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a b s t r a c t
The exploitation of household membrane installations by unqualified people may lead to errors in 
the installation operation. The impact of poor maintenance of such an installation and its role on 
water desalination by membrane distillation was presented. The polypropylene membranes Accurel 
PP S6/2 and Accurel PP V8/2 HF were used in the studies. The operation conditions of installations, 
which were supplied with poor quality water, for example, from small surface reservoirs in the arid 
zone, were analysed. The desalination of a lake water salted with NaCl and clay was performed 
for this purpose. The influence of a lack of periodical cleaning of installation, feeding the installa-
tion with high turbidity water and the maintaining conditions allowing for the intensive growth of 
micro-organisms on the membrane wettability was studied. A considerable decline of the permeate 
flux and a deterioration of quality of obtained freshwater was not found, although the membrane 
modules were operated continuously for 1 year. The examination of membranes samples using an 
electron microscope confirmed that the membrane fouling was relatively light despite a long period 
of exploitation and unfavourable conditions of installation work.
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1. Introduction

The desert areas characterized by low rainfall (arid zone)
are in general sparsely populated, and the households may 
be at considerable distance from each other. In practice, it 
eliminates the possibility of production of freshwater in large 
installations and the application of small, individual instal-
lations is the only option. If the brackish or saline water is 
available, the application of a compact membrane instal-
lation for water desalination is a reasonable solution. The 
utilization of membrane distillation (MD) for the production 
of freshwater has been considered as a basic application of 
this process [1–5]. A potential use of MD includes the possi-
bility of drinking water production from highly saline water 
and its ability to operate at relatively low temperatures [6,7]. 
The economics of MD installation with a high capacity is 

comparable with other water desalination techniques [7,8]. 
However, the industrial MD installations with the yield close 
to reverse osmosis (RO) plants have not yet emerged despite 
50 years of intensive studies on the process.

The major reasons hindering the industrial application 
of the MD are facts that this process generates a lower flux 
than RO process and exhibits a lower thermal efficiency than 
a multistage flash [9]. The assessment of using MD may be 
advantageous in the case of small household installations 
for the production of drinking water, in places where the 
possibility of obtaining freshwater is of the highest impor-
tance, especially, for example, when a high salinity disables 
the application of RO for water desalination [8,10]. An idea 
of small MD installations has been already presented at the 
beginning of the process development [3], and such installa-
tions are currently developed by several industrial companies 
in a pilot scale [4,5,11,12]. The implementation has become 
possible due to the development of industrial MD modules. 
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The most notable companies specializing in the MD mod-
ules in high-efficiency systems include: Memstill, Aquastill, 
Scarab AB, Memsys and Fraunhofer Institute for Solar Energy 
Systems [5,8,11–14].

During the MD process water is evaporated, which is 
required to supply a considerable amount of heat. The the-
oretical energy (without the heat losses) required to operate 
the direct contact MD system is 628  kWh/m3 [7,8]. On the 
other hand, at real conditions it has been estimated that the 
consumption of energy amounts to over 1,200  kWh/m3 for 
MD installations deprived of a system [4]. Even if the power 
is available it will be difficult to supply such amounts of 
energy from a typical household electric installation. In the 
remote areas, the use of the heat generated in solar systems 
for operation of MD process has been explored [5,11–14]. 
Using the spiral-wound MD modules integrated with solar 
collectors, Fraunhofer ISE has offered advanced installa-
tions that have been tested for several years in a pilot scale. 
These modules are also available in a variant equipped with 
a heat recovery mode [5]. Moreover, other companies such 
as Scarab AB and Aquaver offer small, solar-powered MD 
installations with spiral-wound or plate-and-frame modules 
[11,13]. Such installations enable to obtain a feed temperature 
in the range of 30°C–60°C (relatively low), which limit the 
efficiency of MD process. However, the application of lower 
MD process temperatures for water desalination is advanta-
geous because it allows to limit a membrane scaling, thereby, 
to increase the possibility of long-term exploitation of a mem-
brane module [15].

