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ABSTRACT

In this study the efficiency of two different flocculation systems namely in-line flocculation
and spiral flocculation followed by media filtration (sand or anthracite) have been investi-
gated as a pre-treatment of seawater to reverse osmosis. The performances of these filtration
systems were assessed in terms of turbidity removal, head loss development, ultra
filter-modified fouling index (UF-MFI) and organic matters removal. Both systems showed
60-70% removal of turbidity. In-line flocculation and filtration showed 2-3 times higher
head loss development than spiral flocculation filtration. These filtration systems helped to
reduce the fouling potential (in terms of UF-MFI) by 50-73%, whereas dissolved organic
carbon-removal efficiency was 30-45%. The fractionation of organic matter showed that both
systems removed 70% of hydrophobic organic matters. The removals of hydrophilic organ-
ics were around 30-40%. Among the hydrophilic compounds, the removal of biopolymer
and lower molecular weight neutrals and acid were higher than that of humic substances’

and building blocks’.
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1. Introduction

Water scarcity is becoming a major problem in the
world. Many countries in the world suffer from a short-
age of natural freshwater. A rapidly increasing popula-
tion is placing pressure on existing water resources. As
a result of rises in population rates and enhanced living
standards, together with the expansion of industrial
and agriculture activities, increasing amounts of fresh-
water will be needed in the future. Water management
and water reclamation is not the only solution to

*Corresponding author.

ensure an adequate water source. To mitigate the water
demand it is necessary to create and find alternative
sources of freshwater. Desalinated seawater presents
such an alternative. However, raw seawater is unsuit-
able for human consumption and for industrial and
agricultural uses. By removing salt from a virtually
unlimited supply of seawater, desalination technolo-
gies including reverse osmosis (RO) have emerged as
an important source of freshwater [1].

Membrane-based desalination technology such as
RO is rapidly becoming an efficient alternative to
conventional treatment for drinking water production
from seawater. However, membrane fouling is a major
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concern in RO-based seawater desalination. The foul-
ing on RO membrane deteriorates the performance of
RO membranes and increases the energy consumption
and even requires more frequent replacement of the
membranes. Thus, membrane fouling is a major con-
cern in RO-based seawater desalination. The main
fouling mechanisms of RO membranes include (1) par-
ticulate and/or colloidal fouling resulting from accu-
mulation of suspended solids and some metal-based
hydroxide which can accumulate on the surface of the
membrane over time and form cake fouling, (2) bio-
fouling due to the formation of biofilms caused by the
attachment and metabolism of biological matter which
includes micro-organism and macro organism such as
bacteria, fungus or algae which may also accelerate
the chemical decomposition of RO membranes posing
serious threats to the operation of RO plants, (3) inor-
ganic fouling including scaling caused by exceeding
the solubility of soluble salts such as CaSO,, BaSO,
and MgSO, which is considered less problematic and
can be controlled by adjusting the pH and adding an-
tiscalant and (4) organic fouling resulting from the
deposition of organic matter such as humic and fulvic
acids, polysaccharides and aromatic compounds on to
membrane surface [2,3].

On the other hand, the organic matters are also an
energy source for micro-organism leading to biofoul-
ing. Moreover, from literature it is found that seawater
reverse osmosis (SWRO) foulants consist of biofouling
(48%), inorganic colloids (18%), organic compounds
(15%), silicites/silicates (13%), mineral deposits (6%)
and coagulants (5%) [4].

Thus, it is necessary to have an effective
pre-treatment to prevent fouling of RO membranes.
The main objective of a pre-treatment system is to
remove particulate, colloidal, organic, mineral and
microbiological contaminants contained in the raw
seawater and to protect the membranes from fouling
in the downstream SWRO.

Pre-treatment such as bio-filtration, coagulation,
adsorption, in-line flocculation, filtration and ozona-
tion have been used to remove the natural organic
matter (NOM) and to alleviate fouling [5-8]. Floccula-
tion, coagulation and sedimentation have become
important unit processes because of their low cost and
easy application in the treatment of water and waste-
water in conjunction with convectional mechanical,
biological and physio-chemical plants.

