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Shell waste from the butter clam Saxidomus purpuratus and littleneck clam Ruditapes philippinarum is a large by-
product of shellfish aquaculture, and it is desirable to convert it into value-added products for industrial applica-
tions. In this study, calcium carbonate (CaC) polymorphs from butter clam (BCSP) and littleneck clam (LCSP)
shell powders and commercial CaC were characterized using Fourier transmission infrared spectroscopy (FT-IR),
X-ray diffraction (XRD), and scanning electron microscopy (SEM). The results revealed that the optimal calcination
conditions to eliminate organic substances and improve solubility for both BCSP and LCSP were 800°C for 8 h in
an electrical furnace. Calcination improved the white index of the butter clam (BCCP) and littleneck clam (LCCP)
calcined powder compared with shell powders. The calcium content in BCCP (51.1%) was higher than that of LCCP
(44.9%) or commercial calcium oxide (CaO, 44.7%). The XRD patterns of BCCP and LCCP were similar to that of
CaO. Cubic-like crystals of CaC and irregular crystals of BCCP and LCCP were observed by SEM. The FT-IR and
XRD analyses revealed the presence of calcite and aragonite in the BCSP and aragonite in the LCSP, whereas the
CaC contained calcite. These results indicate that butter and littleneck clam shells are potential biomass resources for
calcium carbonate and calcium oxide.
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= Qltk(Bugallo et al., 2013). A|F7HA] JHZ]'O o3}, EoF
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Seco et al,, 2014). 3HH, FZ}21 9] AL-E-ZHol A= A0} =)
Z] W(Okano et al., 1991; Han et al., 2000), o]+ #(Kim et
al., 1998; Kim et al., 2000a), 724 o] 7H(Cho et al., 2001a,b),
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F2Z}(Shin and Kim, 1997; Shin et al., 1998; Zhao and Song,
1997) 2 ujz}(Kang et al., 1996; Kim et al., 2000c; Onoda and
Nakanishi, 2012; Mohamed et al., 2012) 5.2 H 5 A A Zr
A o] §5}1R) Bz 1l Sgt.

FHOA] 2, T Th.0.2 AW Ln]7} B SRR
2 A, vk 2 (Littleneck clam, Ruditapes philippinarum)-2 ~1
AYAkEFO] 1990 74,58 18-S A 02 M| 7haE 0], 2013
o= 18,245F 0.2 AR st oL, o] A &of wpx| 2t 4=
22 20004 2,025 AJZo & 20144 24,0005 4=9]5}
= & el mid F7kskaL qlek g, 727N (Saxidomus
purpuratus)= 2013\ o]l -2y} o, daf W wpik ¢t
A 2,199 AArE laL, Fa} ghgto] FHojubn| Aol A
JL eha o] FEeE 11710} 2p¢d 4t Al 3ol thMinistry of
Ocean and Fisheries, 2014).

55 97) 5= o) 22 Z3 T 95-99%2] calcium carbonate
9} 47155 3F4-51aL ¢l o w(Furuhashi et al., 2009), A 7+
4R 24 calcium carbonate+ calcite, aragonite “L2]| 11 vat-
erite®d polymorphsZ &8} (Manoli and Dalas, 2000), 1
%I 9] calcium carbonate powderE A =5} ol 43}t Ak
QAo AR, T, A LE, Fekae], b, 2, Aok 5
FRISIRE wofol| thefet Ao = 3-8-0] 7Hs8tH(Yoo et al.,
2009; Fang et al., 2014; Preisig et al., 2014).

Calcium oxide (CaO)i= Y42 S = calcium carbonates
calcination (&2/d)o|2t= G&3l|(thermal decomposition)a}4
= &l AR o] A, sheA e, e AAE, AR, YR
of 5-of t}Fs}HA o] &-FHth(Mohamed et al., 2012). E3F, Cal-
cium oxide += F-&24] %l carbon dioxide (CO,) S2HA| 2 &2
7 o (Lu et al., 2009; Dennis and Pacciani, 2009), ©] & ©]
83t 714|(gas stream) 2] CO, 9| #-el= L2004 9] 7|A| 4
Al ol E e -85 AL et

2 Atoll A= AL B Axnjeko] wol A Al HA AreAt
Ho g o]g7FsAol =2 2N et viAl el 7t ti ke
2 3o, g7 | A A Q1 W 0 2 gl 2 (calcium carbonate)
9 A2 2] 5 Fet A4 w(calcium oxide)S A £3}IL, o] 5
o 242 Tyt

ME Y

M=

2 Aol A AR 727N (Saxidomus purpuratus) @+ BFA]
(Ruditapes philippinarum)3| 2+ Zd AAA| 24 AR
of| A Frufsto] Alm = ARE-SFG] om, ARtdAdel Qloj A& 20
ul2] 3E 9] ZF31(shell height, SH), ZF4(shell length, SL), %
Z(body weight, BW), ZI<(shell weight, SW)S &3}t

Alet

Ao ARESE BHABZA<R(CaC, calcium carbonate,
M.W.=100.09) 2 AF3}ZH5(CaO calcium oxide, M.W.=56.08)
2 Junsei ChemicalAK(Junsei Chemical Co., Ltd, Tokyo, Ja-
pan) A& Y sto] ARg-sF3IT.

