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Stage filtration of wastewater from rose processing
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Membrane processes are applied in different industrial sectors, including treating wastewater to restore its quality.
Ultrafiltration polyacrylonitrile membranes with molecular weight cut-off of 1 kDa (UF1) and 25 kDa (UF25) were used
individually in a single-stage process and sequentially in a two-stage ultrafiltration process, with the aim to purify
wastewater from hydrodistillation of oil-bearing roses. Wastewater contains mainly non-volatile phenolic compounds and
is considered as a biopollutant.

In a single-stage operation the permeability of the UF1 membrane was 13 1/m2.h, and that of the UF25 was 20 1/m2.h
with a rejection of 58% on the total polyphenols, decreasing from 11.3 mg GAE/ml to 6.6 mg GAE/ml. In a two-stage
process, the UF25 membrane retains the values, while the permeability of UF1 increases to 28 1/m2.h and reaches a
rejection of the total polyphenols up to 91%, with their concentration decreasing to 1.02 mg GAE/ml.

The use of membranes in a two-stage ultrafiltration mode increases the efficiency of the process. The concentrated
and separated polyphenols in the retentate and permeate from the second stage were-microbiologically purified, which

provided an opportunity for their direct application in food, pharmaceutical, cosmetic, etc. products and additives.

Keywords: membrane processes, oil-bearing roses, industrial wastewater, recovery of bio-resources

INTRODUCTION

The modern trends in the implementation of a
circular economy promote the development of
technological models that rely on the reuse of waste
products and the extraction of resource components
[1]. Membrane technologies have shown
effectiveness in water purification and extracting of
biologically active components, making them a
potential solution for this approach [2]. The agro-
industrial sector's rose processing on a large volume
generates significant amounts of by-products,
including solid and liquid waste streams [3, 4].

The treatment of wastewater from the
hydrodistillation of oil-bearing rose flowers is
important for protecting ecosystems and preventing
water pollution, as it reduces the risk of
eutrophication [5]. Purifying and restoring the
quality of wastewater is primarily achieved through
conventional methods [6-10]. According to the
principles of sustainable development and the goals
of bioeconomics, it is necessary not only to recycle
wastewater but also to extract biologically active
components with high potential for added value [11,
12]. Recovering these resources will reduce waste-
related costs and generate additional income.
Membrane processes such as microfiltration (MF),
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ultrafiltration (UF), nanofiltration (NF) and reverse
osmosis (RO) effectively purify wastewater from
various sources, retaining substances that act as
pollutants, including microorganisms, organic
matter, poly- and oligomeric compounds. High
concentrations of these substances can lead to
reversible and irreversible membrane fouling
negatively impacting permeability and operational
longevity [13, 14]. These undesirable effects can be
overcome by utilizing various membranes and
processes in combination or hybrid form, revealing
their potential [15-17]. In ultrafiltration, porous
membranes are predominantly used, typically
polymeric, with various structures and morphologies
[18]. These membranes determine the molecular
weight limits that can be retained by the membrane
[19, 20]. The most commonly available polymer
membrane brands are produced using the phase
inversion method [21, 22].

When selecting a membrane, the user considers
the practical assessment of its performance based on
operating characteristics such as permeability and
selectivity [23-25]. These values are interdependent
and involve a compromise. Modifying membranes
through changes in parameters like phase inversion
can enhance their properties [26]. Choosing a
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membrane can be challenging because two
membranes with the same molecular weight cut-off
(MWCO) from different manufacturers may have
different pore sizes and operating characteristics.
Additionally, = membranes  exhibit  varying
capabilities and behaviors based on the qualitative
and quantitative composition of the fluid [27].

This study aims to investigate the ultrafiltration
treatment of wastewater after hydrodistillation of
oil-bearing roses using polyacrylonitrile membranes
with molecular weight cut-offs of 1 kDa (UF1) and
25 kDa (UF25). These membranes will be used
separately in a single-stage process and sequentially
in a two-stage ultrafiltration process.

