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a b s t r a c t
Freshwater scarcity is currently one of the most pressing global issues. Desalination processes offer 
a solution to address this challenge. In this work, pervaporation (PV) is proposed as a membrane 
technique with the potential to contribute to water desalination and complementing reverse osmosis 
in the future. Three commercial PV membranes were tested for desalination using the PV method. 
Four different types of water systems were used: model and real systems with salinity from the 
Baltic and Adriatic Seas and geothermal water from Central Poland. The efficiency and selectiv-
ity of the PV process were examined. The PERVAP 4510 membrane showed the best results, with 
a retention factor of >99% for two applications in model and real systems. In addition, the scal-
ing phenomenon during the PV process was studied. Scanning electron microscopy images were 
used to visualize the membrane before and after 200 h of operation. The aging process of PERVAP 
membranes was demonstrated using the example of 2210, which showed a significant decrease 
in permeate production.
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1. Introduction

The scarcity of water is currently one of the most press-
ing global issues. Desalination, is the process of obtaining 
fresh water from sea and oceans, it a vital method, espe-
cially in countries affected by periodic or permanent water 
shortages [1]. Currently, over 20,000 desalination plants 
globally produce about 115 million m3/d of freshwater (data 
from February 2020) [2]. It is estimated that most water 
desalination installations are located in the Persian Gulf 
countries, Spain, and China [3–5].

Desalination techniques are divided into thermal meth-
ods and membrane techniques. In the middle of the last 
century, thermal methods, specifically, distillation-based 
approaches like, either multiple-effect or multi-stage distil-
lation, were most predominant. However, due to increasing 
interest in environmental protection and desire to reduce 
greenhouse gas emissions resulting from fuel combustion 
for heating water, membrane techniques have gained greater 
popularity [2,6–8]. Therefore, currently, the most widely 
adopted method of desalinating water, in the world, is 
reverse osmosis (RO). The production of freshwater by RO 
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presently accounts for over 70% of all water desalination 
installations [9–11].

However, there is an increasing limitation, that RO 
faces challenges when desalinating water with high salin-
ity (>7 wt.%) [12]. In the RO process, as a result of the use 
of high salt concentrations in the feed solution, necessitates 
the application of progressively high pressure that surpass 
the osmotic pressure of the feed. Consequently, from an 
energy perspective, the process becomes less economical, 
and the membrane distillation or pervaporation process 
can effectively solve the problem of high salt concentrations 
in the feed, becoming energy-competitive.

Ongoing efforts are focussed towards exploring new 
methods for seawater desalination. Pervaporation (PV) 
emerges as a potential alternative to RO under conditions 
of high feed salinity, while membrane distillation (MD) 
also play a important role in the desalination process. 
Above the certain salinity threshold, vapor pressure-based 
processes (MD or PV) become competitive with RO. A 
number of recent review articles in peer reviewed scien-
tific journals have presented on the results of experimen-
tal desalination studies involving model NaCl solution or  
seawater [12].

Desalination of water using pervaporation (PV) involves 
separating an aquatic salt (brine) solution from salt on a 
non-porous polymeric membrane. The separation of the 
mixture occurs under reduced pressure on the low-pres-
sure side of the membrane, unlike in the case of RO where 
high transmembrane pressure plays a significant role on 
the feed side. In this case, the component of the mixture - 
the solvent (water), due to its affinity to the membrane 
material, is preferentially transported to the other side of 
the membrane. During the passage of the mixture compo-
nents, a phase change of the permeating component occurs, 
confirming the dissolution–diffusion model in the mass 
transfer. Further separation of the mixture occurs on the 
side of reduced pressure (several kPa) [13–18].

Membranes used in the PV process are mostly poly-
mer-based. Depending on the type of process conducted, 
membranes can be classified as hydrophilic or hydrophobic 
[19–23]. In the case of desalination of water by pervapora-
tion, hydrophilic membranes based on polyvinyl alcohol 
(PVA) are used in this experiment. Since membranes used 
exclusively for water desalination are not yet available 
commercially, hydrophilic membranes for alcohol dehydra-
tion can be used [24–26].

