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Functional Improvement of the Clothing Material for Patients
by Chitosan/Nanosilver Mixed Solution
- The Assessment of Mechanical Properties and Hand Value -

Kyoung-Mi Jeong, In-Sook Kang and Hyun-Sook Bae'

Dept. of Clothing & Textiles, Changwon National University, Changwon, 641-773, Korea
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Abstract— In order to enhance the functionality of a cotton fabric actually used as a clothing material for patients, the fabrics
were treated with a chitosan/nanosilver mixed solution. The nanosilver had excellent biocompatibility, provided expectation of an
additional performance, did not harm human beings, and supplements chitosan, which was disadvantaged if used alone for fabric
treatment. The nanosilver was mixed thereto and a treatment effect due to a mixing ratio was considered. This study was observed
through mechanical properties and hand value which were the important function. The treatment of chitosan/nanosilver mixed solution
gave a smoother surface than the treatment of chitosan alone. As a result of evaluation of the forms according to KES-FB system,
Koshi was deduced, and both Numeri and Fukurami were increased. Thereby, the cotton fabric was a little smooth to provide
elasticity, due to the treatment of chitosan/nanosilver mixed solution. THV of the treated fabrics calculated from this basis increased
at all mixing ratio as compared with the untreated fabric. The fabrics treated with chitosan/nanosilver mixed solution were shown
a better THV than the fabric treated with chitosan alone.

Keywords: chitosan, nanosilver, clothing material for patients, functional improvement, hand value
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Table 1. Characteristics of fabric sample

Fabric count

Fabric Weave (threadsfinch) Weight Thickness

(g/100cm®)  (mm)

Warp Weft
Cotton
twill 102 58 1.98 0.40
100%
2.1.2 A|eF

(EENASE L E R L REIE EEX)
B IEwe A2 45t Agsded, £
do] AgE LUk $AL 10mm olate YA
A% A AL ASSgoH, AR B4
Table 29} Zct.
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Table 2. Characteristics of chitosan 222 J12Xe| 229 dstx EAMn} Ef T}
Particle condition powder (1) A3t E A
Viscosity L cps Aegets ERgdoR Aed 489 43
Degree of deacetylation 95.33% A ENS z;‘sxa] 37] 98] Table 3¢ UebWd ule}
Average molecular weight 1.5 x 10° Zol 16717 A& o83 A2-S KES-FB system
Moisture content 6.84% (Kawabata Evaluation System, Kato Tech. Co. Ltd.,
Residue on ignition 0.18% Japan)& ARE3te] EAstglon, HFdol e 2

A, w3, Ad 2 FUEAL 7, A SFEE
ZAsto] Btghs Fekgld
2.2 Al @) B T}
221 2&g09 7t3 Z+7t 7} A (primary hand value, HV): o Q=
L= = =] _ _ .
- - : =1 =5 o = _1
EFU= 2UCHINSD, 1:1(CHINSD, 13(CHINS3) Numeri, FukuramiS &3 g, SA4 712 o
o7 F1, 7|EA @& LN (CH4) A7 HEF & °l8ste KN-301-WINTERS] #gH4of ogh &
> - - r23 12
H]E_“S]—%E]— 0] EH }\]__g_% 715&/%]/]_5: g‘_q%gﬂ -?j' EH(total hand Value THV) LEO]-S&E}‘ ).
o 7| EA Ao THRAR FFEEALC] Y7L 3. Zo}
ol AL, 7t AL 1& AHsigh. F=0f
o 72 AYEAY HHE 40:12 st 1AJZE 31 F|EM/2L: EZRIE8UX 2 ZHEQ

Concentration 40,000 ppm

9..

AN %, W2 ETAA wet pickupe] 100:2% o5t A

53 A9 AgdadA 3 160C

oHoA 357 AHNAE sl ApAes ems A g% Exe g Fe © veut
-~ L wgs 9o BAE SAHRT Aol ol

Table 3. Characteristic values of basic mechanical properties measured by KES-FB system

