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Effects of Mold on Properties of SiC-ZrB, Composites through SPS
Yong-Deok Shin", Jung—Hoon Lee", Jin-Hyoung Park’, Jin-Young Ju" and Hee-Seung Lee™
Wonkwang University”, Kunjang College™
Abstract - Conductive SiC-ZrB, composites were produced by 2.2 SPSHI=
subjection a 40:60(vol%) mixture of zirconium diborided (ZrBy) graphite molddl %% SiC-ZrB; &8 £%& F9Y F SPSHS o

powder and B-silicon carbide (SiC) matrix to spark plasma sintering
(SPS) under argon atmosphere. Inner diameters of graphite mold
were 15mm¢ and 20mmo, respectively.

The relative densities of 15mm¢ and 20mmd sample were 99.4%
and 97.88%, respectively. Reactions between B-SiC and ZrB; were not
observed via x-ray diffraction (hereafter, XRD) analysis. The result
of FE-SEM of fracture face of 15mm¢ sample was intergranular
fracture and that of 20mm¢ sample was transgranular fracture.
Because the fracture strength of 15mm¢ sample was much higher
than that of 20mm¢ sample. The electrical resistivity, 9.37x10 ‘Q-cm
of 15mm¢ sample was higher than that , 6.17x10 *Q-cm of 20mmd
sample because of densification.

Although sintering condition of SPS is same. the properties of
sintered SiC-ZrBy compacts were changed according to inner diameter
of graphite mold.

BAES AAH199 S,
Bl 9ol g glel 2
2 240 s, e

°V1H4@‘Aﬁi

AETa

SiCs}
Prochazkal1]%
2ol B9l Bl
NNAA EAE L}E}lﬁﬁi

= 100°C e

O]

0|5} 7ol
Lol

?’%}%0] ‘3%0] ol Q.
et 2 BARE M ke A
A<l SPS(spark plasma sintering)
2o ANAUAE FHstA, BEY
g 2ul(d Ee e i"ﬂﬂﬂ
fHoz &8 F 7] wEd €4
b iAo 7bEstt

35 wo Ntﬂ vl

T wT

EEsta Z]741

2~

> b

Al
o =
=

I

L ol 1
[

2

3
1=}
al

ﬂd
)
as]
]
=

rlo
O
o
N
tr
%2

W o
tlo mot rfr o O O > & qf

fame)

LA B9 3715 WEAA SiC-ZrBy
710 W SiC-ZrB, A AR
XRD, 4=, FE-SEM, %745, A7 A%8& 2Asich

=70 -,

2

L/

=2

=

2. 2

2.1 AlEHZE

—E‘ Ao A AbgE B-SiCe ZrBye

4 BF129} 5% B AlFolt. 4=
60 40vol. %2 E3+3591 AL, polyurethane £7]9l
(10mm®, 20mm®), 1:5 W] &S A}&35}e] 244
S AL F 100@011*1 12A2F 59 AEA7)
%t

20 |
B-SiC
47

. C. Starck IncAte] 5
C ZrB)«] A7 &S
T A SiCE
59 planetary & 9U¥
60meshz A7}E5 &

=
L
Ql

T
1,

43 A4 PAS-H3000(EITek Co. Ltd, Korea)¥} Dr. sinter
5158(Sumitomo Coal Mining Co., Japan)E& AH&-3t¢] 1500CelA] Argon
7k ES71e A 50MPas] dFH7M eI s H L, Al
7Ee E‘: EHE 7|Fo 8 go|2HErE ol &ate] FAsAT o
SiC-ZrBy B4 FA+ Smm7t S =% AASH9 3L, graphite mold<]
W7A4S Z2+2F 16mmd®, 20mmd=Z 22 H A|AHS 156mmd, 20mmdo = =

ettt

2.3 SM53

molde] W74 Z7& ”3]3}04
He ol gt "WEE AE @
5H*1 Tkl Ad e

2 AEe A
Nederland)& ©]-§3}

A% SiC-ZrB; H3 A= Archimedes
3 53] ol o]EHEE A 9
Az »uq
XRD(X'Pert PRO MRD, PANalytical B.V.,
a9, TATEE 7 Ade AURE =

—=

e
A2
o 24

Aol By AJAY sdH-S FE-SEM(S-4800, Hitachi, Japan)< ©]-&3t
o #AsIATt AVALGES F2olA EDM7MEe A|HOZ Pauw'
[6]% ol &3] 7 AJH S 2503 FA3] ANATES AT
3. Zdn o st

3.1 Mz

g 13 2o] 15mmd A 9940% % ¢ =& XUAS Ho F
i %2‘11 20mmd A|HL 97.88% % 15mmd Hr} @ XWUAS H
A=
— 100
X ! 99.40

9 |
)
=
v L
e 2 +97.88
[
0 4
o
2
= 9% |
8
Q
Y 95
15mm @ 20mm ¢
Specimens

<8 1> SiC-ZrB; S&Hx|e| A=

mold®] W7ol geziH 2
EAol tHhTE A HolF

ARY ke B3 gHFF 523,

TA4% mold¢ punchel £

Z79] 1 SPSH & 01*0“3}04 27 Al
i 9tk SPSWE punch %Fgho]
o] e U¥E= graphiteR

w
2T

graphite A9 A Joule®o] w5 31, o}

%_’— dR= LART 7 AZETY AP met Joule® Fe

Zetzrp Aol Ao BAFo] oM LZdn, o Erel 2
7101] Mgl 2ZAA e A7E tﬂg} A7 #3L, moldst AAARE A
FEE 8% 94 @A gezi Adstels 43 vd Hem
of St

