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Abgtract - Oygters have been continuoudy produced from dl around the world including South Korea every
year. The oyster shell by-products accompanied by the oysters have caused the socid and environmentd
problems due to the absence of any method or technique to ded with the by-products. In order to solve
those problems, diverse researches and environmenta friendly methods using the oyster shells are in
development by now due to the possbility as chegp materids. In this review, we discuss the worldwide
gatus of oyster shdls and investigate the physicd and chemicd characteridtics of the oyster shdlls. In
addition, we discuss the recent trends about the sustainable methods to utilize the oyster shells.

Key words : Oyster Shell, Oyster shell by-product, Recycling, Sustainability

1LME A A F AR 90 %E AL gl b 2

WO jFo ool g, i o
FANARE B Q7] G AFE F bl EO] AN B S gk wlE BRF Fa 2 A
o A AAROR Saol ol 8RT glon] AV 4k Stoln] Qizk of 2 9| 2 NS HE St
E5 chopslA Bae] glck Zapso] A9 el glth ShAuE 9] A9 obxofe] Ssigls 2bE0]
MBS E AR 7S5 Qe Sk Qi 0

]
"To whom corresponding should be addressed. ‘ﬂ-ﬂ %}o] OV\]O}-OJ T8 = ABAE O]r’]’- %%—OJ %]
Tel : +82-42-868-3573 E-mail : ahnjw@kigam.rekr O ok 20Ut Eo] Z& ufjd AJASIT 9low, dl=ko]



N
N
o

A% xh oF 309 £ AEE AT Ak W
=2 AlA ZEH = Aol mijd of 3504t =9 =
2 A= Aog HuE1 Qich

= % %WS 1960t 78 AJZFE 2l o,
T O 7R &S sk Qlok
a = °“‘Xl“ <% AL 14 S "R gE &
HOR Aol Hal glom, AR Aol A E3F =
AL A e sfge] "o 53] delle] A= o= Wl
A = AAIRFe] oF 90% ol de AMAIstaL itk
= Akl wet g g = Wi (2 ) =
WASHA ok 2 9j7he] A9 A2 =2o] oY
aL &of iﬂ‘/} o] =7 o2 A= JARH, A
o] A7) 9 Fu) EZF 37] wigof] &v] & A EA]
& A2 WA= sfizo] gh=e) 4 vid 257 =
ool grith. =gt opyzt diwke] A9 wid
209k = olge] = HiZo] AR EA] 2 A= HA|
7t oigo] "ok oA M wjzk v K
HEfo] A=Y x|l AAAE wEfst=Hl 2l
A Z3AIA mlgol A Ayt Eglo] B3t vy
A2 Qlate] g2 QI alid A[He] ey 1
of v FAEAY S5 viHEL e E3F 9z
g e =] HaL lout g g = e
#2571t 7]%X4i A e el A
JH”A A=zl BN = A=
H7E7 ]IHTL‘O" AFo 2Rt $-50] 7Skl §7HE

N—IN 1o,

400

300

200

100

D I

T EN

ol X|3= HM27# 1= 2018

B2 Al Sl AeE sjoprt Pk BS 2
ou 2] Al Blgo] 57] wize] EHEAoR ‘ﬂﬂ
£ 397t auls] wgsta gk AlsldoRE 4
7he = 9j4e] A= Qlsf = Ao Aato] &
=3 Qen] s Aele] ojnlx k3 &g F 4
g,\u]-‘ 56} st orL H}—x]ll;] =+ JH7L4 AR &
B4R I8 Al7ko] A5 o7} 4]
EHX% OJEPJ A FRISofA gl F=aL glom, #
a5k f71E o] uistyk mujgst Eeqle] 219l
o] H7|= gty E3h A 2ol%= & AA7=
7| 718k BEA] Ho 7} Eo] QIZFe] A%l &
g do 4 glon), Fol TFE] = 49|
Fargo] Bl Avigo] #7 BAZ BN
oh;].

