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New Development of Two-Step Reaction Sintering Method
Enabling Widely Expanded Applications for SiC Ceramics
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Synopsis:

Silicon Carbide (SiC) has the good characteristics such as low density, superior abrasion
resistance, high thermal shock resistance and high corrosion resistance. Therefore, SiC ceramics
are expected to be applied widely to increase the durability of various structural facilities,
which are used in the severe environment of high temperature and high abrasion hereafter. In
order to achieve the purpose, new type two-step reaction sintering method is developed in this
study. Various SiC parts can be bonded by this new sintering method and these SiC ceramics
products with high electrical conductivity can be precise machined by electric discharge
machine (EDM). The developed method can solve the machining problems of products by
conventional procedure method so that SiC ceramics applications can expand widely. And low
preservation costs will be realized in the future.

1. #E RIUZ L - THAb, BRI L OBGEARIZ L0 e

BUGK AT O B R AE T RS O SRR Ot v — NELIETT2HARH 0 1 » H~FAEFICR
T —RIE e — )L FEITRCBEAIE R DMK & BRMEL 725 TS, ZTOZ LIZX FEHIX
A NEEIPERL 7 b FRICEE = VR ST LRI T A NSO E IR LA K & 7o &
X, RS A T EERE A A 2 H S o TWDHDONBIRTH S, ZOREE MRS S
TWa, LnL, BIFEEA S TWaEREB IV FHEO—> L LT, BUTOMILRRIREL S X
T 7y AEEHM (B2 v LSRN A A VIAOENT-E T I v 7 A~OIEHRIZ X 5
F. M WC—Co /%) 1%, MR CIIEA DEHFMENLEEN TS, YETIX, ZNET

35



AL A % (SiC) DOPEREICE B L CRIE LD
e %47 > CE =MD, SIC IRMHEEFENE, MHEWEEN
B eIz, FombarE, KBWEIRE, @EMEE R D
ez 5o, ZD X 51T SiC 13 OFEEFIH>Z
EDD, BELWEHBRE N ChELATRER e 7 I v
7 AEEMELE ULTH LWEBICHIfF S, &7 T
FAENTND I,

LML, SICICEOLLFET I v 7 Z0HRE. &
B & DAL TS CTHREETH Y |
L7 LV ARIE ATRE 7R IR IC IR E S dv, SRk BR
BRI TE TRy, ZRTHETFI VI R
AT 256, —BREITMBVINE OBREE T ¢
D20, BERERTH OIRFEINAE 2 & B L 7= B
HAE—V FEHELT, REIZAEZ LT
2B, BERER OB SHEAZEZ R T DI,
SRUSHE 2 fHE L DO BEfRE % O ~HE~DO B HHEIA
PNEHEN LT L 72 %, POl 7 SHERH IS <1 E
DB L T2, T, D ESCRAE R o R
BEXEa A ME7RY FREOWHIUENIE L
TS, 2D L) ICTHEROTREIKI D7D
2. AR ENTWARWEMIZEBENICEZL &
LEEZBND,

FRE R L 0 YL, 2 BEROSBERSEE A G H LIE
RO B HE % oo - RN A B L7 ¥, 2 osdh
ZHWT SIC ©F I v 7 2A0ERAIERE X -7, &
FECIE. IEHEST £ TORFER L . Z0ORELT
DE S AVSYCASY =S g e AV

2. IRANRLHER

2.1 FRD 2 BRI HEEE

Fig.1 128 L< Bi%E L7z 2 BepOGBEREEIC K 5 Sic
YTy AOERI TR 28T, — RO S BERS
EIC & D SiIC OfERIE, C iR A ~—R IR G L=
U7 4 —ALIZ Si 2B E OGS H T SiICIbEITO
ETHS,

(@ (S

| Powder mixing | I Hot pressing | | 1st sintering |
SiC, etc. Forming parts Carbonizing, etc.
Precision_machinin, Bonding Precision _machining

\Smteﬂ g metal
s ,

- e

- — Fa0 -
* Bonding slur \* * Product
inspection
Grinding | 2nd sintering | I Finishing Within the range

Flatting of face Infiltration, etc. EDM method

of tolerance

Fig.1 Process of new two-step reaction sintering method to product

SiC ceramics
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Fig.2  Slurry of bonding agent
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Fig.4 Illustration showing bonding process
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Fig.5 Micrographics showing cross-sectional microstructures
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Fig.6 3-axis CNC electric discharge machining center
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Fig.7 3-axis CNC high-precision machining center
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Fig.8 Optimums conditions of electric discharge machining to

decrease surface roughness
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Table 1 Conditions for electric discharge machining test

Work Peak Jump
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Z-axis 3.0mm 17A 6.0mm 0.5s 1.5m/min
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300

Gr(A) Gi(B)

Gr(C) Cu-Gr
Fig.10 Effect of electrode material on machining time of electric
discharge machining
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Fig.11 Effect of electrode material on surface roughness for EDM;
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Fig.12  Graph showing surface roughness after EDM with different

electrode materials
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Fig.13  Developed SiC ceramics chips for machining
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Fig.15 Machined surface profile using WC-Co and SiC chip
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Fig.17 Machined surface roughness using developed SiC chip
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Table2 Comparision of physical properties for WC-Co and SiC

WC-Co SiC
Bending strength (GPa) 1.7 0.3
Density (g/cm’) 15.7 3.1

Hardness (HV) 1,000 2,850
Thermal expansion coefficient (10°/K) 5.4 4.5
Thermal conductivity (W/m'K) 70 294
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Bonding Finishing (EDM)

2nd sintering

Fig.21 Production procedure of SiC elbow pipe
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