A get=ER] A 21 A A 10 3(2009)/pp. 583-589 583

Antibacterial Characteristics of Silver Nano-Particles Attached to
Activated Carbon Filter
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ABSTRACT: Activated carbon has long been used in purification processes for indoor air quality.
However, the bioaerosol removal by activated carbon is not often sufficient to be used in an air
control devise. In order to overcome these problems, silver nano-particles have been proposed as
an antibacterial agent on the surface of activated carbon. Silver or silver ions have been known
for antimicrobial activities. In this study, bioaerosol generated by using an Escherichia coli culture
was introduced to a lab-scale column packed with activated carbon (AC) and silver nano-particles
attached to activated carbon (Ag-AC). E. coli was almost completely removed in the Ag-AC col-
umn, whereas bioaerosol penetrated through the AC column. To determine the antibacterial effect
of different filter materials in a full-scale air-handling system, another experiment was conducted
using a wind tunnel equipped with a heat exchanger and three filter materials including commercial
fabric, AC and Ag-AC. It was found that E. coli proliferated on the surface of the heat exchanger
after 5 days, which dramatically increased hioaerosol counts in the effluent air stream. The fabric
filter could not control the increased bioaerosol and most of the E. coli penetrated the filter. The
bacterial removal efficiency was found to be approximately 45% in the AC filter, while the anti-
bacterial efficiency increased to 70% using the Ag-AC filter. Consequently, the Ag-AC filter can
be an effective method to control biocaerosol and improve indoor air quality.

Key words: Activated carbon(ZA %), Silver nano-partcles(&1}+x), Antibacterial(A 1), Bioaerosol
(F-FA )
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Fig. 1 TEM micrograph of Ag nano-particles.
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489 AEEd

M@—u

Wind Tunnel pacteria |
inject
Inverter
ey l
|

k-

| .

Fan

Air
Filter

J
B
L_ HX  Filter

==

Data logger

Straightener

Computer
Fig. 3 Schematic of the wind tunnel experimen—
tal setup.

AU F
H-FHEEg]

= —%’—7‘4 22 A ZJE

0_L4 e
F,SE

&>

e

i) r
AN

¥

_E

fd

gt &
dE] A 7hA o)t
2% vy 3’-71

=

= P i
E 47 93l A A
(straightener) & A Z] 3} 9«? o}
9 TAdE 2A0E WF7|
4R gAsger, F3& AdWEHE o
Axe HH4g Aoste] FHey o, 5’«5}
EHBlue White Co., F-50376LN)Z A}-R35lo] &t
£ F489 2, AF FE9 AL I8 2A

A et Hlf’% A&, 2™y :: g3he] 60% 2+

(Omega Co,)
At
aEe] Y 2 A5 FHE 7
QA AR Aggdon TS
Fddat o &
71 A, Q‘%Tlﬁﬂ% HE 9 %‘ZJ.‘X]%‘{}

:L
=
el
m
, S
i
j@
e
N
O
)
2, o
4

W Rl orob of

)
o
o1
ats
2 .
i
i
_9,
ol
i
ws
x
o)
=2
2
o
N
e
to 2
o,

7ret it



o
&
k3
A
off
s
o
o2
o
o2

348 2 2 nE
3.1 ZEAH

gAu eun-2gge AFYse] Fols &
datv] AF deer BHAEL FHHUY. 2
doll ggeshe A¢n BT S £FT nho) 2
dojzse FHANIH FF4TE Fdan, @
A& GAbel 1000 ppme] FrE Suherh F &
S-S AAE B Ao A AP
Fdstel 1 AFE vastAr

gagntos AU ZHS LSS 9 A
ol whe titae] WEHE Fig. 40 JeERL

186020 L

100000 |- ~ - inlet
-~ gutlet
(AC)

?é

20000 e T - . i

0 ) i 3 A i L A
0 5 10 15 26 25 30 35 40

Time [hours]

