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TOM TAT

NGHIEN CUU LUA CHON NONG PQ MALTODEXTRIN TRONG DUNG DICH
LOI CUON CUA CONG NGHE KHU MAN SU DUNG MANG THAM THAU XUOI

Thdam thdu chuyén tiép (FO) dwoc coi la mét trong nhitng cong nghé hira hen nhdr dé khir mudi véi
nhiéu wu diém nhw: chi phi nang lwong thap, logi bé dwrec nhiéu chdt 6 nhiém va it tic nghén mang so
Véi c&c qué trinh mang khéc. Trong nghién cizu ndy, ching tdi khdo sat lira chon nong dé maltodextrin
cho dung dich 16i cudn six dung trong hé thong FO, trong d@é meéc khir ion va nwéc mugi 10 — 30%o
dwoc sir dung 1am dung dich dau vao. Mang FO-TFC (thin film composite) va mang FO-CTA (cellulose
triacetate) diwoc sir dung trong cac thi nghiém. Thong lwong nuée va thong lwong tham thdu nguoc cia
dung dich 16i cuén qua mang FO da dwge danh gid va mang NF dwoc sir dung dé thu hoi dung dich 16i
cuon. Két qua nghién cizu, dung dich 16i cuon véi nong d@é maltodextrin 20% I& phu hep nhdt cho hé
théng FO ding dé khir man nuée dau vao c6 do man dwdi 10%o. Nhue vdy, 6 thé si dung maltodextrin
nhw dung dich 16i cun trong hé thong mang loc tham thdu chuyén tiép ding dé khir man nuwéc mén/ly
thanh nudc sinh hogt.

Tar khda: khir man, maltodextrin, FO

1. INTRODUCTION human rights [2,3]. In modern times, with the
From ancient times, water has always been challenges caused by rapid growth of human
considered an important resource that played population and climate change, it has become
crucial roles in the rise and fall of human increasingly clear that we must strive to ensure
civilizations [1]. For its essential and sufficient, safe, acceptable, physically
irreplaceable parts on the health, dignity, and accessible, and affordable water for personal
prosperity of people, the access to water has and domestic use in order to avoid armed
been recognized by the United Nations as an conflicts and minimizing human sufferings
important human right, and could significantly [4,5].

affect the realization of other fundamental
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Desalination is considered as a solution
producing fresh water from seawater, brackish
water, and inland water, which increase the
availability of fresh water in the coastal areas
[6, 7]. There were two main categories of the
desalination process, obtaining both thermal
process and membrane process with different
types, in which Reverse Osmosis (RO), Multi-
stage Flash (MSF) and Multi-Effect
Distillation (MED) were the most applied
desalination technologies with the installed
desalination capacity over the world was 65%;
22% and 8%, respectively [6, 8]. In addition,
the other desalination processes were also used
including Electro Dialysis (ED) and Electro
Dialysis Reversal (EDR) [8]. However, these
processes require a high cost of capacity as
well as a large amount of energy for operation,
whereas the future trends are priority applied
and developed technologies that use less
energy [9, 10].

Forward osmosis (FO) has been considered as
one of the most promising technologies for
desalination with the advantages of low energy
cost, high rejection of many pollutants and low
membrane fouling in comparison with the
other membrane processes such as RO,
nanofiltration (NF), ultrafiltration (UF), and
microfiltration (MF) [11, 12]. This technology
utilizes the natural phenomenon of osmosis
which was generated by different pressures
between feed solution and draw solution in two
sides of the semi-permeable membrane to
produce fresh water. A followed process was
conducted to reconcentrate the diluted draw
solution and produce clean water. In the FO
process, the draw solution plays a pivotal role
to attract water from the feed solution. A
numerous of draw solutions was studied for FO
process such as ammonium bicarbonate [13],
fertilizer [14], and magnetic nanoparticles [15],
EDTA sodium salts [12], 2-methylimidazole-
based compounds [16], polyacrylic acid
sodium salts (PSA) [17], sodium lignin
sulfonate (NaLS) [18], etc. The study and
select a suitable draw solute can greatly
influence the efficiency and sustainability of
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FO operations. According to Huayong et al.
[11] and Enling et al. [19], the properties of an
ideal draw solute in FO were high osmotic
pressure, minimal reverse solute diffusion,
easy to recover from the diluted draw solution,
nontoxic, low cost, reusability, and
compatibility with FO membranes.
Maltodextrin  (MX) is a polysaccharide
produced from the enzymatic hydrolysis or the
acidic of starch, which is considered as a
polymer of D-glucose chains linked by
glycosidic a-(1-4) and o-(1-6) bonds, and is
formed by linear (amylase) and branched
(amylopectin) carbohydrates with different
equivalents of dextrose [20]. Maltodextrin was
a nontoxic material which used widely in the
cosmetic domain [21], food industries [20, 22],
and the pharmaceutical industry [23].
However, no reports were studied maltodextrin
as a draw solution in the FO process.

