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Mechanical Properties of Hot-pressed TiN Ceramics
—Effect of Additives—

Minoru Mor1YaMa, Kiichiro KAMATA and Yoshikazu KOBAYASHI

Experiments have been performed to investigate the effective additives of titanium
nitride (TiN) ceramics for the densification and the strengthening. The additives include
Al O;, Y,0; and MgO as oxide ceramics, BN, AIN and Si;N, as nitride ceramics, and
SiC and B,C as carbide ceramics. The TiN ceramics containing 5 and 10 wt. % of
additives was hot-pressed at 1950°C X 60 min (except the case of Si;N.) in'the ambient
Ar gas of normal pressure.

As a experimental result, 10 9% Al,0; and 10 % Y,0; showed the relative densities
of 96.6, 96.1 %, respectively. The mechanical and electrical properties are as follows:
10 % B.,C increased the hardness; 5 % BN did the flexural strength ;10 % B,C and 10
9% Y.0, did the toughness of Kic; 10 % Al,O; and 10 % B,C did the Young’s modulus
and the rigidity; 10 % B,C decreased the resistivity, i, e., increased the electric
conductivity. '

As a whole, the 10% ALO;, 10% Y,0,;, 10% AIN and 10% B,C additives
contributed to both the densification and the strengthening. In these additives, the most
promising additive was seemed to be 10 % B,C for TiN ceramics from the view point
of the density, the mechanical properties and the grain growth.
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Table 1 Hot-pressing conditions.

Specimen Sintering Sintering Pressure of Pressure of
temperature time pressing ambient gas
O (min) (MPa)* (atm)**
HPS-1 Pure TiN 1950 60 14 1
HPO-1 5% ALO;-TiN 1950 60 14 1
HPO-2 10%ALO,-TiN 1950 60 14 1
HPO-3 5% Y,0,-TiN 1950 60 14 1
HPO-4  10% Y,0,-TiN 1950 60 14 1
HPO-5 5% MgO-TiN 1950 60 14 1
HPO-6 10 % MgO-TiN 1950 60 14 1
HPN-1 5% BN-TiN 1950 60 14 1
HPN-2 10 % BN-TIN 1950 60 14 1
HPN-3 5% AIN-TiIN 1950 60 14 1
HPN-4 10 % AIN-TiN 1950 60 14 1
HPN-5 5% SizN,-TiN 1750 60 14 1
HPN-6 10 % Si;N,-TiN 1750 60 14 1
HPC-1 5% SiC-TiN 1950 60 14 1
HPC-2 10 96 SiC-TiN 1950 60 14 1
HPC-3 5% B,C-TiN 1950 60 14 1
HPC-4 10 % B,C-TiN 1950 60 14 1

* 1MPa=10.197 kgf cm™? ** 1 atm=101325 Pa
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Fig.1 The effect of the additives on the

bulk density, the relative density and
the resistivity of HP-TiN ceramics.
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Fig.2 The effect of the additives on the
Vickers microhardness, the flexural
strength and the fracture toughness
(K:c) of HP-TiN ceramics.
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Fig.3 The effect of the additives on the
Young’'s modulus, the rigidity and
the Poisson's ratio of HP-TiN
ceramics.
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Fig.4 The effect of the additives on the
velocity of sound (longitudinal and
transversal wave) of the HP-TiN

ceramics.

Photo.1 SEM photograph for the pure
HP-TiN ceramics.
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Photo.2 SEM photographs for the HP-TiN ceramics of oxide additives.
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Photo.3 SEM photographs for the HP-TiN ceramics of nitride additives.
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Photo.4 SEM photographs for the HP-TiN ceramics of carbide additives.
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Table 2 Representative characteristics of the additives.

. Powder Particle Density Resistivity Vickers Flexural Fracture Young’s

size hardness strength toughness modulus

(uem) (kgm=) (Qm) (GPa) (MPa) (MPam'%?)" (GPa)
TiN 1.2 5440 3.34x1077 108 167 35 353
AlLO, 0.4 3990 102 14-19 250-550  3.0-4.0 300-400
Y.0s 0.85 4840 - : - - - -
MgO 0.31 3560 105 8 300 - 250

BN 3.0 2290 1.7x10" 2.1-39 - - 85

AIN 1.8 .3260 10'*-10*2 14 350-400 2.0-4.0 281
SizN, 0.82 3180 10'1-10'2 18 660-980 5.3-7.0 280-320
SiC 0.46 3210 4x10 25-30 470-770  4.5-5.0 410-450
B.C 1.0 2520 (3-8)x107* 42 330-350 - 460
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