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Crack Growth Behavior Due to Repeated Thermal Shock
in Cermets Containing a Different Quantity of TiN

Takashi YOSHIMOTO, Sotomi ISHIHARA and Takahito GOSHIMA

Dynamic thermal stresses and crack growth behavior produced by single and repeated thermal
shocks were studied on cermets containing a different quantity of TiN. Thermal shock was applied
to specimens using a quenching method. Using the precracked specimen, crack growth behavior was
investigated under the repeated thermal shock tests. It was clarified that the crack growth resistance
of cermets containing a smaller quantity of TiN was lower than that of cermets containing a larger
quantity of TiN in the high stress intensity factor region. This difference was discussed from the

viewpoint of their microstructures.
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Table 1 The transition of cermets

Commponents system

The first generation TiC-Mo.C-Ni

The second generation TiC-WC-TaC-Mo.C-Ni

The third generation( TiN 20~50%) | TICN-WC-TaC-Mo.C-Ni-Co

Table 2 Chemical compositions of the materials
wt%
TiC | TiN |WC | TaC | Mo | Ni | Co
CermetA | 39 | 13 [ 15 | 11 6 8 8
CermetB | 26 |26 | 15 | 11 6 8 8

2um

(a) Cermet A

2pum

(b) Cermet B

Fig.1 Results of EPMA line profile
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Table 3 Mechanical properties of the materials

Cermet A Cermet B
Linear coefficient of expansion | 7.43X10° 7.73X10*
Young’s modulus(GPa) 435.05 442.38
Poisson’s modulus 0.238 0.230
KidMPa/ m) 9.6 108
Bending Strength(MPa) 1600 2000

Core phase(TiCN)\
Binder phase(Co,Ni)
Surrounding structure
Sum ({ W.Ti,Ta,Mo HC.N]

(a) Cermet A

Core phase(TiCN)
Binder phase(Co,Ni)

Surrounding structure

(I W.Ti,Ta.Mo } {C.N})

Spm

(b) Cermet B

Fig.2 SEM photographs of microstructures for both
cermets A and B
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Fig.3 Shape and dimensions of specimens
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Fig.4 Schematic illustration of the thermal shock
equipment
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Fig.5 The location of thermocouples
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Fig.6 The aspect ratio of specimens

—@—y=0(mm)
y=l(mm)
"l O~ y=2(mm)
y=4(mm)
y=8(mm)

Temperature T(K)

Time t(sec)

Fig. 7 Change of temperatures with an elapsed time
at several locations (Cermet A, 523 K)
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Fig.8 Change of temperatures with an elapsed time
at several locations (Cermet B, 523 K)
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Fig.9 Distributions of temperatures near the cooled
surface
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Fig. 10 Distributions of thermal stresses near the
cooled surface (Cermet A)
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Fig. 11 Distributions of thermal stresses near the
cooled surface (Cermet B)
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Fig. 12 Change of the maximum stresses for Cermet A
and Cermet B with an elapsed time (523 K)
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Fig. 13 The relationship between da/dN and maximum
stress intensity factor Kmax for the repeated
thermal shock tests
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Fig. 14 Crack morphology after receiving the thermal shock damages for both Cermet A and Cermet B
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Fig.15 SEM photograph of near crack tip after receiving the thermal shock damages for cermet B.
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Table 6 Linear coefficient of expansion and Young's
modulus of core and binder phase

Linear coefficient Young’s
Core materials | of expansion modulus
X10°K™ | (GPa)

Cermet A:TiCN
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Cermet B:TiCN

(TiN50%) ! 8.66 ] %(15) B
Binder phase

3 5

(Ni+Co) 13.3 211.50
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S . i i
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Cermet A Cermet B

Fig. 16 Microstructural difference between Cermet A
and Cermet B
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