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ABSTRACT

The constituent phases in Ti(Cy7Ny3)-xWC-20Ni (wt%, x=3, 15, 25) cermets were characterized using nanoindentation in
conjunction with observation of microstructure. The microstructure of cermet is composed of hard phase and binder phase, which gave
rise to a wide range of hardness distribution when nanoindentation was cartied out on the polished surface of cermets. Because of the
inhomogeneous nature of cermet microstructure, observation of indented surface was indispensable in order to separate the hardness
of each constituent phase. The measured values of hardness using nanoindentation were ~14 GPa for the binder phase and ~24 to
28 GPa for the hard phase, of which nanoindentation hardness was decreased with the addition of WC into Ti(Cy 7N 3)-Ni system.
In addition, the nanoindentation hardness of Ni binder phase was much higher than reported Vickers hardness, which could result from
confined deformation of binder phase duc to the surrounding hard phase particles.
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Fig. 1. SEM micrographs of Ti(Cy7Ng3)-xWC-20Ni (in wt%)
sintered at 1450°C for 1 h under a vacuum : (a) SWC,
(b) 15WC, and (C) 25WC. (Arrows indicate each
constituent phase.).
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Fig. 2. (2) An SEM micrograph of an indentation mark on
Ti(Cy7Ng3)-1SWC-20Ni  (in  wt.%) cermet by
nanoindentation with 5 mN load, (b) a typical load-
displacement curve, and (c) A scatter diagram which
shows the hardness distribution of around 120
indentation points.
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Fig. 3. SEM micrographs of indentation marks on various sites in Ti(Cy 7N 3)-WC-Ni cermets using nanoindentation with the load of
5 mN : (a) on the rim, (b) on the binder, (c) on the rim and the core, and (d) on the rim and the core.
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Fig. 4.(a) A scatter diagram which ,shows the hardness
distribution of 45 indentation points on Ti(Cy7Ng3)-
25WC-20Ni cermet and (b) hardness values of
Ti(Cy 7Ny 3)-WC-Ni cermets measured by nanoindenta-
tion with 5 mN load.

AR A %‘Q@
BAE g Eﬂo} E¥ 3%011*% 2
oluf Aol dEo® dYPAFe| o]Feizl
| a‘”f\lﬁu Auto = m| AR ZF o %‘I
el A mAlrzEAg B3 48 AgsE
o] HAAB]E AX 10}21“¥ o] FAlolt

Aol #HEEA gyt olH g wAFE A4S F3
J AL Ti(C)Ngs)-XWC-20NI (wt.%, x=5, 15, 25)
ol A YiedddiH o)A AEgg 28 4(b)ell e
Atk 2N BoFE }M Zo] AHEGEFAZA)
2 WC H#7}go] Z71g) we} 28~24 GPa AEE e
ldlelold Axrt RS, A g2 2460 #A
0] ~14GPa A9 YxRlddold ATE el

o=

A~
I"T'

24

O
S

20~30%

fr Lo

b

A B

s A%

T

- AgE - 2

Ti(C,N)-Ni Al WC7F H7HER Aol 1Ade]
stsl= Aoz geid Ydeu) B A7 A
WC7F TC N 3 (TLW)CN) 2838 348 o) =
B4 Wl We] %ol F7M84E Vel Ax7t
golxle Aow zaych E£8, 28" Ti(CysNos),
WC, Ni H|#AZ2 AEg-e 27t 263, 20.6, 5.14 GPaZ
ehbe, E8] AT A B Aol 4L vieddl
glold Axghel vis) ¥A Jehsth o= %i?leﬂﬂl 1
A 2N YA ATl gdEeste 23S
YA e A o] Wo] Addts i J&
e &, YA gHe s EAEe ARrt oREEd
o3k °ﬂ?~24° Hygo Agshes AR B4 44US
7reratd Aol shssith

2

[

4.4

B ?ﬂ%oﬂﬂ% Ti(Cy7No3)-WC-Ni Al Aol A=
oldx pAERAES T3 Hu e
i}*@l HE E} ***‘4 %L %Q.E Hﬂ

Hlfﬁ He H*H«I *HE wﬂmﬂ% %L 4 E
FEAN 7] feide dYAE F GE #Eo] ¥
olith. A A AT Ylddeld
z}z} oF 24~28 GPa, 14 GPacl 3 WC F7}o
(Ti, WYC,N) 73273e] Y=gldiejold H=7}
T Rk =3, AHEY Uqldigold
o] BAXA T vlF] =4 YEsed ols
Ho] A4S BN Je AEAYLE
B Aoz AlgH)

L
%

@
s

—

1.2~
T=
1‘:‘.73

o rRL

o
A

r.?!:_!& Mo

Acknowledgment

4 7123 AT A7 A
ojo ZA=HH T

ATE QYVE
%J_ii S UM

REFERENCES

1. S. Y. Zhang, “Titanium Carbonitride-Based Cermets: Pro-
cess and Properties,” Mater. Sci. Eng. 4,163 141-48 (1993).
E. B. Clark and B. Roebuck, “Extending the Application
Areas for Titanium Carbonitride Cermets,” Refract. Met.
Hard Mater., 11 23-33 (1992).

