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ABSTRACT

In this study, Fe;0,~ACCS-Ag nanoparticles (NPs) were successfully synthesized using silica extracted from corn cob ash.
The synthesized Fe;0,-ACCS-Ag NPs were characterized using X-ray diffraction (XRD), scanning electron microscopy-
energy dispersive X-ray spectroscopy (SEM-EDX), transmission electron microscopy (TEM) and fourier transform
infrared spectroscopy (FTIR). In addition, the potential application of Fe;0,~ACCS-Ag NPs as an antibacterial material in
water disinfection was investigated using Escherichia coli ATCC 8739 as model bacteria. The antibacterial activity of
synthesized composite material showed 99.9% antibacterial effect within 20 min for the tested bacteria. From this
experiment, the synthesized Fe;0,-ACCS-Ag nanocomposites also hold magnetic properties and could be easily recovered
from the water solution for its reuse. The reused nanocomposites presented the decreasing antibacterial efficiencies with
the reuse cycle but the composite used three times still killed 90% of bacteria in 20 min.
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E. coli ATCC 8739

Fig. lee ¥% Fe;0, NPsoll ACCS-Ag NPsS =
Blale 748 HojFTh ACCS-Ag NPs &S 93 W
HL o]l Zhang et al.(2011b)} Deng et al.(2005)°]]
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SEM-EDXE $HM3%¥ Fey0,-ACCS-Ag NPsoll 3%
29 EAS RoFUHFig. 2b). TEM £447= 21
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al,, 2007; Amarjargal et al., 2013). ©]&J3F #H F=
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R
2 FAE Fe;0,-ACCS-Ag NPsZHE] Fe;0,71 -84l
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o 2 4 deol BuE b Qlth(Zhang et al., 2011b).
SEM-EDX ZA¥}= Fe;0,-ACCS-Ag NPs®| 2 T4

=y

=
54

i o

¢

rr ro

HA7F O, Fe, Si, Agds EHAFH, olgjgt A=
Fe;0,-ACCS-Ag NPs7} 43402 A HAUS KA
o}

[3

ANak

Aubt | 2411

Fek 90

Matrix | Comection

30 AN SN 60 T AW 80
Energy - kel

19 20

Fig. 2. The TEM micrographs (a) and SEM-EDX image (b) of synthesized Fe;0,~ACCS-Ag NPs, the bar is 100 nm.
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Fig. 3. The XRD spectrum of ACCS-Ag (a) and Fe;0,~-ACCS-
Ag NPs (b).

3.12. XRD £4
ACCS-Ag®} Fe;0,-ACCS-Ag NPs®] XRD #4] A}
P widel EAlskE Agét Fey0,0] 2 5S4
HoE(Fig. 3ab). 2127 Fig. 3a¢}t Fig. 3bellA
70 Bel g 34 n== gl & 4= e, oA
Quang et al.(2011)0] w=m A Fey0,-ACCS-
Ag NPso| HZAE (Amorphous) FENS] AZ7KSi0,)E
FIehl e HoFErh

ACCS-Ag NPs2] XRD #4JollA] 2 theta®] 35.5°
43.4°, 62.7°014 o]Al Jeon et al.(2003)2} Naik et al.
011l Basld@ (111), (200), (220), 311)9] Ag
NPsoll afdsl= 9= 275 RIS Fig. 3a). 0139
AT Al 3d g3 Aee & gAe] 2719
=39 S} TS TEEh Be Y & F
7F E wide] F2tEo] eS ERIE 4 ArH(Wang
et al, 2006; Quang et al, 2011). T3t Jeon et al.
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Fig. 4. The FTIR spectrum of ACCS-Ag and Fe;0,-ACCS-Ag
NPs.

(2003)7F Wang et al.(2006)2] Riro] w2d wjde} 7}
g 250 w2 oL A7t FTRIAY FoRle
AL RIE = =], oA wid & YAk =717}
ZTRIAY 93 A7t ZA 3 (Devitrification 22
Crystallization)ol] @& ZAx}o]c},

Fe;0,-ACCS-Ag NPs 24127 o| A= ACCS-AgollA]
1 = (111), (200), (220) 3 B} 2 thetaol| A
30°9F 57°014 (220), (511)0 SFSh= Fe;0,9] 314 )
Ho] 1=t Amarjargal et al., 2013). WehA], 2 2
P55 viRo R Ayl AREE Fe;0,-ACCS-Ag NPs7}
ACCS-Ag®t Fe;00] 43202 FAHUSS HofFrh

