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Carbon Nanotube Synthesis with High Purity by Introducing of NH3z Etching Gas
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Abstract - Multi-walled carbon nanotubes were synthesized on Ni catalyst using thermal chemical vapor deposition. By
introducing ammonia gas during the CNT synthesis process, clean and vertically aligned CNTs without impurities could
be prepared. As the ammonia gas increased a partial pressure of hydrogen in the mixed gas during the CNT synthesis
process, we could control the CNT synthesis rate appropriately. As the ammonia gas has an etching ability, amorphous
carbon species covering the catalyst particles were effectively removed. Therefore catalyst particles could maintain their
catalytic state actively during the synthesis process. Finally, we could obtain clean and vertically aligned CNTs by

introducing NHs gas during the CNT synthesis process.

Key Words : Carbon nanotube synthesys, High purity, NH; etching gas, Activation, Vertically aligned CNTs
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Fig. 1 Schematic of carbon nanotube synthesis system
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Fig. 2 Plane SEM images of CNTs synthesized with
different NH3 gas flow; (a) 0 sccm, (b) 10 sccm, (c)
20 sccm, (d) 30 sccm
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Fig. 4 Schematic mechanism of role of NH3 gas during the
CNT synthesis process

W& 7h 2=l opAlddl Jhxo] R &erh Wb gAF o
ol EolAA HIAFA ©4 4ol Fuf dAE Hol F
o] 7es BA F A, GFRUel Jtart S A=
FH HAEd g =48 46t AR FuEs &
BAEHE FAskE MAUES Uk

4.4 B

B AFdME dAYeREY] 4 3 Foll dEYot
tE E9lEte] ELES T gon FARown Y
1 gaureRrs AT F4 S dRUet taE
EYstA @2 Agde vAgd wAh Bl Fu) §jAE
HQolA gaurFre J4s w5 ste @] EAst
Aok dEYol 7taE =Y AeodEs dERYol stavt
FAh 7tEe EUE STHA B4 Fo] BhE AdEew
b= d8s slo A4 s x24T £ A doh ©
g gEyol 7havh Fugdae Ha e HAdd ga &
AL Aztete] SujE @R fAGE dEs ste A
S ¢ 5 UMY olH T Ryl Fpao HtrRE 92

BoEs EPEhA da J1del W s gEd
H

[Ru
o
kv
br
I

References

[1] Lijima S., “Helical microtubules of graphitic carbon”,
Nature, vol. 354, pp. 56, 1991.

[2] Arup R. Bhattacharyya, T.V. Sreekumar, Tao Liu,
Satish Kumar, Lars M. Ericson, Robert H. Hauge,
Richard E. Smalley, “Crystallization and orientation
studies in polypropylene/single wall carbon nanotube
composite”, Polymer, vol. 44, pp. 2373-2377, 2003.

[3] K. Balasubramanian and M. Burghard, “Chemically
Functionalized Carbon Nanotubes”, Small, vol. 1, No.
2, pp. 180-192, 2005.

[4] R. Khare and S. Bose, “Carbon Nanotube Based
Composites—A Review”, J. Minerals & Mater. Char.
& Eng., vol. 4, No. 1, pp. 31-46, 2005.

[5] S. A. C. Carabineiro, M. F. R. Pereira, J. N. Pereira,
C. Caparros, V. Sencadas and S. Lanceros—Mendez,
“Effect of the carbon nanotube surface characteristics
on the conductivity and dielectric constant of carbon
nanotube/poly (vinylidenefluoride) composites”,
Nanoscale Research Letters, vol. 6, pp. 1-5, 2011.

[6] Q. Zhao , M. Buongiorno Nardelli , W. Lu , and J.

“Carbon Nanotube —Metal Cluster
Composites: A New Road to Chemical Sensors?”,
Nano Lett., vol. 5, no. 5, pp. 847-851, 2005.

[71 Yu G, Gong J, Wang S, Zhu D, He S, Zhu Z.,
"Etching effects of ethanol on multiwalled carbon
nanotubes”, Carbon, vol. 44, pp. 1218 - 1224, 2006.

[8] Osswald S, Havel M, Gogotsi Y. "Monitoring
oxidation of multiwalled carbon nanotubes by Raman

Bernholc,

spectroscopy”, J. Raman Spectrosc., vol. 38, pp. 728 -
736, 2007.

[91 Li W, Bai Y, Zhang Y, Sun M, Cheng R, Xu X, et
al.,, "Effect of hydroxyl radical on the structure of
multiwalled carbon nanotubes”, Synth. Met. vol. 155,
pp. 509 - 515, 2005.

[10] Lee YJ, Kim HH, Hatori H. "Effects of
substitutional B on oxidation of carbon nanotubes in
air and oxygen plasma”, Carbon, vol. 42, pp. 1053 -
1056, 2004.

[11] Wei J, Ci L, Jiang B, Li Y, Zhang X, Zhu H, et al.
"Preparation of highly pure double-walled carbon
nanotubes”. J. Mater. Chem., vol. 13, pp. 1340 - 1344,
2003.

[12] T.Y. Kim, KR. Lee, K.Y. Eun, et al, The 2002
Korea-US Symposium on Phase Transformations of
Nano—Materials Proceedings, 2002

[13] K. Tanaka, T. Yamamoto, K. Fukui, "The science
and technology of carbon nanotubes”, Elsevier
Science Press, 1999.



[14] M. Chhowalla,a) K. B. K. Teo, C. Ducati, N. L.
Rupesinghe, G. A. J. Amaratunga, A. C. Ferrari, D.
Roy, J. Robertson, and W. 1. Milne, “Growth process
conditions of vertically aligned carbon nanotubes
using plasma enhanced chemical vapor deposition”. J.
Appl. Phys, vol. 90, no. 10, pp. 5308-5317, 2001.

oM 2 (Fx & M)

199749 <letdigtw d71Fsty £4
AL, 1999 Qlstdighal gt 7
g &Y (FEAAD. 20049 o
University of Tokyo tdtl = =}-&3l
9 (FFuLAD). 2004-20101 M WA}
MEAATE FAdAFHD. 2010-EA <
stEddEde MU HARY FuF

(032) 870-2194

(032) 870-2507
E-mail : swlee@inhatc.ac.kr

o
o
8

o & F (kA
19963 <lstdigta A7) 3etz EJ(F
skab). 1998 Qlstuieta iy W7 F
g3 9 (FFAAN. 20039 13}t
A gisk AT = (FEAL.
1998-2004 (F)ota 24 AJAT Y,
2004-20071 LGHAA tREri2F ol
ALl 2007-dA G A3

o

17
al

Y

x 1 (041) 580-2902

=
Tel : (041) 580-2702
F
E-mail : bjlee@nsu.ac.kr

otmuob 42t Jha Telo] gt NEE HaLbRELl By

Trans. KIEE. Vol. 62, No. 6, JUN, 2013

785




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


