CLEAN TECHNOLOGY, Vol. 16, No. 2, June 2010, pp. 124~131

Zaj2] 7|ZE B27(0IM E1ZH ERAZEEO)
DE2X|0]| CHE ZHSSo| Hst

#x2, 0| 8, o|s8”

AR seEe
440-746 F71E FYA) A HAHF 300
Tty gjstgsta)
448-701 A% SN FA FHE 126
(201047 48 128 &5 2010 58 178 78 55 20108 68 15¢ HH)

Effect of Operating Variables on the Morphology of Precipitated
Calcium Carbonate in a Slurry Bubble Reactor

Jung Woo Hwang, Yoong Lee,’ and Dong Hyun Lee’
Department of Chemical Engineering, Sungkyunkwan University,
300 Chunchun-dong, Jangan-gu, Suwon, Gyeonggi 440-746, Korea

TDe}:»artme:nt of Chemical Engineering, Dankook University.
126 Jookjeon-dong, Sooji-gu, Yongin, Gyeonggi 448-701, Korea

(Received for review April 12, 2010, Revision received May 17, 2010, Accepted June 15, 2010)

2 o

Zelg] 71X o] &sle] Akl F5(0.16~0.64 wi%), AMEAA FE@2~16 wit%), & 5
(3~6 L/min) W COy 2] LL]E--,%(O 3~O 6)o] gz 2] morphology, 28532, ]i#l9] _'171 C;]X}
?M S vl v)Ae dEE dotrgirh APl AReH U871 o7k 1.0 me]a #7ge] 0.11

mel FHsb Solle &ele] ZEgelth AFe] ALSY ol AWBAA

off Glo] Whg ol g ol Wk F2H A7RE ARG Dispex N4O
rshere] E3Hs 9l 0.16 wieold olAsiekae) fadel W Y7 BALH

E=

1, T8 FdellE A2 4 ¢
Dispex N4OE& gabzhg 84
9] wnrt 2 wi%ed o Ak
©] morphology & 4K W1 &7t F7MeEe,S 439 FHlv 9l dHes &ZHKF daFEol wWol
Ft. Dispex N402 ©AP252] crystal?] 443 dziel 1Apze] &4 ddell 9%8E Fo eibd el 3
 EE dEA Rk 28 0.9 L/min COs 8ol akalzhage] 527t 0.64 wt‘% A w2 wi%s] Adg
A e Ja) oERAE 35 mYgelM 44 mYgE AA FIMNATK

Eff‘_i

FAlo] : A7 WALE, ANGYA, v ERH, RE2A

-ej‘g

Abstract : Effects of Ca(OH). concentration (0.16~0.64 wi%), surfactant concentration (2~16 wi%), total
volumetric flow rate (3~6 L/min) and CO, volume fraction (0.3~0.6) on morphology, crystal structure, mean
particle diameter, aggregation and specific surface area of the precipitated CaCO; were investigated in the slurry
bubble column reactor. Experiments were carried out in acrylic reactor (0.11 m-IDx1.0 m-high) with a internal
tube (0.04 m-ID=1.0 m-high). The reaction time of CaCO; synthesis decreased with adding Dispex N40 of the
anionie surfactant. The reaction rate of Ca(OH), increased with increasing the volametric flow rate of COs From
SEM images, the single crystal of CaCQ; increased with increasing the reaction rate in the saturated concentration
of Ca(OH), (0.16 wt %) and the concentration of Dispex N40 (2 wt%). The mean particle size of CaCO; varied
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with adding Dispex N40. In addition, the specific surface area of CaCOs increased with adding of surfactant (2
wit%) from 35 m’/g to 44 m’/g at the volumetric flow rate of CO; (0.9 L/min) and the concentration of Ca(OH),

(0.64 wt %).

Keywonds : Precipitated calcium carbonate, Surfactant, Specific surface area, Morphology

1. A B
HENoR Peizl BAEES Al EAtE BRE 4
AFE F shjol 3 oUW Yol BH BE AT B 5o
A P17 25 YABES Fol, AL, FHA, 844,
A, SAE, Sebad el At 5 olg Al Hopel W
2 AbgE T Yev] 53] 3 SR

o] F7kE I YiE FAolrh g Az W A
7 ek, F4 e, A4 SAEE o R Un AT
A e 4 e HIAg B4 PHoRE #
Hehs Zo® kel Feht A77F A @k b 3
74 e 3EE Wi o AxE A g A
7217F vl gtE A olvh gl 2 gl ekel go] 244
ol whigh calcite, aragonite, TLE] AL vaterite® -5 2}
& ol dolei8-10). Calciter Atz o g 713 <k ¢
Abejol A gt vateritet= 7Y #0Hg8o] calcitel} aragonite 2
Ao ATHIL3], kg 0w B44 DAEF BAL o
& whE-T 71-9 whgo] QI 10,14].

