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a b s t r a c t

The scope of this study was to test new granular materials for dual-media bed filtration of seawater
and to assess the quality of the filtrate with regard to criteria for feeding reverse osmosis desalination
installations. Two different filter columns, one with the new materials (expanded clay), i.e. Filtralite
NC 1.5–2.5 mm on top of Filtralite HC 0.8–1.6 mm (called Filtralite MonoMulti filter), and another with
anthracite coal 1.2–2.5 mm on top of a sand layer 0.8–1.25 mm (called sand/anthracite filter), were tested
in parallel operation under various conditions in the summer of 2007. Both filters exhibited similar per-
formance, removing particulates from feed water and producing filtrates of acceptable quality for feeding
RO systems (SDI15, 15-min Silt Density Index, values lower than 5). The relatively high temperatures pre-
vailing during the summer apparently favoured the formation of larger aggregates and their subsequent
effective capture within the filter media. Regarding the hydrostatic head development, it was observed
that the Filtralite MonoMulti column had slower head build up than the sand/anthracite column for the
same duration of filtration, especially at the higher filtration velocities (10 and 15 m/h). For the lower fil-
tration velocity tested (5 m/h) both filters demonstrated almost the same rate of head build up. Regarding
the duration of filtration cycles, Filtralite MonoMulti exhibited either the same (in the cases of filtration
velocities 5 and 10 m/h) or longer duration (at the highest filtration velocity tested of 15 m/h) compared
to the conventional sand/anthracite filter.

A comparative assessment of data from dual-media filters tested in this as well as in previous campaigns

with similar materials shows that the combination involving Filtralite NC 1.5–2.5 mm on top of Filtralite
HC 0.8–1.6 mm exhibits, overall, the best performance. The latter is attributed to the rough surface texture
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. Introduction

The removal of particulate matter using granular media filters
lays a critical role in seawater pre-treatment for feeding many
embrane desalination installations. In general, granular media fil-

ers are a relatively inexpensive separation process for achieving a
esired water quality level with respect to particulate parameters
1]. Typical particulates in seawater include clay and silt particles,

icroorganisms (bacteria, viruses, protozoan cysts), colloidal and
recipitated humic substances as well as other natural organic mat-
er from the decay of vegetation [2]. The common types of media

sed in granular bed filters are silica sand, anthracite coal and gal-
et or ilmenite. These may be used alone or in dual- or triple-media
ombinations [2]. Furthermore, granular filters can be made of a
ariety of natural materials. Depending on the origin of these mate-
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aracterized by extensive crevices, with an increased capacity of retaining
.

© 2008 Elsevier B.V. All rights reserved.

ials they can have very different shapes, sizes and compositions.
n this study, the performance is examined of new granular media
btained from a processed clay material.

Granular filter media must satisfy various specifications before
hey can be considered for applications. These include grain size,
rain surface condition, density, particle porosity, solubility, dura-
ility, settling rate [2–4]. The void fraction of the granular bed
ormed by the grains is also important. The shape of the grains
sed in filtration media mainly depends on the origin of the mate-
ial. Grains collected from river beds are usually rounded and
mooth. Grains resulting from the crushing of larger pieces are
agged and angular. Although inadequately studied so far, improved
erformance of crushed particles over rounded grains has been
emonstrated for water filtration [4–6]. For instance, the shape of

he grains affects the bulk porosity of the bed, which is strongly
elated to the increase in head loss that results from deposits in
he filter. However, systematic studies on the effect of grain shape
n filtration are rather limited. Recently, Barton and Buchberger
5] presented such a study, dealing with one of the main capture

http://www.sciencedirect.com/science/journal/13835866
http://www.elsevier.com/locate/seppur
mailto:karabaj@cperi.certh.gr
dx.doi.org/10.1016/j.seppur.2008.10.041
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echanisms, i.e. that of physical straining of particles and the
ositive effect angular grains have on filtration performance, as
ompared to rounded media (e.g. river sand). Regarding grain sur-
ace roughness effects, although intuition and recent evidence [7]
uggest that they should play a significant role in filtration, there is
eager information in the literature, especially for applications of

he type treated here.
Regarding applications of filter media in desalination plants, it is

