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Application of nano-material to the textile and biomedical materials
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The aim of this project is to develop an antibacterial textile by
radiation grafting technique. A textile should be soft and comfortable;
therefore, antibacterial materials need to be very small in size to graft on
the textile. In this point of view, this work used nanosized antibacterial
powder and two widely used fabrics, Nylon and PET, as starting materials
to prepare antibacterial textiles.

This project was carried out in three parts. Firstly, the nanosized
silica powder containing silver(named Ag/Si0,) was introduced to Nylon
or PET (Polyethylene Terephthalates) fabric by means of v -irradiation.
Secondly, the nanosized silver particles were reduced and deposited on
the surface of fabric by means of radiation reduction. Finally, the organic
intermediate such as PAA for connection between antibacterial powder
and fabric was also investigated. The microscope, TEM, was applied to

observe the size of nanosized antibacterial powder. The scanning electron
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microscope was applied to study the surface structure of antibacterial
textile. The silver amount of antibacterial textile was measured by ICP.
The silver amount of antibacterial textile synthesized from radiation
reduction was 1.8 wt%, which was the highest silver content among the
methods used in this study. In the other hand, the textile containing
Ag/Si0, had low amount of silver, 0.5 wt%, despite the 15 wt% of
powder deposited on the fabric, because the powder contains merely 4
wt% silver. The Nylon irradiated by v -ray with addition of PAA
decreased the silver content from 2.15 wt% to 0.83 wt%. On the contrary,
the silver content of PET increased from 1.08 wt% to 3.04 wt%. Finally,
the antibacterial textile prepared by radiation reduction method was
subjected to test the antibacterial effect. The results showed that
silver-Nylon and -PET antibacterial textile have good antibacterial effects
against Staphylococcus aureus, especially the silver-PET textile having

99.92% of reduction of bacterial number.
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(3) ¥ By

AERHE A F P AR B L L 2P (Y B )
HA RS Fho™ > Tk o 5<100nm - v & G 5 302 mY/g( 5 < 4
RPREF % E) 5 4E 5 3.8wi%( 5+ L R4 EDS A5 iK) -
FORAFREY 2 SIHoF BB ERE R Y TR
A Lpp PP R ) BTk R L 2065 nm 0 v & G A 5 7004

30 m*/g

(4) 77 B
AT Y IR SRS L EY L2 T
R F geng A+ B & 4 0 4 Poly(acrylic acid)¥? Polyvinyl alcohol

A5
= o

Poly(acrylic acid): # B 5 PAA> » F & Mw=2000" # B Aldrich = # -

1

Polyvinyl alcohol: # B 5 PVA» &~ 3+ £ 7= 5 Mw=2000 - # & Aldrich

AN

(5) pd A % #| Isopropyl alcohol: i #5 IPA> p & TEDIA = & »
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(1) o RSAE
R A R g PR L ot 45 SRS R 0 §F SR 5 Co-60 0 i b5 A

50 § A2 o

(2) Bsp i FRAE 2 42 § it F > Labortex Co. LTD. Model
PAO, NO 461 -

B) e @5 2T FpESFE - %K Ohaus 2 7 TP4KD 73 -

4) BERABEER BB EAL 1100C > BREEZ 3 A2 §
RS F AR FIFRL G AR
Lindberg/Blue 2> # #7#i$ » i@ * 9IP f2;V B 7 % o

(5) B F#AEE T ¥ B 50-1800 rpm crfid 17 5 ik R R

(1) #Fps 3" 7 + B ics(SEM)

i BRER S ARRYERE AR E BRI RE L) o

R# ¢ Hitachi =t @ S-800 scanning electron microscope 4 o
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B ¢ Hitachi > & H-7100 transmission electron microscope %] o
FEE D CESFLRRAET S HEMKREE -
(3) X 3k 4584 th (XRD)
iR AT ENE A fdp o
B Mac science 2 & MXP-3TXJ-7266 4] -
pEL A ENL K R KRBT o
(4) % 5 # B TR (BET)
i A FAR o R R A SR A G A
B Micromeritic = @7 ASAP2010 7] -
A L L EN T P
(5) & s & T R4 #f %3 R (ICP)
ik BRlGEY 1R

K4 © Perkin Elmer (ELAN 6000)



B Hitachi =~ @ Kevex Delta class 80000 3| o
Fg o SR AT HKRT -

(7) X & £ 7+ i # R(XPS)