Fig. 4 Changes of E. coli numbers in the inlet
and outlet of the activated carbon{AC)

column,
200000
180000 |- »
= 160000 [ y g .
£ "
5 140000 |- o
uw '
©, 120000 [
2 100000 - = infet
8 - - oUtlet
= (Ag-AC)
8 50000
=y
k53
o 40000
]
& 20000
0 — N — i i -1 1 -~
[} 5 10 15 it} 25 30 35 40

Time [hours]
Fig. 5 Changes of E. coli numbers in the inlet
and outlet of the silver nano-particle
activated carbon(Ag-AC) column.

o Zge] gl HgT FLFT S @
gl dde MR AAEHE g $71
FrEQeH, e F Bxe ddde] AT
Zelo] o AA"EYE AL & 5 9,1‘2} Fig. 5
T eve-24v ZYE AR e W Al
E ygde $E LoF Uk %*3%":‘} A
S R °Uw:%**5}°l TS 100% A
Azt 453 $58 ATATE ok o 2
FE v Gk AdA s & 45t v

FEAALA MAAY ohgE B KEE
o1sly) 9le Qwsty|el "est AR gL
i 2&

T3k ﬂlz‘ﬁe I
o

e '
A, FYF] 12 H59 EJ%X] 5-}‘?_12} 2|
#& Fig. 6o Jetlidd. dugr] 9 48 E 4
A5 e gAlA FAsk, FARs F52)
ol 47 A WY A5S @ F BEAS #
Q% AW, FY AR WFE 7 FFY F
dolA FEHQU 9Y e AFE FI A
F%9 oA AT Fdol HE HUUA &
AT AR FEPANNE de] 4ol
Polnhn gee ¢ 4 Aot

548 AA duFrE Az e
o ReAF FHT A% FEFAUA Rl
B2 gAshe VAR WRE Z4sar 938

18000

» - infet

1600 - o~ outlet
14000 - (no HX, nofilter)
E
5 12000 }
L
©, 10000 |-
&
£ 8000+
£
2 6000
"é s}
w 2000 &

N e e S B
1 2 3 4 5 6 7 8 g
Time [day]

Fig. 6 The number of E. coli through the wind
tunnel without heat exchanger.



N,
lo,
i)

g
_?L
s
e

olf &
s
-4
o

Uy H1ox2

o> oy
ol
ok

o
o

Rl opR 3@ X oo o 32 of

ofN -

O
> R
[

2

A

o

K

o
off i TN
ol o R to
ob g 2
o=
pe
il 4o

z

N,
N

oli
-

iz
ek
o}
)
2
N
fo
-z
o
53]
fru

B
2 4 o Iy

4 Ay

A oX g
Sl R
2 R ot

2

o,

Y B

¥ Y T ooy do ot

£ofo ot wo
o
%
o
i

fu

o

o
1 lo gt
o o 2

2

L2 A 2

N,
=3
Rl
2

ox 2L
(= U W R ()
tlo rio rot

m}iolﬂ.“‘l

£y

=
o
M
o,
4 o[N
>
ot

N

ok

)

2

i

= S
s} 92
e orr ue oo

0N B o e

ot 3

i)
a
N

o "e7t ey B
Attt 7kzke) 9
A% A8, o
=
4

rlo

_t o o A jo o N T

rﬂr
S

g3t 435 Fig. 70l
At NA ¥ 333CFU/
Avs 371 4447

A Wz A dFEFE AEHG 5‘?4_54]
S/l ARG o, 60 AR 1AMl
AsA MAS7E F7bete] 16361 CFU/m’e) ‘ri]
& vEgh o) 54 #A0 Ax 2y
oul, Bdg Fulsh: WA FE/E Ay o
49 olFRE ATSA AeFs Aoz Sy
= EH—’F7]E Auke F4E BAvh durgE g
24T dFTFE HUA ) de Ewut

18000

16000 |- " inlet

outiet of HX

4 14000 - —x— outlet of filter
£ o] (fabriciter)
[
810000-
]
£ 8000
£
2 6000
§ 4000 |-
w

2000

0 2

Time [day]
Fig. 7 Daily variation in the number of E. coli
for the fabric filter in the wind tunnel.

