HWAHAK KONGHAK Vol. 35, No. 4, August, 1997, pp. 476-484
(Journal of the Korean Institute of Chemical Engineers)

gialal E90] xatEl oldMoMe] olAtstElael ESEIS BY
UAS - RIS - 0144 - YAM - TOIKIY S{EIsI=

R A
EARTEL TR
el T
o Eohet shabges)

(199613 10Y 194 A4, 1997 59 159 A=)

Gas Absorption of CO, into Emulsion with Alkaline Aqueous Solutions
Sang-Wook Park', Jung-Han Ryu, Sung-Su Lee*, Kyong-Son Hwang** and Hidehiro Kumazawa***

Dept. of Chem. Eng., College of Eng., Pusan National University
*Environmental & Energy Research Division, RIST
**Agency for Defence Development
***Dept. of Chem. Eng., Kyoto University, Japan
(Received 1 October 1996; accepted 15 May 1997)

2 %

HHabzE AREstel di714k, 25 Colld WAlE A44h, NaOH-8-9-&
7134 FFEEE 714142 CO, $3 =7t ol net AR Av, w3k S8t CO2 NaOHE 33hikg-& o
2717] el A& EAhe T4 B A A" S+ U5 2 AATh WO el oEAdel gt
CO, F75Ex NaOHFE, JlP@d =] § aibze] s 53} 28 Aguise] wislel aje} 24sigict 87
RESAlA Sehibe-g it A 24 14 o| 23 A o2 e 3T IAASFRS A3 2AHT L ¢ + 4
et =3 § Zd-E 47} F1AR S ZAhE S AREl] gkl

AL 23 WO e oEAlq] Co,

Abstract— From experiments in a stirred cell contactor with flat gas-liquid interfaces, it is shown that the rate of mass
transfer of carbon dioxide into a W/O emulsion with benzene-NaOH aqueous solution can be enhanced by the presence of
small amounts of a dispersed aqueous phase in a organic phase, provided that the solubility of carbon dioxide in the or-
ganic phase is larger than in water and that chemical reaction between carbon dioxide and NaOH occurs in the aqueous
phase. The rate of CO, absorption into W/O emulsion were measured according to the change of experimental variables
such as concentration of NaOH, the size of emulsion droplets, and the stirring speed. A diffusion model with a chemical
reaction based on film theory in the discontinuous phase is proposed that predicts the experimentally observed enhance-
ment factors with a reasonable accuracy. This model is also analyzed by an approximate solution and the method based on
the pseudo 1st-order reaction.
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Fig. 1. Chemical absorption path of gas(A) into W/O emulsion phase.

D, [d::; +% ddc: ]=sz°,4 c, 2)
D,y {ddf L ®
r=R; cA=cA=HACA,d—::1—=O “)
T W ©)

A @t @) HPPAS A @t G2 AAZAE e 2
o) ZAR o2 WaEch
d?oy
dy?
d?ay o dog m?

2 do,
+?d—;=m}aA o ©)

= = a, o 7
dy? * y dy Tgqg A B ™
dog
y=1; a,=1, dy =0 ®)
doy, dog
-0: - -0 9
y=0; &y - dy ®)
S Cp I 3o
P = = =L =R ,
9714, o, o =g Y=g M kzDEA
[ 3 ]
vH, C o
. Dy S % _ A _%
#=D,, > % e T VH,C, Y, Y,

B, A&7 BAYe] AAEE £33 FA RE AdE
= A9 FAAGE T} AAHAN 27 5%, ¢80 B} uhgshe
A2 Hhg-&elo] H|E A9 f-E A4 (effectiveness factor), E2k3L
Ao)31[19], B o83 2t

47R’n 3 de
B=g——— L, = _d; (10)
—aR’k,cic,, ™

714 ne S| 2 eime Al Eeseld, B A o
@) 2] P Rlow, Fold WeAM B ;2 F
+92 4 OFF N2V Bt

W, A Aol g 718 BRSNS Thest
2o,

2C

D, dzzA =(1-9k,cic;, E, =(1-8k,H, C, ¢, E, amn
4714 AAZAL chex ek
z=0; C,=C, (12)
z=z;; C,=0 (13)
S AAZAE TAYY 02 ehid e et
&y,

dx2 ZMEI' YA (14)
x=0; Y,=1 (15)

