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The rate of iron(III) extraction and stripping by TOA in benzene—hydrochloric acid aqueous solution system is
elucidated. Interfacial reaction between iron in neutral form in the aqueous phase and the adsorbed amine—acid
complex plays a significant role in the extraction and the stripping rates when the hydrochloric acid concentration is
low in the aqueous phase. At high acid concentration, the rates are controlled by the diffusional steps in the aqueous

and the organic phases.

Introduction

The major reaction process concerned with metal
extraction by an amine of high molecular weight is
interfacial in nature, because the amine has very low
solubility in the aqueous phase. This reaction process
is rapid and the rate of metal extraction from the
aqueous phase to the organic phase is usually con-
trolled by diffusion processes of the reactants. By
contrast, metal extraction in the reverse direction is
not always rapid compared with the rate evaluated on
the premise of diffusion control. A kinetic study of
metal extraction is, therefore, of particular interest in
solvent extraction and liquid membrane operations.

Single drop technique has usually been used for
enhancing the diffusional rates of the reactants so that
the reaction process plays a significant role in the
overall extraction rate. In a recent paper, Inoue ez al.9
presented their kinetic data of experiments using the
single drop technique. This technique, however, has
significant difficulties which arise from the compli-
cated hydrodynamics of drop motion. The kinetic
data may involve some uncertainties because of the
difficulty of separating the effect of hydrodynamics
from the overall extraction rate.

The interfacial reaction rate depends on the con-
centration of the metal species in the aqueous phase
which directly reacts with the amine. This concen-
tration is strongly affected by the acid concentration,
and the interfacial reaction process can be elucidated
if the extraction condition is properly selected so
that the reaction rate process plays a significant role
in the overall extraction rate. In this case, other tech-
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niques such as use of the stirred transfer cell with
constant interfacial area provides information on a
relatively slow reaction process, because the effect of
hydrodynamics is well understood.

Danesi et al® reported kinetic data in iron(III)
extraction by tri-laurylamine-hydrochloric acid com-
plex with the use of the stirred transfer cell. However,
the interpretation of their data has several weak
points, ¢.g., the evaluation of the diffusional step and
the description of reaction rate equations.

This work is to provide kinetic information on
iron(IIT) extraction by tri-n-octylamine (TOA) with
the aid of the transfer cell of Lewis type. It is shown
that the interfacial reaction between iron and TOA-
acid complex plays a significant role in the extraction
rate at low acid concentration in the aqueous phase.

1. Experimental

1.1 Reagents
TOA supplied by Tokyo Kasei Co. Ltd. was used
after purification by usual procedures.” Benzene,

hydrochloric acid and ferric chloride of guaranteed

grade, supplied by Nakarai Chemicals Co. Ltd. were
used without further purification. Water was purified
by distillation.
1.2 Procedures

Iron(III) was transferred between hydrochloric acid
solution and TOA in benzene solution, which had
been equilibrated with 1mol/dm3-hydrochloric acid
aqueous solution. In the forward extraction, iron was
transferred from the hydrochloric acid solution to the
organic phase in a stirred transfer cell, the same as
described in the previous report.* Iron concentration
in the aqueous phase was measured on-line by cir-
culating the phase through the cell of a spectropho-
tometer. The organic phase was sample out and was
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fed back to the original organic phase after deter-
mining the concentration of iron by a spectropho-
tometer. The initial flux was measured from the
changes of iron concentrations in both phases.

In the reverse extraction, iron was transferred from
the organic phase to the aqueous phase, which con-
tained hydrochloric acid (0.50 mol/dm?). The organic
phase containing iron was prepared by contacting the
TOA-hydrochloric acid complex solution with aque-
ous solution which contained iron in the requisite
amount. The iron flux was measured from the con-
centration change of iron in the aqueous phase.

Mass transfer coefficients in both phases were
determined by the same procedures as in the previous
work.® The diffusion coefficients of iron(IIT), TOA-
acid complex, and iron-TOA complex were measured
by a Schlieren apparatus® and a position-scanning
spectrophotometer” with use of a slide contact cell or
flow junction cell.” The interfacial tension of the
extraction system was measured by the Wilhelmy’s
plate or the pendant drop methods. All experiments in
this work were performed at 25.0°C.

