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Abstract: As some new tool materials which appeared in the seventies of last century, the Ti(C, N)-based cermets
have been widely used in recent years because of their good properties. The microstructure of Ti(C, N)-based cermets with
various carbon contents were studied by using scanning electron microscopy (SEM), energy dispersive X-ray analysis
(EDX) and X-ray diffractometry(XRD). Vickers hardness and transverse rupture strength (TRS) were also measured. An
increased carbon content resulted in the finer grain size, with decreased solution strength of tungsten and molybdenum in
the binder phase, and a higher volume fraction of heavy (Ti, Mo, W)(C,N) cores. If the addition of carbon content was too
little or too much, the phase composition of material would deviate from the normal dual phase section and lead to the
formation of the third phase: M -phase if the carbon content was too low or dissociative carbon if the carbon content is too
high, and the formation of the third phase would remarkably deteriorate the mechanical properties of cermets.
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Table1 Composition design of the experimental material

&)@ W% Ni Mo wC C Ti(C,N)
A 20 10 15 0 Rest
B 20 10 15 0.5 Rest
C 20 10 15 1.0 Rest
D 20 10 15 1.5 Rest
E 20 10 15 2.0 Rest
F 20 10 15 2.5 Rest
G 20 10 15 3.0 Rest
H 20 10 15 3.5 Rest

1 Ti(C, NEBRBERAEBEE
Fig.1 SEM image of the Ti(C, N) raw powders
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Table 2 The main characteristics of raw powders
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Fig.2 SEM micrographs of the microstructure
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Fig. 3 The carbon content effect on the lattice parameters
of hard phase Ti(C, N) and binder phase Ni
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Fig. 4 A typical EDX spectrum of heavy cores (white cores)
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Fig. 5 XRD profiles of eight model cermets
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Fig. 6 The SEM-EDX of intermetallics( m-phase)
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Fig. 7 Effect of carbon content on the transverse rupture
strength (TRS) of cermets
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Fig. 8 The rupture mode of crack through grains of
high carbon content cermets (cermet H)
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Fig. 9 Effect of carbon content on the hardness of cermets

M o AT LIS A . 7E—EMEREN, &
JF Wl 1% 5 P e P9 S 4 B B T S Bk
B RN 1.0% 1488 R AR L J ok, Xt T
AN ARG MR BT BRI 1.00% I, AR
Rl 38 SO MR R AT, 3 2 FR T 260 2 R v 7 5 A Vi I
JITER BRI B0 B 2.0 P 4528 i e RO BEEE 5/
M7 25 B ) o e 0 G 2.09% IF, <6 B e 1) s 32 3L
Wi 5 i 114 J5 Sk 3 50 P 14 J0 T 328 T R, i Pl T E
o SR H K s A TR, WL 3 TR . ARIA,
SRR TR 0 RO 2.0% B, Ti(C,N) i Kk
23R

AN ARLIR T | R RV AR Ti(C,N) B A
SIHC. ARBRAMA e o i [ AT A 266 25 R L B 8 il A
b e [ VA ARl T RS 5 AL 2 B A8 it R X P s 2 A T
B e Tk SRR 455 .

3 g

SR, BT T AN R RO R 55 0455 A A
IFi Bt 55 ek 1Y) <5 Jo B 68 0 BROUL 46 g S ALk R, T



ER Y]

g
}z&
b
48

ik 5 B X A TN < TR P R ) 2 R B P RE B 2 ) 15

BT 258

1) PRBR A Dt 2, B A M B
JSCRE LS TR B PAR X, ECE ML m AH
RO 5 B, T35 — A 2™ B AR 4 R M 2 O L
PERE

2) MAESEM-EDX 3T, I A1 BRAE IRk 42 b
% (AFIB) Y m HZNi,Mo,,W, )C,o

3) 1E Ti(C,N)EIARI R Hrpesh b — R it - 7¢
S5k (USRS ), I LSRN USSR 1 4 i 2R v 3E
it SEM-EDX Rl 133, ARYE EATHIES L) K fb 74
JCATAL, B (Ti, W, Mo)(C,N), JEAL T EAHEEZS B
BB .

4) BEFERRTOR DRI, /N T Ti(C N) L
PR R, AR T JE U (T, W,Mo)(C,N) FITE L

5) [RBERT G4 —FF, 4 b B bV A R 45 A
o) B A EH 52 B AR S

% 3k

[11 AhnSY, Kim S W, Kang S. Microstructure of Ti(C,N)-
WC-NbC-Ni Cermets[J]. Journal of the American Ceramic
Society, 2001, 84: 843-849.