oted that the extent and complexity of the pre-treatment systems
or combating colloidal and organic fouling varies depending on
ite-specific conditions. A critical factor in designing pre-treatment
s the possible use of an intake well, in particular a beach-well. If
uch an intake well exists, it is essentially part of the pre-treatment
rocess because of the capacity of the sand (usually present at the
eabed) to act effectively as a first filter medium for the suspended
olids in the seawater [8]. Then, a simple form of pre-treatment
y granular filter media, even without addition of coagulants, may
e adequate [9]. In case of open seawater intake, reverse osmo-
is membranes should be protected against a variety of foulants,
ecessitating an extensive pre-treatment process. For example, the
se of coagulants and sedimentation or flotation equipment may
e necessary, followed by media filtration. Alternatively, granular
edia filtration can be replaced by membrane treatment such as

ltrafiltration or microfiltration, e.g. [10].
The general objective of the present study is to assess and com-

are the efficiency of the new Filtralite (MonoMulti) dual-media
lters with a more typical dual-media filter consisting of anthracite
oal on top of a sand layer. Media with the trade name “Filtralite” are
rocessed (expanded) clay products with high porosity and quite
ough grain surfaces. Specifically, the main goal is to assess a new
iltralite MonoMulti filter, consisting of Filtralite NC 1.5–2.5 mm
n top of Filtralite HC 0.8–1.6 mm, in comparison to a dual-media
lter consisting of anthracite coal 1.4–2.5 mm on top of a sand

ayer 0.8–1.2 mm, for the pre-treatment of seawater to achieve a
ater quality that meets the criteria for feeding reverse osmo-

is desalination plants. A key criterion for this assessment is the
5-min Silt Density Index (SDI) value of the filtrate, used as feed
ater to RO desalination plants. To perform a reliable comparison
f the two different media filters, two pilot filter columns operated

n parallel with the same feed water and under the same con-
itions. The pilot system was constructed in a previous phase of
his study [11] within the facilities of TATE&LYLE, in Thessaloniki,
reece. Seawater, obtained through an open intake, was used in this
tudy.
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able 1
aw seawater physicochemical analysis.

arameter

H 8.1
onductivity, �S/cm 49 × 103

DSa, mg/L 38 × 103

otal hardness, ◦F 615.8
arbonate hardness, ◦F 15.3
on-carbonate hardness, ◦F 600.5
lkalinity, M, mg/L CaCO3 152.5
DI2min

b ∼38

race elements, mg/L

4.8
u 0.4
e 1.3
n 0.5

n 0.2

a Total dissolved solids.
b 2-min Silt Density Index.
tion Technology 65 (2009) 147–155

. Materials and methods

.1. Feed water

The feed to the pilot unit was seawater employed in the indus-
rial plant to cover cooling needs. The seawater is obtained from an
pen intake in the Thermaikos Gulf in the vicinity of the plant. A
lip-stream from the main supply line serving the plant was used
o cover the needs of the study. A physicochemical analysis of the
aw seawater is presented in Table 1.

It may be observed that TDS are close to 38,000 mg/L. It is
lso important to note that preliminary quality measurements
ndicated turbidity close to 1–2 NTU, although seasonal or more
requent fluctuations would naturally exist, as will be also dis-
ussed subsequently. Moreover, a very high SDI of the raw seawater
as measured. Essentially complete plugging of the microfilters
f the SDI test was taking place after the first 3 min of testing.
iven that the seawater supply is through an open intake, this

s not completely surprising as discussed in Section 1. Finally,
ltraviolet absorption at 254 nm and dissolved organic carbon
DOC) measurements with feed water samples showed that spe-
ific ultraviolet light absorbance (SUVA), which is defined as the
atio of the UV absorbance to the DOC concentration, was less than
L/mg C m−1 for all samples during the entire experimental period.
hus, it appears that the feed water is characterized by a low humic
cid fraction (generally low-DOC water) and hence relatively low
emoval of DOC may be expected (20–50%) [2].

