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Effects of Boride on Microstructure and Properties of the Electroconductive
Ceramic Composites of Liquid—-Phase-Sintered Silicon Carbide System
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Abstract — The composites were fabricated, respectively, using 61[vol.%] SiC-39[vol.2%6] TiB: and using 61[vo0l.%]
SiC-39[vol.%] ZrB: powders with the liquid forming additives of 12[wt%] Al:Os+Y20s by hot pressing annealing at 1650
[TC] for 4 hours. Reactions between SiC and transition metal TiBz ZrB: were not observed in this microstructure. The
result of phase analysis of composites by XRD revealed SiC(6H, 3C), TiBz , ZrBz and YAG(AlY3012) crystal phase on
the Liquid-Phase-Sintered(LPS) SiC-TiBg, and SiC-ZrBy composite. B—a-SiC phase transformation was occurred on the
SiC-TiB; and SiC-ZrB: composite. The relative density, the flexural strength and Young’s modulus showed the highest
value of 98.57[%], 249.42[MPa] and 91.64[GPa] in SiC-ZrB: composite at room temperature respectively. The electrical

resistivity showed the lowest value of 7.96x107[Q

- em] for SiC-ZrB. composite at 25[C]. The electrical resistivity of the

SiC-TiBy and SiC-ZrBz composite was all positive temperature coefficient resistance (PTCR) in the temperature ranges
from 25[C] to 700[C]. The resistance temperature coefficient of composite showed the lowest value of 1.319X107%/[C]
for SiC-ZrB: composite in the temperature ranges from 100[C] to 300{C]. Compositional design and optimization of
processing parameters are key factors for controlling and improving the properties of SiC-based electroconductive ceramic

composites.
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YAG(AIY3012), Liquid—Phase-Sintered(LPS), Electroconductive Ceramic Composite, PTCR, Transition Metal

A A FAAFHES 22 AFEEd oW X A
o] 8 7E I AWste] $E7} = @e JMEAY S B
7o) a7l Ai6-7, 10-11]. A4 2d2A= 4x9 4
Aol A B2 FAS 7tEsA 7| A, I 1PAAHE
et DA AL E FRE JMALr R AT, B
AR om <3 A Ux Wi FE, FAURE 59 74

2 EAd od9gF&E mA = F9rt dA 12

 yeolrt SiCE 7IAE 3 ZrB, £F HIE F&£9 B
FA= SiCol Hlele Hdd [ @, EHDAT 2=AF,
AY7Ee Aol =m ¢k 1200[CI7ARA S HAEE}A o]
ZF7] W&o HEA EE= HEY] AFd o] &2 st5He] &
tH6-7,13]. €% TiBy, ZrB; ¥ A= 42 800 ~ 1000[C],
12000 CIol 4ol A B20s 73 Aol 71dste 4tsirr 4
A dolyAgt SiCE HI7MEIE & W49 FEst 9% #9
o AAHT AW s g T AW YRz JEES
AREA =Hol il o FHHQA A3} Age] el oE
ol 1500[CIZHAE AT W4ksl 54 E 2A #rH14-17)

SiCs} TiBy, ZrB:o A& atlz2 o[g3le E¢3l sto
2R =4, yatgd, 144 2= % A-21000[Clelsh)
2 3728 =AARY Had 54 Ad ¢ doh wekA
B dFgae v o B& 1 71g4AY (Hot Pressing)
o2 HAxA AfY AEE AR & EHoz B-SiCo ZrBe
e TiBE E¥3z 2224 ALO+Y:0:2 H7lslo
1650[Clol Al Bd A=A (LPS)3F A SiC-TiBe9} SiC-ZrB; &=



Trans. KIEE. Vol. 56, No. 9, SEP. 2007

A4 BgAe HAH dA Q49 ARVYE FE EHog WY ST, SZ Aty A o2 A TFEA 9
AU E, AYFE, Young's modulus, EDS¢ XRDEA, 1 #A Faiin, AddEE F/FFE o433 Archimedes™d 2
g vAFR HEn A7 ALE, AG2EAFE 33 2 sample® 153 A% g9 HT L FHI A
o BrrarAch
2. Mgnd 1,650 .-I.sf(ikf Esfllf f]_ Prossed Annealing__ .~ Depressure

EedEx B-SiC(Grade BF12, H. C. Starck Inc, ) :
Germany)ol TiBx(Grade C, H. C. Starck Inc, Germany) % TR i
£ ZrBx(Grade B, H. C. Starck Inc, Germany)d &3%H]E o Pressure 400kg 5. 55Mnal i 12.8C/min
39[Vol%)= &geta, o] E@Eol 12[wt%]el AkOs+Y:0:(6 10T /min E i

4 mixture of AlQOs(Showa Chemical Inc, Japan) and 3 E i R
Yo03(Aldrich Chemical Company, Inc, USA)IE H7Fsldoh N — = ™ —

A NEE EEE 39 Exd d4x Fd = A s
22 Z[Astro, California, USA]Z argon gas £%7]o1A4 &

AANAT
APdHAAe g2 2 Y7 Zza8e 29 13 29 29
7—¥7~7r el 2Z2E2 1650[CI7kA 9 10[C1E 523
, QA3E T BEAA adeze] "H4°] 2 YAG(AlY301)

AlZt[min]
a8 2 AHAZE flet 528 ¥ d2 z2aY
Fig. 2 Heating & cooling schedule for the preparation of
samples