IHZH22HSP, shell powder)2l XM=

NZ7H(BC, butter clam) 2 BFX]ZH(LC, littleneck clam) =]
zho]| F2kE] o] §li= o] =4 AAE Hste] eAlskaL Y=gt o
<, Ax7](HDG-330, Hyundai Enertec Co. Ltd., Hwaseong,
Korea)& ARg-oto] 45 CollA 264|7HsqE A =a}qint. A=t
|72 HAALE o] §-to] 1A} Eaishar, 12} a2 =4
7|(HMF-1000A, Hanil Electric, Seoul, Korea)= 22} 245
TR, A7HE(256 mesh) & 31l |2 7I(BCSP) 2 HAle}
(LCSP) s 7HE & A| =513tk o] & 2442 &8 Al =& ¢
T A2 AL},

HZE2L(SP)ZRH AMEUO| M=

BCSPZH¥ AAEZHCP, calcined powder)2] A|25 I3+
2R e 2748 WA, 120 mLe] 3|2 %710 BCSPE 1, 2,
5,10 2 20 g¥& ZH7F At 5, AR 357 2291
550°C oA 3]2}2(FH-05, Wisetherm digital muffle furnace,
Daihan Scientific Co. Ltd, Seoul, Korea)E A3} 64|71 &
o a2/ AP shlaL, 2459 7iAlS f1sl BCSPE 20, 40, 60
glE ATkt & 2255 =9 800TollA6A17E 54k 44
A 25}t A4 H]E(Calcined rate, %) Th2-9] Ao 2 At
el

Calcined rate, % =(Calcined powder, g / Shell powder, g) X 100

A7) A7HR7ALS BCSP 9 LCSPE 742} 20, 40, 60 g4
AgFslar, 800C oA A7HA(, 2,4, 6,8, 10, 12, 16A]7HE &
dsto] A dAHE AESHITE 24 24 EH(BCCPL}
LCCP) Alz=z272 40 g2 BCSP W LCSPE- 800°C o4 84
704 % TEIA WS B 2 SRR 24 A 2] a2

R L PR ECE )

8o, +8 & pH

M7 2 ukx} shZHBCSPEF LCSP) 9 A4 HaHBCCP
°} LCCP)9 7133} =g AW E7| fjsto], 2k A= 5 g
100 mL 9] gro]&4=0f 7}5}al, magnetic stirrer”} F2HE hot
plate (SP46920, Barnstead/Thermolyne 2555, Kerper boule-
vard, USA YA ol A 45-55C 2 -&3f5F3iTh. 2 Al &gl of th3)
Aekol ok &, =840 ZARE A=(105C, SARhsH] T3
& 245, 0|2 2 AR FHO RN AT Zho] HERE
23| %= (Solubility, %)E -3} T

Solubility (%) = (Sample, g - Residue, g) / Sample, g x 100

&(Yield, %) 2 Al 28l s Aol gt of el s
Az81(105TC, SAI7H dolrl 71874 2o FAE ST
T, A7 S e Feklh
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Yield (%) = Dried filtrates, g / Sample, g X 100

Zy A7go9 pHE pH meter (744, Metrohm, Herisau,
Switzerland)2 Z43lo] Uehfglon AlF Ca02] {3,
T8 % pHEF A2 v 1 313

MXHHunter's color value) 2 White index

HZHBCSPS} LCSP) @ 224 52 BCCPS} LCCP)9] Ajz}
= HX(L, lightness), 2% (a, redness; -a, greenness), 241
I=(b, brownness; -b, blueness)el| thall & A2 Z}A|(ZE-2000,
Nippon Denshoku Indusries Co., Tokyo, Japan)E A-8-3}o =
Aol o, M}A = AME-317] A calibration plate (L= 96.92,
a=-038,b=0.64)2 o] §5f0] Bgaheirt. Eak WAL ot
& Aoz Telgon, Al CaC B Ca0o] dfgt 413} 2
A S S 5to] A Bl sl

White index = 100 -+/(100 - L)> + & + b?