.2. Filter materials

The granular bed filtration applied in this study was based on
ual media. Either Filtralite MonoMulti (consisting of Filtralite NC
.5–2.5 mm on top of Filtralite HC 0.8–1.6 mm), or anthracite coal,
n top of sand layer, were used as filter media in two columns
perating in parallel. In both beds the depth of the bottom layer
Filtralite HC or sand) was 50 cm, while the top 70 cm layer was Fil-
ralite NC 1.5–2.5 mm in the first column and anthracite coal in the
econd column. The Filtralite NC particles, in the dry form, tend to
oat when first immersed in water, due to air trapped in the pores,

ut later sink as they become wetted and air is removed. For this
eason, before filling the filter column, these particles are kept in
ater for 2 weeks. Additionally, to inhibit the possible biological

rowth, a disinfectant (sodium metabisulfite) is used during this
-week soaking period. Filtralite materials are commercially avail-

Cations, mg/L

Na+ 12.8 × 103

K+ 533
Ca2+ 487
Mg2+ 1.2 × 103

Anions, mg/L

Cl− 21.2 × 103

HCO3
− 186

SO4
2− 30 × 102

NO3
− 2.87

NO2
− <0.01

PO4
3− <0.46
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Table 2
Characteristics of filter media [12].

Parameter Sand Anthracite Filtralite Filtralite NC

Particle size range, mm 0.8–1.25 1.2–2.5 0.8–1.6 1.5–2.5
Bulk density, kg/m3 1550 730 700 ± 75 235 ± 75
Particle density, kg/m3 2650 1400 1650 ± 150 720 ± 150
E 1.55 0.9 1.7 ± 0.3
C 1.3 <1.5 <1.5
P – 40 73
F 48 62 67
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Table 3
Technical specifications of polyaluminum chloride (PACA16) coagulant.

Analysis Specification limits Actual value

Al2O3% 15 ± 0.6% 15.1
p
B
D

e
w
n
T

ffective size (d10), mm 0.9
oefficient of uniformity <1.5
article porosity, % –
ilter bed void fraction, % 43

ble products. The characteristics of different filter materials are
ummarized in Table 2.

.3. Coagulants

During the testing period a polyaluminum chloride coagulant
as used with the trade name PACA16 and specifications included

n Table 3. The optimal dosage of the coagulant (1.8 mg Al/L)
mployed in this work was established during a previous phase
f this study [11].

.4. Pilot unit

In Fig. 1 a schematic diagram of the pilot unit is shown, designed

o meet the objectives of the study.

The feed water was pumped to a 30-L coagulant mixing vessel,
ized to obtain a retention time of 3–5 min. Then the coagulated
eawater flowed by gravity to the two filters operating in parallel.
wo 3.2-m long pipes made of PVC with a diameter of 0.1 m were

n
r
r
b
(

Fig. 1. Schematic diagr
H (50%) 1.5–2.5 1.7
asicity – 30%
ensity 1.330–1.380 g/cm3, 20 ◦C 1.351 g/cm3

mployed as filter columns. The total depth of filter media was 1.2 m
hile the available space above the beds allowed the build-up of the
ecessary head for constant flow rate, regardless of filter plugging.
he pilot unit is described in more detail elsewhere [11].

Filtration velocities of 5, 10 and 15 m/h, within the filters during
ormal operation were investigated. After a period of operation,

eferred to as a filter cycle, the filters become clogged by the
etained particulates and require cleaning. The latter is performed
y backwashing, using an upward high flow rate of seawater
60 m/h), resulting in a bed expansion of about 10–15%. Data on

am of pilot unit.
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Fig. 2. Backwash head loss and expansion for Filtralite MonoMulti at 14 ◦C.

he performance of the Filtralite material regarding expansion dur-
ng backwashing, obtained by maxit Group AB, Norway [12], are
vailable. In Fig. 2 typical backwash head loss and expansion curves
or filtralite MonoMulti dual media are presented. Data on expan-
ion of each component of the dual filtered media (not presented
ere due to space limitations), compared to the data of Fig. 2,
how that the onset of dual-media expansion is determined by the
roperties of the heavier component and the incipient dual bed flu-

dization velocity is near that of the heavier material (Filtralite HC
.8–1.6 mm).

