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Abstract Silver nanoparticles(AgNPs) were attached to wool fibers using glycidyltrimethy-
lammonium chloride(GTAC), which is a type of quaternary ammonium salt. GTAC, which
contains an epoxy functional group that, under high temperatures, generates a ring-open-
ing reaction with wool fibers, which contain the amine group. Then, the AgNPs are at-
tached to the surface of the GTAC-treated wool fibers by treatment with a silver colloidal

solution. The process involves the following procedures:

(1) The wool fibers are immersed

in the GTAC solution, followed by pre-drying at 80°C and curing at 180°C to induce an al-
teration in the chemical structure; and (2) The wool fibers treated with GTAC are im-
mersed in the silver colloid at 40°C for 120 min to chemically induce a strong attachment
of the AgNPs to the wool fibers. Scanning electron microscopy was used to analyze the
influence of the concentrations of GTAC and the silver colloid, as well as the influence of
the applied temperature of the silver colloid on the wool fibers, and the influence of the
morphological changes in the wool fiber surfaces. As a result, the enhanced concentrations

of GTAC and the silver colloid together with an elevated
loid have a tendency to increase in Ag atomic%.

applied temperature of silver col-

Keywords silver nanoparticles, quaternary ammonium salt, antibacterial, wool fiber,

Dyers and Finishers epoxy ring

1.M B o oleld m Mk AN 2 EUAT 28 5
574 ol vl ofsf 2ol H7| 4 -E7 Al
FRAfFE ARE LR dE o -ofu|ieAke] £ o] R3S o atA = BaAolth, i Aol
of o3 Y= Tl DFor S5} AYL = FatdS Fojohe Ao ASH R AP o

7k Qlo] gt ey B 7HAAL Qe S A &t =ES A8 o,
of EGo] sl MAZIO 2 o] = Aulof| ] & o] &5 g el g+t B4 59| 31l Silver Nanopar—
It Bt B2 sS4, ©EA, ddAd 5& ticles(AgNPs)= QA= =40l A9 gl vhd Bt
AaL Qlol o Al 7HIE, 98 5 AR H7E ol glefof, vlojg A 2%, #F0] & 4 AA A=
- glon 53] oFH felte FHGORE de| AHEH e 54E Uerd 7] wZell d=f, 348 Ao AHS

70



Glycidyltrimethylammonium Chloride(GTAC)E 0|8t Y= M7 HHO| Silver Nanoparticle 2=t

wjo] gkt 3k AgNPs+ 1L, B2l P
DA% 5 o 1A Are A4HI glo
3l A% Aol AN 715 A%
a7 M=) Slek, Bk AgNPsi:
oM A HH o2 Mol 27|70 A o
o, o1& Fual7] $J8) A g tol sherd o
AIAZIAR | Ag o] 28 FUA7= BT B
22408 AL BUBOL 483l et
Glycidyltrimethylammonium chloride(GTAC)
©4a YEEY = stz g AR EE ot
=doltt, 49 YR EY =S Y iE ol (NHy)
O] a7t B A7 ot = gk SigtES T
st A b pax7h 2o QUA] 971wzl ofvlt

£

=
E
oE
lo g Ho Jm

g I patehkE2 Aot 49 dEEY oetE
of e SOl &L 2 s E v AEe] EHo] ol
= 45 dEEA SrkEe] FAE HlEHE S
Pt 2do] Bhbd vh5 Al 24 ool vt Hr A vy
=9 A oo = W HT 2 o]t
4 FE e SEE9 4FU GTACE AFA F=

ZFA AL Qo] arofl A Aejd 79 A ek-go] dojut
HA B&7](-SH), °FH17|(-NH2), $4t7](-OH) 1
2] 31 metal halide®} Ao] 7}sstct, wata] GTAC
< FAE 7= sAOl B&71(-SH), oFRl7I(-
NHz),5247] (-OH) % metal halideE 7} 18
Ap Aol fabo] ZhsotE R bt AETE ofy 2t 7k
Al dgte & 4= dck(Figure 1).

AgNPs9] 7% A 24 B2 A7 A8
O Aol sketd o7 At 7|7l 1 A
7F g o] Slok, LA 2 Aol A= ofRlZI(-
NH2)E 7H2l &2 A o
W %, GTACE A&lgt 7 & FHo| AgNPsE
aIH o R A= A& 5O sto] GTACY

£t
(]

9]

5ol

%

W]
}o

Jo

=

N
B
=

Ir

2

oo

i

)

71

ew AgNPs9 &% 9 AgNPs9] A2 £xof 2
AgNPs®] F#2atgfe 2elsto] HoA o FdrES 4
Estara} skt
2.4 ¥

2.1 Glycidyltrimethylammonium Chloride

(GTAC) Xz
Glycidyltrimethylammonium Chloride(GTAC)
ol A ¥ GTAC =883} R EH Y
21 g abe flsko] Hlo] 2 A HE A (triton X-
100)E 1%((v/v)H7 ek & o ¢Fm AF(125g/m?,
ISO105-F01)& 30+&7F -A] Al#th, GTACY] &
2 flal 80° CollAl 20427t ez 3 180° CollA 10
7 BAYE AR & SRl 284 Ao A

oA 24A17F A=A ZH

foi

2.2 Silver Nanoparticles(AgNPs) 2%}
GTAC7} R FH A& Silver F20]=(30,000

ppm, Water base, Nanomix) 8-} of Y11 40° Cof| 4]

100rpm o2 4o]7] & F FFaroll 212 284 =4

ato] Aol A 24 A17F ARA AT

2.3 Fodxisin|g 24

R Aol AgNPsE F2H4]717] $lelf AH8-3F Sil-
ver ZTRO|E9] A A 9 vle Y2te] 2715 &<l
517] YJaf) BxAAE | 7 (H-7600, Hitachi, Japan)
& sk 7R 100.0kVatol A sk ),

2.4 FAARHOIZ-OILIRIEA XM 22 &2
AgNPs7} #2318l o 459 3 P4
Al

[¢] ~ h
98 BAL 9o RS Fos 2§ FAUA

Figure 1. Reaction scheme between AgNPs and wool fiber treated with GTAC.
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Figure 3. SEM micrographs of wool fibers: (a) treated with GTAC(30%, v/v), (b) treated with GTAC(30%, v/v) and
AgNPs(5000 ppm), (c) treated with GTAC(30%, v/v) and AgNPs(10000 ppm), and (d) treated with GTAC(30%,
v/v) and AgNPs(30000 ppm).
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Figure 4. SEM—EDS micrograph of wool fibers: (a) naive wool fiber and (b) wool fiber treated with GTAC(30%,

v/v) and AgNPs(30000 ppm).
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Figure 5. Different approaches to increase Ag atomic
(%) on the wool fiber: (a) atomic (%) of Ag on wool fiber
surface treated with GTAC and AgNPs at different GTAC
concentration, (b) atomic (%) of Ag on wool fiber surface
treated with GTAC and AgNPs at different Ag concen—
tration, and (c) atomic (%) of Ag on wool fiber surface
treated with GTAC and AgNPs at different tempera—
tures.
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Figure 6. Atomic (%) of Ag on wool fiber surface
treated with GTAC and AgNPs after washing.
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