2. Experimental Results and Discussion

The equilibrium relationships for iron extraction by
TOA-acid complex® are essential to interpret the
kinetic data and are summarized in Table 1. In this
table, the amine-acid complex in monomer form is
produced almost irreversibly, as shown in Eq. (1).
(TH),F,, represents the complex (R;NHCI),(FeCls),,.
The overline shows the species in the organic phase.
The complexes of the sets n=1,2, m=0, and n=4,
m=1, involve combined water.>> Water is omitted in
the table for the sake of simplicity. (S) represents the
concentration of the species S. Cy is the total con-
centration of iron in the aqueous phase. The ¢ value
is a factor for evaluating the activity of iron in FeCl,-
form in the aqueous phase:

[FeCl]oc[Fe> *][Cl P ocp Cr

Here, [ ] represents the activity. The ¢ value is a
function of chloride concentration, C,, when C¢3» Cp,
and is defined to be unity when C.=0.5mol/dm?>.
When the aqueous phase involves hydrochloric acid,
the ¢ value is a function of acid concentration in the
aqueous phase, Cy, as shown in Table 2.
2.1 Diffusion coefficients

Figure 1 shows the diffusion coefficient of 1:1
amine—-acid complex obtained from the Schlieren pat-
terns in an experiment in which the benzene phase was
contacted with benzene solution involving amine—acid
complex in 0.3mol/dm?. The diffusion coefficient is
strongly dependent on the acid complex concen-
tration.

The diffusion process for iron-amine complex in
benzene solution was elucidated by using a position-
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Table 1. Mechanism of iron extraction by TOA

R,N+H"* +Cl- »R,NHCI 6
2R,NHCl= (R,NHCD), ; Ky=35.5 %)

Fe'343Cl™ +4R,NHCl=(R,NHCI),(FeCl,) ;
K =12x105 (3
2Fe*3 4 6Cl~ +4R,NHCle(R,NHC),(FeCL,), ;
Kupy=90x107 (4
3Fe 3 1+ 9C1~ +4R,NHCl 2 (R,NHCI),(FeCl,), ;
Kiy=14x10° (5

4Fe*3 +12C1" + 4R, NHCle(R,NHCI),(FeCl), ;
Ku=4.6x10%  (6)

K,n=((R;NHCI),(FeCly),,)/ (R;NHCD) (¢ Cp)™ Y]
R,;N: T, R;NHCI: TH, (R;NHCI),(FeCly),,: (TH),F,,

Table 2. ¢-Value
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Fig. 1. Mutual diffusion coefficient in benzene-TOA—
hydrochloric acid complex as a function of amine-acid
complex concentration.

scanning spectrophotometer. The benzene phase was
contacted in a diffusion cell with a benzene solution
with iron and TOA content of 0.15 and 0.30mol/
dm?, respectively. In this case, the iron was in the
form (TH),F, and the mutual diffusion coefficient
of (TH),F, and benzene system could be measured.
The resultant value was found to be nearly con-
stant irrespective of the iron concentration, 2.11x
10~1°m?/s. The diffusion coefficient of (TH),F, in-
creased at low iron concentration. To ensure this, the
benzene phase was contacted with a benzene solution
with iron and TOA content of 0.0083 and
0.0223 mol/dm?, respectively. The diffusion coefficient
of iron observed under this condition was
3.5 x 10~ 1%m?/s, a little larger than that in the higher
iron concentration range.

When iron is extracted, an iron—amine complex is
formed and diffuses in TOA-acid complex solution,
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accompanied by association reactions. The diffusion
of iron species in this situation is different from the
mutual diffusion process mentioned previously. To
investigate this difference, two benzene solutions were
contacted with each other, one containing
0.116 mol/dm® of (TH),F, and the other containing
0.462 mol/dm? of iron-free amine-acid complex. The
diffusion coefficient of the iron species, obtained from
the concentration profiles of iron, was nearly constant
irrespective of iron concentration, at 1.8 x 107 1%m?/s,
This value is a little smaller than the mutual diffusion
coefficient for (TH),F,—-benzene solution at high iron
concentration, 2.1 x 10719 m?/s,

The diffusion coefficients of iron in the aqueous
phase, which contained 0.5-3mol/dm® of hydro-
chloric acid, were measured. The observed values
were insensitive to iron concentration and were
nearly 5x 1071 m?/s.

