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Table 1  Chemical composition of Ni
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Al alloy powder (ω/%) 

Al B Fe Mn Ti Ni 

10.22 0.19 11.83 1.11 0.62 Bal. 
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Table 2  Chemical composition of 304 stainless steel (ω/%) 

C Si Mn P S Ni Cr Fe 

0.049 0.33 1.1 0.035 0.003 8.03 17.21 Bal. 
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Fig.1  Diagram of pin-disk friction and wear test 

 

T@^:;� ∆m=m

1

–m

2

" 

������	
�

���������	
�

= 2 <�7 Ni

3

Al QM�çä_;5`�ÐÑÒ

Ó"89:;��#H�:;�]��çä#6')�

= 2a <�0�ab�cd�� SEM ;<"�= 2b �

2c e=fØ�Ni

3

Al QM�çäÒÓghri"= 3

<�7 Ni

3

Al/Cr

3

C

2

­QBC�çä_;5`�ÐÑ

ÒÓ��çäÒÓgh�S]áâ�jLãPRgh

kÕþl"Ni

3

Al/Cr

3

C

2

­QBC�çä���W¤�

ãPRm¤Y_�Æ� Image-Pro  P lus  ?(�

Ni

3

Al/Cr

3

C

2

­QBC�çä#ãPR�
è¨
��

G@X¹�= 4<��ãPR�	
n#U 1.5~3.5 µm

êO�eo Ni

3

Al/Cr

3

C

2

­QBC�çäS]áâ`?

ãPR�pÖãPRjLykÕþlU�W¤#"S

]áâ�ãPR��W�XQqm�U89:;Ýb

#ïrst�
u��çäA:	
�ªxv¦wx

�¢�"= 57 Ni

3

AlQM� Ni

3

Al/Cr

3

C

2

­QBC�

çä XRD =y"þ�eo Ni

3

Al QM�çä79¤

γ'-Ni

3

Al�Ni

3

Al/Cr

3

C

2

­QBC�çä#�W¤7 γ'- 

Ni

3

Al�S]áâãPR7 M

7

C

3

)M=Cr, Fe0@ãP 

 

 

 

 

 

 

 

 

 

 

� 2  Ni

3

Al�H<=RUVWX 

Fig.2  Microstructures of Ni

3

Al alloy cladding layers 

10 µm 

50 µm 

 

a 

1 mm 

b 

c 



�1390�                                          ��H�,-u��                                           � 49� 

 

 

 

 

 

 

 

 

 

 

� 3  Ni

3

Al/Cr

3

C

2

N�,-<=RUVWX 

Fig.3  Microstructures of Ni

3

Al/Cr

3

C

2

 composites cladding layers 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Ni

3

Al/Cr

3

C

2

N�,-<=R�jkl����Ls 

Fig.4  Size distribution of carbide grains in cladding layer of 

Ni

3

Al/Cr

3

C

2

 composites 

 

R"7`�rCz
 Ni

3

Al/Cr

3

C

2

­QBC�çäÒÓ

#�R¤Y_�Æ� TEM � Ni

3

Al/Cr

3

C

2

�çä��

;<�= 6� Ni

3

Al/Cr

3

C

2

­QBC�çä TEM5`�

�W¤�ãPR�acøTüú{|��üúy}
þ

�eo-= 6a7 γ'-Ni

3

Al}~�|abIcXYU[001]

|³6�üú{|�= 6b7M

7

C

3

���|XYU[0001]

V�|³6�üú{|"Ni

3

Al/Cr

3

C

2

­QBC�çäm

¤� XRD � TEM ;<þ�X¹º»��W¤7 γ'- 

Ni

3

Al�ãPR7S]áâ M

7

C

3

 (M=Cr, Fe) @ãPR" 

=6X¹º»�Ni

3

Al QM�çäÒÓ79¤ γ'- 

Ni

3

Al�Ni

3

Al/Cr

3

C

2

�çä#����W¤ γ'-Ni

3

Al�

ãPR M

7

C

3

Ò_"åæ�çÝb#�Q���PT

Cr

3

C

2

þ�_��� Cr,C ST�y Ni

3

Al QM# Fe

�����x�p Fe,Crxr� C5_�
�ãPR"

Cr,Fe,C ST����´µ�5_S]áâ�(Cr, 

Fe)

7

C

3

@ãPR��]��

[13-15]

�®¯#gº» Cr

3

C

2

���TU´µ�Ýb#â_ M

7

C

3

@ãPR"U´µ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  Ni

3

AlI Ni

3

Al/Cr

3

C

2

N�,-<=R XRD�� 

Fig.5  XRD patterns of Ni

3

Al alloy (a) and Ni

3

Al/Cr

3

C

2

 compo- 

sites (b) cladding layers 

 

Ýb#���ãPR��e�x��XV�5_S]á

â� M

7

C

3

@ãPR�påæ�ç��/lx��Ux

5�����]r5_jL�ÒÓ"���Ni

3

Al/Cr

3

C

2

�çä������/´µÝb�è�5_ γ'-Ni

3

Al�

W¤�kÕþl� M

7

C

3

@ãPRÒQXY" 