Jar test has been used for since a long time and it
is an effective method to determine the suitability for
different types and amount of flocculants on coagula-
tion/flocculation and sedimentation process for raw
water. Despite its popularity, the jar test has a number
of disadvantages. The jar test is not standardized and

as result there are difficulties in making comparisons.
It is a batch test, whereas full-scale plants are flow
through units, therefore the results obtained from the
jar test may not correspond with the results obtained
from full-scale plants. Whereas spiral flocculator is
more rapid and uses a smaller volume of water than
jar tests in providing information on optimum chemi-
cal dosage. It provides results which are more closely
related to flocculation performance in an actual floccu-
lation plant [9]. From previous studies it is also found
that in-line flocculation filtration effectively reduced
membrane fouling. For example, Johir et al. [8] found
lower membrane fouling of RO after an inline-floccu-
lation-dual media filtration than without pre-treat-
ment. Another study by Chinu et al. [10] showed that
the flux decline of MF without any pre-treatment of
seawater was 45%, it was about 42% after pre-treat-
ment of FeCl; flocculation, 24% after pre-treatment of
sand filtration with in-line coagulation and 22% after
pre-treatment of dual media filtration (sand and
anthracite), respectively. Similarly Lee et al. [11] found
50% lower fouling of membrane filtration when in-line
flocculation fibre media filtration was used. All of
these studies revealed that the in-line flocculation
filtration can effectively reduce membrane fouling by
removing particulate matters as well as colloidal and
dissolved organic matters.

In this study in-line flocculation and spiral floccu-
lation followed by media filtration (sand or anthracite)
was investigated as a pre-treatment to seawater RO. In
our subsequent discussion, we refer to rapid mixing
followed by media filtration (sand or anthracite) as in-
line flocculation filtration; and rapid mixing with
spiral flocculation and then by media filtration as
spiral flocculation filtration. A comparison of filter
performances was made between sand and anthracite
medium filters. Short-term (6 h) experiments were car-
ried out with in-line flocculation filtration and spiral
flocculation filtration at a velocity of 5m/h and
10m/hand a flocculent dose of 0-5mg-Fe**/L. The
efficiencies of these pre-treatments were carried out in
terms of wultra filtration-modified fouling index
(UF-MFI), head loss development, and turbidity and
organic matter removal.

2. Materials and methods
2.1. Characteristics of seawater and filter media

Seawater used in this study was collected from
Chowder Bay, Mosman, Sydney. The average pH,
turbidity, dissolved organic carbon (DOC) and
UF-MFI values of seawater were 8.01, 0.42-0.44 NTU,
2.07-2.79 mg/L and11589 s/L?, respectively.
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The physical properties of anthracite and sand
used in this study are given in Table 1. The anthracite
and sand were obtained from James Cumming and
Sons P/L and Riversands P/L, respectively. Sand and
anthracite were washed with distilled water then
dried at 103°C and desiccated prior to their use.

2.2. In-line flocculation filtration and spiral flocculation
filtration systems

Short-term in-line flocculation filtration and spiral
flocculation filtration was conducted (Fig. 1(a) and
(b)). The filter columns were made of transparent
acrylic filter columns which have a length of 135cm
and internal diameter of 1.8 cm. These columns have
sampling ports along its length and at the bottom. Pre-
pared filter media (anthracite or sand) were packed
up to a depth of 90 cm in these columns. Seawater
was pumped from a feeding tank and coagulant was
added using a dosing pump (Fig. 1).

The flocculant used was Fe,(SO4)3; and it was fed
at a dose of 1-5mg-Fe’*/L. The rapid mixing device
was a 20cm tube, 3mm in diameter and wound
around a tube of 5cm. It was used for uniform mixing
of seawater with coagulant for 10s.

In the case of in-line flocculation filtration system,
the seawater was passed through the media filter just
after rapid mixing of raw seawater with flocculants
for 10s. The flocculation and solid liquid separation
occur in the filter.