ZE7| Y= (Bulk density)

3} ZH(BCSP2} LCSP) 3! 42/ 2H(BCCPoF LCCP)S] AR
7] s 15 mL W AA -G o] 2F A 2E 10 mL7} H =2 o
AHA ST T, ]9 FAE Ak, FAE 8719 Al
22 2 e gh(g/mL) 2.2 519 o, Al¢ CaC % CaO9} 4}
= v 3kt

SR

ZF Al=.0.1 gofl 5 mLe] 6 N HCIZ 7hsto] 54125 23] 1t
E3F3 0.1 NHCIE AFg-3o] 10 mLE 485}, ICP (induc-
tively coupled plasma spectrophotometer, Optima 4300 DV,
PerkinElmer, Inc., Waltham, MA, USA)Z E43}%1 00, A
T CaO2} 4% v]al sF3Ae

FT-IR, XRD & OJM7x EM

S ZHBCSP2} LCSP) @ 24 B uHBCCPS} LCCP)e] 2
242 FT-IR (Fourier transform infrared spectrometer, Smart-
APEX 1II Ultra, Buruker Optics Inc., Billerica, MA, USA)S
ARE-81o] 4,000-400 cm! ol A Z7g8Hem, XRD 24
E42 30 mAL} 40 KVe] A3} 2-Theta scale 10-90°(step
size, 0.05; step time, 2 s)ol| 4] X-ray diffractometer (APEX 2
Ultra, Bruker AXS, Inc., Billerica, WI, USA)E ©]-8-5}o] =74
SFYICE. Eeh, A0 B4 AR E & 518 (gold coating)
A2)gt Tk, 15 KV, 2,008 &2 HANE 2474

)

2
e

u] 7Z(FESEM, Field emission scanning electron microscope,
Philps XL-30S FEG, Eindhoven, Netherlands) 2 2 #4159
o, Az CaC ¥ CaO%t A% H] L 53T

A

=7 3 HEX|2fe| Litdy

o
Ao Az 9 upx| gt tist U¥Hg A Table 19] U
ERfiQlct. WA, Az 207842 ZHl(shell height)= 60.27
mm, 24 (shell length)2 79.07 mm, A5 (body weight)
2 150 g, 3 Zr5=F(shell weight) 75.5 go| 1o, HA| =
of ti5t sfzt2eke] vl 50.33%= LR BEx] e 20714
o] 7b312= 24,39 mm, ZHA-2 42.14 mm, A Z2L- 17.50 g,
25552 7.75 gol 9l om, A Sl et s zHaFe] v=
44.29%0] 31t} |27 o] AAFE2 2013 ol = 2,1990] 32
o 28], 7k Al g7 =1 wjzto] HA| S 50% F s A
A3}aL Qlof o] sfzh WS 1,100 HER Ao
o, HER|2he] 7$- 20139 AYAkeF E ek 742} 18,245%
3} 24,000E 0 2 sz} BhAYekL. oF 18,700E0] o] =Tk(Statis-
tics Korea, 2015). 3+, Zhang et al. (2004)2] AA| ¢1QFAL 413
WA NZ709] Zha= 38-82.34 mmetal 81912 ™, Kim and
Zhang (1999)2] %13} A4t vEx|Eke] 785 7] €] ZFil= 11-
41 mm 2}al shef, 2 Aol ARg-EH 2] E viA|E St
o] A7]o) &k A 02 FRIE QI T3t wfjZhe] 24 o
ol et A-roll A al, ko, BAIZAN, viA |, =, At
Z}o] Z<43kek2 36.23-38.78% HYetal Rkl o, szt
o] AR E.840] elabz4+(Anthony et al., 1983)0.& o]
o] 7H4S ANAst AUEFES =Y = A= EHAE A
23 G e S5 e AR EA o] 8F 5= 9l o)
ThetE] Sl

IHZI2U(SP) 2R EH AdX2| 2L(CP)el M=

Mz w2t} 1A Q1 24 et A7 eSSl 2oldl e
TSP, shell powder)2 &84 ©] B4 (CaC, calcium car-
bonate) i <88 THo1 9lof 24 A2l HHE Foto]
eEs AASA AR 2402 Bl 57 2= 550T
oA Al FA™E(1-20 g)= 6A17F F1t &8 A =|RE A/dH]E
(calcined rate, %) 3.07-4.73% H 2 7| 2] 24 0] H|A] 2>
A0 2 Yer(E o] mIAA]), Kok w2 dl2oflA] &4 A e

Table 1. General information of butter clam Saxidomus purpuratus and littleneck clam Ruditapes philippinarum sampled from Geoje island

Species Shell height (mm)  Shell length (mm) Body weight (g) Shell weight (g) S/B (%)
S. purpuratus 60.27+4.30 79.07+4.40 150.00+45.46 75.50£20.06 50.33
R. philippinarum 24.39+1.55 42.14+3.70 17.50+0.56 7.75£0.67 44.29

Values were mean of 20 samples.
S/B (%), (Shell weight, g/Body weight, g) % 100.
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7Fdad Ao foEgley. 2 A x4 ARSS F]5tR
o] 8A45L, 15 (w)x30 (d)x 10 (h) cm] ¥ &% 24 9|
(100-1,200C), &+ =7k 9] 23)(120 mL), 7§27 SP2] o
(20-60 g)= ek, 800T oA 6A7L F9F A/ A2l
ZF A2 A ES AT 2 Aal(dlo|E nAA)=20 g E 40
g A A Eol| A 217 44.76% 2 44.39%0] A4 B2, 60 g Al
29 75 29.05%2] A ES VY], 87| 40 gost=
2/d A4 sh= Alo] AAste] et A= )

o|Ake] 7oA 7| Z/N(BCSP) Y BFAZHLCSP)2] wfjzH
(22 20, 40 2 60 g)of| thate] 800T ol 4] 1-16A17F 224 A
2]k A7HE /98-S SA4ste] Fig. 1] YefySict.

