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Effect of Sintering Time and Composition on Cutting Characteristics of SiC-SisNy Ceramic Tool
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Abstract i

In the presént study, SisN,4-SiC ceramic composites
that contained up to 20 wi% of dispersed SiC
particles were fabricated via hot-pressing with an
oxynitride glass. The microstructure, the mechanical
properties, and the cutting performance of resulting
ceramic composites were investigated. By fixing the
composition as SisNs-20 wt% SiC, the effect of
sintering time on the microstructure, the mechanical
properties, and the cutting performance were also
investigated. For machining of gray cast iron, the
tool life incrcases with increasing the amount of
SiC content in the composites; The tool life also
increased with increasing the sintering time. The
tool life of the home-made cutting tools was very
close to that of commercial SisN; cutting tool. The
superior cutting performance of SisN4-SiC ceramic
cutting tools suggests the possibility to be a new
ceramic tool material.
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ANEAR vuAIge] AHgR A ¥l powder
2  B-SiC powder (Betarundum, Ultrafine
grade, Ibiden, Tokyo, Japan)= ¥ 47 028
um, TE. 99%0]F0)0 o™, o—SiN, powder
(Grade E 10, Ube Industries, Tokyo, Japan)$t
B~ SisN, (Grade SN-P21FC,
Denkikagaku, Tokyo, Japan), 24 A 7tAl &

powder

Table 1. List of Composition and Sintering Condition

Batch (wt%) Sintering Condiﬁonj

Sample
B—SiC | a—SiyN, | 8- SiyN, G1 | Temperature | Time | Pressure
SCN1-20 | 20 71 1 8 1760C | lhr | 25Mpa
SCN2-20 20 71 1 8 1760C 2hr | 25Mpa,
SCN4-20 20 71 1 8 1760 4hr | 25Mpa,
SCN8-5 5 86 1 8 1760C ghr | 25Mpa,
SCN8-10 10 81 1 8 1760C 8hr | 25Mpa,
SCN8-20| 20 71 1 8 1760 ghr | 25Mpa,
SCN8-25| 25 66.06 0.%4 8 1760C ghr | 25Mpa,
SCN8-30| 30 | 6113 | 087 | 8 | 1760C | 8hr | 25Mpa,
SCN12-20| 20 71 1 8 1760C 12hr | 25Mpa,
SCN16-20F 20 71 1 8 1760C 16hr | 25Mpa,
SCN24-20| 20 71 1 8 1760 24hr | 25Mpa,

A FF (SON-AF2)
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SiO, grade, Kanto Chemical

Co., Tokyo, Japan), MgOthigh purity grade,
Wako Pure Chemical Industries Ltd, Osaka,
Y,0,(99.9% pure, Shin-Etsu Chemical
Tokyo, AlL,04(99.9%
Chemical Co., Tokyo, Japan), AIN
(Grade F, Tokuyama Soda Co. Tokyo, Japan)
powder® &3 G1-& A4 Z
e ug g4 FAA SiN,EL HUstA 2443
Egsged, 80T AR GOA 8AER A
ZA 713, 60HAAE THAA FHHsk Aok
Zt AEd wmeEy FE 194 Hol: AAH
B—SiC ¥ ¥FAE WAIHAA 25Mpadte]
N, B87194 243ty AJHS TE F SNGN
1204169) A2 AJH L JMFsle g4 Ah
AAEA HuA g A" FFE Ay
AME FolA Hol ASHIL Jv FEAFY
SisN, F79 (AS10 : Taegu Tec) M= A%
Z¢l SCNAlg|Zoe|t}, SCN Al&]& % SCNI1-20,

(reagent

Japan),
Co.,

Sumitomo

Japan), pure,
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SCN2-20, SCN4-20, SCN8-20, SCN12-20,
SCN16-20, SCN24-20& A& 2w g— SiC -
WWt%, a—SisN, : TIwt%, A—SisN, : 1wt%,

1 1 8wt%) &8 A7t 1~-24A77te2 747y o
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SiCY) %ol 5~30wt%=Z ther},

a7ty Aol AHgE FRIIAE 400X
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d=0.25mm, A2}%E  v=55m/min, 86m/min,
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f=0.2mm/rev, 0.3mm/rev, 0.4mm/rev, 0.5mm/rev
9 2ANM AL Si,N, AMEZ o|&3tq EH
g3 1735 SCM 440 (AISI4140, HRC=58)2 A
Aslgen, FF TIPS T AT F
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A¥g sigh. =3, Fxeg SCM 4402
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250HB)E 44 SN, 9MEY F3H Hasg
Z9 s A& v=3305m/mins}t o4 F
f=02mm/rev, Aalzol d=05mme Z M=
A5G vinAdYEe Psdoh 2E "4 49
< 14 Aoz Adysigon A AYPEL
Kistler/‘}gl 9257B TTEEAE ol&3dlod Azt

5743 ¥ HS-DAS 12 =& E3] A/DY
%% AA 586PCel AZdATH I AMA &
ol&dtd T TAAYW B vEFL A3}
E339 wEFo] 300 wmo) HAAE w7A
o AHE FEFPAZe R Q.

‘—J—’_I

3. 4943 2 a3

B AT AT ANFRY F8 /A
322 27ske] Table 20 FERRATH

Table 2. Mechanical properties of cutting tool materials

Sample Flexural Toughness | Hardness |Poission's | Bulk Density
( MPam''2) (Gpa) Ratio gl om
’_— 3Ny 6.0 0.27 3.2
SCN1-20 4.5+0.2 16.4 0.292 3.154
SCN2-20 5.210.3 16.2 0.283 3.14
SCN4-20 4.71£0.1 16.6 0.277 - 3.175
SCN8-5 6.5£0.2 14.9
SCNB-10 5.7+1.2 15.5
SCN8-20 4.710.2 16.3 3.177
SCN12-20 5.540.1 16.2
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Fig. 1 Flank wear curve of i, insert during
machining heat treated SCM440 under
various cutting speed with 0.2mm/rev
feed rate and 0.25mm depth of cut
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Fig. 2 Flank wear curve of Si;N, insert during
machining heat treated SCM440 under

various cutting speed with 0.3mm/rev
feed rate and 0.25mm depth of cut
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Fig. 3 Flank wear curve of sin, insert during
machining heat treated SCM440 under
various cutting speed with 0.4mm/rev
feed rate and 0.25mm depth of cut
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feed rate and 0.25mm depth of cut
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Fig. 6 Flank wear curve of different SiC
contents SCN-series insert during
machining heat treated SCM440 under
160m/min cutting peed with 0.2mm/rev
feed rate and 0.25mm depth of cut
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feed rate and 0.25mm depth of cut
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