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ABSTRACT

This paper reports the permeation of 10 aromatic amines through emulsion liquid
membranes and estimates of the apparent diffusion coefficients and apparent mov-
ing rates.

INTRODUCTION

The technique of liquid membranes is astonishing if one considers its
procedure simplicity. Both emulsion liquid membranes (ELLM) and liquid
supported ones are widely used in various fields: the concentration of
metal ions from wastewaters (1-4), the elimination of radioactive metals
from the waters of nuclear power plants (5, 6), the removal of organic (7,
8) and inorganic (9) pollutants from residual waters, the separation of
hydrocarbons and gases (10), some medical techniques (11).

An emulsion liquid membrane consists of a liquid film which separates
a continuous source phase and an internal discontinuous phase (Fig. 1).
It may be achieved from a multiple emulsion of the W/O/W or O/W/O
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FIG. 1 Liquid membrane.

type. This separation technique exhibits the advantage of a very high
transfer surface (10° m?*/m?3).

EXPERIMENTAL
Materials

We tested 10 aromatic primary amines from Fluka or Merck, purified
by distillation or recrystallization. The membrane consisted of kerosene,
n- and isoalkane fractions (carefully purified to eliminate any traces of
aromatic hydrocarbons), and SPAN 80 emulsifier (Fluka). Analytical solu-
tions of HCI (0.1 to 0.5 N) were used as the internal phase. Na,H-
PO, 12H,0O was used as the buffer (pH 8) when the samples were ana-
lyzed.

Analyses

The permeation process was followed by a UV-VIS spectrophotometer
(M40 Carl Zeiss Jena) at pH 8 (pH-meter OP-205/1 Radelkis). The samples
were analyzed (final concentration, after treating the source phase with
ELM) at Aax for each amine, and the concentrations were determined
from specific calibration curves. The water content of the organic material
was determined by the Karl-Fischer method.
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FIG. 2 Influence of membrane material/inner phase material ratio. (x) n = f(membrane
material/inner phase ratio). (@) ¢, = f(membrane material/inner phase ratio).

Procedure

Initially, some experiments for choosing the membrane material, the
inner phase material/membrane material ratio, and inner phase concentra-
tion were performed (Figs. 2 and 3).

Co-x10°
mole/L @’@ﬂ~@\@ 100 9.0,
0.4 80
03 . 60
0.2 40
01 20

03 1 2 3 4

Kerosene/HC! 05n rdfio
(val fvol}

FIG. 3 Influence of inner phase concentration. (©) n = f(inner phase concentration). (®)
¢ = f(inner phase concentration).
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The primary emulsion (internal phase/organic phase) was achieved
using a seven-branched stirrer RW 47 (with continuous adjustable rota-
tion) as follows:

Membrane material, cm? 20
Internal phase, cm? 20
SPAN 80 emulsifier, % 8
Stirring time, minutes 15
Stirring speed, rpm 1200

The particle size lies between 2 and 5 pm.
The ELMs were obtained by dispersing the primary emulsion in the
source phase at different ratios (Fig. 4):

Primary emulsion/source phase ratio 1:5 + 1:15
Contacting time, minutes 0.25-10
Stirrer speed, rpm 150
Temperature, °C 20 = 2
Diameter of globules, mm 05 +3

The initial concentration of the amines (Table 1) in the source phase
was 3.5 X 1073 mol/L. It was chosen according to the solubility limit of
certain amines and the possibility of comparing the transfer phenomena.

c, 2107

mole/L D %
0.8 80
08 . 60
0.4 40
0.2 20
4

1/15 4/10 4/7 1/5
ELM/source phase ratio,
(vol/vol )

FIG. 4 Influence of ELM/source phase ratio. (®) m = f(ELM/source phase ratio). (@) c;
= f(ELM/source phase ratio).
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TABLE 1
Aromatic Amines®
Permeation D'