PERVAP membranes (from Sulzer Chemtech, 
Switzerland) have a three-layer asymmetric structure (from 
the bottom): a high-porosity support layer, a low-porosity 
assisting layer, and the thinnest non-porous active layer. The 
active layer is responsible for component separation and 
transport to the other side of the membrane. The absence of 
pores in the active layer of PV membranes makes the pro-
cess more resistant to treating water-containing impuri-
ties and membrane scaling due to mineral deposition [12]. 
According to Wang et al. [18], pervaporation membranes can 
be made from many materials, including cellulose, polyvi-
nyl alcohol, and silica. Tests conducted on individual mate-
rials show a high degree of separation (at a level of 99%), 
which produces water of high purity [18]. A thin polarization 
layer is created on a feed solution, which causes an unfa-
vorable phenomenon during the separation process [24].

One of the PV applications may be the desalination of 
geothermal water to obtain utility water for agricultural and 
industrial purposes. The purification of geothermal water 
involves the removal of microorganisms, heavy metals, and 
salts [27,28]. Geothermal water in Poland is currently used 
in heating installations, for recreational purposes (thermal 
pools), and for various utility applications [29]. However, 
the use of geothermal water requires, in some cases, its puri-
fication, desalination, and treatment. The distribution of 
geothermal waters in Poland is shown in Fig. 1. Geothermal 
deposits encompass four main locations: the Eastern 
Province (A), the Polish Lowlands (B), the Subcarpathian 

 
Fig. 1. Distribution of thermal waters in Poland (drawing based on a map presented by the Polish Geological Institute).



607I. Gortat et al. / Desalination and Water Treatment 316 (2023) 605–615

Region (C), and the Carpathian Mountains (eastern and 
western) (D). The water temperature in these areas ranges 
from 30°C to 130°C, and the depth of occurrence in sedimen-
tary rocks ranges from 1 to 10 km. Depending on the types of 
dissolved compounds in geothermal waters their different 
types and names there are: sulfates, sulfides, brines, acid-
ulous waters, siliceous waters, boron waters, and bromide 
waters [30]. In this area (Fig. 1), there is the geothermal 
well called PIG (Polish Geological Institute) “Poddębice”. 
In the plant exploiting the deposit it is called GT-2 and that 
is also what it was called in the text: GT-2 is well located 
in Poddębice. Water from the well was determined to be a 
hydrocarbon-calcium profile with a total mineralization of 
432 mg/dm3 and a temperature of 72°C. Just 20 km away 
from Poddębice, there is the geothermal well named accord-
ing to PGI “Uniejów I”. In the plant exploiting the deposit, 
it is called IGH-1, as it was also called in the text. The IGH-1 
well in Uniejów is characterized by a mineralization level 
of 6.7–8.8 g/dm3 and a temperature of 68°C. The differences 
in mineral content within a distance of just 20 km may indi-
cate the presence of a hydrochemical barrier, which causes 
significant changes in the physicochemical profiles of 
geothermal waters in different areas of the country [31,32].

1.1. Fouling and membrane aging phenomenon

Fouling is an unfavorable phenomenon that causes a 
decrease in the efficiency of the desalination process, up 
to its complete stoppage as observed in many experiments 
using membrane techniques [33–36]. In the case of revers-
ible fouling, the selective properties of the membrane can 
be partially restored by backwashing. However, in the 
case of irreversible fouling, which causes contaminants to 
penetrate the interior of the membrane pores, recovery is 
not possible. Colloidal, organic, and mineral fouling (scal-
ing) are distinguished. Scaling mainly occurs in processes 
for the purification of mineral mixtures, including water 
desalination, most commonly in nanofiltration (NF) and RO 
processes [35,37–40].