B 0 % B VG MICROTECH, MT-500
BEEL DEAFML AEFRETHRE -
3.4 F % 3
3.4.1 {8 PR bt A2
ARG AR TR B R e B G W R B (pre-irradiation) &2 {5 PR &4
(mutual irradiation) = % 4 o {$ P& &+ (mutual irradiation) & A F § & F
BARBBRJILIE B g GO AU R BRIk T B TR SRS H
R
(Dp Lpfp ez iz -
(2) #-Nylon-6 22 PET # 41 % & 20cm x 20cm 2. = ' -
(3) #-Nylon-6 £ PET # L 7 > ol padlz ik ® 8] pF o
(4) B~ F 2 3.5 kg/om® 22 R 4 5 12 rpm 8 ¢ i 1B R v 45 SR i 12 -
ARl P dUR R o
(5) #Nylon-6 22 PET # #L % » PE 3 v K¢ » % L {2 4738 (7 {5 5T R

B o
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3.4.2 @ PR &t R JE (pre-irradiation)
7 BB 5 (mutual irradiation) & A F % & F AR B L K {F SR &
o B RBEFARREUS R DREJIT ‘5@’53? Y
(1) £ #Nylon-6 & PET # #1% = 20cm x 20cm 2 = !
(2) #Nylon-6 22 PET # #L % » PE 3 v K¢ » % L {27 4738 (7 {5 51 R
B o
(3)#- Nylon-6 &2 PET % 4L 5 2 Al 4L in® » 22 %IEE % b2

e PR o

35 ar |1y 3y

AL ICP(R 8 & 0 SR k) R RIgG S R S {2 e

Sz E o BHIL
(1) edg 34 AdB 18 e ol b T 1B~ Wy g ek 3 > & % 500ml “E+4r
\:1 o

(2)4c » 10g eV fs 1 4 B dUR 137, 2 B iR 4T -
(3) 4 » % B3 -k 3 500ml > ¥ B~Hi& {7 ICP £:8] » # Xppm

D BEREBFRDHR L Lgom’ PR EPREE L

Agwt% = (xx500ml x1g/ml)/W,g x100%
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B S - Ar s P AFETRAFS { F 7 B 428 Nylon
FePET e ARG & o d 202 3 VP ¥ &3 P (4o o 2 F ~
B HRHEE) LGB N8 583 A 5 4p % & [Hayashi et al,
2000; Teshima et al., 2003; Sulitzky., 2002; Wall et al., 2001] » #7121 A=
T PAFHABABGHEF TR TN LR ITIRAER S L2V
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412 7485 CF 2 F
FoeEApEHEY £ L p 2235 MFS350 2 7 f st/
B F P BEW(E LR AgSIO) BRAMEF 4ok - 2757 o d B3
Aip e ¥ A P RS F RS ] 2t 80nm 0 7 AE 5
34%° 5 1 ERES LA § PR E fLaEsapth o AR g
FRME R AR RSV L FRITRERELWIET - B 1
BALE P 2P R ol B RFETALS § PP e SEM o AT Y
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BET " 2 fERIEEHE TP E > M2t Laff i 302

m’/g > B T gk i L 86nme ¥ ¢t fEd EDX A4 A4 7R
oAl BmET A3 PP Ag 7R 5 38 wit% o SFE N B %

AL Lpp 2P afisls § R BEMER S Ao ekl -

Table 1. % i B4 42- § & F 2 rdp ik o

5 RI3E i i
PN R | — MFS350 MFS200
#o 4R X sk Hebt ik 2E s 4R 2t 6o 48
_[FENEFH .
R e s e <100 z 3 <80 % ¥
L B Rl IR R B4k
L2 T | — <980°C <950°C
~R iR | XERER Ag3.4% Ag2.5%
RERE | 2FREi2 |0.25-0.45g/cm’ 0.2-0.4g/cm’

F- 3G APl g da oz iabWTA T < £

o RFE LG TR 0 FEGHEBEH 0 F RS €2 Nylon &

PET S A 4 Jkpr* »FIL AT H* L Lpp 272 %
E RIS DP)T S p 7 S P AFLER M S 2

Foralstd - o A% 2P FLEAPRF P LAB IR F P

B2 0.IM A4z R P 24 ) BF > g 2 ST ol Ry

Sew
1 -

ik s BUETS TRAURAR (A L AgSIOP) ¢ p (7 L 2 dednde

gx‘i

$IVM - F P EA s # BET W 4 6 #£ 5Bk 3 & 852 mYg o ¥
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IV F R R 0.IM AR AL R 14 0 450°CHE AT 1 )
PE(F A AR S R A 2 K AR I N S o F b T
AL FER ) H0 R G Tl AL S T 5 330 mi/g o ot
Elrggand Lpp 22 s F P PEH
(Ag/Si0,) » H Tiop st 8 % 8nm- B2 2 AFHE P (7432
F AR SEM B > 4 SEM %% ¥ % 8 5 k5] 3t 100m 2

