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Abstract—The possibility of the oxidative destruction of isononylphenol ethoxylates in micellar solutions
with critical micellization concentrations of up to 3.5 by the Ruff system (hydrogen peroxide in the presence
of Fe** ions) is established in principle. It is shown that iron hydroxocomplex polymerization, which leads to
the formation of large colloid particles but does not lower the efficiency of a surfactant oxidation, can proceed
in a solution at pH 3—35. It is established that the concentration of micelles in a Neonol solution falls sharply
during oxidation at the optimum ratio of surfactant and oxidative reagents, and they virtually disappear at the
initial stage of oxidation. In contrast, oxidation results in growth of the sizes of micelles upon a lack of oxida-

tive reagents.
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INTRODUCTION

The popular alkylphenol ethoxylate domestic sur-
factants have a major drawback: the compounds bio-
degrade slowly. The alkylphenol ethoxylates can
remain on the market if an alternative scheme for their
mineralization is developed. There are few known
works dealing with the destruction of alkylphenols and
oxyethylated alkylphenols. The destruction of the
commercial product Igepal CA 520, consisting of
octylphenol oxyethylates with different degrees of
oxyethylation, was studied in [1], and the surfactant
was shown to decompose under the action of UV radi-
ation in the presence of iron(III). It is also known that
the destruction of nonylphenol ethoxylate can pro-
ceed during ozonation or combined treatment with
ozone and UV radiation [2].

We showed earlier that the Ruff system (hydrogen
peroxide in combination with iron(III) ions) is able to
oxidize alkylphenol ethoxylates in solutions with con-
centrations below the critical micellization concentra-
tion (CMC), and we studied the kinetics of the oxida-
tive destruction on the basis of colorimetric and tenso-
metric data [3—6]. However, the question of the
intermediate stages of this process remains open. Con-
sidering the ability of compounds with a diphilic struc-
ture to aggregate in solutions, and the tendency of Fe3*
hydroxocomplexes toward polymerization, it is of
interest to establish the presence of these effects in the
process under different conditions (surfactant con-
centration, pH, temperature). Such an opportunity is
offered by dynamic light scattering.

EXPERIMENTAL

Neonol—oxyethylated isononylphenol
CoH,,C,H,(OCH,CH,),OH (OO0 Nizhnekamsk-
neftekhim, Russia) with an average oxyethylation
degree of n = 10 (Neonol AF 9—10) was used in this
work.

The Neonol was oxidized in an aqueous solution of
hydrogen peroxide in the presence of iron(III) chlo-
ride. The initial concentration of Neonol was equal to
its CMC or higher, and the concentrations of the oxi-
dative reagents were chosen in dependence on this
value. All of the solutions were prepared with the use
of twice distilled water. The oxidation of Neonol was
performed as follows: specified volumes of a 0.25-M
iron(III) chloride solution and a 0.40-M hydrogen
peroxide solution were added to an aqueous Neonol
solution (0.25 ml) of a certain concentration.

The progress of the oxidation was traced by the
change in the solution surface tension, which was
determined by the ring method on a Kriiss tensimeter
at a specified temperature (25°C), as described in [6].

At the same time, the process was controlled by
means of dynamic light scattering. Measurements
were performed on a Zetasizer Nano ZS device (Mal-
vern Instruments), which allowed us to establish the
distribution according to size and to determine the
average hydrodynamic size of scattering particles in
the solution, including surfactant micelles. Since the
presence of dust microparticles in solutions compli-
cates estimates of the size of micelles, solutions of the
surfactant and oxidative reagents were filtered through
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Fig. 2. Change in surface tension ¢ during the oxidative
destruction of a Neonol AF 9—10 micellar solution.

the above concentrations in the absence of the surfac-
tant.

