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Abstract—A theoretical model about a phase transfer catalyzed liquid-liquid heterogeneous reaction system
in a hydrophobic membrane reactor was developed by the chemical-diffusion equations from the mass transfer
mechanism with the approximated pseudo lst-order reaction, and the performance of the membrane reactor
was analyzed with the interaction of mass transfer with chemical reaction from this simulation.
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Fig. 2. [RY]* vs. time for various concentration of X1
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Fig. 6. Concentration profile of RY* in membrane layer
((RY],=0.5 kmol/m?, [X~1,=2.0 kmol/m?, {QY],
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Fig. 12. [RY]* vs. time for various Nyy
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=0.2565, Ny=1.649X1073, Vz=1.0, 1,=0.4365,
n2=0.4306, n3=1.0, Nxy=78803)
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Fig. 14. [ﬁ] * vs. time for various contact area.
([RY],=0.5 kmol/m3, [X~],=2.0 kmol/m?, [QY],
=0.24 kmol/m3, k.= 36 m*/kmol-s, §=9.76 X 1073
cm, K,=13452X10"4cm/s, Dry=>5.1184X10"¢
cm?/s, Dgy=22342X10"%cm?/s, Dgx=2.204 X
107% cm?/s, Koy=157606 m*/kmol, Kox=1246 m®
/kmol, V7¥=V*% =185 cm>)
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Fig. 15. [_li_Y—] * vs. time for various mass transfer coeffi-
cient.
((RY1,=0.5 kmol/m?, [X~1,=2.0 kmol/m®, [QY],
=0.24 kmol/m3, ko= 36 m®/kmol-s, §=9.76 X103
cm, A=31.26 cm?, Dgy=5.1184X107¢ cm?/s, Doy
=22342X10"%cm?%s, Dox=2.204X107%cm?/s,
Kor=157606 m?/kmol, Kox= 1246 m®/kmol, V&=
V& =185 cm®)
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Fig. 16. [—R—YJ* vs. time for various reaction rate constant.
((RY1,=0.5 kmol/m?, [X~1,=2.0 kmol/m?, [QY],
=0.24 kmol/m3, §=9.76X10"% cm, A=31.26 cm?,
K,=1.3452X10"* cm/s, Dgy=5.1184X 1075 cm¥/
s, Dgr=22342X10"%cm?%s, Dgx=2.204X10°
cm?/s, Koy=157606 m3/kmol, Kox=1246 m?¥/
kmol, V#=V#%=185cm?)
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Fig. 17. [RY]* vs. time for various membrane thickness
at reaction rate constant, k;, 0.01 and 36 m*/

kmol-s.
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Fig. 18. [RY]* vs. & for slow(k,=0.01 m*/kmol-s) and fast
(k;=36 m*/kmol-s) reaction at time=10 hours.
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MBI
A : membrane area [cm?]
D; : diffusivity of j component [cm?/s]
ky : pseudo 1st-order reaction rate constant [1/s]
k; : 2nd-order reaction rate constant [m®/kmol-s]
K, K;: dissociation constant of Q*Y~ and Q*X~
[kmol/m®, m®/kmol]
K, :mass transfer coefficient [cm/s]
Kox, Koy : extraction constant defined by eq. (18) [m?®
/kmol]

Np  :Damkohler number defined by eq. (23)
Ns  :Biot number defined by eq. (23)

Na: dimensionless parameter defined by eq. (23)

Nkx, Ngr : dimensionless parameter defined by eq.
(23)

Q" :active catalyst

QX :intermediate combined with Q* and X~
QY :intermediate combined with Q* and Y~
RX  :product of organic phase

RY  :reactant of organic phase
r : reaction rate [kmol/m®:s]
t : reaction time [s]

Ve, V% : volume of aqueous phase and organic
phase [cm?]
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Ve : volume ratio of V”* to V¥

X~ : reactant of aqueous phase [kmol/m’]
Y- :species of aqueous phase [kmol/m®]

z : distance above interface [cm]

[j1  :concentration of j component [kmol/m*]
aglo|A EXt

€ : distance beneath interface [cm]

a : distribution coefficient [-]

e - dimensionless distance defined by eq. (23)
8 : membrane thickness [cm]

T Jdimensionless time defined by eq. (23)
n : diffusivity ratio defined by eq. (23)
AHx}

* : dimensionless

- : organic phase

P X}
o : initial
i : interface
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