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TUVWXYZK�[\]^_8`a���$bcdEeVX@AfK�[\]^gh:TUXijkl��$Q

B PtCoNim>^n= 1:1:1oK�[\]^Xpq_8r8sV7t COuvwx:yzV�3{|}>^nf_8r

8pqsV:t COuvwxXijklaJ~b!���bceV�X@A�=BC�OPXQB5
mPtCoNio_

8`=K�[\]^��[\]^�@AbcTU���]�T�� 1~4 nm���]�= 2.3 nm����X Pt/C_8

`�n�PtCoNi/Cm>^n= 1:1:1o_8`�)��Xpq_8r8sV7yzV:t CO uvV�|}>^n5
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��$�
À-y�»�MCDEè��CDWD

e
�CO äje�ste*	
��<ÒY��$�

²*³´�;� PtCoNi/Cû��MAB��$���C

DWDe
�äje�steã"��G* Pt/C$½¾

±à��³´� À-��*a¸�MAB��< 

1  �  � 

1.1  ���� 

Vulcan XC-72����	���$Sigma��
$

�@Ô	���$L�@����P��
$�D�	�

��$Ð�����DÆ��P��
$�Ô 	��

�$!"#p$DÆ%E�P��
$�Ô	���$

|&'(D��P��
$)*	"+�
�30%YW

D,	"+�
�-Ô	"+�
���	"+�
�

�)�	"+�
(./01Æ���P��<23*

üý4´5õDö÷®(­6#
�ö÷4´�P��^

])$â78	OTF-1200$�91:;�1<�P��
$

=>ö÷?	DZF-6210$Ð�;@1ÆAB�P��
< 

1.2  ���� 

(1) XC-72��CDE<� 20 g XC-72����

F¢ 500 mL*)*Gî[$HI 3 h$YJ$GK�

LMN 3O$=>ö÷<�ö÷P�F¢ HNO

3

	10%�

200 mL
� H

2

O

2

	30%�100 mL
*Q�Gî[$V

65 R*K�L[ÕÖ 4 h$YJ$MNS[e$=>

ö÷$�T$3ÍU&þe*����<(2) XC-72¸

@ ��MAB��³´<�þeDEÍ* XC-72�

�����@Ô��Ô ��D�F¢&K�L[$

KVHI��$�[WMN*y�»1 1:1:1$X¦�

MNË��Y1ZCDE* 20%$[9*Gî\�1

0.1 mol/L(ZMN]^Y)<�[9�*GîõDö÷$

ÒYÂ³ïÖ7õDö÷YZ*_Y	���  0.2 

L/h$�� 180 R$�`ïÖ� 250 L/h$�`ï` 

0.5a0.7 MPa$bcÖ� 30 m

3

/h
$³´ê XC-72�

�¸ PtCoNi >d���<3Í$� XC-72 ��¸

PtCoNi >d���ùúày$àyïe H

2

$��1

500 R$f� 30 min$U&� PtCoNi/C�MAB��

CDE<¥��¬Gº-*³´¾±$�g³´�

Pt

3

CoNi/C�Pt

5

CoNi/C ��þ�* XC-72 ��¸

PtCoNi�MAB��< 

1.3  	
��
������ 

���I³´5èha�I	d=5 mm
iOG 0.5 

µm$50 nm* Al

2

O

3

���¿jk$Gl��K�LQ

�Gîèha�Igh�¿mM$.Ìö÷<�Iî[

9$n 4 mgCDE$F¢&K�L	1 mL
��)�

	1 mL
Q�Gî[$oF¢ 20 µL NafionGî	5%, 

Ë��Y
$KV 20 min$´G<n 10 µL�Iîãp

qrha�Igh$.Ìö÷$´G<�sî1 0.5 

mol·L

-1

* H

2

SO

4

G î � 0.5 mol·L

-1

H

2

SO

4

+0.5 

mol·L

-1

CH

3

OH Gî$Ñ%¦G*_»�I�è�I�

g1 Ag/AgCl �I�@t$���I1uvCDE*

ha�I<ÅGû�IÑ%wx$¦��DÆÑ%ãV

y�*z{q�¿<Ñ%YZ$| 0.5 mol·L

-1

H

2

SO

4

�

sî[}~Ò¢ 30 min N

2

$�èCDE�¿dD$Å

G����	cyclic voltammetry$CV
��$���

� 0.15 V/s$���`-0.2~1 V$��S CV��st