In this study, we investigated to select
maltodextrin  concentration for the draw
solution wusing in FO system, wherein
deionized water and NaCl 10 — 30 %o were
used as feed solutions. FO-TFC and FO-CTA
were used in the experiments. Water flux and
reverse osmosis flux of draw solution through
the FO membrane were evaluated, and NF
membrane was used to recover draw solution.
2. MATERIALS AND METHODS

2.1. Materials

Maltodextrin (CenH(1on+2)On+2)) (> 98%) was
purchased from Sigma-Aldrich Corporation
(Germany). The  commercial thin-film
composite (TFC) forward osmosis membrane
(305 x 305 mm) was bought from Sterlitech
Corporation (USA). An ultrapure water system
(Purelabflex-3, ELGA, UK) was used to
produce de-ionized water, which was utilized
to prepare the different concentrations of all
solutions for experiments. Deionized water and
NaCl 10 — 30 %o were used as feed solutions in
the FO system.

2.2. Forward osmosis setup

The experiments were conducted in three
replications. A rectangular
permeation cell (8 cm in length, 4 cm in width

cross-flow



and 0.5 cm in height) was designed in a plate
and frame configuration to hold the flat FO
membrane for experiments (Figure 1). The
experiment was set up with the active layer of
FO membrane oriented to face the feed
solution, whereas the support layer of the
membrane facing the draw solution. The
pumps with a flow rate of 1.2 L/min,
maximum outlet pressure of 125 psi, voltage of
24 VDC and an amp of 0.24 A were separate
used to re-circulate the feed and draw solutions
on both sides of the FO membrane. DI water
was used as feed solution, whereas draw
solutions were prepared from maltodextrin in
DI water. An amount of 500 mL and 300 mL
was the initial volumes of feed solutions and
draw solutions, respectively. A digital scale
balance (Sartorius, Goettingen, Germany) was
used to determine the changes in the weight
and volume of feed solution while the Laqua
F-74 sensor was utilized to monitor any
changes in TDS, EC and salt concentration of
the feed solutions and draw solutions
periodically 15 min during experiments.
Different concentrations of draw solution (5%,
10%, 15%, 20%, 25% and 30%) were
investigated to  find the  optimized
concentration use for the complete FO
membrane system in the next stage of the
experiments.

The most suitable concentration of draw
solution was used in the complete system of
the FO process in combination with the
nanofiltration using DOW FILMTEC NF90-
400 membrane to produce fresh water and
recover the draw solution.

Experiments were conducted on a laboratory
scale in the Center for Research and Transfer
of Technology — Vietnam Academy of Science
and Technology, Hanoi, Vietnam. FO
membrane was immersed into the DI for 24h
before use to ensure the porous support layer
of the membrane is fully saturated with water.
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Figure 1. Schematic diagram of FO system to
test the efficiency of draw solution

2.3. Measurement of water flux and reserve
salt flux
The water flux and reserve salt flux across the
FO membrane were determined via the volume
exchange of feed solution using the equations
as below:

pe VizVo *) RF =
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Where:
F: is the water flux across the FO membrane
(LMH)

RF is the reserve salt flux across the FO
membrane (LMH)

A is the surface area of the FO membrane
(cm?)

C, is the initial concentrations of the feed
solution (g/L)

Ci is the concentration of the feed solution
measured at a time of Ti (g/L)

V, is the initial volume of feed solution used
for experiments (mL)

Vi is the volume of feed solution determined at
a time of T;(mL)

3. RESULTS

The properties of Maltodextrin draw solution
was evaluated in the forward osmosis system
and recovery by nanomembrane filtration
under the specific conditions listed in Table 1,
and maltodextrin concentration in the draw
solution changed in the range of 5 to 30%.
Data results of the experiments were showed in
Figure 1 and 2.



