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Research Progress of Key Materials for Sodium—selenium Batteries

Bixia Lin” Yingshan Huang” Shuai Chen” Zhenyu Xing**
(¢ School of Chemistry, South China Normal University, Guangzhou 510006, China)
(> Key Laboratory of Theoretical Chemistry of Environment, Ministry of Education, Guangzhou 510006, China)

Abstract Sodium-selenium batteries show some advantages in stationary energy storage, benefitting from selenium cathode
of high conductivity (1X10 3 S/m), high volume-specific capacity (3253 mAh/cm?), as well as sodium anode of abundant
resources and low cost. However, the serious shuttle effect and volume change of selenium cathode greatly limit the further
development. Herein, basic mechanism and current problems of sodium-selenium batteries are summarized, and the current
research progress are discussed in detail. In end, future development of sodium-selenium is proposed, in order to provide

some new perspectives.
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Figure 2 (a) CV curve; (b) charge and discharge curve; (c) in situ Ra-
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Figure 4 Existing problems in sodium-selenium batteries
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Figure 16 Schematic diagram of the synthesis process of nitrogen-
doped carbon coating iron carbide/selenium (Fe;C@C-Se)!'!)
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Table 1 Electrochemical performances of reported sodium-selenium batteries cathode materials in recent years

Mass fraction

Material of Se/% Initial capacity/(mAheg ')  Capacity retention/(mAhsg ") Cycle Rate Ref.
Jackfruit-Se/C composite 54 616 399 600 2C [14]
Se@NCAs 47 599 407 800 0.5A/g [15]
Se-R800A 66.7 300 300 500 2A/g [29]
Fe;C@C-Se 72.6 457 (3rd) 375 300 2C [11]
Se@N-HRMC 72.6 500 (3rd) 450 500 05C [37]
Se@N-MCPs 54 520 (4th) 460 500 1A/g [35]
VSeG 52.5 410 370 800 2A/g [30]
iPANI@NSHPC/Se 54 630 617 200 02C [33]
Se/HDHPC 56 619 400 500 05C [38]
Se@MCNFs 64 590 490 300 0.5A/g [26]
Se@CNFs-CNT 60 580 550 80 0.05A/g [39]

{EZ /T

MBI, 2011 - FA@IF LR FRAMEFAL, AATER
B 5077 @) S P T 4 KA 09 ] & R H A SR AR 6 ).

Acta Chim. Sinica 2021, 79, 641—648

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MEF, 2012 S FARKF B F F 545, 2016 £ £
Oregon State University BAZFH L F 45, 2 B A ME L
University of Waterloo A\ E L&A R, A 2018 4k 3] 4
LR P I, TR TR T T AT 2B ARG
B BB H AR TR AR AR R A B R, KRR AR A AT A B A A4
FA R & H BT T RN R

http://sioc-journal.cn 647



oF ¥ R

References

[1] Khalil, H. B.; Zaidi, S. J. H. Renew. Sust. Energ. Rev. 2014, 31, 194.

[2] Vlachos, D. G.; Caratzoulas, S. Chem. Eng. Sci. 2010, 65, 18.

[3] Chu, S.; Cui, Y.; Liu, N. Nat. Mater. 2017, 16, 16.

[4] Jacobson, M. Z. Energ. Environ. Sci. 2008, 650, 723.

[5] Bisio, G.; Rubatto, G.; Martini, R. Energy 2000, 25, 1047.

[6] Chen, H. S.; Cong, T. N.; Yang, W.; Tan, C. Q.; Li, Y. L.; Ding, Y. L.
Prog. Nat. Sci. 2009, 19, 291.

[7] Torahim, H.; Ilinca, A.; Perron, J. Renew. Sust. Energ. Rev. 2008, 12,
1221.

[8] Divya, K. C.; Stergaard, J. Electr. Pow. Syst. Res. 2009, 79, 511.

[9] Xing, Z. Y.; Wang, S.; Yu, A. P.; Chen, W. Z. Nano Energy 2018, 50,
229.

[10] Su, D.; Zou, L.; Han, D. D.; Lv, X. L.; Zou, X. Electr. Meas. In-
strum. 2017, 54, 83. (F#3k, 4B%E, ®hA4, EBERN, 4%, &b
Mk, 2017, 54, 83.)

[11] Wang, H.; Jiang, Y.; Manthiram, A. Energy Storage Mater. 2018, 18,
2405.

[12] Poborchii, V. V.; Kolobov, A. V. Chem. Phys. Lett. 1997, 280, 17.

[13] Li, Q. Q.; Liu, H. G; Yao, Z. P; Cheng, J. P; Li, T. H.; Li, Y.;
Wolverton, C.; Wu, J. S.; Dravid, V. P. ACS Nano 2016, 10(9), 8788.

[14] Xu, Q. J; Yang, T. T.; Gao, W.; Zhan, R. M.; Zhang, Y. Q.; Bao, S.
J.; Li, X. Y.; Chen, Y. M.; Xu, M. W. J. Power Sources 2019, 443,
227245.

[15] Deng, Y. R.; Gong, L. L.; Pan, Y. L.; Cheng, X. D.; Zhang, H. P.
Nanoscale 2019, 11, 11671.

