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Abstract — In this study, silver nanoparticles were synthesized by reducing silver nitrate with PVA, and the solution
prepared by adding carboxymethyl cellulose (CMC) to the silver nanoparticles was coated on a PET substrate to prepare
a coating film with antibacterial and antifogging function. When the coating films were in contact with water vapor at
80 C, the uncoated PET substrate was blurred due to the scattering of light due to the occurrence of fog, while the
coating film coated with silver nanosol with CMC remained transparent despite contact with water vapor, showing
excellent antifogging function. In addition, the antibacterial properties of the coating films were measured by film
adhesion method for Staphylococcus aureus, gram-positive bacteria, and Escherichia coli, gram-negative bacteria. The
uncoated PET substrate showed a large number of colonies of Staphylococcus aureus and Escherichia coli, while the
coating film coated with the silver nanosol greatly inhibited the growth of Staphylococcus aureus and Escherichia coli,
resulting in excellent antibacterial effect.
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Fig. 1. Schematic representation of preparation of coating film with
antibacterial and antifogging function.

PET film Spin coating

= ofe] | At 1 % PET 714 el 1
Zel=nls ARSI 7|4 Tl OHZ 1S AT Tt 71
Y WA E 98l H71EE CMCE PET 7]A) Bdel 18|29 A7)
7] $18t A2 2 PET 71 A& Sl 83l¥ APTES §-<(1 v/
vo%)oll 1A Bt FAIAIZ] & AZAIATH16). 7L F 78 $9&
721" PET 7] A $lel A9 43hst = 1

)
=
o>
o

N

2-4. 2 L}-ZE1} T8 £8o| M EH

& WheEe] 3w I' Erte] B E 7R 9 Y
of| 4] UV-visible spectrophotometer (UV-2450, Shimadzu)E AH-
st S5tk 78 =ure] & 7 = Zi(water contact angle,
WCA)Z 7hd|et7b F2he %71 57 7] (Phoenix 10, Surface
Electro Optics)5 AH&-3lo] S8t} 38 z8] rube] 218
2] B2 nlo]A] @71 80 T2 AL & ¥ 5 cm ol Al
55 &7 30% $oll A 2 o5 Bso] Brsodnt st
antifogging®|2}aL QI Lol & nlo]# ofge] Fol A LAY
o= Qg I =Ee] BT WskE wEslglvh 79 £He) At
A 58 IHEA &2 PET 7|Al9l ZHE oS 3¢l dg

i=]

—u
==
NE B FHF =31 5)0F QA F AEH ARE 45
ko3

8 To| EeS "oy A8 1A 99ko]
AA= =R 2] JF-= Frlsisict.
AzE & Yz &7 v Ak (disk diffusion

method)ell 23l S ¥ ATH11]. ARl gt 52 22
3 mLe] A wiF|ellA] 37 CellA] 18417 FRF ul ke S, wl %
= M| HiA] 30 pLZ A HiA] o)l A3 (spreading) 7O 2
=BG T 5 AgNO; W7FES sk} dofRl & WhieE: e
6 mm 27 2] H|o|H ] (paper disk)ol 30 uLE HEsH] o
o] el LAl wjA| ffef ol HAAE F¥ F 37T
incubator®l|A] 24413t L v FaF3ITE. 21 £ Flo) 5 i 919
2] oA GoIE 23]e) AA FAste] 11 IS Bt el sl
et 7k

ek 319 =rke) g2 1S0 22196 118-E Farstel AE d
2 o7 F7skol . AgNO; 7= Z+2F 0 mg, 0.5 mg, 1 mg
° 2 ASAA Axd 78 TH 9ol 10° cfu/mLE 348 LA
Tt oAt &9 0.4 mLAS 27 AJsket F et A dE