During the MD process membrane pores contact only 
with the gas phase, and the maintenance of membrane 
nonwettability is one of the principal requirements for the 
realization of this process. This can be achieved by the appli-
cation of membranes made of strongly hydrophobic poly-
mers such as polytetrafluoroethylene or polypropylene (PP) 
[1–4]. Hence, the limitation of fouling/scaling is very import-
ant in the MD process since the formation of deposits on 
the membrane surface accelerates its wettability [11,16,17]. 
In order to ensure a long-term exploitation of a membrane 
module, a feed pretreatment and the application of several 
operational procedures is required [18,19].

In the case of household installations it can happen that 
the MD systems will be supplied with water deprived of 
any pretreatment, as no special attention is paid to its qual-
ity. Moreover, it should not be expected that the individual 
operators of the MD installation possess an adequate knowl-
edge and skills required for staff employed for the opera-
tion of industrial membrane installations. This may lead to 
errors in the operation of the MD systems and as a result, 
the performance of membranes will be disrupted. In order to 
determine a resistance of membranes to hazards, which may 
arise of an inappropriate operation, the long-term studies 
of MD installation operation were performed at potentially 
unfavourable conditions. A special attention was particularly 
paid to the feeding of the installation with water of high tur-
bidity carelessness to a growth of micro-organisms.

2. Experimental

In the simplest household installation, a solar collector 
(or other energy sources) may be used for direct heating of 

the feed tank, in which a submerged MD membrane module 
is placed. Such a variant of MD installation was studied in 
this work, using an experimental set-up shown in Fig. 1. In 
this installation a role of energy source was performed by a 
magnetic stirrer equipped with a heating element (600  W, 
IKA, USA).

Two submerged modules made from PP membranes 
Accurel PP (Membrana GmbH, Germany) were placed in the 
glass feed tank (4 L). The nominal diameter of the membranes 
pores was 0.2  µm and the open porosity was 73% (on the 
basis of the supplier data). In the MD1 module, four Accurel 
PP S6/2 (din/dout = 1.8/2.6 mm) membranes with the length of 
20 cm were assembled. The MD2 module was composed of 
a single membrane Accurel PP V8/2 HF (din/dout = 5.5/8.6 mm) 
with the length of 25  cm. Each of the modules was con-
nected to an individual distillate tank, cooled in a water bath 
(18°C). The initial volume of distilled water in the distillate 
tanks amounted to 1.5 L. The peristaltic pumps were used to 
obtain the volumetric flow rate of distillate (inside the cap-
illary membranes) equal to 6  ±  0.2  mL/s (linear velocity of 
0.59 m/s – MD1 module and 0.79 m/s – MD2 module).

The MD installation was operated continuously (day 
and night) for almost 1  year (with technological breaks). 
The permeate flux and solute concentrations in the feed and 
distillates were measured usually once per day. The perme-
ate flux was calculated on a basis of changes in the distil-
late volume over studied period of time (20–24 h). The feed 
tank was refilled with distilled water (to keep solutes con-
stant concentration in the feed during batch process mode) 
or by process solutions (continuous operation) to a constant 
volume (4 L) once a day.

In the first stage of studies the effectiveness of applied 
MD modules was tested using the standard solution con-
taining distilled water salted with 1 g/L of NaCl (ChemPur, 
Poland) as a feed. Assuming that household installations 
will be equipped with small and cheap plate solar collec-
tor (energy system of low effectiveness), the influence of 
feed temperature on the MD process efficiency was stud-
ied in the range from 23°C to 45°C. In order to determine a 
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Fig. 1. The scheme of the experimental set-up. 1 – Feed tank, 
2 – MD1 module, 3 – MD2 module, 4 – distillate tanks, 5 – 
cooling bath, 6 – pump, 7 – magnetic stirrer with heating and TF,D – 
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decrease of modules yield along with the increase of solutes 
concentration in the feed, the salt content in the feed was 
gradually increased up to 300 g/L.

