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Abstract

Pretreatment of seawater using Forward Osmosis (FO) before a Multistage Flash (MSF)
desalination plant could enhance the performance of the thermal desalination process. In this study,
brine is used as the draw solution while the feed solution is seawater. The impact of the flow rate
of the feed solution and the draw solution on the membrane flux was studied. In addition, the
impact of pretreatment of feed solution by a sand filter on the membrane flux was studied. The
pretreatment of the feed solution (i.e. seawater) had minimal impact on the membrane flux. A
membrane flux of 14.2 LPM and 13.4 LPM was obtained with non-treated seawater as feed
solution and treated seawater as feed solution, respectively. The recovery rate was 26% and 24%
for the non-treated seawater and treated seawater, respectively.

Keywords: Forward Osmosis (FO); Multistage flash (MSF); Pretreatment; Membrane flux; Sand
filter.

1. Introduction

Multistage flash (MSF) and multi effect distillation (MED) are the main thermal
desalination technologies that have successfully met water demands in arid areas. Generally, the
seawater feed to MSF and MED does not require any pre-treatment. The top brine temperature
(TBT) is the highest operating temperature in the desalination processes which is 65°C and 110°C
for MED and MSF, respectively [1-3]. These technologies suffers from loss of efficiency due to
scaling on the inner surface of heat transferring equipments. For long, the problem with scaling
has been tackled by adding anti-scalants and regular maintenance of the equipment. However,
these anti-scaling strategies are not sufficient as scale build up over time cannot be avoided [2,4-
7]. In recent years, feed pretreatment methods are being investigated with the aim of reducing the
concentration of scale causing ions [8,9]. Hassan et al. proposed pretreatment of feed to MSF using
nano-filtration [9]. The Study showed the usefulness of nano-filters to decrease the concentration
of divalent ions that enables the MSF process to run at an elevated TBT of 130°C. When operated
at TBT of 130 °C, the gained output ratio (GOP) of the desalination plant can reach as high as 13
[11-13]. However, nano-filtration is costly and not deemed feasible for water production at lower
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operating cost. For a 65% recovery rate in NF, 1 KWh energy is required per m® water. This extra
energy cost increases the cost of water and makes NF unfeasible [14,15].

Forward Osmosis is a process that uses the osmotic pressure gradient between feed solution
(FS) and draw solution (DS) as the driving force instead of hydraulic pressure [16,17]. Thus, the
operating cost of FO is expected to be lower than any other membrane process. Using 2 ppb NaCl
solution as feed solution, a synthetic seawater was pretreated before using in a reverse osmosis
(RO) process. Due to the pretreatment, the rejection rate in the RO process reached 99.99% [15].
A simulation study my Altaee et al. showed that, major scaling ions in MED/MSF can be removed
by pretreatment by FO [16]. Altaee et al. used brine reject as draw solution and seawater as feed
solution in their simulation study [16]. In the simulation, 32% recovery rate was achievable with
62% reduction in Ca?*, Mg?* and SO4% ions[16]. It was expected that, for seawater with 45000
ppm salt concentration, the water flux is between 4 L/m2.h to 9.6 L/m?.h depending on the recovery
rate in the FO process. For seawater with same salinity, 16% flux was recoverable in FO and the
concentration of divalent ions was reduced by 13% [14]. Increasing the recovery rate to 32%
reduced the concentration of divalent ions by 23% [14]. In another study by Thabit et al. an
experimental study was performed to study the feasibility of using FO as a pre-treatment process
for MSF [17]. Real seawater was used as the feed solution and real brine reject was used as the
draw solution in the FO process [17]. An average membrane flux of 16.9 L/m2.h was obtained at
a flow rate of 2.0 LPM for the draw solution and the feed solution. In addition, it was found that
the FO process was able to reject the scale forming ions.

In this study FO is proposed as a pretreatment process for MSF where brine is used as the
draw solution and seawater is used as the feed solution. However, the impact of the pretreatment
of seawater by a sand filter before the FO process on the membrane flux, recovery rate and reverse
solute flux is assessed.
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2. Methodology

2.1 raw and Feed solutions characteristics

In the FO process, the draw solution (DS) was a brine reject (BR) collected from an MSF
desalination plant in Qatar, while real seawater (SW) collected from a bay in Qatar was the feed
solution (FS). The properties of the DS and FS are illustrated in Table 1.

Table 1. Characteristics of brine reject of MSF and seawater [17]

4

FS (SW) DS (BR) Method

Cl(ppm) 2218377 333779  APHA 4110 DETERMINATION OF ANIONSBY ION
CHROMATOGRAPHY

Na*(ppm) 129526 209934  APHA 3120 METALS BY PLASMA EMISSION
SPECTROSCOPY

TDS (ppm) 43474 81492 APHA 2540 C._ Total Dissolved Solids Dried at 180°C
Conductivity 60750 93650 APHA 2510 B. Conductivity

pH 8.40 a.07 APHA 4500-H+ B. Electrometric Method

2.2 Sand filter

The schematic diagram of the sand filter used for pre-treatment of seawater can be seen in
Figure 1. The seawater enters the sand filter from the top and exits from the bottom after the
filtration process. The sand bed is regenerated by backwashing the column using tab water.
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Figure 1. Schematic diagram of the sand filtration process.
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2.3 FO membrane

A flat sheet Thin Film Composite (TFC) FO membrane procured by HTI (USA) was used
in this study. The membrane can endure temperatures up to 40 °C and has a rejection rate of 90%
for NaCl. In order to remove any impurities from the surface of the membrane, the membrane was
washed for 30 minutes using distilled water. A Sepa CF high fouling spacer with 1 mm thickness
and dimensions of 8 x 3.5 cm was positioned on the support side of the FO membrane.