.5. Laboratory and on site measurements

Three water samples were collected on a daily basis. One sam-
le was collected from the buffer vessel and the other two from the
ltrates of the Filtralite MonoMulti and sand/anthracite columns

n order to compare the quality of raw untreated water with that
f filtered water. The temperature and turbidity of the three sam-
les were measured on site with a thermocouple (OMEGA, Model
H23) and a turbidimeter (HF Scientific Inc., DRT-15CE), respec-

ively. Measurement of SDI was also performed on site, according
o ASTM standard test method D 4189-87 using Millipore mem-
rane filters, 47 mm in diameter, gridded, with a mean pore size

n the range of 0.45 ± 0.02 �m. To perform these measurements,
ltrate was collected from each column in 30-L vessels and fed to
he SDI filtration apparatus through a pump at controlled 30 psig
ressure.

Other parameters measured on a daily basis in the labo-
atory were pH (Metrohm, 744), conductivity (Metrohm, 712),
V absorption at 254 nm with Shimadzu UV-visible spectropho-

ometer UV-1700 (for the determination of aromatic organic
ompounds [2,13,14]) and total organic carbon (TOC) with Shi-
adzu TOC-5000A analyzer. Additional measurements, including

oncentration of total suspended solids (TSS) [15], were made on
elected samples.

. Results and discussion

.1. Pilot tests: operating conditions and data

The pilot unit operated for a total time period of 4 weeks, from
6th of July to 10th of August 2007. The operation was continuous
hroughout the week and was interrupted during the weekends.

The temperature of the feed water during the experimental
eriod was on the average close to 27 ◦C, fluctuating from 24.8 to
1.4 ◦C. The feed water turbidity varied between 1.0 and 4.5 NTU,
ut for most of the time it was around 1.5 NTU. Filtration velocity

as the parameter investigated regarding its effect on the quality
f filtrate.

Reference pilot tests were performed first, without coagulant
ddition. Three filtration velocities, 5, 10 and 15 m/h, were tested. In
ll cases, there was a noticeable turbidity removal (from 1.4 NTU of

t
r
T
t
t

tion Technology 65 (2009) 147–155

eed water down to 0.4 NTU for filtrates from both filter columns)
ut SDI values in both filtrates were extremely high, i.e. the product
ater quality was not satisfactory with respect to RO feed water

riteria. UV absorption at 254 nm, which is a measure of existing
romatic organic compounds in the samples, or those having con-
ugated double bonds, showed a small improvement between feed
ater and both filtrates. Furthermore, TOC reduction was deter-
ined in filtrates from Filtralite MonoMulti (varying from 13 to

8%) and from the conventional sand/anthracite filter (varying from
to 22%). Finally, no hydrostatic head build-up was measured in

oth columns for the duration of filtration cycle (up to 24 h). These
eference tests without coagulant addition clearly suggest that an
ffective coagulant is absolutely necessary if good filtrate quality is
o be consistently produced.

Table 4 summarizes the pilot data from filter operation with
AC coagulant addition to seawater under various flow velocities
ested. When operating at the lowest filtration velocity of 5 m/h, with
.8 mg Al/L coagulant dosage, the feed water temperature ranged
rom 25 to 27.7 ◦C. It is noted first that turbidity measurements
howed that, after 20 min from the beginning of operation, filtrate
urbidity was reduced down to 0.1 NTU and this low turbidity value
emained constant even after 45 h of continuous filtration through
oth filters. Filtration through the Filtralite MonoMulti column pro-
uced water with measurable 15-min SDI values, in the range of
.9–3.5, whereas the 15-min SDI values for sand/anthracite column
ere in the range of 2.6–4.2. It must be pointed out that a longer
ltration cycle was observed at this low filtration velocity, with-
ut a need for backwashing. Indeed, both filtrates appeared to be
f acceptable quality for feeding RO systems, regarding 15-min SDI
alues, even after 45 h of continuous filter operation. TOC removal
s a result of the filtration through Filtralite MonoMulti column was
n the range of 41–57.5% while TOC removal observed for filtration
hrough the sand/anthracite column varied from 6 to 64%. Further-

ore, dissolved natural organic matter (DNOM) removal, estimated
y absorbance measurements at 254 nm for feed water and filtrates,
as in the same range of 36–47% for both filtrates. Finally, regarding

he head build-up, it was observed that both columns showed a rel-
tively slow head development; i.e. for Filtralite MonoMulti column
t was estimated to be 0.33 MWC/d (meters water column/day),

hich is slightly lower than that estimated for sand/anthracite col-
mn (on average 0.39 MWC/d).

