RRES 1
CO,~A 7 unNT N RHNIEORME - SrEiffoBE %

BipkreE  BL B (FEIZERZE IFH0

EEBrFeE - MA B (FEILERZE TFH
DEEER (FEIERZ ITFE0D
B T (EREBARHIFERT

B BB SR S 5 2R
A, SHEFEEBRORRICE B2V 50 um LT OHMSIE, Tabb~1 70N
TVHEE TN TV, KT TOFBICEEL YA 7 ONT IV OHREFL, FI,
BB, NEZOBEEKRICBT 2 KEEES, EYIEERIEIC X 2K ERR DR
ERENEZL, ZhBRNTNHEEDOT A 7 aNTIVCEBEPREFNZLAET
b5. T TIATANTNVOHZBEELER 2 LK 3F LR TOEAEMRE
LT CO,JA Z7aNTNERWEEOER - SITERORRICERLE. ZI7T, &
BV AR OME (8, R, MERE) BRIGRAO pH SRR
B, £EAFUREQERSEICEEL, TESFITBWTIEOMEKL L fEfExis
BTEMNOERYEERT 3 RISRITEROBENEEN TS, Ik, KBV
v AIEAME TH B T L0 b TREBOBERFEED—D TH 2 BATHE, RBifE
&, ERNICBI AT —VORRYE LSNTNnE. A7 —VREOFEELTIE
BEE/1ZT IV H ) OKEEERNL, pH HEET O FESBT SN2, BikEN
WALED REDA F > ARRNICEET 200 5. N5 ORBICHT 2 ERE
EUT, ABERTICEBESZIGEEEO T 7 aNT IV EHREL, pH OREBECTE
HROHEZREIIT I FENED TH 3 EE X BbNB. T2 THPFETII Co, 71
ZONTIVERB U RBET VS A OV - BFTEROBRET o7z, R 4>
HRSEE LT CO, 2, I5ITCO,ICNH, Z2EET 5 I & TpHRABETo 2, &
AL ADERITEERTA 7 ONT )\ REEE (FHK[IEE 40 pm, Tech Ind.
#8) FHBAAEEELSREGEBZ B, 298K THEMBRIGI®Z05, &
BB EKVE S B L 333K TEEFE L. &5 NZRENILV D AEROWIERE
12 XRD #%, SEMBRETITo . BfERF & LT CO/NH, DEIVEL, HiaEEEZEL
T, CO, TN BB L pH ZLDREEH VST ADWEMR - BITRRICKIETH
BOWTHRIETo 2. TOREUTOZENHASNERS .
(1) CO, k& NH, #IES LEXA 7 ONTIic k> TpH 2H#ET2 & T, REIILY
U AV ERITS 5. ,
) RISEHT TIEEAAREYE O B LR 3R 56 TV 60 mmol BLF TENT T4
MBI ERL T 5.
(3) RIGEHTTIE CO/NH, ¥ 7 TN )UEfs (CO,/NH, = 112, FCo, =0.28 mmol/min,
t=15min) 12 &> THIFREE 2.4 pm ODHBIZNT 51 FHERT 2.
4 CO, ¥ 7 T)NTIV T, ZRILRFEDOH ABEMITEB725 pH OETIT KD KB
TN T LDERPET S.
(3) NH,N, < ZONTNWVTIE, T2EZT OHABEMRITESRD pH O EFITXD
REE T L NINEATHT 5.






14 16 3

Bipk%ES 0205

CO,~A 7 a7 N&ERAWNWEOEME - SrEFo B3
PEREE  BE B (FETZA% T2
HEREFES : A Ef (FETZAP T55)

NEEER (FEIZASE T2H)
(R B (EESINUTERT)