HWAHAK KONGHAK Vol. 35, No. 4, August, 1997



478 S R olAS - B4 - Tk} sjdlal

x=1; Y,=0 (16)

—A M= (1-9k,c, H, D, P_A_
CAi ’ B kZ - Z

i}-t}g—’?——ﬁ-gg} %E]%-’?‘*/—;I—E_‘!] B]% i}i‘}-l:‘l_]_g.o“ _Q]ﬂ_ %‘Z\lzﬂff‘
@R+ A8 o ok} o] YehfjelAict.

= NA Iz=0
Ny

¢ a7

z=0

A (ADNA Ny |08 Nilo 2 7]- BEARAN e1g40} 2
JETe] FFEEE A7 gew o] vehiel, TeFssEs
A g Hgasict

dc,

N, |z=0 =-D,

Su

Z

N.|.,=D, 3

19
b EAAS@)E Al (185 (19)5 AHgsld Faiyon

thest 7o) viebd & 9)ct.

dy,

dx |x=0 (20

A (63 (D) sk A 10y AHE3te] EF F3la ol2 e 7
4 (199} 2t A 202 gt shehEsel g ZAAGE
7% = qlet

2.1 4 (D] BSHS0| F 12 WSO HP

AP 4¥ Bel 57} A9) FEuch vje #4) BS) ¥}
27T A YA, aE 10] Ho] HAYehelY stahike
o] $ukel SAMPY AT AAZAE) T4 Feje hes} o).

da, 2 do
R @
y=1; o, =1 22)
da,
y=0; &y =0 23)

AAZA (229 23)& AHsho] vl Q1)) s} 4]
(10)° 2 %8} E& 22t g} Zch.

sinh (m, y)

%= ysinh (m, ) 24
3 1 1

Er=m, [m - ;;] (25)

4] (25) m, ) elelA] hehdl uheh o] Foiz] oA =
AAZA 7)o BEAD L 228 7ol TR Ao]ch.

A (423 AAZA (159 (16)& AHstel V.2 shaas o
&5} e},

 _Sh[VME 1-0)] -

sinh \]MEf

e @9} Aoy 0y AHgEtd F 13 bl S 0 o
&3 2}

HEtZE H35H Hl4= 19974 s

o= ﬂ_ @n

tanh '\/ME 9
2-2. 2Alsl(approximated solution)Z2A{ &HAHIEAIO] $A
gAY ¥ Be F=7l AA Y FE, c,2A dAstin
AR st SAolA sahibgel st} 2E)E Be o A9
oFshe] WAl AAaabelolA] et et
%7?R3(CBO—CB‘.)=V J.:4m2(c;-cA)dr (28)
A (28)& FAAs,

3
-ty = [ ya-a)dy 9)

ARl d3ted o AT FE, o} IH AZA A @B)E A
£3199 4 (69 AN aE et 2ok

sinh (m, ny)

%= ysinh (m, 7) (o)
A (30y& A1 @) Aalshed Ay,
1- EI
o =1- % (31)
A (105} ()28 B thes) e},
3 1 1
E = m, 7 {tanh(mA - m, n] (2)

ANA, n=vay,, o = j:f
A B1elA g — wold o 1, & nE 10] Ho] 4] (32)& 4]
@5)sh AP F 17 Wk 797} Ak,
A B1)E A (2l sk,

o

E, = 3 _ 1
, 1-E, 1-E, \/ 1-E,
m, \f1- T, tanh |m, \J 1- 5, m, \J1- q
E=E
E, = 3
. (1-E)Y,
* qg

1 ) 1
1-E,)Y 1-E
tanh [m, A1 L5 | A fCATEDY gy
9% 4 q?

