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Fig.1  Diagram of refractory steel matrix composite reinforced 

with zoning CTC
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Fig.2  Diagram of wear tester and specimens (mm) 
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Fig.3  Microstructure of CTC
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Fig.4  Microstructure of interface between CTC
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substrate  
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Fig.5  EDS element line scanning of interface between CTC

P

/ 

NiCrBSi and substrate 

 

V'�ë%Oª««iC CTC

P

/NiCrBSi Ì�x Fe )

Cr ��T��Û Fe ) Cr À<UCá4�)º\]�

�
c CTC

P

CÄë�)ºc CTC

P

C�\ÄëÌ¡s

Ì§B¬�® B) SiÀ NiCrBSiXxC¯ç\]�


��èqC��x�Y� B�Si\]�V'xCÕ��

wª««i�C NiCrBSiç^x B�Si��¯°�çù

|���À��bc[¯c�̀ a)ºc«i��P�

Fe�CrC γ-Nic��p¡tÌ§�
\]�Õ�C��

x�NiCrBSi ç^xC B ) Si �V�Õ��±²À B

\]�Y�1³´ó<Z�zµ�»¶«ÛQ�¾
¶

`�V'·<Õ�

[15]

��À«i�V�`C B�Si �

���BYä��®�B 
 Fe ) Cr xCc�\�;

Si°a5���C B�V�xC Fe�Cr\]_²)º

c(Fe,Cr)-B4X��U���À)ºcÕ���Ì¡u

Ì§�ï� 6dB 

2.2  ���������� 

� 7À 25 úµWX�?/*3���C)MBÚ

�x�¾N�TUÌ� CTC

P

/NiCrBSi
V'tpÄÅ

üý����WX�?«iqXJKBWX�?)L*

#C��D�*+�\C¸4¹=!� 8��BÚ�x

�¾N��WX�?)L*#C��Dº�0�\C|

�d¿¢~Z�TkC»¼�WX�?��DC`Z½

�¿
 700 ú�L*#��DC`Z½�¿
 600 ú�


ol*+�\�T`WX�?C��DºZ�L*

#C��D�QWX�?Cä	L�M¡L*#C��

D/WX�?C��D§�0*+�\C|�d¿¢~

Z�TkC»¼�600 ú�WX�?Cä	L�M`

Z�È 1.2�800 ú�WX�?Cä	L�M`��¾

b 1.8B 

0 200 400 600 800 1000 1200

���

CTC

P

 /NiCrBSi

Refractory Steel

Distance/��

Fe

Cr

Ni

W

CTC

P

/NiCrBSi 

� 

� 

� 

Refractory 

steel 

Scanning line 

(Fe,Cr)-B

50 µm 

500 µm 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

CTC

p

/NiCrBSi 

Refractory steel 

Distance/µm 



� 7�                   �����CTC

P

/NiCrBSi�	
��������������������               �2367� 

 

 

 

 

 

 

 

 

 

 

 

 6  CTC

P

/NiCrBSi!	"�#���$%&'()  

Fig.6  Formation mechanism diagram of interface between CTC
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/NiCrBSi and substrate: (a) before sintering; (b) sintering shrinkage and 

molten NiCrBSi filling; (c) elements inter diffusion, isothermal solidification and precipitating (Fe,Cr)-B; (d) interface formation 
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Fig.7  Photograph of composite disc sample after wear at 25 / 
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Fig.8  Variations of wear rate of test materials with the 

temperature 
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Fig.9  Wear surface morphologies of composite at 600 /: (a) interface morphology between CTC
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/NiCrBSi and substrate; (b) magnified 

morphology of CTC
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/NiCrBSi in Fig.9a; (c) cross-section morphology of CTC
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Fig.10  Wear surface morphologies of composite at 800 /: (a) morphology of CTC
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Fig.11  Wear surface morphologies of substrate in composite at different temperatures: (a) 25 /, (b) 600 /, and (c) 800 / 
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Fig.12  Wear cross-section morphology of substrate in composite 

at 600 / 
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Interface Characteristics and High Temperature Wear Properties of Refractory Steel 

Matrix Composite Reinforced by Zoning CTC
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/NiCrBSi 
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Abstract: Using surface-modified cast tungsten carbide particles (CTC

P

) as reinforcement, NiCrBSi alloy as binder phase and refractory 

steel as substrate, refractory steel matrix composite reinforced by zoning CTC

P

/NiCrBSi was prepared by vacuum fusion sintering. 

Composite interface was observed and its formation mechanism was analyzed. Wear behaviors of the composite in the range of 25~800 °C 

were studied. Wear mechanisms of the composite were also discussed. The results show that the structure is compact and the CTC

P

 are 

evenly distributed in CTC

P

/NiCrBSi area of the composite; the interface between CTC

P

/NiCrBSi area and refractory steel substrate is 

composed of three parts: CTC

P

 dissolution zone, γ-Ni isothermal-solidification zone and element spread influence zone rich in (Fe,Cr)-B; 

within the test temperature range, the wear rate of the composite is less than that of refractory steel and both the wear rate and the relative 

wear resistance of the composite show the trend of decreasing and then increasing with the increase of the test temperature; the relative 

wear resistance of the composite at 800 °C is the highest, reaching 1.8 times that of refractory steel; in the range of 25~600 °C, the wear 

mechanisms of the composite are mainly micro-plowing, fatigue fracture induced by plastic deformation, CTC

P

 surface fatigue fracture 

caused by abrasive rolling and scratching, CTC

P

 brokenness or shedding due to insufficient NiCrBSi support; in the range of 600~800 °C, 

the wear mechanisms of the composite are mainly micro-plowing and mutual promotion of oxidation and wear.  

Key words: metal-matrix composite; high-temperature wear; zoning reinforcement; cast tungsten carbide 
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