1. BrEER

AE, SWEREEMORBICE DRV 0um L FOMMSRE, I7/2bb~7aN
TNVBNEEEINTWS. KA TOFAICEEL 2~ 7 a/)NT )V OsmEFiE, #),
BB, NBEEORASEMAIRICHIT 2KEE LS, EYTEEEEIC X 2KRERRDE
ERENE DY, ZNSRVTRHZEEOYA 7 ONT Ik 3B EMTE A
ETHd. TITIA7ONTINOHABEEESED kB H-R7TOeAE
& LT CO, YA 7 aNT ) ERWEOER - RITEROBERICEE L. Bk
RERITHERNER L EZSFRITEEMEIATH Y, —BILREDOERILOEDIC -
A RN SHEN I N TS, b2 SN 5 O RNEHED—D E L Tk
BRIV AR TR A2 EQRBEO KIGETNET 515, TOFTH
BRIV T ADFEIHEMUTED, HFS NIMOEMBR TRICBNTRD FIE
BN HA ) DRI INIT NSRBI TAIEL L TWBE I E, £ NImUTHE
BIOERD £725 T &, TDTZDIWTREAIN D LAORIBECRBZEERIET 5 %E
NHDIEERELTND. RENIN T ADRISRITICBT 3HmEmIIRE<,
FHE S 21d MSMPR RS RATEEIC & 5 KRS K UM RS I BV 2 KEE A )L 3
7 LD ISRITIT DT, Vacassy ? 5 1 flow tabularreactor 12 ko CHRET L7 AD
EfREREZTY, BERFIREFRBICKETEEICONT, ti5 QLB IV >
T A DFEBERBICRIZ TR RICONWTHE L Tn 5.

—HTHEEEAIN T MIEEHEE TH NS TEEBOEERRED—DT
H DR, BTERE, RENICBIAZT—IVORERRYEEENWE. A7r—))
DRFEIZER - BHHREZET I E, TINF—0EEEZRE, BEREOEDEH
DN TR, BEOYRS, SHREOHEEZ BT RERRERERS. A7
—IEREOFIRE UTHREZIZTIVA ) OKEREHRML, pH BEETT S FEN
ZITona0, BEENERLZDFREDA A URERICEBET28B20H 5. 2
b ORI T BMFkEE UT, ABEKRPICEEE-IZEEEDOYA 7 ONT I 2
f& L, pH OFRLEEMROFHEZREITI FENED THDEEZ NS,

TITAHAETIE, CO, XA 7 a/NTIWVEFALUZKBAN T LDER - BifTE
MrORFEZT /. KB HHEEE L TCO, ZHW, T5ICCO,ICNH, #iEE
THIETpHHFARETo 72, BERTEL T CO/NH, DIV, HiEREZE(LE
¥, CO,#a TN B IV pH BN KEN VD A DYERE - BFTERRCKIZTHE
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DOWTHREZfTo 2.
2. ERAE
2.1 F#

A 7 ONT IV OHHSEE & U THER®D CO,, NH,, N, 2R &ZHW/z. £Aw
I F T DOEFRERE LT CaNO,), ZR W,

2.2 EREE

EERREBDOEER Fig.1 IORT. <A 7OV VR AEZBOIZIRF(1000 min ) TE
UsEEEFELZERS (EHESKIEE 40 pm, Tech Ind. &) TH S 7. NH,, CO,,
N, ZESEQTHEREICHARL, ¥ JONTIVREEZBICfHELE. Y1 70N
T 2 ORISHE@D PR FEICRAE S B/, BASBEEREDRE A L TERD
H 2 DBEIVTRE F,1d 2.23 mmol/min T—E & L.

2.3 EREE .

2.3.1 CO,/NH, XA 7 ONT N BRAWEREN I T 5O RIS

0. 1M-Ca(NO,), 7K¥EHE 2112 CO/NH, <1 27 TN T )V & BAISREEIED CO, fiemEE
Fco, %% 0.28 - 0.56 mmol/min TEGEAEHE L /2. T 2T CO/NH, BV 1/2-2 O
TELEE, N, ENTAHAE LTz, 298K THERBRIGE 205, EaRE
WeZEKBEAB L 333K TEZEEELZ.

2.3.2 A Z7ANTIVERAWEREBII D LR - BfF - BITHEAR
BAED  0.1M-Ca(NO,), 7kK¥¥& 21 1IZ CO/NH, ¥+ ZONT7 )% Fco, #* 0.28
mmol/min T 60min EEEHE Uiz, T2 T CO/MNH, BIVEIE 12 &L, N, IINT A
AR ELTz.
RN BT A% CO, BN H AW DX, Fco, 2’ 2.23 mmol/min T 30 min
EEMEL, pHEET SR I E TRV Y LDBRBETOT.