In warm water of small surface reservoirs, as a rule, 
a rich biological life is normally met. The feeding of MD 
installation with such a water without any pretreatment 
may facilitate membrane biofouling. In order to investigate 
the impact of micro-organisms growth on the process per-
formance, the feed tank was filled with the water collected 
from lake and the membrane was immersed in this water for 
a 2 summer months (25°C–30°C), which caused an intensive 
growth of green algae on the membranes surface and tank 
walls (MD process was interrupted during this period). The 
formed biofilm was removed by threefold intensive rinsing of 
the tank with tap water. Subsequently, in order to determine 
an eventual change in the yield and a degree of separation, 
the MD experiments were repeated using feed containing 
1–40 g NaCl/L.

The small water reservoirs are formed in places struc-
tured of impermeable substrate (e.g., clay). The natural 
mixing of water (waves, animals, etc.) makes that the clay 
readily forms the colloidal suspensions and such water char-
acterizes with a high turbidity. Thus, the studies were also 
performed with the water to which 1–3  g dry clay/L were 
added, in order to check the effect of the presence of such 
suspension on the membrane fouling.

The observations of a wet layer of biofilm formed on the 
membrane surface were performed using a digital micro-
scope VHX-5000 (Keyence International, Belgium) connected 
with high-resolution microscope lens VH-Z20R/Z20T or 
VH-100R/Z100T. The micro-organisms present in the biofilm 
were also observed using the optical microscope NICON 
ECLIPSE 50i (Japan) connected with LV-UEPI illuminator 
and DS-5M digital camera.

A membrane morphology and a composition of depos-
its were studied using scanning electron microscope (SEM) 
coupled with the energy dispersion spectrometry (EDS). 
The samples for a cross-sectional study were prepared by a 
fracturing of the capillary membranes in liquid nitrogen. All 
samples were sprayed with chromium to obtain the desired 
coating.

The concentration of anions and cations was measured 
using 850 Professional Ion Chromatograph with conducto-
metric detector (Herisau Metrohm, Switzerland). The sepa-
ration of anions was performed on a 1.7 × 3.5 mm Metrosep 
RP guard column operated in series with a 250  ×  4.0  mm 
Metrohm A Supp5-250 analytical column. The eluent solu-
tion included 3.2 mM/L Na2CO3 + 1.0 mM/L NaHCO3 (flow 
rate 0.7  mL/min). A C2 guard column operated in series 
with a 150  ×  4.0  mm Metrosep C2-150 analytical column 
was used for the separation of cations. In this case, the elu-
ent was a mixture of tartaric acid (4 mM/L) with 0.75 mM/L 
2-picoline acid.

3. Results

3.1. The efficiency of MD modules

The driving force for mass transfer in MD is a difference 
in the vapour pressure; hence, the feed temperature has 
a considerable influence on the process efficiency (Fig. 2). 

In the studied case, an increase of temperature from 30°C to 
45°C allowed to obtain a three- to fourfold increase of the 
permeate flux, for example, from 0.6 to 2.1 L/m2 h (Accurel 
PP S6/2). The feed temperature in this range could be 
obtained by assembling a solar collector of an area of 1 m2 
when recalculated on 1  m2 of assembled membranes [14]. 
The application of collector with a larger area would allow 
to increase the feed temperature and to obtain a considerably 
larger yield. On the other hand, this could also result in an 
intensive scaling [17]. Therefore, the use of low feed tem-
perature and the increase of installation yield by applying a 
module with a larger area of membranes seem to be a better 
solution, particularly in a small household installation.

The formation of deposits on the membrane surface 
accelerates its wettability in the MD process, which can lead 
to a destruction of module [1,4,6,15]. A significant increase 
of module durability, even in the case of scaling, can be 
achieved by assembling the membranes with thicker walls, 
such as Accurel PP V8/2 [20]. These membranes have four 
times thicker walls (1.5–1.6  mm) in comparison with the 
membranes Accurel PP S6/2. However, the resistance of 
vapour transport increases along with the membrane thick-
ness, and as a consequence, a yield obtained for thicker mem-
branes was two times smaller (Fig. 2). In the case of small 
MD installation (of capacity, e.g., 20–50 L/d), an increase of 
the investment costs associated with a higher membrane area 
(Accurel PP V8/2 membranes) equalizing the higher walls 
thickness, can be compensated by obtaining longer installa-
tion durability.