;rk‘ 7}: 7}:’;'&%’_ ) —,‘ ]\;“J - /,ﬁﬂ/ "1}# % EDX /\ 7}% - 1 9Wt%°

b R ER LR A RS AV Y TR B F 4L i T X ) T R S

A /

FOILpItHe NREZEBRERE NP

BNy ;};@g’\;}ijﬁ;}éﬁ;

T
. Z yop o ;‘“ REmA |4k g8 2
| am) | T ey oo | oo
(m/g)

SP1 20+£5 640+30 <0.12 >99.5 >45
) R

DP1 20+£5 || 700+£30 <0.08 >98 >15

SS1 3045 160+£20 <0.11 >99.5 >19
B Sl

DSI1 30+£5 || 200+20 <0.07 >98 >10
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413 AT F L UR 2 AR E
& & FLE] & e 3o L 2 Nylon 22 PET #2783 7 § 2.5wWt%
AR FRY 8 SRR eRiFREN LS

30 KGy 18 2 45 518 SPH-FUR RS 2 F B £ B 1SR

—\

s Sk 2
/7‘3{‘ T RL J\ﬁ‘f

S W IF P A o B 3() 2 (b) A B A L As BT S PR A 12
"% > Nylon ¥2 PET 4t ch SEM BB ¥ » A BRI A4 & ' F
PSR SR T A TR T cE L e
Fate ko aRaR gk l0rs faE FE 0T

A A ,-;;’—,;amﬁv FF Bgg it B4 R ik o o
2 ",$ CF P HRBRRLEN Y Sd EEREFHE Baide
SO BTF R R B A ¥ TR EEI SRR 2 B

Foo B4 T EF RS fE S RO PR ST AR G RER

1F G5 e
d LR XRD B AEEHE AT G RS 0 LR T
Tt s 7R AR F AP ] XPS(Xoray

photoelectron spectra) #| #7458 F 8. F 7 7 4L A - Bl S 2B 6 & W] &
7 Ag/SiO, & Ag/SiO,P FijF#s 48 2. Nylon £2 PET 1 XPS 4 47 % 3#

Blod Bl 52 B 65 d it (Binding Energy) & 368 eV *tiT 11 I Ag 3q
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FE R 0 0 BT RETA P S R iR R § oA A
BU R 5T B o B FRTE SRR S5 ALE B A P I R A s
For e R e (IR AR B S AR

$) 0 £ * ICP TR InF 8 endlz £ o & 3 3 Co-60 P& 5+ 30 kGy #|

52 Nylon 82 PET @'asr s «hflz £ o d £ 37 i #5 M
Tengly £I0% E Iwt%r b o iR is R RIS BTk

e MA ALY AR G *g 4 35> Ay 2 PET %
Heh7 EBE M Nylon e 5d 325 i ke A7 1
STEE AR T & Nylon i o A% 5 152 16wt%e @ F &
PET & 4 6 b Ml et bl i FLjfhe #2287 ¢ “r 4 S/l
A B 5 5 W% Awt% o BE #5145 5+ PR B4 15 FLEH 88 1 ¥ T Nylon &

PET 8t eng B 5B 7 1B 16 wi% » L d P s £

b

i R BB wit% o % 17 Nylon &2 PET # fde425 B3o4p % >

B 7t 7 18 0.57 wt% o
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(b)
Figure 3. 77 + L p 2@ 2 4422 § 1 # 5 # oh(a)Nylon & (b)PET HfF) s>
%+ o

Figure 4. 37 ~ % % 3 W& 2 §42- § 1* # > &8 ¢7(a)Nylon £ (b)PET 7 1 %
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(a)AgS/Sio, P

Intensity

(b)Ag/SIO,

T T T T T T T T T T
0 200 400 600 800 1000
Binding Energy (eV)

Figure 5. z j (4 WP p 272 #8-F P pab)r2F & 763288
= § & 8 50 Nylon $L & 5 ¢ XPS k34 ] -

(a) Ag/SIOP

(b) Ag/SiO

Intensity

T T T T T T T T T T T
0 200 400 600 800 1000

Binding energy(ev)

Figure 6. z ()4 WP p 272 $#8-F ' Rab)2F & F&+288
= § @ B PET $p 0 5 XPS kB -
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Table 3. $F 4 P p 2P fR-F P BHMEATHA L5218
LR aHLE B o (45-60 BB E 5 30kGy) °

before washing  after washing

Nylon .