[2] LiuN, Han CL, XuY D> et al. Microstructures and
Mechanical Properties of Nano TiN Modified TiC-Based
Cermets for the Milling Tools[J]. Materials Science and
Engineering A> 2004, 382: 122-131.

[3] Bellosi A, Calzavarini R, Faga M G- et al. Characterization
and Application of Titanium Carbonifride-Based Cutting
Tools[J]. Journal of Materials Processing Technology»> 2003
(143/144) : 527-532.

[4] Heuer AH, SearsJ S, Zaluzec N J. Analytical Electron
Microscopy of Phase Separated Ti/Mo Cemented Carbides
[C]//Proceedings of International Conference on the Science
of Hard Materials. London: Adam Hilger, 1986: 321-334.

[5] Ettmayer P> Lengauer W. The Story of Cermets[J].
International Journal of Powder Metallurgy, 1989, 21(2) :
37-48.

[6] Ettmayer P> Kolaska H» Dreyer K. Effect of the Sintering
Atmosphere on the Properties of Cermets[J]. Internatinal
Journal of Powder Metallurgy, 1991, 23(4) : 224-232.

[7] Ettmayer P> Kolaska H,» Lengauer W, et al. Ti(C,N)
Cermets-Metallurgy and Properties[J]. Internation Journal
of Refractory Metals & Hard Materials> 1995, 13 : 343-
351.

[8] Zackrisson J, Thuvander M, Lindahl P, et al. Atom Probe
Analysis of Carbonitride Grains in (Ti, W, Ta, Mo) (C, N).

(Co/Ni) Cermets with Different Carbon Content[J]. Applied
Surface Science, 1996(94/95) : 351-355.

[9] Lindahl Ps Gustafson P> Rolander U, et al. Microstructure
of the Model Cermet with High Mo or W Content[J].
International Journal Refractory Metals and Hard Materials »
1999, 17: 411-421.

[10] Chao S> Liu N> Yuan Y P, et al. Microstructure and
Mechanical Properties of Ultrafine Ti(CN)-Based Cermets
Fabricated from Nano/Submicron Starting Powders[J].
Ceramic International> 2005, 31: 851-862.

[11] Ahn SY, Kang S. Formation of Core/Rim Structure in
Ti(C,N) WC Ni Cermets via a Dissolution and Precipitation
Process[J]. Journal of the American Ceramic Society>2000»
83(6) : 1489-1494.

[12] Lindal P> Rosen A E, Gustafson P et al. Effect of Pre-
Alloyed Raw Materials on the Microstructure of a (Ti,W).
(C,N) Co Cermet[J]. International Journal of Refractory
Metals & Hard Materials, 2000, 18(3) : 273-279.

[13] Voué M, Coninck J D E. Spreading and Wetting at the
Microscopic Scale: Recent Developments and Perspectives
[J]. Acta Materialias 2000, 48: 4405-4417.

[14] Zackrisson J» Andren H O. Effect of Carbon Content on
the Properties of (Ti, W, Ta, Mo)(C, N) (Co, Ni) Cermets
[J]. International Journal of Refractory Metals & Hard
Materialss 1999, 17: 265-273.

[15] A 53 A0ARKLTi(C NS Jm P 8 52 & M RO ST D).
B AP RHEIRY, 2002.

Zheng Yong. Research on a Composite of Fine Grained
Ti(C, N)-Based Cermet[D]. Wuhan: Huazhong University
of Science and Technology, 2002.

[16] Chen Limin, Lengauer W, Peter E» et al. Fundamentals
of Liquid Phase Sintering for Modern Cermets and
Functionally Graded Cemented Carbonitrides (FGCC)[J].
International Journal of Refractory Metals & Hard
Materials> 2000, 18: 307-322.

[17] Ehira M, Egami A. Mechanical Properties and
Microstructures of Submicron Cermets[J]. International
Journal of Refractory Metals & Hard Materials> 1995,
13: 313-319.

[18] REEE2E, x| 7, XBEZE, 5§ Tic AR Ti(CN)

Hpm b R AR R AERE R 7). A BE, 2012, 27(2):
41-45.
Tang Huilan, Liu Ning. Liu Aijun, et al. Effect of TiC
Powder Sizes on Microstructure and Mechanical Properties
of Ti(C,N)-Based Cermets[J]. Heat Treatment, 2012, 27
(2) : 41-45.

(FTHEGR . B AR )