In the literature, the phenomenon of membrane aging 
is still a topic that has not been fully explored. Aging can 
involve mechanical, hydrodynamic, or chemical destabi-
lization of individual membrane layers and the material 
from which it is made. This depends on the purpose of the 
material used, the interactions to which it is exposed, and its 
quantity [41–44].

There are many methods of accelerated aging test-
ing, including the use of aging chambers imitating specific 
atmospheric conditions. The methods focus primarily on 
the impact of UV radiation and humidity on the durability 
and stability of the material. TGA analysis can also be used 
for the accelerated aging process, determining the change 
in material mass for specific temperature values, which 
makes it possible to determine thermal stability. The DSC 
method, in turn, allows you to determine the heat capacity 
of the material in a selected temperature range for samples 
of known composition. Changes in heat capacity for mate-
rial samples allow for determining the polymer degradation 
process [45,46].

The main effect of aging is polymer degradation, which 
leads to disruption in the functioning of the membrane. 

Separation properties and process efficiency can deteriorate. 
Degradation can also occur during material storage. Changes 
in temperature, humidity, and direct exposure to light are 
the most common degrading factors [41]. Membrane aging 
also affects their organoleptic evaluation. The new com-
mercial membranes used in this work (Sulzer Chemtech) 
were characterized by a milky-white color and high elas-
ticity (manufacturer’s data). They are stored in laboratory 
conditions protected from light in the packaging provided 
by the manufacturer [24]. In this article, we used research 
on changes in membrane performance during storage. We 
tested the membrane in the pervaporative desalination 
process, assessing its efficiency and selectivity over time.

The research conducted in this work aimed to confirm 
the possibility of using the PV process for sea (from Baltic or 
Adriatic Sea), and geothermal (from wells IGH-1 and GT-2 
deposits) water desalination and to identify the strengths 
and weaknesses of PV. In addition, we familiarized ourselves 
with commercial membranes on the market and examined 
their transport and separation properties. Attention was 
also paid to the fouling phenomenon occurring during the 
PV process and the aging of membranes along with the 
time of their storage.

2. Materials and methods

2.1. Membranes

The membranes used for the experiments were pur-
chased from Sulzer Chemtech (Switzerland). These were 
non-porous PERVAP 4100, 4101, and 4510 membranes 
(as designated by the manufacturer). The active layer of the 
membrane is based on crosslinked PVA. The same selected 
membranes were used in the laboratory experiments, which 
were then cleaned and conditioned in deionized water. 
Membrane aging was observed based on desalination exper-
iments conducted on the same PERVAP 2210 membrane. 
The former PERVAP 2210 now corresponds to the PERVAP 
4510 membrane according to the manufacturer’s data.

2.2. Model, real and geothermal feed

For the pervaporation desalination experiments, model 
seawater - NaCl water solution was used as an aqueous 
solution of sodium chloride purchased from Chempur 
(Poland). The model system (deionized water and NaCl) 
corresponded to the salt content for the Baltic Sea and the 
Adriatic Sea, which was 7‰ and 35‰, respectively. Real 
seawater used for the experiments was sourced from the 
Baltic Sea and the Adriatic Sea. Water from the Baltic Sea 
was collected in March 2021 near Kołobrzeg, while water 
from the Adriatic Sea was collected in September 2021. 
from the area around the Istrian peninsula in Croatia. The 
temperature of the water from the Baltic Sea was 8°C, and 
the water from the Adriatic Sea was 24°C (own research). 
The amount of water was approximately 20 dm3 for each of 
the seas mentioned.

