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Microstructure and Cutting Characteristics
of SiC-Si3sN4 Ceramic Cutting Tool
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Abstract

Four SiC-Si3sNg4 ceramic cutting tools with different composition have been fabricated by hot-pressing.
Correlations among the annealing time, the corresponding microstructure and the mechanical properties of
resulting ceramics have been investigated. The fracture toughness and the grain size of both SiC and SisNg
in SiC-SisN; composites increased with the annealing time. The hardness of SiC-Si3Ni composites was
relatively independent of the grain size and the sintered density. These ceramic cutting tools were tested
under various cutting conditions and compared with the commercial Si;Ns ceramic cutting tools. The
experimental results were compared in terms of tool life and cutting force. The performance of SiC -SisN4

ceramic cutting tool shows the possibility to be a new ceramic tool.
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Table 1 Composition of SiC-Si;Ns Ceramics

#

ol

5t

Tg

11]

C sitt wt.% . R
Sample F“ompo l.lon ¢ %) Fabrication Conditions
SiC | SNy ¢ G*

SCNI1 | 20 72 1780°C, 1 h, 25 MPa
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Fig. 1 S.EM. micrograph of SCN1(S8iC-Si3Ny)
(Sintering time: lhr)

Fig. 4 S.E.M. micrograph of SCN&(SiC-SizNy4)
(Sintering time: 8hr)
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Fig. 2 S.EM. micrograph of SCN2(SiC-Si3Ng)
(Sintering time: 2hr) Fig. 5§ Fracture Toughness versus annealing time of

the (a) SCNI, (b) SCN2, (c) SCN4, and (d)
SCN8

Table 2 Properties of SiC-SisNs Ceramics

Fracture Hardness Bullf

Sample Toughness 2 Density

(MPa- mm) (kg/mm”) (%)

SCN1 4.4 1630 3.140

SCN2 47 1645 3.154

SCN4 4.9 1673 3.175

Fig 3 S.EM. micrograph of SCNA4(SiC-SisNy) SCN8 5.5 1674 3.177

(Sintering time: 4hr)
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Fig. 6 Hardness versus bulk density of the (a) SCNI,
(b) SCN2, (c¢) SCN4, and (d) SCN8
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Flank wear (um)

Fig. 7 Flank wear curve of various inserts during
machining heat treated SCM440 (Cutting
speed =160m/min, feedrate=0.2mm/rev,  depth
of cut = 0.25mm)
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Fig. 8 Feed force variations during machining heat
treated SCM440 (Cutting speed =160m/min,
feed rate = 0.2mm/rev, depth of cut =

0.25mm)
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Fig. 9 Thrust force variations during machining heat
treated SCM440 (Cutting speed=160m/min, feed
rate = 0.2mmv/rev, depth of cut = 0.25mm)
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Fig. 10 Cutting force variations during machining

heat treated SCM440 (Cutting
speed=160m/min, feed rate = 0.2mm/rev, depth
of cut = 0.25mm)
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Fig. 11 Flank wear curves of various tools with
cutting distance in the machining of gray
cast  iron  (Cutting speed=330m/min, feed
rate=0.3mm/rev. depth of cut = 0.25mm)

ol A FTEYNAE AL§E
TS HA AgEele A FAHE
KistlerA}2] 9257B ¥ 75 & A ]—%
B HAEL HSDAS 12 R
% 586PCol| A&t

42 MEdnt 3 DnE

A A dojzl FFey Lol Fig 7o Fo
Ak ddHeg A *l o] -2 SCN1# SCN2
v Z/|%E F33 olge] ol AH4AH
AA7EEe] og e AL & F ey, Ay
2 A2ZHANZo] 71 SCN4, SCN8E Z7]9lSi;N, 9

. 0.2mm/rev e}

o]
d %

fALE obEAg S e, 8om ol ¥R
SCN8 Bt} 4 AJgto] &L SCN47F 43 ot
Ho] ). 7t Am ol Es|npTEFe] SAE AL
Table 2] Bofxliol Fw=7t A}op] Zoln
o]F AAAE W mE FEFH o=
st 1Al o] Abolol) il AL HabxzA &

of ZE HZFH(TT2500, Taegu Tec)9} A&
ALOs-TiC 'L%(AB30 Taegu Tec)E ARE3 A3
Y HARH afelA o g dFel AT
Aa A ? A EYAL ALO; T;CfJ—ﬁl
t}7f Ak

A St o) o ALO;ET

&
SiasNs2F FAFEE mld EAS nol
z o]
ARt B FFHEE M W 2

7}

’