��������

þ�� Ni

3

AlQM� Ni

3

Al/Cr

3

C

2

­QBC�çä

��`ÐÑ�lD��= 7 7�çä�º}¦�ò|

³��lþl�= 7a7 Ni

3

AlQM�çä��lþl� 

 

a 

10 µm 50 µm 

1 mm 

b 

c 

0

50

100

150

200

250

300

350

8

7

65430 2

Q
u
a
n
t
i
t
y

Diameter/µm

1

20 40 60 80 100 120

0

500

1000

1500

2000

2500

3000

 

 

♣

♣

♣

♣

♣

I
n
t
e
n
s
i
t
y
/
c
p
s

γ

 

'-Ni

3

Al

a

20 40 60 80 100 120

0

500

1000

1500

2000

2500

3000

 

♥

♥

♥

♥

♥

♣

♣

♣

♣

I
n
t
e
n
s
i
t
y
/
c
p
s

♣

♥

γ

 

'-Ni

3

Al

(Cr,Fe)

7

C

3

b

2θ/(°) 



� 4�                             ������	
� Ni

3

Al/Cr

3

C

2

�
��������                          �1391� 

 

 

 

 

 

 

 

 

 

 

 

� 6  Ni

3

Al/Cr

3

C

2

�
��
�� TEM ������� !

"#$%&'()*+, 

Fig.6  TEM morphology of the Ni

3

Al/Cr

3

C

2

 composites cladding 

layer and corresponding SAED patterns of matrix phase (a) 

and carbide (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  Ni

3

Al
-! Ni

3

Al/Cr

3

C

2

�
��
��./0123 

Fig.7  Micro-hardness distribution of Ni

3

Al alloy (a) and Ni

3

Al/ 

Cr

3

C

2

 composites (b) cladding layers 

 

� 7b � Ni

3

Al/Cr

3

C

2

������	
��
��2

���	������������	�������

��	��� 1.5 mm���	 !��"#$��%

&'�()*+� 
,-./�0+1�Ni

3

Al�2

��	
"� !��3HV4�� 2500 MPa�

Ni

3

Al/Cr

3

C

2

��	
"� !���� 6500 MPa��

Ni

3

Al�2��	��567� 4000 MPa� 

����������

� 8� Ni

3

Al�28 Ni

3

Al/Cr

3

C

2

������	

9:;��<=>?@ABC�D
EFG�HI�

8a �ABC�D 3 ���J
EFG�� 8b �AB

C�D 3���K:L:EM
EFG�N<=>?O

304 APQ@RST�UIVGLW�XYZ<=>

?�:;���:EMYW 304 APQ�:EM 304

APQ
[�8���\]^E_`

[16]

�a� 8abc

dCD Ni

3

Al �2��	
EFG;<=>?8

Ni

3

Al/Cr

3

C

2

����
EFG6�efC�g% 250

8 650 hi�Ni

3

Al �2��	
EFGj\k<=

>?�e] Ni

3

Al/Cr

3

C

2

������	EFGl��

650 hi�Ni

3

Al/Cr

3

C

2

��	EFGm�:;��<

=>?
 28%no�Bi�Ni

3

Al �28 Ni

3

Al/Cr

3

C

2

������	K:L
:EMEFGpqrs\�

�� Ni

3

Al�28 Ni

3

Al/Cr

3

C

2

������	:L


:EMEFt���� 

u<=>?;��vwC�xy�Ni

3

Al z{�  

�	�+*�|
^E_}�H~N��)����

(1) Ni

3

Al��C�-[�
���_�Ni

3

Al�2��

	��[�y6�}����V
��8���
� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  4!��5�67 

Fig.8  Mass loss of the pin (a) and disk (b) 
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Fig.10  Wear morphologies of vermicular graphite cast iron (a), Ni
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Fig.11  Wear morphologies of vermicular graphite cast iron (a), Ni
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Abstract: The wear resistant coatings of Ni

3

Al alloy and Ni

3

Al/Cr

3

C

2

 composites were prepared on 304 stainless steel substrates by laser 

cladding. The microstructure, hardness and wear resistance of Ni

3

Al alloy and Ni

3

Al/Cr

3

C

2

 composites were investigated. The results 

indicate that the microstructure of the Ni

3

Al/Cr

3

C

2

 cladding layer consists of matrix γ'-Ni

3

Al phase and in-situ self-generated M

7

C

3

 (M=Cr, 

Fe) type carbides, and the fine M

7

C

3

 carbides distribute homogeneously in γ'-Ni

3

Al matrix. Compared with that of the Ni

3

Al alloy cladding 

material, the micro-hardness of the Ni

3

Al/Cr

3

C

2

 cladding material is increased by about 4000 MPa, and its mass loss is only 28% of that of 

the vermicular graphite cast iron at 650 °C. Therefore, the Ni

3

Al/Cr

3

C

2

 laser cladding composite shows excellent wear resistance. 

Key words: laser cladding; Ni

3

Al/Cr

3

C

2

; microstructure; M

7

C

3

; wear resistance 
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