In the case of spiral-flocculation filtration, after the
rapid mixing of seawater with flocculants it was then
passed through the spiral flocculation. The spiral floc-
culation was made by winding a tube of 25m length
and 6 mm in diameter around a cylindrical column of
9cm in diameter. The head loss and thus the velocity
gradient was measured using the piezometric arrange-
ment across the two ends of the spiral flocculation.
Seawater after the flocculation through the spiral floc-
culation was passed through a filter bed with down
flow filtration at velocities of 5m/h and 10m/h. The
effluent samples were collected on a regular basis
from the bottom of the filter column for analysis. An

Table 1

Physical properties of anthracite and sand

Parameter Anthracite Sand
Effective size (mm) 1.0-1.1 0.5-0.6
Bulk density (kg/m®) 660~720 1,500
Uniformity coefficient 1.3 <15
Acid solubility 1% <2%
Specific gravity 1.45 2.65

Fig. 1. Schematic diagram of (a) in-line flocculation filtra-
tion and (b) spiral flocculation filtration system.

Note: 1—feed tank, 2—feed pump, 3—coagulant tank,
4—dosing pump, 5—cogulant addition, 6—rapid mixing
device, 7—effluent tank with backwash pump, 8—filter
media, 9—manometer, 10—static head, 11—backwash
water, 12—overflow, 13—spiral flocculator (slow mixing
device).

overflow chamber was in place at the top of the filter
bed to maintain a constant head. The head loss was
measured every hour using a piezometer.

2.3. Analytical methods

The turbidity of the influent and effluent was
measured in terms of Nephelometric Turbidity Units
(NTU) using a 2100P turbidity meter, HACH, USA.
The influent and effluent turbidity was measured
thrice for each sample and the mean value was
recorded with the range.

The floc size was measured using Malvern Master-
sizer 2000. The coagulated water suspension was
drawn through the sample cell of the Mastersizer 2000
and back to the jar by a peristaltic pump located
downstream of the Mastersizer to avoid the distur-
bance of flocs prior to measurement with a 5mm
internal diameter tube at a flow rate of 1.5 L/h.

Liquid chromatography-organic carbon detection
(LC-OCD) was used to measure the DOC concentration
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of raw and treated seawater as well as to categorize the
classes of organic compounds in water [12,13]. It gives
qualitative results regarding molecular size distribution
of organic matter as well as quantitative information on
NOM. Quantification is done on the basis of carbon
mass determination, similar to total organic carbon
analysis which is performed with a special organic car-
bon detector. The qualitative analysis is based on size
exclusion chromatography and it separates organic
matter according to their molecular size. Water samples
are injected into a column filled with a chromatographic
gel material. Substances having small molecular sizes
can access more of the internal pore volume than those
having larger molecular sizes [14]. Therefore, large mol-
ecules elute first followed by the smaller compounds. In
addition to the organic carbon detector, LC-OCD uses
UV detection and determines the spectral absorption
coefficient at 254 nm. In this study, DOC analysis was
conducted for the samples collected before and after
pre-treatment of seawater. All samples were filtered
through a 0.45 um microfilter before being analysed in
the LC-OCD. The turbidity and the DOC of pre-treated
water were measured thrice and the average value and
range were reported.

UF-MFI was measured using a dead-end cell unit
using an ultra filter membrane with a molecular
weight cut-off 17.5kDa. The fouling index experimen-
tal setup is shown in Fig. 2. Seawater before and after
pre-treatment, was pressurized through a flat sheet
membrane module (diameter of 47 mm). The operating
transmembrane pressure (TMP) was controlled at 200
+3kPa by means of a pressure regulating valve using
high purity nitrogen gas. For each experiment, new
membranes were used to avoid the effect of residual
fouling and to compare the results obtained under
different conditions.

Pressure gauge

Membrane

Permeate

Feed Tank

N, Gas

L]

Balance

Data acquisition

Fig. 2. UF-MFI experimental setup.

The MFI was calculated according to the method
described by Schippers and Verdouw [15]. The MFI
was determined from the gradient of the general cake
filtration equation at constant by plotting t/V vs. V
using the Eq. (1).

