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Abstract Far-infrared radiation ceramic is an attractive material that provides thermal therapy by permeating the infrared
rays into the deep inside of the human skin. Therefore, it is currently used for thermal therapy devices, thermal mat,
heating equipment and so on. This work aims to optimize the sintering process of the far-infrared radiation ceramic with
the process parameters of temperature and time. A variety of characterization tools have been used to investigate the
optimal sintering condition of far-infrared radiation. The phase of far-infrared radiation ceramic was characterized by using
X-ray diffraction (XRD) and microstructure of fracture surface was studied by scanning electron microscopy (SEM). The
FT-IR was also performed to measure the far-infrared emissivity.
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Fig. 1. FT-IR measuring lay-out for far-infra red irradiating ceramic.
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Fig. 2. Photos of sintered specimens with the different sintering conditions : (a) sintering time, (b) sintering temperature.
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Fig. 3. Density of sintered specimens with the different sintering
conditions: (a) sintering time, (b) sintering temperature.

A& Bk SARE 108, 2080A A% AJHe)
T W T R AV tE FEY vES
g 4 e, ols 2F ATt
A ek A 2 HAHol &
o= Holg ®WO Y EI A gles T
AAT}. Fig. 3(aye Fig. 2(a)ell YER AlHe] dx
S yepdoh. AgAel 1000~1050°C] AJHe] 74
F FA9 248 H8 Bl AES €S W, ¢
E7ke] At o] ofsle] ARyt EafElo] W] ZAge]
o]HeS Wtk WA 1100°C o] LxoME &
b ¥l we UxErh sk AES B
ol fEsit 118 gell wpE uiie] FLEAEo] 7]
slEo] Wwrt 248S Aog wgEw, o] Axk= 1)
Alze] B8 X3} Fig. 3(b)y= Fig. 2(b)]
AlHe] Ux e veRd Adjolt, & Aol F7FH
o wEbA AlHe] Fx o] M fhashe S Kol
=, o] Eg &4 A)Zke] FUIs] webA FdEe
o] o] Fhste], Wi-e] mHlFxe 932 713
oggt wtE, o] Adpw Fof] g wA|lFxe]
ygoz gl 4 9l

Fig. 4(a)= 1000~1200°C Alele] 2ZolA 1A &
QF A3 A|He] XRD EAAAE HAFT 98 ¥
ol E3HE wukde] 2L 2 Si09F ALOE T
AEo] Aen, L~ tE Adise] EIE Uk
[13, 18]. 1150°C o]’de] &4 2X%ollMe 5 peak ©]9]
o] peak 58 Holx] ekgtor 1200°ColME HIAH AL
HEIE BHATH19-21]. ol A HoFE AReM el &
el o1& w3t} Fig. 4(by= 1100°C =004 10~
S503ollA] &g AlHe] XRD HHS B = o], &
AAZYo| F718E F peak®| intensity’} B 7H4AS)

(

2L OB Ay ox MO onl

L

i
ki
5
e
FE,
I

i
=




Optimization of sintering process of the far-infrared radiation ceramic 31

~
Q
~

Hanbitnano Ltd. specimen

1200 °C, 60 min

1150 °C, 60 min

1100 °C, 60 min

Intensity

1050 °C, 60 min

1000 °C, 60 min

Green Body

20 30 40 50
2-theta

60 70 80

(b)

Hanbitnano Ltd. specimen

1100 °C, 50 min

Intensity

1100 °C, 40 min

1100 °C, 30 min

1100 °C, 20 min

1100 °C, 10 min

20 30 40 50

60 70 80

2-theta

Fig. 4. X-ray diffraction patterns of sintered specimens; (a) 1000~

1200°C, 1 hr, (b) 1100°C,
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Fig. 5. SEM images of specimens sintered for 1 hr: (a) 1000°C, (b) 1050°C, (¢) 1100°C, (d) 1150°C, (e) 1200, Hanbitnano Ltd..
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Fig. 6. SEM images of specimens sintered at 1100°C; (a) 10 min, (b) 20 min, (c) 30 min, (d) 40 min, (¢) 50 min, Hanbitnano Ltd..
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Fig. 7. FT-IR spectrum of sintered specimens; (a) 1000~1200°C,
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0,