BIEID) RS A% = 51 NH/N, BE&H A0 &R, HEAARERED NH, fia
FEE FNH, 7% 0.22 mmol/min T 90 min EREHERE L, CO, &b LR WA T TRESD
WD LEBEREE R,

INDO—EDOMEIERRET, 208K THEREEBZICTADHEEEIEL, &

BB DKIES BETo . EREMZ Table 1 1RT . ERUZKEA IV D L
4333 K TEZEHBEL

24 FREANTLOMERTE

REEH LTI ADERTH D HINTA N, NF54 b, 7IIF1 bDERKSIEE
XRD ETELNEERE—7 OBENSEH UK. £z, SEMICKDERHREE
B2, NEANEZToIZ.

3. ERERBIUER
3.1 IA 7 Oa)NT)VEEYEOBRS

3.1.1 K[MEEST

0. IM-Ca(NO0,), K¥EHE 2112 CO, <A 27 T)NT )L & FCo, A 2.23 mmol/min THRES T,
EFAmEgic Ly, BENEEAOSEH, SEEOREEToLERE Fig2 IORT.
4 0 %4 30~70um DEMNIEFEITE S RBEL TND ZENHL N EZD T
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3.1.2 X4 270NTINEIYUNT IO B

a) CO, AR R

A A 2 BHIKIT CO, %1 7 T )NT )L % Fco, 1 1.12 mmol/min Tﬁﬁ*ﬁ#%bbf*
pH BX UV CO, ?”“ﬁ’%@ﬁwfmh& Fig.3 IRY. HBE LTI UNT )L Feo,l. 12
mmol/min 1B 5 ERFE(LB X O EEH RS EIC L 5t EEE R U, TEEEICS
VT 2ETESRMZ Table 2 IZRT P, CO, ¥ ZO)NT )L % Fco,= 1 12mmol/mm THER
Bt L7256 @ pH 13 60min £ TIZ 4.0 £ THAT 272, AHEEDI UNT LTI
42 THolz. TNEXD, BHEMEZE T CO, EfRzEREEH bt#% HAG R 10min
PIBETY A 7 a)NT )i 88%, I 1) /\7“}1/01 55% £730, X4 7 0)NT )ik Co, iR
BENENWCENHS M ERS 7.
b) NH, /AR 2

= zL/B‘zE%k NB, ¥ 77 0)N7 )V % FNH, 780.22 mmol/min THEGE S U 7220
pH BLUNH, ?"ﬁ%i@ﬁﬁ%b& Fig.4 ITR9. B E LTI UNT)L Feo,=0.22
mmol/min } iobié#x%Z“{b%J:U?ﬁf#ﬂEE#ﬁ KEHEHEEZRLZ. K&D NH,
WA, <A 7 0NT), TUNTNNTROEEITBNT S EAEERT 10min L)
BETIEE 1000 TH o 2. £271 70NTIE, I UNT IR ER T BT
5 NH, BfREDSE NI EDHS M Er o).
3.1.3 CO, e HEN pH LI RITTEE

0. 1M-Ca(N0y), 7K¥A¥E 21 12 CO, ¥ 7 T/NT )L % Fco, H% 0.23-2.23 mmol/min THEEE
BERe L7 BE @, pH ORI ZE Fig.5 IRT. HEEE LTI UNTIL FCo,=2.23
mmol/min [T B BRERFELER L. K& DA~ 10N )L % 20min ﬁ#%’*fﬁ@ pH 1%
Fco,%%0.23, 1.12, 2.23 TZNFN4.2,3.9,3.7 Tho/=. “hikb Fco, DT &
B2 CO, RIT &2 pHETITHE AT 2 Z EBBAB M E T 7.
3.1.4 CO,/NH, E)V A pH B L IC R ITTHE