��$oÅG���� 0.05 V/s$�� 6�$�U CV

d D � � � � s î � 1 0.5 mol·L

-1 

H

2

SO

4

+0.5 

mol·L

-1

CH

3

OH$}~Ò¢ 30 min N

2

$ÅG CV���

�$���� 0.15 mV/s$���`-0.2~1 V$��S

��st��$oÅG���� 0.05 V/s$�� 6�$

�U��WDCD��	MOR
dD��<¬Gº-

*Ñ%¾±è�G Pt/C�Pt

3

CoNi/C � Pt

5

CoNi/C �¿

Ñ%$ha�I@*Î¸�� PtCoNi/C;p< 

1.4  ������ 

�¥EÆ 3014Z � X ����A(XRD$2θ 1

20°~80°$� 5°/min *�����¿��)$����

�Ü�	JEOL JEM-2100
$�DÆ���	CHI760e$

Ð���AB�P��
< 

2  ����� 

2.1  PtCoNi/C� XRD�� 

� 11õDö÷±ø�ùúày³´a¸ PtCoNi

�MAB��CDE* XRD��<�[� 1a1�D

E*��¸ PtCoNi CDE XRD ��$� 1b 1gh

�YþeÍ*��¸ PtCoNi CDE XRD ��<m

XRD����$V 25º��ê�*�1��*	002


:h$æ�CDE[��* V<V� 1a¦¡$� 2

�À-*�f$�¹ìË Pt	JCPDS No.04-0802
*

¢£���è»$�`º[ V Ptº$-.T;��

ÒY¤¥��� Pt��º-*:�ø¦$§1h¨©

¾ø¦<ÒY¹¢£��� Pt�Co	JCPDS No.15- 

0806
� Ni	JCPDS No.04-0850
è»��$���

*(111)�(200)� (220):h�fãV Pt�Co� Niè

7*:h:_$ª� 1a¦¡$wæ� Pt�Co� Ni 3

������«G�$:h_YÊ� 3 ���:h_

Y:_$¬� Vegardt�

[19]

<m� 1b��$×��

�*���$­®¯ 1 ����$�Y¤¥��½�

���1h¨©¾ø¦$���*(111)�(200)� (220)

:h�f°V Pt�Co� Niè7*:h�f:_$X

XRD��[å�ê� Pt�Co� Ni*���$wæ� 
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� 1  PtCoNi/CX XRD�� 

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  

Pt�Co� Ni±²«G$���ì;* PtCoNi«G�

�M< 

ÒYè� 1CDE XRD*��$��iG�DE

*���1¸�$³´*CDE��º�³ V$3�

��å�±²���M$niGgh�Yþe*���

1¸�.$³´* PtCoNiCDE1ì´«G��M< 

2.2  PtCoNi/C�����  

ÅG TEM è³´* PtCoNi/CCDE�¿Üµ�

¶��<� 2a� 2b1�DE*��¸ PtCoNiÜµ�

¶$m�[�� PtCoNi�� V{|*·¸�³$X

V��gh�¹Àãp$ê��CDE�¸��º*

�³<� 2c� 2d1gh�Yþe*��¸ PtCoNi$

¹�DE*��¸ PtCoNi º»$PtCoNi AB��ã

p*��V��gh$­��·¸ V<� 2d[*»

�1¼½¨n¾¿è�PY�*���¿�Àx¤U

&*�À�¹�$PtCoNiAB���¹V 1~4 nm$Á

ã�À1 2.3 nm<ÒY TEM ����$G�DEY

*���1¸�³´* PtCoNi V{|*·¸�³$

Xê�CDE�¸��º*�³$ngh�Yþe*

���1¸�.$PtCoNi�M��ãp*��V¸�

gh$­·¸ê�<op½�³*yz15�DE*

��ghÂÃÄL*á
·(ÅÏ�ÆÏ!)$op�

�gh1ÇLe$VõDö÷YZ[$?Gî���

*õÈVö÷.K����GîÀ
É�*ÊË$ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  PtCoNi/CX TEM�� 

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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iö÷Í*GË���Çº$mnopùúàyÍC

