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Abstract Ships and marine structures have a lot of problems in their high maintenance and operating cost by biofouling.
A biofouling occurrs by the adhesion of marine microorganism, algae and bacteria. In this study, the aim is to prevent or
to reduce the biofouling phenomena through silver nano-particle coating on artificial light-weight aggregates and
geopolymer. The antibacterial activity on them is tested according to ASTM E2149-2013a. The test results showed, it is
estimated that silver nano-particles removed 99.99 % of bacteria. Specimens were set up in the sea side of field test area in
Korea Institute of Ocean Science and Technology (KIOST) and have been observed for five months. The anti-biofouling
effect and difference in weight change rate have been detected two months later after the installation. Because silver nano-
particles inhibit bacterial growth and kill the cells by destroying bacterial membranes, silver nano-particle coating on
artificial lightweight aggregates is a well-suited and eco-friendly method for preventing biofouling in the sea up to 5
months.

Key words Anti-biofouling, Silver nano-particle, Artificial lightweight aggregates

[e) 37 3L A< =
o e APt 299 AFAFIA) BEE B 4
AN, Use, usz'

7371t ARtttk AaAlEelt, 74, 16227

(2015 8¢ 26 H)
20153 9¢ 20 *Wﬂﬁ)
(2015 9 25 AAEA)

2 of H Ate dd FAF e f8l 2FE ] DAsE A 5, AEY HAE T, RS FU1HeE A
slale EE Al2E Yo #EH ] Z(Membrane Layer)<] g%ﬁf—(Biofouling)g 932k, MLY| A== AdgdgaAl 2
ZAY] Fxol| wE PAE FAES vwetrA Ao EEHd & U YAE G AEE AEE I8t 1 5Y
< H71skanh. o] AP wE mAE 7]“ AA 5ES stz g+t HEEE AAEAoH, saalgHeried
FalATA Shathel] AX|ste] AEQE FAEo FAMSES FHIAT I HEE 2 2 v YAE AHE AF
AFZANA 99.99 %] Ald HAES FstFer, AEed ARE #ES A3 IERE & U gAke a3 ¢
3 AEeE Ayt JAEE AL IRleATt. & v YA Z'ol o AESE A7 JAFAZFZAANA 714,
AL EEmollA 7iY mvte R YEpgom, weba 2 v YA7F Z-HE JAFALTIAF AR O0R AESES T
4 7 Ade 1A Ao THAQ HHAS & F AU
LM 2 E Q<= (biofoulingy> AJdES] F241& 7]“—7‘]74 “_rL et
Aol tigk EAE o7 |A7]aL, vt 2 S50 A7)
W o TR Tl WM, SR % A & B SANIE 0, UAE AA 9 84 us
52 53 2L A VAREY) Ao wANE 4 U8 52 WANA oUE AY T2A 2 2 Ul
of A} Hlo] 9. AAE A TS 74E B
"Corresponding author HEL BAA 7| AL v|AE 95 413] E] Ao n=
Tel: +82-70-4024-9765 = -
Fa: +82.31.249.9774 °of AFsehe & AR A 2d o9s fudt
E-mail: kmpsens@naver.com o}, =3 FzE Y mAyEL Auke- %‘H e X9



Anti-biofouling properties of silver nano-particle coated artificial lightweight aggregates 213

o2 WA Yoy sF o d @ At AejA
TS ok YloE FAEI JuH1]. MY A=
E2 gt BEES AT £EASE R4 St
5o2 9% AAH<] &4 B2 wuz Aus A
(docking)A A FHNAH A=A slof gozH A7)
= FAEQ SAx IAARIG2). Sl mAEY] AE
228 WX fg o 2= EFRYRl(tribytyltin),
2HIEA, 715 sRHE ol 2shE Wey HIE
7F ARgel tt 53] ErRdrle upivel s
I 7re FEREe] HEAY] wlg- gxpdold, a%
T 5d o K& A AAFeR de] A= $k
o3l 28y EgREde 14 AEo fig Ao
A3l gl RE Al gt 548 e, s
HAEe] AbEd WYl FA4ES f=skar, EWA el
EAEA I5F AE JEAX(imposex)S YL77]
T gtd A AAFeR Aol FAEIL T wEhA,
EgRdd 9 {7154 silEd e s 240
A 2 A7 A WS B AEeE

WRshs AF7F AlES FAloltH4]. gutdoz A
258 vigtEd =Ed AlgtY, 34, At 59 th
S 71 gEel ujAE wHEe] MEola Bujshs o
v gbEoe] AawHA dojdths). ool waf,
FHO A FollA Bujw chad 5o griuz o]
ol BE Q&g WX flEiae vuAE ZA|
EHANA AASHE 7]Eo] 8T

