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staild ZAHAHE o) &ate SEMOo2 #asiedrh SiC-TIC #gh4lo] H71Haxg A4sielon widrpge

sfolo] Wb Ja PHATE sto] Thpdust RREER AFYS Berselch 7hy F Ewe SEMe
Fshaleh.

ABSTRACT

The influences of TiC additions to the a-SiC on microstructural, mechanical, and electrical properties were
investigated. Electrical discharge machinability of SiC-TiC composites was also studied. Samples were prepared
by adding 30, 45, 60 wt.% TiC particles as a second phase to a SiC matrix. Sintering of SiC-TiC composites
was done by hot pressing under a vacuum atmosphere from 1000 to 2000C with a pressure of 32 MPa and
held for 90 minutes at 2000C. Samples obtained by hot pressing were fully dense with the relative densities
over 99% except 60 wt.% TiC samples. Flexural strength and fracture toughness of the samples were increased
with the TiC content. In case of SiC samples containing 45 wt.% TiC, the fracture toughness showed 90%
increase compared to that of monolithic SiC sample. The crack propagation and crack deflection were observed
with a SEM for etched samples after Vicker's indentation. The electrical resistivities of SiC-TiC composites
were measured utilizing the four-point probe. The electrical dischage machining of composites was also conduc-
ted to evaluate the machinability.

Key words: SiC-TiC composite, Flexural strength, Fracture toughness, Crack deflection, Electrical resistivity, Electrical
discharge machining
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Table 1. Chemical Composition of SiC and TiC

a-SiC TiC
Compo- * binder ca. 10
sition content
(wt.%) (organic)
C 3.0
B 0.5
Elements |+ Si met. 007 |Free C 00014
(wt.%) * Al 0.02 N 0.0009
* Fe 0015 | O 0.0099
* Ti <0.01 other 0.0002
* Ca <0.01
* Mg <0.01
* Na <0.01

SiC: UF-15 premixed, H.C. Starck, Germany
TiC: H.C. Starck, Germany

Zdferld 2 (Vacuum Industry, USA)el4 AEs
1079~10"* torr 2H 2 E 424 900C7HX] 45C/min,
900~2000C7}%) 10C/min®) 4252 7lodsigion
1000~2000C7}A] 32 MPa 2] o 2 7}qtatgdct. 2000CT
AN 90E-2F FAAZ] F 2P Az

48N 9 B43Y
1

47AlH o] AR Xoray diffractometer(Philips, U.

SA)S o83ty ¥AMalgdch v TR ZAlHe) A
WAw Egel B AR A APWE SEM
(JSM-840A Jeol, Japan)& o]-23lo] #atslgic,

241Es 2AF P9 ARS otzrdgajie g
ZA sk} Hgatsick A Es AlE Z7]7) 3mmX4
mmX35 mm=4 EH-2 10 ume) diamond pastez
Z odul & A8 EHNMTS, new 810, USA)E o]&
ghe] AFR-2| 2] 10 mm, 3220 30 mm, cross head
speed 0.5 mm/min®] AR 43 FPes EH sl
}.

Ax 2 D379y &AL A)8-g 0.1 ym diamond pa-
ste2 HF AwArld F ¥H2 9| 2ATA Y7 (Mat-
suzawa, Model DVK-2S, Japan)-& ©]-&3}o] <t<l#H(In-
dentation Method) o & %] 61-03\:} 743t 812 10 kef,
load speed 40 pm/sec, A A7 1023 slgdom 7t
AlHed 103) 335} I‘éﬁ%}‘;’i‘:}. R e E N B
Lawn and Fuller'?7} A|A& A (o] s Fsboic).
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Table 2. Conditions of Wire and Die Sink EDM.
Pulse Pulse Electric Width
Tool Dia. of Duration | Interval Current | Condenser of

EDM Electrodes | Electrodes Ton Toff Voltage Peak Capacity | Sample
(@ mm) | (on-time) | (off-time) W) Intensity k) (mm)
{Ip, A)
Wire EDM Cu+Zn(30%) 0.25 14 ps 8.9 us 90 0.15

Die sink EDM Cu-W 12.0 32 us 53 us 50 11.25A

' ] ] Owt% :
30wt% A [
a -SiC %45%% ( ) o 4H
e 6H

* TiC

Wet Mlllmg
with Aceton
polyurethane jar, 24h

Drying

I .
Dewaxing .
at 600C, Nz atm, A

Pulverizing (B)

under 210 mm

Hot Pressing

Vacuum
32MPa, 2000T

Evaluation

L. Microstructure \ § 1 i

2 Fracture strength (4 pointt MOR) I
. Microhardness

4. Fracture toughness 30 40 %0 60 0
5. Electrical resistivity 20

6, Efectrical discharge machining

Fig. 2. X-ray diffraction analysis of the a-SiC specimen
(A) and. SiC-45 wt.% TiC specimen (B) hot pre-
ssed at 2000C.

Fig. 1. Flow diagram of experimental process.

o17]4], Hv : Hardness (kgf/mm?)

Kic : Toughness (MPa:m'?) 24, Mo|FMET 9 HNIEE

F : Load A7 RN E = A7) 2824 2% (4-Point probe, sheet
D : Diamond indentor resistivity 5 mQ/sq~500 kQ/sq, Model CMT-SR1000)
P : Load & ol&3dict A9 27]= 30 mmX40 mm X5 mm<)
C : Half crack Abzgeolm) 2 TS 1 um diamond paste & 7l
6 :68° F 2FuA Al YUREE ebolo]h A 712 (wire

E FIAE-E #Fs}r] 9ste] s 2448 EDM, Model JAPAX LDM-50)3} & x4 7}3H(Die-sink
& AAF SEMo2 @dsleict ®d AAS Mura-  EDM, Model JDE-30S Jin Young)g % #laheic}h. o}e)
kamic etchant(10KOH-10K;Fe(CN);-80H,0)2 2] A e HFQl 9ole] A Ae] HE+Zn(30%)0)
A sledcth u] gole] AL 0.25 mme|glr) flelolE 2o g
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{c)
Fig. 3. SEM micrographs of the fracture surface of (a)
SiC (b) SiC-30 wt.% (c¢) SiC-45 wt.% samples.
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(c)
Fig. 4. SEM micrographs of the etched surface of (a)
SiC (b) SiC-30 wt.% (c) SiC-60 wt.% samples.
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Fig, 5. Four-point flexural strength of SiC composites
as a function of TiC content.
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Fig. 6. Hardness and fracture toughness of SiC com-
posites as a function of TiC content.
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(a)

(b)
Fig. 7. (a) Planar crack propagation in a monolithic SiC
sample, (b) Crack deflection in SiC-45 wt.% TiC.
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Fig. 8. Electrical resistivity of SiC composite as a func-
tion of TiC content.
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Fig. 9. Set up for wire and die-sink EDM machine.
Components include (1) wire (cathode), (2) wor-
kpiece (anode), (3) wire-guide table, (4) work-
piece tabel, (5) machine body, (6) wire pool,
(7) used-wire spool, and (8) wire-tension adjus-
ters'”.

(a) before EDM, (b) after EMD
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Fig. 10. Cutting velocity and surface roughness of SiC
composite as a function of TiC content.
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(b)

Fig. 11. SEM micrographs of SiC-45 wt.% TiC compo-
site after EDM. (a) 45wt.% TiC (b) 60 wt.%
TiC
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