2AAHY 8L XRD(D/Max-3B, Rigaku, Inc. Japan)

44E sl 1 oA A Bt FAE oS 27 128
[§C]§ j‘;;‘jﬁ?[gi;ﬁ ]% TEye lspotqthermometer & olgste} gAsQw, AlATEE A4 Ad AdEE 5
[TR-630A, Japan]& Ab&-3ho] =7 3h5ch Hol By AlHe dydH-S SEM(XL30S FEG, Philips, Inc.
' ' USA)S |43l #Estach A= AL AHY ZAve

3x4x25[mm’le) ¥, EHL 1[m]9 diamond pasteZ #HZE 4
61vol.% SiC 39vol.% ZrB, u} & A7 A ¥ 71(4204, Instron, Inc, USA)E ©]€3} cross
: 3%vol.% TiB, head speed 0.5[mm/min}8 2702 38 I Zx AFHJIS
R 16022 4 Al| 7 33 Z4stsd. 7t5e 2oz
12wt% Al,O3+Y,04 £YUT 43S Has Avidste RE AW gAY

g 58Y EYgoE EAYE 71‘*‘@3‘1‘4

Wet Milling

gl X N
Planetary Ball Mill In Pure. ST, Sz Alet= S¢S A714¥& p= 2[TlA 700

SiC Ball(® = 10mm, 20mm], 5 : 1 Charge, 48h [CI7HA Pauw o2 AH7 2% T Z4zt 503 434
| A (DE AAFAY. Pauwel A8 AlH2 AWATEE7]
Drying : 100c. 24n  Screening : 60mesh £ o] &3l wire-EDM(Electro Discharge Machining)[3] &
] 2 7hEHA
Secondary Wet Milling
Planetary Ball Mill In Pure. R + R
SiC Ball[® = 10mm, 20mm], 5 : 1 Charge, 48h p:Ld 1 TR Fl=E 1)
T In2 2 R,
E)rying 1 100Cc. 24n  Screening : GOmesh]
1 o 7] A,
Hot Pressing v, Ve
25MPa, 1650°C Argon atm. B =—2(0) B=7(2)
I AB AD
Evaluation Ve @ @& ADZ] A F IapE TS W @ BCL
1. Relative Density (%] 2. XRD A<t
3. EDS Analysis 4. SEM . = = sao
5. FAlexural Strength[MPa] VCD . I\;_}Z}‘ ABZJ_'oﬂ @‘I’l" IABE gﬁ;\a HHQ’] H‘X]— CDZ_]_"Q]
6. Young’s Modulus [MPa] <t
7. Resistivity[Q - cm] f  BAALSRYR: < 1508, £ =1),
" 1 MEEX d : AEY FA.
Fig. 1 Experimental process
.49 ¢ n#E

292 1,000[CIoNA 555[MPal(400lkg]) & F 10[C]¥ =k

o} oF 21 s[kg]-c’« <t A 1,650["c]77}X1 25[MPal(1,800(kg)) 3.1 &&4 H ojMiz=x

£ 718 & 240(min] B¢ X e AANHRE H=28 F 2 3¢ VErdHle}l o] AUdEE SZEFA A 9857
At}d, SiC-TiB: ¢ SiC-ZrB:9) B¢AE Z+7h ST, Sz2 ¥ (%2 STET 1025(%] =A Yeidx At 2224

Bk SICRe BEM WMol MMHESS ol 0iXl£ Boride2 ¥R . 1603



BRE2EGHNE 56% 93 2007F 98

AlOs+Y2039] #7332 12[wt%]2 dAsA 1 SiCe)e
o2 98 A= ALO, Y.0, SiO, CO%T9 3w A
71384s 248 £z dx JdYF s3Iy
YAG(ALY:0R) 4ol 848 2 o oF 7M¢ gL
A AELS Alo]l i annealingd] wetA FAH YAGHS
& A1 H18-20]. SiOs= SiCol A E3E o] Q7] W&o
A FAHAHLE ALOs3-Y:05-Si0r HFEZel uhata
st XEsle) HF oA FRe g¥gE nA o =
T8 mechanisme FHS It A9 o]5H E s g4
o e 7113 A&HA A 7|FFEA F, MO(s) +
Clg) — M(g) or MO(g) + CO(g) (9714 M2 % %o])
o] 9&8ty) W&ol th[21-23].

o
(Z
olo

100 ¢ 98.57
R.T.

= wr { s
faat
2
£ sof
o
[
a
o 70 F
=
3
[4]
T o}

50 L 1

ST Sz

g 3 ST Sz=atd el M s
Fig. 3 Relative density of ST and SZ composites

A& E 19 EDSEMel viehd whsh Zo] EWE
Agel ol§H & whg Bae

71888E ZiBETh Aoy gAaEsde] ¥ & TiB
oA "tge] ¥ £3¥oz Jehtr] gELRE Al Hr
® 1 ST2t SZ5 &2l EDSEA
Table 1 EDS analysis of ST and SZ composites
wiop—2amplel g SZ  Remarks(S2)
C 23.78 24.78 A 1.00
(6] 8.69 6.54 v 215
Al 3.99 3.10 V¥ 0.89
Si 33.78 23.71 v 10.07
Y 4.20 5.10 A 0.90
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SIC(S) + 28i0(L) = 3Si0alg) + CO(g) 2)
SiC(S) + ALOs(S) = ALO(g) + SiO(g) + CO(g) (3)
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Fig. 5 X-ray diffraction analysis of ST and SZ composites
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