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Abstract — The effect of the operating variables such as mean residence time, agitational speed and surfactant type, on the
precipitation of calcium carbonate was experimentally investigated in MSMPR and Couette-Taylor reactors. The precipitates
was produced by the gas-liquid reaction of,@@s and Ca(OH)aqueous solution. Under fixed temperature and concentration
in MSMPR reactor, it was founded that the surfactant type had the greatest influence on the mean particle size and this effect
was represented numerically by the zeta potential. With increasing the impeller speed the mean particle size increased due to
decrease of the resistance in mass transfer processes. The vortex flow in Couette-Taylor reactor affected the precipitation of
calcium carbonate complicatedly. The homogeneous mixing owing to Taylor vortex in Couette-Taylor reactor led to the more
uniform particle size distribution than that in MSMPR reactor.
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maximum age mixedness in MSMPR reactor
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Fig. 1. Schematic representation of extremes of micromixing in MSMPR
reactor.
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Fig. 2. Conceptual diagram of Taylor vortices in Couette-Taylor reactor.
1. Stationary outer cylinder 3. Rotating inner cylinder
2. Taylor vortices
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Fig. 3. Schematic diagram of experimental system with MSMPR reactor.

1. Orfice flowmeter 8. Motor

2. Hg manometer 9. Gas exit

3. Gas mixer 10. Feed storage tank
4. Gas chamber 11. Pump

5. Nozzle 12. Floating flowmeter
6. Msmpr reactor 13. Liquid exit

7. Impeller 14. Isothermal bath
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Ca(OH) sample Table 2. Experimental conditions in MSMPR and Couette-Taylor re-
actors
MSMPR / Couette-Taylor
Ca(OH), concentration 16 mol/n?
motor L CO, gas flow rate 1x10°% m¥s
Mean residence time 600, 1200, 1800 s /1800 s
Impeller speed 400, 700, 1000 rpm
co, ——] Surfactants anionic sodium diocthyl sulfosuccinate
cationic polyethylene A-CR6
nonionic polyoxyethylene nonyl phenolether
=
12
1 n ] 4 8o 2= 20°CE A3
13
6 5 Ha AFAITFS MSMPR #H3-71614 10, 30, 50 miR-Z ®3HA|
10 73, FAE-HLH ¥EE7]oAE 30 mineZ IAAAFH) wREE
[ € 7z ¥-&71°14 400, 700, 1,000 rpm HISAZTE Foled, &
JO : olesd, nlolesd AVEIAE AMEEINAL, 2 FEE 1.68 molinte.
1 Sl 2 IHAZLh olge] 4UxTS Table 2] vehiict.
. & Ao Ed & Aol ol dle BEE YAE AAsS
(b) experimental system 7] 981 10% HCl-g§ele2 w8718 AHsh whe A% F 3
Fig. 4. Schematic diagram of experimental system with Couette-Taylor ~ “JdElo] Z&38l=S HF AFAI7Me] 100 R A7H 7H4&
reactor. nom, FAdee] mg Q¥= 7o) pH HEE pHUH
1. Feed storage tank 8. Peristaltic pump (Orion, EA 9408 d&A 0w Z4slo] selaisint. AAAee] uke
2. D. C. motor 9. Pump I o == Qolio PN Q0. H =Ll N=
3. Couette-Taylor reactor 10. Sample port 71V BES Hslel Beiiel ke A8E el b A4S
: ) : o I Q312 Tl 9] = q 5] 41515
4. Head tank 11. Cosolenoid valve = H ol ng% F71 skl S o) AR s4e ""_E]" 4
5. Floating flowmeter 12. Nsolenoid valve el 7] 9 e dxas] #4971(Malvern Co., Mastersizer/E)
6. Surfactant flowmeter 13. pH meter olgste] 243l on ZAe| Fel= SEM(scanning electronic micro-
7. Surfactant storage tank scope; Joel Co., JSM-82p) ol-&-atd #asIglct. Bgh, X-H 337
(X-ray diffraction)s ©l-§-3te] A€ @ibdEe] A712E 243}
Table 1. Dimensions of present Couette-Taylor reactor St
Radius of inner cylinder; r 3.1cm
Radius of outer cylinder, r 5.0cm 4.1 8 g2