Gas-liquid reaction type< stirred tank reactor$} slurry
bubble column ¥+§-71& 2 ARES8lz v} Slurry bubble
columneflA] 7]-of §kE-2- Ca’* o] 23 COY™ 0] 2] whe vt
gl 8] A BALEOE PAHCIIE ole g BE W
ol #le] 4, 279 4, el5 S4o) TeEH14]
TA QIR Agel do) 4R 2 ke ARl B}
Sxle] eld] WA EAY)E  Slurry bubble columnol A
gas-liquid reaction> A liquid phasec] gas®] ol% 3} 3¢
H transport processes®} bubble wakeol] 2J3F <=8 8% ¢l 1
HE Aol B oleldt A5 ekdwe] et dxb
Apolzell @S F7] wiEoltH12). Tsutsumi et al[l4]&
bubble wake motiono] €3} crystal®] 222 A4 Qe
crystal surfaceol|A] 2h2 AR x7hEo0] "ol vhew o] gk
A FZHEE secondary nudeation?] mechanismo] v}y
Hadkn ek 0] bubble wake motions] 2}8 crystal ]
H2)= particle size distribution BQel% 2 H8rg &},

Hwang et al.[15] & CO.f-%o] 0.9 L/minofr] «patslzr
#2 F5E 0.16, 0.32, 0.48, 0.64 wt9%z W 3IA 7 elrabzt
w5 Pt AR EE T2t 0.16 wi%l L34
o Aol B E edgAE o8 A E] F& olF
of AA &A= Yot falalEEs FErt S8 o
A IAF A7]E FolAARE dAb ARkl S 0% QI o
A AR} 27w eslE S Fe #E8 5 UsHk ol
FAEbdEel RV FrHEeE 270 A9 @ibdad

HAYEL ofF wMst7] el Yxte] vlEH Aol ol o
2 2 =Y dAkE ke R x|rt b giakE
P &Ae] et & A7 AdE Aol

A3 kel $AL we At ReE o] ghot of
23-9) ] S E RIgeldE EE IR
o o} W Bl HAAA datee] He 4% ¢
FE Toll #% Yiol
ArH14,16). 22l HIoe 34 dg 9] Abgo] Frhgtel
whg} SOxv} CO7} tf7] F o8 o} wfj&o] ¥gla SOxvt
COx9| L Aol A48 GAbzbg T ol st A7t xsix o
Q31 QQe17-19]. COp 3o AHEE @aldkg Tde] #
3 A7 A Ee] LRIA ikl 7]3e] microporous
TFEBCH= mesoporous F27k 718 2Hle] #eted S
4 gtk Bi7F Yo A mesoporousdt gHAE T4
of 28E& Fial glrk dWE AdEdAle] templateE o]
£&}ol mesoporous$t silicad €8l B At A E
o)A $ktH20-25]. Cheng et al.[26] 2 SDS (sodium dodecyl
sulfate) templateZ £33 mesoporousdt 8 9] silicag 4
ek #Hitols ohE FI1EEE templated] 213 4 o}z
231 et webA AR AE o83 template’l= mesoporous
3 ek BidolE AEE 1 9tk Yue et al[27]2- PS-PAA
(polymer of polystyrene and polyacrylic acid)2] template®
AHE-EFo] T8 9] mesoporousdt gHAbEGS gL} EE
AFEGAE AHEst HAA g RERA], AT

ZF oy v Edae Ut drE s vk HA @
Abzhgr o] Aol Slo] ArdEAi Al gabzdgre 2783 A
5 (&84, 49 4%, &3 24 phase?] o] AL
o
T

7] wjF-olri{28].

B AT oy 7 EHE o &l s=addg R,
CO: 3 9@ AWE4A sx7F ©41724 2] morphology, 4
Az, dAke 270, 1Ak S48 vl EE R o v A= o
o otolry] 918 AFE Syl

2.4 8

Figure 12 A7 §H 848 $9sr] 918 ol 7
o] slgkEelth. del 712" Foli 1.0 m, 7] 0.11
mo| 3L Fobol]l A7 0.04 mel FBIF EojgE dEY oja¥
= ARHALHIBL LT SRRZRE 0.15 mAR 47o)
2 mmg] glass beadsE 2 Fo W& 28 YAESY 5
o} A&A shlvk 13 Whe Foll 58 25 TR X3}
7Y &) 9k Fdel 27 0.04 ml B S J1EVE A