2.2 Mass transfer coefficients

The mass transfer coefficients in both phases were
determined by the method mentioned in the previous
report.* The results can be correlated by the follow-
ing equations for a stirring speed of 100 rpm.

k,=0.64D%%% | k,=0.50D053 ®)

Here, D and D represent the diffusion coefficients in
the aqueous and the organic phases, respectively.
2.3 Initial flux of iron in forward direction

The initial iron fluxes were determined from the
gradients of the iron concentration changes in both
phases, which were measured at the conditions Cy=
0.0223 and 0.121 mol/dm?, Cy being the total con-
centration of amine. Fluxes obtained from the con-
centration changes in the aqueous and the organic
phases agreed with each other. Figure 2 shows the
results of the initial flux, J.

The measured fluxes at Cp=3.0 mol/dm® were
proportional to the total concentration of iron in the
aqueous bulk phase, Cy,, and fell approximately on a
single line irrespective of Cy in the low Cy, range. As
Cp, increased, the flux branched into separate curves
depending on the values of Cy, and the changes of the
flux became insensitive to Cg,. The above single line
can be fitted to Jp=k,Cp,. This shows that the
extraction of iron is controlled by the diffusion step of
iron in the aqueous phase. The dotted lines are
calculated from J.=k,Cy/2. In evaluating the k,
value, we used the diffusion coefficient for the amine-
acid complex shown in Fig. 1. The observed fluxes are
close to the dotted lines when Cy, is large. In this case,
it can be deduced from the equilibrium relationships
that (TH),F, is formed near the interface almost
irreversibly and thus the rate of extraction is con-
trolled by the diffusion step of the amine-acid com-
plex in the organic phase.

The iron flux is described by Eq. (9), if we postulate
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Fig. 2. Initial iron fluxes in iron extraction from aqueous
phase to organic phase. Keys: solid curves, calculated by
taking into account the resistances in aqueous and organic
phases and interfacial resistance; dotted lines, calculated from
Jr=k,Cy/2; broken-dotted curves, calculated by taking into
account the diffusional resistances; symbol, experimental
results.

that (1) the association reactions in the organic phase
are in local equilibrium, and (2) the diffusion coef-
ficients of both reactants and products are assumed to
be equal with each other in the organic phase for the
sake of simplicity.

JF = kw(CFb - CF;’) = ko(CFi - C—’Fb) (9)

Here, the subscript i represents the value at the
interface position. Cp, was zero because the organic
phase was initially free from iron. The k, value is
assumed to be unique irrespective of species and is
evaluated from Eq. (8) with the help of the diffusion
coefficient for the amine-acid complex at Cy,, be-
cause the diffusion of the amine-acid complexes plays
a key role in the extraction rate. The total TOA con-
centration, Cy, is constant throughout the stagnant
layer in the organic phase because of postulation (2).
Finally, we make another postulation: (3) The in-
terfacial reaction process is fast and the equilibrium
state is attained at the interfacial zone.

The broken-dotted curves a and b in Fig. 2 for
Cy=3.0 mol/dm?® are calculated from Eq. (9) with
postulation (3). These curves can well interpret the
trend of the experimental results. The weak de-
pendency of the experimental Jp-value on Cp, in the
high Cy, range arises from the formation of the
species (TH),F, in small amount. The agreement of
the experimental results with the calculated ones
ensures that the reactions involved in this extraction
system are rapid enough to be equilibrated at the
interfacial zone when C,;=3.0 mol/dm’.

The experimental fluxes obtained at Cy;=1.0 and
0.05 mol/dm® took much lower values than that at
Cy=3.0 mol/dm®. The fluxes at Cy=1.0 and 0.05
mol/dm?3 calculated from Eq. (9) with postulation (3)
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are shown as broken-dotted lines, and they cannot
interpret low experimental fluxes. Thus, it can be
deduced that postulation (3) is not satisfied at lower
acid concentrations.
2.4 [Initial flux of iron reverse extraction

The initial fluxes obtained in iron extraction in the
reverse direction are shown in Fig. 3 together with the
experimental conditions. The experimental fluxes at
Cy=0.0223 and 0.0033 mol/dm? are proportional to
Cp, and the difference in the fluxes at these Cy values
is small. By contrast, the iron fluxes at Cy=0.121
mol/dm® are much smaller than the above results.