20 g AJE9] 7%, BCSP @ LCSP 5% 4432 447t
A 44.3%U1 2] 9] A5 YERYSIeH, o] %o ATt H
o] w2 22/JE(45%) A 9 ZfolE HolA| et 40 g Al
20| A9 A A ] 4417l A BCSPE 33.10%, LCSPY] 7
2 42.68% A& 7] ok 10%A E2] Zfo| & B gl oLt 6417k
7T} Soll= F AR I 44.4% 252 ERRLAL, 0] %9
/A2 A7E Aol whE A E(45%)0l= A WEkE b
ERA] okttt g1, 60 g BCSPL] 7%, 6A17F A/d & 2]l A
29.05%2] 2AE-L, 242 T 1047t o] 22| Ao} 44.75%

o2

50
40
X
g 30 | - 20g =« 40g =609
T
B
£ 20
o
@©
© 10
(A)
0 1 1 1 1 1 1 1
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Time, h
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X
2 30 F e 20g -+ 40g = 60g
el
Q
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S 20 [
©
(@]
10
(B)
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Time, h

Fig. 1. Effect of calcined time on calcined rate of butter clam Saxi-
domus purpuratus (A) and littleneck clam Ruditapes philippina-
rum shell powder (B) at 800C.

O 24 ES YEFHLAL, LCSP (60 )2 79~ 4A17F 22/d %12
of| A 31.77%2] £2AE-L, 24 8] 104]7Fo]| 0|27 44.32%
O] A ES e SITE o] & A 2] AlZke] ATt whE &
/€2 BCSP 4 LCSP =5 W3kt ¢l

=AY A= n|Ro] Ko}, 7} 24 H 2] ool w2 BCSP
2 LCSPY] At AAEL 45%0|9om, o= mjzte] 4
ol EMAPE(MW.=100.09)0] 24 1HS Soff Atskd<
(M.W.=56.08)0] o 2K, o]AkslErA(M.W.=44.01)7} A| 7
El= vl go] 2 A A EW Y|k A 0= UERyt u)
2hA] 2 A st A 9] A/ A4 2] & 213 BCSP % LCSP9]
Aok 40 golste, 294 8] A7k Hd 24ES vERd
6A7te] PSS aresto] SAIXHS A adxzlolatarl &
kot

Fig. 2= 2|4 &4 2] 271810 4] 40 g 37]2] A =+l of
3 73]of A 7§ Z7H(BCSP) Y HFA|ZHLCSP) o2 HE 44
FE9H(CP, calcined powder)S A|lxslo] AAQET A9
A@gel digt AaE 245 vepd ol 73]o A% &
AAE it F AR B A DAET HY A4 Eo] 247
44.3%2} 48.2%= A 9| ztol7t glof ShE XAz Hd
do] A= oH, AT 9] HX7H(BCCP) ¢ vpA|2t
(LCCP) a2/ tgo] Al 2=]= Zlo] ZRl = girt.

Go et al. (20022 7S 550C 2 650CTolA] 1AIZE
a/d A2t 79 XRDEAVY =2 dibdolle, 750-
R00C7HA = ®HAEZwI AlsRdgo] FEske AN,
850°C ool A= e8] Abskdgo] =] Qlekarl B arsholct. 7
@A o] 7+ E1H(Cho et al., 2001a)-2 800°C ol 4] 2417k A4 ]
2t A}, 71 A4 E0] 48.8%=A A 2ol o8 7= &
o| AA E|glom, 8] THabd4(Cho et al., 2001b)o] 1L
2 7t gl oJ3f o|AtstErATt WAL Q HA Akt o &
¥ 3}l cha(Shin and Kim, 1997)3}].0.H, 7hckto] w(Kim