17o:Cyp

2APA?
>
MFI

t nRy

V  APA W

where V = total permeate volume (L), R,, = membrane
resistance (1/m), t = filtration time (s), AP = applied
TMP (Pa), n = water viscosity at 20°C (Ns/ m?),
the specific resistance of the cake deposited,
Cp = the concentration of particles in a feed water
(mg/L) and A = the membrane surface area (m?).

MFI is defined as the gradient of the linear region
of a t/V vs. V plot normalized to standard TMP refer-
ence values of 200 + 3 kPa, a feed water temperature of
20°C and UF with a surface area of 47 mm diameter.

a =

4. Results and discussion

4.1. Calculation of velocity gradient for spiral flocculation
system

First of all, the velocity gradient of a spiral floccu-
lation during the passage of suspension was deter-
mined by measuring the head loss across the length of
spiral tube. The relationship between head loss and
the velocity gradient is given by Eq. (2).

G= (%) <8> AH @)

where G = velocity gradient, 1/s, ¢ = gravitational
acceleration, cm?/s, v= kinematic viscosity, cm?/s,
Q = flow rate, cm®/s, V = volume of the flocculator
(in this case, tube volume), cm®, AH = head loss
through the flocculator, cm.

Based on the experimental conditions, the velocity
gradients were found to be 13.6 and 27.2/s, respec-
tively, when the filtration velocity was 5 and 10m/h.
The higher the velocity gradient, the smaller will be
the floc size [9]; however, this difference in floc size
could be significant after the growth phase.

4.2. Turbidity removal

The removal of turbidity by in-line flocculation
filtration (sand or anthracite filtration) is presented in
Table 2. The filters were operated at two filtration
velocities of 5 and 10m/h with and without the
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Performance summary of in-line flocculation filtration and spiral flocculation filtration (depth of filter media = 90 cm;
seawater turbidity = 0.42-0.44 NTU; Seawater UF-MFI =11,589 s/ L?)

Final head
Flocculant dose Velocity Turbidity loss development UM-MFI
Filter media (mg-Fe**/L) (m/h) removal (%) (cm) reduction (%)
In-line flocculation filtration
Sand 0 5 47.6+8.1 3.5 465+1.3
1 5 51.7+6.3 23.0 602+2.8
3 5 67.4+6.9 38.5 693+1.7
5 5 714+4.7 151.5 632+55
3 10 64.4+33 228.5 672+9.6
Anthracite 0 5 39.5+6.9 1.5 50.8+3.1
1 5 48.2+54 30.0 704+2.8
3 5 63.9+8.1 52.0 65.6+2.0
5 5 642+7.1 58.0 76.5+8.9
3 10 58.8+4.4 105.5 65.0+7.4
Spiral flocculation filtration
Sand 3 5 71.9+9.5 17.5 60.2+10
10 69.5+7.1 52.0 61.0+5.3
Anthracite 5 67.1+4.2 25 65.4+9.2
10 60.0+6.2 16.0 624+25

addition of coagulant dose of 0-5mg-Fe’*/L. The
average turbidity of raw seawater was 0.42-0.44 NTU.
From Table 2, it is found that the removal of turbidity
without the addition of coagulant was in the ranges of
40-50%. The lower removal of turbidity without the
addition of coagulant is due to the fact that colloidal
suspended particle could easily get through the filter
media. Thus, it is important to use the flocculation or
coagulation prior to the filtration system which will
help to aggregate the colloidal as well as organic mat-
ter, and will improve turbidity-removal efficiency.
Therefore, the remaining sets of experiments were
conducted with the addition of coagulant to investi-
gate the effect of coagulation on turbidity removal.

From the results presented in Table 2, it is found
that the addition of coagulant helped to reduce the
turbidly of the filtrate water resulting in more removal
of turbidity by up to 70% at higher flocculent doses of
3 and 5mg-Fe’*/L. The increase in removal of turbid-
ity with the addition of coagulant is due to the aggre-
gation of colloidal particle by the coagulant which
was then captured by the media filter.

