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Fabrication of 3-dimensional Sn—-C Composites Using Microsphere
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Abstract: Three-dimensionally ordered macro-porous Sn-C composites were prepared by using polystyrene
microsphere as a template. The Sn-C composites were composed of well-interconnected pore with circular
shape and wall structure with wall thickness of a few tens of nano—meters. This porous three-dimensional
structure is readily and uniformly accessible to the electrolyte, which facilitates lithium ion diffusion during
charge—discharge reactions. The wall thickness of the composites was increased as the increase of Sn
content of the composite. From EDS analysis, it is confirmed that the Sn was dispersed uniformly in
Sn-C composites. The capacity was increased as the Sn content increased, which is due to Sn anode with
high capacity. The Sn-C composites with high Sn content showed superior cyclic performances. Such
enhancement is ascribed to the thick wall thickness and small pore size of the sample with high Sn
content. The Sn-C composite with Sn 30 wt% showed relatively high capacity and stable cycle life,
however, the stability of the 3-dimensional structure should be enhanced by further work.
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Fig. 1. SEM image of macroporous carbon and Sn-C
composites. (a) carbon, (b) Sn—-C composite (Sn 10 wt%),
(¢) Sn-C composite (Sn 20 wt%),
(Sn 30 wt%).

(d) Sn-C composite

Table 1. Wall thickness of the composites depending on
Sn composition.
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2. EDS analysis
macroporous Sn-C composites, which are based on cross-

Fig. and composition-mapping of

sectional image of the samples. (a) Sn-C composite (Sn
10 wt%), (b) Sn-C composite (Sn 20 wt%), (c) Sn-C
composite (Sn 30 wt%).

Table 2. Weihgt ratio of Sn and Na depending on Sn
composition.
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(a) —— C100% charge
—0O— Sn10wt% charge

—/\— Sn20wt% charge

—/— Sn30wt% charge

200 +

Capasity(mAh/g)

Cycle number
400

(b) —— C100% discharge

350 4 Sn10wt% discharge
ra —/\— Sn20wt% discharge
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Cycle number

Fig. 4.
charge,

Cycle life of macroporous Sn-C composites. (a)
(b) discharge

FHEw o7 339 FRE gHor FAsr] 98
M FHEE ] FAE molw Ao dad o=
=

ofe W3] Sn-C H3HAl A z27] 1039 &%
A Aol e g% it dojys AL T3y
T A FEol AuAoR AHom 1 ojfd= 93]
g & &% S d7hA #EHAT Sn-C &
A7 43 FHR o g2 o] Fox Ao Ml <t
Ak olfr= Alx HAA EFA] ¥ FA F7F
of Fgo] WF FFoR Qg JAA A= Tt
Eoz AztEn, Alo]Fe] wE §Fo gz s
BEetd Sne| FHFel Tl wEt &3] T
Zo] ZEL USS Y T 5 A o9 e
AP S Sne| T St mE EI3A ¥ 7
watz sfaE ¢ g Axd 37139 Sn-C =34
&= %A (wall thickness)¥® Sn 32 Z7}o|
upe} Fhskar olel uwhel FWH A A HA S =
Fowiste Qlgh d=e] o gk A Aol F7t

A Hol AFel FHIt A, ALelE A A <]

S L T FoEA ° Aow AdEY 104+

RIS 745
ojF olFd #HEH= A AAAAM %] &
F 7= Sn Aol 27 TR AAA FE
g GAsIE ol FoAH A Frrh Tl Aol
w4413 ﬂ*ﬁi} o] gF o3 A& wEs
do77] MiEdd Ao #52  dnh =25 9 <
R x4713@}5.3. 545 Ad Sn-C H5§A 9 Az
= flaiMe 33k AL VIAA AeE w=d T
A= HEA B A4 HEo] nAldH e 22 Bx
g AHEE 7 ds kel digk A7E o] Fol ok
& Aow Azt
4. & B

2 AFdA=
2 g3t 3a4
Sn-C H3AE Axstdrh AxE Sn-C 539
02~0.3 um =719 ﬁ”ﬂ@‘ﬂ NFks dri AF
Aow AxHAoH EHx -

o] &7}t uwlzl 30~ 40 (=5 7?£)°ﬂ"1 Z]ﬂ
70~80 nm(30 wt% Sn)Z *r771-r4 dtt. Sn-C 3¢
H3A o] &7F& Sneol o] FUhEel o Frhsk
Rom AtolF EALE FAHAT. Sno FEF FU
Al FAAR B3A ¥ FAR Qste] T 33

ol WYl I APl AAIL, o= AF
A=e] gz HojAEE AtolS FAolA o] ¥
2o Fo] HojA= AL #FT F ok B 2
of A& 37l FEAC] Ax ¥AE 7 Aol
Fsha A st Si-C, Ge-C, Sb-C ¥ 2& thg
3kl T2 HIA Alzd &84 & e A=
dgEu bgE Abeld 549 7TAS AdAE 7
A AEE 59 F e F7F A7 28 Jlo
= AzdEd
REFERENCES

[11 Y. ]J. Park, J. KIEEME 19, 737 (2006).

(2] J. H. Ryu, S. B. Kim, and Y. J. Park, J. KIEEME
21, 249 (2008).

[3] X. W. Lou, Y. Wang, C. Yuan, J. Y. Lee, and L. A.
Archer, Adv. Mater. 18, 2325 (2006).

[4] H. Zhang, C. Feng, Y. Zhai, K. Jiang, Q. Li, and S.
Fan, Adv. Mater. 21, 1 (2009).

[5] J. C. Park, J. Kim, H. Kwon, and H. Song, Adv.
Mater. 21, 803 (2009).



746 J. KIEEME, Vol. 23, No. 9, pp. 741-746, September 2010: B. G. Park et al

[6] J. Seo, J. Jang, S. Park, C. Kim, B. Park, and J. [12] K. T. Nam, D. Kim, P. J. Yoo, C. Chiang, N.

Cheon, Adv. Mater. 20, 4269 (2008). Meethong, P. T. Hammond, Y. Chiang, and A. M.
[71 Y. J. Kwon and J. Cho, Chem. Commun. 1109 (2008). Belcher, Science 312, 885 (2006).
[8] C. K. Chan, X. F. Zhang, and Y. Cui, Nano Lett. 8, [13] Y. S. Jung, K. T. Lee, and S. M. Oh, Electrochem.
307 (2008). Acta. 52, 7061 (2007).
[9] J. Hassoun, G. Derrien, S. Panero, and B. Scrosait, [14] W. Zhang, J. Hu, Y. Guo, S. Zheng, and L. Zhong,
Adv. Mater. 20, 3169 (2008). Adv. Mater. 20, 1160 (2008).
[10] G. cui, L, Gu, L. Zhi, N. Kaskhedikar, P. A. V. [15] S. Peak, E. Yoo, and I. Honma, Nano Lett. 9, 72
Aken, K. Mullen, and J. Maier, Adv. Mater. 20, (2009).
3079 (2008). [16] J. Chen, A. I. Minett, Y. Liu, C. Lynam, P. Sherrell,
[11] L. Shi, H. Li, Z. Wang, X. Huang, and L. Chen, J. C. Wang, and G. G. Wallace, Adv. Mater. 20, 566

Mater. Chem. 11, 1502 (2001). (2008).




<<
  /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
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 [612.000 792.000]
>> setpagedevice