Implementing these processes can lead to more

efficient resource utilization and enhance
environmental sustainability.
EXPERIMENTAL

The wastes were collected after distillation of
fresh rose flowers from Rosa damascena Mill. f.
trigintipetala Dieck (R.D.). The process was used
for obtaining essential oil at semi-industrial
processing line at the Institute of Roses and
Aromatic Plants (IRAP) in Kazanlak, Bulgaria. The
plantations were grown according to established
technology in the experimental field of the Institute.
The liquid waste was stored at a temperature of -
20°C until its membrane filtration and was pre-
filtered through standard filter paper.

PAN membranes were formed from a solution of
polyacrylonitrile with MWCO of 25 kDa using a
solvent — N,N-dimethylformamide (DMF) and with
a MWCO of 1 kDa using as solvents dimethyl
sulfoxide (DMSO) and DMF, products of Fluka,
Germany. The homogeneous polymer solutions
were filtered through a textile filter and after
deaeration were drawn as a film onto a calendered
polyester substrate attached to a glass plate. The
polyester mat brand FO-2403, manufactured by
Viledon Filter, Germany, has a density of 100 + 5
g/m* and a thickness of 2 + 0.1 nm. The plate was
immersed in a laboratory bath with distilled water at
a temperature of 25 + 1°C for non-solvent induced
phase separation (NIPS). During NIPS, PAN
coagulates to form a porous membrane, which is
then intensively washed with water until the solvent
is completely removed. The washed membrane is
then subjected to heat treatment in distilled water in
the temperature range of 60 — 90°C.

The membranes were tested in a laboratory
installation with a cylindrical module for
horizontally installing of round flat membranes. The
volume of the membrane filtration module with
perpendicular pressure supply is 500 ml. The tests
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were conducted with a filtration volume of
wastewater of 400 ml resulting in up to a 75%
reduction.

The values of the permeability (J, 1/m%h) and
rejection (R, %) of the PAN membrane at different

pressures were calculated by the following
equations:
] =V/(S.1),]/m%h (1)

where: J - flux permeate through the membrane,
1/m*.h; V - volume of permeated flux, I; S - effective
area of tested samples, m?; 7 - record time, h;

R=2"% 100, % 2)
C;

where: R - rejection of the membrane, %; C -
concentration of retained matter in the feel, g/l; C; -
concentration in the permeate, g/1.

The total phenolic content (TPC) was determined
by the Folin-Ciocalteu assay [28]. The results were
evaluated as gallic acid equivalent (mg GAE/ml) by
linear regression equation of the calibration curve —
y = 2.5x+0.108 and R? = 0.9893 at 765 nm. The
calibration curve was constructed using various
concentrations of gallic acid ranging from 0.02 to
0.10 mg/ml.

RESULTS AND DISCUSSION

The formed membranes are a composite structure
consisting of an asymmetric porous PAN layer
supported by a polyester backing [29]. This structure
contributes to the mechanical resistance of the
membrane, with its specific morphology designed to
ensure the passage rate of liquid matches the driving
force and selectively retains the composition of the
filtered liquid based on the MWCO.

The membranes were used separately in a
barofiltration process, with pressure applied above
the wastewater and on the membrane, respectively.
The results for the permeability of the membranes
versus filtration volume are presented in Figure 1,
demonstrating better functionality in terms of
permeability for the UF25 membrane compared to
UF1.
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Fig. 1. Hysteresis curves of wastewater flux
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The permeability of UF25 sharply increases to
14.21 I/m>h at 0.1 MPa, then smoothly reaches
20.60 1/m?.h at the maximum applied pressure of 0.5
MPa. For UF1, the permeability smoothly increases
from 5.28 I/m*h at 0.1 MPa to 13.7 I/m*h at 0.4
MPa, with a slight decrease at 0.5 MPa. This
decrease suggests a challenging flow, likely due to
increase in the concentration of retained components
in the interface with the membrane surface [30, 31].