For operation at higher flow velocity (10 m/h), it is noted that
uring the first 30 min of filtration through both filters, filtrate tur-
idity decreased down to 0.2 NTU (which implies a short “ripening”
ime for both filters) and remained constant for 24 h of filtration.
he short ripening time is further reflected in the SDI15 mea-
urements. Thus, filtrates, either from Filtralite MonoMulti bed
r sand/anthracite bed, which were collected only after 50 min
rom the beginning of filtration, had SDI15 values of 4.3 and 4.0,
espectively. The following days, filtrates from both columns were
ollected after filtration times 1300–1390 min from the start of
ltration cycle and SDI15 values were as low as 2.8 for Filtralite
onoMulti or 3.2 for sand/anthracite. No particle breakthrough
as observed during the 24-h filtration cycle, something that was

lso observed during previous campaigns performed during a sum-
er period [11]. As already mentioned, this fact could be attributed

o the good performance of the coagulant as a result of the relatively
igh prevailing temperatures in this campaign. Most likely, much

arger and better adhering flocs could be formed, thus facilitating
heir effective capture within the filter media. This is expected since

he rate of floc formation and the efficiency of primary particle
emoval are found to increase as the temperature increases [2,16].
OC removal achieved by the Filtralite MonoMulti column was in
he range of 0–46% and 0–37% by the sand/anthracite column. Fur-
hermore, DNOM removal, estimated by absorbance measurements
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ig. 3. Head build-up development in two dual-media columns as a function of
ltration velocity.

t 254 nm for feed water and filtrates, was in the range of 23–47%
nd 15–41%, for the Filtralite MonoMulti and the sand/anthracite
olumn, respectively. Finally, regarding the head build-up develop-
ent during the filter cycle when both filters operated at 10 m/h

ltration velocity with coagulant dosage of 1.8 mg Al/L, the Fil-
ralite MonoMulti column was on average 0.79 MWC/d whereas
he sand/anthracite column exhibited a greater head build up (on
verage 1.3 MWC/d).

The ripening time for both filters was quite short (∼30 min)
ven for tests performed at the highest flow velocity of 15 m/h.
he high filtration rate (15 m/h) led to shorter filtration cycles
hich may be explained as follows. First, operating at this high
ltration velocity resulted in the plugging of the filters in a rel-
tively shorter time period. Furthermore, particle breakthrough
as observed during filtration of feed water from sand/anthracite

olumn after 17 h of continuous operation. These two factors
ecessitated backwashing both filters twice a day and collect-

ng samples for SDI measurements at shorter time intervals. It
hould be pointed out that the Filtralite MonoMulti column could
perate efficiently, regarding the RO quality criteria, at this high
ltration velocity even after 20 h of continuous filtration produc-

ng filtrate with SDI15 value below the acceptable limit of 5. On
he other hand, the sand/anthracite column could not be oper-
ted for so long because particle breakthrough was observed,
egrading filtrate quality for feeding RO systems, as evidenced
rom SDI15 values reported in Table 4 (days 07/08 and 08/08
hen the samples were collected after 20 and 17 h of continuous

peration, respectively). When the samples for SDI measurements
ere collected after 1 or 3 h from the beginning of filtration,
oth filtrates appeared to be of acceptable quality for RO sys-
ems, based on measured SDI15. Regarding TOC, filtration through
iltralite MonoMulti column caused TOC removal in the range
2–50% and filtration through the sand/anthracite column from
9 to 43%. DNOM removal from filtration through both filters
as in the same range of 30–45%. Finally, head build up devel-
pment during filtration through Filtralite MonoMulti column
as estimated to be on average 2.49 MWC/d while during filtra-

ion through sand/anthracite column it was higher (on average
.18 MWC/d).

In Fig. 3, the head build-up development is presented as a func-
ion of filtration velocity. It is evident that at the lower filtration
elocity examined, both filters exhibit similar head build up. How-
ver, for the higher filtration velocities tested, the rate of head
uild up in sand/anthracite filter is greater than the rate in Filtralite
onoMulti filter.
.2. Overall assessment of experimental results

In this section, a brief overall assessment is made of the per-
ormance of all filter media tested in this study, by employing the
ame pilot unit. Tables 5–7 summarize experimental data obtained
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Table 5
Comparison in performance of dual filter media tested during all experimental campaigns (U = 5 m/h).
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n this phase of the work as well as in previous campaigns, which
re presented elsewhere [11].