For geothermal water, two aqueous salt solutions 
named hereinafter m-IGH-1 and m-GT-2, were created. 
The saltwater solution corresponding to the conductivi-
ty-tested real sample taken from the Uniejów IGH-1 intake 
is shown in Table 1.
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The content of NaCl and KCl ions in the model water 
was determined based on the respective ion concentrations 
found in the real water samples from the Uniejów IGH-1 
and Poddębice GT-2 wells. Geothermal water samples from 
Uniejów IGH-1 and Poddębice GT-2 were used as the feed 
solution too. For comparison, the Poddębice GT-2 had an 
low TDS (total dissolved solids) content of 432 mg/dm3. 
The NaCl content after conductometric measurements was 
found to be 230 mg/dm3, and KCl was 200 mg/dm3. The 
temperature of geothermal waters: IGH-1 was 68°C and 
GT-2 was 72°C.

The authors’ goal was not to reproduce the full com-
position of sea and geothermal waters but to repeat the 
research on a simple feed system in order to study the 
desalination process using the pervaporation method.

2.3. Method and equipment for performing PV experiments

PV water desalination experiments were performed in 
the Department of Process and Environmental Engineering 
(TUL). Primary the PV process laboratory equipment was 
provided by Sulzer Chemtech (Switzerland). A diagram 
of the current station is shown in Fig. 2. The PV process 
was carried out at a constant pressure (3 kPa) on the 
low-pressure side of the membrane. The permeate was 
condensed in the collector using liquid nitrogen (freezing). 

The process was conducted until the equilibrium state 
was reached (2.5 h), that is, until the mass of the collected 
permeate stabilized during the process. After thawing the 
permeate, its mass was determined, and the flux was cal-
culated with reference to the membrane surface area and 
the process duration. The pervaporation process was car-
ried out at three different temperatures (T = 40°C, 60°C, 
and 80°C) and three different feed flow rates (QF = 40, 60, 
and 80 dm3/h). In this way, the most favorable conditions 
for desalination feed in the PV process were determined. 
The temperature range analyzed in the process was the 
temperature range of geothermal waters.

The efficiency and selectivity of the commercial mem-
branes used were determined. The efficiency of the mem-
brane process was referred to as productivity, which 
represents the amount of obtained desalinated solution 
(permeate) per unit membrane area during the duration of 
the membrane process. The permeate flux Jp, is expressed  
by Eq. (1).
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After the PV process was completed, the selectivity of 
the membranes was determined by measuring the reten-
tion factor, R, which represented the salt reduction during 
the process in relation to the salt concentration in the feed 
solution. The salt concentration was measured using the 
CPC-511 conductometer from Elmetron (Poland), and the 
retention factor was calculated using Eq. (2).
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Knowing the efficiency and selectivity of the membrane 
process, its performance can be compared to other mem-
brane processes used for water desalination.

Table 1
Composition of Uniejów IGH-1 and Poddębice GT-2 geothermal 
water solutions used as feed for pervaporation processes

Salt/feed Concentration (g/dm3)

IGH-1 GT-2

NaCl 6.01 0.23
KCl 1.90 0.2
Total 7.91 0.43

 Fig. 2. Diagram of the modified laboratory apparatus for the pervaporation process.
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2.4. Methodology of scanning electron microscopy measurement 
and membrane aging experiments

Scanning electron microscopy (SEM) photos were taken 
in the Centre of Molecular and Macromolecular Studies 
(PAN). An SEM microscope (JEOL, JSM-6360, Japan) was 
used.

In this article, we used research on changes in mem-
brane performance during storage. The aging experiments 
were conducted at a 4-y interval. The membrane aging 
studies consisted of performing separation tests of a model 
feed (saline water) using the PV technique on the same 
PERVAP 2210 membrane and comparing the results of per-
formance and separation in the 2017 and 2021 y.

