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F5A)712 BARSLE aragonite?] WAL TAIECE WS E 50T oAbl e Hbg-E 7)o Apbaiy
SrCO, A¢& AAdslz, o] WL |- AP A AN ¥ o] {2lgF COZ (ag)0) 2H3he) ERA
aragonite 2 A 4sl3, WH-EBA] FAMY aragonited AAd3dr) gL E 40 TolME COag)dl ¥ F
g5t ubg27]o) B4R SrCO; W& FA22 A7 aragonited YAJ3tdeh. 22| T ol 2] A} A4 H(Sr
(OH),=0011 wt%) R<tRol| s3ke] Se(OH): & H715tZ, OH (ag)2t COyag)9l FE& ZHY w43 w0
$o2 o7 01~02pm, 37 1~2ume F43Y aragonited 43k},

ABSTRACT. Carbonation process of Jung sun slake lime(Sr(OH),=0.053 wt%) suspension with CO,
gas at 30~80 T has been studied to investigate the formation process of aragonite. The reaction tempera-
ture at above 50 C, rhombic nuclei of SrCO; has been grown with the interaction of CO;* (ag) which
is profitable to growth the nuclei at the liquid film of gas-liquid interface to form pillar aragonite crystal.
At 40C, the controlling of concentration of COxaq) at the beginning of the reaction has been made
the nuclei to growth to be an aragonite crystal. Addition of some Sr(OH), to Yi Lee slake lime (Sr{(OH),=
0.011 wt%) suspension and controlling the concentration of OH (ag) and CO,{ag), the carbonation reaction
produced pillar aragonite crystal with the short side of 0.1~0.2 ym and long side of 1~2um.
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Yol B AF A2 B slglony® AP
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4857} Ca(CH)Bx} 232 LAY -5
2e Sr(OH),E F7HE AH83lo] aragonite] 4
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o)Ak, FFAL AAlAt A3 4 33-E 1200 Toll A
4A)7} 2% 78] P45(Ca0)E F2lA 23t
sle] 2ABE BE F o] 243 28gd A
A7HEET} 1.5 uS/cme) Dol 700 mL7} &<
Sl 1000 mLe] 214 w3710 W2 4 wt%d] &
3] Ygbg whsedch o] dgA e B4 ¥4
71e) A A AL E(30~80 T)E 3027 2ok Foll CO,
A2 A HE 99.9%)E 1000 mL/ming. F41shed
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Table 1. Elemental analysis of slake limes

Fhak - FEH - 24X

rpm2.2 ik uk-E U7l R JunseiAbA(18 412
Sr(OH), & Ab8-3lo] WH-2& 80 ToA 443 &
golo] £2MHF J|Fo 8 05~5wt%s Y7l
t}. 4hg2 pH(HM-20E, TOA Co. Japan)S 23
o] AT, HEEE F JHETL FU 9951
dlet&2 Ay wpstm, 110 ol 1417 $2F A
Z3dck 23l AzkEde EDTA ¥# s ICP
(Labtman Co. Australia)® #43}lz, TG/DTA
(Thermoflex TG8110, Rigaku Co. Japan), SEM(X
650, Hitachi Co. Japan), XRD(PW-1710, Philips.
Holland), FT-IR(IFS48, Bruker Co. Germany) &
ol-g3t] WA EL -A3ledr)

@ o o

ki e] £4o|4 FollA A} A(rhombic) T+
Z 9| aragonites 4134 43 E& vl}Ee) 5y
T &A%, Sr, Ba, Mn, Mg 945 &3z

© H2g &4 )’ 434 22 bulk den-
sity(F3H KSM0004)s} 8138 24, 238l g
£ 2482 42¢ ICP2} EDTA 4oz ¥45)
o Table 19 viehligdch