A A RHIKICBIVEEARIR D CO/NH, < 7 O)NT )L % 30min EEERS L 7= 12
& D pH OFRFZEL%E Fig.6 1R T. ttisée: LT CO, /213 NH, BEs H 2 e
BI2REELERLEZ, CO/NH, B2 (H) o813 pH 134540 HA(1min)
T—RIZ ER U722Y, 10min L;LIS%"CbiS OMHET—E&izo/z. %7230 min &6
%D pH Id CONH, BIVEEDY 1 (@), 12 (A) TENEN 7.2, 93 THD, CO,/NH,
BIVEEDOEIMT E B2V pHIIET T 5 ENHS M L7257
3.2 CO,/NH, XA 7 ONT NV ERNTZREN I AD RIS
321 pHBXUVAEREDEEEL

0.1M-Ca(NO,), 7KI&¥# 2112 CO/NH, ¥ 77 T)NT )L % Fco, %% 0.28 —0.56 mmol/min
T 60min EFEMHE L7258 O pH OREEEZL % FigTa) 12, EREOREL(LE
Fig.7h) IZRT. ZIT, BREAWZRENBICEZHRBEH IV AD RIS EFTE
(BRI 'O LB EAT 5728, CO,MNH, BIVELIT 1/2 10 E Lz, Fig7a)k D
FCO, K& 5T pH IZREHH (8min LA T—EFEIIC L L, ZD% 15min MET
82 fHET—IE L2 B EMINE 5 N7z, Fco, Y028, 0.45, 0.56 mmol/min TD pH 13-%
NTNRISEFR 8, 6, 4min THERZR L7z, £7= Fig.7b) & 0 B 7 )L 3™ AR BT
Fco, BRUEERI OEMIC & B0 L 7=,
322 NFIAL, ANYA NNEOKREEIL
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B Rk U T e 71 )L 3™ A O RN B DR & Fig8 1R WO ISR
BNTHT 5 TF4 FOEREERS EPo . NTFTA L, AT FORER
KR TRDOL.

Cyoo=(Cocos XS yerc) /100 (1)

T 7T Copoy VEREET IV LD ERRE, Sy, Sc 13 XRD & DEHLENTSA AV
YA FOBREERT. HED Feo, KKERT, RIGRTH 60min £ TIINT I b
PEBREICER LI ENDPD. ENTTA N OYERIEMTRE T 5 VYA
F A DEBITHER I NP0 7.

323 NFI4 MREOERREL

Fco, A% 0.28mmol/min 1z B\ TR 15, 30, 60min THERLL7ZNT T A O SEM
R A Figd |, BEAHE Figl0 (ORT. BEDRISRFICE 59 ERINER D
NTFS5A FRBEI N, £, 15, 30, 60min 2B B EIRIEIXTEN T 24, 3.5,
43um E720, REEROEMICE BRI DT PRNT IA kDR R RENFER SN
=, &5 <A ONT B X > THSNNT T1 M, RFESRIEITB N
TESNZNT F 1 b(10min, 8.9um) IZ LRI TH D Z EHAS D LlzoTz.

3.2.4 —BLRBEEGTIVRERBAN ST LERTNEEOHE

AR ELYE O — B KR R AR BV 0co, [mmollENT T A b, VA SR
L8 Geaco, [mmol|DHEBE % Figdl 1R . RS UTRENRETOHEEZRL
» REAMRETOBALRRER TV RIRRARFREL VEHLE. Y17 YA
TV REMEENTNOEED 000, 160 mmol LT O T, T B R
ST OB U TNT I MIEINETERT 2 ZEPNASP LT jz. E7z
A 7 aNTIEOREELT, REMEEIC R BLRREMEICHETES C
EDSFERE NIz,