In regard to a temperature polarization, an assurance 
of good hydrodynamic conditions in the MD module often 
determines the process efficiency [17]. The results presented 
in Fig. 3 indicate that in the case of used submerged modules 
such conditions were already obtained for small agitation 
speeds (100 rpm) on the feed side, therefore the similar results 
were obtained at a higher mixing speed (700 rpm). This con-
firmed the conclusions from other works, that the influence 
of temperature polarization was definitely smaller for a low 
feed temperature (e.g., 40°C), thus, there was no need for 
the feed to flow turbulently over the membrane surface [21]. 
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Fig. 2. The influence of feed temperature on the permeate flux. 
TD = 17°C–19°C.
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Hence, in small MD installations with submerged modules, 
it is possible to resign from forced mixing of feed (recycling 
pump) and to utilize the flow of water caused only by the 
natural convection generated inside the feed tank. Such a 
solution can limit the intensity of heat exchange with the MD 
module, which can lead to small changes in the permeate 
flux. However, from the point of view of a residential user, it 
can be a better solution in comparison with the necessity of 
assembling an additional pump.

The highest permeate flux was obtained in the case 
(Fig. 3), when the feed was not mixed because the water 
temperature was higher in a bottom part of the tank in the 
vicinity of the surface of heating element (where the mod-
ules were assembled). In regard to a larger stability of the 
installation operation, the mixing of feed was used in this 
work, which enabled a more accurate study of the influence 
of applied process parameters on its capacity and stability.

In regions with poor rainfall, the only source of water is 
usually brackish water [22]. The influence of salt concentra-
tion in the feed on the process yield was presented in Fig. 4. 
An increase in the feed concentration up to 300 g/L caused 
the yield decrease by 40% in the case of S6/2 membranes 
and by 30% for V8/2 membranes. A smaller decline of yield 
for V8/2 membranes resulted of a fact that the resistance of 
vapour diffusion through a fourfold thicker wall had a defi-
nitely larger influence on the process yield in comparison 
with a reduction of the driving force of MD process caused 
by the increase of salt concentration. The obtained results 
confirmed that desalination of water by MD process could be 
performed even for the concentrated solutions of salt, which 
was regarded as the main advantage of this process [2,6,20].

A slight increase of the conductivity of obtained distil-
lates (up to 37 μS/cm) was observed along with the increase 
in the feed concentration (Fig. 4). This indicated that some 
of the pores in the membranes were already wetted, which 
enabled the penetration of salt from the feed into a distillate. 
The studies of desalination of concentrated salt solutions 
were performed at the operation time of modules amounted 
to 1,200  h. In the previous work, it was demonstrated that 

the applied Accurel PP membranes stabilized during the 
initial 50–100 h of operation and a small number of the pores 
were wetted [23]. It has to be emphasized that the production 
of distillate with conductivity of 37 μS/cm at the feed con-
centration of 300 g NaCl/L still proves salts retention about 
100%. The distillate conductivity for the membrane Accurel 
PP V8/2 increased only to 10 μS/cm, which confirms the pre-
vious conclusions concerning a definitely larger resistance to 
wettability for the membranes with thicker wall [20,23].

The basic difficulty in the realization of MD process is 
the maintenance of the membrane nonwettability over a 
long period of modules exploitation. The unfavourable 
changes of properties of the hydrophobic membranes used 
in the process may proceed very slowly; hence, it is neces-
sary to perform a long-term study in order to determine an 
actual possibility of process realization. Hence, the continu-
ous studies of water desalination were performed for over 
2  months (with weekend breaks). The obtained results of 
these studies were presented in Fig. 5. The MD installation 
was supplied with water collected from the lake, the compo-
sition of which is presented in Table 1. A constant level of the 
feed was maintained in a tank during the process by adding 
periodically either water or NaCl solution.