2.4 FO Bench-scale unit
The Forward Osmosis cell used in this study was purchased from Sterlitech (CF042D). The
FO cell has dimensions of 12.7 cm length, 10 cm width and 8.3 cm depth. The active membrane
area inside the cell is 42 cm?. Other components of the bench-scale setup and their functions are
listed below:
1. Two stainless steel tank that supplies FS and DS. Both of the tanks can hold 9L
solution.
2. Two flow meters provided by Blue-white industries Ltd. The range of the
flowmeters is up to 4 LPM.
3. Two mount gear pumps with maximum achieve able flow rate of 3.2 LPM was
used. The pumps contained Console Drive 115 VPEEK Gears/PTFE seals.
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4. Two PEM type pressure gauges from Winters Company. The range of measured
pressure ranges between 0-3 bar.

5. The conductivity, salinity and TDS concentration of the FS and DS were measured
by OAKTON PCD650 multi meter.

6. The weight of the water was measured by and recorded by Ohaus Ranger ™ bench-
scale balance connected to a computer.

The flux of water was calculated using the following Equation:

AW 1000(Wr — W) 1)
Atp Atp

Here, Wt is the final weight of the draw solution measured after 1450 minutes of operation,
Wi is the initial weight of draw solution (kg), A is the area of the membrane (m?), t is the running
time of the experiment (minutes) and p is density of water (kg/m?). The system was run as a closed
system were the feed solution and the draw solution were recycled. Figure 2 shows a schematic
diagram of the used FO system.

Jo(LMH) = 1000 X

T
—

Treated |¢
SW

[ e |

§ ?—’—N—’ Feed solution

Brine
reject

Figure 2. A schematic diagram of the used FO system.

2.4 Experimental procedure

The seawater was treated using a sand filter. The seawater was pumped through the sand
filter with a flow rate of 5 LPM. The treated seawater was transferred to the feed solution tank in
the FO process. The FO process was operated for 1450 minutes with a recycled mode. The flowrate
of both DS and FS was kept constant at 2.0 LPM. The impact of the pretreament of the FS on the
performance of the FO process was studied by coparing average membrane flux, recovery rate and
reverse solute flux. After each run, the system was washed with distilled water for 30 minutes. The
flow of FS and DS was set incounter current mode. The process flow diagramfor the combined
process can be seen in Figure 3.
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Figure 3. Process flow diagram of FO process assisted by sand filtration.

3. Results and Discussion

The effect of pre-treatment on the membrane flux in the forward osmosis (FO) process
was investigated by comparing fluxes of treated and non-treated feed solution. The flow rate of
draw solution (DS) and feed solution (FS) was kept constant at 2.0 LPM. The FO process was
run for 1450 minutes. Figure 4 shows the change of membrane flux with time for pre-treated and
non-treated FS. Initially the membrane flux with non-treated FS was 42.8 LMH. As time
progressed, the membrane flux reduced and reached an average of 14.2 LMH for the entire
duration of operation. When, pre-treated FS was used in the FO process, the initial membrane
flux was 78.6 LMH. With time, the flux reduced and reached an average of 13.4 LMH for the
entire treatment period. Although, the initial flux with pre-treated FS was higher than the initial
flux of the non-treated FS, the average flux for both runs was almost equal showing no high
impact for the pretreatment process. This could be because sand filter will only remove colloidal
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and suspended particles from the feed solution. Hence, the driving force which is the osmotic
gradient does not change with the treatment of the FS.
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Figure 4. Effect of pre-treatment on membrane flux.

Figure 5 shows the recovery rate in the FO process with treated and untreated FS. The recovery
rate was calculated as [19]:
Vv, 2
%R = V—” x 100% @)
F
Here, Vp is the permeate volume (L) and Vr is the feed solution volume (L). The recovery

rate for the FO process with non-treated FS was 26% and showed an almost similar recovery rate
of 24% when pre-treated FS was used in the FO process.
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Figure 5. Permeate flux and recovery rate for pre-treated and non-treated draw solution.

Another parameter that indicates the performance of FO process is reverse solute flux.
Reverse solute flux (RSF) is the back diffusion of the draw solute across the FO membrane to the
feed solution. RSF must be considered in the FO studies because it has the potential to contaminate
the feed solution. Figure 6 shows the RSF for the FO process with pretreated and non-treated FS.

For the non-treated FS, the RSF is found to be 282 mg/m?.h. Treating the FS with a sand filter,
reduced the RSF to 235 gm/m?.h.
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Figure 6. Effect of pre-treatment on reverse solute flux.

4. Conclusion

In this paper, effect of pre-treatment of FS on the performance of FO process has been
studied. The feed solution was treated and untreated seawater while the draw solution was brine
reject. The flow rate of both DS and FS were set at 2.0 LPM. It was found that the treatment of
seawater (i.e. feed solution) had minimal effect on the membrane flux in the FO process. This
could be due to the fact that sand filter will only remove colloidal and suspended particles from
the feed solution. Hence, the driving force which is the osmotic gradient does not change with the
treatment of the FS. Although, sand filtration as pre-treatment process did not showed any
enhancement on the performance of the FO process, other pre-treatment processes should be
investigated; e.g. Nano and Ultra filtration.
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