DE·¸��º�ngh�YþeDEÍ*��gh

 Vô�*?Wá
·$i��KÇLu1ÄL$V

õD.$���GîÉ�*ÊË$ö÷Í*GËãp

*��V��gh$fÌ�ùúàyÍAB��ãp

��­·¸< 

2.3  PtCoNi/C���	
������  

�DÆdeghÍ	ECSA
2gÎ Pt ÏCDEC

De
*;Ï|ýÐ¢

[20]

<1�gÎ23y³´*

PtCoNi/C ��G Pt/C *�DÆdeghÍ$V\�1

0.5 mol·L

-1

H

2

SO

4

Gî[Ñ%�������$����

1 50 mV/s$ª� 3a� 3b�g1 PtCoNi/C��G Pt/C

CDE*����dD��<ÑÒqh�7¤¥ ECSA

[21]

5 

ECSA=

mC

Q

H

                               (1) 

7[$Q

H

g¡Ó×Ô�ÕÍ$è H*bc�ÖÇc�

�¿Í�¦U×$m1 Pt*Î¸�$C=210 µC/cm

2

<

ÑÒ7(1)¤¥ PtCoNi/C ��G Pt/C CDE* ECSA

�g1 44.65� 84.75 m

2

/g<�GCDE* ECSAØÙ

2 PtCoNi/CCDE* 2¼$w2z1�GCDE1�

Pt CDE$AB��gh²2 Pt *def#$i H

bc�Í�×Úô$n23y³´* PtCoNi/C CD

E$AB��ghÀ±²2 Pt$n�ôÛ�/ Co �

Niy�ÜÒ$op Hbc�Í�×uÝ< 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  PtCoNi/C: JM-Pt/C_8`� 0.5 mol·L

-1 

H

2

SO

4

 ¡u 

X¢£¤,¥¦ 

Fig.3  CV curves of PtCoNi/C (a) and JM-Pt/C (b) in solution of 

0.5 mol·L

-1 

H

2

SO

4

 

V 0.5 mol·L

-1

H

2

SO

4

+0.5mol·L

-1

CH

3

OH �sî[

	Þïß�àá
$� 50 mV/s *����$-0.2~1.0 

V *�âãä$ÑU PtCoNi/C��G Pt/C*��CD

WD CV ��<� 4a 1 2 �CDE*��CDWD

CV ��<��åê PtCoNi/C ��G Pt/C * CV ��

Væ�YZ[$�Ö��çèéF�&V 0.65 V��

]^� 1 Ï��*WD�$w2K����WD]^

*<X|��YZ[$V 0.4~0.5 V:_ê��WD�$

w2z1��V/CDWDYZ[å�/±²WDn

�[_]`^]$ª CO$½�æ2[_]`oO/W

D]^*<m��CDWD CV ����$PtCoNi/C

è7*��WD��f1 0.656 V$�G Pt/C*��W

D��f1 0.642 V$PtCoNi/C *��fDè7 Pt Ë

�de1 494 mA·mg

-1

���G Pt/C* PtË�de 268 

mA·mg

-1

$g�23y³´* PtCoNi/C »�� Pt/C è

��CDWD��ê�*��<CDE*æ���Ö�

�	I

f


¹Î���Ö��	I

b


*»× I

f

/I

b

2ë�C

DEä CO[jìí
5*Ð¢:;$»×'ôîïg

CDE*ä CO [j
5'ì$ÒY¤¥�U$

PtCoNi/C * I

f

/I

b

1 1.46$n�� 20%Pt/C 1 0.98<K

���$PtCoNi/C ä CO [j
5ì��G Pt/C<�

4b 1 2 �CDE*��CDWDË�»de	mass 

activity
�hÍ»de	specific activity
ðà�$�

`n 0.65 V<m�[��µÑ&$PtCoNi/C *Ë�»