During the initial 9 d of studies (Fig. 5), the feed tem-
perature amounted to 42°C, which allowed to obtain the 
permeate flux 1.7  L/m2  h (MD1 – S6/2) and 0.9  L/m2  h 
(MD2 – V8/2). The process temperature was decreased to 
33°C during the consecutive days, in order to limit scaling. 
However, the yield for the module MD1 and MD2 decreased 
to 1.2 and 0.5 L/m2 h, respectively, as a result of temperature 
decrease.

After 10 d of the studies the fresh portions of salt were 
added to the feed tank, gradually increasing the salinity 
of feeding solution from 1 to 45 g NaCl/L. This increase of 
the feed salinity caused the yield of MD1 module reduction 
from 1.2 to 0.94 L/m2 h, whereas that of MD2 module from 
0.5 to 0.43 /m2 h (Fig. 5). After completing this stage of stud-
ies (Fig. 5 – 42 d), the brine was removed from the tank and 
the installation was again supplied with water containing 1 g 
NaCl/L. As a result, the obtained yield increased to a value 

  

0 5 10 15 20 
0 

0.5 

1.0 

1.5 

2.0 

30 

35 

40 

45 

50 

P
er

m
ea

te
 fl

ux
 [L

/m
2 h

] 

Time [days] 

Fe
ed

 te
m

pe
ra

tu
re

 [o C
]  

Fig. 3. The influence of feed mixing speed on the permeate flux 
and feed temperature (+) during the MD process. The studies 
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of 1.1 L/m2 h for MD1 module and to 0.5 L/m2 h for the mod-
ule MD2. This indicated that during 2  months of studies, 
the yield of MD2 module did not change, whereas that of 
MD1 module (S6/2) slightly decreased. Most probably, this 
resulted of a small increase of the degree of S6/2 membrane 
wettability, which was pointed out by a slight increase of the 
conductivity of the distillate from 2 to 2.8 μS/cm. Moreover, it 
should be noted that the results obtained during 2 months of 
continuous studies confirmed a good and stable performance 
of both used modules, which corresponded to a previously 
demonstrated suitability of the membranes Accurel PP for 
water desalination [3,20].

The results presented in Table 1 indicate that the con-
centration of particular ions in the feed was considerably 
increased due to a periodical addition of process water to the 
feed tank. This created a danger of formation of oversatura-
tion followed by the precipitation of deposits such as CaCO3 
and CaSO4 [6,17]. Thus, it is important, that the users remem-
ber about a frequent removal of the retentate from MD instal-
lation. Omitting this step is not the only error one can make 
during MD process exploitation, and the negative effects 
caused by other errors were determined in the subsequence 
stages of those studies.

3.2. High turbidity feed supply

The feeding of membrane modules with high turbidity 
water is not beneficial, moreover, in case of spiral-wound 
modules become unacceptable [18]. Thus, the water turbidity 
is reduced in the industrial installations using, for example, 
sedimentation, coagulation and sand filters [24]. In the case 
of small household installations a stage of preparation of 
feed water may comprise only of a bucket to which the water 
is collected from a reservoir. Even if the water is originally 
clean, when collected it may become contaminated with the 
materials from the bottom of the lake, such as sand and clay. 
Clay mixed with water forms a colloidal suspension, which 
is difficult to separate and may form the deposits on the 
membrane surface. Due to this, in the studies, it was veri-
fied how the presence of clay suspension influenced on the 
performance of the membrane modules.

In order to compare the changes of module yields of the 
MD installation the feed containing only 1  g NaCl/L was 
supplied for the first 4  d. In the consecutive days of stud-
ies, a portion of clay (1 g/L) was added three times into this 
solution, and each time a different performance of the system 
(Fig. 6) was observed.

