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ABSTRACT

Liquid membrane technique, applied recently in many separation processes, was reviewed in
comparison with the conventicnal sclvent extraction method. In this paper, the classification,
characteristics and mass transfer mechanism of the liquid membrane precess were discussed.
Recent trand in R&D for industrial applications was also introducsc.
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Fig. 8. Preparation of Water-in-Oil-in-Water Emulsion
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Table 1. Co-transport Membrane Systems

Energy source

Membrane Solute
Rat jejunum Sugars Na~
Rabbit small intestine Amino acids Na~
Brain Ascorbic acid acetate Na*
Trietylamine in xylene Hgt* H~
Macrocyclic polyethers in tetrachloroethane K* Na* or Li*
Tridodecylamine in polybutenes CrO4~ H*
Tirtiary amine in dodecane U0,(S0y), H*
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Uncomplexed solute “1”
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Table 2. Counter-transport

Membrane Systems

Membrane Solute Energy source
Erytharocytes Galactose Glucose
Rat heart Arabinose Glucose
Monansin in octancl Na* H+
Cholanic acid in decanol Na*, K*, Li*, Cs* H*
Dithiazons in carbon tetrachloride Zn** H~
Oximes in polybutenes Nit H~
Tirtiary amine in dodecane U02(804) 2" S04 "
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Table 3. Metal Transfer Across Liquid Surfactant
Membranes™

¥$ils erzI; ed Extractant Reference
Cu** LIX64N 20, 21, 43

” LIX65N 47, 48

” LIX70 22, 42

” SME529 31, 44

7 Kelex 100 22, 42

” benzoylacetone 23, 33

” DEHPA 22, 24, 42

” stearic acid €3

” lauric acid 22, 42

” caproic acid 22
Cu(NHs)** LIX64N 25, 26

Co**, Ni®* LIX70 22

” Kelex 100 22

" DEHPA 22, 27

” lauric acid 22

7 caproic acid 22
Ni(NHa).** LIX64N 25, 26

UvD DEHPA/TOPO 28
Cr(VD tertiary amines 19, 20, 29, 30
Cd(CNy)?- Aliquat 336 20
Hg** Alamine 336 20
U02(S04)2""  tirtiary amine 39, 40, 41, 46
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Table 4. Selectvity Cefficients for Liquid Surfactant Membranes™
Feed solutions : 1 g 17! each metal as nitrate
Initial inner phase: 2.0 M HNO,

Phase ratio(inner phase : membrane : outer phase) :1:1:10

Membrane Contact Feed pH Selectivity Coefficient
Extractant vol-o;  time min Cu/Ni Cu/Co Co/Nie
DEHPA 6.3 60 2.25 228 70.8
7 ” ” 3.10 11.6 1.5
” ” ” 3.60 1.2 1.0
Kelex 100 5.4 40 1.8 71.4 25.0
” ” ” ” 3.2 25.2
LIX70? 5.0 ” 1.5 61.7 20.1
” 7 ” 5.8 1.6
Caproic acid 3.0 7 3.5 4.2 4.0
” ” ” ” 5.1 2.6
Lauric acidc ” ” 3.5 14.5 11.6
” ” ” ” 5.1 1.0

(a) no copper present
(b) feed solutions 1g// each metal as sulphate, initial inner phase 150 g/7 H.SO.
(c) 1.87 mM lauric acid in membrane

EETTLER

.Y BE MULTISTAGE])

Fig. 6. Schematic Diagram of LM Water Treating Process
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Table 5. Effect of "Water Solubility on the Selectivity ©f Liquid Membrane®

Surfactant: Saponin
Temperature: 25°C

Separation factor detemined
in single-drop runs

Mixture Solubility ratio
Benzene/n-Hexane 187.5
Toluene/2,4 Dimethyl pentane 127.0
Toluene/n-Hexane 54.2
n-Hexadiene/n-Hexane 17.8
cyclo-Hexane/n-Hexne 58
n-Hexylene/n-Hexane 5.3
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Table 6. Toluene Diffusion Rate Through the Sur-
factant Film on a Single Feed Drop®

Surfactant concentration : 0.1% in water
Feed: 1/1 Toluene/heptane
Diffusion rate,

Surfactant g./(hr) (100 s3. cm)

Tween(polyoxyethylene

(3%

Sorbitan Monolaurate) 10.
Igepal (Nonvlphenoxy-poly

(ethyleneoxy) ethanol) 10.3
Saponin 12.1
Polyvinyl alcohol 16.6
Dodecyl trimethyl ammonium

chloride 26.5
Sodium dodecyl sulfate 30.2
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