Properties Symbols Characteristic value Unit
EM Extensibility %
Tensile LT Tensile linearity -
WT Tensile energy gf-crn/cm2
B Bending rigidity gf'cm2/cm
Bending
2HB Hysteresis gf-~cm/cm
G Shear stiffness gf/cm-degree
Shearing 2HG Hysteresis at 0.5°shear angle gf/cm
2HGS Hysteresis at 5°shear angle gffcm
MIU Coefficient of friction -
Surface MMD Mean deviation of MIU -
SMD Geometrical roughness micron
LC Compression Linearity -
Compression WwC Compressional energy gf-cm/cm2
RC Compressional resilience %
Thickness T Thickness at 0.5 gf/cm2 mm
& Weight W Weight per unit area mg/cm’
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Fig. 1. Tensile properties of the chitosan/nanosilver
treated fabrics.
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Fig. 2. Bending properties of the chitosan/nanosilver
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Fig. 3. 2HB/B of the chitosan/nanosilver treated fabrics.
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Fig. 5. Surface properties of the chitosan/nanosilver
treated fabrics.
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Table 4. Variation of basic characteristic values of clothing material on the chitosan/nanosilver treated fabrics

o Samples i reated CH4 CH3/NS1 CHI/NSI CHI/NS3
Characterics
B/W 0.010 0.009 0.007 0.007 0.007
2HB/B 1.468 1.236 1.159 1.283 1.318
2HG/G 3.296 2.332 1.921 2.173 2.266
MMD/SMD 0.005 0.004 0.004 0.004 0.004
W/T 25.304 23.317 22.709 24.300 22.800
AEged: EREY AF FF drh RE VRN GEADEG A% Sy A8 A
ARAA Z7H8 AL B 4 9o A4 95 etk o] B3H sFygelsn Arddh
AA ek b go4e EFHYA THV7 o o =
F7stgnh @ i gojo] Egulge] 319 48 =
WOTHVE P el SR EAY 2 AN 3 gy age 24z AeHD 9 wdEY 7
A B3 o $4E BN Hetol AIEA BER s B
Tble 4= EdSd SHENAN HES smwede zusds A wA, JE
dnoE nEA Beer U] AAA 712 SA - poue sggane 429 duty sHe A
S AfE Zojg. o] <o5tH 715’3/%"}51 HE & o2 EQa 3 § S Axsun
wea=2 pwael AstHsi=d, o= 24 sege gEaA deue 99e mesUs
=R wds AuEn, AR WEHRARS  nsihe yue wde d8 AAd RS 4
Ul EFEAA A B/Wgto] o AstEo =7 Fozw 73 FFETFE Holk SUn LS
ZRol FAHNES & & Ut 2HBBYS & sgxge ane gon 7
= 7Agel AR FHAYHl FRAA g pxe HBe da madd Aol
AL Yujsted nAYAEEY 7| EAHS U oA Oon, BEHYR T BAFEAYo] o}

AHe A BE gho] 7
B R
EAHE

io}‘ﬂ THIYEA ]
B0l FoHes dHEde Al
&4 %@hﬂm 319 o
7EA BEA ALY 2
A7bete Aol FHIEH FH
4 e afdds & + Ao 2HG/GRLY

e FHB Y FA= ofnlst=dl 2HB/B
A Uebstth. MMD/SMDS]
fmegol S7tests A dEd 7]
(e EgEAA A BE Zraste wn
EHﬁiﬂi 1 3 71EARYRES E9h7 1:3Y
g 7w HRS. WTY S7hs 3719
2 25749 Z715 Juisliy 7 EAHSUL: 3
SARA BE I gro] Faste F7] FhFol
Zo]E9y ok IVENRTY Astet Ux|ET
gtk ABFog sFEHSYLE EFLAAY JE
< REHYAL fosizo, "yl dF 54
of AX ALR uEY AA T uHsA HE
she SAE A EA 7|54l FE AR A

3o gekA w29 gE FAA7N7 AA =

oy ot
i1 ol

E
7

LN S wl . A w A== Ay S [ l-}&rlogr}o{vﬁ

> 1o oo BB

oo ﬁ
£

o 5L
o3
g
|o

N n_._, (o r}op
l-ﬂJ

fm
o
o

b

| 28 | s g7pssks)A] A 20 F A 15

. AEdete BREANYR A2 ¥
gro] Eol5HA o o7t wFo] Folg
on, o EA4L &
a5 gowA g
of R=gA wmetgoez
o, E3 FIAARAe 7 3
il Foll slola, daol B

o guozq ¥
%@ﬂﬂﬂ-&“A %
Folgitt.