After the addition of the first portion of clay, the mod-
ule yield decreased from 1.15 to 1.0 L/m2 h (MD1) and from 
0.55 to 0.51 L/m2 h (MD2) – Fig. 6. The yield of MD1 module 
slightly increased from 1 to 1.05 L/m2 h during 3 consecutive 
days, whereas that of MD2 module was practically constant. 
This indicated that a thickness of a deposit layer formed 
on the membrane surface did not grow along with the MD 
process duration. In order to find out whether an increase of 
turbidity causes an increase of fouling intensity, the second 
portion of clay was added after 9 d of study, which resulted 
in a systematic decline of the permeate flux, but only since 
the 13th day of studies (Fig. 6). At the end of this experimental 
series, the modules yield amounted to 0.93 L/m2 h (MD1) and 
0.44 L/m2 h (MD2). The addition of the third portion of clay 
did not cause a further flux decline. This resulted most prob-
ably of a well-known fact that the thickness of a deposit layer 
on the membrane surface stabilized at given conditions of 

Table 1
The composition of feed water and MD retentate (after 9 d of the 
process duration)

Ions (mg/L) Water Retentate

Cl− 46.8 70.9
NO3

− 1.1 1.6
SO4

2− 86.7 136.1
Na+ 23.9 35.1
K+ 5.5 7.4
Ca2+ 64.3 92.4
Mg2+ 16.6 24.2
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the feed flow [25]. As a consequence, the feeding of modules 
with water containing a large content of clay suspension 
(3 g/L) caused the module yield to decrease only by less than 
10%, which was found to be a significant advantage of the 
MD process over the filtration processes, such as micro- and 
ultrafiltration, where the module yield was rapidly decreased 
due to the formation of a filtration cake [18,25].

As the feed tank was drained it was found that the mem-
brane surface was covered by a nonuniform layer of brown 
deposit (clay colour). The majority of deposit was removed 
from the membranes by rinsing them with tap water, which 
indicated that such deposit was loosely bonded with the 
membrane surface. As a result, an increase of the yield to 
1.15 L/m2 h (MD1) and 0.52 L/m2 h (MD2), was observed after 
the MD process restart (Fig. 6, last 4 d), which was close to 
the level observed before the treatment of water with clay 
suspension. This indicated that the application of feed with 
a high turbidity did not cause a damage of the submerged 
modules over examined period of time and the membrane 
wettability was not considerably increased. This was also 
confirmed by a fact that the final distillate conductivity 
(about 3 μ S/cm) only slightly increased in relation to one 
obtained during the first days of the studies.

SEM examinations of membrane samples collected from 
MD2 module (after rinsing with distilled water) confirmed 
that despite a considerable amount of clay suspended in 
water only small amounts of deposits were permanently 
bonded with the membrane surface (Fig. 7). The forma-
tion of crystallites characteristic for CaCO3 or CaSO4 on the 
membrane surface was not observed, although such crys-
tallites were observed in large amounts in previous studies 
during the desalination of water with a similar composition 
using the feed temperature in the range 60°C–80°C [17]. This 
confirms that the application of a low-temperature process 
(30°C–40°C) is an effective method of scaling limitation [26].

A composition of deposits cumulated on the surface 
of examined membrane samples shown in Fig. 7(b) is pre-
sented in Table 2. The SEM–EDS examinations revealed 
that the observed deposits were mainly composed of Si, 

Al, Fe and O. These elements generally form oxides, which 
are hardly soluble in water [27]. Their accumulation on the 
membrane surface during, for example, 2–3 years of module 
exploitation can significantly decrease the yield of MD instal-
lation. Hence, it is recommended that the feed water used 
to supply the home installation has the turbidity as low as 
possible. This can be achieved by cheap and simple methods 
of feeding the installation not directly from water sources, 
but indirectly from, for example, a barrel, which can act as a 
storage tank and simultaneously as a settling tank.

3.3. Biofouling

The conditions of MD installation operation usually do 
not favour the micro-organisms growth, as it has been demon-
strated in the previous works, thus, the influence of biofoul-
ing on the process is limited [26]. However, an excessive 
growth of micro-organisms can take place during installation 
downtime. It can be expected, that home installations will 

    
a)     b) 

Fig. 7. (a) SEM images of membrane surface (MD2 module) after MD studies with clay suspension, (b) area marked by circle in Fig. 7(a).