EI%TO. 3 o I "};\laﬂj‘i A(E'/‘%
o FAHEG Fig 8%E Fig 10744 A
A& [60m/min, AAFZ)o]

] 0.25mm, ©|%%
7oA Habgd uf, daredo] W}
4 v Aol o] AxE HW FEAHoR

Aol A 2 deee & ¢ Qe ol
el el g2 ol AN 2
Bolth ¥R Aoy BT Al A 44Ho)
WP s B SAoz 4

o

o
AAsel WEHoR g vt d48 F
& otk ®¥ SiCSiN, FTE Zé.*%
ol&# el H SiNez Tl olFHt fabs
1=}

@‘Hﬂh‘s& 14)\}‘,10 Si; Nrn_,ll/‘ 7

R

—LJ40~;E.L> oo T
(o]

s A e o £t o

ol o

)
2

n‘U
N

N
2bE he] wpEE o oo 79l Ao
Qr

G123t SCM 4408 T} HE7) e
g dage

Fig. 11
3] % A (2 £180~250HB)S vtz
330m/min, 2}210] 0.25mm, ©1%5 % 0.3mm/reve)
A ¥ S 3 AFo|r},  SCNgHTE
A A o] BHE SCN4:= 130m ol& F &3 o}
F& Holxuh AHAZE] T 71 SCN8L 23]
#H SLHNGETUE F7F o vl A AL B £

oh:},.

X!

rhu

5.8

SimNsZ T SiC-SisN A A&ty F3& dA g
3t SCM 4405 T2 ER 3o AAEME vy,



SIC SENy Algbe "abgel vz 9 HArEY 1949

HAESZ] Y&, SiC-SiN, Mgt F+E Axg
o 71AE Ade Hrbstz, X HEe] o
A Az 7 T ié»-, ol it b
i BAEe g e ANE Ak

(1) SiC-SisN, 344 _*;LAHJ—;Z- ==
4% BE dle NgAsE :
238 FeR=3

(2) SiC-SiNsEFAgel AE= ga7v}
Imm oJUlefiA kel fHAIGle]l Ao dAsS

} 1“3 i’f“VH “é_s; ﬂrﬂlwg% z7
o, =

\'

4 5 ‘zlw: E"%}

(3) SIC-SLEN.EF AR DAgl Aol F71E
FE el ol HASEAME Hoja
ed), ol Hudde g FEyvh

(4 HAEEHEs

L4

[«
d FA% Ygom ARz Aol feshhi:
Aol sl deh
z 7
of oItz 1999W 5 @AaE AT AT ol

Hiol| 2]ate] % Y¥ -8 (KRF-99-042-E00133).

ot
r

R

(1) Steven, F. W. and Sergel-Tomislav Buljan, 1989,
"The Role of Thermal Shock on Tool Life of

Selected Ceramic Cutting Tool Material," J. Am.
Ceram. Soc., Vol. 72, No. 5, pp. 754-760.

(2) Hans K. T. and SVEN B., 1988, "Wear
Mechanism of Ceramic Cutting Tool," Ceram.
Bull., Vol. 67, No. 6, pp. 1020~1025.

(3) Szafran M.., Boyryk E. D., and Olszyna, K. A.,,
2000, "Si3Ns-AlO;-TiC-Y.0; Composites Intended
for the Edges of Cutting Tools,"
international 26, PP. 579~582.

(4) Elizabeth R.B., Pankaj K.M., Albert F.S., and
Craig W.B, 1988, "Machining with
A203-SiC-Whisker Cutting Tools,” Ceram. Bull.,
Vol. 67, No. 6, pp. 1016~1019.

(5) Kim, Y.-W. and Miomo, M, 1999,
"Fine-Grained Silicon Carbide ceramics with
Oxynitride Glass," 1. Am. Ceram. Soc., Vol. 82,
No. 10, pp. 2731~2736.

(6) Kim, Y.-W., Mitomo, M. and Zhan, G. D,
1999, "Mechanism of Grain  Growth in
Liquid-Phase-Sintered B -SiC," J. Mater. Res., Vol.
14, No. 11, pp. 4291~4293.

(7y Kim, Y.-W., Lee, Y. I and Mitomo, M., 1999,
"Fabrication and Mechanical Properties of Silicon

Ceramics

Carbide-Silicon Nitride Composites with Oxynitride
Glass," J. Am. Ceram. Soc., Vol. 82, No. 4, pp.
1058~1060.

®) b, ‘“r‘g%l, 2000, "Xi*“"-fl%- Aee) )

~o<-}> AIQMAL 1ﬂ9ﬂ, xﬂ@_, pp. 170~177.



