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The Rate of Solvent Extraction with Marco-Molecular Amine

— Diffusion through the liquid-liquid interface —

Makoto Saxar*

Abstract

Extraction rates with macro-molecular amine were investigated.

Part I is concerned with the transfer of diethylamine and benzoic acid across
benzene-water interface using the laminar liquid-liquid jet technique. Consider-
ing the velocity gradients in both phases at the neighbourhood of interface, the
mass transfer rate across the moving interface was calculated with theoretically
analysed equations of interfacial velocity by Vandegrift et al. The experimental
results corrected end effects, the method of which was developed in this work, were
agreed well with predicted values in spite of the difference of diffusing substances
and of the flow type of jet systems.

Part II is concerned with the extraction of HCl with macro-molecular amine,
the reverse extraction of HCl with NaOH aqueous solution, and the aniop exchange
between the HCI salt of amine with NO,~ or SO,~~ using laminar liquid-liquid jet.
The experimental results were well explained by the following considerations
about the mechanism of the transfer rate. The transfer process is regarded as
the counter-diffusion accompanied with instantaneous hetero-geneous reaction at
the liquid-liquid interface. The overall mass transfer rate is controlled by the
smaller one of the mass transfer rates of reactant and product which are evaluated
by assuming that they are independent of each other.
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Fig. I-1 Schematic representation of con- Fig. I-2 Determination of interfacial con-
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Jet length setting device.

Jet center adjuster.
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Heat exchanger.
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. Receiver.

o 10. Jet phase liquid discharge.
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Fig. 1.3 Experimental apparatus, down-flow type jet apparatus and detail of receiver,
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+ Fig. I-4. Effect of surface active agent on mass transfer of diethylamine in water phase to
~ «7 ¢  benzene phase using up-flow type jet apparatus:
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Fig. I-5 Transfer of diethylamine in water phase to benzene phase using up-flow type jet
apparatus.
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Fig. 1.6 Comparison of experimental results corrected end effect with predicted rate.
(——) theoretical line, (-----) theoretical line, b=0.
(*) P.E.G. concentration 0.5 gr/l, and others 1 gr/l in water phase.
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Fig. I-7 Transfer of diethylamine in benzene phase to water phase using down-flow type
jet apparatus. (P.E.G. concentration 1 gr/l in water phase.)
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Fig. 1-8 Transfer of benzoic acid in benzene phase to water phase using down-flow type
jet apparatus. (P.E.G. concentration 1 gr/l in water phase.)

Table I-1 Diffusivities.

Diffusivity . ‘

System D x 105 (cm?/sec.) Literature
Diethylamine in water 0.78 (2)
Diethylamine in benzene 2.45 (2)
Benzoic acid in water 0.94 ()
Benzoic acid in benzene 1.36 (M
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D577 s ZBEEMHOFEEICET 2RI L AL 2, DThIc Werth®, HRLD
D7 VX 3BOMHERD D 5107 ¥, HFik 1 HTH S 2T U 13- 1R B D 7
EEM-T7 v OEBORIEE DV THBIEEER 21T - 12, Tubb, BAFRT 12 ELT,
A AT UTHIREIN T 3 Amberlite LA2 2FV, O, KELLF + Y v Ak
HRiC X 5 HBROWHH, CI-NO;~ F#s L ¥ Cl7=S0," B 4 4 » WH/HAD Z NFNR DO TEEE
EPRELUERE WU, b LA2 1 ReNH TEbIN B 28T > Th b,
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Ra2NHaNO3
3 2
N =>Cl- Xby
0 < NO3
continuous” jet phase continuous  jet phase
phase - phase
Fig. II-1 Schematic representation of con- Fig. II.2 Schematic representation of
centration distribution of Cl. velocity gradients and directions
of diffusion of products and
reactants.
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Fig. II-3 Extraction of HCl with LA-2 10%, benzene solution (jet phase) using up-flow type
jet apparatus.
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Fig. TI-4 Reverse extraction of HCl (continuous phase) with NaOH aqueous solution
using down-flow type jet apparatus.
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Flg II-5 Effect of surface active’ a,gent on ‘mass transfer accompanied ion exchange
reaction "between HCl salt ‘of LA-2 10% benzene solution’ and NaNO, -agueous
solution using down-flow type jet apparatus.
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Fig. II-6 Mass transfer accompanied ion exchange reaction between HCl salt of LA-2
10% benzene solution and NaNO, aqueous solution using down-flow type jet
apparatus.
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Fig. 117 Mass transfer accompanied ion exchange reaction between HCI salt of LA-2
10%, benzene solution and Na,80, aqueous solution using down-flow type jet
apparatus.
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