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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 immersed
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 applied temperature of silver colloid have a

tendency to increase in Ag atomic%.
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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).

ver FEO|E &0 Yof FAbE]o] §li= AgNPs2| 24t
W} 2715 glsh] fls SRR e AR
100,0008H 9] vi&= #2sto] Figure 20 UFERA LT,

Figure 25 A#HH AgNPs2| 7]+ 9~25nm 9]
HAE BabElo] glglom | AgNPs9] H4 47|+
13+4nm= #=F et

3.2 AQNPs7H 2181 2im M@ B S 2 9l B4

= H
Silver ZE0|E &N 9| Fkrof o}
Hgn AR #H 54 Y
223} Figure 39 YeY Lt
Figure 39| (a)& 2H GTACY A 2|3t A2 2]

o] Fg g AL AT 4= qdsled, (b), () 182
(d)= AgNPsE A 2o zn WO P& o] oA
=4S T 4= Sk, 53] 10000ppm @] Silver &
Zo|EZ A3 (¢) .t} 30000ppm -2 A 23 (d)2
FHo] iAo g v g&Ao] Astd A& & 4 9L
om o] 5 Folf Silver FEO|E N 7} F7het

2 Hejer b A 9o Erlo] AYjHos Halmol

kil
5

SEM-EDSE AH45t0] AgNPs7} 2 o 414

o ¥ Ha d FHH 54 AT GTACY &%,
AgNPs®| 5=, AgNPs®| 22| 2feof thE oFE Aol
F2E Ag atomic%k 74319, Figure 42} Figure 591
UrEb i

Figure 49] (b)& H ¥ GTAC ¥ AgNPsE A 2|3t
Az HO Cl 9 Agdart E2Ast= AS T 4
em, Clx GTACO] £3He f4a=A GTACS A

3.3 X2 ZZH AgNPs 222 24
3.3.1 GTAC s&=9| J&t

Srol slA1A 2, 4, 6, 8, 10, 20, 30, 40%(v/v)
FERE A X3 GTACE R FH HAFE At &
30000ppm 9] Silver ZFZo|= &-Hof 40T A €
St L Hf-2] Ag atomic%s 43 Figure 59
(a)oll Lret it

GTACY =7} #7118 4+E Ag atomic%’l 57}
st om E3] GTACSE 6%(v/v)olA 8%(v/v) 12
I 10%(v/v)ol Al 20%(v/v)Arolol A F A3l Ag
atomic%7F 57FeF AL 20%(v/v) oA 40%(v/v)7HA]
= AHMA 2 guA S7tskaith, ol ¥Eg7]Ql o=

Textile Coloration and Finishing, Vol. 28, No. 2



74
A & 747 GTACS] 57t 374845 o %A 39
A

kol 23 GTACTF = A2 oFRl7] (-NHz)
52 Bl&7](-SH)eF Agsto] AgNPset dgre 4= 9l
2H-3717F S71skA 7] wiZel2tal 4=, GTAC
= 30%(v/v)H &7t GAA BHAL A AL,

off rir ot

3.3.2 Silver E20|E k2| H&f
30000ppm <] Silver EO]‘: SHZ 2ol 3AA
7 Z¥2+ 2500, 5000, 7500, 10000, 20000, 30000ppm
o2 A2 F 30%(v/v)9 GTAC s=oA A gt
FH AGE do] 4000l A A 23t A ZE2] Ag atomick
£ =45t Figure 59 (b)oll HeEtH it Silver &
2o|29] vt F71erE oFn HaEwe] HakE
Ag atomic%7} 571F 2™ Silver 20|29 Fk
20000ppm+ 30000ppm ol 4] Z2]gt Al 2.2] Ag atomic%
L 2 ato)7k ISl o]& ERo|=1 2] AgNPs?| &
L7t S7hebol whet oF i Adfroll A 2fE GTACo] 2
= AgNPs9 o] S7hd Ao 2 AAAY Silver &
ZO|E F& 20000ppmo] YA A ek Azt

0

3.3.3 x2| 22 Fet

Figure 59 (c)= 30%(v/v)¥] GTAC F=ollA A
23k Fu AH-5 20000ppm 9 Silver
ol AAAIZ 5 Z+2F 0, 20, 30, 40, 60, 80TCIA A
23t S A4 W Ag atomickhsS YERH Aot}
A2 2E7F Eotd & Ag atomic%7t 578k 74
&L 1ol 80TolA AgNPs7t 714 wol Fabe|gle
o 0CoA = Aoz a5 F2hd ZlE e
Aoitt, ol &2 ewoA HeTd4E GTACY
AgNPsA}o] 2] ‘%‘l%*é o] %7P5]°1 ’%Eﬁ;ﬂii T

igo] o _Q_OH

E =3¢}
011‘/_};4\0] Ma}/g}q]ﬂ E%Q%Eﬁé%"ﬂ/ﬁi‘ﬂ
A

3.4 AgNPs7| Bl om MQo| Bzt L§ M
FE AR EHo] F2hE AgNPso] F2F yi++4 9
7He floto] Algr ARE S AR & 1 20E
Figure 60l Ve ST}
T 53] AEE A i o Aol FatE
AgNPs9] atomic%7} Algrsl 4=

e a7k ehel 4] A 28 A 2%

Ag atomic (%)

0 5 10 15 20 25 30 35 40 45
GTAC concentration (%)

Ag atomic (%)
N W A O o~ -]

0 5000 10000 15000 20000 25000 30000 35000
Ag concentration (ppm)

10

Ag atomic (%)
O = N W & OO O N © ©

0 10 20 30 40 50 60 70 80 90 100
Temperature (C)

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 differ—
ent Ag concentration, and (c) atomic (%) of Ag on
wool fiber surface treated with GTAC and AgNPs at
different temperatures.
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Figure 6. Atomic (%) of Ag on wool fiber surface
treated with GTAC and AgNPs after washing.
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