33 <A ZONTVEROVEREAIV YT LR - BFf - BRERK
3.3.1 CO,/NH, ¥ 7 O)N TG IC X BB T LDEFTER

0. IM-Ca(NO, ), 7K ¥ 21 /2 CO,/NH, ¥ 7 O/NT )V & Fco, %% 0.28 mmol/min
(CO,/NH, &)1 b 1/2) T 60min EiE#LHE L 7256 O pH DREELBIONT I1 K,
HIHA B INBOEEZLZ Fig. 12 DFERDITTR Y. pH VIHEAEFI ] (8min) T—FF
#z L5 U725, 15 min ABETIE 8.2 fE T—EEER Uiz, Eiz bR O
PES CO, PGB ORI R D, RNV T LEREZEML . FEHETICBITD
<4 7 ONTIETD CO, DELFREE, BERIREDY 100 me/l BT B RBDIEET
DI DRFSMERE DK 117 THB. DX D ITRRAMEITLA CO > A F > Dt
HEIMENWT A 7 ONTINEICBN TS, RENREEICPVT DRER RIS, #HE
Bl L 5T SO 4 ~, HVTA FOEREBEREINT, NTIA 2V E R AY
Es k.

3.3.2 CO, T4 7 ONTIWERIKEBNTTA b DIEfRESR

SEIR(1) T CO,/NH, ¥ 77 T)NT )& AN TREN N ADRISENT T 2,
BLa 7T 2 % CO, BB H AICH D EA, Fco, %% 2.23 mmol/min T 30 min AT HEE U
A pH OEBELBEIUNT I b, BT MIBORERZ(LE Fg.12 DIE
BADIcRT. i (DT, CO, B#FFAIETE 30 min T pH 1d5.8 ETETFL, BRD
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TERLEZNT A FDIZIELEENEM L /-, E/- #8805 15mn KBWTES A
JENT S4B D SEMBIERERD S bIARREANERIN-.
3BI3NH, YA JONTIERICEBRB NI AOBEHES

BRI (IDICBWT, CO, YA 7 ONT I ZAWTREN I ™ A DERET- 718,
BER A & S 51T NH/N, B EH ZICH) 0 A, BATAREENED NH, S5 vy, A8
0.22 mmol/min T 90 min EfEALKE L, CO, MG LA NWEETTHRENILIYIAEEH
TS REHBEFITBIT S pH ORELBIONT S 1 ~, ALY MMEEOREZL
{E% Fig.12 OFUKADITRT. M DT, NH, OBEMICED pH 1T =BT
U, NH, G 150 min T8.5ICE L7z, 7z, NH, #8672 60 min LN TIINT 51
FVEERANCER 5 N722%, 60 min LI TIZH )L A MNEAHEINT 3 EmEIESH
jz. ZZT, pHRN T8 T—ETFTORENRBIEICBNTD, REDIMBEEIMETT 2
FIBEHICBWTNT 54 FOBERENCTREEAT 2 YA RAQEENZD 51
TWa. YA 7 aNTINETIEIINTA SOERBRICBVTHENT S FMYEDRE
DBERENIBNZEDD,  FIVTA OERIE pH DEKRICEBRS COFAF>D
BEINMCERT 2 RIS

4. EFH .
CO/NH, ¥ 7 ONTIV & FHWTHEBEAI T ADRNT - GRERKICOWTRE %
TToT#R, UTOZENHLNERS .
(D COIINH, ZIBE L2 A 7 ONTZX> T pH 2EIHT 2 2 & T, fBEEh LS
T LANRIGSETT 5.
(2) RISEHT CILEALATREYED — bR R AR TIVEDY 60 mmol LT TIINT 54
N NE BRI AT 5.
(3) RISEHTTIL CO/NH, Y1 7 O/)NT )V #E#E (CO,/NH, = 1/2, FCo, = 0.28 mmol/min,
t=15min) IZ K> TREIHRIE 2.4 pm OWRITRINT S A FOERT 3.
@) CO, ¥ 7 aNTINTIE, ZBALRFDH AEMIC & B7n> pH DIETFICL D ik
AT EOERINEL 5.
(5) NH,/N, ¥4 ZONTIITIE, 7oEZTDHABMICE SRS pH O EFICED
REETIV ST NIV 5.

