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Antimicrobial Activity of Fabrics Treated with
Colloidal Silver Solutions Made by Electrolysis and Reduction.
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Dept. of Fashion Design & Textiles, Inha University
(2004, 11. 22. 85)

Abstract

In recent years, greatly increased incidences of diseases made people more concerned about their hygienic
environment. Since clothes are the closest environment to man, many methods have been proposed to impart
antimicrobial properties to the textiles. Benefits associated with incorporating antimicrobial properties in
textiles include protection to the wearer from microbiological attack, and prevention of odor from perspiration.
Silver has been known to kill 650 different disease organisms, however, nano-sized silver particles are known
as skin friendly and does not cause skin irritation. In this study, we have examined the antimicrobial effects of
cotton or polyester fabric, on which nano-sized silver particles were treated. Colloidal silver solution made by
electrolysis of 99.9% silver stick was more effective than that by reduction of AgNOs. 0.7% concentration of
colloidal silver solution by electrolysis is helpful to give reduction of 99.9% S. aureus and K. pneumoniae on a
cotton fabric without the decrease of whiteness. Since the structures of fiber and fabric effect on their
antimicrobial property, PET filament fabric didn't have sufficient antimicrobial property. The fabrics treated
with up to 5% colloidal silver solution didn't have the property of antistatic and electromagnetic shield.
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Aol e Hod 22 AAAE F 29l ¥ 71 AA Aol E£4e AL ST Y Al F94)
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FEE T4 4 ANEL AFES Taty AR 3) = X2| AE29 &g 53
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1027 swwkale] X 2jeh 3 37 oM Azslct.
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B=HEAIZE 09| Al M AN E Al 5

4) 2o B8 U Y= =Y

AlE E o] WAbg-2 A2} (Color-Eye 2180, Macbeth,
USA)E 24 D65, AloF 10°041 2743815921, 520nm

ol A 9] WEALE, Gantz M= |42 ZA} w3l ). o)
S (whiteness index)X|572] AlARS T8 A3} 7o)
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5) MI&
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6) SEM =X
& BROlE $9 02 NP A & QA B
= QHE geUsh) Aotel, RS WFo 9@
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Fig. 1. Test Equipment Setup
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P #3 HESAS ol P32 JERA
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Fig. 2. Reduction rate of S. aureus on the fabrics treated with colloidal silver solutions, which were made by

electrolysis(a) and by reduction (b).

8

P - S ~> B o ]
s 8 8

Reduction of Bacteria (%)

N
[+
1

0.7

25

5 13

concentration of collidal silver (ppm)

(@)

(b)

Fig. 3. Reduction rate of K. pneumoniae on the fabrics treated with colloidal silver solutions, which were made by

electrolysis(a) and by reduction (b).
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AQLYS AP FRejz WEOR FFo] Bk
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ujste] AN Be 28¢ 7T ek aejskd ©
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99.6+0.2%2] AFAFE YW ot B AdoA
AASHHOZ & g9 2 24 o) ¢xt) ¢
e +0.1%2, & 499 FEE 0.7ppmET} &
TEE 3= ofEuY. FdYez ARG &
ZRo|=gNe FE sppmelA 97.542.6%, 2.5ppm
ANX = 96.8+5.0%] + ZAE&S YeRd). S+t
7tE A4 FFAe dFrFEe] FAHUAE
oy Antrg oz AXA 95%0]4, Mg Ald=
90%°) 4] ol AAE w) dFsHe Aoz 47 3l
o Z3EE ggHes Az} & gdoze
2.5ppme)/de] FEE WAEL X239E ool F
F4L YeEdg @ 5 gtk ZYd a2 HaE
FIHHE Ee 2HE AF EF SppmER=Y &

ez AYHAUS WAl 95%01de] Fgade

AC)

] before EEHH 1st U 2nd washing
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K
@
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<Fig. 3>9] K. preumoniaed-2 HEN9E A
Nm A7|Es ] o8 Azg & fAoz AE
A ets A ols FEEHI} oS 3t &
FE 2.5ppmO]del 4= 99.99%0)4, 1.3ppmE 99.9
*0.2 %, 0.7ppme 99.6+0.8%2] 4L VRN
ot SR AR & FRol=gHoz A A
Ne & &H FE 5%ANAM T 99.140.5%2] &+ Fag
2 95%0]%e] AA=GI. o2 £](2001)= HA
=l $EBoR AE = & &4L 100% wet-
pick-up2 2 Y F Ax, A=)} FAHHE A
Gt 7FEoNA S aureus A 100ppmol A, K. preumo-
nige™ 25ppm°]/de] FZolA 99.9%2] A& el
WHSS Basty gidh ages B A die g
HEANA WS Fe FET FAFOZ AT F U=
wgole} & 4 Yt