126  &FHE0/& A164 M2z, 201047 68

oo gas

2. Al

3. Regulator

4. Gas flowmeter

S, Shurry bubbte column

& Class beads

7. Conductivity meter
8. pHmeter and thermometer
4. Personatcomputer

1o, Thermal couple

1. Heater

Vi Temparature Controlter

BE = Febels pH meters) 7] A%
galol Whgo] AWHE ARE ASHO 57
ENEE = AFee] Aahgch
AL WEe, 5 LE Seje 7| Egel A1 ol4ks}
B 3719 AN 2AE 0 Feld 71.%@1 4
: IR

= /\} ‘” ’tlu‘iﬂ?i- go FAuE l"*‘ O zﬂ" it i)lﬁpex
N40 (sodium polyacrylate) 2] 5+ 0ol 16 wt%E ARE8}
o};}\u g ek sekdle] lug Esigion, jly &
ol By Fols ABEE o)l DAYNE 2L F 2
E7F 80T 7] HollA] 244]7F o)k AxBISItE SAl e
o] §ke A1kg #olslr] $181o] pH meter (HANNA, HI221)
¢} #7] AxA (HACH, sensiond)E AFE 1 gbakzisze] 9
YA L do ]7@ JE‘E‘@ﬂ (OMEC, LS-POP(VI)E A}E-310]
W’S‘ sl FAUEE B8] 8l el e] FAAR fo

AEEAAIR) sodmm hexametaphosplwte (Junsei Chem.
Co., Lad)yE Abg8l9l o, 0.21 wt%‘ﬂ ehAbzher 100 mf 894
off HAkAl 0.1g8 Ab&slQivh 8 28y BAF7] (Branson,

SONIFIER450)2 3047} & Am z;b_ F& Balvie) ARG

20
® 0 wi% Dispex N40
18 | OC 2 wit% Dispex N40
- v 4 wi% Dispex N40
I A 8 wit% Dispex N40
;; 12+ N 16 wt% Dispex N40 | o
£ B
P
&2 .
g 8 .
&
&
4 :
0 1 A 1.
0.0 0.2 0.4 0.6 0.8

Congcentration of Ca(OH)o (Wi%)

Figure 2. Effect of concentration of Ca(OH), on reaction
time in the slurry bubble column.

S abalol W output controller, 4% Fdslels, duty
cyded 800 8 A AIZIE §49 k2 FI-IR (BRUKER,
TENSOR27)& AFaho] A4 w Ak 249 AN 517, SEM
(JEOL LTD, JSM 890)2 o] §-8}o] ‘%b%‘-@* Azt HAre &
Qlatsich

31 pAte s 5o HE

Figure 2% CO, §0] 0.9 L/ming ), &0l AHBA
Q) Dispex N402) H7b@ Qs 4 erl/*«?:%&fﬂ wEef whE
WhE T4 AZHE vhebd Zloloh v S A& pH 9 A

71 ARL FAAM e d3E viege® adEE 131 A
ofvt. TLH A B wke} o] A@EAIA L] HUEE ) ut

¢ F2 Aol gokdl A& FAY 5 YAT ADFYA L
W g4l glo] WHE SEo] YBE F: How g
Flok e AW aAle] w5 Srisled e vk &3 A
elle 2 Aold Holx] gsir). Dasgupta et al.[29]0) M %
ﬂlrﬂﬁwxﬂ FRol upeh W T AL FAE A AW
A Fiel wh ﬂ’ Qg FH Aol 2Ee] Aol Hel
i Silfi 1k o R AMEdA drke s kg F4 Al
e FrobRe) ol AMEAAR Qs mugeo] At
WAL &Fo] @siAl o] whE vt webgr] witoltt
Kang et al[5]el 4% dHg- 7 A &
e gk W 2x7) -7}?Z%3r‘~% Hke 5

3

=

@«
rlo
=
o olo

olbgth B Gupta and F(m[l()M]/«i} w2

Ao SR ZU 7)Be BEAE 9%
AR A= ke A71E ”‘7}’\1?1; iasl
A sdake] A71E Aaazivka Baskelvt

32 olAtslErs Qare] Wat

Figure 3& Dispex N40¢] %X 7} 2 wt%e] | Alslzds
o 3w xgl 0.16 wi%elA 0.9~3.6 L/min o]xkglel A o)

FaFol whE F7A gk el SEM o] nl & Vel Fol
th ojitsbel e ko] ST AL %‘3” ol COu7}
We] Zalso} whg St wapdohe gejE B 4 glan,
A B4bE el morphologys ¥hE 5o whelx @t
A= Ag g 4 vl ™A & ¢ e vkek Pol
Figure S(a)ol A& o8] AR E0] & TUE o]Fo]
2lew, Figure 3(b), @9 (DR & & ZYgo i 83
AR vy dAo® WEe AL S ¢ st

