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Abstract We executed the property changes of the sintered MgO (99.9% purity, 300nm size) specimens with
addition to CaO content of 0.00wt%, 0.25wt%, and 0.50wt%, processed at 7GPa, for Smin, 600~800C. To
investigate the micro-structure and physical property changes of the sintered MgO(-CaO), we employed a
scanning electron microscopy(SEM), X-ray diffractomerty(XRD), Vickers hardness, and density. The SEM result
showed that MgO powder of 300nm size was changed into sintered structure of 520nm by high pressure and
low temperature sintering, regardless of the CaO contents. According to the XRD analysis, no CaO phase
observed, while MgO peaks shift indicated the existence of CaO in the MgO matrix. The Vickers hardness
result showed that hardness of sintered MgO-CaO increased by 12% compared pure MgO under the same
temperature conditions. It implied that we can obtain the same hardness with 100C lowered sintering
temperatures by addition of CaO. The density results showed that it was possible to obtain density of 98%,
which is 5% greater than that of pure MgO at low temperature of 600T.
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[Fig. 1] Illustration of Cell structure of MgO-CaO
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[Fig. 2] SEM images of sintered MgO and MgO-CaO
(a) presintered MgO, (b) 0.00wt% CaO added,
(¢) 0.25wt% CaO added, and (d) 0.50wt%
CaO added, sintering at 8007C
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[Fig. 3] XRD patterns of MgO and MgO-CaO sintered
samples at 800°C with scanned (a) 20~120°,
(b) 42.5~43.5°.
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[Fig. 4] Vickers hardness of sintered MgO and MgO-CaO

Fig. 5= A2 H MgO-CaOZ3Eo] gt e
9] H3lE el Tz ok 0.25wt%e] 1 ZE
H 600Co A 98%, 700C, 800ToA Z+HZF 983%=
600~700 C71A| 9] ATl ol Ao gh Ao B
SE Sk ESE 0.5wt% ] MgO-CaOEF=E9] Adid=
Al 600CofA] 98.3%, 700 Col|A] 98.6% “1&]aL, 800°C
of|A] 98%E Uehlio] A2k tolof] wE Aidwe]
WISR= 27 gl S Sla 4 o) W Co A
748HR] oL MgO 9] AZAWEL 700°CoA 92.3%, 80
0TolA 93.1%% CaOF 7t MgO AZAA|of| H|s}o]
oF 5% 7t AAUETL W2 AE 1T 4 Q%) &
H Tran S{1112 80002] LE27o|A 2rah Lpett
2] MgOE A&-5}o] SPS(spark plasma sintering)-&74 S
2 5H710] AAA TS £ 92.542.0%2] AAUEE 7}
A 22 Agirkn WISk oL, ofo] £ Ao AL
800C/ 5879 FUet AN = 98%ol el A2l

il

d

2
e 2ATPANE 958 2FUEE st



Ca0 H7}HE Mg0e] T3t A

e
B
iy,
N
Y
2
=)
rlm
o_>|:
re
-

105

¢ — 0.50wt% CaO added
—u—0.25wt% CaO added
0.00wt% CaO added

=]
o
T

S P —
—————# —

Relative Density (%)
&
T

90

1 1 1 1 1
600 650 700 750 800
Temperature (°C)

[Fig. 51 Relative density of MgO-CaO with sintering
temperature

4, A8
300nmg9] UEE 7HRl 1LT MgOET %Oz:y_]__
EE 71 CaOBES ZH2F 0.25wt%, 0.5wt% 33t
= ZH7F 7GPa®] ZI1QF dloflA] 53t 600~800 T2
255 gEd 24 ﬁbﬂo}oﬂq SEM EAA7}
22749 Jdes7HE
CaOA d7hgoll T

GO T B9 3 5 A9k VAL A 24 2
Ca07} A7He MgO2AA| 9] vl & Amghe
71E)A) e MgO 4A =T} 12%014 Z71stston
T 2343} Ca0ZE 7} 314 & MgO 2 A HT} 5%
Z7Veldr). ol Bl A7) Al Aoxe) £ATHo
2 FU3 2FUEe} AEgE T

1

A A
% gle] EHHQ 2ATHAL AT 5 AUk

References

[1] K. D. Kim, Y. D. Kim, S. W,

Magnesium  Oxide

synthesis of
Micromesoporous Cubes  with

Nanograin ~ Structures in a Supercritical Carbon
Dioxide/Ethanol Solution, Journal of Nanoscience and
Nanotechnology, 11 [7] 5823-8 (2011)

DOI: http://dx.doi.org/10.1166/jnn.2011.4400
[2] A. Kamitani, H. Wakana, S. Adachi, Y. Nakajima, K.

