ %1, PtNi &4 =4
UK B IEM B R A R KBS R, B2
2 52, X R FE N H &I PIND & & = 490K
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T PtNi & 4 = 490K & 480 KL PINT & & 91K
MR ORI s R H Pt S8 34T A8 b S AL
WEAPEMNAR . 7 0.5 mol-L™' H,SO4+ 0.5 mol-L™' CH;OH
HAR R CERAAMALIRED , BL S0 mV/s FIH &
E, -0.2~1.0 V KHEFATE, 75045 PtNi &4 =
Ye g K BEARL . PINT & & 99K AR CAS i &4k 420
T Pt B EEMAEML CV ik, WK 6 AT
o [l 6a 3 R AL I A AL AL CV O £R,
ATCLE HAE CV i E EREREF, 0.65 VAL H
WTHEYTFHAEMAE, MERDISES, 7
0.4~0.5 V Z [H] H B T S A 06, 3 st D] Dy I E A A
TS AL T T2 R B 58 A AT A R R AR
n CO, Z%UEIE 2 IR =9 F I A = A ). AN
Bl 6a RIS R, R S A I KNI N PING
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- i Fig.6 MOR curves of commercial Pt black, PtNi alloy
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. . . nanomaterials without NH4CI (a) and corresponding
0.0 04 0.8 peak value of oxidation activity at 0.65 V (b)
1 PtNi alloy without NH,C1 b
- (1) 3.58 /% (170.8 mA-mg"' Pt) , FWH|%& K PtNi
i , BEZHEIKE RN R EmRRE.
| 39.97 m*/g P - N e N,
2z 0 BEAh, SO0 3 M AL B AR E PEHEAT TN, AR
g 0.5 mol-L™' H,S0,+0.5 mol-L™' CH;OH HL#EW ' (&<
WALIRZAD , IR 0.65 V, KA I FLIVE (CAD,
kb Tk 2000s, W 7 B, M 7 HET%0, £ 2000 s
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|
0.0 0.4 0.8
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Fig.5 CV curves of PtNi alloy 3D-nanoframework materials (a)

and PtNi alloy nanomaterials without NH4Cl (b)
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R EAE R, B2 T HREM S, RIS
YRR 1 e
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X AT R G A B RR AT Y R, T
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Fig.7 CA curves of commercial Pt black, PtNi alloy
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Fig.8 SEM morphology (a) and XRD pattern (b) of
PtNiCoCuRulrPd high-entropy-alloy 3D-nanoframe-

work materials
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PtNi Alloy 3D-nanoframewor ks Prepared by Spray Drying and Enhancing Catalytic
Oxidation Performance of M ethanol

Zhao Panchao, Zhang Busheng, Pi Hemu
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: With chloroplatinic acid and nickel chloride as raw materials, ammonium chloride as pore-forming agent PtNi alloy
3D-nanoframework materials were prepared by spray drying method combined with calcination reduction. The PtNi alloy
3D-nanoframework materials can enhance catalytic oxidation performance of methanol. The influence of adding ammonium
chloride or not on the formation of PtNi alloy 3D-nanoframework materials was studied, and the effects of PtNi alloy
3D-nanoframeworks with different structures on the activity and stability of catalytic methanol oxidation were investigated. The
results show that the PtNi alloy prepared added with appropriate amount of ammonium chloride has a single solid solution
structure (fcc), which is composed of curved nanowires interwoven to form 3D-nanoframeworks. And the diameter of the
nanowires is less than 10 nm, and the nanopore is about 10 nm. Compared with commercial Pt black catalysts and PtNi alloy
nanomaterials without ammonium chloride, PtNi alloy 3D-nanoframework materials has higher catalytic methanol oxidation
activity (611.4 mA-mg™ Pt), which is 3.58 times (170.8 mA-mg”' Pt) higher than that of commercial Pt black and 1.36 times (448.8 mA-mg ' Pt)
higher than that of PtNi alloy nanomaterials without ammonium chloride. The order of stability in catalytic methanol oxidation
reaction is: PtNi alloy 3D-nanoframework materials >PtNi alloy nanomaterials without ammonium chloride >commercial Pt black
catalyst. In addition, the method is developed to achieve PtNiCoCuRulrPd high-entropy-alloy 3D-nanoframework materials.

Key words: PtNi alloy; catalytic methanol oxidation reaction; spray drying; nanoframeworks; high-entropy-alloy nanomaterials
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