AA7HA] FEHSHA HE A= 2 3j2te] A5 9
sho] thefeh At7F YA Uk wids iEA R
gAY 4G A EE vRE gk o]
HAE BB AT WA $2Hef & Fa )
otk olgfat 714 Fato] 2 W2k Ak 9
A5k, 2429 Zigel digt @ 9 AR Qlsto] 9z}
o) gngt Aaj=lT gon] B BT Ho] &
TFEIL Q= AFolth B 2R =RolAE 2 izt
=2, kel EAE olalish, = dijz2 Ags]
3 AtElo] & chasl 7)< distel B4k 2
7S g 2zl AT B Leldch

N

12

o
Hl
o
W



= izt BArEo] A& shse A 2 AT AF Vs 3

2. = 1jZe| EH He] 27 vt AS o 4 ok oF w9 Y

el A o> o FEHF 52 olf= =5

2 Wjzre] 2 1A AEC B (CaCOj)om XL o, oFe] B9 S49 T A9

glo] oJt}. HZhe TAIGIIL 9l AELS XAl Fur O] Hol Az U3t Pej= F-FH3kL = Hels 4L

FEAH (XRF : X-Ray Flourescence Spectometry) Qlth E3t thdo] A9 Ul 37|29 FAE zh= &3t
oa _‘1:_;@‘%15_} ADlE B 2 wjzhe] Ao 90% o]Abo] S Afolofl Bl Fito] EAgth= A & 4 ok

7 HEOZ o]2o]A] 9oL oF 2 9)31 oJH A = #2re] d4 P H7FH] flste] Huh 1

o} U]‘j—b“‘EFE Ego] Hoj 9lgg & 4 u@. oA = B2k o]&sto] AlAkgRA] (DTA : Diffe-

T3 Bul X-A1 3" 24 (PXRD : powder X-ray rentia thermal analysis)¥} G4 (TGA : Ther-

diffraction) & EajjA = jzte] txE B3 dat
2 2 7o) mE 4 Aol 43k SigeR
ool Itk AL oF  glow, el Ask4
o] ARtk AS & 4 Ui, Ea ofu)] BAL
B e (EDS : Energy dispersive spectroscopy)
Bol 2 djztel mulg BAT Zue w24,
4 Ake7 2 4 AR & 5 7t Ao,
I R XA 5 2y éﬂé 51l &
745 (CaCOy)ell 3ol Hrk 22 o= & 4 glek
ofgfe] I1HX TAPSX}‘SDH% (SEM : Scanning
electron microscope)S £33t = wjZHe] ¥H L &
A Afolt®. 2 wijzte] A9 YR, 9% aelw o

) mlo

o]
ru

;

Table 1. = sfjz}o] X-A & (XRF) 24 Z23K1)

mogravimetric analyzer)& AAFTHY. 2w A}
2 W 300 ~ 800 °CollA] FANFGo] HWE I 9e
= & 7t glon, °F 700 °C ﬁ =2 AAvkek Fadt

& Hols Zl& SRIT 4= Qlrk o] oA A3

sl sjzte] 7ol heiell Aa) wof oF 40 %
o FE 9l Hs AL & 4= 9ek o] wef] COt

II

FEEm gk (CaCOs)o] Alslkd= (Ca0)o=

WSHE TS & 4 ek olel S wgAe

CaCOs + Heat -> CaO + CO;

SO, Al,O3 Fe0Os Ca0 MgO K.0 Na,O TiO, MnO P.Os Igloss
Oyster shell 0.45 0.12 0.06 53.66 0.26 0.06 0.55 <0.01 0.01 0.16 44.56
Calcite -~ Ca

=

<

e’

>

=

n

CaO =

| 5}

et

{ =

| |
fod bg_Ju"w L I U

T T T T T T T " T T T T T
10 20 30 40 50 60 70

20

1.5 2.0 25

. 0:5 - 1:0 .
Electron energy (keV)