Ag wt% Ag wt% S10; wt%
Ag/Si0; 1.09 wt% 0.57 wt% 15 wt%
Ag/SiO,P 2.21 wt% 0.31 wt% 16 wt%
PET
Ag/Si0, 1.22 wt% 0.19 wt% 5 wt%
Ag/SiO,P 0.22 wt% 0.08 wt% 4 wt%
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42 % F RS 2 B
42.1 F #2195 4P8 5472

KA %% Gamma-ray RREV 31F -8 Ok BV 4 2F 4o

T A
H,0—>e,,H ,OH",H,,H,0,,H,0" (1)
H ¢ e i-ké& 7 3 (hydrated electron) > ¥ iF % B B 7 & (reductive

particle) -3+ L 4R = £ B4 H F 4o T #77 [Yin et al,

1998] :
Ag* +e,,— Ag’(reduction) (2)
nAg’ — Ag, (aggregation) (3)

AT AR 2R R4S MR e 4 5 0 F L ¥ Nylon
2 PET B2 2 A BeUARY 8 [ PFis » SRR gl
Fedliz i » £ ELPATATE (7 g SRR SH(BR S E 5 30kGy) © Bl 7 & B
8 & WL % M peslz Nylon &8 PET 4 a5 4§ & BB & 15 ¢ SEM P
# o B 7(a) = j7%& % Nylon & %1 SEM B ¥ » 2 & 5 & 437  fic ]
e o BRI PN R B LA A VeI 2GR 2

3 o APREED FEHRBHC O AFVEELS PR EHERZE
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B EARAARFY B SR F A BT L A G A S
FRA e 2P I AR RF I RN RS 2 Y IR
i CE LA SRR G 2 AU T BT A F R S g
BAEM FAREATEREL G BEORAT LR EE T 248
i+ o Bl 7(b) 5 Fieis e SEM R & o ] 7(a)7ﬁ¥—,;,.L 2
L IR R S AR 0 WY T e g 4 SRS ek S o
Bl 8(a)2 (b) % A 241 5 ;2 e PET 3 /T 45 5+ 5415 0 SEM &
oo FEF SEM SLE L% 0 e O PET S84 & 4L ff & G &2
Nylon # [r » 5 3% 5 bR G3pp R e g b 2t R PP 50 10 % i # o
e S AR AR T AR D 0 T T DB AR el 5

& PET 4 @ihd 6 » 4cB 8(c)2 (d)#7 7

Figure 7. % /Z# f&432 Nylon ¥ 5812 30 kGy | € 2 y {§ 5 PR 5415 2

SEM B ¥ » ()it » (b)iFikis o
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Figure 8. # i) fk 432 Nylon * 3 12 30 kGy #| € 2 45-60 2 v 15 5 P
§fis2 SEM BB ¥ > kit 2 (a)= + % 0 ()T * % SEM Y - &3

wid2(c) =+ R ()= F %2 SEMR* -

B9 % Nylon & 22 5 fif 4UR vx 2_ Nylon 4% & 55 4§ 54 B & sh XRD
B2 ® 9(a) 3 #IF & 2 XRD F7 t 20°~30°2 ¥E&T & R G

7| 5 ik o (b) 5 Nylon 4 » e $ & 20°~30°2 54 4 B 3 48 fr

it » F]UL A PR Nylon #8354 575 B 9(c) 3 5 AR ets

Nylon 4 % 5 4 54 & 54 15 2. XRD 175> 2 #38°27 44°4 u] 113 Ag(111)
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¥ Ag(200)z. XRD ;& * [Yin et al, 1998; JCPD #040783] e 4p & #c33 o
Fl A iR 9 XRD B2 2] 47 Nylon 4% i b 2 #¥ ik 415 {5 54 R 5
B 2d Ag BB 5 Ago

B 10(b) 5 B3 0.5M AgNO; % % o PET 4 255 Co-60 & 513
e XRD B2 o 22 B 9(a):h Bl 254t » BRexf A A4z PET s d
XRD B35 & f 20=38°F1T I BLALFd i o F] L 2 i %aiﬁ%gd XRD

B2 2% PET St 2 Al ie4 s dg st odis £ 2 d Ag B 5 Ago

’ (c)irradiated Nylon soaked in AgNO, ‘

Ag(111) (200)

/

intensity

(b)Nylon fabric

’ (a)glass platform ‘

T T T T T T T T T 1
0 20 40 60 80 100

20

Figure 9. (a)st 3 §* & » (b)Nylon ¥ » 22 (c)ff 84 PR &4 15 2 3 /2 7 #2432 Nylon
Xk Sid k2
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(b) irradiatied PET fabric soaked in AGNO,

intensity

(a) PET

0 20 40 60 80 100
26

Figure 10. X 3k ¥4 % 3% B » ()PET '3 > (c)dg S PR S48 2 3 % F A 42 PET
o
S .\F

FliF g2 XRD BIA E ) VL 7 g s s o St ql
XPS(X-ray photoelectron spectra)| ¥4k @t £ F 7 7 41 4~ - B 11
SR 12455 5 5 Ag/SIOr 8 Ag/SIO.P FEH M2 Ff 5 3 5 XPS
AdTRE R o d B 11 2 B 120 A& & & i (Binding Energy) 7 368 eV *i
ST Ag sg B HCRIE ] BT LR ETA RS S bR 3

