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Abstract Silicon carbide (SIC) has recently drawn an enormous industrid interest because of its useful mechanical
properties such as therma resistance, abrasion resistance and thermal conductivity at high temperature. Especidly, high
purity SIC is applicable to the fields of power semiconductor and lighting emitting diode (LED). In this work, high purity
carbon powders as raw material for high purity SIC were prepared by a RF induction thermal plasma. Dodecane (C;,H.s)
as hydrocarbon liquid precursor has been utilized for synthesis of high purity carbon powders. It is found that the filter-
collected carbon powders showed smaller particle size (10~20nm) and low crystalinity compared to the reactor-collected
carbon powders. The purities of reactor-collected and filter-collected carbon powders were 99.9997 % (5N7) and 99.9993 %
(5N3), respectively. In addition, the impurities of carbon powders synthesized by RF induction thermal plasma were mainly
originated from the surrounding environment.
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Fig. 1. Schematic diagram of RF inductively therma plasma

system.

Table 1

Experimental condition of RF inductively thermal plasma
Precursor Dodecane
Plasma power 18 kW
Centrd gas (Ar) 20dpm
Shesth gas (Ar) 60 dpm
Quenching gas (N2) 100 dpm
Digpersion gas (Ar) 5dpm
Reactor pressure 15ps
Feeding rate 30 ml/min
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Fig. 2. Molecular model of dodecane.
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Table 2

Materia properties of dodecane
Molecular formula CHy
Molar mass 170.33 g/mal
Exact mass 170.2 g/mol
Appearance Colorlessliquid
Density 750 mg/mL
Méelting point -10—-9°C
Boiling point 214~218°C
Vapor pressure 40 kPa (at 20°C)
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Fig. 3. X-ray diffraction patterns of carbon powders from
dodecane.
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Fig. 4. FE-SEM micrographs of carbon powders from dodecane
precursor: (&) reactor-collected and (b) filter-collected.
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Table 3
BET results of carbon powders from dodecane precursor
Reactor-collected Filter-collected
BET (m’/g) 252 149.8
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Fig. 5. HRTEM micrograph of filter-collected carbon powders
from dodecane precursor.
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Table 4

GD-MS results BET results of carbon powders from dodecane precursor
Filter-collected Reactor-collected

Concentration Concentration Concentration Concentration

Element [ppm wi] Element [ppm wi] Element [ppm wi] Element [ppm wi]
Na 0.12 Mn <0.01 Na <0.05 Mn <0.01
Mg <0.05 Fe 11 Mg <0.05 Fe 0.45
Al 0.1 Co <0.01 Al 0.05 Co <0.01
K <0.05 Ni 0.28 K <0.05 Ni 0.12
Ca 0.68 Cu 0.22 Ca 0.38 Cu 0.15
Ti 0.05 Zn <0.05 Ti 0.05 Zn <0.05
\% <0.01 Zr <0.01 \% <0.01 Zr <0.01
Cr <05 W 0.11 Cr <05 W 0.05




Synthesis of high purity carbon powders using inductively thermal plasma 313

oh. Adelld P Iy 7REEEY &5 99.9993 %
(BN3)e= ERI=QIct. whHo| Wk ¥y FHEEES
Ferl 0.45ppm wit%, Nio]l 0.12 ppm wit%= ZE%d
Hjsle] W AZEAL, % Al 99.9997 %(5N7)-
2 ERIFAG. e} dERolx xHE JRERT
B5 Fe Cr, Nio] 7F¢ B2 EFEZ 3RIFgloH,
ol#]st A= oA Alo]FE HEH ol2&= &
golg]2 Ajde] gEetznt Aule] AZRox 29
= ZoE dEn), mebx diFoz olsA=It A
S dhRoN 2E JHEEDe] Fet U =2 Al
2 FeiElt. A8dor fx dEg=nt FH|E o]
& dE FREETS BN3 o)

