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Cutting Characteristics of SiC-based Ceramic Cutting Tools

Part 1

Microstructure and Mechanical Properties

of SiC-based Ceramic Cutting Tools

June Suek Park*, Kyung Jae Kim*, Wan Hee Shim**, Won Tae Kwon*** and Young-Wook Kim****

ABSTRACT

In order to fulfil the requirements of the various performance profiles of ceramic cutting tools, six different
SiC-based ceramics have been fabricated by hot-pressing (SiC-SizNscomposites) or by hot-pressing and subsequent
annealing (monolithic SiC and SiC-TiC composites). Correlation between the annealing time and the corresponding
microstructure and the mechanical properties of resulting ceramics have been investigated.

The grain size of both SizNs and SiC in SiC-SizN4 composites increased with the annealing time. Monolithic
SiC has the highest hardness, SiC-TiC composite the highest toughness, and the SiC-SizN4 composite the highest
strength among the ceramics investigated. The hardness of SiC-SisNs composites was relatively independent of the
grain size, but dependent on the sintered density. The cutting performance of the newly developed SiC-based

ceramic cutting tools will be described in Part 2 of this paper.

Key Words :

Microstructure(Y] Al %= 2}), Mechanical properties(7]1 43 “d4l), Ceramic tool(A|&}+™ ),

Hardness(7d &), Fracture toughness(3}31 214d)

1. A&
Aot g8 AHgstel e dad Ae
the et whabAE gen vhde] Bz}
ot g7 S22 g EEAE fEA Ay
237} ZyZolof & AMzae A 1} A=A 23}
ol vhe WAE 98 REofol & YAL AE

o ubmA elm setd kg Aol Metel

w2000 19 9d HE

o AgAddsE AAE T ety
s AgAdUE 2Eed Yt
LU

*kk 1

IARBEE T wenr A HATL W2 FH

82

e dnHes xRFT st W A4
AEAANFE %3 glo] T Eol 2 A
A S UinbEAd S 223 R, SerA kA
o A& Fm glo} whdel & wAsA|
gRen A%408 Ady g9E ¥ AES
2E IAEL M "ol old¥e F

a0z datshzd wol AbgEth Aty F



sEd . AR - e . ey -

AgE . LI TA Al1gd A9%

Table 1 Characteristics of the Ceramic Insert

Charz::cstensli Composition Etc.
SiC : low thermal
1) ALOs . :
i expansion, high thermal
+SiC whisker ' conductivity
) Zr() : increment of
2) ALOs+ZrOx ' | fracture toughness due to
transformation toughening
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of 3) ALOTIC ¥ k deflecti
}; Toughness ) ALOs+TIC cracl ection
P 4) SiAION excessive flank wear
H Addition of high
E 5) SiNgtALOs + conductivity
r o ] materia(TiC) —
a +TiC *% increment of fracture
¢ toughness
ltl Thermal .
r| shock SiC : low thermal.
e resistance 1) ALGs expansion, high thermal
(= +SiC whisker ' lconductivity, decrement 011
(alz) chemical inertness
= thermal
c'ond_'uzrtz'vity
”jf’”;l;”f SisN; : low thermal
a:;‘fe m;sl 2) SizNs Based_ |conductivity, high fracture]
expansion composition | toughness, high thermal
|E= Young's conductivity
i mod ulus
i l)c(oﬁgl 3%~ Decrement of toughness
T ‘ 2) AlOs Decrement of chemical
| o Hardness | g\ hisker inertness
(1’ 3) AlOz Insufticient fracture
+TiC whisker toughness
\2/ Chemical |Chemical reaction of Ref. (7)
a| Inertness | SiC, SisNs with Fe :
r .
T-l};‘ %rgzigy Wearth(édused by Depth of cut notch
wear shock (d.o.c. notch)
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Table 2 Composition of SiC-based Ceramics

Composition (wt.%)

Sample
SiC S13N4 G* TiC | ALO; | Y205
SC1 90 4.5 5.7
ST3 60 30 4.5 5.7

SCN1 20 72
SCN2 20 72
SCN4 20 72

SCN8 20 72

oo | 00 [ o | o0

*G: Yo 124M80.160S i0.414A 10.30201 .4No 151
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Table 3 Fabrication conditions of SiC-based
ceramics

Sample Fabricati(?n conditio.ns
(Hot-pressing/Annealing)

SC1 1780°C, 1 h, 25 MPa/1930°C, 3 h

ST3 1820°C, 1 h, 25 MPa/1930°C, 3 h
SCNI 1780°C, 1 h, 25 MPa
SCN2 1780°C, 2 h, 25 MPa
SCN4 1780°C, 4 h, 25 MPa
SCNS 1780°C, 8 h, 25 MPa
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Fig. 1 S.E.M. micrograph of SC1 (SiC)

(Sintering time : 3hr)

Fig. 2 S.E.M. micrograph of ST3(SiC-TiC)

(Sintering time : 3hr)

Fig. 3 S.E.M. micrograph of SCNI(SiC-SisNs)

(Sintering time : lhr)
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Table 4 Properties of SiC-based ceramics

Fracture Hardness | strength Bunf

Sample Toughness . Density

(MPa- ml/l) (kg/mm7) | (GPa) %)

SC1 53 1935 0.49 3.183

ST3 6.4 1631 0.59 3.580

SCNI1 4.4 1630 0.71 3.140

SCN2 4.7 1645 0.70 3.154

Fig. 6 S.EM. micrograph of SCN8(SiC-SisN
& o TCTORIap ( N9 SCN4 | 4.9 1673 100 | 3175
(Sintering time : 8hr)

SCN8 5.5 1674 0.85 3.177
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Table 5 Tool life of SiC based ceramics during
machining heat treated SCM440 (Cutting
Speed:  160m/min., feedrate=0.2mm/rev.,
depth of cut=0.25mm, tool life criterion:

SCNS—)

60sec.

flank wear land length=0.3mm)

} Sample | SCI | ST3 |SCN1|SCN2|SCN4

Tool Life * *  126sec.|42sec.|49sec.

* Failed before flank wear land length reaches
0.3mm

Table 6 Tool life of SCN4 and SCN8 during
machining gray cast iron (Cutting Speed:
330m/min., feedrate=0.3mm/rev., depth of
cut=0.25mm, tool life criterion: flank wear
land length=0.3mm)

Sample SCN4 SCN8
Tool Life 49sec. 60sec.
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Annealing Time (h)

Fig. 7 Fracture Toughness versus annealing time
of the (a) SCNI, (b) SCN2, (c) SCN4,
and (d) SCN8
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Fig. 8 Hardness versus bulk density of the (a)
SCNI1, (b) SCN2, (c) SCN4, and (d)
SCN8
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