LR
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160000 —-
140000 —-
120000 —-
100000 —-

80000 -
AD 5

60000 /

40000

Intensity, counts / sec

20000

T T T T T T T T T T 1
1000 800 600 400 200 0

Binding Enegry (eV)

Figure 11. E #4% 5P 512 T @l & 2 Nylon fjf > 5k 2. XPS L ¥ ]

140000
120000
100000

80000

60000 - Ag ,,

Intensity (counts/sec)

40000

20000

0 T T T T T T T T T T T
1000 800 600 400 200 0

Binding Energy (eV)

Figure 12. © 4245 & e 5472 “T & 2 PET +if > 5k 2. XPS £¥F -
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* 4 5 iSRS L ICP B IR[Fie 8 e 18 U0+ b3t
BE ey £ o B3 0.5M B L4015 % o0 PET & Nylon B a5 v-
ST AUPR (S 0 kA A B[ ICP R4 B G 11.57 wt%2 15.33 wit%
RS T F ‘@/%pt,é S+ 7 BN g AT 2N 1.08
wt% 2 215 wt% > g S AR F BRI A A R TR F T o ¥
b PET & i+ 7 £+ Nylon B » o i 1/ 2 PET % #n-k
MR o B Samz RE M > RIS RSS4LHF 7 & M3

Nylon % & o

Table 4. © #:i5 o P 5472 78l & 2. PET £ Nylon fij s $h2 2 &€ -

before washing after washing
PET 11.57 wt% 1.08 wt%
Nylon 15.33 wt% 2.15 wt%
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42274 p d A3 ",‘T? A Isopropyl alcohol
b 3o RGR R Ay SRS % 7 -k & @ + (hydrated electron)
LG AAFIGE b BY e gt Ao R WAR Y B
BRI NEREAFHE ARREOE B AT ARG R /f]‘
Sepd A “/T‘ | IPA(Isopropyl alcohol) - 7 £ - Nylon ¥ PET 4 &%
i@ i 4o IPA 2 VR LR i 5 8 | P 18 LB R o JeJ2 1 40 Nylon
22 PET & i & Co-60 2 30kGy | & pe &+ B B 4Lk 5 - B 13 2
7 =M 412 Nylon 4 45 Co-60 P& #4175 cra XRD Bl3# - G ¢ IPA *
£4 0 vol%H 4 I 30 vol% » @ Bz#+ ©i24 a7 Ag(l1)k % o 7
- B 14 5 3 A 42 PET % a5 Co-60 P8 54 1 XRD ]
o e A IPA* £ % 0vol%3 20 vol% » XRD Bl Ag(111)
e E T A PR > g TPA % & 5 30 vol%PF > A 20=38°%fiT 1 IR

Ag(111) 33 chip i o

Bl 15 2@ 16 » % 5 Nylon &2 PET #2433+ 2 4 [PA * £
Bl o it 7 ICP £ RI&LdF v » #75 gk aioe % 3 dp3 Rgie- o]
PFod 43+ 2 & W] 0 2V I3 TRE B R 5418 Nylon & M7 7 s

4y
D
g
==

BARTFIPA * B2 A5 %0 R H 44T 5 £109 4 2 wi%

o ¥ — G o SRS PET Btz i+ 7 £ RIH X

_‘\
ik

[PA* £ FR- BRA XU T35 2 IPAERE 0vol%I 20 vol%
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2B S FREF IPARAN A 7% > 25 IPARARNT 30
vol% » 4L+ kR X B & 3 1.37 wt% -

Bl 17 5 Nylon & 2 3 ;‘%;';’F v e vt ) IPA e 0.5M B B 403 TR 2.
SEM PR & o g shde » f o K2 kA IPA £ 0 B Bk A
BN A s r IPARER AT B oo r 10 vol%2 20 vol%:h IPA 1
AR AL SR R 18 & Nylon B4 6 Af— & #5 T Bz
AU S K o F ik SEM enREg B & o W oy Hog Tl sl S R &
B9 LEIARS 2 0 4o 17(b) ~ ()7 > @ * 20vol% IPA i
T gl S 3R 10vol% IPA * B A4 o ¥ ¢h 5 10vol%E 20vol%
IPA # £ 527 » Nylon #2427 £ 2 ICP £ p|eni & 4 B 5 1.60

Wt%2 1.96Wt% o £ 7 7m g L IPA * £ 52 | 30 vol% » Alit F
koG PLET %f'J?f? BNk K AR £ o 4Bl 17(e)& () > @ ICP £
PI4LT B E 5 1.82wt% o

