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Preparation of Antibacterial Nanofibrous PMMA Nonwoven Fabrics
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Abstract: In this study, electrospinning conditions for PMMA were studied. Namely, the ratio of DMF
and THF and its maximum concentration were examined. Conductivity of the polymer solution containing
silver nanoparticles and its effect on fiber diameter were also studied. As the results, the maximum
concentration for the electrospinning of PMMA was found at 18 wt%, and the ratio of DMF/THF was
7 3. The diameter of nanofibers obtained was 100—400 nm when the PMMA solution containing
1000 ppm silver was electrospun. It was found, from TEM results, that silver nanoparticles were distributed
on the edge of fibers and the resulting nanofiber mats showed a good antibacterial activity.
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Al2f. Poly (methyl methacrylate) (PMMA)E LG MMA®]
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Ag suspension< (59 Hunion®lX 331t} ARE-SISITE ] H
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Figure 1. Viscosity of PMMA solutions dissolved in DMF as a
function of solution concentration.

Figure 2. SEM micrographs of electrospun fibers obtained from
PMMA with different concentration of DMF solution: (a) 10;
() 14; (©) 18; (d) 22 wt% .
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Figure 3. SEM micrographs of PMMA nanofibers mat obtained
at different voltage: (a) 8; (b) 12; (¢) 16; (d) 20 kV.

Figure 4. SEM micrographs of PMMA nanofibers obtained from
different weight ratio of DMF and THF: (a) 10:0; () 9:1; (¢) 7:3;
(d) 5:5 (W/w%) at the concentration of 18 wt%.
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Figure 5. Electric conductivity of PMMA solution as a function

of silver concentration: 18% PMMA, DMF/THF (7/3).
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Figure 6. Changes in UV—Visible absorption spectra of silver
nanoparticles in PMMA/silver solution.
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Figure 7. SEM micrographs of PMMA nanofibers obtained at
different concentration of silver nanoparticles: (a) 0; (b) 300; (c)
1000; (d) 2000 ppm using the DMF/THF (7/3) as the solvent (18
wt% PMMA).
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Figure 8. Diameter distribution of PMMA/silver (1000 ppm) na—
nofiber electrospun from 18 wt% PMMA solution.
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Figure 9. TEM view of PMMA nanofiber containing 1000 ppm
silver.
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Figure 10. Cross section view of PMMA nanofiber containing
1000 ppm silver measured by TEM.
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Figure 11. Energy dispersive spectroscopy of PMMA/silver
nanofiber mats.
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Figure 12. Growth inhibition rate of Staphylococcus aureus on
electrospun PMMA nanofiber mats.
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Figure 14 (a)+ Staphylococcus aureus®l ek PMMA, PMMA/
silver WaAd5- F2329] inhibition zone= RN Azjo|ct PMMA
RS HIALSE LA 2] Eof)Adi= inhibiotion zone©] SAEIR] ¢k
O} & 1heRIRIE 1000 ppm g8 PMMA YAd- 2] 3of4
inhibition zone®| B/3%|%it} Figure 14 (b) = Klebsiella pneumoniae
ol tigtk PMMA, PMMA/silver W33 H-2132] inhibition zones
yebd Aulolt). Staphylococcus aureus®: VEAE PMMA Wi
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Figure 13. Growth inhibition rate of Alebsiella pneumoniae on
electrospun silver nanofiber mats.

Figure 14. Effect of silver nanoparticles on the growth inhi—
bition : (a) Staphylococcus aureus; (b) Klebsiella pneumonia.
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A5 F-2 3= inhibition zone®] YEPA] ko), & Y- Qixl=

1000 ppm ¥3&H3R= PMMA/silver W"d+ inhibition

=] 57 L-
A=

zones sk AS &R1E 4= 9link
z E

oo & IR S PMMA WAl frol] £9Jskar 152
549 gt S Akek] vt 22 AEE 43tk PMMAE
DMF/THF &g+l 18 wt% = 5o 7SS w fofzl 4
o] A7 200—400 nm BloIgitk PMMA veAlfrelA] &
e zks A9 vlFe Fi2ol E48 952 TEMO = gl
315tk 2129 g 2731 1819 Staphyiococcus aureusSt
Klebsiella pneumoniae®) T8t 28 77} inhibiton zone testE
Stk 2tEe] 5% A3 PMMAC] 1000 ppme] & thegi#b7}
e theAfRs 100%0l 77k @t el B3Itk Inhibition
zone testollA= PMMA®] 1000 ppm&] & We=dAE 35 %)
< 9 inhibition zone°] FA ¥t}