In the case of the effect of filtration velocity, a
lower filtration velocity of 5m/h showed higher tur-
bidity-removal efficiency of up to 71% compared with
a higher filtration velocity of 10m/h where the
removal was slightly lower (up to 66%) (Table 2). In
addition, among the two different filter media namely
sand and anthracite, the removal efficiency of turbid-
ity by sand filter was slightly higher than that of the

anthracite filter's (Table 2). The slightly higher
removal of turbidity by sand filter was due the smal-
ler particle size of sand used in this study. This could
be due to the change in physical properties of these
two filter media used in this study. From the physical
characteristics of sand and anthracite (presented in
Table 1) the effective size of the anthracite filter media
(1.05mm) is almost 1.5 times larger than the sand
filter (0.6 mm). This can be wvalidated from the
previous study which showed higher removal (%)
with finer filter [8].

In addition, the turbidity removal by spiral floccu-
lation filtration systems was also investigated. In all
cases, it was found that the spiral flocculation filtra-
tion also showed almost similar removal efficiency of
turbidity (Table 2). Hence, it can be concluded that
both of the filtration systems showed good removal of
turbidity thus both types of filtration produced almost
same quality of water in terms of turbidity reduction.

4.3. Head loss development

The total head loss development of in-line floccula-
tion filtration system after a filter operation of 6h is
presented in Table 2. From Table 2 it is found that the
application of coagulant increased the head loss devel-
opment. The head loss development without the addi-
tion of coagulant was only 3.5cm (for sand filter) and
1.5 (for anthracite filter). However, in both cases (sand
and anthracite) when in-line coagulation was applied
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the head loss development increased significantly
(84-97%). The higher head loss development with the
application of coagulant is because of the creation of
floc particles resulting from the aggregation of colloi-
dal and organic matter. These floc particles are then
captured by the filter media which led to a faster
blocking of the filter media resulting in higher head
loss development.

In terms of filtration velocity and filter media,
higher filtration velocity (10 m/h) and finer filter med-
ium (sand) resulted in higher head loss compared
with a lower filtration velocity of 5m/h and a coarser
filter medium (anthracite) at the same coagulant dose
(Table 2).

The higher head loss development with finer filter
media of sand could be due to the smaller particle size
of sand than anthracite used in this study. Thus, the
void space between sand filter (smaller particle size)
was clogged more by the flocculated particle or colloi-
dal particle than by particles of larger size (here
anthracite filter). Similarly, at a higher filtration veloc-
ity (10m/h) the higher head loss was likely due to the
faster rate of deposition of floc/colloidal particle
inside the pores of the filter bed.

In addition, the total head loss development of
spiral flocculation filtration system is also presented in
Table 2. A comparison between the two different
filtration systems, shows that the in-line flocculation
filtration system had almost 2-3 times higher head
loss development than the spiral flocculation filtration
system (Table 2) when operated at the same filtration
velocity and coagulant dose.

For the in-line flocculation filtration system, the
coagulant was mixed with seawater for only 10s. This
resulted in destabilization of particles and formation
of very small flocs which then passed through the fil-
ter and was trapped within the media filter. The small
flocs could easily penetrate through the filter medium
and quickly clogged the filter media. Further there is
additional flocculation of destabilised particles during
the passage of the particles through the filter. On the
other hand, in the case of spiral flocculation filtration
after rapid mixing of 10s, the mixed flocculated sea-
water was passed through spiral flocculation for slow
mixing (i.e. flocculation) for 16.6-33.33 min. Thus, the
spiral flocculation provided additional contact time for
the aggregation of colloidal and organic matter with
the coagulant which produced relatively larger flocs
than the in-line flocculation filtration system before
the suspension passes through the filter. Thus, the rel-
atively larger flocs entering the system caused an
increase in head loss development.

In summary, based on the turbidity removal both
the filtration systems had almost similar performances,

but the result of head loss development showed that
the spiral flocculation filtration system had a lower
tendency to clog compared to in-line flocculation fil-
tration system. This shows the benefit of using short-
term spiral flocculation, in addition to rapid mixing
and in-line flocculation filtration.