Table 2
The composition (% wt.) of deposits accumulated on the 
membrane surface (Fig. 7(b))

Elements Sample

A B C

C 29.76 40.62 57.74
O 23.37 9.22 0.56
Al 4.63 1.65 0.01
Si 7.26 3.11 0.35
Fe 2.07 3.47 1.27
K 2.05 0.59 0
Na 1.52 2.53 0.36
Ca 0.15 0.31 0.05
Mg 0.13 0.34 0.02
Cl 1.74 3.54 0.85



7M. Gryta / Desalination and Water Treatment 128 (2018) 1–10

not be properly prepared for longer downtimes, for example, 
by rinsing and filling with a storage solution. If a remaining 
process water (feed) containing algae and bacteria is kept for 
several weeks in a nonoperated MD installation, it may lead 
to the strong growth of a biofilm on the membrane surface. In 
this work, it was checked how such an effect could influence 
on the effectiveness of MD module operation. For this pur-
pose, the feed tank was filled with water and after 2 weeks of 
MD installation operation it was shut down for 2 months. The 
ambient temperature during this time was changed in the 
range 22°C–30°C. After 2 months it was found that the tank 
walls and the membrane surface were covered by a green 
layer of algae (Fig. 8(a)). The presence of rod-shaped bacteria 
was also noted in the collected deposit (Fig. 9).

The application of intensive stirring of the feed (700 rpm) 
resulted in a significant removal of the fraction of micro-or-
ganisms from the membrane surface, and only some green 
spots of the biofilm were visible (Fig. 8(b)), probably com-
posed of the residues of algae. Subsequently, the feed tank 
and modules were rinsed two times with a tap water, and 
the MD process was restarted. It was found that a shut-
down of the installation accompanied with the growth of 
micro-organisms for 2 months led only to a small decline of 
the module yield (Fig. 10), if the modules were intensive 
rinsed. The permeate flux obtained for the MD1 module 
decreased from initial 1.05 to initial 0.85 L/m2 h, and it was 
stabilized at a level of 0.72 L/m2 h after 2 d of the process per-
formance. In the case of MD2 module, the yield decreased 

   
   a)         b) 
Fig. 8. The MD membrane surface covered by a green biofilm layer after 2 months of shutdown, magnification ×200 (a), the MD 
membrane surface after rinsing the module, magnification ×1,000 (b). 

   
Fig. 9. Images of bacteria present in the biofilm formed on the membranes surface.
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from 0.51 to 0.41 L/m2 h. An increase of particular distillates 
conductivity from 2.7 to 4.8 μ S/cm (MD1) and from 2.8 to 
3 μ S/cm (MD2) indicated that algae not only blocked the 
evaporation surface, but also caused the wettability of a part 
of membranes pores.

After stabilization of MD1 and MD2 modules yield 
(Fig. 10, point – 10 d), the MD installation was shut down for 
the next month. This enabled the proceeding of the growth of 
micro-organisms, which covered the membrane surface by a 
green film, similarly as in the previous case. This caused a fur-
ther decline in the installation yield (Fig. 10, data after 11 d). 
The permeate flux for the MD1 module deceased from 0.72 to 
0.63 L/m2 h, and for MD2 module the decline was from 0.41 
to 0.35 L/m2 h. Totally, the yield of MD1 module decreased 
by 40%, whereas the yield of MD2 module by about 31% 
within a 3-month period of the micro-organisms growth on 
the membrane surface. Moreover, the distillate conductivity 
for the membrane Accurel PP S6/2 (MD1) increased from 
2.7 to 8 μS/cm, whereas for the membrane Accurel PP V8/2 
(MD2) changed only from 2.8 to 3.1 μ S/cm. These results 
confirmed the conclusions from the previous works, that 
is, the membranes with thicker walls were more resistant to 
biofouling during the MD process [28]. The membranes used 
in the studies exhibited a good resistance to wetting during 
the treatment of water in a bioreactor covered with bacteria 
biofilm [29]. Hence, it can be concluded that the algae growth 
caused and/or accelerated the wettability of membranes.

