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Abstract—Modeling studies are carried out to estimate the performance of the processes for the removal and recovery
of heavy metal ions in aqueous solutions using the shell-and-tube type modules of supported liquid membranes. The
mathematical model includes the boundary mass transfer resistance in the bulk solutions, the interfacial reaction between
metal jons and impregnated chelating agents, and the diffusion in the membrane pores. Analytic solutions are obtained for
cocurrent and countercurrent flows of feed and strip solutions respectively, when the hydrogen ion concentration(pH) is
constant. The metal jon removal efficiency of the membrane modules is examined when the feed side pH is constant and
when changed. Results show that the performances of cocurrent and countercurrent operations of feed and strip solutions
have similar trends, when the dimensionless length is less than 0.2 under the given conditions. However, the effluent metal
concentration for the countercurrent flow of feed decreases to zero value for the dimensionless membrane module length
greater than 0.2, while the feed concentration approaches to equilibrium for the cocurrent flow. It is also found that the metal
ion flux is decreased by slow interfacial reaction rate which results from decreasing pH of the feed when the feed is operated
without pH adjustment. The selectivity and removal rate of the metal ion could be increased by constant pH operation in
the feed side. The effects of interfacial reaction rate constants and diffusivities of metal-complex ions on the performance
of membrane modules are studied. The results would provide a basis for the design and operation of tubular supported lig-
uid membrane modules to select chelating agents and operation conditions.
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Fig. 1. Schematic of shell-and-tube type supported liquid membrane
for cocurrent flow.
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Fig. 2. Dimensionless feed concentration change with dimensionless
length for constant pH of feed solution.
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Fig. 3. Feed metal ion concentration change with membrane length

for constant pH and variable pH conditions.
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C : concentration of j specie at the i side [gmo}/]]

D; : diffusion coefficients of j specie in the i side solution [cm’/s]

k.; : forward reaction rate constant at the i side [cm/s]

k., : reverse reaction rate constant at the i side [cm/s]

K : ratio of reverse to forward reaction rate coefficients at the i side

Ky  :overall mass transfer coefficients [cm’/s]

Ks  :defined in Eq. (18)

H' : hydrogen ion in the aqueous phase

HR  : chelation acid in the organic phase

Ju : molar flow rate of metal ion M in unit membrane length [gmol
fem s)]

L : length of the membrane [cm]

M;-M; : mass transfer rate at unit membrane Ay [gmol/s}

M™  :metal ion species

MR, :metal complex in the organic phase

Q : volumetric flow rate of the i side solution [cm’/s]

R : interfacial reaction rate expression at i side [gmol/(cm’ s)]

R : inner radius of the membrane housing shell [cm]

v, : flow velocity of the i side solution {cm/s]

X : dimensionless concentration of species j in the i side solution,
Eq. (51a)

Xiws  :ratio of dimensionless feed inlet concentration and strip inlet
concentration

y : axial distance down the tubular module [cm]

Y : dimensionless axial distance

az2joja Xt

& : boundary layer thickness at the i side

£ : porosity of membrane

K : outside radius of the tubular membrane over R
A : inside radius of the tubular membrane over R
AFX}

— : organic phase

F,in :feed inlet

i : 1 side, i=feed or strip side

S5tZal MH36A H3S 19981 63

: interfacial at i side, i=feed or strip side

SHY X}

+

-]
F/S
S/F

2.

: forward reaction at j phase
: Teverse reaction at j phase

: feed value over strip value
: strip value over feed value
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