4

60

mBCSP @LCCP

Calcined rate, %
S

N
o
T

1st 2nd 3rd 4th 5th 6th 7th

Number of calcination

Fig. 2. Reproducibility of calcined rate as affected by number of
calcined times of butter clam Saxidomus purpuratus and littleneck
clam Ruditapes philippinarum shell powder at 800 C for 8 h.
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etal.,, 2000)2] 244 2] L A|7hof| mh2 2452 600T, 447t
A2 o4 60.7% WL %2 8007, 40501 A= 60.8%z}aL 5}
otk Eoh 2= W A7k up2 ez & 7 A-E 2 (Ko and No,
2002b)2] AAE-L 700°CollA] 124]7F 2] A] 45.4%, 800C,
80E7F A 2] A] 45.5%, 12|31 9007, 202 2] A] 45.5%=
2E7F ST A AR S E T 813 o)4ke] ATt
oF W olA] A| 70| FFep o] uhet A E A E
£ 2ol Het gl o, E3] 24E Aol AR 471&
kol FA S WS A0 R ZAE| I, 1L Ao o5t
AT TS E= ATk

8all, +2 A pH

7§Z7H(BCSP & BCCP)%} A ZH(LCSP 2 LCCP)2] £-3)
T, =& 2|3 pHoll thafl Al 24 A F AFeb4(Ca0) 2t
/g% H| L5}t Table 20 YEH SiTt.

WA, LaEo] A9 BCSP 9 LCSP=2.3%2 VRGO,
BCCPY LCCPE Z+7} 7.5%9} 7.6%2 AAA S E3) oF
3ui7keE 7H8Ago] A AR YERA|TE, o] Hs] Sl
£ A8 E2 sEo|9ith Al CaO+= 8.0%=4 BCCP ¥
LCCP2] L3z 9} GAFslATh 7|27 SP & CP2] 7184 A
Hof gk &2 247- 2.3%, 6.1%°]31 0.1, Bix|2ke] A$-=
247+ 1.95%, 5.95%0] Atk Al Ca02] 482 8.78%= Akst
24308 24 == BCCPeF LCCPY| &1} tha 9kt
pH2| -9, s z}-E2-¢] BCSP2} LCSP &= pH 8.00]9l.o.H, 4
A Euke] BCCP9F LCCPE pH 12.02.2 AJ% CaO (pH 12.3)

GAsEIEE. Cho et al. (2001b) & 7+ Ao 7+ Eatko] pH
+ 9.10]3L, 2244 A2 (800, 2A17hell &fsf pH 12.99] 7+ &
Zejg oz wslelglon, o= AAAE] IgoA] e
o] Absbzg 0 & Rislel Autol| 7|Q1gtetar aF¢ict. Cho et al.
(2001a) ¥ Kim et al. (2003a) & 7t A o] 7} A4 B 23
TrF g, 7 kel Adoloj A Alg o ® o] 85| ofl= A<l
ol R71AF (FAFE 24 e 5 Bl pHE WA 7HA
2 WAE TR 3193, Ko and No (2002a) & B} & 725

Table 2. Solubility, yield and pH of shell and calcined powder

o, e B {4 A Sol e 22 0.6%, 3.4%
97.7%21 11 SRRom, 244 W $71Ab 2] TS B o
6ul] 5L 16867 FF2] g3l =7} 7 Al = Real FSAet. Cho et al.
(2001b)> 714k A 2|7t AgAl 2 A S Al ol 852 =Y
ek stk

Kang et al. (2005)> 779} ofj 2} A EUZ HE FEH 77
AP AR S Sl Al 714 o] 82 373-393%2taL 5F
0w, 71415} it mjzt 24 ko] vl gl ufe} chae) 2
o] 5Q) B 2 o] 2 LA bk 2 sl

o] Al Autel Ieh ASollA w71 AHA(d,
2}, )2 Zdad o= o83t HlsiA= 771 AAE A
3 /g &) o] Ao, 714 AAle Sl A4 71
A Az 2710] H2jsp} B as Ao 2 wekE o,

MXHHunter's color value) 2 White index

Mz7H(BCSP 2 BCCP) ¥ v}x]2H(LCSP 2 LCCP)2] M=}
of| thet A¥E A|AE2 B] 1 5}o] Table 3of LERU Qi)

WA, HES Lrehh Lk F4.02 Aeue, BCSP 9
BCCP+= 7}7} 81.3 ¥ 87.30]¢l0m, LCSP & LCCP:= 7zt
72.52, 79.292 7|z o) B HER|gho] tha e ZFS e}
it Al CaC 2 CaO9] LS 212} 95.0392) 94.952 4],
AzE7het vpRet szt gl 4w o] Al AlESol Hl
slo] Lgtol Wob tha o] =g Ao 8hel Hglct. szki
21 BCSP ¥ LCSP2] A (g, redness; -a, greenness)+= Z+2+
1.38 ¥ 1.530]¢]om, &Ad8ake 27+ (.32 (BCCP) 2 0.17
(LCCP)Z A 2AA g2 AA == opH Tt Al CaCx= 0.19
2 s - el e Uk A9 CaO+= 0.692 Ad R E ot
=2 A S e QT ZA (b, brownness; -b, blueness)
9] 749, BCSPL} LCSP+= 712+ 3.15 W 7.220]%1 2, BCCP
o} LCCP= 742} 5.39 9 6,052 CaC (1.20) 2 CaO (0.72)°]
Hlalo] £ ghe Uehflo] tha kil e W Ao Wk g)