7] 70 & 2ol AR o3 & &9
L2 AAES AL W] FFAHL S aweus
9t K. pneumoniae| 4 2}ol7F gl 01}, Brg ol
= S aureus’t K. pneumoniaeX tF 3315}, A
Fed LU 2 AEAE dREadrt glenz v
3l AL H urt gle Ao AztEd, FYg
& ARES Ae] AFE AFET, o]2] 22001
Wye] dAelA e HAE Vi 2 A Al S aureus
B} K preumoniae®} ¥ THog0] B Fhot, Hg
oiHE BAXE AR o]FF, A4F20019)9
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o
T
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=
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Fig. 4. Reduction rate of S. aureus(a) and K. pneumoniae(b) on the fabrics treated with colloidal silver solutions
which were made by electrolysis, and followed by washing
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2 Aske el daMe & YAt EeE
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Fole YREMt HolABe Fayol 278
we} e she Aol s,

>i fo ook

2. 520 Wz

HEANM S. aureus 9 K. pneumoniae’= B 13] Al & s 37 F e 8 Fo # 5EE 5
3 Fo Fridol A WolHM A7k T4v%st 87%e]  FBOE e ML HA HBE, B 2§92
FFYE FRIROG FEAS T sl AR Bol & £ He) A% vaP WA
EST BAYOR AT & S WY B A W3HE B8] d8kd BE Sppmel & Tzol=
3t 138 AgstdS Wl S aqurensdll E o ooz A s FH L <Fig, 5>9 2o}
AL 2 5ppme] £ 59%, 1.3ppme 34%0| A1, WA Eof 5ppme M0 2 A2 dH e A v
K. pneumoniaes= 2.5ppm9] 88L& 27%4] & g 23t, & 88 Azl FAIglel A wge)A
& eI, 13ppmol S # gl YehiA  ARERUO) Hejol Holol 18 B ohek W
oty aHEE Brls & geloT WARL 10 & 7AdA T o8d o Evlele A%e nY
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oeee
ﬁwmﬁeﬁmmwmeéﬁ"
704 _,ﬁs ]
S @“WWMMWQGQ‘;Q
g 60 1 ¢
c
s
[51
g s0- ;
)
cr —u— control
40 & glctrolysis 1
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300 400 500 600 700 800 300 400 500 600 700 800
Wavelength(nmy Wavelength(nm)
(a) (b)

Fig. 5. Reflectance of cotton fabrics(a) and PET fabrics(b) treated with colloidal silver solutions (5ppm)

Table 1. Reflectance and whiteness index of collioidal silver treated fabrics. (standard deviation)
Concen- Reflectance(520nm) Whiteness index
tration Cotton PET Cotton PET
(ppm) Electrolysis | Reduction | Electrolysis | Reduction | Electrolysis | Reduction | Electrolysis | Reduction
0 73.3 733 - 639 63.9 69.9 69.9 66.3 66.3

0.7 74.1(0.6) 74.7(0.5) 63.4(0.4) 63.9(0.4) 71.8(1.1) 72.2(0.6) 66.2(0.8) 66.6(0.4)

1.3 74.9(0.3) 74.0(0.2) 63.8(0.5) 63.5(0.3) 73.2(0.2) 71.3(0.6) 66.5(0.4) 66.3(0.5)

25 74.8(0.4) 74.0(0.4) 63.3(0.5) 63.6(0.4) 72.8(1.0) 70.9(0.6) 65.7(0.7) 66.1(0.5)

5.0 74.9(0.6) 74.2(0.5) 63.7(0.6) 63.9(0.4) 72.4(0.7) 69.7(1.0) 66.4(0.5) 66.1(0.3)
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o7t gE & 903 A HE 9 520nmel
Ao} BhALe-F WEXGE <Table 1>9] YeR i
HAEE F5 Sppm7hA| 9] & S o2 Aesid &
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Fig. 6. Color change of colloidal silver treated fabrics.