2(Agy PIAE AUl AU 715S thiHe R
A8l 6509F2] F3l Al & vlo|HAES A|AS
= Aoz 4EA A6 & v dApT vAE Ve

Ak W7iE2 A F 77 Aok W4 o
AowE= & e AL nldE EHY Al AY
o2 HEFE AET 71eS Welista, F3Eoe] wy
71%5& ASAZIAY DNA 48§28 Row +
ZHch U2 e & e b FEE Als o
o} & oloz gEEo] Axul] Fakd AL
YEZ fdslo] oveiks A4s e S 9
= ALVl 2]HE(Ribosome)ys WAAAIA ©
2 Ao dFS F71= 3P, DNAO| ZAgtste
48 FIsteEx B84s A = Aoi6-8).

B AN E S AH R Aslet B oflg,
7F WAdste] AEE ), o]F ®&AoE AA
g EE AI2EY] ML HEEE E AY =

E 7% oA 23t ggst & v gt
st 1 BAS ekl mEd, AR

= FRaHE vwstaz v A4
UAE FL”ete] v|wakd
. A 2 e QRle] FHE W =8
of H3] HAdo] i XFAFHo|mE g AYeiA wet

Mo tlo B
:

o
e

XE]

Al
2}

= o
o

o e

M 2 2

tlo

E
—

o

N X,

-

1o 2 ok o
g~ T
o o O

i
=
rO
N
to
i

ENC)
s
=2

N FlO FlO m-ln U
b

S Yoy ¢y, EHHOT AE 9&S WA}
g8 A TR AR B il 2 FEE
oF o gHnt

ARe A% A FEE IAH ez Askei
=z AT W agHoz AAs] 9%
ZE Alade]l MLO| AEeES w7] 918 MLl 44
He dedgEAd & Uk dAE F"sle] dde
P3act. AFFFZAE Si0, 2 ALOE FAEEL
2 ¥¥ehe Aty sk 98 4%, gt AR
& eRFEAe 2ol mE adet il F
2 Hlasly] flste] ¥l & WAe o] 8e A2
e AFste] vlasiin. A eEEe 1934
oln] AJghg o] Hojd S-FSel L (fused slagls ¥
T2 ARSI, 12M0] NaOH 8-t § &3tslo]
4R F 70°CoA 24717 < FEES sl 2] 3
A F AR A eFeH Al 27]E 15em x
20em A712 AR o, A AFEAL] A5 o=
o] 15em x 20 cm 7|9 FEbste] A7S 118
Ak ABAFEAY} X 2ZT o] AL Table 19
ekt olf Alde d=eldeled el
ok wirtel] AAHo] sid7e] eed s FAW

gz ZYsiich

Table 1
Composition of artificial light weight aggregates and fused slag
Content (wt%)
Artificial light weight aggregates Fused slag
Sio, 63.870 47.401
Al O, 18.144 13.787
Fe,0; 8.818 7.559
K20 3.353 1.106
CaO 3.166 22.075
TiO, 1.155 2.321
MgO 0.986 1.356
BaO 0.376 1.475
MnO 0.089 0.441
Cr,0,4 0.026 1.524
ZnO 0.016 0.123
CuO 0.631
SO3 0.140
NiO 0.031
SnO, 0.029
Total 99.983 99.97
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Table 2

Number of cells after cultivation of blank, non-coated, and silver
nano-particle coated artificial lightweight aggregates with bacteria
for 24 hours

Silver nano-
Blank Non-coated particle coated
Staphylococcus  Initial 23x10° 23x10°  23x10°
aureus After24h 2.1x10° 25%x10° 44 x10°
Escherichia coil Initial 25%10° 25%x10°  25x%x10°

After24h 1.0x10° 13x10° <30

Table 3
pH and temperature of sea in a month period up to 5 months
pH Temperature
1 Month later 8.12 25.8°C
2 Month later 8.54 8.6°C
3 Month later 8.28 6.9°C
5 Month later 8.31 8.7°C
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Fig. 1. Bacteria after cultivation of silver nano-particle coated artificial light-weight aggregates with bacteria for 24 hours: (a) Blank

for Staphylococcus aureus (b) non-coated aggregates for Staphylococcus aureus (c¢) Silver nano-particle coated aggregates for Staphy-

lococcus aureus (d) Blank for Escherichia coil (e) non-coated aggregates for Escherichia coil, and (f) Silver nano-particle coated
aggregates for Escherichia coil.

Non coating Ag coating

Aggregates Geopolymer

Initial sample

1 Month later

2 Month later

3 Month later

5 Month later

Fig. 2. Biofouling of artificial light-weight aggregates and geopolymer samples for 5 months.
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