Hwang et al[191& ARSARE 271807 o8 548124
9 =xrt 0.16 wi%q] Eslp-gdola olalalghkane] 8]
0.9¢4 8.6 L/ming Wsida] A48 ealzrge] nEa
AE Ak 288 A7Ad el olitslebag] ko]

o] 0) 84

0.9 Lymingl 790 ofe] Lo GFToko T
So} 9l ALLHEo] oltshetael 3ol St wheh
9o o EAsE YAEel ¥ Bgor 239 s



Clean Tech., Vol. 16, No. 2 June 2070 127

F9 FAE 7lEor Fagick 2felM His npe} ol Sl
AEE FRAEA AW @Aabzgro] AHEGA H7LR Qs 9l
A7 30 B AMREA ] w7 SHE
F ehalzge] REEAV WEEE e @%"%’l«, -
AR EAAE HrkebA ekorg wie SdAe eibde ¢
o] YAEUAR AMBAA Y TR BHEFS “A'“e}’&"
S o 2 e glon AR 7 SRS 3
A ek R 2] 9 SRk Blg g9ld 9\,1
ek olgA wishdl whbg4e] morphologys §1ARe] =71,
AR, vEdd aa vE g dee FA
Zlolch. Wei et al[28]2] Ad¥elr e Fol& AWgy>
i
O wd

¥ A,

A

121
-

33

ot

SDBS (sodium dodecylbenzenesulfonate)& AR§-8to] g
itz golia] SAA e wdes] e AW 5
ZRss T BTl F7she AL BAE - AN

e e . o} gt olel Wb el AR} caldteoA] vaterite 2
©) (@) AEE QT Wei ot al[28]0] 4 A48 SDBSE whold e &

8.\“.4311‘2

Figure 3. Merphological changes of CaC(Q; with €Oy flow ahe Eol ARMEPAR s ol el mlode] |
rate; 0.16 wi% Ca(OH);, 2 wit% Dispex N40 (a) 0.9 Aslo] gz Fuivt FEo R FARRN B Ayl AF
Limin €0, (b} 1.5 Limin €Oy, (¢) 2.0 L/min CO;, %{sy Dispex N402 njo] g 84 3H%] o= Lol AHEA

(d) 3.6 Limin CO:. Aol7] wiFe] AE B4 R} 8Ako] Wel et al.[28]

o d¥e v e o+ Atk

ALch el ER AEEEA L] ALE-Re gAlgle] ek Figure 5= AAZAGA 2] AME-/-Fof & eibdae] 4
F98 RERA = 9 S5 dgte] glivks A ¢ 4 slvk A vhebd Z1gdolc). Figure 5(a)2) (h)“‘t*f” ARG A &
H7ekA o 49 eardge 2YTEE vErd Helx,

3.3 AHEMN sxo| e Figure 5(c)¢} (d)& (@39} (b)zzioim Al ‘ﬁ%‘éﬂla Hotsted
Figure 4= 0.9 L/ming] COp 923} 0.64 wi%al SAL3} s bz ddyas vekd slojnk TR &
?1»)*“4 lzr.r‘q",\«f L-ol.8 ﬂ]wﬂ%)ﬁ;ﬂ] Dlspex N40S] 58 ”‘)}:‘ %"x‘ ﬁ}‘g} %_1’0] ]tﬂ%}\éﬂl"ﬁ %}7]’8}01 Fagedicl = S e il

ARFEE ARLIAT BB g R ene)
vl bR] B calcite 28 e 210 BelE gtk €O H-8F
o] 0.9 1/mino| 1, ~413lzk42 ‘f‘w‘f~’7} 0.16 w9 Figure 5(c)]
o Agbg AL Wk s eaae ARAS o Fof
A Ao HAHT. ARerAe) A7l 8 aFoR

AR BaRt Bagor Ese Bt o

wlo] &aigted veld dalel g xJ«twm%‘ vl HBE COy f8ko]

0.9 L/nine] 31, <=4tk o] 557 0.64 wede[Figure 5(d)]

oM AR eslE AMEdA L] drtR s Bakaee]

277301 v vkl o g El ity AR Ca‘2+°]%

0ollA] 16 wi%z WA shaA 48 eralz< o] SEM o]«
B vehdgich. o171 Al g A2 wEe AR paksbd

(@) <t o] COsTol20] oA wje) ¥ ko] mheh SrebA e calcite

a (b) s oamHow A% WHt 48NAE AUd. SRy @
: Aol 9lo) AMa A BAbe] AA wgkel] 9Jars &

A% Fev} 27 2 AAE 0w WEy) gl By

o) AHAo] Ll Aoz waarh
-Figure 6& AWE&/JA4¢l Dispex N40E AME3E 3%

COo ’?T' ] 0.9 L/min©® & o];&hﬂ U«E ,/I:ALQ"L?L/*‘A .,c:.T:oﬂ

w2 BAMEE 2 QA Alel= wigkE viERATE Figure 604

. — & = 3l vhe 7:%0 TR ZE wErl FUMESE Wil

) C) 250 YA Aloli 0.163F 32 wi% Trbelals Erbelc)