Therefore, we can assume that 0.4 MPa is the
effective limit working pressure for this membrane.
The different behavior of the membranes is
determined by the specifics of the structural
morphology, which is a result of the thermodynamic
conditions during their formation [32]. The course of
the curves depends on the pores actively occupied
during the filtration process. Even at low pressure,
pores with a larger opening diameter are permeable,
while pores with a smaller diameter gradually
become active as pressure increases. The linear
dependence of permeability on pressure shows a
hysteresis area, which corresponds to the
deformation reaction of the membrane structure
during operation. The hysteresis area is visually
similar for both membranes at the same mechanical
load magnitude. However, the area between 0.1 and
0.3 MPa is noticeably larger for UF25 due to the
greater asymmetry in the pore structure of the
membrane [33].

Individually applied in a single-stage wastewater
filtration process, the rejection values of UF1 and
UF25 are shown in Figure 2. The values for the two
membranes vary based on the applied pressure and
molecular weight limit of retention, while
maintaining the same qualitative and quantitative
composition of the filtered material. The retention of
the membranes was assessed against the determined
analytical total polyphenol content of 11.3 mg
GAE/ml in the wastewater.
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Fig. 2. Membrane rejection of TPC from the
wastewater

The rejection of UF1 was consistently higher
than that of UF25 at all pressures. Both membranes
showed peak rejection values for polyphenolic
components at 0.3 MPa. At this pressure, UF25 had

arejection rate of 95.75%, while UF1 had a rejection
rate 0f 97.7% (Fig. 2). This translates to polyphenols
passing through the UF25 membrane at 0.48 mg
GAE/ml and only 0.25 mg GAE/ml through UFI.
Consequently, 10.82 mg GAE/ml were eliminated
from the wastewater using the UF25 membrane, and
11.05 mg GAE/ml with the UF1 membrane. The
membrane rejection percentage values in the two-
stage process are outlined in Table 1.

Table 1. Rejection of the two-stage ultrafiltration
process at 0.3 MPa

Membrane type Stage R, % Final R, %
UF 25 95.75
99.02
UF 1 77.08

The results were obtained at a system pressure of
0.3 MPa, which was determined to be optimal for
both membranes in a single-stage filtration. In the
two-stage filtration, the rejection of UF25 in the first
stage is identical to the values obtained in the single-
stage filtration (Fig. 2). However, during the second
stage of filtration with UF1, a rejection value of
77.08% is obtained, which is lower compared to both
the rejection value obtained with single-stage
filtration using UF1 and that obtained with UF25.
This is due to the lower concentration of TPC after
the first stage, which was used in the calculations
according to equation 2. As a result of the achieved
rejection in the joint operation of the membranes in
the two-stage filtration, the final rejection value
increases to 99.02%, with only 0.11 mg GAE/ml of
polyphenols passing through to the final permeate.
The permeability of the UF1 membrane also
increases, and its structural deformation decreases,
as seen in the decreasing hysteresis area in Figure 3.
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Fig. 3. Hysteresis curves of wastewater flux
permeability in a two-stage filtration process

The composition of P1 is lightened in terms of the
amount of TPC, which we believe is one of the main
reasons for the almost twofold increase in
permeability of the UF1 membrane, reaching 28
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I/m>h at a pressure of 0.5 MPa. By conducting
membrane filtration as a two-stage process with the
sequential passage of wastewater flow through the
UF25 and UF1 membranes, optimization of the
process is achieved by utilizing the potential of UF1
nd improving the quality of the wastewater in terms
of polyphenol composition.

CONCLUSIONS

The use of a two-stage membrane filtration
approach, in which wastewater passes sequentially
through UF25 and UFI1, allows for maximum
utilization of rejection of UF1 and results in the
restoration of the polyphenol profile of the treated
waters. The performance characteristics of the
membranes were determined, and it was established
that when applied sequentially in a two-stage
ultrafiltration process and depending on the mode
conditions, the permeability of the UF1 membrane
increased from 13.2 to 28 1/m2.h, while its structural
deformation decreased.

It was found that more effective purification of
industrial wastewater (up to 99.02%) is achieved in
the two-stage ultrafiltration process with TPC
rejection. The TPC in the purified water decreases
from 11.3 mg GAE/ml to 0.11 mg GAE/ml,
providing an opportunity for their valorization
through the resulting retentate.
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