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TOM TAT

NGHIEN CUU PAC TRUNG NHIEM BAN MANG VA CAC GIAI PHAP LAM
SACH TRONG HE THONG KHU MAN THAM THAU XUOI SU DUNG CHAT
LOI CUON POLYVINYLPYRROLIDONE K17

Cong trinh nay khdo sdt cdc ddc trung cua hién tirong nhiém bdn mang I1én hiéu qud hoar dgng cia hé théng
khir man trén co sé cong nghé loc tham thau xudi si dung chdt 16i cusn Polyvinylpyrrolidone K17, théng
qua danh gid sw thay doi cua gid tri thong leong medc tham thau qua mang va gia tri thong heong chat 16i
cuon tham thdu nguoe qua mang, ciing nhw anh chup kinh hién vi dién tir quét (SEM). Két qua khdo sat cho
thdy, ton tai nhiing khac biér dang ké giira tac nhan gay nhiém ban tgi phia bé mat mang ban tham tiép xac
véi dung dich can xir Iy va tAc nhan gay nhiém ban tai phia bé mat mang ban tham tiép xdc véi dung dich 16i
cuon. Bén canh dé, két qua so sanh hiéu quda 1am sach gita phwong phdp rita xudi va phwong phap rira
nguoc ciing givp chung minh sy ton tgi cua tinh trgng nhiém bdn xdy ra trong cau trdc mang ban tham.
Piéu nay nhan manh sy can thiét cua vige phai xdac dinh duoc nhitng phwong phap lam sach méi nham cdi
thién kha nang van hanh lau dai va 6n dinh cho cac hé thong khir man trén co sé cong nghé loc tham thdu
xudi si dung chat 16i cuon Polyvinylpyrrolidone K17.
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1. INTRODUCTION To address this issue, numerous
solutions have been proposed, with
desalination technologies for producing
freshwater from brackish sources, or even
directly from seawater, being the most
prominent among all. Currently, thermal
distillation and reverse osmosis are the
most widely applied technologies in
industrial-scale  desalination  plants.
However, there exists notable drawbacks
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In recent years, due to a variety of
factors, freshwater scarcity has become
increasingly severe worldwide, including
in Vietnam [1]. Particularly, the Mekong
Delta region is experiencing a growing
trend of saltwater intrusion, threatening
agricultural activities in one of the
nation's primary rice-producing areas [2].



in these methods, primarily the significant
energy requirements needed to drive the
desalination process, which is not fully
aligned with green development and
environmental protection trends [3,4].

Forward osmosis technology is
emerging as a promising new answer to
the question of desalination. Unlike
reverse osmosis, the driving force for the
mass transfer of water in forward osmosis
systems is the difference in natural
osmotic pressure on either side of a semi-
permeable membrane. Therefore, forward
osmosis systems typically require much
less energy for operation, while also
offering significant improvement in solute
rejection efficiency [5].

However, similar to other membrane
filtration methods, membrane fouling is a
phenomenon that can negatively impact
the operational efficiency of forward
osmosis desalination systems. Membrane
fouling is defined as the deposition of
suspended particles, colloids, organic
macromolecules, insoluble inorganic
compounds, microbial biomass, or a
combination of these foulants, on the
surface or within the porous structure of
the semipermeable membrane. Fouling
not only leads to reductions in water flux
and output water quality, but also
increases the operational costs of forward
osmosis systems and shortens membrane
lifespan [6].

According to Mi and Elimelech, the
mechanisms of membrane fouling are
relatively complex, involving chemical
interactions between solute components in
the feed solution and the draw solution,
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hydrodynamic  factors  within  the
membrane  module, and  specific
characteristics of the semipermeable
membrane itself [7]. Therefore, when
researching potential novel draw solutes
to be used in forward osmosis systems, it
Is essential to examine membrane fouling
characteristics  to ~ comprehensively
evaluate the efficiency of those draw
solutes under real-world operational

conditions.

