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vlo]g R go] B AARE o]&alo] F S A~AJER] CaO AZBIAT AXE Ca0S 3} WHSAIAAM Ca(OH),=
ATt 3795k Ca(OH),Z TR CEe o] 978 4 B8 uiFsiSict. & 917H(325 mesh, 43 um)y (a) 950 C
/1 AZE} (b) 1,150 C/1 AIZE 59 2etikahile-8 A7) Ca0S #Z3ISITE (2)2] &4 ZA M Ca0 56.7 wi%©]
I (b)) 24 FE Ca0 100 wiedTh 2 2] Aol 93k Ca0Z 314 9] 73$-9) nlwsly] $I8le] 43]
21(25~30 mm)S 950 C/1 A7t Bt BEiks} HESAIAA CaOF A3 2, XRD 74 A7} Ca0 100 wt%=
A Hu}h F Fz2ke] 24 27190 (b) 1,150 T, IANZFORE Ca0S A|xsto] 573} Hh3-S E3}o] Ca(OH),= A8l
th AlzE Ca02] 423} 2712 (a) CaO : H,0(100 g : 200 g)7 (b) CaO : HO(100 g : 400 g)Z 573} ¥-8-41S 4]
3}, 3 wkS- Ay A wksAj o gl Hin)k 100 wi%] Ca(OH),S S8 53] (a) 423} 27dolx] &
3t Ca(OH), = B3P o2 FA=SIL) & o 3493t Ca(OH),E FV/9w0= 978 74 T55 wigsiolrt
Q-8 59 B8 BEF 1A (KS M 6010)2] 1571 &5oll diste] F43190S wf B3-S Allst ke BE Ve
of] Ael 21e FAsIoTt.

Abstract — CaO was prepared by calcining for oyster shells using a microwave kiln. It was analyzed to Ca(OH),
synthed on hydration reaction from prepared CaO. The synthesized Ca(OH), was formulated as an external water paint.
Opyster shells (325 mesh, 43 pm) were decarbonized for (a) 950 C/1 hr and (b) 1,150 C/1 hr to prepare CaO. In the
calcination condition of (a), CaO was 56.7 wt%, and in the calcination condition of (b), CaO was 100 wt%. To compare
CaO by calcination of oyster shells with that of limestone, limestone (25~30 mm) was decarbonized at 950 C/1 hr to
prepare CaO, and as a result of the analysis(XRD), it was analyzed as CaO 100 wt%. CaO was prepared under the
calcining conditions of oyster shells (b) 1,150 ‘C/1 hr, and Ca(OH), was synthesized through hydration. Hydration
conditions of the prepared CaO were (a) CaO : H,O(100 g : 200 g) and (b) CaO : H,O(100 g : 400 g). As a result of the
hydration reaction, it was confirmed as low reactivity. 100 wt% of Ca(OH), was synthesized. In particular, Ca(OH),
synthesized under the hydration condition of (a) was analyzed in a plate shape. An external water paint was formulated
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with Ca(OH), synthesized from oyster shells as the main component. When 15 items of the external water paint standard
specification (KS M 6010) were analyzed, it was confirmed that all other criteria were satisfied except for freezing

stability.

Key words: Oyster shell, Microwave kiln, Calcination, Calcium hydroxide, Exterior water paint
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At 10% A=E v 2 3 952 AL83kaL 9
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2 g3k Itk o] F ke Alw A Sl Y w7 By
oA FARRAE H)7) B R BFate], & 92k £, k)
By AZE, AR 5L BAsIL QojAM, 9 A4S 2 H)7)
& Azl Al 18 Aelsliof stet. = 72 thekst Ak ok
oA G 5= Lok, AR A A g Algto = Qlste] &}
Asfol] B2 A|ofo] M}, $4 4 S = = 7t M F
St HakE Qs B9 F71 9 uig, o = di7te] St} tlE

Fx) 5 9 Zke] FufjEo] vigtE . F-Eo] 2 23S A
o}, whebA] R w7k o] 835t thekel A%
10] & Ao 2R EAE d T = ol 7P 44
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2 FAETH6-9]. 53] CaOF T3HA1A 92 Ca(OH), £ 8+=
ahat, degol 7164, 254 2 S 2 Qlo] 3 (lime

plaster: 2241 8], o1& 3% 5-& 4lo] THE WS WEH O R U
& 74 L5l &Eatar ik A Ao} wle-As AAsto] A
23t Ca0%} Mg02] &<t/ (antibacterial characteristic) 175 A]
=3kl St 53] Ca0%t MOt W7159] 2 22 53 3743]
Hhg-ste] WEsty] widel YHtd SR Ca0St MgOE 3
(hydration)A] 7] Ca(OH),%} Mg(OH), = =4 =50l 243+ A=
Al E=3kar 91UH10,11]. Hwang 5[10,11]& 2] 34 © 2 H-E] Ca09}
Ca(OH), = /33t o] & & 74 5% AHE-ste] Ca(OH),
&gl gut 4l Fgol S 2te 716 AR AHEo] 7hsst
Th= 218 B3kt 12-26].

2 AN s & H7ES o] 8310 Ca0 % Ca(OH), & T3t

& 7 BRY RO RN A aE v)E 2 wet
o)F-& 74 B85 aigste] 1571 -5 Brkeksich & Wizt AR
(325 mesh powder, 43 pm) @& ©]-8-3}0] wlo]| A Z o] B 41Ad F oA
950 ‘C2} 1,150 CollA] 1A17F B2t Eekiksl w85 z18)3lo] Ca0
gl u] 24 CaCO; $3-S Bl B3890}, 181 & v Zhe] 24
Z7d0l| 23t Ca02} vlwsl] $3l 413)14 ¢4 25~30 mmE 950 C,
AR Foh @ealsl RESAIA Ca0F W43k 2de uhe v
’d CaCO5E W]t & 7o 2 HE Fojl Ca02] 3} =
212 Ca0 : H,0(100 g : 200 g), CaO : H,0(100 g : 400 g) . % =3}
RS AF S REsielon, A3]4 A § AlxE Caog] 53t
Z71-& Ca0 : H,0(100 g : 400 g) 2.7 =3} 27l 23t Ca(OH),<]
B & AZ vt o8 4 £50] HA aF vE

(Ca(OH), /3yl what 4 23] =55 Alxste], 21598 74
T8 EF TEKS M 6010)2] 157] &0l 7|50 v He=x=
7oA.
2.4 o
2-1. 2 ¥ 54
= 97} A1 3E.(325 mesh powder, G717}, Korea)= H
g glo] ARSI, T1E]ar 2384 A= A8

%3], Koreays AHE-315IH

A k=D 2N e FNE A, TS S8l Alxst
St} <7 Al (thickener, methyl cellulose)= 78 &= 1,500 cPQl =32

(Sigma-aldrich, USA)&-& ©]&3F3ith A% 924 (CaCOy
MgCO;)- 200 mesh powder((55)BMC, Korea), ™4 Qt& 1= o}
EFA S TiOoL(A & : COTIOX, TA-100 (25~35 nm, <32 150
cm¥/g ©]4)), 2 F Al (antifoaming agent): silicone-free ] 2443
(A : Lumiten EL, GISOCA) % <&H#)(dispersing agent)+=
potassium polyacrylate-based 7| 4A+3 (A& : LOPON 895, &)
ISOCAYS AHE-3153tt. 58 =4 ©=5.9] HIRIE 2+ acryl resin 7]
(FF : Acronal 296D)S AHg-3131 0.1, I3 50%, 4= 3,000~
5,000 cP, pH 7.5~9, -2]%10]2 5% (Tg) 20 Co]t}.