ARf e SAE) L3l o] 221 Sr(OH),
(@ag)%} Ca(CH)yag) S RA7IAE HE-A)7]E 7])-9)
A9 whgeldAg, 2 AP Axs g g
Ao g v)-f-aA 9 MEEYEER o] FolA
a2, I3 2 EAFANEY F (1) taA%e
T A, (@) - AR gR7elE §
iz AE, (3 71- AR dAALE 5

Yi Lee Han Ju Jung Sun Japan
Contents wt% slake lime slake lime slake lime slake lite DTC (©)
Ca 5223 51.99 5158 5246 900 ¢
Mg 0.33 0.16 021 023 402 ¢
Mn 0.011 0.032 0.052 0.002
Ba 0.001 0.0005 0.002 0.001 1360 ¢
Sr 0.008 0.020 0.038 0.043 1189 ¢
P 0.005 0.005 0.013 0.022
S 0.0005 0.0005 0.001 0.001
Bulk Density of 2.708 2707 2.723
lime stone

“DTC: Decomposition temperature of carbonate salts'
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Fig. 2. Solubilities of Ca(OH), and CO, at various te-
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Fig, 1. Concentration profile for the carbonation of
slake lime suspension. [A*]: Solubility of CO, in an
aqueous solution. g mole/em’. [B,): Concentration of
OH" ions in the bulk liguid phase, g ion/cm® [B.]:
Concentration of OH™ ions in the gas-liquid interface,
g ion/em®. [B.: Concentration of OH™ ions in
aqueous solution in equilibrium with Ca(OH)G). g
ion/em®, [P;]: Partial Pressure of CO, at the gas-li-
quid interface, atm. [P,]: Partial Pressure of CO, in
gas stream, atm.
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mperatures.

Table 2. Solubilities of Sr(OH), and Ca(OH), in water

at different temperatures (/1000 mL)

o Sr{OH), Ca(OH),
0 4.1 143
10 5.6 138
20 8.0
30 100 129
40 11.7 121
S0 174 1.07
60 250 0.97
70 356 0.92
80 511 0.80
90 710
100 2180

slo OH (ag)st =-9 7AA™ A AN 2
239 COZ (@g)®h U¥ HCO, (ag)7} 4A=E
Aoz W2iA UTk? webd Ca(OHLE)S S84
29 CO)Y 2347 RAAFe] 44 A
AH 2 P74 7, CaOH)()S} COLp)s) SREE
Fig.20] viehd A%} o] xof wet Wsshe
A ¢ 5 Uk

243 A9Ug QanEiy wheasld @
&ol& SE*, Ca?t, OH-, HCO,™, CO 59 2%
ol¢3 Ca(OH)ls) o] EAsio] o]&9] whgol
S 2o LMAQ SICO7E WA g BT,
£ 1000 mLoll i) 2} 0013 g AE9) o) 2= E
CaCOvt ¢ YA3e Aoz A2gr). Tadle 2
A& Sr(OH),s Ca(OH),9 $HE§ “Fehhick?
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Fig. 3. pH changes during the carbonation process
of slake lime suspension at 40~80 C (400 rpm, 1000
mL/min CO, gas). a~h, Jung Sun; h, Yi Lee; i, Han
Ju; j, Japan; ¢, 100 mL/min CO, gas.
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Fig. 4. XRD patterns of samples at points designated
in Fig. 3, O, Calcite; @, Aragonite; No mark, Ca(OH),.
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OH {ag)2} W3-8t COy " (ag) & AM3he Aol
A7t} oA whe2k 40Tl A B4 A28
et ghabsbsid whg27)o 050X 107° mol/L
2] Sr(OH),(ag)7} &H4EsHEY] SrCO; ¥ A4 ¥l
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55 Ca(OH)(s)¢} COL@9) $3) 57} 7haste] b
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iZel A AN AEE AYAQ calitero) YA
NI, FFAF 24 3)(Sr(OH),=0028 wt%) detlg
giigsle] jHANA ARG AEE 289 arago-
nite7} A=A} 222 @4 A4 H(S(OH),=
0060 wt%) Werg st kHANM AP
A8+ aragoniteZ} FAAEIcL o) FAL &
A5l SHOH), 2 §Fol 0.028 wt% o]ste|R ul
&7 AAEe SrICO; WRe} CaCo, He) &
7k2 CaCO; ¥-& FA23 ¥ A3 A3 AY3o)
5] calcite® BAshe Aoz JZHc