Figure 4. SEM images of CaCO; with concentration of 327} 64 with Fboladi o] ZFAE= RS wolch AW
Dispex N40; 0.9 L/min CO;, 0.64 wt% Ca(OH), . . =1

(@) 0 wi% Dispex N40, @)’2 wt% Dispex N40, gl ofsh P E wlkEae 7Y 93 7k S 7t

7]
{c) 8 wt% Dispex N40, (d) 16 wi% Dispex N40. = wAlel dzkel gAY S3E A FAskg



128

500

400

300

AU (-}

200

100

0

500

400

300

AU (-)

200

100

0

500

400

AU (-)

200

100 +

0

5

500

300 +

FE/E, M6 A2, 20108 68

{a)

A

; L«L LMWMW

-\

il 1() 15 20 25 30 36 40 45 50 55 60

20

T TRRUER SO SO0 | S

3 Wx AL

5 10 15 20 25 30 35 40 45 50 55 60

20

|

IR

T

10 15 20 25 30 356 40 45 80 55 60

20

400

AU (-)

100 ¢

0

5

Figure 5. CaCO; crystal structures: (a) Q=3L/min, CO,=
0.3L/min, Ca(OH),=0.16wt%, (b) Q=3L/min,
C0,=0.9L/min, Ca(OH),=0.64wt%, (c) Q=3L/min,
CO=0.9L/min, Ca(OH);=0.16wt%, Dispex N4O=
16wt%, (d) Q=3L/min, CO;=0.9L/min, Ca(OH),=

300 -

200 + -

10 156 20 256 30 35 40 45 50 55 60

28

0.64wt%, Dispex N40=16wt%,

6

= —&—— No surfactant, [15]

& wee Qe 2% Dispex N4O

2 B H - 4wi% Dispex N40

g.‘ e 8 wit% Dispex N4O

3 - 16 wi% Dispex N4O

[

O 4

5 AN

@M "%,

o L

2 3

&

&

§ 2

=
’ ) . .
0.0 0.2 0.4 0.6 0.8

Concentration of Ca(OH)p (wi%)

Figure 6. Variation of mean diameter of CaCOQs with the
concentration of Ca(OH); in the slurry bubble
colunmn.

FE7F 0.163 32 wi% TelAE Ykt dazke] $3el
Haske A Bue 94 g4Ae] 27t S g 3
K "d&?ﬂ- F7FEFAE 823 64 wi% “F-7hell A = ALE o)
B2 SrteE 2x1E ]l de] Adol gol M vd A
o] golx]A| 35431” IR W Slel A E Aelela A
A a8l dAbel giAzke g3o] i wakdd 3
T 5 ZFAaE 9tk Agnihotri et al. 17]5‘2} Wei et al.[18],
Dasgupta et al.[29] ol T LA CO, -F35 AL}z
FEAA AVBYAS] FEE FeRE W YYD BALH
o Q44 A7l Pashe ARE wolm Qo
Figure 7& COq -#2F0] 0.9 L/min 0 % <38 of Al¥E4
A&l o] whE gabgkes 1 "%JZP =7} WsE vERdT) 2
ol ok = i whep go] s EEe] FEZ 0.16%
0.32 wt% —-7boll AH % "é Xfﬂfl’l TRt SV E @Ak
# 2 =27 Fokehe AEE Kolv 048 wi%o M Al

O

5.0

45% ety (), 1EWE% Ca{OH)2
Vo O 0.32wt% Ca(OH)2

4.0 ~\,\ e 0.48W1% Ca(OH)2

— - 0.64Wt% Ca(OH)2 L

Mean diameter of CaCO3 (um)

0 2 4 6 8 10 12 14 16
Congentration of Ca(OH)y (Wt%)

Figare 7. Variation of mean diameter of CaCO; with
concentration of Dispex N40 in the slurry
bubble column.



AAA L wEY SRS E gAkgE AR 27 %}“:iz%?
oAl FOVhRe BEE Roln vk FstEwEe) wEv)
0.64 wi%oll X AdgdA e 27 FHETE %W?‘
A& A FhEe ATE Bk AMEEAL] s
upebx] @Az o) Qlal Atolze] Wart ohE o) f AW
Ao A7z sl eAabEa o] dAo) Adeha Tl At
o} Yzpzte] o] EojEr] wEolth A Absizdad
FE7F 0.64 wi%o M= AW EgA ] wE7F SMEEE A
Aol skt 7] eabdd ik B 3R AW
AAle) RSt FrrEeE ole g falo] Eolgo] 9.8lw B
o mre Zaskichn ekl