Amine Ky yield (n%) o* E, (min~1) n' (J/mol-min)
Aniline 4.1 x 10710 9 +0.087 1.24 0.3707 1.522 x 10*
o-Nitroaniline 1 x 10-4 44.3 —0.069 —_ 0.0506 2,077 x 1073
m-Nitroaniline 2.88 x 10712 96 -0.170 — 0.1544 6.338 x 10~°
p-Nitroaniline 1x 101 28.9 0.710 — 0.0306 1.256 x 10-%
o-Toluidine 2.45 x 10-10 99.2 1.460 —_ 0.2638 1.083 x 1074
m-Toluidine 490 x 10-1° 99.1 0.00 0 0.4177 1.715 x 10~4
p-Toluidine 1.26 x 10-° 99.1 -0.10 ~0.07 0.2382 9,777 x 10°°
o-Cl-aniline 450 x 10~12 96.7 0.37 0.18 0.1556 6.387 x 1073
o-Br-aniline 3.39 x 1012 95.3 0.38 0.00 0.2302 9.449 x 10°°
o-Ethylaniline 2.34 x 10-1° 99.0 1.39 -0.75 0.1617 6.638 x 10°°

in — €

% The Ky, values are taken from Ref. 13. 1 = C‘"C_ L x 100.
mn

RESULTS AND DISCUSSION

The permeation of the amines is achieved by simple diffusion coupled
with chemical reaction in the internal phase. The ionic species of the aryl
ammonium chloride are insoluble in the organic membrane; the permea-
tion is uni-directional.

Considering the diffusion coefficient D, the transfer area A, and the
thickness of liquid membranes are difficult to determinate, the first law
of Fick may be expressed as (12):

Cin

In—=" =D’ (VL)B

Cr

Vsph

where ¢, = initial concentration of source phase (mol/L)

¢ = final concentration of source phase (mol/L)

D' = apparent diffusion coefficient (min~?)

Vem = primary emulsion volume (cm?)

Vspn = source phase volume (cm?)
0 = treatment time (minutes)

(D

The apparent diffusion coefficient calculation allows for the computa-

tion of n’ for the species.

The transport yields are high for very low permeation times (Fig. 5).
This means that diffusion through the membrane is not the rate-determin-
ing step.
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FIG. S Variation of amines concentration vs time.

Changes in membrane thickness, which may be achieved by changes
of the emulsifier concentration, the phases ratio of the primary emulsion,
or the stirring speed, do not result in significant changes of the transporta-
tion yield. This indicates the remarkable mobility of the amines studied.

It is known (13) that

D =n xRT @

where D is the diffusion coefficient and » is the species moving rate.
One may assume that Eq. (2) is similar to Eq. 3):

D' =n XRT 3)

where D' is the apparent diffusion coefficient and n’ is the apparent mov-
ing rate of the specie (Table 1).

As can be seen from Table 1, the apparent diffusion coefficients D' and
the corresponding apparent moving rates n’ are poorly related to the Ky
values of the amines. This means that the permeation process is practically
insensitive to the basicity of amines and that the rate-determining step is
not the chemical reaction in the internal phase, i.e., protonation of the
amines. It follows that the rate-determining step should be one of the
two diffusion processes; diffusion of amine molecules through the liquid
membrane or diffusion of the arylammonium ions from the liquid mem-
brane—internal phase interface.

In order to establish a simple linear free energy relationship between
the permeation rates (expressed by the apparent diffusion coefficients D')
and the steric and polar substituent effects, linear correlations with the
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E, and o* Taft substituent constants (14) were attempted. A plot oflog D'x/
DCH; values versus steric substituent constants Es for ortho-substituted
anilines (Fig. 6) gave a small correlation coefficient (r = 0.8325), suggest-
ing that the steric interaction mechanism is different from that of the acid-
catalyzed hydrolysis of esters, which is the standard reaction for defining
E-Taft values.

One may also to assume that steric hindrance is of little importance for
the permeation process of amines through the membrane.

A better correlation seems to exist with the polar substituent constants.
A plot of log D'x/D’ versus the o* Taft substituent constants (for ortho-
substituted derivatives) and the o-Hammett constants (15) (for meta- and
para-substituted anilines) gives a correlation coefficient of 0.89 and a slope
of —0.494 (Fig. 7). Since the absolute value of the slope is small, one may
assume that the influence of polar effects on the rate of diffusion through
the liquid membrane is of little importance. The negative value of the
slope indicates that permeation through the liquid membrane is facilitated
by electron-withdrawing substituents.

Consider the two diffusion processes assumed to control the permeation
of amines. The former, that is, the diffusion of amine molecules through
the liquid membrane should be more sensitive to electronic and particu-
larly steric effects than the results from the slopes of the Taft correlations
indicate. The latter is the diffusion of the arylammonium cations (the inter-
nal phase is a 0.1-0.5 N HCl solution) from the membrane—internal phase
interface determined mainly by the solvation of the cations, which is much

o
°
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log(D'x / DCH3)
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FIG. 6 log (D'x/DCH3) = f(E,).
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FIG. 7 log(D'x/D") = f(o).
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FIG. 8 Electrical breakup at U = 2000 V.
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less influenced by electronic or steric effects. It follows that the rate-
determining step of permeation is probably the diffusion of arylammonium
cations from the membrane—internal phase interface. This is known as
the **polarization of concentration’” phenomenon and has also been ob-
served for certain other species studied.

