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Abstract — Aqueous mineral carbonation process, in which CO, is captured through the reaction with aqueous cal-
cium oxide (CaO) solution, is one of CCU technology enabling the stable sequestration of CO, as well as economic
value creation from its products. In order to enhance the carbon capture efficiency, it is required to maximize the dis-
solution rate of solid reactants, CaO. For this purpose, the proper design of a reactor, which can achieve the uniform dis-
tribution of solid reactants throughout the whole reactor, is essential. In this paper, the effect of internal reactor designs
on the solid dispersion quality is studied by using CFD (computational fluid dynamics) techniques for the pilot-scale
reactor which can handle 40 ton of CO, per day. Various combination cases consisting of different internal design vari-
ables, such as types, numbers, diameters, clearances and speed of impellers and length and width of baffles are analyzed
for the stirred tank reactor with a fixed tank geometry. By conducting sensitivity analysis, we could distinguish critical
variables and their impacts on solid distribution. At the same time, the reactor design which can produce solid distribu-
tion profile with a standard deviation value of 0.001 is proposed.
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Fig. 1. Geometry of the reactor base model.
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Fig. 2. Internal design variables of the reactor. AR X Z=, H+f A E-S-(average solid fraction)0] B F=
Table 1. Variable specifications
Impell
Tperier - Baffle
Type # Clearance Diameter rpm
Radial (0) Triple* (0) Low“ (0) Small®(0) 30* (0) Base** (0)
Mix (0.5) 60 (0.5) Long’ (0.5)
PBT* (1) Dual (1) Base*? (1) Base*“(1) 90 (1) Long & wide® (1)

*indicates the values constituting the base case, “C,=0.46T, C,=0.21T, "C1=O.54T, C,=0.29T, ‘D=0.33T, 9D=0.5T, *h=1.95 m, d=100 mm,’h=2.5 m, d=100 mm,
#h=2.5 m, d=250 mm, Numbers in parenthesis indicate the normalized values described in the article
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Table 2. Case specifications
Case Basecase 1 2 3 4 5 6 7 8 9 10
type PBT - - - - - - - - - mix
# triple - - - - - - - - - -
Impeller clearance base - - - - - - low - - -
diameter base - - - small small small - - - -
rpm 30 - 60 90 - 60 90 - - - -
Baffle base - - - - - - - long & w? -
Basecase 11 12 13 14 15 16 17 18 19 20
type PBT rdl? rdl rdl rdl rdl - mix rdl - -
# triple - - - - - dual dual dual dual dual
Impeller clearance base - - - - - - - - low -
diameter base - - - - - - - - - small
rpm 30 - 60 90 - - - - - - 60
Baffle base - - - long l&w - - - - -
9ong & wide, radial
25 .
\ | — — — ideal
<~ 37D 0.0141 -
2t -STD 0.0082 T el
~--STD 0.0046
| =-STDO
| 1
E 151 \
5
[
T Gt
05r A'
Fig. 4. Volume fraction profile of solid particles and iso-volume frac-
o . . > ; tion surface.
2 3 4 5 6 7 8

Solid Volume Fraction (%)

Fig. 3. Relationship between solid distribution profile and STD value.

9™ F o) o] & ARt 14]. Cloud height’} T &8] EAIg
A%, 71§12+ Hhgo] dojubA] o= F7k(dead space)°] H7] uf
|, cloud heights gt o Wh-o] &858 %Y 4= 9}

2 Aol = 7923l CFD AR o] galli= Z 41 F7d0]
E7Fs 8 N w2 249814 QR33AIRE, ALl (2329} cloud heighti=
274 FAE FH8le] B8 WA, 2.5 m 35012 W7ol 50719)
0] X7 (0.05 m ZFA 22 0 miE 245 m7HA)S Ak, 7t %
o] At it A B-&& F3kal o] FE] EFE BAKSTD)YE
Tako] 4] B (solid distribution)E 4| 3FsF3A ). whek, wo] Wt
5wk A 252 HAPFAIS STDE ko] A%t Fig. 361141
ZF Hojx| o] 1A R Falo] AR Ael|A] Hol A4 STDFLO]

X1

Table 3. Governing equations of the reactor model

TE3E, Cloud height= WHS-7] M A| 1t 14 H3] 259 5%S
Pehs M (Fig. 47 7F &2 Fol1E S4sto] AYssict.

2-2. CFD 23

= A7) CFD 2282 $1810] ANSYS® fluent 16.0 L2 1%
AHE-SHSITE. CFD Rl A ARG A uf) i 2153 of ] REA &2
Table 3] Lokttt

a9} A7t 39 tHiH(multiphase) 52 341 817] <&,
Euler-Granular multiphase model= AFE-3IATE. o] REle 355}
A2 58 4= Sl (interpenetrating) 1554 “d(phase) &l tshed
Navier-Stokes ®7821& 2H2} & &, 4 112 5% A (interphase
momentum transfer)® | U/ 7Fe] £-2 %S (interphase mass transfer)=
Al B 2ol SEFEAIA A arelE 7 A & o T A gk
A Apolell= A4S AHgshs oy Fe] dEel EAEH, ol &

o o

Governing equations/models Remarks
0 _
Continuity a—t(akpk) TV (oypru) =0 K=phases (I, g)
0 — — ., 2 SN
Momentum a_t(akpkuk) TV (oupriuy) = -0y VP + V- T+ 3 (R +my + 1) +Fe
=1

Interphase momentum exchange
Turbulence Model

Ry = K (u—uy)
Realizable k- model

K,: Gisdaspaw law [23]
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Fig. 5. Sensitivity analysis on solid distribution quality, represented by normalized STD and H/H values, for 6 different design variables. a)
Base: case 1,2,3 (for 0, 0.5, 1 respectively), Small Diameter: case 4,5,6, Radial: case 11,12, 13, b) 30rpm: case 1,4 (for 0,1 respectively), 60 rpm:
case 2,5, 90 rpm: case 3,6, ¢) PBT: case 1, 16, PBT, D/T=0.33, 60rpm: case 5, 20, Mix: case 10, 17, Radial: case 11, 18, d) 3-impeller: case 7, 1,

2-impeller: case 16, 19, e) 3-impeller: case 11, 10, 1, 2-impeller: case 18, 17, 16, f) PBT: case 1, 8, 9, Radial: case 11, 14, 15.
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Table 4. Solid distribution quantities for all cases
1 2 3 4 5 6 7 8 9 10
STD 0.0141 0.0082 0.0046 0.0335 0.0158 0.0084 0.0094 0.0140 0.0095 0.0170
Norm. STD 0.4217 0.2448 0.1364 1.0000 0.4722 0.2518 0.2808 04171 0.2849 0.5073
Hc [m] 1.36 1.42 1.40 1.36 1.51 1.36 1.48 1.51 1.94 1.49
H/H 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00
11 12 13 14 15 16 17 18 19 20
STD 0.0191 0.0087 0.0060 0.0206 0.0176 0.0012 0.0015 0.0149 0.0012 0.0008
Norm. STD 0.5689 0.2601 0.1791 0.6143 0.5251 0.0355 0.0440 0.4452 0.0358 0.0239
Hc [m] 1.31 1.61 1.59 1.26 1.23 2.50 1.20 1.01 2.50 2.50
H/H 4.40 4.80 5.20 5.60 6.00 6.40 6.80 7.20 7.60 8.00
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