3.4 ERtEEel H|BEHA HE}

Figure 82 CO: f%o] AT w, Fatsbd4o 5%l
mE BAMEES) BEWAS e Zolth £A 5] 5
E7F 0.16004] 0.64 w97 S 8B ghakibg o) v
e ZrlEks FES Holi 9o, COy #30] 0.9 L/mim
o]31 FAtE 4] FE7T 0.64 wiehe A TdE e

vlEw o] 35 mYgE Mg A Jeidth 28ela BnEo)
Wei et al[18]9] A@ejM % FAsa42) 57 E718s
@}&}»’Q*‘«m] u]“rrmmjm] B0 VEM “ﬁa“smw Bolg el o)A
o vl A F7h= 4Ake] 7] 9 7159 ko] 9o
LA 7|7 2ol Al ¥ v]EH A o] FrlekA =il Ak
yie] 7ige] ol ANESFE vlsd o] FU18HA dck. &3
Pxpzre] 221401 g o7 V|FAHe] TrhEE AR AUtk
UM E AFFT] NEFFEE AT AHEY FES A
ks AdaRelA 22 AA 22rEo]l "old vhen o)y
g AR 22E& oMo W SAlEEe] $5E7F 7
G YR} FobAA Bl el e wawd )

ol % whgskA gl

Figure 9% 0.9 L/mingl CO #83 0,163} 0.64 wt%<l

kel o] wRelA AWBYA wiEe] whe vnEA g

[*]
[

—e— 0.16Wt% Ca(OH)p
—~0-~ 0.64Wt% Ca(OH)2

&

g | j&\\ ] e 2.56Wt% Ca(OH), [17]
8 /AT~ | -4 256w% Ca(OH), [18]
L(a ; i e,

“g ey !A

o

E ;

5 20+ )

Q —

w 0
. J

O | ‘
0 5 . - 20

Congcentration of surfactant (wWt%)

Figure 8. Variation of specific surface area of CaCO; with
the concentration of Ca(OH); in the slurry bubble
column,

Clean Tech., Vol 16, No. 2 June 2010 129

70
—@— 0.16w1% Ca(OH)p
_B0}f e —-0-- 0.64wt% Ca(CH)2
&9 ,/A —_— \\ <<<<<< Ao 2.56WM% Ca(OH)g, [17]
Esor | b 2.56w% Ca(OH), [18]
3 /:Q S—
g 40 '/// \\ \\'\ 4
R A ~
T 307 . \
» H A
2 B O
%= 5 T
5 20 o
o A T
P a0 e Tl o
TWWW' wwwwwwwww M @ »
0 .
0 5 10 15 20

Concentration of surfactant [wt%]

Figure 9. Variation of specific surface area of CaCO; with
the concentration of Dispex N490 in the slmry
bubble column.

Uehd Zoltk. oA B vkl ﬂO] 0.16 wt%<] +t3}
Zae] el A@gAY s mebd sludse]
A WsskAE A 231‘@;%%-*5‘%114 FEol wet v
o] efFk gl ARE Koln e ol kol *1 AR

%ol 0.16 wi% pikslsr o] wxola w4 gk A7]e F
bt NNFAH ) AR Ag Ao ® dnrgn) FAEPEES]
EE7 0.64 wi%old A Rw AHESAA 550 2 wi%d
e ANBAAE HUkeA 9dgkS o Bt vjmRiFo] 85
m%/gell 4 44 m¥/gE F71EIGA T AUBAAN ] FEIT 400
A1 16 wt%7hA] F7het & v 2818 vlEd o] et
t}. Figure 49 A] gojf SEM o)u] x| & Elsingd AWgy

A HobekA 2kok-g wiol 2 wi%l] AHEYAE Hrle)o]

1.2 gatzbgrel &7 WA} 2171 50004 100 nmE #Fot
AHE YA 8ol A 16 wt%o7hx] 2] o xi ghabage] &7

A A7) 1 pme] e g AJolrh v o] gt 9} 22719
mEE A3 uigwAo] Fasiglota dubgvh it AWy
A FEIT 2 wiged we) Al \'_%WW%- HrrshA] ergkE
asmw Aoz} A7l ol AHE/GA e MR Qs
o] Eojgo] T ‘%ME t—XHEH% AzEo] BobR

7] W%ﬁi ATk Agnihotri et al.[17]3} Wei et al.[18]¢]]
2 C

&]«M :’g “@“"C” MJD] AL %‘:}“ f‘ﬂ kil @L}}}J\‘]Q] & X 7} ‘%}”ﬂ1

M= QAT COx F33 FAS e 5ol ARgdAd
FTEE 2ERe o @AY edes) vauEse “"ﬂ'ﬂﬂ“
b4 2

selg] 7|EHE ol gt FAsdE vk, CO: % ¥
AR YA F=7F B2 2] morphology, 27872, 1k
ol 271, PR S35 vEEH v TS dotn
71 9% A8 8 29 g8 22 dE8E 20