The flux is described on the same postulations (1)
and (2) mentioned previously:

Jp= kw(CFi - CFb) = ko(CFb - CFi) (10}

Cy, is zero in this experiment. The k, value can be
evaluated from Eq. (8) by assuming that D=1.8x
107°m?/s for Cy=0.121 mol/dm® and D=3.5x
10~ 1°m?/s for Cy=0.0223 mol/dm®, which corre-
sponds to the diffusion coefficient of iron complex in
benzene solution. The broken curves in Fig. 3 dre
calculated from Eq. (10) with the help of postulation
(3). The calculated values agree closely with the value
estimated from J=k,Cr, and fits well the experimen-
tal results at Cy=0.0223 mol/dm?. Thus, the extrac-
tion rate at this condition is controlled by the dif-
fusion process of iron—amine complex in the organic
phase. The fluxes at Cyy=0.0033 mol/dm? are slightly
Jarger than the result at Cy=0.0223 mol/dm?. This
arises from the difference in the diffusion coefficient of
iron-amine complex. The broken line for Cy=0.12
mol/dm? is also calculated from Eq. (10) with postu-
lation (3). This line is about half the calculated values
for Cy=0.0223 mol/dm®, and the mass transfer re-
sistance in the aqueous phase comes into play at Cy=
0.12 mol/dm®. However, the calculated value at this
condition (broken line) still cannot interpret the low
experimental flux. This disagreement suggests that
postulation (3) is not usable at high concentrations of
TOA.

2.5 Interfacial processes

The experimental results for forward and reverse
extractions assert that the reaction rate at the in-
terface plays a significant role in the extraction of
iron. In this section we discuss the interfacial proc-
esses concerned with iron extraction.

Amine-acid complex is strongly surface-active, and
the change of interfacial tension as amine-acid com-
plex is added to the benzene—water system provides
important information about the interfacial proc-
esses. It would be natural to consider that mono-
meric complex, TH, can adsorb on the interface. The
concentration of the monomeric complex is easily
evaluated from Eq. (2).

The Gibbs equation in the isothermal case is ex-
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Fig. 3. Initial iron fluxes in iron extraction from organic
phase to aqueous phase Cy=0.5 mol/dm>. Keys: solid lines,
calculated by taking into account the resistances in aqueous
-and organic phases and the interfacial resistance; broken
lines, calculated by taking into account the diffusional re-
sistances in aqueous and organic phases; symbols, experimen-
tal results.

pressed by Eq. (11) when TH only adsorbs.
Ol =I'tu0firy 11)

Here, IT is the interfacial pressure and I'ry is the
excess surface concentration of TH. iy is the chemi-
cal potential of TH. We assume the Langmuir iso-
therm from the kinetic viewpoint, for the sake of
simplicity.

01y =Krn(TH)/[1 + Kig(TH)], Krg=kealkarn
(12)

kry and ko, are the rate constants of adsorption and
desorption, respectively. Ory represents the surface
fraction covered by TH. Combining Eq. (11) with Eq.
(12), Szyszkowski’s equation can be derived:

IT=Nk,TIn[1+ Kyuy(TH)] (13)

In the above derivation, we assumed that TH behaves
ideally in the organic phase. N, is the saturated
concentration of TH at the interface. k, and T are the
Boltzmann constant and the temperature.

Plots of IT against (1+ Kp;,(TH)) on semi-log scale
are shown in Fig. 4. The Ky, value can be determined
so that the experimental values give a good fit to a
straight line. The Ky and N values obtained from
Fig. 4 are

Koy=1.4x10*dm?/mol ,
N,=6.0 x 10*® molecule/m? (15)

The interfacial pressures were also measured be-
tween the benzene—amine solution containing iron in
Cp=Cy/2 and 3mol/dm3-hydrochloric acid aqueous
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Fig. 4. Interfacial pressure against concentration of amine—
acid complex in monomer form in benzene.

solution in equilibrium with the organic phase. The
pressure was insensitive to Cp in the range
0.0055 < Cr<0.15 mol/dm3. The closed keys in Fig.
4 are the pressures measured in this experiment.
The concentration (TH) in Fig. 4 was calculated
from the equilibrium relationships shown in Table
1. The interfacial pressures of the system with iron
are close to the open keys, which correspond to the
iron-free system. This fact asserts that iron complex
is much less surface-active than TH, even when
the iron complex exists in large amount.

We next consider the interfacial reaction process.
Since TOA and its complex have very low solubilities
in the aqueous phase, the iron in the aqueous
phase would react with TH at the interface between
the two phases. Taking this into account, we make
a postulation on the interfacial process as follows:

TH 2 (TH);: fast
FeCl;+(TH), 2 (THF),: slow (16)
(THF); 2 THF: fast

( ), represents the species existing in the interfacial
zone. THF is less stable in the organic phase and
associates with amine-acid complex to yield
aggregates.