The wettability of pores in the membranes results in a 
leakage of the feed, which can lead to an excessive concen-
tration of salts in the produced distillate. Thus, in the last 
stage of the studies the effect of process conditions on the rate 
of salt rejection by the examined membranes was checked. 
The studies started with the desalination of water contain-
ing 5  g NaCl/L and a systematic increase of the distillate 
conductivity was found, which in the case of MD1 module 
increased to over 50 μS/cm, and from 2.4 to 4 μS/cm for the 
MD2 module (Fig. 11). In the MD process, the water vapour 

flows through the membrane, thus, when the rate of mem-
brane wettability is not changed, the permeate flux increases 
or the electrical conductivity of distillate decreases. On the 
other hand, an elevation of the feed temperature from 33°C to 
42°C was shown not to cause such an effect. Moreover, in the 
case of MD1 module operated at the elevated temperature, 
the conductivity of distillate quickly increased (up to 300 μS/
cm). This confirmed that, a deposition of micro-organisms on 
the membrane surface facilitated a further wettability of the 
pores during the consecutive days of MD process performed 
at elevated temperature.

The SEM examinations of membrane (collected from 
MD1 module) cross-sections performed after accomplishing 
the studies of water desalination revealed that a biological 
deposit was also formed inside the membrane wall (Fig. 12), 
which unfortunately facilitated the wettability. An increase of 
conductivity stopped after about 20 d of the process, despite 
the increase of the salt concentration in the feed. It indicated 
that only the pores which were located in a direct vicinity of 
biological deposits became wetted. In the case of MD2 mod-
ule, the conductivity stabilized at a level of 51 μS/cm and it 
was 560 μS/cm for the MD1 module. It showed that even for 
more wetted membranes (i.e., Accurel PP S6/2), the obtained 
conductivity was still within the range acceptable for potable 
water (below 1,000 μS/cm).

The discussed results indicated that an intensive growth 
of micro-organisms could lead to a serious damage of MD 
modules. For this reason, the preventive actions against 
biofouling development should be applied even in house-
hold installations. During the studies of water desalination 
(Fig. 12), it was observed that after already few days the 
applied solution of NaCl (5 g/L) enabled the cleaning of the 
membrane surface and the membrane became white again. 
Thus, a periodical addition of a salt into the feed can be a 
simple method of protection of household installations. 
Moreover, the users can prepare such salt solutions simply 
using natural evaporation of the retentate discharged from 
the MD installation.
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4. Conclusions

The long-term studies of MD demonstrated that the 
tested PP membranes Accurel PP did not become signifi-
cantly wetted despite the unfavourable process conditions, 
such as a high turbidity of the feed and biofouling and their 
satisfactory operation was revealed. The observed perfor-
mance of these membranes indicated on their applicability 
in small MD installations dedicated for residential potable 
water production systems.

The use of low temperatures (33°C–42°C) of the feed 
allowed for obtaining 10–20 L/d of freshwater production in 
the small MD installation equipped with the module of the 
effective membrane area of 1  m2. Moreover, the low mem-
brane scaling was found to occur in such conditions.

The feeding of MD installation with the high turbidity 
water containing a clay suspension did not cause a destruc-
tion of the MD modules. However, taking into consideration 
2–3 years long period of the system exploitation, it was recom-
mended to use simple methods for the turbidity elimination 
such as a sedimentation in small feed water storage tanks.

Biofouling, especially the growth of algae, was found to 
accelerate wettability of membranes pores. For this reason, 
an excessive multiplication of micro-organisms in the MD 
installation should be prevented. A periodical rinsing of the 
installation with 5–10  g/L NaCl solution was found to be 
sufficient method of the biofouling control. The installation 
should be also fed with the salt solution in case of long breaks 
in its operation.
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