130 &&U/z, Ai167 H2z, 20104 68

Dispex N409] &

Wg HE FRE Fol W

Dispex N402] %7t 2 wi%Y

0.16 we%ol| Al olatsterne] Fafe] e d 2
E2AE AWRE 0§ $57 185 E 249 ¥

1@ Ao EA 8 ;g g}-o}»?@r}

A7 CO. 2 44 FARLF FEAA ol Ad
BHAY FEE FASE AR M@ @yol 2%
3 ghakghE ¢ morphology? HAagow Wats 9l 44

FaE ARGYAE B7IA 2T PR DARET nha

7]”"] B calcite® &8k}
Dispex N402] 7}z <8l @Azl crystale] A7t %
Aol QAHg QAREe) $3] WAo] FolE7) wEel ket

9 sE9 ARgEA L] FE
v dE AEgg #Jg F %*ii:m
A7 COp Frigof A TJ%P’“J 57} 01694 0.64 wi%=.
M7}6L_r.§ %A}?l)‘_,} ﬁ]iz\tﬂzﬂ, 8 7}6}.« 7:1 Lm }io 9}0
o] pAbslzker o] F) 064 wid%ellA B E gabzlee] wimd
Zo] 35 m¥/gR Uepton ARSI FEE 2 wi% Yrlekg
& u) nlmHAo) 35 mYgolr 44 mYgE 3A) FbErsich

2 wudae BF 9

¥

a A

E A Arine A7 XA g8 A TFAE(GRRC) AMY
¢ dgo 7 4889 -S[GRRCAFT2009 - BO3].

u?*,.'

-2
T.".."ﬁj

1. Matahwa, H., Ramiah, V., and Sanderson, R. D., “Calcium
Carbonate  Crystallization in the Presence of Modified
Polysaccharides and Linear Polymeric Additives,” J Cryst
Growth, 310(21), 4561-4569 (2008).

2. Ahn, J. H, Lee, J. S, Joo, S. M., Kim, H. S, Kim, J. K., Han,
C., and Kim, H., “Synthesis of Precipitated Calcium Carbonate
in Ca(OH:-COx-H2Q System by the Continuous Drop Method
of Ca(OH), Slurry,” J. Korean Ceram. Soc., 39(4), 327-335
(2002).

3. Park, M. J, Abn, J. H, Lee, H. L., and Kim, H,, “Study of
Dispersion Stability of Precipitated Calcium Carbonate,” J.
Korean Ceram. Soc., 38(4), 343-359 (2001).

4, Han, H. K., Kim, B. M, and Kim, J. A, “Influence of
Temperature and PAA (PolyAcriclic Acid) Solution in the
Formation of Calcium Carbonate Crystal,” Korean Chem. Eng.
Res., 46(6), 1052-1056 (2008).

5. Kang, Y. C, and Park, S. B., “Preparation of Cubic-type
Calcium Carbonate Particles from High Concentration
Calcium Hydroxide Suspension by Controlling Hydration
Temperature of Calcium Oxide,” Korean Chem. Eng. Res.,

35(6), 846-849 (1997).

10.

1L

12.

13.

14.

15.

16.

17.

18.

. Park, J. W, Kim, I. S, Abn, . W., and Han, C,

. Ly, S. G, Park, N. K., Sur,

. Kim, 1. H, Kim, J. M,, Kim, W. 8§, and Kim, 1. H,

“Polymorphism of Calcium Carbopate Crystal by Addition of
Various Amino,” Korean Chem. Eng. Res., 47(2), 213-219

(2009).

. Kang, Y. C,, Park J,, and Park, S. B., “Preparation of Needle-

Like Calcium Carbonate Particles from Calcium Hydroxide
Suspension by Carbonation Process,” Korean Chem. Eng.
Res., 35(2), 319-323 (1997).

“A Study
on Characteristics of Precipitated Calcium Carbonate by the
Nozzle Spouting Method,” J. Korean Ind. Eng. Chem., YX(1),
67-72 (2006).

G. S, and Lee, T. J., “Influence
of Polymorphs of Calcium Carbonate on Their Reactivity with
HoS,” J. Korean Ind. Eng. Chem., 12(2), 174-180 (2000).
Lyu, S. G, Sur, G. S,, and Kang, S. H., “A Study of Crystal
Shape of the Precipitated Calcium Carbonate Formed in the
Emulsion State,” 35(2), 186-191
(1997).

Vagenas, N. V., Gatsouli,

Korean Chem. Eng. Res.,

A., and Kontoyannis, C. G.,
“Quantitative Analysis of Synthetic Calcium Carbonate
Polymorphs Using FT-IR Spectroscopy,” Talanta, 59(4), 831-
836 (2003).