3.13. FTIR #4]

FHAdoll AM8E ACCSS} Fe;0,-ACCS-Ag NPs 3R]
Ak Ts7IE ERIskaAl FTIR 44 AAlEtat
(Fig. 4). FTIR #4Z23}+= ACCS-Ag®} Fe;0,-ACCS-
Ag NPs®] oA 3453, 3182 cm™'(-OH, -NH)} 2927
em™(C-H) F=Z7}F ER1 =Hglor, o3 cCS 71
&35 Z2olu} 3-APTES ZNAZHE F1d 4 9180)
HuEnl QT Yanagisawa et al., 1997; Quang et al.,
2011). ACCS-Ag®} Fe;0,-ACCS-Ag NPs9] oA
Z¥Z} 1644, 1559 cm™(C-0) T)=7} SR1=Q1ar, Yukz o
2 A7l BoAE FARE =7 1082, 1103 em™
(Si-O-Si or Si-OH), 825, 796 cm™'(SiO, tetrahedra),
575 em™'(Si-O-Si or Si-O)PlA 72t FRIFATHJeon et
al., 2003; He et al., 2013). ACCS-Ag®] ZAxfol|x A
sl UERd A7l W=7} Fey0,-ACCS-Ag NPsoll A

sl RS ER1E 4 =), Quang et al.(2011)°]
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2 “siloxane bridges’oll4] ‘silanol’ 28717} 35 EH A=
< HAFT)

Fe;0,-ACCS-Ag NPsol|A] #Ha=]A] k2 9571 ACCS-
Ag AL 1385 ecmollA] ERIFITE. ©]F2 Jeon et
al. (2003014 HaE NO;~ =] W9} fARIeH,
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o
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O, Hob ot

(a)
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71edl °F 1A}, Naik et al. 201114 1 10g(90%)]
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ujFe] AR 7eS ERIslaAr EEAs AF)
AREE S Fe;0,-ACCS-Ag NPsE 3|5738le] 593k Ht
Hoz B3 A9 st 2423 13 3l
39S o), 102 Woll oF 0.8log BFA3E HYoH,
RS- Bl4=] S71e) A BEgsl mgo] Ha; A}
© & ERBKL. B84 &= AaK)E ERIg
A} 2L 0.158°]90} 13] 353819S W 0.097, 2
3] 0.0612 A} 7HAsict. ol2igh AF A= FeyOs
ACCS-Ag NPs 355 AjALgo] 7Fs31H, 239 AALE-
Bow BEAsl 780] 208 ol 90%2 widLS Fi}
Hog A F USRI

Aoz Age PAIE EEAS] a3} okl &
24 JOH(Kim et al., 2011), Agoll o3+ v|AYEL] &
243} AYELS ge3 2ot S A7) videy
B WU=E Ag(yt ol EEE31e] A ARgol o3
Ag" o]0 HET o] US| EojAAl k. oK
Age & Tl EASE thiol(sulthydryl) 2871
o Agste] B3t dolubAY RIAE 38s A9
3P A Y(Chamakura et al., 2011), MXYd] EA3}=
polysaccharides®} Z3sle] HEHo] Ryud uf Qo)
(Shrivastava et al., 2007). |23t E&AJ3} WAUSES
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Fig. 5. Magnetic properties (a) and inactivation of E. coli ATCC 8739 (b) by Fe;0,~ACCS-Ag NPs.
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Table 1. Comparison of inactivation rate by modified silver nanoparticles

Initial bacterial

@& Resc;?llzlilrze;gent) Microbial strains concentration Expo(smuiz)tlme Inactivation rate References
(CFU/mL)

CCS (Fe;0y4) Escherichia coli 10° 20 3 log This study
SiO, (Fe;0,) Escherichia coli 10° 60 3.34 log Zhang et al. (2011b)
SiO, (Fe;04) Staphylococcus aureus 10° 60 3.02 log Zhang et al. (2011b)
Fe,05 Escherichia coli 10° 120 3 log Amarjargal et al. (2013)
Silica Escherichia coli 10° Flow type 3 log Quang et al. (2013)
AlLO; Escherichia coli 6x 108 30 100% Chang et al. (2008)
PBAT" Escherichia coli 10° 180 100% Wu et al. (2011)
DMAB" Escherichia coli 10° 120 100% Chamakura et al. (2011)
Chitosan Escherichia coli 108 300 100% Sanpui et al. (2008)

*PBAT: Polybuthlene adipate-co-terephthalate, “DMAB: Dimethylamine borane

wie) ARLE 3] Sl wE mAE B84 & .4 B

ZH7F Fe;0,-ACCS-Ag NPs9| B33} vlAUST o
Hxjo] Y-S HoFETh Fe;0,-ACCS-Ag NPs7F =79
=gl whet HAp midel] B Ag o]2o] s,
Ao w EGAst a&0] sk ok

Fe;0,-ACCS-Ag NPs o] 8443} §8-8 vlws] 1Y)
A3l olHe it FAF AFES AEEIATH(Table 1).
SPg8IA|Z TEOS silica, chitosan, Poly(butylene adipate-
co-terephthalate) (PBAT)E AF83I32S 7% E. coli= 3 log
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