PET 714 9ol a3 A

2

(7F2 40 mm x MZ 40 mm)S. 2 ol HEZ] HAE B
E HAIE 37 CollA 2443F 52F vl AT 1 5
A wiAlol]l 779 mvhe @A) ste] I =Tt o] Ak
A5 o, ST E ol8ete] 108 A% 34 Al3E) 728
FHAA G 18] S E A FhlE A v e 3]
T 1 mLE AFste] AX Y (spreading) 7| 02 T3t
37 C 2] incubatorol|A] 2417t <t vljkst & o 2] Al
Fagg obl Aol gE Akt

r_—“ v

r:u
_1_);; I_m ﬂllo r."ﬂ,
f gl 12 S

o A28 R(%) = (A-BY/A x 100% Q)
A: tiZr 0] 24A3F Bl §- 5
B: Al 8] 2413 vl YF §- ot

s}

3. 80 % EE

M

3.2 UeE ME E 24 5

AgNOsE U5 Z 3131 PVAE A2 RESAI7]E 2 e
JA7F A= Aoz A A AUH17]. o]w] PVALE & 9]
(AghEs A A 2(Ag°) WrIAE A, gt A %
YA S E e A WA she PYEA s StH17).
2E S iRk A o 7E EIsh] S8l vkt sl (1, 3,
5 wt%) PVA =890l AgNO, 1 mge 7151 100 ‘CollA 1413}
FOHREAIA 2 WeES A3 F, UV-vis spectrophotometers ©]

L3l 2 e xke] i ek 3 (surface plasmon resonance)s
57‘*5} Adfolty, BE AlgoflA & ezt A4 3172l 420
ool ) ESE e £ che A7} AL

T UAATH11,18,19]. =35+ A1 PVA 8-99] 57} S

-,i FFE 9|79 Fo] FolK|aL HF Tt HolK| = A o) ‘/}E}‘/}
AR & hegiAte] 718 T SV S € S USITH 18

Fig. 32 5 wt%2] PVA 58910l AgNO, H71S theFatal tﬂ
3FA1A (0.5 mg, 1 mg, 5 mg, 10 mg, 25 mg) A|Z2H & Y=Ze
A2FE HERA ou|x]olt}, Bl A A2 ¢kl 0.5 mg2] AgNO,=
A7Vt e v FEE AES Ag U0, AeNO; WL
o] ST7IETE & YnFH Ao Aol dslels AS &

o?z'Lr}o

5wt%
E) o
s 3wt%
(V]
o
=
©
Q
2
(o]
8
< 1wt%

. . . . . . . . .
350 400 450 500 550 600

Wavelength(nm)

Fig. 2. UV-visible absorption spectra of silver nanosols prepared with
different concentrations of PVA solutions.
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Fig. 3. Color difference of silver nanosols prepared by varying the
amounts of AgNO; added to 5 wt% PVA aqueous solution.
(a) 0.5 mg, (b) 1.0 mg, (c) 5.0 mg, (d) 10.0 mg, (e) 25.0 mg.
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Fig. 4. UV-visible absorption spectra of silver nanosols prepared by
varying the amounts of AgNO; added to 5 wt% PVA aqueous
solution.
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Fig. 5. Images of inhibition zones of silver nanosols prepared by varying the amounts of AgNO; added to 5 wt% PVA aqueous solution
against S. aureus and E. coli. (a) negative control (distilled water), (b) 0.5 mg, (c) 1.0 mg, (d) 5.0 mg, (e) 10.0 mg, (f) 25.0 mg.

Table 1. Inhibition zones of silver nanosols prepared with different AgNO; content against S. aureus

AgNO; content
Sample no.
0.5 mg 1.0 mg 5.0 mg 10.0 mg 25.0 mg
1 plate 0.86 1.04 1.19 1.51 3.25
2 plate 0.94 1.06 1.00 1.61 233
Average 0.90 1.05 1.10 1.55 2.79
Table 2. Inhibition zones of silver nanosols prepared with different AgNO; content against E. coli
AgNO; content
Sample no.
0.5mg 1.0 mg 5.0 mg 10.0 mg 25.0mg
1 plate 0.64 1.00 1.03 1.20 1.65
2 plate 0.56 1.06 1.12 1.30 1.70
Average 0.60 1.03 1.07 1.25 1.67
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Fig. 6. Visible light transmittance of coating films prepared by varying
the amounts of AgNO; added to 5 wt% PVA aqueous solution.
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Fig. 9. Self-cleaning ability of uncoated PET substrate and the coating
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Fig. 10. Antibacterial activity against S. aureus and E. coli of (a)
uncoated PET film and coating films prepared with (b) 0.5 mg
AgNO; and (c) 1.0 mg AgNO;.
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