This study investigates the fouling
characteristics of a forward osmosis
system using Polyvinylpyrrolidone K17
(hereby abbreviated as PVP K17) as the
draw solute, and evaluates the
effectiveness of common membrane
cleaning methods in alleviating the
impacts of fouling on desalination
performance of the forward osmosis
system. In  particular, desalination
performance was evaluated through water
flux and reverse solute flux, while the
characteristics of foulants were analyzed
using scanning electron microscopy
(SEM) images. Similarly, the
effectiveness of membrane cleaning
methods was determined by comparing
the changes in desalination performance
of the semipermeable membrane at the
beginning, after extended operations, and
after being cleansed post-extended
operation.

2. METHODOLOGY
2.1. Materials and Equipment

Agqueous solvent: Deionized water
(salinity < 5 ppm) was produced using the
Direct-Q® 5 UV Remote Water
Purification System (Merck, Germany) at



the Center for High Technology Research
and Development, Vietnam Academy of
Science and Technology.

Draw solute: Polyvinylpyrrolidone
K17 (analytical grade) was supplied by
Sigma-Aldrich (USA).

Salt solute: Refined sea salt was
supplied by Long Hai (Vietnam).

Semipermeable membrane: HFFO
membranes were supplied by Aquaporin
(Denmark).  These  were thin-film
composite (TFC) flat sheet membranes
with dimensions of 56 x 115 mm, and an
effective filtration area of 42 cm2.

Testing module: Forward Osmosis
CF042 Cell Assembly module was
supplied by Sterlitech (USA). This
module was a laboratory-scale forward
osmosis filtration module specifically
designed for testing and evaluating the
performance  of  forward  osmosis
membranes in a controlled laboratory
environment.

Flow pumps: HF-8377 flow pumps
were acquired from Haedon (Taiwan),
capable of providing output flow in the
range of 0 — 1,200 mL-min™*.

Digital scale: GeelLeaf GLO5 digital
scale was acquired from GeeLeaf (China),
with maximum weighing capacity of 5 kg
and an accuracy of 1 g.

Salinity meters: Ezdo 7021 handheld
conductivity/TDS/salinity meters were
acquired from GonDo (Taiwan), with an
accuracy of 1 ppm (for 0 — 1,000 ppm
scale) or 0.01 ppt (for 1.00 — 12.00 ppt
scale).
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Other auxiliary equipment and tools:
Water containers, water pipes, control
valves, pressure gauges...

2.2. Experimental Method

In  general, experiments  were
conducted using the setup described in the
published work by Nguyen Quang Trung
et al. [8]. Specifically, after performing
system cleaning steps, 1,000 mL of the
feed solution (deionized water or 10%o
salt solution) and 1,000 mL of 20%
Polyvinylpyrrolidone K17 draw solution
(hereby abbreviated as PVP 20%
solution) were loaded into the respective
containers.  Experiments were then
commenced by simultaneously starting
the feed solution pump and the draw
solution pump, and continued for a total
duration of non-continuous 700 hours
(equivalent to roughly 30 days of
continuous operation). Through this
duration, after every 120 minutes,
experiments were either temporarily
stopped until the next day, or both the
feed solution and the draw solution were
replaced by 1,000 mL of respective fresh
solutions. The weight of the draw solution
and the salinity of the feed solution were
periodically recorded to monitor the
changes in these parameters over time.

In particular, base-line operational
parameters for experiments in this study
were established as following:

Feed solution: 10%o salt solution (for
JW determination) or deionized water (for
JD determination).

Draw solution: PVVP 20% solution.

Inlet flow rate — Feed solution: 200 mL

“min™.



Inlet flow rate — Draw solution:
Adjusted to maintain a difference in
hydraulic pressure of 0.2 bar between the
feed solution side and the draw solution
side.

Inlet temperature — Both solutions:
30 °C.

Relative flow direction of the draw
solution stream and feed solution stream:
Counter-current.

After the 700-hours experimental
period, the semipermeable membrane was
cleansed either by surface flushing
(replacing both the feed solution and draw
solution with clean water, then operating
the system under the same operational
parameters as described for 30 minutes),
or by membrane backwashing (replacing
the feed solution with saturated salt
solution and the draw solution with clean
water, then operating the system under the
same operational parameters as described
for 30 minutes). Subsequently, the
cleansed membranes were used for
subsequent cycles of experiments, or
sampled for scanning electron microscopy
(SEM) imaging.