Gap size, d 1.9cm
Reactor length, L 70 cm 4-1. MSMPR HIS7|
MSMPR /3715 ARESF @ibds 245t dgoie 2529 &
EE IAANIZ ARARE, wkEE, AdgdAe] % 59 =4
o] Y o}F7F VT ol EHYE wET1E ARG A A W] GIs ARSI 7 71EY Ha AT 2l
AL Fig. 4(bpl YERAITH wa} Fig. 3% 7o) Walelal 0.2-6pme] Helel Adgdth 99 24
Z} Wk 7loA oltsteka FA 9 Ak AE R WS § W S AREEATE W A TP & 9% Bole As
slo] ghabds A4S AT EE(99% ool ol atslekane) & AL, AHLEA Y TRl met A AL AES FHlo]
A 7R 9] e 2EFs fgAet 2 nperHE olgote] 2 TEE F Tk Aol AMBAAE A A F 0.2ume] 7F
AHuleon, gexet 7| EF7E AAEAN I 252 44 A 2 AAe] AAEA, ol AEAdAe] A AdE 2
EHHEE Stk 7IA AFERE AAsl £ 7)A 2] 8 e Wi A7e oF eumzE 7 27 dEisth 3 ank e
s Aleta QAR HFE AP uTIE St uke mat JA=IF SRS & A3, ARl g A FAe
71l FYEe AT 22 s o835t §Ahlid BAAIA mAE ) G - A vEsth @A ol ARSAEAE ARgskaL
ZE I FovA 71 HES FHIATE =25 1814 a7 & 3¢ AFAILE we} dA=717F S
o] dAste 7[E7b maFer BAEEE sisinh whglel mRkETe] Hsle] mE whrle] E¥x1-S YAk Al 9%
FHEE olERtAe EF 1A fFE 1.0x10°mYse. 7 U3t < Rt} AR A ZA BEAE FRvkge] 7 WA
A FABReH & 71AHY 24 A4 o|iEEae] RIHE £ 4 Aoh27]. Kim7} Tarbell[28p] mEH Fdg B2
4:12 nAste] Aot ebdd A43E fot] EVIAE ARdse FE A4 T Eddd DAl o] AlojErt. webA
AREEE ol e A3 T lA BhEel Folslz olitEEAR Qs ARHEEETL 7SR AR 99 BEAYE AR dicla A
wAsle §-E7] o] ZAle] AR o gAE Hisleh] fg A Aoz YA SUIRITH4, 28] TUT AUSAHAE ARSS 7
ot} M} WGBS ACSE FIEAFS SFrel &3lr1A Axst G 2 A¥AFE olHe AL WERIn v Fig. B vERd
R, FHEE PSS 84 H7FE floating FFAIE ©)& uke} o] B Al T & A o A A
ate] Zgsidch. asldE ae] R 16 mol/meE Jgs) Z2o|t}, AMBAAE U THel AAe ATt we B A
A FA8T. CO, 71A1¢] §allert 25l RFAsEs 714 o dol dgelre AR FH9 EFAdn xdnkee] @AY A%
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Fig. 5. Variation of mean particle size with impeller speed, residence time
and surfactant type in MSMPR reactor.
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Fig. 6. Comparison of present experimental results with Jones et al.[4]'s
experimental data and Wachi and Jones[31]' theory.
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Fig. 7. Variation of mean zeta potential with impeller speed, residence
time and surfactant type in MSMPR reactor.
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Fig. 8. Variation of mean particle size with storage time at 52C.
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Fig. 9. Comparison of present experimental results with two models of

micromixing in MSMPR reactor.
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Fig. 10. Variation of mean particle size with inner cylinder speed and
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B :nucleation rate [#s-kg]

C  :concentration of component in solution [molfm

d : gap size between inner and outer cylinder [m]

G :linear growth rate [m/s]

k : rate constant of reaction ffmol-s]

L  :particle size [m] or Couette-Taylor reactor length [m]

n : population density [#/m-kg]

m; :3-rd moment of population density defined ﬁ:gn(L)Lde
[dimensionless]

ry  :rate of reaction [mol/rhs]

ri : radius of inner cylinder [m]

r,  :radius of outer cylinder [m]

X : conversion of limiting reactant A [dimensionless]

J2joja Xt

B :input concentration of reactant B defined ag@,, [dimensionless]

y : Damkdhler number defined as kT [dimensionless]
0 :age and residence time definedtas[dimensionless]
T : mean residence time [s]

w  :rotating speed of inner cylinder [rad/s]

: component of C®

5
A :component of OH
B
0 :input value
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