XA 34 2247 (29 - D/MAX2500V/PC, Al XA} : Rigaku,
Japan)E ©]-&-3to] = 3|7}, 434, CaO, Ca(OH),2] A< #
A5t XA 31 Aol A7 g2 A7 492 XRD method
ICDD (International Centre for Diffraction Data) 7} =& ©]-8-5}¢
2| EX EH (Rietveld method) O & #2131}, XA &335-2417] (&
vy : ZSX Primus II, #| ZA} : Rigaku, Japan)S ©]-4-3F4 = 3|7},
2134, Ca0, Ca(OH),2] F-7]%& 24 (Ca0, Si0,, MgO, Fe,0,,
ALO; 5)S TSI A 7(TGA, 2 : STA449C Jupiter,
A|Z=A} : Netzsch, Germany)E ©]-8-3t0] & 9|7} A 5]4] o] eheh
Ab3} HES-& B &k B4 272 Ar purge, 30 ml/AE, 25 ~
1,100 C, o= &5%: 10 T/, Al H % : 20 mgo. & 315t} &7
A= 130 CollA] 24 AIRF Bt v] 2] 433810 -2 AlASHIT
= 92}, CaO, Ca(OH),S] WAl 7225 #Es7] Aste] AATAL
AR Y] 7 (FE-SEM, B2 : S-4300, AIZ2A : Hitachi, Japan)y=
o]-g BB 978 A BE oY ks F= ma
T WA T =2 7](Whiteness analyzer, 27 : X-Rite Premier
8400, Al A} : X-RITE, USA)E ©]-4-35F] §/d 3+ Ca(OH),E 130 C,
1247} &<t A zsto] S 0, WA 1R Tio, = 57431
WATE A Z A WEFATH10,11].

2-2. 3|2A OO|32Y0|EE 088 = 2| A W 5
= W) 7ta} A 3]AS 2] 8l Fig. 19 22 2204 vlo]
Aol B A ZE o] 8310 Ca0E AZ3I T Fig. 13} 20| &
72 424 2% (@) 950 C, 1 A7k} (b) 1,150 T, 1 AIZE F<t
eEbALsL RS A AN Ca0F AlFeFitt. 183 43148 950 T,
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= 12} 325 mesh(43um). 1.5kg

|

Batch type microwave kiln : CaO ‘

(a) 950°C/1hr, 325 mesh, 1.5kg
(b) 1,150°C/1hr, 325mesh, 1.5kg
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‘ Batch type microwave kiln : CaO

(a) 950°C/1hr, 25 ~ 30 mm, 1.5kg

Hydrating condition : Ca(OH),

Hydration condition : Ca(OH),

(a) CaO : H,O[(100g : 200g), 25°C]
(b) CaO : H,O[(100g : 400g), 25°C]

Fig. 1. Scheme of experimental process for Ca(OH),.

1 A1ZE F<t g@ehabsl RESAIAX Ca0E AZ3t] & ol 42
Ca0%} A2 vl walict vlo| AZ Yol B A4 2 ((F-)M2, Korea)
[6-9, 271°] A&A FR2] AYE o] g3I3lth ozl Ca02] AH
4 XRD A& 45 3ol Cao, W] &2/ CaCOy 5 4 3181
on By JEEL XRFE F481%}.

3} 2718 ASTM C 1109] Z710] w}e} Fig. 12] = HZH AR S
(b) 1,150 C, 1A 7F Fe 2430 Al 2% Ca0 A B E o] &5k
=3} W& (hydrating reaction)A| A4 B =5 57938} Th ASTM
C 1102 A 314 2] geghaks} nkg- 02 A2 Ca02 573} B =
(hydrating reaction)s 783z 202 A} 271 3 mm U9l =
1At ST, & Ze] 74-9-= ASTM C 1109] F4f| A}
7171 A QA ot B8 200 g7} 400 g vl 23t W] wa}
Rk 272 (1) CaO : H,0(100 g : 200 g, 25 'C (CaO YA+ A7]+=
325 mesh (43 um))), 28] 3L CaO : H,0(100 g : 400 g, 25 C (CaO %}

(1 step) thickener(Methyl cellulose) :

12.8¢/1,180 ml H,O

(a) CaO : H,O[(100g : 400g), 25°C]

A} A715= 325 mesh (43 pm))E T5ke] SHSIITE (2) EE
7] (Vessel, Dewar)ell i 7E7] B 2% A)0~100 T 3], 917] F4
0.1 TYE wHk & flol| XBIEE 22A1E 1yste] 738t 255
ST 3) G &1l ST 400 miE F=HI8kaL, WHH400
£ 50 rpm)3HAA AR E Wil 255 12 JHF 02 STt
Ca(OH)»= 80 C, 24413+ F]F 7% Fof] XRD w4181 57314873
=& RIS

= W& 2 F Ca09] 73} SA Y vlwal| fla A3)4E
2 T AL Ca09] 573} 2712 ASTM C 110 2ol F31o] A

AlEFA T (1) Ca0 : H,0(100 g : 400 g, 25 C (CaO YA+ A7 &
3mm WehHE S7g3Glet. 1 o] 99 271 & H7+e] CaO 3}

H&- A 2303 FshA A 1%}‘%} CaOF T3} WHAIA &
A 5} Ca(OH),= 80 T, 24717k 7% Foof] XRD 4138107 31484
ES ERIBII

[t 1 oo

motor —

rotation

(2 step) Ca(OH), powder : 1,000g

(3 step) crystal dolomite(200mesh) powder : 240g

(4 step) white pigment(TiO,) powder : 400g

(5 step) antifoaming agent : 36g

2.000 rpmy/1hr

LCD monitor

(6 step) dispersing agent : 31.2¢g

(rpm, time)

(7 step) acryl resin : 1,100g

(a) fabrication of lime paint

Fig. 2. Scheme of (a) fabrication of lime paint, (b) wet bead mill.
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2-3. 2 22 &St
M=

= 9Z}(325 mesh powder, 43 um)S PO A Z o] B A ZE
o] g3lo] 24 &% 1,150 T, 1 A7 5ot 2ekabsl HE-g A A A
CaOF #1233t A% CaOE F3H(CaO : H,0(100 g : 200 g))
HH-3-& AlAA Ca(OH),E &7d3k3lem, 100 C, 12 AIZE B2k
Z o] Eafste] 978 74 =Re] Y95E ARSIt Fig. 29
o)H-g A =R viek =41 4 2lE §71<1 ¥]= vk (bead
basket)ol] A2 7o} B(@=1 mm)S -1, 3 HAZ 1,180 ml
H,0°]| 7412 methyl cellulose 12.8 g& 21 ¢+ &A1 AT}
T HAZ SHAE =l 2 BallE Foll 2243](Ca(OH),) =2
1,000 g= 93l wykato] Heje] At 2w, 243 e
(crystal dolomite) 240 g=} ¥ A Q1+ (white pigment)2] TiO, 400 g&
Wil Eo e el A wnkstgitt. 7] A Ek) flEl Al
(antifoaming agent) 36 g@} ‘At (dispersing agent) 31.2 g ¥ 1L
7127} 3] Al Fof 978 A =50 ukelE <l acryl
resin 1,100 g 9 % 1A]3F Eet wutalo] 98 A T8 S )
oot wigkel o8 4 R85 E AR Foll ¥ (crack)
WA o] B2 gelaly] $)el FE-SEME o]-&3to] glalqict. 12
I vhel o ) =50 EAEINT-E Y ER 1% 29, KSM
6010)= =S A AT ol 98k (1) T, (2) B
AR T W& (%), B) ART(ERE T WEH(%),
(4) 3.8} AZAIZE, (5) 45°. 0°FAPIALE (A, (6) 23 &, (7) W
A2, (8) W 984, (9) A4 uF 291 &, (10) €7] WellA 2]
e, (1) W2, (12) 2 UI$44(200 A7) - 913, (13) &
254200 A7H - SHEE (14) D984 - 99, (15) QoA
-5 Wk 53 A 1570 el oiste] A1skSiTh 10,11