[16] Luo, W.; Lin, C. F.; Zhao, O.; Noked, M.; Zhang, Y.; Rubloff, G. W.;
Hu, L. B. Adv. Energy Materials. 2017, 7, 1601526.

[17] Zeng, L. C.; Zeng, W. C.; Jiang, Y.; Wei, X.; Li, W. H.; Yang, C. L.;
Zhu, Y. W.; Yu, Y. Advanced Energy Mater. 2015, 5, 1401377.

[18] Xing, Z. Y.; Tan, G. Q.; Yuan, Y. F.; Wang, B.; Ma, L.; Xie, J.; Li, Z.
S.; Wu, T. P.; Ren, Y.; Shahbazian-Yassar, R.; Lu, J.; Ji, X. L.; Chen,
Z. W. Adv. Mater. 2020, 32, 2002403.

[19] Xing, Z. Y.; Li, G. R.; Serubbabel, S.; Chen, Z. W. Nano Energy
2018, 54, 1.

[20] Zeng, L. C.; Li, W. H.; Jiang, Y.; Yu, Y. Rare Metals 2017, 36, 339.

[21] Xing, Z. Y.; Deng, Y. P.; Serubbabel, S.; Tan, G. Q.; Li, A. J.; Li, J.
D.; Niu, Y;; Li, N.; Su, D.; Lu, J.; Chen, Z. W. Nano Energy 2019,

648  http://sioc-journal.cn

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

65, 104051.

[22] Xing, Z. Y.; Wang, B.; Halsted, J. K.; Subashchandrabose, R.;
Stickleb, W. F.; Ji, X. L. Chem. Commun. 2015, 51, 1969.

[23] Xing, Z. Y.; Gao, N. S. J.; Qi, Y. T.; Ji, X. L.; Liu, H. Carbon 2017,
115,271.

[24] Xing, Z. Y.; Qi, Y. T.; Tian, Z. Q.; Xu, J.; Yuan, Y. F.; Bommier, C.;
Lu, J.; Tong, W.; Jiang, D,; Ji, X. L. Chem. Mater. 2017, 29, 7288.

[25] Xing, Z. Y.; Luo, X. Y.; Qi, Y. T.; Stickle, W. E.; Amine, K.; Lu, J.;
Ji, X. L. ChemNanoMat 2016, 2, 692.

[26] Yuan, B. B.; Sun, X. Z.; Zeng, L. C.; Yu, Y.; Wang, Q. S. Small
2018, 74, 1703252.

[27] Yang, X. M.; Wang, H. K.; Yu, D. Y. W.; Rogach, A. L. Adv. Funct.
Mater. 2018, 28, 1706609.

[28] Ding, J.; Zhou, H.; Zhang, H. L.; Stephenson, T.; Li, Z.; Karpuzov,
D.; Mitlin, D. Energ. Environ. Sci. 2017, 10, 153.

[29] Guo, B. R.; Mi, H. W.; Zhang, P. X.; Ren, X. Z.; Li, Y. L. Nanoscale
Res. Lett. 2019, 14, 30.

[30] Yang, X. M.; Wang, J. K.; Wang, S.; Wang, H. K.; Tomanec, O.; Zhi,
C.Y.; Zboril, R.; Wu, Y. W.; Rogach, A. ACS Nano 2018, 12, 7397.

[31] Wang, H.; Jiang, Y.; Manthiram, A. Adv. Energy Mater. 2018, 8, 1.

[32] Ding, J.; Zhou, H.; Zhang, H. L.; Tong, L. Y.; Mitlin, D. Adv. Energy
Mater. 2017, 1701918, 1.

[33] Zhang, F.; Xiong, P.; Guo, X.; Zhang, J. Q.; Yang, W.; Wu, W. J;
Liu, H.; Wang, G. X. Energy Storage Mater. 2019, 19, 251.

[34] Xu, Q. J; Liu, T.; Hu, L. Y.; Dai, C. L.; Zhang, Y. Q.; Li, Y.; Liu, D.
Y.; Xu, M. W. ACS Appl. Mater. Inter. 2017, 9, 41339.

[35] Xu, Q. J.; Liu, H.; Du, W. Y.; Zhan, L. Y.; Hu, L. Y.; Bao, S. J.; Dai,
C. L.; Liu, F.; Xu, M. W. Electrochim. Acta 2018, 276, 21.

[36] Li, S. Q.; Yang, H.; Xu, R.; Gong, Y.; Gu, L.; Yu, Y. Mater. Chem.
Front. 2018, 2, 1574.

[37] Dong, W.; Chen, H.; Xia, H.; Yu, W.; Song, J.; Wu, S.; Deng, Z.; Hu,
Z. Y.; Hasan, T.; Li, Y.; Wang, H.; Chen, L.; Su, B. L. J. Mater.
Chem. A 2018, 6, 22790.

[38] Zhao, X. S.; Yin, L. C.; Zhang, T.; Zhang, M. Nano Energy 2018, 49,
137.

[39] Zeng, L. C.; Wei, X.; Wang, J. Q.; Jiang, Y. J. Power Sources 2015,
281, 461.

(Cheng, B.)

Acta Chim. Sinica 2021, 79, 641—648




<<
  /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