Table 3. Hunter's color values and white index of shell and cal-
cined powder from butter clam Saxidomus purpuratus and little-
neck clam Ruditapes philippinarum

from butter clam Saxidomus purpuratus and littleneck clam Ru- white
ditapes philippinarum Sample L a b index
Sample Solubility (%) Yield (%) pH CaC 95.03+0.02 0.19+0.01 1.20+0.01 94.88
Cao 8.00 8.78 12.33 BCSP 81.26+0.01 1.38+0.01 3.15+0.01 80.95
BCSP 2.30 2.30 8.02 LCSP 7252+0.01 1.53+0.01 7.22+0.01 7155
LCSP 2.30 1.95 7.61 Ca0 9495+0.01 0.69+0.02 0.72+0.01 94.88
BCCP 7.50 6.05 12.00 BCCP 87.33+0.03 0.32+0.01 5.39+0.01 86.23
LCCP 7.60 5.95 12.22 LCCP 79.29+0.01 0.17+0.01 6.05+0.01 7842

Values are mean of three determinations.

BCSP, butter clam shell powder; LCSP, littleneck clam shell pow-
der; BCCP, butter clam calcined powder; LCCP, littleneck clam
calcined powder.

Values are mean = SD of three determinations.

BCSP, butter clam shell powder; LCSP, littleneck clam shell pow-
der; BCCP, butter clam calcined powder; LCCP, littleneck clam
calcined powder.
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o}, o|iFe] Mz} gL o RRE] AbESh HjZHE o] WA & (white
index)= 7+7} 81.95 (BCSP)%} 71.55 (LCSP)©] $1.2. ™, BCCP
S} LCCP:= 712} 86.237} 78422 A4 A 8] & Ealo] Ml 7]
WA= o, Al CaCet CaO (94.88)0]] H|s}o] Thas w2 ul
A w2 Ve 9lot Kim et al. (2000b)-2 7Fchedo] o] A%
2] 2rof w2 MAEL 865 (6007, 447H) 9 91.2 (800,
40 Eytal sho] AdA]e] kol PIFS W=kl 5hglon,
Cho et al. (2001b)-& 7F2 A o] 7} Huko] vl = = 83 60] 9] O
o, 2422|800, 2417 T 86.25 LHER|of tha WA =
7} WA = Qo 319t Ko and No (2002b)= Ebx o A4 4
AAET L gk &4 2521 23 A7koA] 97.3-97.5 M99
o, a gk -0.30~-0.34, 123 b 32 0.63-0.982 L}E o]
AZIA S L, a b g2 o] 8o 24 A DA A5 T
4= ok B uskgict 7o o] 3 ARG MRS =
3 ATHKim et al., 2003a)= T ZHEko] AL 836, A4 il
2 86.28FaL 3HGiTt. o) 4de] Aot A H AL u|Fo] Hof, A&
gA el ofsf WA = 7F A B = A 0 & ek
Z2E7|

7§ 27H(BCSP ¥ BCCP) ¥ HF2|2H(LCSP 2 LCCP)2] 2 X
7] W= Fig. 3of Vrebf itk sj 22291 BCSP %! LCSP+=
27 171, 1.69 g/mLo|glom, 442 2el BCCP ¥l LCCP
74 1.13, 0.81 g/mLE A4 A7 4L 8 Aur|de
faxsl= 20 = 2l HQleh Al# CaC= 092 g/mLE &
AbZbo] AR sz R Al ehabd<o] Y
of szl = S o]9]9] EEol £ A
A qlek. B3 4] BT A9, N 9 upA|
2AA 2] 335, 2H27F 34%9t 47% A = AR 7D e}
Ak Al CaO (0.59 g/mL)ofl HsjAf= ZH2F 1.92¢]
7o} AE W7} =2 Ho 9t} Cho et al. (2001b)2] 7t

T E A4 B FR7|UE= 217 0.87 g/ mL
£l A e ofsf At A E Ho, &
JETo] n[YRRE o] Fo| A QLOHA|, FR7|UET} dol 7}
S37F golgh th3/d 24 Zlol2kal 519itt. Shin and Kim
(1997)& 7t o 2 JE /g A 2o ol #7148 F=5h= 4
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Fig. 3. Bulk density of shell and calcined powder from butter clam
Saxidomus purpuratus and littleneck clam Ruditapes philippina-
rum. BCSP, butter clam shell powder; LCSP, littleneck clam shell
powder; BCCP, butter clam calcined powder; LCCP, littleneck
clam calcined powder.