3. P. Ettmayer, H. Kolaska, W. Lengauver, and K. Dreyer,
“TI{CN) Cermets-Metallurgy and Properties,” Inr. J.
Refract. Met. Hard Mater, 13 343-51 (1995).

. H. Matsubara, S. Shin, and T. Sakuma, “Grain Growth of
TiC and Ti(C,N) Base Cermet During Liquid Phase Sin-
tering,” Solid State Phenom., 25&26 551-58 (1992).

5. H. Suzuki, H. Matsubara, and T. Saitoh, “The Microstruc-

2.



10.

11.

12.

HielEElo Ao ® 243 Ti(Cy Ny 5)-WC-Ni Al -d4ke] A= 121

tures of Ti(C,N)-Mo,C-Ni Cermet Affected by WC Addi-
tion,” Jpn. Soc. Powder Powder Metall, 31 [7] 236-40
(1983).

. H. Suzuki and H. Matsubara, “Some Properties of Ti(C,N)-

WC-Ni Alloy,” Jpn. Soc. Powder Powder Metall, 33 [4]
199-203 (1986).

- L. E. Toth, “Transition Metal Carbides and Nitrides,” pp. 6-

7, Academic Press, New York and London, 1971.

. W. Lengauer, S. Binder, K. Aigner, P. Ettmayer, A. Guillou,

J. Debuigne, and G. Groboth, “Solid State Properties of
Group IVb Carbonitrides,” J. Alloys & Comp., 217 [1] 137-
47 (1995).

- M. F. Doerner and W. D. Nix, “A Method for Interpreting

the Data from Depth-Sensing Indentation Instruments,” .J.
Mater. Res., 1 601-9 (1986).

W. C. Oliver and G. M. Pharr, “An Improved Technique for
Determining Hardness and Elastic Modulus Using Load and
Displacement Sensing Indentation Experiments,” J. Mater:
Res., 7 [6] 1564-83 (1992).

M. G Gee, R. Roebuck, P. Lindahl, and H-O Andren, “Con-
stituent Phase Nanoindentation of WC/Co and Ti(C,N) Hard
Metals,” Mater. Sci. & Eng. A, 253 128-36 (1996).

S. Guicciardi, L. Silvestroni, G. Pezzotti, and D. Sciti,
“Depth-Sensing Indentation Hardness Characterization of
HfC-Based Composites,” Adv. Eng. Mater, 9 [5] 389-92
(2007).

13.

14.

16.

17.

19.

20.

X. Shi, H. Yang, G. Shao, X. Duan, and Z. Xiong, “Nanoin-
dentation Study of Ultrafine WC-10Co Cemented Carbide,”
Mater. Char, 59 374-79 (2008).

F. Qi and S. Kang, “A Study on Microstructural Changes in
Ti(C,N)-NbC-Ni Cermets,” Mat. Sci. & Eng. A, 251 [1-2]
276-85 (1998).

. S. Ahn and S. Kang, “Effect of VC Addition on the Micro-

structure and Mechanical Properties of Ti(C,N)-Based Cer-
met,” J. Kor. Ceram. Soc., 35 [12] 1316-22 (1998).

K. W. Chae, D. 1. Chun, D. Y. Kim, Y. J. Baik, and K. Y.
Eun, “Microstructural Evolution During the Infiltration
Treatment of Titanium Carbide Iron Composite,” J. Am.
Ceram. Soc., 73 [7] 1979-82 (1990).

D. I. Chun, D. Y. Kim, and K. Y. Eun, “Microstructural
Evolution During the Sintering of TiC-Mo-Ni Cermets,” J.
Am. Ceram. Soc., 76 [8] 2049-252 (1993).

. S. Kim, “Dissolution-Reprecipitation Related Phenomena in

Cermet System,” pp. 58-63, Ph.D. Thesis, Seoul National
University, Seoul, 2006.

L. Qian, M. Li, Z. Zhou, H. Yang, and X. Shi, “Comparison
of Nano-indentation Hardness to Microhardness,” Surf
Coat. Technol., 195 264-71 (2005).

A. Grosjeana, M. Rezrazia,U, J. Takadoumb, and P. Bercot,
“Hardness, Friction and Wear Characteristics of Nickel-SiC
Electroless Composite Deposits,” Surf. Coat. Tech., 137 92-
6 (2001).

A 46 A 1E(2009)