It will be pointed out first that, before data evaluation, one
hould take into consideration the seasonal temperature variation
n this region of Mediterranean Sea, resulting in a variable quality of
aw feed water (e.g. in terms of turbidity, algal content). The effect
f temperature on filter performance was already discussed and it
as concluded that during the summer and autumn campaigns,
hen the seawater had higher temperature, the quality of filtrates
as better (judged by the measured turbidities and SDI15) than that
f filtrates obtained during the winter campaign. It was suggested
hat the relatively high feed water temperatures apparently favour
he formation of large and relatively strong aggregates, after coagu-
ant addition, resulting in their effective capture in the filter media.
his observation is also supported by the fact that during the winter
ampaign smaller head loss was measured (compared to summer)

hen applying dual-media filtration in raw seawater, at the various
ltration velocities tested.

By inspecting the data in Tables 5–7, one can make a compara-
ive assessment of the performance of three dual-media filters; i.e.,
iltralite MonoMulti, consisting of Filtralite NC 1.5–2.5 mm on top

c
o
s
q
p

f Filtralite HC 0.8–1.6 mm, Filtralite/sand, consisting of Filtralite
C 1.5–2.5 mm on top of a sand layer (0.8–1.2 mm) and the con-

entional dual media anthracite/sand of the same grain sizes as
iltralite/sand. It will be noted that these dual media have the same
rain size in their top layers; additionally, their bottom layers have
ractically the same size, with Filtralite HC having slightly larger
aximum size. However, there is a significant difference in the

ype of material (alumino-silicates versus anthracite at the top, and
lumino-silicates versus silica sand at the bottom) and, perhaps
ore important, in the macro-porosity and surface texture of these

articulate materials. Scanning electron microscopy pictures of the
ew materials used in Filtralite MonoMulti filter are included in
ig. 4(a) and (b), which clearly show the differences in the surface
exture of various particles. Regarding the top layers, the particle
urface texture is evidently related to the porosity of the original
aterial, with the most porous NC 1.5–2.5 mm particles (Fig. 4(b))
haracterized by a very rough surface with a lot of crevices; at the
ther extreme, the least porous anthracite particles exhibit smooth
urfaces (Fig. 5(b)). Similarly, for the bottom layer, the non-porous
uartz sand particles (Fig. 5(a)) are quite smooth compared to the
orous Filtralite HC 0.8–1.6 mm grains (Fig. 4(a)). It is also appar-
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Table 6
Comparison in performance of dual filter media tested during all experimental campaigns (U = 10 m/h).

e
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i
nt that the natural sand particles have suffered surface erosion

hat has resulted in their smooth rounded shape, as opposed to the

ore irregular Filtralite HC grains obtained by breakage of larger
articles.

By comparing summer 2006 data for anthracite/sand and
iltralite-MC/sand, listed in Tables 5–7, it is concluded that, regard-

g
F
b
a
f

Fig. 4. SEM images of (a) Filtralite HC 0.8–1.6 mm and (b
ng SDI values and TOC/DNOM removal, the performance is

enerally similar for all three velocities tested. However, the
iltralite-MC/sand filter exhibits systematically smaller rate of head
uild-up. Similarly, for the summer 2007 campaign, anthracite/sand
nd Filtralite-NC/Filtralite-HC filters exhibit generally similar per-
ormance regarding SDI values and TOC/DNOM removal. However,

) Filtralite NC 1.5–2.5 mm with magnification 80×.
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Table 7
Comparison in performance of dual filter media tested during all experimental campaigns (U = 15 m/h).