As aresult of these observations, it was of interest to
perform the oxidation of Neonol in a strongly acidic
medium. At pH 1, the oxidative destruction was very
slow: the surface tension did not change at all for the
first three hours (33.0 mN/m), and the destruction of
the surfactant was terminated only after 12 days, when
the surface tension reached 70.5 mN/m. It is impor-
tant that such an acidic solution did not include col-
loid particles, i.e., there was no aggregation of iron-
containing particles. The obtained results conform
completely to the concepts in [9], according to which
nonhydrolyzed iron cations exhibit low activity in the
radical destruction of hydrogen peroxide.

To study the oxidative destruction of Neonol in a
micellar solution, we selected the following concen-
trations of reagents: 2.6 x 10~ mol/1 (3.25 CMC) of
Neonol, 68.2 mmol/l of hydrogen peroxide, and
4.1 mmol/1 of Fe3* ions. At the specified molar ratio of
the components in a reaction mixture of 1 : 262 : 16, a
temperature of 25°C, and a pH of 5, the decomposi-
tion of the surfactant was almost terminated in 5 h.
The change in the surface tension due to the reduction
of the surfactant concentration during oxidation is
shown in Fig. 2.

Surfactant micelles, which were easily detected at
the chosen concentration in the initial solution, were
not registered 15—20 min after the oxidant was added,
and large particles appeared whose size at the initial
stage varied within a rather wide interval (Fig. 1b). In
all likelihood, the obtained data reflect the dynamic
character of the process, during which the destruction
of micelles, the increase in their size, and the forma-
tion of hydroxoiron complexes occur simultaneously.
The influence of oxygen microbubbles on the mea-
surement results cannot be excluded either, as the con-
centration of hydrogen peroxide was quite high at the
initial stage of the reaction. However, only colloid
iron-containing particles remained in the solution

immediately after the process was terminated and for
the next several days (Fig. 1¢).

It is likely that the oxyethyl chain of Neonol under-
goes destruction at the initial stage of the oxidant’s
action on micelles and gradually becomes shorter, thus
leading to a reduction in Neonol solubility and the
coalescence of small surfactant micelles into larger
micelles near the cloud point. When performing oxi-
dation in a micellar solution with the same concentra-
tions of reagents but at a lower temperature of 15°C,
we managed to observe a micelle size increase caused
by the shortening of the surfactant oxyethyl chain. In
the first two hours of the process, the average diameter
of the scattering particles grew gradually from 7.8 to
12.7 nm. Three hours later, there were no micelles,
and the process proceeded as described above.

The growth of micelles at the initial stage of
destruction was also observed upon a lack of oxidant.
At a Neonol : hydrogen peroxide : iron(I1I) salt molar
ratio of 1.0 : 51.6 : 3.2 and a pH of 1.5, micelles grew
gradually to 16 nm for the first four hours, and the
solution clouding typical of surfactants with a short
oxyethyl chain was observed in 6 h; i.e., the size of the
aggregates fell outside the limits of measurements,
exceeding 6.0 um. Oxidation continued slowly, how-
ever, accompanied by a slight rise in the surface ten-
sion to 43.0 mN/m over the next 20 days and a slow
reduction in the sizes of the scattering particles. The
addition of a fourfold excess of oxidant relative to its
initial amount in the clouded reaction mixture led to
the rapid disappearance of light scattering and a rise in
surface tension to 70.5 mN/m in 1 h, indicating that
the destruction of the surfactant was terminated.

CONCLUSIONS

Our results allow us to assert that the concentration
of micelles in a Neonol solution falls sharply during
oxidation at the optimum ratio of surfactants and oxi-
dative reagents, and they virtually disappear at the ini-
tial oxidation stage. Oxidation proceeds with a gradual
increase in the surface tension of the solution, in com-
pliance with the regularities established earlier for
nonmicellar solutions [4—6]. In contrast, oxidation
leads to the growth of the sizes of micelles upon a lack
of oxidative reagents.

Hence, the possibility of the oxidative destruction
of nonylphenol ethoxylates in micellar solutions with
a concentration up to 3.5 CMC by the Ruff system was
established in principle, based on the our analysis of
the colloid-chemical effects of the process.
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