Fig. 2. & wjzhe] 2ur X-A S-EA (PXRD) (2) 9 o vx] 24 B354 (EDS) (99 A3 vehd j=®d

Journal of Energy Engineering, Vol. 27, No. 1 (2018)



Fig. 3. FARIAAWA (SEM) o2

1
1 £100
o 90
£ -
> 80
g o~
< 70 X
h -’
= 60
50

200 400 600 800 1000
Temperature ("C)

Fig. 4. 924 (TG-DTA)S E3t
zko] wisld

2o ug =

3. 2 A & 7=

2 whzte] A9 oA AT kol 90% ol B
A (CaCOz) 2.2 o|Fo]x] it eRikdgo] &
A% A%, T, 5 5

-

ol X|3= HM27# 1= 2018

BAT 2 jzke] Ui, o aeja wie] e 7ad

olo] glojH B =3 a}ouﬂ olel o & sf212
A3t ste] 4814 PAAZ TET 4 U chadt
5§ Hobg 2] 913 7H‘f‘£°l k] e
AUk, & ERAHE 2 w2k BEA @7 2of L A
0] Topet 7147 e hste] HAlsaA dlet

N

3-1, WHA T Axy

o] 79 Abgel WAt Al e s Qls
Xﬁﬁﬁl‘%kol A&H o2 %ﬂfﬁ}ﬂ pom, oo whek
18 A=2 ARSEE AEe] ARgRFo| S7FskaL QL
o} Agk ARE- Al HHEE] AMg7EA W ofR AR
o] A5 LA=AR Ag5h| el €7 Aol o
gk iAol A=A Slek 2 g AR 9
At 2 7S 28l 9 58S AlXek=
7148 st A0, g 71ee 2 B4 94
23t F 245t EdeE Alx g F wir7kaet v
oo AAZA =W El—i]—o] APEC} SEhE 2o
o] = o]gA A" EES AR 9hs 4= )
o} = vkE-9] A off Y] WS4l whel & 1A
HAYSZ O R WAYsHA Eck. Mgt ARS- A] HAEE &
o] Zof S0|71H gHito] =w ojuf = afjzh &<l



= ujzh BAMEO] 24 7Pk A7 W T AT 7)E

£

Concrete, roadstone,
construction fill,
drainage matarials,
roofing chippings

Building stone,
Monumanis, 8
Slabs,

Maving —

e

Calcium silicate
bricks, lime

5[H|.li|i:i'dlly
/ Steal-making
Seawater
magnesia
waler purification,
sewage &

Sugar,
Soda Ash

offlucnt

. treatment

\

LR
Iron smelting, glass, ceramic
wall tiles, flue gas
desulphursation (FGD)
Animal feeds, asphalt

filler, agriculture and
mine dust

Carpel -backing, plastic

floor tiles
Medium
Coarsa To Value Non-
Medium | Functional
Ground Fillers

Fillers

Fine To Value t
Ultrafine Functional
Ground Filleis

' Household products,

adhesives and sealants,
paper filler, low cost paints,

High Value Tubire amd plaslivs
Funetional
Fillare

Coated and uncoated ultrafine
fillers and pigments for papar
coating, paint, rubber and
plastics, pharmaceuticals, food
and drink

)7

hus

de B Alepdao] &0 solle 39 vyt &
WO 2 o] HHA Al FejE s

¢

~

o
i

H3-4] 1
SO, + HO -> H,SO;
CaCO3 + H,SO;3 + 0.50, -> CaSO, (S) + H,O +
CO,

RS 2
SO, + Hz0 -> H,SOs
Ca0 + H,0 -> Ca(OH),
Ca(OH), + H,O + 0.50; -> CaSO4 () + H.0