B 18 & PET S 3 &7 40 7 e vt ] [PA 60 0.5M A ik 4373 i 2

SEM P& & o 2V iEgaR4e » pd A3 ",ﬁ%f??l] IPA ¢ » 40k + & PET %

PAFINE R IPAFFT oy & Nylon 87 o4 > 10 vol%

2220 vol%: IPA {4 - A e 41T 45 54 B 5t R 12 & PET 2 4 & A A)
= K2t Nylon s LU %3 o 8L~ 4ol 18 #9753

3 X i%_};ﬁtrgj_: ﬂ = » ZNPE U IR LLJS#}&Q{*—;—/E’] ~— 323
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L 0 R G ekl b BTG 2B 4o 18(b) o F 4 TPA
AP F R 20v0l% IPA * £ eniE 2T 5 2 K 4UR S KA 5]
4L 10 vol% IPA * & F § % ik > 4B 18(d) o ¥ *F » 10vol%
¥ 20vol% IPA * i 2T » PET g er47 £ 11 ICP £ B ehid % 4
B 5 0.72wt%£2 0.79wt% o £2 Nylon L af i s3> 7 4r 30 vol% IPA
2T AR AR AREL G P N AR AR - KB

B b0 4o 18(e)~ ()77 o @ 2 P iE it 2 s £ 5 1.37wit%

F 5 e

-n\.

# 0 10vol%%2 20vol% IPA * £ gk a4y B i 3
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Ag(111)

(e) AgNO, 30 vol% IPA

intensity

(d) AgNO, 20 vol% IPA

(c) AgNO, 10 vol% IPA
(b) AgNO, 0 vol% IPA

20

Figure 13. (a) Nylon &% > (b) z RA 4L (c)Z = 7 7 10 vol% IPA 2 A4 >
(d)20 vol% IPA 2_ & ﬁ&é‘l ()30 vol%z it 212 Nylon #+ » 15 g 54 8 54 15 ch X
k SEbT Sk R o

Ag(111)
(€) AgNO,+30vol % IPA

(d) AgNO_+20vol % IPA
(c) AgNO_+10vol % IPA

(b) AgNO_+0vol % IPA

intensity
| I I I I P N N I P AN (N P N A P I A e |

20 40 60 80 100
20

o

Figure 14. ()PET ¥ 3% > (b) 7 A a4 (c)z = 7 7 10 vol% IPA 2 A fe 43> (d)20
vol% IPA 2 & it 42 » (e)30 vol%2 7Y e 432 PET & B » 545 o B 54 15 ¢ X % Spq
B o
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Figure 17. (a)*x = 5000 &
5000 # > (d)*=+ 10,000 i

1> A

SFRET

S 2=
=

2

()
> (b)i % 10,000 B2 7% 7 3 10 vol% IPA » (c) *+
53253 20vol%IPA>(e) *x+ 5000 & >(f)*c+ 10,000

30 vol% IPA 2 & fit 420 Nylon 5 3 /545 5+ PR 5 {5 ¢ SEM & &
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%% 10 vol% IPA » (c) *+

(H
Figure 18. (a)* + 5000 & > (b)*c+ 10,000 & 2 %
5000 1 »(d)*~ 10,000 & 7 & 5 F 20 vol% IPA>(e) *c+ 5000 & »(f)*c+ 10,000
‘o A 2

Rl

B z&x% 7 30vol% IPA 2 &' 429 PET 5’;%‘« =45 5 PR 6115 e SEM R 7
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3 #¢7 PR i
Py b isfFE T ¢ TG s E R B [Kim and Saito,
1999; Yin et al., 1998] - Poly(acrylic acid).5 % T 5 & = 3 F 3 0¥}
BWREIHEFLRENEEH S ¥ - > 5 PAA & ¥ S HE RS GH
Mgl b- A FPr iy AEH Y- F LARES T REK A
SfEpee? B P A SR E oo
BAAFET RIEG AR TR R 24U G A PAA e
£ 1:1> 2 0.5L 00.5M AgNOs 3 % ® Zi 13.5g PAA -+ % #-Nylon
2 PET Rz » 3% ® 8 PFFis R a? o Jed? {8 1 Nylon 22 PET
i & Co-60 11 30kGy e £ BB & 1438 R 4k 3 o
B 19 5 §5 54 P 5 {5 Nylon S a7 SEM BB 5 - o B 19(a)™ %

