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Magnesium oxide (MgO) powders are prepared by liquid-phase method and
are characterized by X-ray diffraction (XRD), SEM and EDX characteriza-
tion studies. The characterization confirms that MgO particles obtained
shows cubic structure. The synthesized powders have high purity. The XRD
analysis shows that nanocrystalline size of MgO nanoparticles is accompanied
with remarkably uniform grain size.
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ITopomiku oxcuny maruiro (MgO), 1o oTpuMaHi pigKodasHuM MeTomoM, 6yJI0
oXapaKTepu30BaHO METOJAaMU PEeHTTeHiBChbKOiI Audpakilii, ckaHyBaJbHOI eJe-
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KTpoHHOI MiKpockomnii (SEM) Ta eHeproauciepciiiHol peHTreHiBChKOI CIIeKT-
pockomii (EDX). Hocaim:KkeHHa MiATBepAWJIU, ITTO0 oTpuMaHi yacTuaku MgO
MaioTh Ky0iuHY CTPYKTYpy. CUHTE30BaHi MOPOIIKY MAIOTh BHUCOKY UHCTOTY.
PenTreHocTpyKTypHUI aHAJi3 TIOKA3aB, 1[0 HAHOKPUCTAJIYHNI PO3Mip HAaHO-
yacTUHOK MgO cynpoBOIKYETHCA HAA3BUYANHO OJM3bKMMH PO3MipaMu 3e-
PeH.

Karouosi caosa: Hanouactuuku MgO, peHTreHocTpyKTypHUi aHanis, EDX,
SEM.

ITopomiku oxcuna maraua (MgO), momyueHHbIE KUAKO(PAZHBEIM METOIOM, ObI-
JIZ OXapaKTepPU30BaHbl METOAAMU PEHTTeHOBCKOM AuGPaKIINN, CKAHUPYIOIIei
9JIEKTPOHHOM MuKpocKkonuu (SEM) u sHeproaucuepcuoHHO PeHTTeHOBCKOM
cuexTpockonuu (EDX). HcciemoBanusa IMOATBEPAUIMN, UYTO IMOJYUYEHHBIE Ua-
ctuiibl MgO mmeioT KyOMUYecKyl CTPYKTypy. CHHTe3MpOBAHHBIE HOPOIITKU
WMEIOT BBLICOKYIO UHCTOTY. PeHTreHOCTPYKTYPHBIN aHaJam3 MOOKas3ajsl, dUYTO
HaHOKpUCTAJJINYECKUl pasmep HaHouacTui, MgO compoBoKaaeTcsa HEOOBIK-
HOBEHHO OJIM3KUMHU padMepaMu 3EpeH.

Karouesslie ciaoBa: HaHouacTuibl MgO, peHTreHOCTPYKTYPHBIN ananus, EDX,
SEM.
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1.INTRODUCTION

Metals have a tendency to oxidized and form a large diversity of oxide
compounds. Among the metal oxides, MgO is attractive for both fun-
damental and applicable research areas [1, 2]. The MgO has been in
central theme of research as it offers applications in microelectronic
circuits, sensors, piezoelectric devices, fuel cells, and semiconductor
products [3—5]. The MgO has good additive properties in heavy fuel oil
because of high oil dispersion ability and large specific surface area
and also bactericidal performance in the aqueous environments due to
the formation of super oxide [6, 7]. There are various techniques which
are used to synthesize the MgO nanostructures by using methods such
as precipitation [8], solvothermal [9], chemical vapour deposition [10],
electrochemical [11], sonochemical [12], microwave [13], pulse laser
deposition [14], laser ablation [15], sol-gel method [16] and carbother-
mic reduction [17].