2 ke =l 0§ B V12 BYEY B
o ol st S/1BY ARGOR ot 4

i)
1L
b
=)
ridt
o,

fo

o 2
filo

" o
53
N
fr
iﬁ-s

HT

[0

o
N
4>

3-2. A[HIE AAb

As)Ae] A9 AJHE Akelol| o]gd 4= ek Aldl
Eo] YRl Aejyl, RS v]E 43 (Ca0)
7} Bol7HA HH, olgdl YRES AYst ugR &
gato] AMES WS v, AetrEe] AU
shlre] SRS 1B Y]] Qe BAoR AL
= 4 9lrk B3] A3]9] A9 HH) oF 70 % F=
2 AT A= 2 uFES ek Aok HE 2
Tzt Brgsle] AME YEE AmA s A7}
A= glek 20059 Yang IEINAE 2 w2t
Ag-gat vlA 2R 7ol it RS Wt
o9, s Aol whaal & wzke ghgate] |3

Journal of Energy Engineering, Vol. 27, No. 1 (2018)



<gAHEES 0|% XRDEAMZ1}>
=]
[

C: B434(CaCO;) "
Q: 4 B(SI0y)

G: 471(CaS0,2H,0)

G

= G
Ml —~—A

500°CH 2
vy '\—)L

10 15 20 25 3d 35 40
20 (Cu Ka)
Fig. 6. X-41 34 2% (XRD)& £33 w|Zka} 34t 7120) 9 vk A o] =@

7ty 2 e 7AM EAS 24 gL 31 a19ick 20144 Chiou 1EoAE 2
oP‘R‘iE}. Egh A2 T3 EQ] AHE 19 Fok B Zho] =E HES o] gsle] AEEH HE] AT
Agro A F S BE3 AME Z2IE Are] 2 WFEL A7S saeido?. 2 wjzke 244071
oy ﬁ% 6}%} Aoz # wzte] TFE =Y B} wksste] dr14S wy] wjRe] A B2
8 Eotol E7=st WolXA] ekol T} kgate] F312 A1 4 QA Hek of7)o) AHlE

m ng°ﬂ webd Badel E4o] 24 b B3 Z w7 T3] 9E PeE vhSo] A &

ol X|3= HM27# 1= 2018



=

£

7} subgel 2%

0 r

H oRA o] A7 BlEe] YES AME S3I
= %u} 20154 Li 1204 2 wjzre
=5 AxskL ol digt 54
G, s Aol F e
7IAEQ =g v EEAd 54

25 Al 011 =

=7F A Hlem, 471

7Zdoll A9 %‘64011/&15 a1 Bwst Wx] o zlo]3}o.
A ALs] AAROZ olelo] E Zog Hrkslgt) E
3} 2016 Ez-zaki “1EoA %= AHE 7} B8 =
WS Mﬁ}@t}@ szt ohoeiol AlwlEe] g
9 BlES g sto] d4-E FAsielal 43k
~ES #‘36}9%:} At Ko oF & wjZ} 16%E 3
= 7)o} Bka ATt SRAMES F

fl

:Ll

O

[
=
A

&

H l‘k;’ ol

Ql 3hglck
3-3. Hgokst =™

2 wjzke] A9 ohA F 1o ehkgoR
olfo] Fom, o2 44 AAZA =W Alsidgol
). Aslze] A BEdoflx Ca & W Hol &
A gole A} kg3l S 9l 7o) FAHL) o
2 So] Ca¥ & Bo] ZAsl= RookslErel A
AL} Ql3f 7ZHe Sole AT HAUSS P4 2
Jofal A S AAFFE gL 3 4= 9k 20034
Lee 1A% & wjzhe 750 °CollA] AAAIA 2]
ofs} 219l Q1S oF 98 %o ERE AAsIoH ot
2 9] AA B4 255 A=yt A9e Agst

7hset A2l A FHT A Vs 7

1 ef*. 20059 Namasivayam 1-&ol|A = opiz}
A2 N AAE 98t &= pH, &&= T18]a vke
w5 2] 9l A7 A7E et e
ToAE = e 2GATIA 2 AR AFE A
Hyalon, a1 oF 50% J=o| ol AALS D4 43}
St} E=3h 200849 Park IEoAE 2 w22 o]
stof ol AA et opye} E thE RYYEt 22
o) AAet AEstArtaawF (BOD)= 7HAlgt
ATATE LE A,