2.3. Methods for Result Calculation

Performance of the forward osmosis
filtration system was evaluated based on
two main parameters: water flux (JW),
and reverse solute flux (JD). In particular,
these parameters were calculated from
experimental results as follows:

JW = (mt—m0)/(t x A % p)
JD=Ctx (VO-JWxtxA)/(txA)

where:
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- JW was Water flux (unit: L-m2-h'?, or
LMH)

- JD was Reverse solute flux (unit: g-m™
-h™!, or GMH)

- A was the active filtration area of the
semi-permeable membrane, which was
0.00042 m?

- p was the specific density of water,
which was 0.001 g-L™*

- t was the total operational duration of
experimental system at the particular
sampling point (unit: h)

- mO was the initial weight of the draw
solution and its container (unit: g)

- mt was the weight of the draw solution
and its container at the particular
sampling point (unit: g)

- Ct was the concentration of dissolved
solids in the feed solution at the particular
sampling point (unit: g-L™%)

- VO was the initial volume of the feed
solution, which was 1 L

2.4. Analytical Method

Changes in surface structure of the
semipermeable membrane before and
after ~ 700-hours  forward  osmosis
experiments were analyzed using images
of various magnifications obtained from a
HITACHI Miniscope TM-1000 under
vacuum conditions with an accelerating
voltage of 5 kV.

Membrane samples were prepared by
quickly rinsing the membrane surface
with deionized water, then gently blotting
it dry with filter paper, before coating its



surface with a gold-palladium alloy using
a sputter deposition device.

3. RESULTS AND DISCUSSION
3.1. Membrane Fouling Characteristics

Experimental results (as shown in
Figure 1 and Figure 2) indicated that
forward osmosis performance of the PVP
20% solution exhibited reductions over
extended periods of operation.
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Figure 1 Impact of surface flushing cleasing
method on water flux (JW)
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Figure 2 Impact of surface flushing cleasing
method on reverse solute flux (JD)

In particular, after the first 700 hours
of operation, water flux of the forward
osmosis system decreased from 8.44
LMH to 5.67 LMH, while reverse solute
flux decreased from 1.67 GMH to 1.12
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it After 700 hours

Third cycle
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GMH (approximately 33% reduction in
both cases). The cause of this
phenomenon can be attributed to fouling
occurring on the surface and within the
porous structure of the semipermeable
membrane after extended forward
osmosis operation leading to significant
reduction in effective membrane area,
hindering the mass transfer of both water
and other solutes [6].

These observations were corroborated
by SEM images of the membrane surface,
as presented in Figure 3. In particular,
SEM image of fouled membrane sample
indicated significant deposition of draw
solute particles on the surface of the
semipermeable membrane. Due to
inherent properties of PVP K17, the
deposited particles were relatively large in
size (approximately over 10 um) and
complex in structure. This phenomenon
can be due to specific interactions
between PVP K17 molecules and NaCl
molecules (specially, Na+ and/or CI-
ions), which led to reductions in the
solubility of PVP K17 in the areas around
the membrane surface [9].

Conversely, on the feed solution side,
the primary fouling mechanism was
determined to be the growth of
microorganisms. In particular, SEM
image of the fouled membrane sample
revealed that a significant portion of the
membrane surface was covered by
spherical structures approximately 2 pum
in size, corresponding to the average size
range of numerous bacterias. The
presence of this biofilm formed by
bacterias would significantly impact the
mass transfer efficiency of both water and
draw solute [10].



