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Background

The diffusion of elements in cermets
determines the formation of surface
gradient layers, while the variation of N2
pressure during materials’ sintering
determines the direction and rate of
element diffusion.

Ti(C,N)-based cermets are among ideal metal
cutting tool materials as they exhibit high hardness
and excellent resistance to wear and oxidation.
Compared with conventional WC-Co cemented
carbides, the cost-effective Ti(C,N)-based cermets
possess superior mechanical properties particularly
at high temperature, and as such they have been
considered as potential substitutes for WC-Co
cemented carbides
Fig. 2. Microstructure model of functionally gradient cermets
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Fig. 1. Cermets and their application in cutting tools
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In recent years, functionally gradient cermets
have emerged with improved mechanical properties.
The microstructure of such materials changes
continuously along one or several specific directions,
so that their mechanical and thermophysical
properties can be gradually adjusted along these
directions.

Fig. 3. Relationship between nitrogen pressure and the
formation of gradient structure.

Composition and Structure

Methodology

Table 1. Composition of Ti(C,N) -WC-Ni based model alloy (wt.%)
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Fig. 4. Research method of Ti(C,N)-WC-Ni gradient
cermet.

In this work, Ti(C,N)-WC-Ni was
selected as the typical material
system with different WC contents.
A 50 wt.% Ni binder phase was
deliberately maintained in all the
cermets to possibly amplify the
gradient structure characteristics,
and a vacuum sintering condition
was employed to potentially
accelerate the diffusion rate of W
atoms.

Fig. 5. XRD patterns taken from the cross-sections of Ti(C,N)based cermets and the corresponding morphologies.

Conclusion
Ti(C,N)-WC-Ni model cermets
were fabricated to explore the
effect of WC addition on Ti(C,N)based cermets. The conclusions
drawn from this study can be
summarized as follows:
(1) After vacuum sintering, the
aggregated layer of undissolved
Ti(C,N) particles appeared on
the surface of the sample with
WC addition, and the formation
reason was mainly related to
the capillary force generated by
liquid flow.
(2) The anaerobic property of W
determines that the migration
direction of W is to the region
with low N content, and the
solubility of W determines that
the diffusion rate of W increases
with the increase of WC content.
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Fig. 7. Reasonable carbon region of different tungsten
carbide contents calculated from phase diagrams

Fig. 6. The distributions of W, Ti, Ni in the graded
layer of the Ti(C, N)-Ni-WC cermets with different
WC additions: (a) 5 wt.%, (b)10 wt.%, (c)15 wt.%,
(d) 20 wt.%.

i ) A typical core/rim structure forms after
the addition of WC, and the content of W in
the inner rim increases continuously until it
reaches equilibrium with that in the binder
component and then becomes difficult to be
observed.
ii ) Nitrogen concentration gradient drives
the Ni binder phase with dissolved element W
to the surface and forms the undissolved Ti
(C,N) aggregation layer by capillary force.
iii ) Because of the presence of oxygen,
even in the high carbon region, no graphite
phase appears in the microstructure of
cermets.

Results

Fig. 8. Composition changes of Ti, W, and Ni in the binder phase of different regions in the cermets: (a) interior and (b) near-surface. (c) Solubility
change of the cermets with the change of WC content calculated by thermodynamics.

The addition of 15 wt.%WC has reached the maximum solubility of W in Ni binder. Under
the action of nitrogen concentration gradient, W migrates to the subsurface, making the
content of W in the binder increase continuously. Since the diffusion rate is proportional to the
solubility, the diffusion rate of W increases with the increase of WC content.
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