H. Yamamoto, K. Tanabe, Examination of

Higuchi,
MgO Insulator Thin Films for High-Tc Superconducting

devices, Physica C, 426-431, 2, pp.1502-1507, 2005.
[3] A. Krell, K. Waetzig, J. Klimke, Influence of the
Structure of MgOnAI203 Spinel Lattices on Transparent
Ceramics Processing and Properties, J. Eur. Ceram.
Soc.., 32, pp.2887-2898, 2012.
DOI: http://dx.doi.org/10.1016/j.jeurceramsoc.2012.02.054
[4] V. Lupei, A. Lupei, A.
Polycrystalline  Ceramic
Materials, 30, pp.1781-1786, 2008.
DOI: http://dx.doi.org/10.1016/j.optmat.2008.03.003
[5] T. R. Hinklin, S. C. Rand, R. M Laine, Transparent,
Polycrystalline Upconverting Nanoceramics:
3-D Displays, Advanced Materials, 20 pp.1-4 (2008).
DOI: http://dx.doi.org/10.1002/adma.200701235
[6] T. Yanagidaa, T. Itoha, H. Takahashia, S. Hirakuria, M.
Kokubuna, K. Makishimaa, M. Satoa, T. Enotoa, T.
H. Yagic, T. Shigetadd, T. Ito,
Improvement of ceramic YAG(Ce)
(YGd);Al5012(Ce) for gamma-ray detectors,
Instruments and Methods in Physics Research A, 579,
pp.23 - 26, 2007.
DOI: http://dx.doi.org/10.1016/j.nima.2007.04.173
[7] M. Toshihiko, M. Yusuke, Y. Yoshituki, T. Satoshi, I.
Takayasu, Effect of Silica and Boron Oxide on

Ikesue, Transparent

Laser Materials, Optical

Towards

Yanagitanic,
scintillators to

Nuclear

Transparency of Magnesia Ceramics, Journal of the
Ceramic Society of Japan, 107, 1244, pp.343-348, 1999.
DOI: http://dx.doi.org/10.2109/jcersj.107.343
[8] D. Chen, E. H. Jordan, M. Gell, Pressureless Sintering
of Translucent MgO Ceramics, Scripta Materialia, 29,
pp.757-759, 2008.
DOI: http://dx.doi.org/10.1016/j.scriptamat.2008.06.007
[9] Y. Fang, D. Agrawal, G. Skandan, M. Jain, Fabrication
of translucent MgO
Materials Latters, 58, pp.551-554, 2004.
DOI: http://dx.doi.org/10.1016/S0167-577X(03)00560-3
[10] K. Itatani, T Tsujimoto, A. Kishimoto, Thermal and

optical properties of transparent magnesium oxide

ceramics using nanopowders,

ceramics fabricated by post hot-isostatic pressing, J.
Eur. Ceram. Soc., 26, 4-5, pp.639-645, 2004.

[11] T. B. Tran, S. Hayun, A. Navrotsky, R. H. R. Castro,
transparent nanocrystalline pure and Ca-Doped MgO by
spark plasma sintering of anhydrous nanoparticles, J.
Am. Ceram Soc., 95, 4, pp.1185-1188, 2012.

DOI: http://dx.doi.org/10.1111/1.1551-2916.2012.05103.x

[12] J. H. Song, Y. Y. Noh, O. S. Song, Property of MgO

with Different Sintering Temperatures under High

Pressures, Journal of the Korean Ceramic Society, 49,
6 pp.608-613, 2012.

4189



SrAbaly| 4 aks) =] 414 A9B, 2013

DOI: http://dx.doi.org/10.4191/kcers.2012.49.6.608

[13] Ames S. Reed, Principles of Ceramics Processing :
Second edition, John Wiley & Sons, INC., NewYork,
pp.118-121, 1995.

[14] P. Wu, G. Eriksson, A. Pelton, Critical Evaluation and
Optimization of the Thermodynamic Properties and
Phase Diagrams of the CaO-FeO, CaO-MgO,
CaO0MnO, FeO-MgO, FeO-MnO, and MgO-MnO
Systems, J. Am. Ceram Soc., 76, 8, pp.2065-2075, 1993.
DOLI: http://dx.doi.org/10.1111/.1151-2916.1993.tb08334.x

& 2 4J(Ohsung Song) (M3

« 19879 29 AeTElE 3453
s} (F3hAh

o 19881 29 : AUt 4T

skl (Fat4Ap

19944 59 : MIT A)233} (2

shabap)

1996 3¢ : NTT 7|24+

1997 8% : AR CPU 7]

S|

=T

* 19979 99 ~ A : AEAIHSaL AlaAfEetat mas

Tl
APz, Bepan), e, AR, Faead

& ¥ Z(eongho Song) [E&H]

e 2012 3¢ ~ A : ASAH
st Alarfasts Ak

<gHlHol
AlzhelAe, e 27

4190




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