2 dH9 AdEA 587

=)

M
of rlo M pE u

£ S

coli AA S durd
324 CFU/m” }91 om,
dwgrg A %71 vu gAEe AR e
5A5 742 grslAl solutist 6dAlel Faba
d7 Z78ke] 16,880 CFU/m' 9] A8 Lehgl
o g4 BEHE FAYLS A AAF FAd
5UA 7AAE BAY "o i ATast o
49% 7herolglon, ol AwkAE BT} oF 10% A
= AR Aotk AAFI FE 64 A
Byg W= 342% ALY T aAE wgo
o, ol Tt FaAYA Bolx gRFTFI 7
2599 W AFASS 24 gd JurgE o)
vja] S48 Aotk o] A= BA o] QAT
ek 3

MA & o] 2 AP vxd
o|qul. duEVE A FUNE A5 AT
S8 Aol A% 4AMFH AT WA
18000
oo | T inket 7
- outlet of HX /
o 14000 - —*— outlet of filter /
£ (AC filter) /
S 12000 |- /
e
©, 10000 |
15
@
S 8000 |
£
2 s000|
8 4000 |-
w
2000 | R
ol e T
1 2 3 4
Time [day]

Fig. 8 Daily variation in the number of E. coli
for the AC filter in wind tunnel.



588 Rk I S e B
18000
16000 inlet
o--outlet of HX
4= 14000 - —-*— outlet of filter Ve
c y "
S 12000 (Ag-AC filter) /
[
©, 10000 |-
uh, o
o 8000 |
: /
£ 6000 | //
§ 4000 | // *
I.I'J ///,,0 *
woo o */ )
0 L i;—;%};“ﬁ‘{? "n”wvr“ 1 o "1
1 2 3 4 5 6 7
Time [day]

Fig. 9 Daily variation in the number of E. coli
for the Ag-AC filter in wind tunnel.

o2 F7}87] A Fsto aﬁaﬂoh 8,944 CFU/m”
79 R0l = 13,972 CFU/m’9) 42 vetu g,
0471*1 FET A durdeye A48 gE 9
o vt AFAHTo] AAHew nEA
UrE}%E}t AT, 1 Aeol o 0% AEE, A
Aol ofF wugy dwtdy 9 30%E oF7F &
9 4% d-d st T ou) oAty AT
ATE 7K AL &9 5 9t
meb Fagr] Feke] o gitart 2,000 CFU/m’
doj7le AlE o]% e AT ATFASS v
AFE Fig 109 Jehiideh, dergdE = 10%
ARG 5E Rolv, FA4"E HE= oF 45%9]
7h7h dvtdE o tiujste] #Ade
35%7V e kA E = Aot &4
HAZAZl 2ve-gAg ge o
0%2A BAET 91& we] 4%
of diulsl oF 25% 7% 49 @ﬂ% Bl

y

0

Y
j=2
o

Antibacterial efficiency [%]
88383388

=
o
T

fabric

(=]

AC Ag-AC
Fig. 10 The antibacterial efficiency.

Ofc
-

B
N
L

ox i

¢

e
rlo Fi
T &
T
ot ot
o, oX

i

R

=

>
o o,

HN ofr -0,
1-12: ru{lo o ©

]
2 M-
o

=

ol
f
&
N
ol
ol

oo o T

(ool w2 rfr & Ay ok 2 oo

2 oz

o £
-

fF me ©

P

i
)
=
o
ey
e
N

)

rir N
i
_g
et

2,
2y
o,

olr

°]

e
oX,
!
iic)

Ir

o

]
o
X o
N
N
off
Lo
P
rﬁ.J
o
off
o

o
ol o2
N

oo
M oso g
o

flo

2

ot T oox off ’
lo :&‘l itlo
2
=
ox
off
o

2
=
ox
off
tfo

m
I
N,

24 rlo
o &
s
nigh
oX,

ooy
tlo

2
>
X

fot
S
m?(_g
X
¥ &
22

¥
o

I o
T
U
N
4R

ox
off
to
oo -
;14
&

2 N

=2

W)