AMBIE 013 2188 44 £20|

3. 3y 3! nE
3-1. 2 mZtat M3lMo| 3|EA] Ojo|3 =9 o|E AY S
= 97t AlEe] AAdy) uA 25 A8 $18] XRD,
SEM #2415 A ]3I Fig. 32] (a) XRD -4 A 7}ollA] calcite®]

-

Ao R F/F0] CaCOy= FRISHS S M, (b) SEM 4] A7}
o A I d(plate)?] Z-& & 4 Sl 18 1L Fig. 4= 434 ¢
XRD 4] dajolrt. = 3z} 434 o] XRD £4] Aol A &
30x10' | (a) ¢
2.5x10° | oyster shell(325mesh, raw)
Phase Source wt%
. Calcite  PDF#01-086-0174  100.0
~2.0x10" |-
2 C : CaCOs
=
S 4
< 1.5x10" |-
2
§ L
£ 1.0x10° |-
5.0x10° -
c
0.0 F )
1 n 1 " 1 L 1 L 1 L 1
10 20 30 40 50 60

Two-Theta(deg)

Fig. 3. (a) XRD patterns and (b) SEM images of oyster shell (325 mesh).

1.4x10° -
¢
1.2x10° | (a)
sungshincement - limestone(25 ~ 30 mm)

= 1.0x10° | C: calcite - CaCO,
=
=
S \4
2 8.ox10* |
2
Z
8
£ 6.0x10" |-

4.0x10° |-

C
2.0x10° |- ¢
X . c .
S N ¢ cc
0.0 A
1 1 | \ . )
10 20 30 40 50 s

Two-Theta(deg)

Fig. 4. (a) XRD patterns of sungshincement - limestone (25~30 mm).

Table 1. XRF analysis of (a) oyster shell (325 mesh, 43 um), (b) limestone
(25~30 mm)

Component (Unit : wt%)
(a) oyster shell 325 mesh  (b) limestone (25~30 mm)

Ca0O 52.4 55.3
Si0, 091 043
Na,O 0.81 0
SO, 0.42 0
MgO 0.36 0.28
ALO, 0 0.1
Fe,0, 0 0.07
other 1 0.43
CO, 44.1 4338

I calcite T322] CaCO;Z FU ST Table 1 (a) & o2t}
(b) 21314 2] XRFE] 77] A A& Yebd 2105 (a)= CaO
52.4 wt%, (b)= CaO 55.3 wt%=Z 4] E It} Table 1(2)2] 2 I
7211 A9- A 314 F9] 71 AFAR 7 7Fseb, (b)2] 2314
Q18- A2 e S 9031, Hwang [6-9]°1 SJsh 44541,
9] 2314 9] Aol Eebata) whgo) 9%t co, WE
A BT Ca02] A F9] Blol] S wkx] kon, v 424

=
=9 24 A7kl 932 wirka B Sk 484 o2

B

o

K-TLAMY WD14 .5mm, 15 .0KkV %20k
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% 3}t Ca0 56 wt%, CO, 44 wt%Z 0] F01 7 gt A5
=9 shtoltt. A 3] 4 (limestone, CaC05)2] CO, 44 wi% ™= 4273
HE3oll 2JalA CO, 71AZ WEE7] Wil CaOE 71Ti T
Bt} 213E919] 7]FE Ca0 56 wt%® &1, FE9]9 7|5 Ca0
55~53 wt%0| ™, AE2] 2] 7152 Ca0 53 wt% ©|51°]tH28,29].

(M

SERES

CaCO4(s) A CaO(s) + CO(g) T

21384 0] 79 2 (1)3} 2] WtE o= 1,000 T F-
HTF~(ca1cmatlon reaction = decarbonization reaction(2 &3} HE-5)S
AAA CaOF A F3T}. 44 (calcining) BHAFAFE 5 434,
WA 9] SR CaCOy 5 Pl A71E TS gnste], &4
2 (&3 d AN A - A F A3 FA)A A A
340l FA0.44(0.44F A 3|2 2] CO, 44%)°]T}. Calcium
carbonate(CaCO;, BAFE4)2] -3l 9} Carbon dioxide(CO,, ©]4F
$lekA)2] WEef] w2 Calcium oxide(CaO, AFslZ4) 0 2 9] Hg-&
oJu] it}

Fig. 5¢ = 9717} 23] 2] sl 4 d7E vrepdl Aol
Fig. S(a)= = 917t2] Gisl 25 4] Ao|n], @erits) vk
2t 0,2 W= -7 3K (mass change)™ 44.1%0] 1L, Gat-3l] Al
2} 2 X (onset temp)+= 809.2 C, Gt-3ll T =% (peak temp) T

0.2
100 —
0.0
20 |- 4 -0.2
-0.4 %
. 80| {4 £
X Oyster Shell(325mesh) z
T 06 E
&= Mass change : -44.10 % 8
70 - Complex peak(ISO) : 1082
Area : -295.4 (Ns/mg
Peak : 904.43 C /
Onset : 809.22 C DS 1.0
60 |- -
End : 949.87 C
-1.2
50 1 . 1 1 1 1 1
0 200 400 600 800 1000

Temperature (C)

o

W - ol

NH.E) Z

904.4 C, 983 5 2
S(b)}_—_ S| §]/\-14 [eZ]

2% (end temp)i= 949.8 ‘CZ YEFSITE Fig.
T A Arlo|n], @Ekibks} vkl o] st

) &

CO,°| W& FA| W3l 43.48%0] 1, Gi-3)) A12F 5= 830.7 C,
Jial S L5 919.8 C, Qe £8 5= 951.6 CE LE
ok GE8)] 25 A Aol = 77} A 3] o] dEs)] 543
25 I el E KHolR| st o) Ao B4 Al

Fig. 3(2)¢} Fig. 42 XRD A Z}ol| A calcite 27 2] CaCO,= Z&
Aks} HE-go] oyt Anz dekect,
AR 54 4 Arfela] A Al ut
950 CellA] = a2t A58} 43145
ulo]AEo]H AR E o] &3slo] AR 1.5k %
3 EERte) H]—M/\]ﬁu}(plg 1). Fig. 6 u}o]g_i‘orq]o]lﬂ A
i~ o]-g3to] A4 271 950 C, 1A7F g1t & A7Hs geitksl
HHS-A1 7] Eebabs) NkSE-S 7413 XRDYF SEM A3E e
Zolth. Fig. 6(a)¢] XRD 4] Ao A CaO 56.7 wt%, 1] 4273
CaCO, 36.3 wt%, Ca(OH), 7.0 wt%7} foi 5l or, eebatksl uk-g
o] doubA] k2 CaCOy7} ERIEGI oM, 4] ZA oA t)7] 5=
H-3} Ca07} 573} ¥H-3-0] Z 3 o] Ca(OH),7} 1% 3t Fig.
6(b)2] SEM 4] Aol CaO A7 PAb= &1 A] ekatrt.

