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Study on the Enrichment of Titanium on the Sintering
Skin during the Sintering WC-CO-Ti Cemented Carbide
in Nitrogen
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Abstract: WC-TiC-Co cemented carbides was sintered in Vacuum and Nitrogen. The external and internal
structure was observed and analyzed with the aid of X-ray diffraction (XRD), Scanning electron microscope
(SEM), Energy dispersive spectrometer (EDS). It was showed that during the sintering of cemented carbide
in nitrogen, Titanium migrated towards the surface and got enriched on the sintering skin, forming Ti(C, N)
phase, and finally improved the surface hardness. Thermodynamics analysis was used to explain the observed
phenomenon.
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Table 1 Chemical composition of raw power

F1BRHOASR
JEURHAL O R S B B B W 8%
wC 1.97 0.14 5.96
Co 0.8 037 0.03 0.02
(W,Ti) C 3.2 0.068 10.06 032
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Fig 1. Flow chart of the sintering process
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Fig 2 .SEM micrographs of the surface of the samples sintering in Nitrogen,
(a) Distribution of Titanium. (b) Distribution of Carbon .(c)Distribution of Cobalt.
(d) Distribution of tungsten .(e) Distribution of Nitrogen.
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Fig 3 .SEM micrographs of the surface of the samples sintering in vacuum, (a) Distribution of Titanium. (b) Distribution of Carbon. (c) Dis-

tribution of tungsten. (d) Distribution of Cobalt.
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Table 3 .Element content of the surface of samples sintering in

Table 2 .Chemical content of the surface of the samples sintering in
Nitrogen Vacuum
FR2AHRNREATESE F3 BHMMFEELEESE
_ - Element Weight% Atomic%
Element weight% Atomic%
C 22.50 71.37

15.73 49.90
C Ti 16.61 13.21
- 32.91 26.17 Co 6.38 413
W 51.36 10.64 w 54.50 11.29
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Fig 4 XRD curve of the surface of the sample sintering in Nitrogen
4 A HmRE XRD
1200 |- e
I T Ry The interface
1000 A}
w i
t £ TiC
= L
3
= 600
we | |0
,E 400 |- a7
= )
200 - i T g 1 J v
I *'m--"l" I S Wt it A Wi ‘.J' \,_.H,.fw_,
0k
10 20 30 40 50 60 70 80 90 100

2-Theta-Scale

Fig 5 XRD curve of the surface of the sample sintering in Vacuum

5B ¥ &R ME XRD

978-1-935068-41-9 © 2010 SciRes.

638



oS m—
ROX Scientific

The 7th National Conference on Functional Materials and Applications #%% Research
Ti(C,N), M IEH ) WC-TIiC-Co Z5 Kt Jii 5 4 - MAZXARAT Co TR T REUE, M 9um F] 23 um KX

6 & 7 73502 A FI B WFEa WRIBSERR 3 Ti Joae & BRI, MR Co Juz & A W R

AR & 6 A FER TR RO ERARE L, 23 nm — HRLEHR A XK TR S T
e RIS 9 v m IX— B Ti S35 #580E, 1M Co LSRN N, Ml 7 A i B #Ra & F1 T

Ti

! um ' Elsctron Image 1

-
3n 1] 30
Hm pm
Carbon al_2 Cobett ka1

Fig 6 .SEM/EDS line scans performed from the surface of the sample to the core in Nitrogen, (a) Diversification of Titanium from the sur-
face to the core. (b) Diversification of Carbon from the surface to the core. (c) Diversification of Cobalt from the surface to the core.
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Fig 7 .SEM/EDS line scans performed from the surface of the sample to the core in Vacuum (a) Diversification of Titanium from the sur-

face to the core (b) Diversification of Carbon from the surface to the core (c) Diversification of Cobalt from the surface to the core
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Fig 8 .SEM micrographs (SE mode) of the nitrided WC-TiC-Co cemented carbides general view of the microstructure. The white lines

show the distinct regions: the near-surface zone(Ti-rich, according to EDS line scans)
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Table 4 .The Value of A,B of the Reaction between Ti and Carbon or Nitrogen
£ A Ti BRRBMESEER A, B {E[15]

A ( J'morl )

B ( J‘mOI_l'K_l)

B R, E R EEC
Ti+1/2N, =TiN ~336300 93. 26 25-1670
Ti+C=TiC -184800 12. 55 25-1670
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Table 5 .Density, molecular weight and molar volume of the TiC and TiN
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Fig9 Diagram of TiC,TiN formation AGOV
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