20099¥ Yamamoto “Izol|A= H3keaR sl
AEe Az (blue tide)e] HHYOF 015} Hojorst=
£o)7] 9Jel] 2 W2 BEF ATE B shri.
g AtelMs 2 i B85k kel 2
12 mg-Slg T 523k 4= 9l o] 82ALAEF (DO) Q]
ZHAas w2 Qtky Ryslych 74]1:}7} 20104
Yang oA = 4y ERkhE 32 ol8st
Fgsied A3 FeE ANLeg™. 8
o] g5 QIETE ofye} Haxo) A|AE= 90 % ol
7HA] @Skl S 2w AT Ak 24
= 4S EE5to] e AAT A A9E Hu
gk vzl o, sid ATE 58}0:] AR 4

=2 7S o]-83hH 90% o]AFe] ¢l AALS T
% g wi sigg®.

[‘_8.

—

kil
=iy

3-4. Z24 HA
20099 Hsu LgolA Hgom 2 w7k 284
A U S5 AAE 33 A727E Rasigr.

I

P removal efficiency, %
o
=
1

POS 750°C

POS 650°C

HOsS750°C

ROS

Fig. 8. Axbt = 9j2ho)

60 80 100 120
Time, min

44 ol e <l AAEY

Journal of Energy Engineering, Vol. 27, No. 1 (2018)



100

w
o
I

80

701

60 1

Amount adsorbed (mg g'1)

50 1

40 .

15 30

45 60 75

temperature (°C)

Fig. 9. &m0 w2 #4= 1 2] (Cu™)et YA (Ni¥)o] 29 Sxeke et

W ez
= "z 2ol 9 Wyt 046 nm 7|5 2= 3=
= 20 3l B4 2de SRR 3 ¢ 7k
3 g AFolM = ol2dt = e &

ok >{\l
=
s
T
:?—Eﬂ

ox

gato] o] HAe glo] #H4 W a4
TFEjot AL AAs: A5 36kt
A+E Bkl et YA 77t 49.26-103.1
mg/gx} 48.75-94.3 mg/g ¢ SRS Hols AiE
HojZ9t) 20114 Ok ZEoAE = Yo A5}
£ a5 9 tEES AASRs A 36k
o}, g A= Balo] 1-5 wtoeo] shaft 2 szt
= &-8sto] 15 mglkge] 7=t 1246 mg/kg®] W
S SAT ATANE HoF oA Bk AL P
] = ol AEAAR S AHdsklch

l'm

2

ofl I o o
ro

3-5. dH=Y

A Eolek AHAA o EASh: FAlE B 28
ko] ol BYE & Sle VIss 2visk, sid
7les ol8sto] Akdell A8shs ™| WS e
ot A7 a2 2147100 So1A 71 o v
© A7 2oF T sholn, I/ = vt Bee
ol-§-gt A AF7E Y=L ok TRkt A
mR7)E oA wize] AEe niAl = 24E
o A7 e SlA At 2ERY 585 s
ATt At 27 s AYEIL Uk 53,
A W A7) Ui A2 A 27 ]es o

OlX|Ssr M273 H1= 2018

o
9|L
9
m}l_{,
L
i)
ol
3&
Kl
a0
)