2708

Hwang [6-9,27]°] wh=H A 3]4] 8] 73-%- &Rhrksh vh-g- - Al 2%
0.2
100 | -
0.0
920 |- (b) ( 4 -0.2
1043
_80 limestone(25 ~ 30 mm) e f‘
S 06 %
E Mass change : -43.48 %) ’ it
70 | Complex peak(ISO) : - 8
Area : -278.9 /Ns/mg -08
Peak : 919.87 C
60 | Onset : 830.79 C 4 -1.0
End : 951.66 C
1.2
50 1 n 1 n 1 " 1 " 1 " 1
0 200 400 600 800 1000

Temperature (C)

Fig. 5. TG/DSC analysis of (a) oyster shell (325 mesh), (b) limestone (25~30 mm).
oyster shell 325 mesh
microwave kiln [950 C, 1hr]
2.5x10° (a) c
Phase wt%
. Calcite 56.7
2.0x10° - Lime 363
s Portlandite 7.0
g 1.5x10" - C:CaCOs, L : CaO, Po : Ca(OH):
=
7
5 1.0x10°
E
5.0x10°
C
0.0 F u
1 1 1 1 1 1

30 40
Two-Theta(deg)

Fig. 6. (a) XRD and (b) SEM images of calcining condition (950 C, 1hr) - oyster shell (325 mesh).
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"
5x10" - limestone(25 ~ 30 mm)
(a) microwave kiln : 950°C, 1hr
N Phase wt%
4x10* Lime 100
L : CaO
@z
5 3x10° -
=]
<
z L
2
5
£ 2x10° F
- L
1x10° |-
ok L
1 " 1 " 1 " 1 " 1 " 1
10 20 30 40 50 60

Two-Theta(deg)

e GELAM) WD14{ 5mm 150k,
S

-

Fig. 7. (a) XRD and (b) SEM images of calcining condition (950 C, 1hr) - limestone (25~30 mm).

Ca0 &4 AAelA CO, 712~ WEell 23t 7]wo] FA =]t
= 7] CaOolA= ER1 B 4] kSt Fig. 72 mlo] A Z 9ol B
2 RE o] gato] A 27191 950 T, 1A Eek eekaks) ul-S-
A7 AL A 8.2 XRDS} SEM 4] A 7}o]t}. Fig. 7(a)S] XRD
2 Ao Ca0 100 wt% 2 #4510, (b) SEM ¥-4] Az}
oA greraksl Wk-2] (1)3) 7Eo) COo, 77t WHEate] A7l 7%
o] Q= Ca0 244 YAE FRI8ISITE sl 54 42 4
ol £5 SEERE A 255 950 TR 3lo] 28iks) vk
7w 2 Hzbe] Aol Ca0 56.7 wi% i, 41341 9] 7o =
Ca0 100 W% 741 A1 3]40] 950 CellA] Exhils} vh-g-o]

=
Q3 Lol uk AA 2% 950 TolAE= xlo]2 Yehjigict.
Fig. 8 Plo]AZ2 o8 2425 o]&3l] 24 271 1,150 C,
IAIZE 5] ERRAESE WEEAIAA P& A 5.2 XRDS} SEM 4]
A3HE vERd otk Fig. 8(2)°] XRD 4] Aol A @ekitst

Table 2. XRF analysis of calcination condition (microwave kiln (a) 950 TC,
1hr, (b) 1,150 C, 1hr - oyster shell 325 mesh and (c) 950 TC,
1hr - limestone)

(a) 950 C, 1hr

(b) 1,150 C, Thr  (c)950 C, lhr

Component  Result (wt%) Result (wt%) Result (wt%)
Zh o] FoiA| = AL RIS o= & 7] A Fig. 3(b)2 CaO 95.4 96.7 99.4
SEM 4] A7ellA] 3] o2 G} gehits} vkl 2%t Co, Na,0 1.15 0.73 0
o] AgshA o]FolA] o= Fr30]M, 325 mesh (43 um)°] Si0, 1.08 0.65 0.12
2 224191 ol Eohol 98 FH0] ol Fao] 41549 MgO 065 06 03
25-30 mm®] FZERTE ZobA] 950 Tell A 24 & 56% w7t ASIOS gzi g‘z‘g 0?2
et A o7 AR Fig 19 2 97} 325 mesh (43 pm)2) él ’ 031 02l o
1.5 kg®] AP 3} 7o) FFE-2 13.5%0] 1, A1 3] 4] 25-30 mm <] 50 02 018 0
Togo 5 5] 4.0 ' :
1.5 kg AR} o] F5E2 95%011?]'. T, FEAQ A3 Fe,0, 0.14 0.1 0.06
A5 fgo] T FF Aol AEE AN, = zte] A4 7t K0 0.12 0.03 0
7pe] 9550] 59 A|oo]A A, 71712 27] 8 e 5ol PO, 011 0.2 0
2.5x10° -
( a) L | oyster shell 325 mesh
microwave kiln [1,150°C, 1hr]
2.0x10° |-
L : CaO
— 1.5x10° |-
=
3 L
N2
2 1.0x10° |- L
g
K
5.0x10° - L
00
1 " 1 " 1 " 1 L 1
10 20 30 40 50

Two-Theta(deg)

Fig. 8. (a) XRD and (b) SEM images of calcining condition (1,150 C, 1hr) - oyster shell (325 mesh).
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H-S-o] A%kslA ¥ o] CaO 100 wt% = 2615 91t} Fig. 6(b)<)
SEM £ ol Ca0 A4 YAE0] HolA|= ¢ktA 9k, Fig.
8(b)2] SEM 14 Aol = COo, 7kt HEE o] LER = Ca0
2724 YdAS0] KAL) Table 2i= = 32he] 24 27 (a) 950 C,
1 AL (b) 1,150 C, 1 A1RE, (0) A 38]4 9] 4740 27191950 C, 1
AIZE FRF Etsl Rk Bato] ol Ca02] XRF A 4
A= Yebd Zlolt) Table 2(a)= CaO 95.4 wi% % Fig. 69
XRD A 3}ol A o]zl Ca0 56.7 wi%} 2] 7} e 2
XRFE= 771 2389 24 8k= 7171 249 9] xjo]ellx] v Zolm,
(b)= Ca0 96.7 wt%<} Fig. 8(a)2] XRD Z329] CaO 100 wt% =
XRD Aol A= w]2e] 7] S AEsHA] Xsto] vehbe
polojn] | (cf= Ca0 99.4 wt%= Fig. 72 XRD A¥}2] CaO 100 wi%
= XRFO v]ge] 17] Ai-g &S] wlidel 24 717] 49
z1o]Q1 A o7 pekein}