Y HfE T
g
oz i
RN
ol flo

et
&
%0,
£2
:1

LSl Ytk AL avkE 80
WSl vloly, S5 Bl sk AlEd
o] 715 7Bt} Fig. 7(by= 1100°C &
1011 w}i FTIR HlolElE yehdtt, 283 i3t

A oA peake] EAlSHE AS ERIT ¢
3] 30~40%ollA o] FEo] ()R ols
7] Al AlHET o 9 BRES BYS IR ¢

ind
=
N

¢

2 EA7F EAlst

= %-?494 %75,%59} 7EL°P<1% Jﬂi e T st
et &, 7Y 257 25 delle AR A4S
slaz, W= FHe] 2wt WS wols AR s
geH23]. Fig. 8 1100°ColA 30~60% Alolollr A4
gk AT 40°Collx o] AA e WARE-S HolErt o]
0.905
E‘ 0.900
£ ]
= 0.8954 /
0.890 T T T

30 40 50 60
Time (min)

Fig. 8. Far-infrared ray emissivity of sintered far-infrared radiation
ceramics sintered at 1100°C for 30~60 min.



Optimization of sintering process of the far-infrared radiation ceramic 33

542 EXZREH WUEHE g8 APgHes 19

2 sz SAlgh=s dS =Ygt
SAF FrE0] 100 %21 oPdHew HAs 7] =
Al thE] AR #eE e Fdske WHoltHI,
11, 13, 23, 24]. o]&3 WpPow =43 AZeM WA}
&2 89.3~90.4 % Atelo] 7S 7RIS I & Aok
53], 1100°CollA 60327+ iﬁﬁ& *]‘JIM AT 7P =2

:

Nt

90.4%2] 7S Won o= —z;
Qi) gl Malel M S35 e sk
e st

H 7o HE o] 7] BA A2 BLdle] &
/\112 HpE 2 011494/\{ WAL A~Ze] HAFA

o}

11T 1100°C vRke] &4 ZAoMAM = naZ
FE AL 15193, 1100°C o)/Fe] Lxox= A
£go] ANFES I, olE viEeR Ao i
AT 225 1100°CHS I 4 AT 1100°C
olA] 30~607F A4S AlHe] YHLA WAL AdE

HlEro 2 1100°CollA] 6057+ 3k A]#A
2 7H =2 989 WA ES BYS I 4
FHo=z (F)FHYR= R4 7

2} =0 UAE-S Hole FAo FAZXA

At

HAlel 2

¥ ATE G)iavheelaslsh douiska A
wste] Ates AT FaEEU,

References

[1] F. Vatansever and M.R. Hamblin, “Far infrared radia-
tion (FIR): its biological effects and medical applica-
tion”, Photon Laser Med. 4 (2012) 255.

[2] J.M. Kim, “Radiation measurement of the far-infrared
and efficacy evaluation”, Kor. Ins. Illuminating Elect.
Installation Eng. 15 (2001) 23.

[3] L. Jinsheng, W. Kuhyab, X. Gangke, M. Junping and D.
Yan, “Far Infrared Radiation Property of Rare Earth
Mineral Composite Materials”, J. Rare Earth 24 (2006)
281.

[4] D. Zhang, J. Liang, Y. Ding, J. Meng and G. Zhang,
“Inhibition of water activated by far infrared functional
ceramics on proliferation of hepatoma cells”, J. Nanosci.
Nanotechno. 14 (2014) 3817.

[5] Y.-C. Chen, L.-C. Lai, Y.-P. Tu, S.-D. Wu, C.-F. Chen
and B. Li, “Far infrared ray irradiation attenuates apop-
tosis and cell death of cultured keratinocytes stressed by
dehydration”, J. Phtochem. Phtobiol. B: Biology 106
(2012) 61.

[6] C.-Y. Huang, K.-H. Hsu, J.-H. Chen and R.-S. Yang,
“Treating severe phantom limb pain by applying far
infrared ray to ‘phantom limb’”, J. Formos. Med. Assoc.
(2015) 1.