I Nylon a2 & 4p 5 ki i3 4ol B 17 £2 18 — k40 F L fi

BAL o L0 [ Fepiiads o APKacs 5L 110,000
f:;., e uﬁ}l’;m NleIl R CREA IVIDR K‘T’? }é] i #;: o 3\ f}”aﬁi?'}
P R E AU PAA TR STRR 8@ d243Y Nylon a4 6 72, = o

v

3 BIf3 Nylon S 808  ICP chE Rl % Hns B3
0.83wt% o ] 20 5 {5 ¥+ b+ 15 PET 4 %0 SEM B % o d § 20(a)7
=

v hEata - RIS 4 RIS BLPAA Bt

(radiation grafting)** PET @& & #7350 o 52 7 { B wp R B A4 5
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AP R A T 5000 8 0 bR AR G G SRS R

'\1

dhAz e o SR i LA PAAR G E 7 R R sl S o
255 PAAHE Y 817 £ P 5 ¥ Nylon g am 3 4 » PAA
mopR bR E 0 d 215 wt%'# I 0.83 wt% o e §_> ¥ PET
Blam ’p‘/,"j‘ ‘v PAA FrE ey a7 F o d 1.08 wt%k 3 I

3.04wt%

Table 5. PAA ¥Hig 6+ fR 5415 2. 3 5 7 AL o 58

Nylon Before washing After washing
0 PAA* 15.33 wt% 2.15 wt%
1/1 PAA* 13.43 wt% 0.83 wt%
PET Before washing After washing
0 PAA 11.57 wt% 1.08 wt%
1/1 PAA 15.61 wt% 3.04 wt%

*0 PAA 27 A 4L 1/1 PAA &1 A Fealiz it @ 5 i e » f £ £ 0
PAA -
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(a) (b)
Figure 19. (a)*x =+ 5000 £(b)10,000 4% 2. Nylon <7 % 2. SEM P&

BoBERIE A 0.5 2 0.5M A BRALA % 4 » 13.5g PAA 12 30kGy

A £ P8 5+ Nylon % 8 o

Figure 20. () % 5000 £ (b)10,000 # 2. PET i 5 2. SEM & ¥ «
FEER D A 0.5 2 2 0.5M A EE4LA % 40 ~ 13.5g PAA 5 12 30kGy

# 8 [ 5t PET &3 o
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44 7 REHR BT E PP T

f 15 512 (8 RETAJIZ > AFE T » FIH A RS D RS aIL (8

&

(pre-irradiation) H 41 3 £ e 1t o w0 5 S PR S RJL 2 LS B2 &
H Y 44T 0 Nylon & PET 3% L o st pe s 30 kGy 5 » %
»EFFREARRY LR RERE S A E AT L TR
2 FLE g

26 LW MHAI GRATEL 0 £ 4 HRHAI DR
Fkts iy 23K 3273 2 0.1 wt% o H R Fl3 = > B £ Nylon
9 PET S gigsfRotts - 45 1A 2 chp d ALEF 5 508

R S Ge s RN B R AR R Y e o B - 0 BRAR

+ 2 -k £ 7 F (hydrated electron) » {2 i BB b+ AT & j2 4% £ % B vk &
TR E R o RRA AL R Y S o

Table 6. 0 BB 5+ ¥4 prah 417 & B o

bef ore washing afte

sampl e Ag content (wt %)

0.5M AgNOS3 0.141 0.01
Ny |l on 0.5M AgNO3+10vol % I PA 0. 164

0.5M AgNO3+20vol % | PA 0.172

0.5M AgNO3+30vol % | PA 0.012

0.5M AgNOS3 0.191 0.00
PET 0.5M AgNO3+10vol % | PA 0.

0.5M AgNO3+20vol % | PA 0.183

0.5M AgNO3+30vol % | PA 0.007
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45 FLE 4
TSR SRR ST LG SRR AP R §

SO AR BHE 2 Nylon & PET $ai® i Por #rie (7 fi ¥ o
TRERBFREIEAS TP AR T AR 7 8E S ®(IE
X5 0.57 wt%2r 0.19 wt% o Flpt PHiE 7 AZ B 2 fifF 7 (2 4245 5
PR &2 )iE fL 9 8 A ¥ 5 £ #7 7 “7(Taiwan Textile Research Institute) &
FEREGIAY K& o AL ER £F ¢ § § 7% F(Staphylococcus
aureus) T 2 B:E* 2 FfE - & * £ R E R %Z AATCC 100-1999 £
BT E A2 FRF T b 4 o F R AT R PE B R SR B2
BT FIERZERICHE S ELF -

% 7 5 dp o8 R ot & 2 $F Nylon # 4L 2 Fijf 4 thskaw &
"7 7 4 10 wt% IPA STRLE 2 L B g 422 Nylon &
G Ry a"rbﬁm*i% o 10 wt% IPA zZ_ imp{f] .,EL %mp{f] = U SIS A 1 ]
Vo AR R A TR o 7 b 30 wt% IPA “THl i s F i BB 5 4
Epek o HHH4 T A E 99.92% 0 ¢ o & 8 SpsHB R g 2
L] PET 7R 2 4 ek 4 » 7 7 822 PET R AL 3 ¥ e
i 4 0 0E 4 99%1 b bk o d Y REAPER S 8