A& AT,

Ca0(s) + H,0(l) - Ca(OH),(s) Q)

it

2] 2y Ca0%} H,02] 5738} #k5-0. 2 §-7]°) H,05 ¥ 1L Cal
Felaha 4=3190] vhBsle] Ca(OH), = Atk CaOE 57312
Q18] FAEH Ca(OH), = =™, A oz 312 nk
12?1 ASTM C 110°] =3t0] AAJate] 24 HEE ¢ 5 A
CaO+ UHFH © Z 74 Ax(soft burning), 3FA>(hard burning), AFA
(dead burning)©. % -3 5= Qltt. 2] (2)2 78} WSO 2 AAH
Ca0S ©d 2715 o] &3+ ASTM C 1100 T3] A& &ttt
ASTM C 110> A 3|14 5 &35 2] 2/l galiA] dojzl
Ca02] 2o/ 9 =3} wk3-A 9] 1ot} ol & wfzke] Adef| 9
31X Hojzl Ca0E ASTM C 110 7150l <=3} HH3-A1-S 28131
th 30% 39 L5 A5E A8 F 2AY FE0 u-g-Ad tgt
HE7h Ew, 2% Aol tist & 78k ARES AbE A1) v
A& vehdith, 25 452 Aol gk 28 E F Cao el wht
thE o}, oo} e ofe] 7RA] 423} gk o 2 73} AlEellA

o,
ol

110 . — . —_—

oF7]¥ = Ca02] WHAEHIE YERATE ASTM C 110914+ CaO
H-829S 11, &, A2 BB, REg-2] ¢ A7ke] 10 4 o]l
9, 10~20 Fo)d F WA 18] a1 20 7 o do|d A\t
A4l A0 7 715} AWWA (American Water Work Association)
715 W2, A 2571 40 Coll T8 255 V5o ®
T3l £52 BAlsH, 231 257 3 B Yol ] L5of Eus
|, Hk3Ado] 7 2 Ca0, 3~6 FoH WAL 7Y, 6 - o]Ao]
il

3 RS A S gdl = Wiz AR 1.5 kg 1,150 C, 1413
273 ZA Adsto] Bt vk 33] Akl CaOE Al
Z3h9it}. 183 4154 9] A9 ASTM C 110 5781 A 3L ¢

[9)

=

735 325 mesh (43 pm) YA 715 23] Ca0F AZ31917]
itoll JAb 2715 AeleHA] kth CaOE A Z3k] CaO :
H,0(100 g : 200 g), 2] 3 Ca0 : H,0(100 g : 400 g)= 3}o] A 3|4
] CaO$} vl ste] 578 RE3Ad A3-S 718siqlt.

Fig. 9= 2 3|7}9] 24 %7191 1,150 C, 1417 27 0lA 2451
gekaks} Bk-S-of oJa A %% Ca0°]H, (a)= CaO : Hy0(100 g :
200 g)9] 3} HE&-H-& ARt mhE 212 As-S vhEbd Aol
(b= Ca0 : H,0(100 g : 400 g)°] 58} RE&E-& A7kl wet 2% 4
%2 YERd o]t Fig. 9(a)2] CaO : H,0(100 g : 200 g) =4
o A= eF 19 B-Ao HaL &% 100 C EEEEoH, (b)9) CaO :
H,0(100 g : 400 g) Z=71oA= oF 46 730l 3L 2% 67 Coll &=
Gt Fig. 9(a)Q] =3 2ol E 7] £52949] 40 T o]
= ok 2 BHE Y on, ASTM C 1109] 573} WA A 1k
S0 FRlHY, (b)2] A9, 7] &=k 40 T Apol= oF 33
wHE vERdoH, A e 0 R F1E SIT). Table 39] Ate] A
I B, Fig. 99] Aol s A3} A5 B3t Fig. 102 4]
3|42 A4 227121 950 C, 1417 223 Z7d0lA Eekiksl wkgof| 2
4 Az Ca0°]W, (a)i= CaO : H,0(100 g : 400 g)°] =3} Wt
SGE ARkl w252 S vERT 2ol Fig. 108] (a)e
Fig. 99} 73} W& o] 27156 AlZtE o] oF 327 81 Ceoll =
231310, ASTM C 1109 & =3} W59 L RbgAd o=
Table 3(c)2] AtS] Ao}l FU3H VeRsttt. o] 3t Z g2 = b
Z}] 73$-of] 1,150 ColA 223810 734 (soft burning)R th= 32

100 |-
9 |- \

ol (3

70 -

Temp.(C)

oyster shell - 325 mesh(1,150C, 1hr)
Hydrated condition
(CaO:H,0(100g : 200g), 25°C)

70 -

—
60 - (b)

~ 50 |

o

£

S ol oyster shell - 325 mesh(1,150C, 1hr)

Hydrated condition
(Ca0:H,0(100g : 400g), 25 )

30 - /
T M T T T T

0 10 20 30 40 50 60
Time(min)

0 10 20 30 40 50 60 70

Time(min)

Fig. 9. Temperature profiles of the hydrating reaction samples for hydration conditions (ASTM C 110) - (a) CaO : H,0(100 g : 200 g), (b)

CaO : H,0(100 g : 400 g), 25 TC.
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Table 3. The temperature of the hydrating reaction minus the temperature of hydration conditions (ASTM C 110) - (a) CaO : H,0(100 g : 200 g),
(b) CaO : H,0(100 g : 400 g) for oyster shell and (c) CaO : H,0(100 g : 400 g) for limestone.

Atys (TP At o(1C)? Aty (1C)® Aty (1C) Aty0(1C)? Max temp at time
(@) s 7 9 10 14 100.7(C) at 19.5(min)
b 3 5 7 9 12 67.6(°C) at 46(min)
© 03 56.4 61.1 61.4 61.8 81.9(C) at 3.3(min)

DAty 5(C) = (temperature in 0.5 minutes) - 25(a, b, ¢)
@A, ((C) = (temperature in 1.0 minutes) - 25(a, b, ¢)
AL ((C) = (temperature in 3.0 minutes) - 25(a, b, ¢)
@At ((C) = (temperature in 3.0 minutes) - 25(a, b, ¢)
B)Aty(C) = (temperature in 10.0 minutes) - 25(a, b, c)

90

80 |-

(a)
A

imestone(950 C, 1hr)
Hydrated condition (CaO:H20(100g1400g), 25C)

o
=]

10 20

Time(min)

Fig. 10. Temperature profiles of the hydrating reaction samples
for hydration conditions (ASTM C 110) - (a) limestone
(950 C, 1hr)[CaO : H,0(100 g : 400 g)].

(hard burning)©] 31 4] 3]4] €] Z-9- 3k4x(hard burning)s 42733}
ST3l 1,100 CellA A/date] 3k W3S A AAA A /A<
3RS CaO WUTh= 5/4 WA 0= Alxslo] ©Rl/e8) W3
25l7] Q18 Alxshs A3 22 ARl 711 ke Ao w
T} Fig. 102} Table 3(c)2] W53 7 4x(soft burning)a}7l
= 218 golsk 5= Qlrt Fig. 11 CaO : H,0(100 g : 200 2)°]
Z79)4 A3 Ca(OH),©] L, (a) XRD #4] 2 3}of| A

ZEE

4 b

L

, oyster shell 325 mesh
2.0x10* |- (a) N microwave kiln [1,150°C, 1hr]
hydration condition
. [CaO : H,0(100g : 200g), 25C]
0
2 1.5x10° -
g Phase wt%
8 Portlandite ~ 100.0
=
‘2 1.0x10° | :
§ X Po : Ca(OH),
=]
Po
5.0x10° - Po
Po
Po
0o | L Po Po Po
1 1 1 1 1

