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Abstract: This article is focused on technological properties of flocculants of different molecular weight, charge
and degree of ionicity. The dependence of swelling, adsorption and the rate of oil film formation on the surface
of wastewater formed during the production of oil capsules on flocculant type was determined. Nanopolymer
flocculants of different molecular weight and degree of anionicity were studied. The use of these flocculants
in industry required a thorough study of their technological properties (swelling, adsorption and ability to form
a stable oil film on water surface during purification of wastewater from oil capsule production).
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INTRODUCTION

 Pharmaceutical enterprises are currently significantly
contributing (both in quantitative and qualitative terms)
to water pollution [1]. These enterprises have an
irreversible adverse effect on the environment. Scientists
from all over the world are searching for efficient methods
for purifying wastewater from pharmaceutical industry,
including wastewater formed during production of oil
forms of drugs [2].

 The use of synthetic nanopolymer flocculants is one , h
of the novel areas in purification of wastewater containing Fig. 1: Swelling curves for nanopolymer flocculants:
oil emulsions. 1 – M 919; 2 – M 345; and 3 – M 525, respectively.

Nanopolymer flocculants of different molecular
weight (from 10 to 25 million) and degree of anionicity The wastewater used in the experiment was a stable
(from 30 to 70) were used in this study [3]. The application oil-in-water emulsion sampled directly from the treatment
of these agents in industry required a thorough study of facilities of Artlife LLC.
their technological properties (swelling, adsorption and Preparation of flocculant solutions is the key stage
ability to form a stable oil film on water surface during during purification of wastewater from oil capsule
purification of wastewater from oil capsule production) production [5]. The preparation process comprises the
[4]. stages of nanopolymer swelling and dissolution [6].

According to the results of studying the standard
physicochemical properties, the following flocculants Methods: The swelling process was studied by measuring
were  selected:  Magnafloc  525 (M 525), Magnafloc 345 the height of a column of nanopolymer wetted with water
(M 345) and Magnafloc 919 (M 919). and determining the swelling index [7].
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Fig. 2: Adsorption isotherms for flocculants:
1 – M 919; 2 – M 345; and 3 – M 52, respectively

 The data obtained for swelling of nanopolymers were
used to calculate the swelling index  and to build the
diagram of swelling kinetics of flocculants under study
(Fig. 1).

Nanopolymer adsorption on the surface of oil film of
wastewater from capsule production was studied using a
VPZh-2 viscosimeter [8]. Figure 2 shows the results of
comparative experiments on nanopolymer adsorption on
oil emulsion particles in the logarithmic form.

Table 1 Lists the adsorption values of nanopolymers
with the fixed concentration of 0.5%, which were
calculated using the Freundlich equation [9].

The rate of oil film formation on the water surface
after the tested flocculants had been added was
determined in this study. The rate of oil film formation in
the presence of nanopolymers was measured.

 The results are summarized in Table 2.
It follows from Fig. 1 that the resulting graphic

dependences for the processes with unlimited swelling are
asymmetric and have a clearly pronounced maximum: the
first (ascending) branch of the diagram corresponding to
the actual swelling time is long (2/3 of the total time), while
the second (descending) branch characterizing the
dissolution of samples is short (1/3 of the total time
required to prepare solutions). In other words, the
swelling stage is the limiting process of preparing
flocculant solutions [10].

 It follows from the results that the swelling time of
the tested flocculants decreases for the series
M919>M345>M525 at close swelling indices. This fact
can be attributed to the features of chemical structure of
flocculants, in particular, to different hydrophobicity
values of swelling particles. Swelling results in changes of
the rate of penetration of water molecules into the
resulting gel. The longest swelling time was observed for
flocculant M 919. The increased swelling time for
flocculant  M  919  can  be  attributed  to  the  fact that it
has  a  higher  hydrophobicity  as  compared  to  the  other

Table 1: Flocculant adsorption.
Flocculant Adsorption
M 919 2.7
M 345 2.0
M 525 2.5

Table 2: The rate of formation of an oil film on wastewater surface in the
presence of flocculants.

Flocculant Rate of film formation, s Flocculant dose, ml
M 919 5 0.35
M 345 7 0.40
M 525 10 0.42

flocculants under study. Nanopolymer particles are
coated with a discontinued shell that has some gaps due
to the existence of sharp facets on powder flocculant
crystals. A solvent penetrates into these gaps at a certain
rate. Water can gradually penetrate through the damaged
film to reach the solid flocculant particles, thus increasing
the volume of the solid phase (swelling). The swelling and
dissolution processes are significantly faster for M 525.
The reason behind this fact is that the degree of
hydrophobicity of the surface of polymer particles is
lower than that of other flocculants due to the higher
hydrolipophilic balance. The stronger branched molecules
of flocculants M 345 and M 919 repel water to a greater
extent, thus slowing down flocculant swelling [11].

These results imply that the greatest nanopolymer
adsorption on the oil film surface is observed for the
highly anionic flocculant M 919 due to the optimal values
of the molecular weight and hydrophobicity. An increase
in the hydrolipophilic balance reduces adsorption 2.5-fold.

It  follows from the tabulated data (Table 2) that
high-anion flocculant M 919 is characterized by the
highest rate of oil film formation on the wastewater
surface. This fact can be explained by the mutual effect of
such parameters as molecular weight of the flocculant, its
degree of anionicity, folding degree of the macromolecular
globule and the adsorption interactions between
flocculants and oil particles. Low-anion flocculant M 525
is characterized by the lowest rate of oil film formation.

CONCLUSIONS

Thus, the novel methods for purifying wastewater
from oil capsule production using synthetic
nanopolymers were studied in this article. The
technological properties of synthetic nanopolymers of
different  degrees  of  anionicity  and molecular weight
were investigated. The effect of flocculants on the
formation of an oil film, which is easily removed
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