Table 1. Operation conditions of the forward osmosis syste

Operation parameters

Values

The initial solutions

The feed solution side

NaCl 10 — 30 %o or deionized
water

The draw solution side

Change depends on the group of
the specific experiments

The feed solution side 25 L/h
Flow rate _
The draw solution side 15 L/h
Temperature 30°C
Other parameters (FO) Fl9w rate direction Opposite direction
Different pressure 0,2 bar
Time of the experiments 150 minutes

Other parameters
(separate by magnetic)

Magnetic source

Rare earth magnet

Settling time

180 seconds

Other parameter (NF)

Inlet flow pressure

10 bar

Waste flow rate

90%

The test is repeated at least 5 times, with a maximum allowable error of 10%.

Research results show that, the highest water
flux through the membrane was reported in
10,67 LMH in maltodextrin draw solution with
operation conditions of (1) deionized water as
feed solution, (2) draw solution with 30%
maltodextrin, (3) FO-TFC  membrane.
However, the value of membrane water flux
increased significantly when the concentration
of maltodextrin in the draw solution raised
from 10% to 20%, however, the higher
concentration of maltodextrin, the water flux
through the membrane continued to increase
slightly. This phenomenon is especially
evident when the input water source is saline
water, and can be explained by the fact that
after the threshold of  Maltodextrin
concentration of 20%, the draw solution has
begun to form an ICP effect on the membrane,
which resistance to water permeation through
the membrane, leading to a decrease in the
water flux through the membrane.

Besides, when the salinity of the input water
increases, the value of water osmotic flux
through the membrane also decreases, due to
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the difference in natural osmotic pressure
between the feed solution and the draw
solution reduced. In the case with the FO-CTA
membrane, even at the salinity threshold of the
feed solution of 10%o, the water flux through
the membrane was reduced to less than 5 LMH
at all concentrations of the draw solution,
showing that FO-CTA membrane combined
with Maltodextrin draw solution is not very
effective in desalination application for saline
water. In contrast, there was a suitable range of
desalination conditions exists when using FO-
TFC membrane as (1) the salinity of the input
water does not exceed 10%. and (2) the
concentration of Maltodextrin in the draw
solution higher than 20%. Then, the water flux
through the membrane can be achieved above
5.11 LMH. It is in agreement with the previous
studies of Nguyen et al [24] that the higher
water flux might generate the higher osmotic
driven force in the transportation of water
through the membrane. In addition, NHsHCO3
was used as a draw solution in the forward
osmosis process [25, 26]. This indicated that




the potential application of maltodextrin as the
draw solution of the FO process in
desalination.

In addition, the extent of the draw solute loss
during the operation of the FO system as well
as the reconstitution of the attractant solution
should be considered. As shown in Figure 1, it
can be seen that low reverse osmosis flux
through the membrane was reported in high
concentration of maltodextrin in draw solution
in comparison with NaCl. It could be explained
by the fact that Maltodextrin has a relatively
high molecular weight and does not dissociate
into ions with small sizes, therefore, it is more
difficult to move through the membrane than
NaCl. However, as the concentration of
Maltodextrin in the draw solution increased,
the reverse osmosis flux of Maltodextrin also
increased, especially, the higher concentration
than 15%. And, it can also be found that the
permeable efficiency of FO-TFC is higher than

that of the FO-CTA.
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Figure 1. The specific water flux using

maltodextrin draw solution (MAL)
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Figure 2. The specific reserve flux of
maltodextrin draw solution with de-ionized
water feed solution
Figure 2 shows the reverse osmosis loss
efficiency is evaluated based on the ratio
between the reverse osmosis draw flux and the
membrane permeable water flux. It can be seen
that, FO-TFC membrane was more effective at
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preventing reverse osmosis for Maltodextrin
compared to FO-CTA membrane. The reverse
osmosis loss efficiency of Maltodextrin
reached its lowest value when the draw
solution concentration did not exceed 15%, and
increased sharply when the draw solution
concentration increased above 15%. This is the
combined effect of the continued increase in
reverse osmotic draw flux as the concentration
of Maltodextrin in the draw solution increases,
and the “sleep gap” in osmotic flux caused by
the ICP phenomenon.

From the above results, the draw solution with
a concentration of 20% Maltodextrin on the FO
system using the FO-TFC membrane was
selected for the next experiments. At the stage
of recovery by low-pressure NF filtration, the
resulting clean water has a TDS index of about
350 mg/L, lower than the maximum threshold
according to WHO guidelines for domestic
water of 500 mg/L. The average loss factor of
the draw solute in the NF filter stage was
determined to be 2.39%. The draw solution can
then be used for desalination of water sources
with a NaCl concentration not exceeding 10%eo.
4. CONCLUSION

An draw solution with a concentration of 20%
maltodextrin is most suitable for the FO system
used for desalination of inlet water with a
salinity in NaCl below 10%.
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