In this work, magnesium oxide nanocrystalline particles were syn-
thesized by liquid-phase method. The samples were prepared by liquid-
phase method as it has many advantages over other methods of nano-
crystalline material preparation [18]. The synthesized samples were
subjected to characterizations such as powder X-ray diffraction analy-
sis, SEM and EDX studies.
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2. EXPERIMENTAL

Magnesium chloride hexahydrate (MgCl,-6H,0) and sodium hydroxide
(NaOH) of AR grade of high purity dissolved in ethanol. After mixing
with a magnetic stirrer for 1 h at room temperature, the solution was
kept on table at rest for 4 h so that, the precipitation is formed at the
bottom of beaker. This precipitation was filtered and washed several
times. The final product is dried for 6 h at 40°C. The magnesium oxide
powder is collected and calcinated at 300°C for 2h. The structural
analysis of MgO powder were carried out by X-ray diffraction (XRD)
with MoK, (L=0.70932 A) radiation. Morphological characterization
of the sample was performed using scanning electron microscope
(SEM). It is equipped with energy dispersive X-ray (EDX) facility for
high resolution chemical analysis.

3. RESULTS AND DISCUSSION

Figure 1 shows the XRD spectrum of MgO powder synthesized at tem-
perature 300°C. From the peak width it can be inferred that the powder
is nanocrystalline. The X-ray diffraction pattern were indexed and the
main diffraction peaks were assigned to (111), (200) and (220) crystal
planes (JCPDS Card No. 87-0653) [19]. The lattice parameter of f.c.c.
MgO is a=4.217 A. There are some peaks matching with the Mg(OH),
as marked with asterisk (*). The crystal structure of magnesium hy-
droxide is trigonal with lattice parameters as a=3.13 A, c=4.75A.

(200)

Intensity, a.u.
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(400)

10 20 30 40 50
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Fig. 1. X-ray diffraction pattern of the synthesized MgO; the Mg(OH), peaks
are marked by asterisk (*).
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Fig. 2. SEM image of MgO powder.

The grain size calculated by using Scherrer formula and selecting all
the 7 main peaks attributed to MgO in Fig. 1 is (4.4 £ 1) nm.

SEM was used for the morphological study of MgO nanoparticles.
The SEM images of MgO nanoparticles are presented in the Fig. 2. It is
observed that the MgO nanoparticles formed were highly agglomerated
and porous in nature with uniform size distribution.

In Figure 3 we have reported a typical EDX spectra recorded in MgO
powder. As can be seen, powder is composed with O and Mg. In addition
to these, signals from Au element, which presumably could have ap-

) 1 2 3 4 3 B 7 5
ull Scale 1733 cts Cursor 4100 (5 cts) ke

w
=]

Fig. 3. EDX spectrum of MgO powder.
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peared from the sample holder. Gold very thin over samples with a
thickness of 3 nm have been deposited by DC magnetron sputtering.

4. CONCLUSION

Magnesium oxide (MgO) nanoparticles are synthesized by liquid-phase
method. The synthesized samples were characterized by various ana-
lytical techniques. The powder X-ray diffraction result shows that the
nanoparticles are in crystalline form with cubic structure have been
formed with an average particle size in the range (3.42—-5.36 nm). The
SEM reveals that powder is porous and large agglomerates of fine par-
ticles of uniform diameter. The EDX spectra analysis confirmed the
signal characteristic of magnesium and oxygen.

REFERENCES

—

D. C. Reynolds, D. C. Look, and B. Jogai, Solid State Commun., 99: 873 (1996).

2. Yu. V. Naidich, I. I. Gab, T. V. Stetsyuk, B. D. Kostyuk, and D. B. Shakhnin,
Metallofiz. Noveishie Tekhnol., 40, No. 10: 1359 (2018).

3. G. W. Wagner, P. W. Bartram, O. Koper, and K. J. Klabunde, JJ. Phys. Chem. B,
103: 3225 (1999).

4. G. W. Wagner, L. R. Procell, R. J. O’Connor, S. Munavalli, C. L. Carnes,
P. N. Kapoor, and K. J. Klabunde, J. Am.Chem. Soc., 123: 1636 (2001).

5. Y. Oh, S. Lim, S. D. Ahn, S. S. Lee, K. Cho, J. B. Koo, R. Choi, and M. Hasan,
J.Phys. D, 46: 285101 (2013).

6. Y. R. Li, Z. Liang, Y. Zhang, J. Zhu, S. W. Jiang, and X. H. Wei, Thin Solid
Films, 489: 245 (2005).

7. J.Sawai, H. Kojima, H. Igarashi, A. Hashimoto, S. Shoji, T. Sawaki,
A. Hakoda, E. Kawada, V. Kokugan, and M Shimizu, World J. Microb.
Biotechnol., 16: 187 (2000).