[ 7] Y. Hamada, F. Teraoka, T. Matsumoto, A. Madachi, F
Toki, E. Uda, R. Hase, J. Takahashi and N. Matsuura,
“Effect of far infrared ray on Hele cells and WI-38
cells”, Int. Congr. Ser. 1255 (2003) 339.

[8] HKK. Lee, S.G. Kang, C.K. Lee, Y.H. Jang, S.D. Min,
S.J. Kim and M.H. Lee, ‘“Physiological influences
caused by warming effect of far-infrared radiation in
body temperature”, Kor. Inst. Elect. Eng. (2003) 21.

[9] L. Jie, M. Junping, L. Jinsheng and H. Xiaoli, “Effect of
far infrared radiation ceramics containing rare earth
additives on surface tension of water”, J. Rare Earth 32
(2014) 890.

[10] J.Y. Ju, Y.D. Shin, TH. Ko and J.H. Lee, ”Develop-
ment of far infrared ray-ceramic dryer”, Kor. Inst. Elec.
Eng. (2008) 171.

[11] J.S. Park, “The application and producing of high-bio
full fat activated soybean flour by electron wave drying
soybean with far-infrared”, J. Kor. Soc. Ind. Info. Syst.
7 (2002) 32.

[12] J. Meng, J. Liang, J. Liu, Y. Ding and K. Gan, “Effect
of heat treatment on the far-infrared emission spectra
and fine structures of black tourmaline”, J. Nanosci.
Nanotechnol. 14 (2014) 3607.

[13] W.S. Park, “Effects and radiation of far infrared ray”,
Proceedings of Kor. Jungshin Sci. Symposium 18
(2003) 124.

[14] S.W. Jung, “Anion generation and far-infrared radiation
materials”, Kor. Inst. Illumination Elect. Installation
Eng. 19 (2005) 16.

[15] H.K. Lee and K.M. Lee, “Far infrared radiation charac-
teristics of germanium compounds”, J. Kor. Ind. Eng.
Chem. 17 (2006) 597.

[16] B.H. Cho, “Manufacture of the far infrared ray emis-
sion materials and analysis of the characterization of
materials”, J. Analytical Sci. Tech. 21 (2008) 279.

[17] D. Zhu, A. Xu and J. Liang, “Effect of morphology of
dispersed nano-CeO, on far infrared emission property
of natural tourmaline”, J. Nanosci. Nanotechnol. 11
(2011) 9594.

[18] J. Liu, J. Meng, J. Liang, X. Duan, X. Hua and Q.
Tang, “Effect of rare earth Ce on the far infrared radia-
tion property of iron ore tailings ceramics”, MRS Bull.
66 (2015) 26.

[19] S. Musi¢, N. Filipovi¢-Vincekovi¢ and L. Sekovanic,
“Precipitation of amorphous SiO, particles and their
properties”, Braz. J. Chem. Eng. 28 (2011) 89.

[20] U.S. Lee, and K. Kim, “The effect of the surface activa-
tion treatment on the crtstallization of amorphous sili-
con thin film”, J. Korean Cryst. Growth Cryst. Technol.
9 (1999) 173.

[21] D.S Kim, S.J. Kim, K. Rahno, S.B. Park, S.S. Park, H.J.
Lee, SW. Lee, K.S. Cho, H.S. Woo and J.H. Ahn,



34

[22]

J.H. Park, HM. Kim, H.S. Kang, J.S. Choi, B.G. Choi, K.W. Nam, H.W. Nam and K.B. Shim

“Fabrication and sintering of nano TiNx and its compos-
ites”, J. Korean Cryst. Growth Cryst. Technol. 16 (2006)
101.

K.S. Kim, K.Y. Song, S.Y. Park, S. Kim, S.J. Kim and
S.0. Yoon, “Properties of low temperature sintered
porous ceramics from alumina-zinc borosilicate glass”,
J. Kor. Ceram. Soc. 46 (2009) 609.

[23] T.S. Choi and C.S. Han, “Far-infrared radiation charac-
teristics using the FT-IR”, Ceramist 11 (1996) 30.

[24] C.M. Lee, J.O. Park and T.S. Choi, “Far infrared radia-
tion characteristics by temperature conversion of transla-
tion element oxides”, Kor. Inst. Illumination Elect.
Installation Eng. (1991) 18.




<<
  /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