de2�G Pt/C* 2¼$nhÍ»de2�G Pt/C*

3¼$æ� PtCoNi/CVCDWD��Ð"��G Pt/C<

� 4c � 4d �g1ñ~�� 1000 �Í�G Pt/C �

PtCoNi/C *��CDWD CV ��$ÒYñ~���

�±���CDE*òóe<�Y�� 1000�Í$µ

ô CV ����$PtCoNi/C��G Pt/C�gõk��

ö÷* Pt Ë�de* 35.83%� 62.21%	ª� 4c�4d

¦¡
$g� PtCoNi/C ��ê"ø*òóe<ùÐ$

23y³´* PtCoNi/C V��CDWDdeÐ"��

G Pt/C$w2z1 Co� Ni��*¡¢$��� PtCoNi

«G�$VAB��gh��� Pt�Co� Niy�_*

ú-�G$�����*WD���ä CO[j
5$

-.�M*�����AB��*ste< 

2.4  ���� ����!	
�������"# 

� 52À-y�»CDEV 0.5 mol·L

-1

H

2

SO

4

+0.5 

mol·L

-1

CH

3

OH�sî[��CDWD CV��<ª�

¦¡$V������æ�YZ[$V 0.65 V D$

PtCoNi/C�Pt

3

CoNi/C� Pt

5

CoNi/CCDEãê���

�WD�$X 3 �À-y�»CDE*��CDWD

PtË�deãô��G Pt/C$X��CDWD PtË�

de��ûü15PtCoNi/C>Pt

3

CoNi/C>Pt

5

CoNi/C< 

-0.2 0.0 0.2 0.4 0.6 0.8 1.0

-1.6

-0.8

0.0

0.8

E/V (Ag/AgCl)

 

 

J
/
m
A
·
c
m

-
2

 JM-Pt(20%)/C

 

 

84.75 m

2

/g

Pt

b

-0.2 0.0 0.2 0.4 0.6 0.8 1.0

-0.8

-0.4

0.0

0.4

 

 

J
/
m
A
·
c
m

-
2

 PtCoNi(20%)/C

a

44.65 m

2

/g

Pt

Scanning rate:  50 mV/s
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� 4  PtCoNi/C: JM-Pt/C_8`pq_8r8Vw¥¦ 

Fig.4  Methanol oxidation reaction curves of PtCoNi/C and JM-Pt/C in solution of 0.5 mol·L

-1 

H

2

SO

4

 +0.5mol·L

-1 

CH

3

OH 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 JM-Pt/C and PtCoNi/C 

 

 

 

 

 

 

 

 

 

 

 

� 5  |}>^n_8`Xpq_8r8¢£¤,¥¦ 

Fig.5  Methanol oxidation reaction CV curves of catalyst with 

different atomic ratios, in solution of 0.5 mol·L

-1 

H

2

SO

4

 

+0.5 mol·L

-1

CH

3

OH with scanning rate of 50 mV/s 

 

ÒY¤¥À-y�»CDE* I

f

/I

b

×$U& PtCoNi/C

1 1.46$Pt

3

CoNi/C1 1.36$Pt

5

CoNi/C1 1.31$g�

3 �CDE*ä CO [j
5ã"��G Pt/C$Xä

CO [j
5ìíûü15 PtCoNi/C>Pt

3

CoNi/C> 

Pt

5

CoNi/C<w2z1¼ý Pt y�Ü*»þ'ô$g

h Co� Niy�­'Ã$op Pt�Co� Niû��:

_*ú-�7uv$op��CDWDe
�ä CO

[j
5uí< 

3  �  � 

1
ÒYõDö÷±ø�ùúày�³´)�@Ï

	PtCoNi
AB��$XAB��Vgh�Yþe*

��gh��ãp$�À�¹V 1~4 nm$Áã�À1

2.3 nm< 

2
ÒYõDö÷±ø�ùúày³´* PtCoNi/C

	y�»1 1:1:1
CDE$¹�G Pt/C CDEº»$

��ê�*��CDWDde�òóe�ä CO[je< 

3
À-y�»@Ï)�CDEVCDWD��d

eÐ*ûü15PtCoNi/C>Pt

3

CoNi/C>Pt

5

CoNi/C$ä

CO[jeûü15PtCoNi/C>Pt

3

CoNi/C>Pt

5

CoNi/C< 
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Preparation of PtCoNi Alloy Nanoparticles Loaded on Carbon Black by Spray Drying 

for Catalytic Oxidation of Methanol 
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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

3

CoNi/C>Pt

5

CoNi/C, and the sequence of CO poisoning resistance is PtCoNi/C>Pt

3

CoNi/C>Pt

5

CoNi/C. 

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

 

Corresponding author: Zhao Panchao, Professor, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, P. R. China, E-mail: 

564070695@qq.com 

 

 