THF +3TH = (TH),F (17)

We assume that the rate-determining step of the
interfacial processes is the direct reaction of iron in
neutral form with the adsorbed TH.

The reaction rate at the interface is described as

r= E(FCC13)1'HTH - EBTHF (18)
In the above equation, Oy is expressed by
Orur = Kiup(THF),/[1 + K1o(TH),] (19)

KTHF = kaTHF/ deHF

because Kyyp(THF), < Kpi(TH);.
(THF), can be related to ((TH),F);

(THF),=((TH),F),/(TH)} /K, (20)
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K, is the equilibrium constant of the reaction Eq.
7.
Equation (18) can be rewritten with the help of Eq.
(12):
r= [E/{I + KTH(TH)i}]
X [KTH(ﬁ)i(FeCI3)i - (EKTHF/ igK:h)
x (TH),F);/(TH)]] (1)

Using the equilibrium relation concerned with (TH),,
((TH),F), and ferric chloride, i.e., Eq. (3), and taking
into account (FeCly)oc ¢ Cp, the rate, r, is simplified as
r=k(Cr—CF)
k,=(Kyy KTHFE/ Kil)‘ﬁi(ﬁ)i/ [1+ KTH(ﬁ)i]

Ek¢i(ﬁ)i/ [+ KTH(TH)i] (22)
where C% represents the aqueous-phase concen-
tration of iron which is in equilibrium with ((TH),F),
and (TH),.

¢:Cli= ((TH)4F)i/K41(ﬁ)?

The interfacial process can be expressed in terms of
the interfacial resistance, 1/k,.

The rate of iron extraction in the forward and
reverse directions is described as

Jr=k(Cpp— Cr)) =kCri— CF)
= ko(CFi - CFb) =K,(Crs— CFb/ P) (23)
Here,
l/K,,=1/k,,+1/k,+1/Pk, or
R,,=R,+R,+R,
and P is the distribution coefficient of iron:
P= CFi/ C?i

The (TH), value is evaluated from the equilibrium
relations in the organic phase at given Cy and Cy,.
The k value is evaluated so that the calculated values
from Eq. (23) fit well the results obtained in the
experiments of iron extraction in the reverse and
forward directions.

k=2.1x10"m*mol *s~! (24)

The solid curves in Figs. 2 and 3 represent the results
of calculation with the aid of Egs. (22) and (23). As is
clear from Eq. (22), the interfacial resistance increases
as (TH), and ¢ decrease. Since K(TH);>1 in the
usual case, the resistance is approximately given by

1/k, = Kyy/ Pk @5

and the interfacial resistance, R,, is dependent upon ¢
only. The ¢ value is a coefficient which relates Cy to
(FeCly). Then the interfacial resistance plays a sig-
nificant role in iron transfer when the concentration
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of acid becomes low.

Figure 5 shows the overall resistances in the forward
extraction. Iron transfer is controlled by the mass
transfer resistance in the aqueous phase, R, =1/k,, at
Cy=3mol/dm?, because the ¢ value is large. As Cy
decreases, the ¢ value becomes small and interfacial
resistance has a strong effect on iron transfer, even in
the case of forward extraction.

The experimental results given in Fig. 3 can be
converted to an expression in terms of resistance.
Figure 6 shows the overall mass transfer resistance
based on the organic phase, R,,=P/K,, and the
contribution of individual resistances R, = P/k,,, R,=
Plk,, and R,=1/k, to the overall resistance. Iron
transfer is controlled by the mass transfer resistance in
the organic phase, R, in the low Cy-range. When Cy
increases, the distribution ratio P increases and in-
terfacial resistance determines iron transfer.

Conclusion

Extraction and stripping rates of iron(III) were
measured for TOA in the benzene-hydrochloric acid
aqueous solution system, by using a transfer cell with
constant interfacial area. The rate is dependent on the
diffusional steps in the organic and the aqueous
phases, and the interfacial reaction process. The
interfacial reaction is strongly dependent on the acid
concentration in the aqueous phase. The rate-
determining step in the interfacial processes was
estimated to be

FeCl, (ag.) + R;NHCI (Interface) =
R;NHCIFeCl; (Interface)

The rate of reaction is determined. The interfacial
resistance due to this interfacial reaction plays a
significant role in the rate of extraction and stripping
of iron at low concentration of acid in the aqueous
phase.
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Nomenclature