7§ Z7H(BCSP 9 BCCP) @ BFx|2(LCSP 2 LCCP)2] £-7]
A g2 Table 49} 2}, WA Z(Ca)2 Tk SAHCR
3|4 AF HH, BCSP 9 BCCP:= 77t 33,291.7 @ 51,140.9
mg/100 go|$.2.1 LCSP ¥ LCCP:= 7+7} 33,614.70 mg/100
g % 44,890.33 mg/100 g=A] /42 E Fof EwEol AA
o gy o g Zagherol Slstatt Al CaO2] Z4
%3EF0 44.681.91 mg/100 g© & BRR| 2 A EHo] 743t
B} v 523t 2ol Qi) o] = BiA|Er A Eo] £-8
A o8 PAEY] Qs izt RO RRE AT Fol
A0 2 WSS AlAlSh: Alolet waE St Z4E
(K)2] %%, BCSP ¥ LCSP+= 77} 59.9 mg/100 g ¥ 21.18
mg/100 go]glth. BCCP 9 LCCPL: 717} 60.2 mg/100 g 4
60.19 mg/100 g & AJ3 CaO (64.94 mg/100 g)2} 245
Wkl Zpol7h glsieh. wivls (M) 9 74, Al CaO=
445.1 mg/100 g ©]9}.2.# BCSPe} LCSP:= 742} 23.6 mg/100

Table 4. Mineral content (mg/100 g sample) of shell and calcined powder from butter clam Saxidomus purpuratus and littleneck clam

Ruditapes philippinarum

Code Ca Mg Na
CaO 44681.91 + 268.39 64.94 +1.23 445.08 +2.56 146.22 +1.04
BCSP 33291.71£212.29 59.94 +0.43 23.63+0.06 618.88 £3.27
LCSP 33614.70 + 265.64 21.18+0.71 26.86 +0.13 471.45 £ 2.51
BCCP 51140.87 £ 131.45 60.22 +1.09 61.90 £ 0.45 467.76 £4.44
LCCP 44890.33+72.28 60.19 +0.56 4519+042 566.05 +4.79

Values are mean + SD of three determinations. BCSP, butter clam shell powder; LCSP, littleneck clam shell powder; BCCP, butter clam

calcined powder; LCCP, littleneck clam calcined powder.
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g % 269 mg/100 gO & W53 oFge UERASIch 2, 9 U1 vk REshs A0 R el 3, 718 7iA

BCCP9}LCCP= 2424 61.9 mg/100 g X 452 mg/100 g2 & & §J3to] 24 A2she= A-¢, Aol S71ohes 22 i
H 71z AA ofefef = F4wd

2 2po] 7} itk HEF(Na)9| o5 BCSPe} BCCP+= 2t
7} 618.88 mg/100 g, 467.76 mg/100 g2, LCSP2} LCCP
L 717} 471.45 mg/100 g, 566.05 mg/100 g©& A7 CaO

(146.22 mg/100 g)ol| H]3f == YEF TS H otk
Ko and No (2002a)9] B} & 72 9] 714 &2 A+
719 40,980 mg/100 g, ZH6-2 20 mg/100 g, 1} 1Y|%- 160
mg/100 g 12|31l VYEE2] A2 100 mg/100 g 30| 3ict.
Cho et al. (2001b)2 Y= 7reAJof 7 Bro] 79 Zhgzo] oF
35,407 mg/100 g© & A A 2] T, ZH4381ako] 70,518 mg/100
g & oF 20 Z7kskglon, hrhedo] w A/ - (Kim et al,
2000)- ZH#0] 36,300 mg/100 g, 1} 1442 50 mg/100 g, 1}
EFL 110 mg/100 g, ZH5-0] 60 mg/100 g 45202}t 8-},
ool Anpe} dAtE oA, A 2A 2, Zhe o]
A, ol w, sjzke] B1d AR Aw o' gRlEgl, 1
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spectrum= C-H bond S<=¥1=2¢1 719 & 875 cm™!, C=C/C-H
T4ui=2l 1,422 em’!, C=0 bond E=41=21 1,797 cm™, C-
H/N-H E2=81=21 2,516 2 2,859 cm’', H-O bond Z2=8e
0] 3,422 cm’'7} HEE %t BCSPL] A9 734, 859, 1,422,
2,531,2,906 ¥ 3,391 cm' 7} W& ¢l 0 v, LCSP+=703, 859,
1,484,2,516,2,938 1 3,438 co' 2] B2=ul =7} 7 o] 7%
7} & vpA| ko] s ZHEEH(BCSP W LCSP)2- Ald g1}
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Fig. 4. FT-IR spectra of shell and calcined powder from butter clam Saxidomus purpuratus and littleneck clam Ruditapes philippinarum.
BCSP, butter clam shell powder; LCSP, littleneck clam shell powder; BCCP, butter clam calcined powder; LCCP, littleneck clam calcined

powder.
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H-O bond E<H1=213,641 cem' 7} AEE 9l o, LCCPL] 7
9-=703,875,1,125,1,484,1,797 X 3641 cm' 7} =5 o] H]
=% SMES eIt E3h Al Ca09] ¢ 719,
875,1,125,1,422,1,781 ¥ 3,641 cm'of| A S<ul =7} 2k
O 20 N2 L v e szt Eo] A A E Fel Ak
FO 2 AghE= Zlo] Sl E Sl

