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Fabrication of High Density TiN using a Spark Plasma Sintering Technique
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ABSTRACT

Poor sinterable TiN powders have been densified fully using a spark plasma sintering iechnique. Sintering characteristics and
microstructural variation of the sintered TIN specimens were evaluated using electron microscopy. It was found that Al,O; particles
which were incorporated during the milling process reacted with TiN particles over 1700°C to form Al,Q5 containing liquid phase and
that resulted in accelerating the mass transport. This liquid phase helps to start to sinter at lower temperature and finally contribute
10 control grain growth of TiN grains. This phenomenon could be confirmed by the presence of the round or curved grain boundaries
and the Al,O; containing secondary phase cluster in the grain boundaries triple junction.
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Fig. 1. Schematic diagram of SPS chamber and pulsed current path through powders.
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Fig. 2. SEM image of TiN powders.
(a) before milling (b) after milling.
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Fig. 3. z-position variation during the SPS process. Il : with milled powders [ : with raw powders.
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Fig. 7. TEM image of sintered TiN at 1800°C.
(a) raw powder (b) milled powder.
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¥ HE sk 2] 222 7k BAYALR oLz, of

QARTo] FRAL

it
1@
o,
o
r
A
=
wA
oy
i,
5,
™,
GE{:,:’
i
r
off
2
=
L

=
JAsto =R A4 A4S AolsAu A o} =g Fig 102
I

_|_4
¥
il
o
e
u
=,
ot
S,

is]
s X AREA AEEoNA
REH, B ALO:E TSI Yt 220l BAY 4 Mo 2HER TSN Be dislocationd F43H
) o

4 X
H, 22 AHeA] B8 TEM ARlE Fig 8o Ue} At Wk Al oA AR S
= 8 Sk ks
Aol B2 Y5E HoFH, o2 EF Fig. 9914 =

A 387 7 6 5(2001)



502 %’o :5_].' : Z:J
4484 B

WaAAdY TIN B2 va Fel=n A2¥e 448
o ZEZe TIN 2488 A2 5 ASth. SPS £&2%
EE milling P FHASHA 1800°Co A £AA 7 5B
o 99.6~99.8%] Y =E B ot millingdt B
o] Afe millinge X 2L AET 1800°C 2F
| 8% 2ZAIHY BFUZTT 12 AEE AojgogzH 2
g EAS g 5 Isich 9, milling FFFEA &
4 H ALOE AZ(1500°CrlM = TIN 2FEAJ Hrla
18- FA) BSAT 24wyt SRS 23 9A &

b

[}

o YA AR A 9L U 23] BRo=
93 39 % ARRERY Aol Tledse Ao B
99t

HAR] 2

AT SdEE <2000 I GTe|Aldrez
HE e, old ZA=HUC)

HER PR

2.

REFERENCES

. K. Tsozaki, Fine Ceramics Report (in Jpn.), 8, 264-267

(1990).

M. Moriyama, H. Aoki, Y. Kogayashi and K. Kamata, “The

Mechancal Properties of Hot-pressed TiN Ceramics with

Various Additives,” J. Ceram. Soc. Jpn., 101(3), 279-284

(1993).

. M. H. Shaio, S. A. Kao. and F. S. Shieu, “Effect of Pro-
cessing Parameters on the Microstructure and Hardness of
the Arc Ion-plated TiN on a Type 304 Stainless Steel,” Thin
Solid Films, 375, 163-167 (2000).

. C. Grekskovich and S. Prochazka, “Stability of Si;N, and
Liquid Phase During Sintering,” J. Am. Ceram. Soc., 64(7).
C96-C97 (1981).

. M. Tokita, “The Mechanism of Spark Plasma Sintering,”
Proc. Zth Symp. on SPS, 1, (1997).

. N. Tamari, T. Tanaka, K. Tanaka, 1. Kondoh, M. Kawahara
and M.Tokita, “Effect of Spark Plasma Sintering on Den-
sification and Mechanical Properties of Silicon Carbide,” J.
Ceram. Soc. Jpn., 102(7), 740-741 (1995).