The liquid membrane experiments did not exhibit strong effects of swell-
ing or breaking up.

The exhausted ELMs were electrically broken up (16-18) in a cylindri-
cal cell provided with a vertical isolated central electrode and a cell-em-
bracing second one at voltages (U) of 1000-4000 V and frequencies (v)
of 100-2000 Hz. The breaking-up process was followed by measuring the
amount of separated water with respect to the total amount of emulsion.
The data were processed using a Simplex optimized nonlinear regression
program (IBM/PC/XP computer):

H/H() = b1 + bz‘e-b“ (4)

where H = the height of the separated water layer (mm)

%o U=4000V

100 200 ¢S

FIG. 9 Electrical breakup at U = 40600 V.
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H, = the initial height of the emulsion layer (mm)
t = time (seconds)
by, by, bs = parameters

It may be observed that at lower voltages the influence of the frequency
is more pronounced; at higher voltages the frequency effect is less impor-
tant (Figs. 8 and 9).

The breaking up of the exhausted emulsion by this procedure is not
complete (maximum separation extent H/Hy = 0.7). The organic material
retains between 0.8 and 1.81% water (determined by the Karl-Fischer
method).

CONCLUSIONS

The ELM method allows for the separation and concentration with good
yields of aromatic amines from wastewater by simple diffusion coupled
with chemical reaction in the receiving phase. The exhausted membrane
was best broken up by using an alternative electric field of 4000 V and
2000 Hz with promising results. The apparent diffusion coefficients and
the apparent moving rates for the amines studied have been estimated.

REFERENCES

1. J. D. Lamb, 1. L. Christensen, and R. M. Izatt, J. Chem. Educ., 57, 227 (1980).

2. J. Draxel, R. Marr, and M. Protsch, Proceedings of the 2nd Engineering Foundation
Conference, 1988, p. 204.

3. M, Tanigki, T. Shiode, M. Ueda, and W. Eguchi, Sep. Sci. Technol., 23(10&11), 1145
(1988).

4. J. Strzelbicki and S. Schlosser, Hydrometallurgy, 23, 67 (1989).

5. R. Chiarizia and E. P. Horwitz, Solv. Extr. Ion Exch., 8(1), 65 (1990).

H. C. Hayworth, W. S. Ho, W. A. Burns Jr., and N. N. Li, Sep. Sci. Technol., 18(6),

493 (1983).

X. Zhang, Q. Fan, and Z. Lin, Water Trear., 3, 233 (1988).

R. P. Cahn and N. N. Li, Sep. Sci., 9(6), 505 (1974).

X. Quian, Water Treat., 4, 99 (1989).

M. Teramoto, H. Tatsuiama, T. Yamashiro, and Y. Katayama, J. Chem. Eng. Jpn.,

19(5), 419 (1986).

11. H. T. Tien and Z. Salamora, Bioelectrochem. Bioenerg., 22, 211 (1989).

12. T. A. Hatton, E. N. Lightfoot, and N. N. Li, Proceeding of Joint AIChEIC/IESC Meet-
ing, Beijing, China, September 1982.

13.  S. Tuwiner, L. Miller, and W. E. Brown, Diffusion and Membrane Technology, Rein-
hold, New York, NY, 1962.

14. D. D. Perrin, Dissociation Constants of Organic Bases in Aqueous Solution, Butter-
worths, London, 1965.

=

—_
S



11: 45 25 January 2011

Downl oaded At:

AROMATIC AMINE TRANSPORT THROUGH MEMBRANES 2229

15. 1. E. Leffler and E. Grunvald, Rates and Equilibria of Organic Reactions, Wiley, New
York, NY, 1963.

16. A. Kriechbaumer and R. Marr, Chem.-Ing.-Tech., 55(9), 700 (1983).

17. T. C. Scott, Sep. Purif. Methods, 18(1), 65 (1989).

18. J. Draxler and R. Marr, Int. Chem. Eng., 33(1), 1 (1993).

Received by editor November 8, 1995