3. Results and discussion

3.1. Desalination seawater in the pervaporation process

Determining the most favorable operating conditions 
for pervaporation is essential. The pervaporation process on 
commercial Sulzer membranes was successful. According to 
the literature, PERVAP membranes belong to polymer com-
posite membranes, on which desalination processes using 

the PV method are conducted. The experiments conducted 
in this study on three different PERVAP membranes, 4100, 
4101, and 4510, have shown that only the PERVAP 4510 
membrane can be used in the desalination process due to 
the much higher permeate flux. For the remaining mem-
branes, the amount of obtained permeate was too small 
for further analysis. The usefulness of the PV membrane 
for desalination was determined based on the amount of 
obtained permeate. Tests were conducted on two models and 
real feed systems. The results are presented in Figs. 3 and 4.

The flux for seawater was low and ranged between 
1.5–2 kg/(m2·h). As the feed flow rate and temperature 
increased, the permeate flux also increased as shown in 
Fig. 4 Therefore, for PV membranes, it is more advantageous 
to conduct the process at higher temperatures and feed flow 
rates [24]. It is also possible to note an approximately 10% 
increase in efficiency (expressed by Jp) for samples from 
the Adriatic Sea compared to samples from the Baltic Sea.

The experiments showed that the PERVAP 4510 mem-
brane had an extremely high retention factor (above 99%) 
for NaCl salt (Fig. 5), which qualifies the obtained permeate 
as ultrapure water. The amount of permeate flux obtained 
at higher temperatures (around 80°C) was about 2 kg/
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(m2·h) (Fig. 3). This is a good conclusion: the hydrophilic 
PERVAP 4510 membrane, used according to the manufac-
turer’s recommendations for alcohol dehydration, can also 
be successfully used for seawater desalination.

3.2. Desalination geothermal water in the pervaporation process

The pervaporative desalination process was conducted 
on two types of geothermal waters (Uniejów IGH-1 and 
Poddębice GT-2). The work examined an aqueous solution 
of NaCl and KCl as a model system for selected geother-
mal waters (m-IGH-1). The results of the PV desalination 
experiments for the Uniejów IGH-1 intake are presented in 
Fig. 6. From the figure it can be concluded that the perme-
ate flux comes to 6 kg/(m2·h) and the most favorable oper-
ating conditions for the geothermal real water PV process 
are temperatures ≥60°C and feed flow rates ≥60 dm3/h. 
Therefore, further PV experiments were conducted under 
these conditions.

For comparison, an efficient and selectivity analysis 
in the PV process was performed on the m-GT-2 (model 
Poddębice) and real system (Poddębice GT-2) (Fig. 7) for 
temperatures 60°C and 80°C and feed flow rates 60 and 
80 dm3/h. An extremely low permeate flux was obtained 
(max. 0.4 kg/(m2·h) but a high retention factor (99%).

As indicated by the conducted research, the degree 
of desalination of water from the Uniejów IGH-1 intake 
exceeds 99%, making the obtained water suitable for con-
sumption. According to the Regulation of the Minister of 
Health regarding the quality of water intended for human 
consumption, “Water is suitable for use if it is free from 
pathogenic microorganisms and parasites in quantities that 
pose a potential threat to human health, any substances 
in concentrations that pose a potential threat to human 
health, and does not exhibit aggressive corrosive proper-
ties” [46]. The permissible chloride content ranging from 
5.0–1,000 mg/dm3 is determined by the PN-EN ISO 10304-
1:2009+AC:2012 standard.
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In order to determine the amount of TDS in water from 
the Uniejów IGH-1 intake selectivity studies were carried 
out, taking into account the content of various ions in geo-
thermal water. The results are presented in Fig. 8. In addi-
tion to potassium and sodium salts, the geothermal water 
from the Uniejów IGH-1 intake also contains other ions and 
minerals, which is consistent with the characteristic pro-
file of the described geothermal water (data derived from 
the Uniejów geothermal source).

3.3. Scaling phenomenon

In the case of seawater, the deposition of organic com-
pounds and mineral salts, known as scaling, is observed 
on the membrane surface. This creates a rigid, thick layer, 
which impedes its operation. Reversible fouling (scaling) 
can be removed by backwashing or by using hydroxides/
acids to neutralize the deposit. After such treatments, the 
membrane is ready for reuse. The fouling phenomenon 
causes a reduction in the permeate flux and/or a decrease 
in selectivity.