2 Nylon & PET % @355 § #ifjra%k » # ¢ 12 PET A endif+ i
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Table 7. ' 3% & 7% § “H4f] ¢ W% 4F & (Nylon Fup i 3) -

Test Result (Nylon)
Test Item AgNO; with wt% IPA Test Methods
Owt% 10wt% 20wt% 30wt%
B* 1.27 E+5 1.27 E+5 1.27 E+5 1.27 E+5
Staphylococcus A* 1.8 E+3 1.66 E+5 2.67 E+4 <100 AATCC 100-1999
aureus R (%)* 98.58 <0 78.89 >99.92

* A= the number of bacteria recovered from the inoculated treated test specimen swatches in the jar

incubated at 37°C+2°C for 18-24 hours. B=the number of bacteria recovered from the inoculated

treated and untreated control specimen swatches in the jar immediately after inoculation (at “0” contact

time). R=% reduction: 100(B-A)/B=R. For the R(%) values distributed between 0<R% = 100, it means

having Antibacterial Effects, as for the R% value with negative it means no Antibacterial Effects.

Table 8. ¥ 4% & 77 3 “TiLpF] ¢ WS 4% £ (PET #ip] v )

Test Result (PET)
Test Item AgNO; with wt% IPA Test Methods
Owt% 10wt% 20wt% 30wt%
B* 1.27 E+5 1.27 E+5 1.27 E+5 1.27 E+5
Staphylococcus A* 333 <100 100 <100 AATCC 100-1999
aureus R (%)* 99.74 >99.92 99.92 >99.92

* A= the number of bacteria recovered from the inoculated treated test specimen swatches in the jar
incubated at 37°C+2°C for 18-24 hours. B=the number of bacteria recovered from the inoculated

treated and untreated control specimen swatches in the jar immediately after inoculation (at “0” contact
time). R=% reduction: 100(B-A)/B=R. For the R(%) values distributed between 0<R% = 100, it means

having Antibacterial Effects, as for the R% value with negative it means no Antibacterial Effects.
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Ea?

g~ RP R HI N PR R A ASHABILT AL B
A IS R - oF | WP LRI RE R iR -T2t E Eg‘@éz’ap‘*ﬁm%;%’-
Fo Ay BT 9 SR HE - | ol R B An g £
AR R A B e Rk AR g2

W IR RSB A I AT RRED D Er Y

L4 § e R R R PRI AS RS b e
BfiF Mt Nylon S8 &8 & 15 wt% » PET st & 3

2 15wt% > mH 417 § 9% 0.57 wt%? 0.19 wt% -

2. i\?éﬂ: FP LS HREE > IRk AR REL
oo BATUIRL R SRR

3. B d:p 5PPE S4B 2 0 Nylon G a3 428 5 2.15wt% > PET & ‘&
5 1.08 wt% o

4. Fedf it RETR R 2 e pod 2k 4 "R A TPA 3 Nylon 4 2
PAE 247 F3995 2 wt% o ¥ PET 4% > 423 5 IPA * £
WA A TR AT 30vol% IPA 7 1.37 wt% ©

5. e p o AL RA TPA R T LAY AF Y N AL~ TPA B
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10.

BT o 4 r 10 vol%22 20 vol%e IPA 15 » &l ik 45 45 54 PR 5t
BB 1S o Nylon B84 & AF - & 5'12"? BN K R K o
ser fd A A IPA 15 40 B PET S Lff & 58 A %
>~ TPA P72 F > » 2 Nylon 287 F o 4r » 10 vol%#£ 20 vol%:«
IPA 5 » AL 405 5 BB 5438 B 15 & PET SR04 & A — & 4271
i#++ Nylon 5 { ) % 6% # 40

4 » 30 vol% IPA ¢ » f Nylon 2% PET S airp 27 34k + &
CE

4 57 FH(PAA) > % Nylon 5@ = 4 » PAA F @ > 4 s o
Az d 215wt%'# 1 0.83 wt% o ¥+ PET & & » /,T ‘v PAA ¥ #%&
A PET %z 827 4 1.08 wt%#k = 2 3.04 wt% -

RS RAHAIL  FPKERF AL E S RN HET KR
Z2E£3972 3] 0.1 wt% o

diiF Y R %7 7 422 Nylon & PET @ ainl 5 fipFrcsk » e
¢ 12 PET ‘3;‘«&::11%&?]" sz 7 42 PET# 28 25 99.92

Op 11} z’v’ﬂ#’uﬁﬁi% °
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