4.4. Fouling reduction

The fouling potential was also measured in terms
of UF-MFI for the raw seawater and for the effluent
from both filters operated at a filtration velocity of 5
and 10m/h with a coagulant doses of 0-5mg-Fe’*/L
(Table 2). The UF-MFI value for raw seawater was
11,589 s/L2 The fouling potential in terms of UF-MFI
index showed that both the filtration systems reduced
the UF fouling. The UF-MFI of the filter effluent with-
out the addition of coagulant reduced by 40-50%,
whereas with the addition of coagulant the UF fouling
reduced by 60-70%. The fouling of UF membrane
could be due to the deposition of colloidal matter and
to some extent the deposition of organic matter. Thus,
the higher reduction of UF-MFI with the addition of
coagulant is due to the removal of both colloidal and
organic matter by the coagulant. The filtration velocity
and filter media type (or size) had almost no effect on
the UF-MFI fouling reduction. Both the filtration sys-
tems (in-line flocculation filtration and spiral floccula-
tion filtration) showed almost the same reduction in
fouling potential.

4.5. Organic removal and characterization of organic
matter

The removal of DOC by in-line flocculation filtra-
tion and spiral flocculation filtration is presented in
Tables 3 and 4. DOC was measured for filters oper-
ated at a filtration velocity of 5 and 10m/h with and
without the addition of coagulant. From Table 3 it is
found that the removal of DOC without the addition
of coagulant was low (13-21%). The addition of coagu-
lant increased the DOC-removal efficiency (35-47%).
The DOC-removal efficiency increased with increasing
larger doses of coagulant from 1 to 5mg-Fe**/L for
both in-line flocculation filtration and spiral floccula-
tion filtration (sand or anthracite filter). From litera-
ture it is also found that the removal of organic by
Fe®* is due to the complexation of Fe [16] (here Fe,
(SO,); as source of Fe®). Both the in-line flocculation
filtration and spiral flocculation filtration showed
almost same performance in terms of DOC removal
(Tables 3 and 4)

A detailed organic characterization of raw seawa-
ter and filtrate seawater was also done using LC-OCD



A. Shrestha et al. | Desalination and Water Treatment 55 (2015) 892-900

898

‘uoqred sruedro orrydorpAH :DOD ‘uoqred druedro d1qoydoIpAH :DOH ‘() 193PrIq UI SI [EAOWI %, :9)ON

