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Abstract— Silver nano-particles have been synthesized by liquid phase reduction method and alcohol reduction process. Silver
nano-particles of the size 30 ~ 40 nm were formed successfully by alcohol reduction process. The formation, structure, morphology
and size of silver nano-particles have been studied using FE-SEM, TEM, XRD, UV-visible spectroscopy. In particular high dispersion
stability of the synthesized silver nano-particles could be obtained by PVP binding. Antibacterial activity of Ag/PET master batch
sample made from its nano-silver particles showed excellent antibacterial activity against S auwreus and E. coli
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Fig. 1. Formation process of metal particle through
nucleation step and growth step( | : pre-nucleation
period, Il : nucleation step, Ill : growth step).
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Fig. 2. Preparation process of silver nano-particles
using alcohol reduction process.

Table 1. Sample specification for preparation process of silver nano-particles using liquid phase reduction method

Sample CsHsNazO7/AgNO; molar ratio [R]  FeSO4/AgNO3 molar ratio [R] N,H,/AgNO; molar ratio [R]
SP- # 01 0.1 1.0 0.75
SP- # 02 0.3 1.0 0.75
SP- # 03 0.5 1.0 0.75
SP- # 04 0.1 0.5 0.75
P- # 05 0.1 2.0 0.75
SP- # 06 0.1 3.0 0.75
SP- # 07 0.3 0.5 0.75
SP- # 08 0.3 2.0 0.75
SP- # 09 0.3 3.0 0.75

Table 2. Sample specification for preparation process of silver nano-particles using alcohol reduction process

Polymer .
Sample - - N>H,/AgNO; molar ratio [R]
Species Polymer/AgNO; molar ratio [R]
SP- # 10 Tween20 0.5 0.75
SP- # 11 Tween20 1.0 0.75
SP- # 12 Tween20 2.0 0.75
SP- # 13 PVP(K15) 0.5 0.75
SP- # 14 PVP(K15) 1.0 0.75
SP- # 15 PVP(K15) 2.0 0.75
SP- # 16 PVP(K30) 0.5 0.75
SP- # 17 PVP(K30) 1.0 0.75
SP- # 18 PVP(K30) 2.0 0.75
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Fig. 3. SEM photographs of silver nano—particles using liquid phase reduction method.
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Fig. 4. XRD data of silver nano—particles using liquid
phase reduction method.
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Fig. 5. SEM photographs of silver nano-particles using alcohol reduction process.
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Fig. 6. UV-vis spectrum of silver nano-particles using
alcohol reduction process.
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Table 3. The particle size and morphology of
prepared silver nano—particles

Sample Sli)j;wmlj) Morphology

SP - # 01 100 Rod

SP - # 02 100 Rod

SP - # 03 100 Sphericla

SP - # 04 - Mix plate with spherical
SP - # 05 - Mix rod with spherical
SP - # 06 - Mix plate with spherical
SP - # 07 70 ~ 80 Spherical

SP - # 08 50 ~ 60 Spherical

SP - # 09 45 ~ 55 Spherical

SP - # 10 - Plate

SP - # 11 60 ~ 70 Plate

SP - # 12 70 ~ 80 Spherical

SP - # 13 50 ~ 60 Spherical

SP - # 14 80 ~ 100 Spherical

SP - # 15 50 ~ 60 Spherical

SP - # 16 50 Spherical

SP - # 17 30 ~ 40 Spherical

SP - # 18 30 ~ 40 Spherical

A 2HZ ol gsIAS Wl UAREY At A
7b Fom, 4R A7t FolHE &
om, E3 EAF 40,0002] PVPE AME3S]
b 2 32717 AT Eove & & AUk dA
FE|= SP-#10, SP-#112 Thplate)o] FE=
7t 9lom, SP-#12~SP-#182 IL(spherical)
FEI S Efo] FAH U

3.4 Ag/PET DIAE{HX| M= U S

£3

flo %0 &

341 259% 24
O
=

SP-#07, 16, 182 ©o|83}o] Ag/PET u}AE H|

Table 4. Silver contents of Ag/PET master batch

Silver nano Silver
Sample no. .
particles no.  contents(ppm)
Ag/PET M/B - # 01 SP - # 07 1,115
Ag/PET M/B - # 02 SP - # 16 1,205
Ag/PET M/B - # 03 SP - # 18 1,315

Ag Az, wAEHA U] SRS
245190} Table 40] S-GFE Uehf ook
A= L5~ 1315 ppmE e ek 228
dvom AzE SUw=ANTE mrAHE
A7 SmRTeFol W SP-#07
(70~80nm) 2] YA}=7]o] H|3| SP-#16~SP-#
18 (30~40nm)& 12 Z7]2 <RI 7|o] 3t
Foz Amdn

342 B3 =3
AzE ohaeAe FFAEEAE
BB 3Z = Akt (Staphylococcus aureus ATCC 6538)
I 2SN F<Q A (Escherichia coli ATCC
25922) % AME3o] FRASE BIFSHATHTable
5). A& BEoA] 998 ~ 999% ©] FAALL
HelZ e &= USh
473 =
B oAToln Svhedd B 1A 34
& PET FilamentE A|Z3}7] ¢5te] HAISHA
Hop IS/ gt 2U=gAY Az
EA4E ¥ A+ JHSYAL, o]E 0|5ty
Ag/PET utAEHXE ARl s &8
EAS st
AR o3t 2Rt H$- 45~
100MmYAE L 5 A% e, Nascitrate2
SES BU5E, FAHO] FEo} BolA4S
Aol Aok HolA Ang AT & 9
o ES gEEUYel o3 F$ 30 - 100mm
o e AL 4 ATk PVPE LEA 27
2 olgelae W AT HA AL Fo
o, dxtel 2717k ol g wAY 4 Ak
olg olgw rEuAY FFASS FHE

4

Table 5. Antibacterial activity of the Ag/PET master
batch

Bacterial reduction ratio(%)

No. ATCC 6538 ATCC 25922
(Staphylococcus  (Escherichia
aureus) coli)
Ag/PET M/B - # 01 99.9 99.9
Ag/PET M/B - # 02 99.9 99.9
Ag/PET M/B - # 03 99.8 99.9
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