XRDE ©]&3t AAF% 24 (Fig. 5)0lAl, Al ehibd<
(CaC)+= calcite=, BCSP+= calcite®} aragonite”| S35 el
2, LCSP+ aragonite®] AAGXE 7MA = EXEAGO 2 3
ol et Al AFSEA45(Ca0)2 tH portlandite (calcium
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hydroxide)o| 1oL, Y& calcite ZA|gH Z1 o2 Bl o
™, BCCP2} LCCPY] 9= portlandite 2 &1 = A A4, cal-
cite?} T2 Sk Ao A St o= 4tekd
&0l 7] & FELoE Qsto] pAEEo ® Hehe Axet
T = I

TN A S F vAlF2(Fig. 6)= Al CaCel 4%,
1-10 umo) A7 THEA Rl SelHgle
L}, BCSP} LCSP 12|31, AFskd<s<l A% CaO, BCCP Y
LCCP9| nA|F-2&= thg/d o] §l= 1-10 um®] v o] 24
A2 I

A A E A calcium carbonate+= calcite, aragonite
18] 31 vaterite® polymorphsZ &4 gtk (Manoli and Dalas,
2000). Al z=7H(cockle, Anadara granosa)®] 3| Z}3} A4 EIke
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Fig. 5. XRD analyses of shell and calcined powder from butter clam Saxidomus purpuratus and littleneck clam Ruditapes philippinarum.
BCSP, butter clam shell powder; LCSP, littleneck clam shell powder; BCCP, butter clam calcined powder; LCCP, littleneck clam calcined

powder.
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Fig. 6. Scanning electron micrograph of shell and calcined pow-
der from butter clam Saxidomus purpuratus and littleneck clam
Ruditapes philippinarum. BCSP, butter clam shell powder; LCSP,
littleneck clam shell powder; BCCP, butter clam calcined powder;
LCCEP, littleneck clam calcined powder.

XRD 423, Z}7} aragonite@} lime (4124 3291 9 4F
St o 2 3Fel ¢l th(Mohamed et al., 2012). 3, calcite
= FRAeR 7P e ehAb9] polymorphism (TH
) %9 shtol ARk, aragonite= Wt} 7ot Wieot FEE 7}
A A g o 7 SebaE, AR, feadR-o 7kl Adst
o}t 3¢ tk(Keiko et al., 2002). Lu, et al. (2015)2 XA 2715
°1 Tapes japonica | Z+-522] XRD pattern< A& 2] Q1 calcite
& EPAb<rol ekl 319it). Suteu etal. (2012) ¥ B 11572l
Rapana venosa 37120 mlA| 2= Wt o/ o L2
= OFYAITE, 10-100 um <=0] M P JA=A SAF2E
wral st e, XRD 443} calcite®} aragonite”| -S4 ¥
ek 0 2 BRolE| Qi) Islam et al. (2011, 2013)2 A 27
F91 cockle Anadara granosa 3| ZF24-2 XRD pattern< ara-
gonite® EHARZFgo] 3o, Al T4 calcite & o] 2kaL
ahlch 792 A o] 7+ BuH(Cho et al., 2001a) 2 442K (Cho
etal,, 2001b)9] XRD =441}, 247} Al gHAEd& 9 Akskz:
3 A st shyon, SEME Bt ujAlfRE v
Ago P} olipe] BAATeL AR o] oo,
)| 7o) B2 2 aragonite = aragonite®} calcite”}
Eaksl e o 1 AgT R vHY 249lo) BRI
Ik, wWehA] HZREEe AR H O R AA], TR, HelE, &
ek, Ab, H2H, Aok 59| Hopo] $-go] 7Hs3lu(Yoo
et al., 2009; Fang et al., 2014; Preisig et al., 2014), Calcium
oxide (CaO)i= F2HA| = A 7]A(gas stream)t 2] CO,E =2
st AA A de] $8(Lu et al., 2009; Dennis and Pac-
ciani, 2009) & = QlaL, shpA] 2, e84k, AR, E A E
of 5of toFalA| o8- 71-s3ltH(Mohamed et al., 2012). ESF
A4 Abd-Elhady, 2014) 9 2 XK(Lee and Kim, 2003), ZA

ol

2
e

(Lee et al., 2004; Kim et al., 2003a; 2003b), 214K Onoda and
Nakanishi, 2012; Go et al., 2002)1} 22 374 A 2| 2 7184
o] =2 74 duE Ao =N ekt s iRt
73] AR} S 1 B 4 9l oelet ek,
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