%
pacs

%
N
I
Mo
iw
i
x
z

Z)
A, BT Aol 22 e Are 8ol
7Fssict 20129 Steiner “LEolA= A& A 7}
 fARE TR0 S TS A4l e
2 2HRE 3 A3LE Nature communicationo] X 1135}
AU, dmmat opyel F wjzhe B-83 YA
7| nRZER = AE7E JFE AL gl 1996 Miya
moto LEoA= = B2 TS o rEE wHalRe
Sta 4 (carbonic anhydrase) & HH5l= A& 43
ST, Sy et 7ol EAfsks T o)
R3] PAEE mdE AA sk &5 Foll &
Aol olaksterael Eol vhiiw ghikpear (HCOs)
= P =Y on] L o] (Ca)e} ukgEto]
2 (CaCOs)e FAsHA Hct olgA A4
AP AES 35 Hok E3F 2012'd Marie
IEoAe= = 7o Mt X559 M A7t
L 8071 9] A A ehalAe spsigiet. s
Atoll A= o]t 807FA 9] Tl d HE5o] A= tf
= 28 oA v B4 Hole XS A
o] Mg Al K siglown, o]F Fdke] X

St o) M| YAEE 719 A 4 9l

AU

¢



2 sz kgl A% Ahse el L AT AT A1 9

Fig. 10. mjjzo] A mHlS £35) 7502 ZAJo|E (Cal-
cite)o} of2taILo]E (aragonite) Lpie AH®

At 20001 Choi “Lgoll = = wizte] S 4 AAA il s I ke Harst

S 47 ME A0} B =BT S Ak

gl AE Saelr®. aig AelMl X4

3H B A4 W 4S B9 w1 ;LZHM 5 4. 3 B

HAAT 7159 T F2E Psigon, o)

o ATE Fote] & A et aSs Alxw B eRolMt A AAHeR AE, B B

Y= 7S AAsHTh S} Ea ol 2 szbo] S3ke mporsta = mztol

22, 3512 542 olalislsict. F wjzte] #g B4

3-6. Hi= AT} F3to] A A How TP W F RIS
= 24S B8] At TRt 2ok SollA FA 3ol 3 2 glojom, SH Wl 2o = AJAKZOlS

7H wol A3} glo] Qi Hok= 1 ujjzt H] slol3} 2= 9lolr). = wjzko] sfela o Zhpo] 2= A

otk = 97| RS SAES dAYARS Folg oF 7) glom, X-A R BALS EdA o

24 B9l A HE Ege] ASE B 4y cpg o ofRolArks AL BHelE 2 919)

gom AgeAl Bast 4 Aes Avdl A= o E5 2ejFel B0 F wjzke do ofajA] oF

s <]
FE S o7l A = ok 2008 Kim 1559 700°C A2 BRG] Azt om AR}

A= & WZhS vER ARste] ofuls AYAKS olojut AFHo|7} Qlolte oF 2 9lrh
WA ATE AGHAAD. AT ATNIE B olefnr 2 o] e, sial B4 vigos
S Hlm= Fgohet 7P 2 A% delkew WA 2 g7k 2}19ls) A|7|Al sl ol o
(NaCl) 2] ok X A3} Ao, Eok] pHE Z71A urs] 218 2ol slolatyit). 2 dzke Bl AxE
7= AG1E £5ttE TS EoFe] goF 73S oF 289 31y AHsofA WS GE7IAE AAT

Journal of Energy Engineering, Vol. 27, No. 1 (2018)



= =
2§ FFFE 2 oy A AAY -
e, g U FE5s S 7 e A2 58

o] 7R3tk Akt sztel 4 e
ek bl W S G 2R $E E
7Rsset.

ShAr @A) Hel B ATE 716S Agol
obd AHGEE 9ltol A% 2L A% Aol 2
28 Aelct 2 iz Hel 714 1 s wele]

o
= HFo] g 1 7Pke vlElell AE7ks e =
szt #2] 7]ee] NdE AR AldEr

Acknowledgement

o] 71918 wioh 43t 1 AU} (No. 201600
2230004).