Cr = total concentration of iron(III)

[mol-dm 3 or mol-m ™3]

C¥ = total concentration of iron in the aqueous
phase in equilibrium with the iron
concentration in the organic phase
[mol-dm ™3 or mol-m ™3]
Ce = total concentration of chloride
[mol-dm ™3 or mol-m ™3]
Cy = total concentration of acid
[mol-dm % or mol-m~3]
Cy — total concentration of acid in organic
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Fig. 5. Individual resistances and overall resistance in iron

extraction in forward direction. Keys: solid lines, calc., Cy=
0.12 mol/dm?, Cr=1 x 1073 mol/dm?; symbols, experimental
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Fig. 6.
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Individual resistances and overall resistance in iron
extraction in reverse direction. Keys: solid lines, calc., Cy=
0.05 mol/dm?®; symbols, experimental results.

phase [mol-dm~2 or mol-m 3]
total concentration of amine in organic

phase [mol-dm~3 or mol-m™?]
diffusion coefficient [m?-s71]
flux of iron [mol m~?-s7]
equilibrium constant [in mol, dm? unit]
overall mass transfer coefficient [m-s™!]

= equilibrium constant for reaction Eq. (2)

[mol*-dm ™12
equilibrium constant for reaction Eq. (17)
[mol?-dm %]
interfacial reaction coefficient defined by
Eq. (22) [m*-mol~t-s7]
reaction rate constants defined by Eq. (18)

[m-s™]

= rate constant of adsorption [m-s™']
rate constant of desorption [mol-m™2-s7!
Boltzmann constant [N-m-K™!]
mass transfer coefficient in organic phase [m-s™']

rate coefficient permeating through inter-
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facial zone [m-s71]

k., = mass transfer coefficient in aqueous phase [m-s™1]
N = saturated concentration at interface [m~2]
P = distribution ratio of iron defined by C;/C;  [—]
R = mass transfer resistance [s'm~?]
r = reaction rate of interfacial reaction
[mol-m™~%-5s7!]

T = temperature K]
r = excess surface concentration [m~?%]
4 = fraction adsorbed [—1
bif = interfacial pressure [N-m™!]
¢ = coefficient to relate the concentration of

iron in neutral form to the total concen-

tration of iron [—]
{Subscripts)
b = bulk phase
i = at interface position
0 = organic phase
r = interfacial

w = aqueous phase
F = iron

TH = R;NHCI
THF = R;NHCIFeCl,

= organic phase
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SOME CHARACTERISTICS OF LIQUID MEMBRANE

WITH TRI-n-OCTYLAMINE

MAkoTO HARADA, FUuMIio YAMAZAKI, MOTONARI ADACHI
AND WATARU EGUCHI
Institute of Atomic Energy, Kyoto University, Uji 611
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Liquid Membrane, Extraction, Tri-n-Octylamine, Enrichment of Iron, Permeation Rate

The characteristics of the liquid membrane with tri-n-octylamine were elucidated. This liquid membrane
spontaneously concentrates metals without controlling the concentrations of the agent which provides the driving
force to the uphill transport of metals. The rate of iron permeation through the liquid membrane is dependent on the
diffusional resistances in two aqueous phases, the diffusional resistance in the membrane phase, and the interfacial
resistances. When the acid concentration in the aqueous raffinate phase is large, the interfacial resistances are
negligibly small, and the diffusional resistance in the membrane phase is also negligibly small at high amine
concentration in the membrane phase. In this case, the permeation rate is controlled only by the diffusional

resistance in the raffinate phase.

Introduction

Uphill transport by means of liquid membrane is
performed with the aid of an agent which provides the
driving force to the transport by coupling with a
carrier involved in the membrane.!'® If we use a
carrier such as a chelating agent, hydrogen ion con-
trols the uphill transport.” The hydrogen ion per-
meates through the membrane, causing uphill trans-
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port of the solute. Thus the concentrations of hy-
drogen ion in two aqueous phases must be controlled
to requisite values, because the concentrations vary
greatly during uphill transport. If, however, an amine
of high molecular weight is used as the metal carrier,
the concentrations of the agent providing the driving
force to the uphill transport would spontaneously be
maintained at the initial values during the transport
of solute, because the amine acts as a carrier at high
concentration of the agent and permeation of the
agent by the other mechanism hardly occurs com-
pared to the permeation of solute accompanied with
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