SE BLPOR AR sppme] & §HOZ A
A B ASdTE £ gelos AYNLE B
AEuTH Wt FksET 28U FEo} S71e
W USE gashe A Holr, Azl me
NE Ar1RAE R BAEoE Axsa U
Mt e oItk WSS IAIAS B A

HEd L*a*b* o|A] L&
a*o} b*3he dol Ade <Fig. 6>3% 2t 9y
9] sppmS A9 F3 sppmolstel FEE MG E
L aznc 24 76} Boo #ey 707} A
e o= st MErt 24 Y oz A7t
& 57t 2R AEFEL & U §
olAW, AP ET} FYgoz A & &
g JENA H& 7|07t o Ben, 0|2 sty
NEst A HAeS ¢ F Uk
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2 YA Aol FEH gl A E A7
o2 A% Ae <Fig. 7> 2ok 2 YA =27
E nmdlolnR & ate] 1L fdMe v
Hlgo] asht 23t & st ol F33 2 ¢
Ahe] 7} F3) Hormz FRlo] ofF ¢ Helr}, EF
Aol ek & JAE FHHORE gels] A
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AT 2 A Fel] ARE 7122 2 A A
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Fig. 7. SEM phographs of colloidal silver(20ppm) treated fabrics
(a) cotton(x2,500) (b) cotton(x20,000) (c) polyester(x2,500)
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Table 2. Attenuation of cotton fabrics treated with colloidal silver(5ppm)

Frequency Attenuation(%) Attenuation(db)
(MHz) Electrolysis Reduction Electrolysis Reduction
50 18.8 19.8 1.5 1.6
100 19.8 19.8 1.6 1.6
250 61.8 60.7 4.2 4.1
500 10.0 9.2 0.8 0.8
750 6.0 10.9 0.5 0.9
1000 12.6 -38.8 1.0 -4.3
1250 389 26.3 2.9 2.0
1500 17.1 20.2 1.4 1.6
Aol (HE AAfe FBAl] T £ Aloloj £Z Table 3. Abrasive electrostatic voltage of polyester
gojgds YAELS B 4 9t} 0|9} o] WA R fabrics treated with colloidal silver(5ppm)
He A8 1z EAog Bag £ Jd= & 4zt Abrasive Electrostatic voltage(V)
Z=7} ol A BlgAlo] Egton} EgdAHE Cloth Control | Electrolysis | Reduction
FaEZAE A6 & Alold] Y3 Yo Cotton 4,000 4,400 6,000
U wA gl Blte] Ry} v et BaEE Rt Wool 6,900 7,100 6,700
47} e Ao 2 AlRSH, SEM &9 /] 2ol '
24/ AAEE AA7E dte] aufgelx e stH BA77E AA 8 Al BU3ER =64e Tt
o] Brbssirt. Ae 34 EFard F2719 Aol wAdY. 2
HEZ Sppme] FRo|= & fdoz ZFLHE
4, T} xtH| o AE-g APt g dol e BaqFE 4
3t A= <Table 3>3 2t} Sppme] & §H 02 3
HT GG HFYH J=E 5 AAAFE 2 Zeo2E 2 e HE2 FA% & gAt
g3k Alke] F53t ol JAAAIFAA LA 7t Aol 73 YA X3 A npRviR R,
gz A7) AA ] i Fadel g Fadol hrske] AaEA s BoEn. I¥ER &Y
A3 12 JE AAolvh. AApTtel v} vk 22 Ao 2ol W] mjEd Bfole I
AREAE Ao A7 A dEshed, dfe Az A hRAd Y 2aE 71dEr] oy oY
RERelRE A7 AER/L & 345 e A gE AR, 2IHE B G 22 SME
A AEAE F74E S A Bk 2esled A ARd 23, 23 B 4L F Do) e9Ah 22
N AEET 2 & oleg AR B Hestee ol s g s Bk AshE 5 e Aoz Y
A AR 4 AFF A FIHE <wble2> ek
sh b & A2 WATAN AT AN &L
60%° o2& FI5 FG= 1ot ddbol vl 2 A v. 4 g
298 7T @ 5 gon, Felolads 4fl
M A Az A a7t vdehtA] g3tk 232 99.9%2] £& g 25°Ce FEE FolA YA

2 RABANE B8 4do] A5eA gorl &
FHE PE 2R & §92 APsAL el
£ AT AN EHE ZHe] - 8+ ek,

5 Y
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oy
oX,

A

=
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-812-
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Zd~H =2 AES AE F Terg-o-tometeroll A 10
B2 A2 sld2 el Staphylococcus aureus(ATCC
6538)9} 233 Klebsiella pneumoniae(ATCC
4352)9) A3 Bed AAL 2AEY g 2
S AT
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