Ca(OH), 100 wt%= /3 =121, (b) SEM 2] A z}hel| A 33531
Ao 7 FA ) Fig. 125 Ca0 : H,0(100 g : 400 g)9] 573} =
el oJeA FAdst Ca(OH),0lL, (a) XRD 4] Zu}ol|A
Ca(OH), 100 wt%Z I =20, (b) SEM 4] Ar}ollA 743
Fejol 2o gl et Fig. 133 CaO : H,0(100 g : 400 g)2]
F231 270 984 T4 E Ca(OH), = (a) XRD ¥-4] A3} Ca(OH),
100 wt% 2 A E %100, (b) SEM ¥-4] Avfola] 43 ez
Fig. 119] (b) SEM 4] ZA}e} 7} FA3] 7H=|GITh. Table 4
9] (ap= F ;7 24 2791 1,150 C, 117 Bk 2AdElo] Al xH
Ca02] <=3} %74(Ca0 : H,0(100 g : 200 g))ell A 43t Ca(OH), 2
Aztolr, (bye= & 2 A 22 HE ARY Ca02 F3F %
Z1(Ca0 : H,0(100 g : 400 g))ollAl /gt Azoln, (c)= A 3]
O 2R AZH Ca02 43} 27(Ca0 : H,0(100 g : 400 )l 2]
314 §/3 8 Ca(OH), o] XRF 7] 43 A5 vrebd Aot}
XRF 7]7] 42 7158 #4302 Ca(OH),= CaOZ ¥7|
Ho] A3} gh& 1.32((74.093 g-Ca(OH),/mol)/(56.0774g-CaO/mol))
SabzE o 2 Yol 3, Ca0 100 wt%7} 74 wi% 2 E™ XRFE)
CaO #ko] Ca(OH),2t A gt =x]¢|t}. Table 39 (a)E CaO 97.2
Wi%, (b3 96.7 wt%, (¢)= 99.3 wt% = XRF Al % A3jol|A 45
o] =2 UARE, 51t Aol HolA= okt

WA (whiteness)i= = 5-2] 23| (hiding power)oll Y& ==
Qlzlolt}, E3] g o] WA QF (white pigment)?l ©]At3}E] &
(TiO)= WAE 9l 2|85 3A|7]7] 13l Z7 ettt Table 5+
= Ao 2 RE AZxE Ca02 F3+x7] (a) CaO : H,0(100 g :

1
30 40
Two-Theta(deg)

10 20 50

KILAM , WD13 .7mm 15

_0kV, x50k

Fig. 11. (a) XRD patterns and (b) SEM images of Ca(OH), - hydration condition (ASTM C 110)(CaO : H,0(100 g : 200 g)) by calcination

condition (1,150 C, 1hr).
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0
Ks)

oyster shell 325 mesh
2 0x10° microwave kiln [1,150°C, 1hr]
e (a) Po hydration condition
[CaO : H,0(100g : 400g), 25 C]
Po
s 1.5x10" - Phase wt%
2 Portlandite  100.0
g
2 10x10* - Po : Ca(OH),
2
E Po
5.0x10° | Po
Po
i P
00 L LPO Po Po
1 1 1 1 1

Po po
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Fig. 12. (a) XRD patterns and (b) SEM images of Ca(OH), - hydration condition (ASTM C 110)(CaO : H,0(100 g : 400 g)) by calcination con-

dition (1,150 C, 1hr).

3.5x10" -
P . o
3.0x10° (a) limestone(950 C, 1hr)
Phase wt%
Ca(OH), 972
.
2.5x10" - P CaCOJ 28
£ 20010' P : Portlandite-Ca(OH),,
= C : Caleite-CaCO,
£ 15x10' |-
E
1.0x10* -
P
5.0x10° |
I ¢ JL
1 1 1 1
10 20 30 40 50

Two-Theta(deg)

Fig. 13. (a) XRD patterns and (b) SEM images of Ca(OH), - hydration condition (ASTM C 110)(CaO : H,0(100 g : 400 g)) by calcination

condition (limestone(950 C, 1 hr).

Table 4. XRF analysis of Ca(OH), for hydration conditions (ASTM
C 110) - (a) CaO : H,0(100 g : 200 g), (b) CaO : H,0(100 g :
400 g) for oyster shell and (c) CaO : H,0O(100 g : 400 g) for

limestone
(2) (b) (©
Component Result (wt%) Result (wt%) Result (wt%)
CaO(=Ca(OH),) 97.2 96.9 99.3
SiO, 0.76 0.9 0.14
MgO 0.57 0.6 0.3
SO, 0.4 04 0.01
Na,O 0.26 0.35 0
Al O, 0.23 0.26 0.23
SrO 0.2 0.18 0
P,05 0.13 0.14 0
Fe,04 0.12 0.12 0.02
Cl 0.11 0.12 0
K,O 0.02 0.03 0

200 g), (b) CaO : H,0(100 g : 400 g), (c) A1 3]4] 0 2 3¢ A z=¥
Ca02] 423} 271 Ca0 : H,0(100 g : 400 g)ol| 2JallA g% Ca(OH),
o] WA Xxjo]H, (d) WA FFE QI O] AFSIE]RK(TIO,) 2] ¥4 =
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Fx 5 YERA Zlolt) Table 52 (a) 97.73, (b)= 96.81, ()=
96.66, (d)= 94947 F o 2 RE] A%xH Ca09 53 =4
Ca0 : H,0(100 g : 200 g)°ll 2J3l4] $d€ Ca (OH),7} 71 =4
LERTH10,11]. 4 = (Whitness):= ™8 = (Brightness), 2| = (Colorfulness),
A (Hue)oll Tk 32k 0. 2 A of oJgt FE2ol ot Sk
FAR, (9] AE7FEE, A%, Al vist B 52 o] 73
=7 4] =it

= Lo 2RE N8 £ =5 E AFs] Y% Ca (OH),S
Aa = o3 722 270 Qs FHIsISItE (1) Ca0 Al FE Al
1.5kg, 1,150 C, 1A]3F 5t A2/33810] Lojzl Ca0o]H, (2) Ca(OH),
AlEE (DEFE @017l Ca02] 73} 2271 Ca0 : H,0 (100 g :
200 g)= 3to] FERESel S3l ¥ Ca (OH)LE AF-& T4 &
79 A4 kg7 ARgSI )

3-3. = Izt & Ca(OH),E ALSEt B8 Y =2 54

CaOx= t, Fagoldo] 78k A4 Z Hwang 510,111
U&7 ER59 FARE I, Fagold 2AE &8sk
Ca02] 78H=21 Ca(OH),2] pH value 57 F2} super-oxdie®] generation®]]
710ste] vhelgot EAJol s Stk Barskglct. o]ef &
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Table 5. Whiteness analysis of Ca(OH), - (a) CaO : H,0(100 g : 200 g), (b) CaO : H,0(100 g : 400 g) for oyster shell, (c) CaO : H,0(100 g : 400 g)

for limestone and (d) white pigment (TiO,)

L* (Brightness) a* b* c* (Colorfulness) H* (Hue) Whiteness
standard 100.09 -0.05 -0.01 0.05 194.40 100.00
(a) 97.82 -0.05 1.27 1.27 92.10 97.73
(b) 96.85 -0.17 1.60 1.61 96.16 96.81
() 96.90 0.08 1.88 1.89 87.81 96.66
(d) 94.81 -0.17 1.89 1.90 95.10 94.94

Fig. 14. (a) photographs and (b) SEM images of the lime paints
hardened after being applied on the coated objects.