8. S. Veldurthi, C. Shin, O. S. Joo, and K. D. Jung, Microporous Mesoporous
Mater, 152: 31 (2012).

9. Z.Zhao, H. Dai, Y. Du, J. Deng, L. .Zhang, and F. Shi, Mater Chem. Phys., 128:
348 (2011).

10. H. Li, M. Li, X. Wang, X. Wu, F. Liu, and B. Yang, Mater Lett., 102: 80 (2013).

11. R. Hahn, J. G. Brunner, J. Kunze, P. Schmuki, and S. Virtanen, Electrochem
Commaun., 10: 288 (2008).

12. M. A. Alavi and A. Morsali, Ultrason Sonochem., 17: 441 (2010).

13. R. Al-Gaashani, S. Radiman, Y. Al-Douri, N. Tabet, and A. R. Daud, J. Alloys
Compd., 521: 71 (2012).

14. W. Rizwan, S. Absari, M. Dar, Y. Kim, and H .Shin, Mater. Sci. Forum,
558—559: 983 (2007).

15. T.Phuoc, B. H. Howard, D. V.Martello, Y. Soong, and M. K. Chyu, Opt. Laser.
Eng., 46: 829 (2008).

16. B. A. Morales, T. Lopez, and R. Gomez, J. Solid State Chemistry, 115: 411
(1995).

17. M. Nusheh, H. Yoozbashizadeh, M. Askari, H. Kobatake, and H. Fukuyama,


https://doi.org/10.1016/0038-1098(96)00340-7
https://doi.org/10.15407/mfint.40.10.1359
https://doi.org/10.1021/jp984689u
https://doi.org/10.1021/jp984689u
https://doi.org/10.1021/ja003518b
https://doi.org/10.1088/0022-3727/46/28/285101
https://doi.org/10.1016/j.tsf.2005.04.095
https://doi.org/10.1016/j.tsf.2005.04.095
https://doi.org/10.1023/A:1008916209784
https://doi.org/10.1023/A:1008916209784
https://doi.org/10.1016/j.micromeso.2011.11.044
https://doi.org/10.1016/j.micromeso.2011.11.044
https://doi.org/10.1016/j.matchemphys.2011.02.073
https://doi.org/10.1016/j.matchemphys.2011.02.073
https://doi.org/10.1016/j.matlet.2013.03.118
https://doi.org/10.1016/j.elecom.2007.12.007
https://doi.org/10.1016/j.elecom.2007.12.007
https://doi.org/10.1016/j.ultsonch.2009.08.013
https://doi.org/10.1016/j.jallcom.2012.01.045
https://doi.org/10.1016/j.jallcom.2012.01.045
https://doi.org/10.4028/www.scientific.net/MSF.558-559.983
https://doi.org/10.4028/www.scientific.net/MSF.558-559.983
https://doi.org/10.1016/j.optlaseng.2008.05.018
https://doi.org/10.1016/j.optlaseng.2008.05.018
https://doi.org/10.1006/jssc.1995.1152
https://doi.org/10.1006/jssc.1995.1152

1126 B.ZAIDI, S. BELGHIT, M. S. ULLAH et al.

J.Alloys Compd., 506: 715 (2010).

18.  A.Karatutlu, A. Barhoum, and A. Sapelkin, Engineering Applications of
Nanoparticles and Archituctural nanostructures, (Eds. Ahmed Barhoum and
Abdel Salam Hamdy Makhlouf) (Elsevier: 2018), p. 1.

19. V. Smith, X-ray Powder Data File, American Society for Testing Materials
(1960).


https://doi.org/10.1016/j.jallcom.2010.07.049
https://doi.org/10.1016/B978-0-323-51254-1.00001-4
https://doi.org/10.1016/B978-0-323-51254-1.00001-4
https://doi.org/10.1016/B978-0-323-51254-1.00001-4


<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