Figure 3 SEM images of the membrane surface on
the draw solution side (top) and the feed solution
side (bottom)

3.2. Efficiency of Surface Flushing on
Foulants Removal and Membrane
Cleansing

Experimental results (as shown in
Figure 1 and Figure 2) indicated that the
surface flushing cleansing method can
rather effectively alleviate the negative
impacts of membrane fouling on water
flux and draw solute flux. In particular,
for the first 700-hours operational cycle,
surface flushing can restore up to 82% of
the reduction in water flux caused by
fouling. However, for the second 700-
hours operational cycle, this cleansing
method can only offer up to 64% in water
flux restoration.
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This result can be attributed to severe
fouling on both sides of the
semipermeable membrane (as seen in
Figure 3), therefore only allowing partial
removal of foulants through surface
flushing. According to Vrouwenvelder et
al., biofilms formed by microbial growth
typically exhibit high adhesion to the
surface of semipermeable membrane, and
are challenging to be removed completely
with conventional surface flushing [11].
Similarly, surface flushing is also
relatively ineffective in dealing with
internal fouling caused by the deposition
of particles within the membrane's porous
structure, due to the inability to penetrate
deep inside these clogged porous
structures of the surface flushing stream
[12].

Residual foulants still remaining
within the porous structure and biofilm
areas not entirely removed by surface
flushing would continue to impede the
mass transfer of water and other solutes
through the semipermeable membrane,
preventing water flux and reverse solute
flux from being fully restored, while also
exacerbating fouling in  subsequent
operational cycles.

3.3. Efficiency of Backwashing on
Foulants Removal and Membrane
Cleansing

Experimental results (as shown in
Figure 4 and Figure 5) demonstrated the
improvements in foulants removal and
membrane cleansing of the backwashing
method, compared to those of the surface
flushing method. In particular, for the first
700-hours operational cycle, backwashing
can restore up to 95% of the reduction in



water flux caused by fouling. For the
second 700-hours operational cycle, its
water flux restoration efficiency was
lowered to 91%.
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Figure 4 Impact of backwashing cleasing method
on water flux (JW)
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Figure 5 Impact of backwashing cleasing method
on reverse solute flux (JD)

The differences in foulants removal
and membrane cleansing efficiency
between surface flushing method and
backwashing method can be explained by
two primary reasons. Firstly, the presence
of saturated salt solution significantly
disrupted the metabolic processes of
microorganisms that caused membrane
fouling, thereby destabilizing the biofilm
and reducing its adhesion to the
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membrane surface [13]. Secondly, during
backwashing, the water flux from the
water side to the saturated salt solution
side helped detaching parts of the biofilm
from the membrane surface, thereby
enhancing foulant removal efficiency of
the flushing stream [14].

However, similar to surface flushing,
backwashing was unable to entirely
remove foulants deposited within porous
structures of the  semipermeable
membrane, therefore unable to completely
alleviate negative impacts caused by
fouling. As such, this method can only
restore approximately 95% of water flux
after the first 700-hours operational cycle,
and its cleansing efficiency would
gradually decrease in subsequent 700-
hours operational cycles.

4. CONCLUSIONS

This study successfully identified the
impacts of membrane fouling on the
performance  of  forward  osmosis
desalination systems, providing essential
information to optimize membrane
cleansing processes, which can help
ensure stable and efficient operation of
forward osmosis desalination systems.
Specifically, this study discovered that
membrane fouling occurred when using
Polyvinylpyrrolidone K17 as the draw
solute can lead to 33 — 36% reduction in
water flux after the 700-hours operational
cycles. This study also successfully
determined that the fouling on membrane
surface in contact with the draw solution
was mainly caused by inorganic/organic
dispositions, while the fouling on
membrane surface in contact with the feed



solution was mostly caused by the growth
of microorganisms.

In addition, this study also investigated
the membrane cleansing efficiency of two

popular physical cleansing methods,
which  were surface flushing and
backwashing.  Experimental  results

showed that backwashing with saturated
salt solution can lead to 93 — 95%
restoration of lost water flux caused by
fouling, while the numbers for surface
flushing were only 64 — 82%. Such
divergence can be explained by the
difference in the capability of surface
flushing and backwashing in removing
the biofilm which was attaching to the
membrane surface.

Overall, these findings provided a
theoretical basis for understanding the
impacts of membrane fouling on the
performance  of  forward  osmosis
desalination systems using
Polyvinylpyrrolidone K17 as a draw
solute. This study also highlighted the
need for further in-depth evaluations of
membrane fouling in order to determine
appropriate  cleansing approaches to
effectively remove foulants caused by
using Polyvinylpyrrolidone K17 as a draw
solute in forward osmosis desalination
systems.
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