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Table 1  Distribution ratio of high emission powder 
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Fig.1  XRD patterns of powders with different distribution ratios 

after solid-phase reaction 

NiO�ST��; NiOS\U��ðßÆ/V; NiO

WX¡ÐD(�� b ��¢fV�7 NiCr

2

O

4

�ST

Cr

2

O

3

Ø NiO Y:ÐD(J÷E�� b�Cr

2

O

3

:NiO= 

1:1.2 �J>ÃZ� NiCr

2

O

4

��( 

2.1.2  ������
�	�� 

��=��7V� NiCr

2

O

4

�[6\� 25%MnO

2

Ñ 15%TiO

2

�1200 �s�ðÐD 2 h¢f{| NiCr

2

O

4

��(R 2*{|$Z��ðÐD�7 XRDR�(

�¬7]jØ£�¤7]j^�_����ò\

NiTiO

3

( 

/`¯¦�~ª7²�a³´µB	Ø+�~a

bÈc-�dj��OSPE 7#e�f(, 2	g�

~abÈc-�dj�(h, 2Jn�hP Cr

3+

OSPE

ä#��hGKc-�ªi�Mn

3+

abeP Cr

3+

�OSPE

jeP Cr

3+

�J Mn

3+

kJGKc-�ªi(Mn

2+ 

OSPE

	 0��hlmn-�ªi(  Ti

3+

c-�dj�Ve�

±�GKc-�ªi�Æy XRD R�; NiTiO

3

7¶

·�Ti

3+

7{|Ko±T2(./�ðÐD�pq;J

�� Ni

(1-y)

Mn

y

(Mn

x

Cr

1-x

)

2

O

4

�¸y£�¤ð¶·( 

����������	
���

ûá����>¢7$Zr������U\ 

 

 

 

 

 

 

 

 

 

 

 

® 2  ~� NiCr

2

O

4

XYq[rst XRD®² 

Fig.2  XRD patterns of doped NiCr
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 powder after solid-phase 

reaction 
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Table 2  Radius and OSPE of each ion  

Ion R/nm OSPE/J·mol
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® 3  FGH0<Z XRD®² 

Fig.3  XRD patterns of high emission coating 
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Table 3  Results of ablation of high emission coating by 

oxyacetylene flame 
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® 4  FGH0<PQtZ XRD®² 

Fig.4  XRD patterns of high emission coating after ablation: 
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Fig.5  Macroscopic morphologies of high-emission coatings before and after ablation: (a) NiCr
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Fig.6  SEM images of the NiCr
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 coatings after ablation: (a~c) 1#, (d~f) 2#, and (g~i) 3# 
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Table 4  EDS results of the NiCr
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 coatings after ablation marked area 1, 3, 5 in Fig.6 (at%) 

Area Ni Cr O Si Zr 

1 58.45 18.25 23.29 - - 

3 88.95 - 11.05 - - 

5 - - 16.65 63.19 20.15 
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Fig.7  SEM images of the doped NiCr
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 coatings after ablation: (a, d) 4#, (b, e) 5#, and (c, f) 6# 
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Table 5  EDS results of the doped NiCr
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ablation marked area 1~4 in Fi.g7 (at%) 

Area Si Ti Cr Mn Ni C Au O 

1 - 6.76 24.18 33.77 21.74 - 1.12 12.43 

2 - 8.26 22.01 32.89 25.11 - 1.57 10.16 

3 21.63 4.18 3.80 4.77 4.80 32 0.99 27.82 

4 8.22 5.03 39.61 19.12 17.04 - 2.23 8.75 
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Preparation and Performance of High Emission Ablation-Resistance and Anti- 

Oxidation Coatings on the Surface of Carbon-Based Ceramic Tile 

 

Li Yizhen, Zhu Shizhen, Wang Hui, Ma Zhuang, Liu Yanbo 

(National Key Laboratory of Science and Technology on Materials under Shock and Impact, 

Beijing Institute of Technology, Beijing 100081, China) 

 

Abstract: A Ni-Cr spinel high-emission ablation-resistant anti-oxidation coating was prepared by atmospheric plasma spraying technology, 

on the surface of a carbon-based ceramic thermal insulation tile substrate, on which a ZrB

2

-SiC-glass inner coating had been prepared. The 

phase structure and morphology of the powder and coating were examined by XRD and SEM, and the coating was ablated by 

oxygen-acetylene flame. The results show that when the mole ratio of Cr

2

O

3

:NiO is 1:1.2, the pure NiCr

2

O

4

 spinel powder can be obtained 

by the solid phase reaction at 1200 °C for 2 h. To get complex spinel powder, 15 wt% TiO

2

 and 25 wt% MnO

2

 were added to the former 

constitute system and the same fabrication method was applied. The emissivity of NiCr

2

O

4

 high-emission coatings and NiCr

2

O

4

-doped 

high-emission coatings reach 0.955 and 0.954, respectively in the 1~22 µm band. The NiCr

2

O

4

 slightly decomposes after spraying, and the 

emissivity is reduced. The Mn-Ti doped NiCr

2

O

4

 phase structure is stable without decomposition, and the emissivity is stable. The result of 

the ablation shows that the surface temperature of Mn-Ti doped NiCr

2

O

4

 coating is lower than that of NiCr

2

O

4

 coating, decreased by 240 

°C, and the infrared radiation performance is far higher than that of NiCr

2

O

4

 coating, when the flame temperature is higher than 2000 °C. 

Mn-Ti-doped NiCr

2

O

4

 coating is more stable than NiCr

2

O

4

 coating at high temperatures, which keeps high emission performance. The 

Mn-Ti doped NiCr

2

O

4

 coating remains stable after the 2000 °C/300 s ablation assessment, maintaining a better radiation and ablation 

resistance. 

Key words: carbon-based ceramic thermal insulation tile; ablation-resistance high emission coating; plasma spraying; Ni-Cr spinel 
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