mokiTo| oiE Y Fig 5 MR 80T
N AL 243 FEHE FEE 100~500
rpm. 2 2. k435198 o aragonite/CaCO,2] inte-
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Fig. 6. XRD patterns of products obtained from the
carbonation of Yi Lee slake lime suspension added
with 0.5~5 wt% Sr(OH), at 80 T. (A) 0.5 wt%, (B)
1 wt%, () 2 wt%, (D) 3 wt%, (E) 4 wi%, (F) 5 wt%.

nsity ¥}Ee Jehsich 2ikEEst 1L 7%
Ca(OH),2) 48] $ 57} 271908 vkl HFeidhe
OH™ (ag)e] $7bsted 71-4 A2 A A4
CO& (e BAL 44 Yot wepy whg27|el
PAE SICO, L F4o2 H2AAe] #dh
=43k 2 A3 aragonited] Aol Frksle A
o2 Q7¥c)

SHOH),2| 7tz B Y. Fig.6& ol
4243 o] Pats} whgEo]o)] AP 4
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Fig. 7. DTA and TGA curves of CaCO, obtained from
the carbonation of slake lime suspension at 80 T, (X)

Jung Sun slake lime; (Y} Yi Lee slake lime added
with 2 wt% Sr(OH)..
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cm'
Fig. 8. FT-IR spectra of various powders obtained
from the carbonation at 80 T, (A) Calcite (Yi Lee),
(B) Strontianite, (C) Aragonite (CaCl,-Na,CO; reac-
tion), {D) Jung Sun, (E) Japan, (F) Yi Lee {added with
1 wi% Sr(OH),), (G) Yi Lee (added with 2 wt% Sr
(OH),).

Al % 92 SrOH),E 2M2E 7=
05~5wt% P73z, A=t A4 Aol fed g
279l 80ToHA i3} U3-S Y3je] YA A
422 XRD ¥4 Zzlo|c} Fig. 644 20=264(d=
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3496 ym)¥] strontianite | 2E veh A ¥, 20 TG/DTA 8M. 80 TollA] wtE aragonited] 2
=27.3(d=3.395 yum)2) aragonite ¥ ZF YAY &  AHSAEL Johrr) Sk TG/DTA ¥4& L2
9lich. SrOH) el @ekol 2748 4% aragonited]  © 2 AIE Fig. 7] veblisdch 2440 243
Hdake] Z718x|Y, 2 wt% o]Atel Al aragonite el 2 ghal3lsle] whE aragonite(X) 800 Coll
o) gAdel) Z oisfo] ¢lEE RAZCh A gz 436%2 FA7ERe] 4R AL &

Fig. 9. SEM micrographs of CaCO, powders obtained from the carbonation of slake lime suspension at 80 C.
{(A) Yi Lee, (B} Jung Sun (100 mL/min at 40 <), {C) Han Ju, (D) Jung Sun, (E} Japan, (F} Yi Lee (added
with 1 wt% Sr(OH),). (G) Yi Lee (added with 2 wt% Sr(OH),), (HD liquid-liquid reaction (CaCl;-Na,COs).
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a Sleh o] AL gd4kzle] o] B3 A ql 44%ol
W2 RS el o)l £43] Fgyq) 2
wt% Sr(OH). & A7 13k e4)12l3}e] ghE aragonite
e 800 Tl A & w432 431%9) F-A3tego)
Lolvke AL & ¢ Ak ¢)gl o A Fako]
A delhe AL Table 19 41 B £
o4 B8] A} o] aragoniterl ol 2] SrCO,7}
EAs7] W2 ZAe® Azdch  Aragonited)
DTAR Aol e 400~500C§A] aragonite?} cal-
cite2 "ol §Fd HAEF Bol: Ao &A
Ack?? Fig. 72) DTAZF A aragonite(X)2} ara-
gonite(N)Ee 77 450 T2} 440 C Rl A arago-
nite”} calcite® Aol 3= o} F4 sa7) et
B, 760 T ¥2oiMe CaO9} COLE Bafse &
4 3} e}