(G566 F0LCTP) Or6+1¥0) Q)] (80°0 F I SP) (9L'8 F 6S¥0) (LETF€6'9L) (L19F68Th)
CL'0¥89°0 10°0¥80°0 S0°0F S50 000¥900 IT0FLET I00F €20 LI0F 691 € 01
(€9°8F €0'%9) ) Q) (IS CFSF¥E) (TI'8F06°1€) (€791 F90°19) yo+orey)
01'0F5S0 000FCI0 S0°0F 0S50 000F£00 SI0F¥C1 91'0F8€0 100¥ 291 q
(€6'LF99°LY) ) (0¥1L*¢€19) LLTIF1687) (€91 F6C€E) (UELLFPLL1S) (86'CTF VL 6S)
60°0+29°0 1000+ ¢L°0 900F L¥0 00'0F90°0 ¢00+F1C1L LT0F4¥0 80'0F89°L ¢
(8LCTF9C¥¥) ) (00°'TF2LCD) (C6°'LF89°LE) (6CTFETTE) (6¥°S1 + £L8°SP) (89°% +9€9¢)
€0'0¥99°0 I00F L0 000F8€0 10°0F£00 00FSCT SI0¥¢€S0 CL0F8L1 I
(T 0+ 199D LOTLF30'T) (8T°CTF898) (CS¥+£T0) (T6'0F¥991) FSTF¥80¢) FLTF910)
100%96°0 1000¥80°0 100 F0¥°0 100F60°0 C00F 191 10°0°0¥89°0 €00F6LT 0 ¢ 9oeIqiuy
(S6CF ££9E) Q) Q) (606F29€9) (8c0FTE8L) O€GF01L9) (LTF8LSE)
70'0+94°0 20'0F600 €0'0F95°0 100+ ¥0°0 100+ 8¥'L c0'0F¢e0 900+ 08'L ¢ 0L
(I€E€F¥£79) ) Q) (€L LF1E0P) (IT0+80°£E) (€S T+.41°89) 090+ S¥'¥y)
Y00 FSP0 100F 600 $0'0F¥S°0 10°0F£0°0 000FPI'L L00F I¥°0 C00FGS'T S
(S0'6 F8I'19) ) (69°0F1991) (8T LF€L9E) (099 ¥ 09°8¢) F¥C+9G99) (80°S F96'LY)
IT°0%8S0 200F01°0 000+ €0 1000F£0°0 [ANIEXAN 200F¥€0 VLIOFSV1 €
(€8°CTF06°1€) Q) Q) FoecFcve) (LITFILVD) 60vFecsy) (19TF9LS0)
(€00F 180 c¢00F4Z1°0 700+ 8¥0 YO0+ LT0 €0'0F99'L YO0+ 150 £L0'0F40°C 1
(TST*+91D) (6:0cFCCL) F0SF190) FLFL092) (6'91 F£0°0T) (C6'T +85°00) (€0TF92€D)
0€0FS0'1 €0'0F800 C00F¥¥°0 10°0F£00 I€0F€91 200 ¥ 840 6C0F1I¥'C 0 q pues
6L'L 80°0 770 LTo ¢8'L 860 64°¢C 19Jemess Mey|
(1/3w) spwe pue (/3w $0[q (1/3u) (71/3u) (1/3u) (1/3u) (1/8w)  71/,o4-3un) (/) erpow
s[enmau MIA'1 Surping saoueysqns  srowjod-org 20D DOH 20d asop KDoA R K|
SNy JURINI0T]

UOT}eI)[l UOT)E[NIDO0[J SUI[-UI JUSISJJIP WOIJ JUSNJJJd Puk Iojemeds ul pajussald Iajeuwr orueSIo jo uorjeuonoery pue [eaowal DOJ

€ 9[qeL



and acids (mg/L)

LMW neutrals
0.76

Building blocks

(mg/L)
0.14

Humic substances

(mg/L)
0.58

Bio-polymers
(mg/L)
0.21

CDOC
(mg/L)

1.69

(mg/L)
0.38

HOC

OC

dose (mg-Fe’*/L (mg/L)
2.07

D

Velocity Flocculant

(m/h)

DOC removal and fractionation of organic matter presented in seawater and effluent from different spiral flocculation filtration