References

1. Nam, G,, et d., 2017, Effect by Alkaline Floccu-
lation of Algae and Phosphorous from Water
Using a Calcined Waste Oyster Shell, Water, Val.
9, pp. 661-671

2. Yoon, G.-L., et al., 2003, Chemical-.mechanica
characteristics of crushed oyster-shell, Waste Ma
nage., Vol. 23, pp. 825-834

3. Huh, J-H., et d., 2016, The Use of Oyster Shell
Powders for Water Quality Improvement of Lakes
by Algal Blooms Removal, J. Korean Ceram.
Soc. Vol. 53, pp. 1-6

4. Longcliffe, http://www.longcliffe.co.uk/limestone/
limestone-uses.asp

5. 2194 9), 2017, TZHS 4] Tl olgalo] 1
91e) ek 4E Atk W, 5314, pp. 110

6. Yang, E.-l., et al., 2005, Effect of oyster shell
substituted for fine aggregate on concrete charac-

OlX|Ssr M273 H1= 2018

10.

11

12.

13.

14.

15.

16.

17.

terigtics: Part 1. Fundamental properties, Cement
and Concrete Research, Vol. 35, pp. 2175-2182
Chiou, 1.J., et al., 2014, Using oyster-shell foam-
ed bricks to neutralize the acidity of recycled
rainwater, Constr. Build. Mater., Vol. 64, pp.
480-487

Li, G., et a., 2015, Properties of cement-based
bricks with oyster-shells ash, J. Clean Prod., Vol.
91, pp. 279-287

Ez-zaki, H., et a., 2016, Composite cement mor-
tars based on marine sediments and oyster shell
powder, Mater. Constr., Vol. 66, PP. 1-12
Kwon, H.-B., et a., 2004, Recycling waste oys-
ter shells for eutrophication control, Resour. Con-
serv. Recycl, Vol. 41, pp. 75-82
Namasivayam, C., et a., 2005 Remova of
phosphate by adsorption onto oyster shell pow-
der —kinetic studies, J. Chem. Technal. Biotechnal.,
Vol. 80, pp. 356-358

Park, W.H., et a., 2008, Roles of oyster shells
in an integrated constructed wetland system de-
signed for P removal, Ecol. Eng., Vol. 34, pp.
50-56

Asaoka, S., et a., 2009, Removal of hydrogen
sulfide using crushed oyster shell from pore wa-
ter to remediate organically enriched coastal ma-
rine sediments, Bioresour. Technol., Vol. 100,
pp. 4127-4132

Liu, Y.-X., et a., 2010, Study of municipa
wastewater treatment with oyster shell as bio-
logical aerated filter medium, Desdination, Vol.
254, pp. 149-153

Hsu, T.-C., 2009, Experimental assessment of
adsorption of Cu®* and Ni** from aqueous sol-
ution by oyster shell powder, J. Hazard. Mater.,
Vol. 171, pp. 995-1000

Ok, Y.S, et a., 2011, Stabilization of Pb and
Cd contaminated soils and soil quality improve-
ments using waste oyster shells, Environ.
Geochem. Health, Vol. 33, pp. 83-91
Finnemore, A., et a., 2012, Biomimetic lay-
er-by-layer assembly of artificial nacre, Nat.
Commun., Vol. 3, pp. 1-6



18.

19.

20.

21.

= wjZF FakEe) A& vkt A 9 A2 A e 11

Miyamoto, H., et al., 1996, A carbonic anhy-
drase from the nacreous layer in oyster pearls,
Proc. Natl. Acad. Sci. U. S. A., Vol. 93, pp.
9657-9660

Marie, B., et d., 2012, Different secretory reper-
toires control the biomineralization processes of
prism and nacre deposition of the pearl oyster
shell, PNAS,, Vol. 109, pp, 20986-20991
Chai, C.-S,, et a., 2000, A study of the correla-
tion between organic matrices and nanocom-
posite materials in oyster shell formation, Bio-
materials, Vol. 21, pp. 213-222

Lee, C.H., et a., 2008, Effects of oyster shell on
soil chemical and biological properties and cab-
bage productivity as a liming materials, Waste
Manage., Vol. 28, pp. 2702-2708

Journal of Energy Engineering, Vol. 27, No. 1 (2018)