A (333 (1924E Y, 5 8o 4 20023 05 7€ 5
ek

3.a 03

3-1. Al



gze] godo] 2H oFAlelA 9 olabstrd] F5HME A 479

BAAre 2 A1e3) obte] -89 6llx4] NaOH(Junsei Chem. Co.
Ltd.)e} <A ol 4] benzene(Junsei Chem. Co. Ltd.y2 A|2Fg-& AHE-

4314 2= Tween 80(polyoxyethylene-sorbitan monooleate : HLB
=15)3} Arlacel 83(sorbitan sesquioleate : HLB=3.7y& Z}7t 40: 602
2 Egsia Ao

71 AEF5AE 6 A" Nt COE €5 99.5% oAk 7|4
Mg}

3-2. OlIGMAE

B AYe) A" o g 31417} 6 wt%z 43515 benzene 4
ofo| NaOH 4~8--& #7}A]# homomixer(PowerGen 700D, Fisher
Scientific Co.)E A-8-8}¢] 1500, 5000 2 10000 rpme] WMk of
A A x5t

434471 235 Wl AL-Hol] NaOH 5848 713l S o) =8
ohe] AAHAEE ko2 oA B ohdide] WO HelR
A ZHsie] o, £ o9Ad2] HLB Al4kgh, 8.22% Marrs}t Kopp[2]
7} W/O e 2 7-A4%E HLB 3-89 s & & 5 9l

AzH oEde] AR Fe} =7]= Image Analyzer(Leitz TAS
Plus)E- A-8-31o] 20009 vi&24 &A1 3hglon], WS 1500,
5000 2 10000 rpmeilx] Al=gE 94 o] wkA]F-2 72} 0.0003, 0.001,
0.0015 cmo] gt

dgalo g wAlgdal 2Ao 24 NaOH 4402 Alx
g W/O Hele] qEAE dFdolt A-olA ukxg A} fA e
Z27)7} W= A 45 HAY 4 9l AL LS U
4 et

33 AEER A LY
Aol A8 7| AFFEEAYP-L 7] A F57 (Fig. 2)F AHE3}o]

Jitilo

Lk

m

Fig. 2. Schematic diagram of experimental apparatus.

a: Agitated vessel h : CO, cylinder

b : Motor i :N, cylinder

¢ : Motor controller j :Soap bubble meter
d : Saturation bottle k :Immersion circulator
e : Mass flow controller ! : Water bath

f : Gas flow meter m : Air chamber

g

: Gas regulator

Table 1. Physical and experimental properties
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Fig. 14. Photograph of W/O type emulsion by Image Analyzer.
(Leitz Tas Plus 1% 400).
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W=k
A :carbon dioxide
B :NaOH
C,  :concentration of i component in benzene phase [mol//]
c;  :concentration of i component in discontinuous phase [mol//]
D  : diffusivity [cm”/s]
E, :effectiveness factor, as defined in Eq. (10)
H  :Henry constant
k, :reaction rate constant [cm’/mol - s]
k,  :mass transfer coefficient of carbon dioxide in benzene phase

[emys]

C
m, :dimensionless variable defined as R\ , kZDL
EA

(1-8k,c,, H, D,
ki

M : dimensionless variable defined as

N  : mass transfer rate at gas-liquid interface with chemical reaction
in emulsion phase
N°  :mass transfer rate at gas-liquid interface without chemical reac-
tion in emulsion phase
n, :mass transfer rate through liquid-liquid interface into disconti-
nuous phase [mol/cm’ - s]
P, :partial pressure of CO, in gas phase [atm]
R  :emulsion radius [cm]
r : radial distance in emulsion phase [cm]
1,  :dimensionless diffusivity, defined as [];L;
qs : dimensionless concentration at liquid-liquid interface, defined
cBo
as —
ve,
qs  :dimensionless concentration at gas-liquid interface, defined as
cBo
VHA CAi
X : dimensionless film thickness, defined as ;ZL—
Y :dimensionless concentration in benzene phase
y : dimensionless radius, defined as r over R
z : film thickness [cm]
az|0jA 22X}
v :stoichiometric coefficient
o, :dimensionless concentration of i component in emulsion phase
€ : volume fraction of benzene in the emulsion phase
®  :enhancement factor, as defined in Eq. (17)
#xt
i : gas-liquid interface
* : liquid-liquid interface
o  :initial
E  :emulsion phase
A :carbon dioxide
B  :NaOH

= k|
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