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Table�1  Powder ratio of core wire materials (ω/�

��

�) 

Coating No. Steel strip Cr

3

C

2

 WC V Mo Nb Ni Cr Al Fe 

FeAlMoCrC ARC-1 30 10 7.5 13.2 6 - - 13 Bal. 

FeAlNiMoCrC ARC-2 

304 

stainless steel 

20 3 3 8 2.4 16 9 8 Bal. 
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Table�2  Arc spraying process parameters 

Voltage/V Current/A 

Atomized air 

pressure/MPa 

Spray distance/ 

mm 

30~35 220~240 0.65~0.75 160~180 

M'���cY>¯®¯°2!± 45
AB�CDE

FGHIJNOß�²­: 300~500 ����#�¼

5AÖoß� 300~950 ����×?Öoß� 700 ��

��5A�?ßÖo5¯�̄ 45
:NOß�M�.

/ü`Ó�ab2��:°¼�Xß 10 hs+°8³�
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© 1  ARC-1] ARC-2L^ªYcdS
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Fig.1  OM (a, c) and SEM (b, d) images of cross section microstructure of ARC-1 (a, b) and ARC-2 (c, d) coating; EDS results  

corresponding to region A (e) and region B (f) in Fig.1b 
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© 2  ARC-1] ARC-2L^ XRD©« 

Fig.2  XRD patterns of ARC-1 (a) and ARC-2 (b) coatings 
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© 3  Matlab©¬­®¯§ 

Fig.3  Matlab image processing process: (a) original picture, (b) noise reduction processing, (c) grayscale selection, and (d) convert to 

binary image 
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Table�3  Porosity of the two kinds of coatings (%) 

Coatings Porosity Average value 

ARC-1 6.51 5.43 6.55 5.64 4.78 5.78 

ARC-2 6.47 7.23 7.63 4.97 5.12 6.28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 4  L^8�e 700 �G¡ij°�S SEM±² 

Fig.4  SEM images of coating and substrate before and after high temperature oxidation at 700 : (a)�  ARC-1 before oxidation;        

(b) ARC-2 before oxidation; (c, e) ARC-1 after oxidation; (d, f) ARC-2 after oxidation 
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© 5  ARC-1L^ 700 ¨ij�XY! EDS_`] XRD©« 

Fig.5  Surface morphology (a), EDS result of marked region (b) and XRD pattern (c) of ARC-1 coating after oxidation at 700 � 
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© 6  ARC-2L^ 700 �ij�XY! ED³ _`cn] XRD©«´

Fig.6  Surface morphology (a), EDS result of marked point (b) and XRD pattern (c) of ARC-2 coating after oxidation at 700 � 
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� 4  �������	
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Table 4  Oxidation mass gains of coatings and substrate 

Samples ARC-1 ARC-2 Substrate 

Oxidation mass gain/mg·cm

-2

 25.8 11.6 96.6 
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Fig.7  Schematic diagram of oxide film formation 
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Fig.8  Static oxidation kinetics of coatings and substrate at 700 �: (a) oxidation kinetic curves, (b) relationship between (∆w)
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 and 

oxidation time, and (c) double logarithmic curves 
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Abstract: FeAlMoCrC and FeAlNiMoCrC coatings were prepared by spraying two kinds of self-developed wire onto the surface of 45 

steel with high velocity arc spraying technology. The microstructure of the two coatings was analyzed and the cyclic oxidation behavior of 

the two coatings and substrate at 700  °C was investigated. The results show that the FeAlMoCrC coating mainly consists of three 

intermetallic compounds: FeAl, FeCr, and Fe

2

AlV, and two oxide phases of Al

2

O

3

 and Fe

3

O

4

. The FeAlNiMoCrC coating is mainly 

composed of four intermetallic compounds: AlNi, AlCr

2

, FeNi

3

 and Fe

8

Cr, and three oxide phases of Al

2

O

3

, Cr

2

O

3

 and Fe

3

O

4

. According to 

the calculation of the porosity of the coating, it is found that the internal porosity of the coating is low, all of which are less than 10%. 

After fitting and analyzing the oxidation mass gain curve, it is found that the FeAlNiMoCrC coating has lower oxidation rate constant, 

larger oxidation index, slower oxidation rate and better oxidation resistance. Through phase and microstructure analysis, it is considered 

that the low porosity of the coating and the formation of continuous and dense oxide films such as Al

2

O

3

, Cr

2

O

3

 and Fe

3

O

4

 in the oxidation 

products contribute to the improvement of high temperature oxidation resistance.  

Key words: high velocity arc spraying; FeAlMoCrC coating and FeAlNiMoCrC coating; microstructure; oxidation behavior 
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