The SEM photo in Fig. 9a shows a new PERVAP 4510 
membrane with a smooth surface of the active layer. 
Cracks in the layer may indicate that the active layer of the 

membrane is breaking during photo preparation. Below the 
smooth active layer, a jagged support layer can be observed. 
As the filtration (PV) process proceeds, scaling occurs, 
meaning a layer of salt crystals forms on the surface. The 
photo in Fig. 9b shows a thick layer of mineral salts on the 
membrane surface. It should be suspected that the mineral 
salts deposited on the surface cause peeling of the very thin 
(approx. 2 µm) active layer of the membrane, which causes 
its destruction. The photo in Fig. 9c is a close-up of the salt 
crystals and other mineral contaminants after 200 h of PV 
operation. Additionally, it can be observed organoleptically 
that the stiffness of the membrane undergoes significant 
changes. New membranes are characterized by high elastic-
ity and flexibility, while the membrane after the desalination 
process shows high stiffness. Furthermore, the thickness 
of the membrane increases due to the accumulation of salt 
and swelling of individual layers. The layer of contami-
nants on the membrane surface consists of salts contained 
in sea and geothermal waters [47–49].

3.4. Change in membrane performance during storage

Change in membrane performance during storage was 
observed based on desalination experiments conducted on 
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the same PERVAP 2210 membrane. PV desalination exper-
iments were conducted at a 4-y interval. Initially, for newly 
purchased membranes from the manufacturer (2017), the 
obtained permeate fluxes in the analyzed measurement 
range (0%–7% mass NaCl in the feed) ranged from 4.5 to 
16.0 kg/(m2·h). This was a satisfactory result compared to 
other literature data [18].

Desalination experiments were repeated after 4-y 
(in 2021). During this time, the membranes were stored in 
the laboratory without access to light, and packed in the 
manufacturer’s packaging. Both observations of changes 
in membrane performance were made on a model system 

(distilled water and an appropriate amount of dissolved salt), 
so there is no possibility of contamination of the membrane 
with biological substances from aqueous solutions. The 
experiments were carried out on the same laboratory equip-
ment, which excludes equipment errors. Both processes 
were carried out under the same process conditions, that is, 
40 dm3/h. The results are presented in Fig. 10.

The results of the desalination process, after 4 y, were 
surprising because the permeate flux decreased from 3 
to 9 times and fluctuated between 0.62–1.64 kg/(m2·h). 
Hydrodynamic studies conducted after 4 y showed mem-
brane aging of PERVAP 2210 due to polymer degradation, 

 

Fig. 9. Scanning electron microscopy images of the PERVAP 4510 membrane: (a) before the pervaporation process, (b) after 200 h 
pervaporation desalination process, and (c) visible salt crystals after the pervaporation process.
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Fig. 10. Efficiency (Jp) and selectivity (R), of the desalination process for PERVAP 2210 membrane for feed flow rate 
(QF = 40 dm3/h) in different years of pervaporation tests, 2017 and 2021.
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which is confirmed by numerous literature reports [41]. We 
believe that changes in membrane performance after long-
term storage can be called aging of PV membranes and 
are related to changes in the structure of the polymer that 
has undergone aging.

It should be emphasized that the degree of salt reten-
tion on the membrane did not change and after 4 y it was 
approximately 99.8%. Since the former 2210 membrane now 
corresponds to the 4510 membrane according to the manu-
facturer’s data, further aging studies will be carried out on 
commercial PERVAP 4510 membranes. Preliminary tests 
have already been performed. For the PERVAP 4510 mem-
brane, a constant permeate production rate was observed 
during 200 h of operation. The preliminary performance 
and efficiency results of PV desalination of seawater and 
geothermal water shown in this manuscript indicate good 
stability of the commercial membrane.