- 1515 -



3.2 42M L 0jMTE

a9 2% SiC-ZrBpE-&Ae] XRDEA Aot} ZE Peak#t> SiC
9} 7rB; B YERYI 9o, Arogn ®97]19A AFA Al SiCe ZrB,
of Abolef| A o] W2 YojupA] & AR yuEr)

a9 32 SPSHoE AZH 15mmde 20mmd AlHe FHuwH S
FE-SEMC. 2 ZAa5ith. 17 3ellA stgwie] FE-SEM& Ajdze
BEE mEA T

B SiC
L A 7rB,

Intensity

A A
A ™ A i .A-

20mm®

15mm®

200 25 30 3% 40 4 50 55 60 65 70 75
Two-theta(deg)
<d8 2> SiC-ZrB, S&#el XRD

20mm®
<J& 3> SiC-ZrB; S&|2| FE-SEM

15mm®

33 71Ay 2=

1200

1011.34

—
=4
=
=

[
=2
=]

[=a)
=3
=]

N
=3
=

{ 392.30

Flexural Strength [MPa]

[
>
=1

(=4

15mm® 20mm®
Specimens

<18 4> SiC-ZrB, S#tHlel IF=

f

=

15mm®9} 20mmd AHe F4E AFS g A a
20mm® AW FAEE 15mmode FHE Kl A
A

Btk o] a7 lo vehd ddeze] Z3Ee wE

et 4
3] o

tlo o 1

& piv)
porig=ic)
e rle

o rlo

o,

3.4 HMI|XEE

a7 5 A SIC-ZrBy, B3 A 24AH A7) g2 A A
NAEES JeRa k. 20mmd Al 2o XE37F %2 15mmd
AN AA A7 Al FA YERETE 15mmdel A ZrB ¢ chain
formation ©] YA FAH Ao Alm¥Y AAAY A A7) ALS
graphite(%f  14x10°Q-cm) RT @& Aow Hol AdARY F
graphite BHohe AAA ] AF Y27 & Aoz AlRdnh AH A7

Aggo] v& AAANME moldith AF7F ol 23, molde W
7ol 15mmdE. Tt 20mmde] ¥ Bo] 321 7ZrBy YAY neck ¥
A & neck F-EolAM Jouleol 9@l ZrB: YA+ chain formation] &
dol wA vetg AF A7 AFE] wopzl Ao 7 Bl

SPSH-& punch Fdtol A7t A7FE &3 ddF/E 524 HeH
R AfFe Y A7AFE W& AAAC zEa, dFE
moldd] &2 Joule®& HAANT 3714 moldel WZeo] 20mmd2
A2 15mmeR T AW, A4 A83 molddl TAHE Jouled >
AR YolAA HEE 20mmd A AEs7b 15mmoETH
ol AoZ AT

1.6E-03
§ 12803 |
g
2 9.37E-04 ¢
£ B.0E04 |
3 * 6.17E-04
S 40£-04 |
St
=

0.0E+00

15Smm® 20mm®

Specimens

<38l 5> SiC-ZrB, S| MHMIINESE

4.8 E

B-SiCY 7Bl EFH S 60vol.%40vol.%0] 1, WAZe=ntAaz
(SPS)ZA S Fds a9, 229 WAS 15mmd9 20mmdo]th,

1) SiC-ZrB, B3tAe Aoid st 2tz 9940, 97.88% 0.2, B= WA
o] Z& 15mmd AH AHEERT 038 A eyt

2) XRDellAM &= SiCet ZrBy et Yehs Ao g Kol 384 ukge
o] Foj A2 F& Hog Wl

3) FE-SEM A3+ dud=e] 4¢4E m2a

4) SiC-ZrBy, E¢A+= AUsrt & 16mmd AH AH A7AE
£937x10'Q-cm & 20mmd AW 7 6.17x10 'Q-ecm® Tt £38]8 EA
vhelyt

SPS&aZ Al e 2Z2AS /A g e B Y7o
gebgol wel AAs 2 A7), A Ao detde &

[# 32 2 8]

[11 S. Prochazka, "Sintering of Silicon Carbide”, General Electric
Report 73CRD325, 1973.

[2] Y. D. Shin and J. Y. Ju, "Effect of Annealing Temperature on
Microstructure and Properties of the Pressureless-Sintered SiC-ZrB2
Electroconductive Ceramic Composites”, Trans. KIEE, Vol. 55C, No. 9,
pp. 434-441, 2006.

[3] Xiaoyan Song,w Xuemei Liu, and Jiuxing Zhang, "Neck Formation
and Self-Adjusting Mechanism of Neck Growth of Conducting
Powders in Spark Plasma Sintering”, J. Am. Ceram. Soc., 89 [2], pp.
494 - 500, 2006.

[4] Shu-Qi Guo,w,z Toshiyuki Nishimura,y Yutaka Kagawa,zz and
Jenn-Ming Yang], "Spark Plasma Sintering of Zirconium Diborides”,
J. Am. Ceram. Soc., 91 [9], pp. 2848 - 2855, 2008.

[5] L. J. Vander Pauw, "A method of Measuring Specific Resistivity
and Hall Effect of Disc of Arbitrary Shapes”, Philips Res. Repts, Vol.
13, No. 1, pp. 1-9, 1958.

- 1516 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


