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Table 1  Laser cladding process parameters 

Parameter Values 

Laser power/kW 1.0, 1.2, 1.4, 1.6  

Laser scanning rate/mm·min

-1

 420 

Powder feeding rate/g·min

-1

 8 

Argon gas velocity/L·min

-1

 15 

Spot diameter/mm 3 
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8þliê�� ¡@:;�y:;¦¸{|}I&

:;  (� � 1b)+����� 70 µm���li¢� O

��*Þ���*£ý�C,Ti ���M���÷�

:;ê¤���M+ Fe���8þ:;yli¦¸{

|}I&:;  (� � 1c)+����� 50 µm��, Al
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M+ Fe�� ¡@:;ê�y:;¦¸*¥+{|}
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�M��*O�Al ���M\5D�Þ�C,Ti ��
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 1  =>®+ EDS¯°FAB 

Fig.1  EDS element line scanning of coatings cross-section: (a) coating ,�  (b) coating ,�  (c) coating ,�  and (d) coating � 

 

 

 

 

 

 

 

 

 

 

 

 2  [\^_9:]=> XRD± 

Fig.2  XRD patterns of coatings prepared at different laser  

powers 
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 3  =>�*+²³g EDS¯°+AB�´ 

  Fig.3  Surface morphology (a) and EDS element mapping (b~e) of coatingµ: (b) Al, (c) C, (d) Fe, and (e) Ti 

Al 

Fe 

Ti 

C 

d 

Substrate 

Coating 

Al 

Fe 

Ti 

C 

c 

Substrate 

Coating 

Al 

Fe 

Ti 

C 

a 

Coating 

Substrate 

b 

10 20 30 40 50 60 70 80 90

♦

 •

 •

♣

♠

♠

♥

♥

♣

♣

♣

♣

♣

♣

♣

♦

♦

♠

♥

♥

♣--TiC    ♦--AlFe

3

   

♥--AlCe

3

  ♠--α-Al 

       •--Al

2

O

3

�����

Coating �

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.

2θ /(

o

)

Coating �

Coating �

Coating �

♣

a 

Ti 

C 

c 

Fe 

Al 

b 

d 

e 



� 11�                         �  �©)^_`5678Al-TiC-CeO

2

;<=>ab#d¨]lm                   ª3637ª 

 

 

 

 

 

 

 

 

 

 

 

 4  =>�*+²³# EDS¯°+AB�´ 

Fig.4  Surface morphology (a) and EDS element mapping (b~e) of coating�: (b) Al, (c) C, (d) Fe, and (e) Ti 
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 5  =>�*+²³# EDS¯°+AB�´ 

Fig.5  Surface morphology (a) and EDS element mapping (b~e) of coating �: (b) Al, (c) C, (d) Fe, and (e) Ti 
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 6  =>�*+²³# EDS¯°+AB�´ 

Fig.6  Surface morphology (a) and EDS element mapping of coating �: (b) Al, (c) C, (d) Fe, and (e) Ti 
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 7  [\^_¶78>·>¸]IJKL�� 

Fig.7  Microhardness profiles of the coatings at different  

powers 
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Fig.8  Friction coefficients of the substrate and coatings  at 

different laser powers 
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 9  =>*+OP²³ 

Fig.9  Micrographs of the worn surface: (a) coatingµ, (b) coating», (c) coating ¼, and (d) coating ½ 
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Fig.10  Residual stress distribution along the depth of coatings 
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Fig.11  Crack distributions in coatings cross section: (a) coatingµ, (b) coating», (c) coating ¼, and (d) coating ½ 
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Fig.12   Potentiodynamic polarization of substrate and coatings  

with different powers 
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Fig.13  XRD patterns of coatings surface after potentiodynamic 

polarization 
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Fig.14   Nyquist of coatings (a) and substrate (b) with different powers 
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Abstract: Al-TiC-CeO

2

 composite coatings were prepared by laser cladding technique. The coating structures were investigated by SEM 

and XRD. The effects of different laser powers on the properties of Al-TiC-CeO

2

 composite coating were studied by micro-hardness tester, 

X-ray stress measurement instrument, friction and wear test machine and electrochemical workstation. The results indicate that Al-Fe phase 

appears in the coatings with different powers and all the coatings show a good metallurgical bond with the matrix. With the increase of the 

laser power, the coating dilution rate gradually increases, the coating is transformed from massive and short rod-like structure into fine 

granular structure, and fine grain strengthening effect is obvious. The coating composition is evenly distributed. In addition, with the 

increase of laser power, the microhardness and wear resistance of the coating surface first decrease and then increase, the residual stress of 

the coating surface are tensile stress, and the crack size increases with the increase of the stress. When the power is 1.6 kW, the coating 

exhibits high corrosion resistance. 

Key words: laser cladding; powers; Al-TiC-CeO

2

 composite coating; microstructure; property 
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