Additionally, it can be organoleptically determined that 
the PERVAP 2210 membrane has changed after the PV pro-
cess. A visible change in the color of the membrane from 
milky white to brown was observed too. Delamination 
of individual membrane layers was visible at the edges. 
Color changes of PERVAP 4510 and 2210 membranes after 
PV processes are shown in Fig. 11.

The photos show differences in the color of both mem-
branes both before and after the PV process. The PERVAP 
2210 membrane now is marked by a yellowish color. It 
was white right after purchasing it from the manufacturer. 
This should be emphasized because the new PERVAP 4510 
membrane is white-gray in color and, according to the 
company, these membranes are equivalent. After the PV 
process, both membranes turned yellowish, suggesting the 
deposition of a salt layer on the membrane surface.

4. Conclusions

By using reduced pressure, the pervaporation process 
becomes attractive for a wider range of applications. In 
this work, PV was used to desalinate model, sea, and geo-
thermal water. Desalination of seawater using commercial 
Sulzer membranes with an active layer of PVA yields prom-
ising results. The PERVAP 4510 membrane was selected for 
experiments among the purchased hydrophilic membranes 
for alcohol dehydration available from Sulzer. Satisfactory 
amounts of permeate in the form of ultrapure water were 
obtained at high selectivity values. A very high retention 
factor obtained makes it possible to use desalinated water in 
many industries.

Desalination of water from the Baltic and Adriatic 
Seas was proposed and analyzed as one of the PV applica-
tions. Low efficiency but high selectivity of the process was 
achieved despite differences in the initial salinity of both 
seas. Therefore, the literature information about the possi-
bility of using PV membranes for the desalination of water 
with a high degree of salinity is confirmed. Another appli-
cation of the pervaporation process may be the desalina-
tion of geothermal waters. Here, slightly higher flux values 
for the Uniejów IGH-1 intake.

Analyzed PERVAP membranes can be used for about 200 h 
of continuous operation without additional cleaning. After 
this time, the process parameters of the membrane decrease 
- an additional fouling (scaling) layer is formed, manifested 
in the form of salt crystals forming on the active membrane 
layer. The fouling phenomenon can be partially eliminated 
by rinsing, thereby extending the membrane’s lifespan.

It is also important to note the aging phenomenon 
of polymer membranes, over a sample period of 4 y, as 

  

  

a b 

c d 

Fig 11. Photos of membranes before (a,b) and after pervaporation process (c,d) for PERVAP 4510 (a,c); and PERVAP 2210 
membranes (b,d).
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significant differences are shown in the change in process 
efficiency, not in its selectivity. Selectivity remains constant 
over time and is at a very high level. In our case, the aging 
process involves the degradation of the polymer due to the 
action of oxygen and temperature changes during material  
storage.

Currently, there are no commercially available per-
vaporation membranes with sufficient efficiency for the 
industrial desalination process. The authors are researching 
innovative membranes produced by the dry phase inver-
sion method. The PV results are promising for their appli-
cation in seawater desalination.

Symbols

A — Membrane area, m2

Poddębice GT-2 —  Geothermal water from the Poddębice 
intake

Uniejów IGH-1 —  Geothermal water from the Uniejów 
intake

J — Permeate flux, kg/(m2·h)
m — Permeate mass, kg
m-IGH-1 —  Model composition (NaCl and deion-

ized water) corresponding to geother-
mal water from the Uniejów intake

m-GT-2 —  Model composition (NaCl and deion-
ized water) corresponding to geother-
mal water from the Poddębice intake

t — Process time, h
R — Retention factor, %
c —  Salt (NaCl) concentration in the sam-

ple, mg/dm3

Q — Flow rate, dm3/h
T — Temperature, °C
TDS —  Total dissolved solids concentration, 

mg/dm3

C — Salt concentration, mg/dm3

P — Transmembrane pressure, Pa

Indexes

F — Feed
p — Permeate
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