ZAIR| 2+ This research was financially supported by the
Ministry of Education Science Technology (MEST) and Korea
Industrial Technology Foundation(KOTEF) through the Human
Resource Training Project for Regional Innovation and by the
Korea Research Foundation Grant funded by the Korean
Government (MOEHRD, Basic Research Promotion Fund)
(KRF—-2007-211-D00031).

P

ret

=
(L

I

1. M. M. Demir, L. Yilgor, E. Yilgor, and B. Erman, Polymer, 43,
3303 (2002).

Zo|M, A33¢ #15%, 20094

R

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

- ujE s - Rl

S. K. Lim, S. K Lee, S. H. Hwang, and H. Y Kim, Macromol.
Mater. Eng., 291, 1265 (2006).

. J. X\ Li, J. Wang, L. R. Shenm, Z. J. Xum, P. Li, G. J. Wan,

and N. Huang, Surf Coat. Technol., 201, 8155 (2007).

. M. Rai, A. Yadav, and A. Gade, Biotechnol. Adv., 27, 76 (2009).
. W. C. Cecil, M. P. Charles, and W. K. Paul, /. AWIWA, 54,

208 (1962).

. L. W. Richard, /. AWTWA, 55, 881 (1963).
. B. T. Obert and P. G. Charles, CRC Crt. Rev. Environ. Cont.,

18, 295 (1989).

. R. Pedazhur, D. Katzenelson, N. Barnea, O. Lev, H. I. Shuval,

B. Fattal, and S. Ulitzur, Water Sci. Technol., 42, 293 (2000).

. X. Lu, Y. Zhao, C. Wang, and Y. Wei, Macromol. Rapid.

Commun., 26, 1325, (2005).

S. Kedem, J. Schmidt, Y. Paz, and Y. Cohen, Langmuir, 21,
5600 (2005).

Q. F. Wei, H. Ye, D. Y. Hou, H. B. Wang, and W. D. Gao, J.
Appl. Polym. Sci., 99, 2384 (2006).

X. Y. Xu, Q. B. Yang, Y. Z. Wang, H. J. Yu, X. S. Chen, and
X. B. Jing, Eur. Polym. J., 42, 2081 (2006).

W. K. Son, J. H. Youk, and W. H. Park, Carbohyd. Polym.,
65, 430 (2006).

H. K. Lee, E. H. Jeong, C. K. Baek, and J. H. Youk, Mater.
Lett., 59, 2977 (2005).

Q. B. Yang, D. M. Li, Y. L. Hong, Z. Y. Li, C. Wang, S. L.
Qiu, and Y. Wei, Synth. Met., 137, 973 (2003).

C. H. Hong, H. S. Kim, H. H. Park, Y. H. Kim, S. B. Kim,
and T. W Hwang, Polymer (Korea), 30, 402 (2006).

S. J. Park, B. J. Kim, and J. M. Rhee, Polymer (Korea), 21,
235 (2003).

Y. M. Shin, M. M. Hohman, M. P. Brenner, and G. C.
Rutledge, Appl Phys. Lett., 78, 1149 (2001).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 0.1000
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Century
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2cysB
    /H2cysL
    /H2gprB
    /H2gprM
    /H2gpsM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2ta2B
    /H2wulB
    /H2wulL
    /H2wulM
    /Haettenschweiler
    /HeadlineR-HM
    /HYGoThic-Extra
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MiniPicsArtJam
    /MiniPicsClassic
    /MiniPicsLilCritters
    /MiniPicsLilEdibles
    /MiniPicsLilEvents
    /MiniPicsLilStuff
    /MiniPicsLilVehicles
    /MiniPicsRedRock
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 807.874]
>> setpagedevice