2 RS BREANAR 2L AYIA
3 goku7l 43 BAA QA WA 2 o
20 Adugel Ba d%4e] FyHe I
Yol Fobth EF AGAFH wop A
wgo] et Huyol PO, Seolx
A3 e Ael SRR, BFIAALMIV)
7t BE grastel Ede] Wy Arh g0l
B5RhIAY T g HEEol ¥ MMD)
SMDS] @47k FRaA ekttt

B opoh B EL Ao (9 mo w3 YE M oo

Jé% FEA71=H



JIEM/EL: SEENHM st stXts AT JsH &4

A9y EGAE EYE g o H7 27, Koshi
L 74391, Numeri®} Fukurami= 2% 27}
AT ol Z|EAN2UE EHEAAT HE
o] $EAYAT dmePHon Bego] P4
58S duitit olg Bgoz L& THV
£ WAY FE st BE JHEAT FE
A Zegon, euegde Eaugol 3
d of THVZ} 7H8 Sotfith. Zndo g 7| E4AF
e EHSAAY AFe REAL 19
oy, 011 gk 3 &G0 AA AA &
P wgste B4R ag2AY 7%

ANEIRE

o] B2 20061%E ARAYY@EAARYPE 8

AL GEDL R AT ATY YE

o} o] 75 9] 31 (KRF-2006-D00467), U= 200815

E RAgsE d7uo] oste] ATEY
FHn2H

1. H- W. Park, E. J. Ryou and H. S. Bae, A
Research and Analysis on the Design of
Dementia Patient’s Clothes in Domestic, J. of
the Korean Soc. of Costume, 56(6), 45-57(2000).

2. J. S. Lee, S. 1. Hong and D. W. Jeon,
Synthesis of Crosslinked Chitosan Phosphate and
Its Metal Ion Adsorption Characteristics(1):
-Crosslinking and Phosphorylation of Chitosan-,
Textile Science and Engineering, 31(12), 966-
975(1994).

3. J. Xu, S. P. McCarthy, R. A. Gross and D. L.
Kaplan, Chitosan film acylation and effects on
biodegradability, Macromolecules, 29(10), 3436-
3440(1996).

4. J. J. Kim, D. W. Jeon and J. S. Hong,
Technical Reviews and News : A Suggestion on
the Chitosan Application in the Textile
Finishing and Related Sectors, Textile Science
and Engineering, 32(8), 705-712(1995).

5. K. Simpson, Using Silver to Fight Microbial
Attack, Plastics Additives & Compounding, 5(5),
32-35(2003).

6. S. H. Hong, R. Kim and C. N. Choi, Deve-
loping Trends of Technology in Anti-bacterial
and Odor-preventing Finish, Fiber Technology

10.

11.

12.

13.

14.

15.

16.

17.

and Industry, 2(2), 286-295(1998).

H. J. Lee and S. H. Jeong, Antibacterial
Finishing and Laundering Durability on Woven
Fabrics Using Nano-sized Silver Colloids,
Proceeding of SOTSEA, 141-145(2002).

H. K. Seo and J. J. Kim, A Study on the
Change of Hand of Chitosan-treated Fabrics
(Part 1V), J. Korean Soc. Clothing and Textiles,
22(8), 1079-1089(1998).

. S. Kawabata, “The Standardization and Analysis

of Hand Evaluation”, 2nd Ed., The Textile
Machineary Society of Japan, Osaka, 1980.

G. Winakor, C. J. Kim and L. Wolins, Fabric
Hand : Tactile Sensory Assessment, Textile
Res. J., 50(10), 601(1980).

M. J. Park and S. K. Kwak, Changes of
Mechanical Properties and hand Evaluation of
Shrinkproof-Finished Wool Knit after Washing,
J. Korean Soc. Living. Environ. Sys., 11(3),
198-205(2004).

Y. S. Shin, S. J. Kim and H. Choi, Effect of
DP Finishing on the Mechanical Properties of
Cotton Fabric, Textile Science and Engineering,
32(10), 919-927(1995).

Y. M. Jeon, T. W. Son, M. G. Jeong, M. J.
Kim and H. S. Lim, Mechanical Properties of
High Add-on Chitosan Treated Cellulose Fabrics,
Textile Science and Engineering, 40(2), 177-
188(2003).

S. S. Kim, J. S. Yang and J. M. Choi, The
Evaluation of Physical Propreties and Hand of
Bast/Man-Made Fiber Mixed Fabrics, J. of the
Korean Soc. of Clothing and Textiles, 24(6),
828-837(2000).

C. I. Nam, J. G. Kim and C. J. Hong, Effect
of Surface Finishing on Tactile Properties in
Wool/Tencel Blended Fabrics, Textile Science
and Engineering, 37(8), 479-486(2000).

S. Kawabata, M. Matsudaira and M. Niwa,
Measurement of Mechanical Properties of Thin
Dress Fabrics for Hand Evaluation, J. of
Textile Engineering, 37(4), 41-49(1984).

K. W. Oh, C. S. Kim and H. M. Choi,
Application of Silane-Chitosan Mixed Solution
to Cotton Finishing (1), Textile Science and
Engineering, 34(12), 822-829(1997).

J. of the Korean Soc. of Dyers and Finishers, Vol. 21, No. 1|29 |




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