Tl F 7S 24(1,150 T, 12117H8le] AlZ¥ Ca0S =3}
HESAIA T4 Ca (OH)E ©]83te] 158 473 =xel mlgsial
t}. 343k Ca (OH),= 200 mesh (74 pm) W22 13} F-2f81ic)
2 H|= WS o] -gske] Fig. 29] viE vlE 4l oAl whef o)
& TA EEE eItk aiget o8-8 A EEE AT
of| S <ol 7] 93] FE-SEMS o]-g-3to] u)A] 25 24
SSATE. Fig. 149 (a)= WiEet -8 4 Evs AME Za8
Eof mxsto] oF 127 3 A3} el E vEbd A o= At &

o

fe

WHoll 7132 52 A=A ok om, A (crack) = WASHA] it
Fig. 142] (b 258 74 £5°] 43 JelE vepd ZlolH, 7
Szl sk BdE o] Sl Ae ERISKITE. Table 62 Fig. 21
ket v gkl o 8- =4 Rl thEk KS M 6010 114 <] 1570 &
E-5 #2431 Aot} Table 69 1571 0], (1) 5% (consistency,
KU)E 5§ FAESR 15 2F 71 80~110 H o vshe=
86 K.U.Z YEMHTE (2) B3R (=5 2] %)(nonvolatic content,
% of paint)> 52% o1} 7150l 54%% 75l 2 gttt o=
AT g Y ER0) wig 7]Fel Aleblo] 8 W o
1§l Aest o7 wekdn), (3) AEE(EE 9 %)(pigment
content, % of paint)<- 42% ©|F 715=l 52%= LFeEbE o A A
QFEE Ca(OH),, 2747 W-4] wila Q5 2l TiO,2] §Hgo] 7]|&ol
Agkek wgt v]&Ql Ao w B QT (4) 18t 7 ZAIH(hard
dry time, %) 60 1 oW 71Eoll 40 o2 vERow 2 Ao
v 7ol ost 3] e B Uigh B § =R o] 713 Al Tk
Fobs 2o FRAH QU (5) 45°. 00FATARE(H A))(45°. 0°
diffuse reflectance(white), %) 80% ©1/ 7|50l WH5dl= 91%=
T2 QITE. (6) =¥ & (hiding power) 94% ©]7 715l 98%%
LERL O Ca(OH), B =% 4l oAl 9k Q) Tio,2] wi Al w
2| (Table 5)°ll 23|l A Yeld Zl oz ezt (7) A2
(washability resistance) A13= £ 9 & SO02 MHFPS v =
o] A mpREAAL EAFE A eotol &4, 715 1,0005] ol AT
olokgith= 7]l tiste] 54 24 4k 1,0003] o] o= Rk
AT (8) WE 2H37d (freeze thaw stability) A -5 T2l W%
Alel|A] -S-a/MA EX] Yoo sitt= 7]Eel tiste] 24 Ay

Table 6. Synthetic resin emulsion paints test results|exterior water paint parts — KS 1 class 2 grade (KS M 6010(2014))] — lime paint

Test item Unit Test method Test result 1 class 2 grade standard
Consistency K.U KSF 6010 86 80~ 110
Nonvolatile content (% of paint) % KSF 6010 54 more than 52
Pigment content (% of paint) % KSF 6010 52 more than 42
Hard dry time min KSF 6010 40 within 60 min
45°. 0° diffuse reflectance (white) % KS F 6080 91 more than 80
Hiding power % KSF 6010 98 more than 94
Washability resistance times KSF 4715 more than 1,000 more than 1,000
Freeze thaw stability - KSF 6010 freezing
Wet film hiding power % KSF 6010 97
Condition in container - KSF 6010 pass the standard
Alkaliproof - pass the standard
Accelerated weathering tes t (200h) - exterior - KSF 6010 pass the standard
Accelerated weathering test (200h) - yellowing difference - KSF 6010 0.03
Thermal stability - exterior - KSF 6010 pass the standard
Thermal stability - consistency change K.U KSF 6010 23
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S aLERE A o= Rt o= £ gk ulE ek 8 Al
oJgt il rzel] ofalix e QPgAdelM Bk HA SIS Ao

j':L
L
i,
iV

o, . (9) A4 =9 29| & (wet film hiding power) A8
Z =8 297} 2jo)7} 2 o]stolofof gt} 4 A= 97,
(6) SH1&2) 113 TuF 29 & gk 987} Apol= 1R 7]5Eel] A st
ST}, (10) 271 WellA 2] “JEll (condition in container) Al &2 7
SFAEIE A £31e 5 Qlojof ab B, P WolElvt el
Ful|ahA] Qoo SRz 7156l tiste] A= 7)ol Aoz g
Q1= glek. (11) WA (alkalipoof) A1 8-S 7]5=0] 2|gko & &
A glom, o] L7teA ] #-gol tiaiA 2 iselA] e =
o] R, 2 Ao uigH o F-E 74 ER5O T v
Ca(OH),°ll 23t Ao 2 et (12) FX 44200 A17h
(accelerated weathering test(200h)) - 2] ¥H(exterior) A1 &2 200 A
T EF WS MM 2730) A7IA] ghotolstar, S1Ae] e
AR= 0.128 9A] Sdotol she, g gl 7]EF M) A RISHAL)E
4.0 G915 HA gotof = 7] tisto] A} 7)ol A gtow
A=t} (13) FF W$44(200 A 7F)(accelerated weathering
test (200h)) - ' = XK(yellowing difference) A1 & A ¥}H= 0.03°.%
7)5ol Agto 7 B EIT) (14) BF84 (thermal stability) - 2]
F(exterior)) AP A 7)ol Ao w RIS (15) At
774 ((thermal stability) - =% ¥ 3}(consistence change)) Al &2
60 C, 120 AlZHell ] & PPA AlEollA] S HAEAY F57}
8 K.U. o) RiglahA| ghotol dhh= 715e]] tisto] 4] A} 23
© = ettt

4.4 E

B Aol = F 9zt A 5L o] fato] no| AR Yol B
274 ZHolA Ca0E AFF F olF 43 WS
Ca(OH),Z /d5k3ict. 438t Ca(OH),E T2 A+
573 =59 vilgh nl& 2 Z1e] <JsiA KS M 6010 1
Zo]| F3to] A3 BRF AlFste] 1571 F5el skt
Hr eI, 2 Aol 4 Auhs thaat o] Qokst

3
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1o

1

o
RN
o AL
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=2,

il
tlo =1 oo x

2
1

1 o
ol
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o,

&
50
o

(1) Z 7} v 325 mesh (43 pm) A 8= vlo]A 2 ¢glo]B A&
A RZ ol gate] 24 2719 1,150 T, 1A17 elA 2ebilks) nk-g-
o] & o]Fo)5) o1 XRD A A¥}eA] CaO 100% 45|t

Q) 24 2791 1,150 C, 117 #AZ23 Ca02] 31 2142
23] 2] =23} 27191 Ca0 : H,0(100 g : 400 g)K.t} H,0 -]
22 Ca0 : H,0(100 g : 200 g)Z e O H A 5]A] © 2 Kg] 3
/33t Ca(OH),°| T4 = thE T (plate) &= A = At
Ca(OH),%] ¥ §2H3& AZ3H7] 2l8lA 100 Cold, = Akt &
QF 4 RG-S A|AX FAd sttt & d17h] 1,150 C, 1A]1FelA
A Z3 Ca02] 43} 271]1 Ca0 : H,0(100 g : 200 g) 73-%-, 53}
H-g-dol 11 100 Coll =2 ZHlellA 473} Whg-o] X138 =]7] uf
of] B (plate)? A HAUATt 8] 349 24 F Az
Ca02] 473} 2732 Ca0 : H,0(100 g : 400 g)ollME= H L 2580 C
el Z 3357 ol =ste] 423} vk-g-o] X3 =7] wlief CaO7}
Ca(OH),= T HAI%E, 873 Alof= =7 & sk W3S 2k glok.