FT-IR 24, Fig.8& FT-IR 422 COZ
radical®] C=0 planar bending 700~720cm™’, C-
O planar bending 850~880 cm™!, C=0 asymmet-
ric stretching 1450~1500cm™'9| #4 28§
AY 4 gley, SHM(rhombohedral) e} cal-
citex= Ca’* o] 6709 O )22 CO )2 7k
1450~ 1470 cm ™", 870~880 cm ™, 710~720 cm™'9)
28 ¥o) 3z, Alubz)(rhombic) Bl 2) aragonite:
Ca** ol 9712] O o] 23w ¢ CO e 71722 Co
02} Ae)7} 7179 A 1480~1500 cm ™', 1080~1090
cm”), 850~860cm™!, 710~720em '8 )37} A
A2 olejite. 2 WHE calcite(ARs 1458 cm ™,
873cm !, 712em el A H=E Bk Sr(OH),2
£ wabslsldg 9kE  strontianite(B)e Na,CO,2h
CaCl,®] o-f ubg® 2 2 PE aragonite(C)s} A<
Z2e Yde] A=E Bo|A7 712cm 'AlA 705
cm™’, 854 cm ol A 858 cmT'2 M 37} AE AL
& F glvh YA R wHE aragonite(D), U EAH
22 " aragonite(E), olejatel 1 wt%, 2 wi% Sr
(OH), 2 3718l =bE aragonite(F), (G)ol M+ ara-
gonite?] <o) F71y £F 1458cm'e IHARE
1499 cm™¢] =322 HH3la, 854 cm'sl Hake
F713AT 873cm ™'Y AAE A AL G F
it
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A 243§ 483l e calcite(A)s 73
22 YHHGR, W% 40T CO, 7h29
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v 7AYo A= L 80 TollA &
FAb A3 g AbE-sle] wtE Akel aragonited
FHR calcite(Crz FFYolx, Y44 A4t
AN g Al8sled gkE aragonite(D)2} aragonite
(Eye F4%cldch 2= 80Tol4 a4k &
A3l 1wt%, 2wt% Sr(OH)LE 27 Hrlste] =t
T aragonite(F), (= F43o2 YAt A
A€ F4H8 aragonite(D), (E), (F), (G}= ¢4 0.1~
02um, A% 1~2umE CaCl,9} Na,CO,2] <§-o4
¥ 0 2 9bE aragonite(H)o} Blw3le 2o A
AYo 2 AAs|<.

a4 B

243 Fetdol) CO, 7HAS F5A)7)E B4k
e il o3 e HAES Yo

L R 50T o]goae 243 dAetde)
At 20|l wjAR Gadge] YA G,
243 Akgal aragonite?} calciterl WA
Aet.

2. WX 40 TelA] Sr(OH),=0.053 wt%al 2
A3 Bl B wsY o whge) Vs
COfaq) 3& HAst o PP} A PP %
=37l aragonite”} B4},

3. WERE 50T °]4tol A} Sr(OH),=0053 wt%
o] 4al 243 gt g b sala Ak Y SeCo,
e AT, AR SICO; A 3402 7]-¢
ZAHE ATl dG FAY AP fg
COS (ag) ©1ol 98l H2A43E 49 arago-
niteg A sl

4. Y25 80 TCollA Sr(OH),=0.011 wi% o)}
A £43) Y=ol SHOH),LE Arlste] Aty
SrCO;, A AT HAYYALE foldi sl 3
44 aragonited §49% + 9ot
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