5. 5IAXE

T

1) RBRIEXC, EB%ER, EOBR, EME, mEREE  SEOEENR, 46(4), 238
(1999)

2) A.B. Walker, C. Tsouris, D.W. Depaoli and K.T. Klasson, Ozone Sci. Eng., 23(1), 77
(2001):

3) BHE—, mEOEZ  BAMKERE, 54(2), 85(2000)

4) PhIBFERS © D BERAN, 23(2), 80 (1993),

5) Vacassy, R., J.Lemaitre, H. Hofman and J. H. Gerlings, Journal of AmericanIndustrial
Chemistry, 46 , 1241 (2000)
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6) bk ZE : AAHKERES, 53(3), 162 (1999)

7 Bl B, OBEEMN, BREEZ ; HAEKFESR, 56(5), 321 (2002)

g) Bl E, =8l HAM/KERRS, 51(6), 258 (2000)

9) Bl & EliinZ, SEE= : AAMEKERE 19 FLREEESR, NO30(1999)

10) MAEF, MENSF, ALET, MEE_RBLE B FIFESHREASHER
S, SA206 (2002)
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(I +<£00 + +H = -*0DH

() f00H + +H = ‘0D°H
(f00%H = 00 + O°H)
(1) HO + +H = OH
[ uotssoxdxa wnLIqIInbs ]
oI D S JuE)sSuoed wnLqImba
i - 0 I- 1- 1 agieyd
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Fy:2.23mmol/min (N, : Balance)
(D) Fco, = 0.28mmol/min (CO,/NHj; : 1/2)
(II) Fco, = 2.23mmol/min
(IIT) FNH, = 0.22mmol/min
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Fig.12 Time change of pH and produced
moles of CaCO;
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Dissolution and Crystallization of Carbonate Using CO, Micro Bubbles
Kaoru ONOE
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Tetsuya KAWAKITA
Department of Industrial Chemistry, Chiba Institute of Technology
Takaji AKIYA
National Institute of Advanced Industrial Science and Technology
Summary

With the development of micro-scale bubble generation technology (below 50um),
remarkable attention has been paid for the utilization of the so-called "micro bubbles".
Several micro-bubble techniques have been applied for water purification of enclosed area
(lake, marsh and inner bay) and resuscitation of ecosystem in regard with biological
characteristics. In these applications, the common concept of micro-bubble technique lies in
the utilization of oxidation effect by oxygen in air. Meanwhile, the researches about the
particle size and morphology of calcium carbonate have been widely carried out.
Furthermore, dissolution of calcium carbonate has been investigated. The reason is that
calcium carbonate is one of the scaling factor in crystallizer. In this study, for the purpose of
a development of new production process utilizing micro bubbles of water-soluble acid gas,
dissolution and crystallization of calcium carbonate using CO, micro bubbles was
investigated. Carbon dioxide (CO,) was selected as a gas feed source of carbonate ion and
ammonia was used as adjustment gas of pH, and calcium carbonate was produced by semi-
batch type reaction in which CO, micro bubbles are continuously supplied. The solution
temperature was kept-constant at 298K, and feed rate of CO, (FCO,) and molar ratio of
mixture gas (CO,/NH,) were varied as a operating parameter. After CO, feeding was
employed at a specified time, the precipitated particles were filtrated, and dried at 343K for 60
minutes under reduced pressure. To clarify the progress of crystallization and dissolution,
various physicochemical measurements were carried out with regard to solution properties
(PH, concentrations of carbonate and calcium ions) and solid product characteristics (total
weight, shape observation by scanning electron microscope, size distribution, and
identification by X-ray diffraction). Selectivity of the polymorphism of calcium carbonate
was calculated from the peak strength of the X-ray diffraction.

Consequently, it was cleared that following: 1) Reactive crystallization of CaCO, was
occurred when pH was adjusted by micro bubbles that mixed NH, into CO,. 2) At CO, feed
moles below 60 mmol, the selectivity of vaterite was higher independent of the amount of
CO, feed moles. 3) A smaller size of vaterite crystal (2.4 pm) was obtained by feeding of
CO,/NH; micro bubbles. 4) In the case of CO, micro bubbles, dissolution of produced CaCO,
was occurred when pH shifts to acidic range due to the progress of CO, absorption. 5) In the
case of NH,/N, micro bubbles, recrystallization of CaCO, was occurred when pH shifts to
alkaline range due to the progress of NH, absorption.
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