N
A
w T
<
X

Mook 2o b N g o oox o % i N
f
0,

s 2ol ox ot o
rlo
T
> i

> MN [o e

~
feu

b oo
o I
jins
2
Lo

LU
[e

dare) A
}01 %71 s

SENe)
ug

MV
P
U
ot
oz

W

ot
2%

t
o,

8 =

2

a} 2 at gol A et
| HE e Bag el

2 o e 2 o

of

7|

o

B

2 A5 #dA3FE “ZAd 4
219} (Eco—technopia 21 project)” 9}

To])\lxv—-ui ] ] Z:],'/\}—E%\%E]-

#471& A
Ago= o

]

b

Ao
ek

1. Zhang, S, Fu, R, Wu, D, Xu, W., Ye, Q.
and Chen, Z., 2004, Preparation and charac-
terization of antibacterial silver-dispersed
activated carbon aerogels, Journal of Carbon



O} = B x

=

Science, Vol. 42, No. 15, pp. 3209-3216.

. Park, S.-]. and Donnet, J.-B., 1998, Evaluation
of the distribution function of adsorption site
energies based on the Fermi-Dirac’s law in a
monolayer, Journal of Colloid and Interface
Science, Vol. 200, pp. 46-51.

. Aggarwal, D., Goyal, M. and Bansal, R.C.,
1999, Adsorption of chromium by activated
carbon from aqueous, Journal of Carbon Science,
No. 37, pp. 1989-1997.

. Kim, T.N,, Feng, Q.L.,, Kim, J.O., Wu, J.,,
Wang, H., Chen, G.C. and Cui, F.Z., 1998,
Antimicrobial effects of metal ions(Ag’, o
Zn2+) in hydroxyapatite, Jounal of Marerials
Science, Vol. 9, pp. 129-134.

. Kim, J.-S, 2007, Antibacterial activity of Ag+
ion—containing silver nanoparticles prepared
using the alcefﬁol reduction method, Journal of
Korean Industrial and Engineering Chemistry,
Vol. 13, No. 4, pp. 718-722.

. Solioz, M. and Odermatt, A., 1995, Copper and
silver transport by CopB-ATPase in mem-—
brane vesicles of enterococcus hirae, Journal
of Biological Chemistry, Vol. 270, No. 16, pp.
9217-9221.

. Schreurs, W.]. A. and Rosenberg, H., 1982,

s

10.

11.

12.

589

Effect of silver ions on transport and reten-
tion of phosphate by Escherichia coli, Journal
of Bacteriology, Vol. 152, No. 1, pp. 7-13.

. Silver, S., 2003, Bacterial silver resistance:

Molecular biology and uses and misuses of
silver compounds, FEMS Microbiology, Vol.
27, pp. 341-353.

. Percival, S.L., Bowler, P. G. and Russell, D,

2005, Bacterial resistance to silver in wound
care, Journal of Hospital Infection, Vol. 60,
No. 1, pp. 1-7.

Liau, S.Y., Read, D.C., Pugh, W. ], Furr, J.
R. and Russell, A.D., 1997, Interaction of
silver nitrate with readily identifiable groups :
Relationship to the Antibacterial Action of
Silver lons, Letters in Applied Microbiology,
Vol. 25, pp. 279-283.

Lee, C.-]., Kim, D.-Y. and Kim, B.-S., 2007,
Study of anti-bacterial properties for impreg-
nated activated carbon by silver nano—particles,
Journal of Korean Industrial Engineering
Chemistry, Vol. 18, No. 4, pp. 396-399.

P&I Corporation, 2006, Method and device for
reparing powder on which nano metal, alloy,
and ceramic particles are uniformly vacuum-
deposited, Patent of PCT, PCT/KR2006/004167.