Xiao, J., Zhu, Y., Liu, Y., Liv, H., Zeng, Y., Xu, F,, and Wang,
L., “Vaterite Selection by Chitosan Gel: An Example of
Polymorph Selection by Morphology of Biomacromolecules,”
Cryst. Growth Des., 8(8), 2887-2891 (2008).

Tong, H., Ma, W., Wang, L., Wan, P. Hu, J,, and Cao, L.,
“Control over the Crystal Phase, Shape, Size and Aggregation
of Calcium Carbonate via a L-aspartic Acid Inducing
Process,” Riomaterials, 25(17), 3923 -3929 (2004).

Tsutsumi, A., Nieh, J. Y., and Fan, L. 8., “Role of the Bubble
Wake in Fine Particle Production of Calcium Carbonate in
Bubble Column Systems,” /nd. Eng. Chem. Res., 30(8), 2328-
2333 (1991).

Hwang, J. W,, Lee, Y., and Lee, D. H., "Morphological Chang
of Precipitated Calcium Carbonate by Reaction Rate in Bubble
Colurn Reactor," Korean Chem. E£ng. Res., 47(6), 727-733
(2009).

Wachi, S., and Jones, A. G., "Effect of Gas-liquid Mass
Transfer on Crystal Size Distribution during the Batch
Precipitation of Calcium Carbonate," Chem. Eng. Sci., 46(12),
3289-3293 (1991).

Agnibotri, R., Mahuli, S. K., Chauk, S. S,, and Fan, L. 8.,
“Influence of Surface Modifiers on the Structure of
Precipitated Calcium Carbonate,” Ind. Eng. Chem. Res, 38(6),
2283-2291 (1999).

Wei, S, H,, Mahuli, 8. K., Agnihotri, R., and Fan, L. 8., "High
Surface Area Calcium Carbonate: Pore Structural Properties



19.

20.

21.

22.

23.

and Sulfation Characteristics,” Ind Eng. Chem. Res., 36(6),
2141-2148 (1997).

Gupta, H., and Fan, L. S., "Carbonation-Calcination Cycle
Using High Reactivity Calcium Oxide for Carbon Dioxide
Separation from Flue Gas,” Ind Eng. Chem. Res., 41(16),
4035-4042 (2002).

Venkatathri, N., "Synthesis of Mesoporous Silica Nanosphere
Using Different Templates," Solid State Commun., 143(10),
493-497 (2007).

Zukal, A., Thommes, M., and Cejka, I, "Synthesis of Highly
Orderd MCM-41 Silica with Spherical Particles,” Micropor.
Mesopor. Mart., 104(1-3), 52-58 (2007).

Huo, Q., Margolese, D. L, and Stucky, G. D., "Surfactant Control
of Phases in the Synthesis of Mesoporous Silica-based
Materials," Chem. Mater., 8(5), 1147-1160 (1996).
Khushalani, D, Kuperman, A., Coombs, N., and Ozin, G.,
"Mixed Surfactant Assemblies in the Synthesis of Mesoporous
Silicas,”" Chem. Muter., 8(8), 2188-2193 (1996).

. Ramam, N. K., Anderson, M. T., and Brinker, C. J,, "Template-

25.

26.

28.

29.

Clean Tech., Vol. 16, No. 2, June 2010 131
based Approaches to the Preparation of Amorphous,
Nanoporous Silicas,” Chem. Muater., 8(8), 1682-1701 (1996).
Chen, F., Huang, L., and Li, Q., "Synthesis of MCM-48 Using
Mixed Cationic-Anionic Surfactants as Templates," Chem.
Mater., 9(12), 2685-2686 (1997).

Cheng, G., and Liu, C., "Preparation of Lamellar Mesoporous
Silica Microspheres via SDS Templates,” Mater. Chem. Phys.,
77(2), 359-364 (2002).

7. Yue, L. Zheng, Y., and Jin, D., "Spherical Porous Framework

of Calcium Carbonate Prepared in the Presence of Precursor
PS-PAA as Template", Micropor. Mesopor. Mat., 113(1-3),
538-541 (2008). ‘

Wei, H., Shen, Q., Zhao, Y., Zhou, Y., Wang, D., and Xu, D,
"On the Crystallization of Calcium Carbonate Modulated by
Anionic Surfactants,” J Cryst. Growth, 79(3-4), (2005).
Dasgupta, D., Mondal, K., and Wiltowski, T., “Robust, High
Reactivity and Enhanced Capacity Carbon Dioxide Removal
Agents  for Hydrogen Production Applications,” Int. J.
Hydrogen Energ., 33(1), 303-311 (2008).