(3) = o2 HE] 43 Ca(OH),E TR0 T X3 Tus
Azl om, 2 Ate] wig 71l 2JsliA Q-8 44 =5

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022

£

B - ol

B 1590 &5 5 17 3521 B A Al 710] 71l ¥
FalA] Sgt 7o & ettt

@) #F W2 F2 AFE(CaCo,)°] A 3|43 TL3HH, A 34
FE] S T sk FAlolH, A & w7t HV|EE
FE|o] Aggo] AT AA) Adetollr = w7 A A 8)4 oA
£ Ca0, Ca(OH), ¥ X13] =52 &8sk =915 7l o7 welec)

Al

B AT @RI FERIT A A9 2021)F B oH,
ool ZAF=RI T},

References

1. Kim, M. J., Wang, X., Lee, J. J., Lee, S. H., Kim, C.-J. and Kim,
S. B., “Development of Flowable Backfill Material Using Waste
Oyster Shell, Coal Ash, and Surplus Soil}’ Clean Technology, 19,
423-429(2013).

2. Kwon, Y. S., Lee, K. H. and Park, J. B., “Sorption Characteris-
tics of Heavy Metals for Oyster Shell and Fly Ashm’’ J. Korea
Soc. Waste Manag, 20, 337-346(2003).

3. Moon, J. L., Jung, Y. J. and Sung, N. C., “Study on Potential Risks
of Soil Amendment, Experiment Using Sewage Treatment Sludge
and Oyster Shell,; J. Korean Soc. Environ. Eng., 24, 715-724(2002).

4. Lim, J. H., Cho, H. T. and Kim, J. H., “Optimization of Wet Flue
Gas Desulfurization System Using Recycled Waste Oyster Shell
as High-grade Limestone Substitutes) J. Cleaner Production,
318, 128492-128507(2021).

5. Eo, S. H., Hwang, K. H. and Kim, J. G, “Application of Oyster
Shells as Aggregates for Concrete) J. Korea Concr. Inst., 14,
540-548(2002).

6. Hwang, D. J., Ryu, J. Y. and Park, J. H., “Calcination of Mega-
crystalline Calcite Using Microwave and Electric Furnaces) J.
Ind. Eng. Chem., 18(6), 1956-1963(2012).

7. Hwang, D. J., Ryu, J. Y. and Park, J. H., “Preparation of CaCOj;
Using Mega-crystalline Calcite in Electrical Furnace and Batch
Type Microwave Kilni, J. Ind. Eng. Chem., 19(5), 1507-1516(2013).

8. Hwang, D. J., Ryu, J. Y. and Yu, Y. H., “Characteristics of Pre-
cipitated Calcium Carbonate by Hydrothermal and Carbonation
Processes with Mega-crystalline Calcite Using Rotary Microwave
Kiln} J. Ind. Eng. Chem., 20(5), 2727-2734(2014).

9. Hwang, D. J. and Cho, K. H., “Effects of Sodium Dodecyl Ben-
zenesulfonic Acid (SDBS) on the Morphology and the Crystal
Phase of CaCOs, Korean J. Chem. Eng., 28(9), 1927-1935(2011).

10. Hwang, D. J., Kim, H. S. and Lee, S. K., “Development and
Characterizations of Environment-friendly Lime Paint} J. Kor
Ceram. Soc., 46(1), 47-52(2009).

11. Hwang, D. J,, Yu, Y. H. and Lee, S. K., “Preparation of Envi-
ronmental-friendly Lime Paints from Hydrated Lime and Hydrated
Light Burned Dolomite} Korean J. Chem. Eng., 29(6), 823-829
(2012).

12. Inagaki, Koshiro., Harada, Kazuo., “Lime Plaster-Containing
Adhesive and Hardening Material}’ JP patent 2000-072520(2000).

13. Himeno, Rikuo., “Coating Composition}’ JP patent 2001-187876
(2001).

14. Masaru, Aoki., “Plaster Decoration Technique’ JP patent 2002-



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

030780(2002).

Suzuki, Kenji., Horio, Masakwzu., “Moisture Permeable Film
Having Humidity Controlling Function and its Manufacturing
Method;’ JP patent 2002-143633(2002).

Himeno, Rikuo., “Method for Stabilizing Dispersion of Plaster
Composition in Water} JP patent 2003-307009(2003).

Sugie, Tsunemi., Shinkai, Seiji., “Humidity Conditioning Method
and Structure Therefor} JP patent 2001-180351(2001).

Mikini, Akira., Hashimoto, Kazumasa., “Inorganic Coating Compo-
sition, Humidity Conditioning Material and Constructional Mate-
rial Using The Same and Method for Producing Inorganic Coating
Composition}’ JP patent 2002-095402(2002).

Himeno, Rikuo., “Method for Stabilizing Water-Coating Lime
Plaster Composition} JP patent 2003-305712(2003).

Shono, Katsuhiko., “Constructional Coating Composition, Con-
structional Coating, and Method for Constructing Exterior and
Interior Decoration of Building)’ JP patent 2003-306614(2003).
Urano, Teruo., Ina, Yukio., “Slaked Lime-Based Coating Material
Composition}’ JP patent 2004-123472(2004).

Urano, Teruo., Ina, Yukio., Takeshima, Yukio., “Slaked Lime Based
Coating Material Composition] JP patent 2004-307259(2004).
Himeno, Rikuo, “Method for Inhibiting Color Difference of Colored
Plaster Coating Resulting From Re-Coating}’ JP patent 2005-
002787(2005).

Yakusen, Sekkai., Sanyoo, Sooken., “Inorganic Coating Material
and VOC-Adsorbing Functional Material Using The Same}’ JP

43} 958 59 B8 g AF 605

patent 2005-105010(2005).

25. Himeno, Mutsuo., “Coating Composition; WO A1l 2002-004569
(2002).

26. Hwang, D. J. and Yu, Y. H., “A Study on Synthesis of Ca and
Mg Compounds from Dolomite with Salt Additional React
(MgCl,-6H,0); Korean Chem. Eng. Res., 59(3), 1-11(2021).

27. Noh, J. H. and Choi, J. H., “The Concept of Quality of Lime-
stone and Its Evaluation Method J. Miner. Soc. Korea(Mineral
& industry), 15(1), 1-14(2002).

28. Noh, J. H., Oh, S. J. and Kim, K. J., “Applied-mineralogical Study
on the Mineral Facies and Characteristics of Domestic High-Ca
limestone] J. Miner: Soc. Korea (Mineral & industry), 17(4), 339-
355(2004).

Authors

Dae-Ju Hwang: Head of the team, Advanced Material team, Korea
Institute of Limestone & Advanced Materials, Chungbuk, 27003, Korea;
hdj1057@kilam.re kr

Young Hwan Yu: Team member, Advanced Material team, Korea Insti-
tute of Limestone & Advanced Materials, Chungbuk, 27003, Korea;
yyoung011@kilam.re.kr

Chang Soo Han: Head of the department, Migam Co., Ltd, Busan,
49126, Korea; hanvitho@naver.com

Jong Dae Lee: Professor, Department of Chemical Engineering, Chungbuk
National University, Chungbuk, 28644, Korea; jdlee@chungbuk.ac.kr

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022



