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Abstract: Currently, polymer membranes are widely used in water treatment processes. The
polymers commonly used for their production are polysulphone, polyacrylonitrile, or
polyethersulphone. However, there are many other raw materials from which membranes can be
prepared. In this work, polystyrene membranes were obtained by dissolving Styrofoam in
dimethyleformamide. The surface properties of the obtained membranes differed slightly from
those obtained for polymer membranes prepared from typical granulates. Retention testing in
ultrafiltration conditions showed that membranes made form waste polystyrene have similar
parameters to membranes made from pure polymers.
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1. Introduction
Polystyrene is a polymer commonly used in architecture as Styrofoam for building isolation. It also
has applications as packaging for glass and sensitive products like electronics, household products, and
other goods. Single-use products like cups and plates are important for waste management [1]. A new
idea for the application of Styrofoam waste is to use it as a raw material for water reclamation. At present,
different, non-waste polymers like polysulphone, poly(ether sulphone), polyacrylonitrile, polyvinylidene
fluoride, and others are used for membrane preparation [2]. The use of polystyrene for this purpose is
negligible. One of the available works touching on this subject was published in 2008 [3].
2. Materials and methods
Styrofoam waste as a raw material was taken from packaging filler and food packaging. Surface
water from the Kłodnica river in Katowice was chosen as the feed. Casting solutions were prepared
from Styrofoam and N,N,-dimethylformamide in three different concentrations: 16%, 18%, and 20%.
The properties of the membranes were tested: porosity was determined by a gravimetric method,
hydrophobicity and hydrophilicity were determined using a goniometer, and the thickness was
measured in micrometers. Filtration tests were conducted in an Amicon® system (Merck Millipore,
Billerica, MA, USA) under 0.1 MPa of pressure. The permeate was collected and the values of
pollution indicators were measured and compared to the values in surface water. The pH and
conductivity were measured using a pH meter and conductometer, respectively. The color, turbidity,
nitrates, and phenol index were measured using a Spectroquant® Pharo 100 spectrophotometer
(Merck Millipore, Billerica, MA, USA) connected with a TR 620 thermoreactor. The absorbance was
also tested.
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3. Results
For pristine membranes, the angle of wettability of the membrane, regardless of which
membrane, was in the range of 50 to 60°. All membranes were described as rPS (recycled polystyrene)
with number which means wt. % contribution in casting solution. As can be seen in Table 1, the
results obtained in the porosity tests for the rPS 18 and rPS 20 membranes assumed values ranging
from about 57% to 62%; thus, they show a similar pressure characteristic. The rPS 16 membrane had
a different porosity, below 40%, which directly caused its low permeability at low pressures from
0.05 to 0.1 MPa, as seen in Figure 1.
Table 1.Contribution of ingredients in the casting solution.

Membrane Type
rPS 16
rPS 18
rPS 20

Porosity (%)
38.52 ± 2.27
62.47 ± 3.11
57.10 ± 5.31

Contact Angle (%)
53.30 ± 3.98
49.60 ± 4.86
58.50 ± 5.50

In the retention tests conducted, reductions in all indicators were achieved for membranes with
lower permeability. The permeability values are presented in Figure 1. This phenomenon has been
widely observed, for example, by Tiron et.al. [3]. The highest reduction levels in all membranes were
observed for color and turbidity of around 60%–80%. Reduction levels around the mean were
observed for phenol index and absorbance of around 20%–45%. Phenols have low molecular weight
and should not be removed in low-pressure membrane techniques. However, these substances can
be adsorbed by other, bigger particles or create complexes with them. The lowest reduction levels
were observed to be related to nitrates and conductivity. Reductions in these indicators were not
possible for substances relating to these parameters because of their low molecular weight. In contrast
to phenols, they are not able to create bigger particles or be adsorbed by other high-molecular-weight
substances. Conductivity is a parameter connected with salts dissolved in water. Salts and nitrates
are removed only in a reverse osmosis process [4,5].

Figure 1. The permeability of the prepared membranes relative to transmembrane pressure.

4. Conclusions
The achieved results concerning the membranes’ surface properties and retention levels suggest
that polystyrene can be used as a raw material for ultrafiltration membrane preparation. The
transport and surface properties of these membranes are similar to those in the results achieved in
other works with poly(ether sulfone) membranes. The high level of rejection of phenols may be
evidence of the high potential of these membranes for removal of this kind of pollutant. The
properties of these membranes may also be improved by the implementation of nanocomposites [6].
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The use of Styrofoam as a raw material decreases the costs of membrane preparation and will
contribute to a smaller amount of waste being generated in the laboratory.
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