9

2L WASIOR, FF NT oYl

=
Z¥cE RS e Eide e E3Tert A
A&

=3
=
X
i)
=)
2
o,
&
Mo o
2
BN
Yy
ﬂ'/
)
i
off
ot
—_>i"4
=il
>,
)

e gEgk=n AY)E olgsle LUt EUYER
BE yee FHEETS SAEIITE THITES CuH,ll
elraA AAAE RN Zok=nE B3sPEA 7)E
YA, A e AR FHEED Aol o]Foix
o} dE e dEg=et Aud wkeda e
oM EHEo] Fajo] =t R EF JHEE
o] JfHog vre AXAS zkorw, 13RI A7)
7F 50 nm oJslZ ¢ #Re FHEEIRIS IRl vt
Sy FeR ¥3 JHEEZo] uEHES 7bzb 252
9} 149.8mg = ZA=th. Y FHEELS GD-
MS A4 £EiAS gstoen, vkeda e
ol EFE FHEEwo] = 7zt 99.9997 %(5N7)
99.9993 %(5N3)2] IS elsiith. A FHEE
oA AEE EE gIRES Adu) AREE 7|els)
Rom, wed FFE N7 RisE JHEET A4S
e LA FHIE 53 A W AFAIE
2 ey Mgt Ege 53 EE Aoyt F

sy loo} g,

=

aAlel =

B A= AR WPM(World Premier Materials)
Are] dH] MPo g FEAFUC

3

I
o
rat

i

[1] M. Pierre, “Silicon carbide and silicon carbide-based
structures: the physics of epitaxy”, Surf. Sci. Rep. 48
(2002) 1.

[2] B.G Ravi, O.A. Omotoye, T.S. Srivatsan, M. Petrorali
and T.S. Sudarshan, “The microstructure and hardness
of silicon carbode synthesized by plasma pressure com-
paction”, J. Alloys Compd. 299 (2009) 292.

[3] JP. Ahn, JH. Chae, K.H. Kim, J.S. Park, D.G Kim and
H.S. Kim, “Effect of carbon and boron addition on sin-
tering behavior and mechanical properties of hot-pressed
SiC” J. Korean Cryst. Growth Cryst. Technol. 18 (2008)
15.

[4] SM. Ko, SM. Koo, W.S. Cho, K.T. Hwang and J.H.
Kim, “Synthesis of SIC nano-powder from organic pre-
cursors using RF inductively coupled thermal plasma’,
Ceram. Int. 38 (2012) 1959.

[5] L. Wang, Y. Peng, X. Hu and X. Xu, “Combustion syn-
thesis of high purity SIC powder by radio-frequency
heating”, Ceram. Int. 39 (2013) 6867.

[6] World Premier Material program-Research committee 8
division, “Ultra-high purity SIC” (2010).

[7] Y. Linand C. Chuang, “The effects of transition metals
on carbotherma synthesis of B-SiC powder”, Ceram.
Int. 33 (2007) 779.

[ 8] B.M. Moshtaghioun, R. Poyato, FL. Cumbrera, S. de
Bernardi-Martin, A. Monshi, M.H. Abbasi, F. Karimza-
deh and A. Dominguez-Rodriguez, “Rapid carbother-
mic synthesis of silicon carbide nano powders by using
microwave heating”, J. Eur. Ceram. Soc. 32 (2012)
1787.

[9] H. Martin, R. Ecke and E. Muller, “Synthesis of nanoc-
rystallne silicon carbide powder by carbothermal reduc-
tion”, J. Eur. Ceram. Soc. 18 (1998) 1737.

[10] Z. Li, W. Zhou, T. Lei, F. Luo, Y. Huang and Q. Cao,
“Microwave dielectric properties of SIC(B) solid solu-
tion powder prepared by sol-gel”, J. Alloys Compd. 475
(2009) 506.

[11] J. Li, J. Tian and L. Dong, “Synthesis of SiC precur-
sors by a two-step sol-gel process and their conversion
to SIC powders’, J. Eur. Ceram. Soc. 77 (2000) 1853.

[12] A. Nagdfi, F. Golestani Fard, H.R. Rezaie and N.
Ehsani, “Synthesis and characterization of SIC nano
powder with low residua carbon processed by sol-gel
method”, Powder Technol. 219 (2012) 202.

[13] M.L. Richard and B. Forence, “Preceramic polymer
routes to silicon carbide”, Chem. Mater. 5 (1993) 260.

[14] S. Matthews, M.J. Edirisinghef and M.J. Folkes, “Effect
of pre-pyrolysis heat treatment on the preparation of sil-
icon carbide from a polycarbosilane precursor”, Ceram.
Int. 25 (1999) 49.

[15] V.G Pol, SV. Pol and A. Gedanken, “Novel synthesis
of high surface area silicon carbide by RAPET (Reac-
tions under autogenic pressure at elevated temperature)
of organosilanes’, Chem. Mater. 17 (2005) 1797.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