Raw seawater

Table 4
media
Sand

Filter
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0.56 £0.05

0.11+0.00

0.08 £0.02 1.26 +0.06 0.07 £0.01 0.52 +£0.00

1.33 +0.04

which provides detailed quantitative as well as quali-
a = < 8§ tative data of different organic matters removed. The
§ o g o § 0 g LC-OCD results of raw seawater and filtrate are pre-
HSHS 1S sented in Tables 3 and 4. The results show that the
B S e H g seawater used in this study had a DOC concentration
8282823 of 2.07-2.79mg/L among which more hydrophilic
compounds (1.69-1.82mg/L; 65.2-81.4%) were present
—_ & o~ - than  hydrophobic = compounds (0.38-0.98 mg/L;
Z ol 18.6-34.8%). This is responsible for organic fouling on
?| 8 " 2 cﬁ 2 (E the membrane. The hydrophilic compounds contain
STHIRES IS biopolymers, humic substances, building block, low
= pd K3 = S pd B molecular weight (LMW) neutrals and LMW acids.
The concentration of biopolymers present in raw sea-
water was 0.11-0.21 mg/L (3.9-10.1% of total DOC),
s = & o whereas the portion of humic substances, building
= i - KC;. . 3;’ block, LMW neutrals and LMW acids present in sea-
H 8 H g +H g H water was 14.4-24.0, 6.6-8.2 and 40.7-46.9% of the
SHEL]ANT DOC, respectively. Their concentrations were 0.44-0.5,
22ze2Ia 0.08-0.14 and 0.76-1.19 mg/L, respectively.
From Tables 3 and 4, it can be seen that the filtra-
T_R_8.98 tion system used in this study could help to remove
9292929 g majority of hydrophok?ic type .of substances. In t.he
AR A2 8 case of in-line flocculation filtration (sand or anthracite
B = 3 S 0 2% g filter), the removal of hydrophobic compound
2 (45-76%) was higher than that of hydrophilic com-
=y N ) - §§ o S| & pounds’ (18-37%). Among the hydrophilic compound
Tshens % ; the removal of biopolymers was higher than that of
S H A HIG D % humic and building blocks” which showed very low
1 Sz = = S| ¢ removal (less than 10%). In all cases, the removal of
TTTTTTTE LMW neutrals and acids were 31-62%.
~ ~ =& =|= . . __— .
X_2_8_%|u Spiral flocculation filtration (sand or anthracite)
BQeg =gl also showed almost similar trend of hydrophobic and
HS HS HS H s . o
NHQ AN gl Y hydrophilic organic removal to that of in-line floccula-
Seomadde é tion filtration system. In spiral flocculation filtration
Lot | R . . .
5 system, the concentration of biopolymers after filtra-
¥ 2 KR T tion was reduced to 0.05-0.09 mg/L (from 0.21 mg/L)
Ten Lo Yo 7 b= . . .
TZeen2q| @ which is around 2.7-5.8% of total DOC of filtrate
© T ® 3 g 3 5 < water. The removal of humic substances was less than
15 & 2 N 5 S g ;8 10% and the amount of humic substances present in
A - filtrate water was 22-36% of DOC present in filtrate
i water (around 0.38-0.60mg/L). After filtration, the
= concentration of building block-type substances
o reduced from 0.14mg/L (in raw seawater) to
i 0.05-0.09 mg/L(3.8-6.3% of DOC). After filtration, the
= concentration of LMW neutrals reduced from 0.84 to
™ ™ s 0.38-0.56 mg/L (23-47% reduction). It could be con-
£ cluded that both the tested filtration systems can
5 remove 30-40% of the hydrophilic compounds which
o o é comprises biopolymer, building blocks, LMW neutrals
- 2 and acids. However, both filters removed more hydro-
L 5 phobic compounds as expected. The removal of
& S hydrophilic substances may be by complexation mech-
= g anism [16].
S S
< Z
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5. Conclusion

In this study the performance of in-line flocculation
and spiral flocculation with single media filters (sand
or anthracite) were investigated as pre-treatment to
SWRO. The efficiency was studied in terms of turbid-
ity removal, head loss development, UF-MFI and
organic matter removal. From this study the following
conclusion could be derived:

e Both in-line flocculation filtration and spiral
flocculation filtration showed good removal effi-
ciency of solids in terms of turbidity (up to
71%).

o In-line flocculation filtration showed relatively
higher head loss development than that of spiral
flocculation filtration system which was 2-3
times lower than the former. Moreover, the finer
media of sand filter showed higher head loss
development than coarser anthracite filter media.
Thus, the spiral flocculation filtration is better in
terms of lower head loss development.

e Both the filtration systems reduced the fouling
propensity by 70%. The UF-MFI reduction was
63-70% for sand as medium in the presence of
the flocculent whereas it was 65-76% for anthra-
cite. In terms of fouling propensity (UF-MFI)
both media behaved in a similar manner.

e Both filtration systems helped to remove more
hydrophobic substances than hydrophilic sub-
stances. Both media in the presence of flocculent
(3mg/L Fe’") led to 50-65% removal of hydro-
phobic  organics. The hydrophilic organic
removal was around 30-38%. The predominant
portion of hydrophilic removal was humic sub-
stances which had a poor removal. In general,
sand filter gave a higher removal than anthracite
filter.

In conclusion, the spiral flocculation filtration process
was better than the in-line flocculation filtration
system in terms of on head loss development which
can be an attractive pre-treatment for seawater
desalination.
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