t
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he Filtralite-NC/Filtralite-HC filter exhibits significantly smaller rate
f head build-up for all three velocities tested. Finally, by com-

aring the data for Filtralite-NC/Filtralite-HC (summer 2007) with
hose for Filtralite-MC/sand (summer 2006), it is noted that the
erformance of the former is better in terms of SDI values and
OC/DNOM removal, as well as in respect of the smaller head build-
p, for all three velocities tested. Based on the above comparative

a
T
m
o
m

Fig. 5. SEM images of (a) sand grains 0.8–1.2 mm and (b
ssessment, it may be concluded that the Filtralite-NC/Filtralite-HC
ual filter performs better compared to both Filtralite-MC/sand and

nthracite/sand, all of them comprised of very similar grain sizes.
he better performance of the Filtralite-NC/Filtralite-HC dual filter
ay be rooted in the aforementioned greater particle porosities

f both the top and the bottom layers, compared to the other two
edia combinations. As outlined above, the higher porosity appar-

) anthracite 1.2–2.5 mm with magnification 80×.
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ntly influences the grain shape and, perhaps more importantly, the
urface texture leading to very rough grain surface with crevices. It
s likely that the latter facilitate the retention of deposited flocs, in
way shielding them from the action of flow shearing forces that

end to re-suspend them.

. Conclusions

The performance of a dual-media filter consisting of a layer of
iltralite NC 1.5–2.5 mm grains on top of Filtralite HC 0.8–1.6 mm
as compared with a typical dual-media filter consisting of sand

nd anthracite. Seawater, obtained through an open intake was
ade available for the study. In this paper results are presented
hich were obtained during an experimental campaign under

he fairly high temperatures prevailing in the summer of 2007
n this particular region of the Mediterranean Sea. This campaign
s a follow-up of a previous phase of the study where the per-
ormance of a single medium filter was compared with that of
ual-media filtration first, and another where dual-media filtration
ith two different filter media (Filtralite 1.5–2.5 mm and anthracite

f the same grain size) was employed during two experimental
ampaigns; one was carried out at relatively low temperatures
revailing during the winter, and another at high temperatures
revailing during the summer.

As in the previous campaigns, attention was focused on filtrate
uality parameters relevant to feeding RO membrane desalination
ystems. In this campaign various filtration velocities inside the
lters were investigated in order to identify conditions for opti-
al filter performance. It was demonstrated that in most cases,

ltrate of good quality for feeding RO systems (judged by relatively
ow SDI15 values) was obtained by both types of media with the
articular type of the raw feed water.

During the previous phase of the study, it was shown that polya-
uminum chloride (PACl) at a concentration of 1.8 mg Al/L gave
atisfactory results, in terms of filtrate quality, and acceptable dura-
ion of the filtration cycles; thus, the same coagulant type and
osage was also applied in this work. The relatively high feed
ater temperatures in this summer campaign (on average 27 ◦C)

pparently favoured the formation of large and strong aggregates,
esulting in their effective capture inside the filter material. This
mproved efficiency of the coagulant was also observed even at
he highest tested velocity (15 m/h). The filtration cycles, for all
he flow velocities tested, were determined by the available free
pace above filter materials for hydrostatic head build up and not
y the appearance of particle breakthrough. The only exception was
uring the operation of anthracite/sand column at the highest fil-
ration velocity when particle breakthrough was observed after 17 h
f continuous operation. On the other hand, it was observed that
or operation at 5 m/h filtration velocity, both columns could run
ithout the risk of breakthrough for more than 45 h. When operat-

ng at double that flow velocity (10 m/h) no particle breakthrough
as observed after 24 h of continuous operation for both filters.

Both filters, i.e. Filtralite MonoMulti, consisting of Filtralite NC
.5–2.5 mm on top of Filtralite HC 0.8–1.6 mm, and sand/anthracite
lter, with anthracite grains on top of a sand layer, demonstrated a
imilar performance in removing particulates from the seawater as

ell as in reducing SDI15. Turbidities close to 0.1 NTU and SDI values

ower than 5, or even close to 3, could be obtained from both filters,
hus producing filtrate water of fairly good quality. Comparing the
wo filters, it was observed that under the flow velocities tested (i.e.
, 10 and 15 m/h) both demonstrated a fairly similar performance
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egarding filtrate turbidity measurements and 15-min SDI values.
he major difference between the two filters was the rate of head
uild-up especially for the higher filtration velocities tested. Thus,
hen operating at 10 or 15 m/h filtration velocity, sand/anthracite
lter demonstrated a greater rate of head build up in comparison
o Filtralite MonoMulti filter which resulted in shorter filter runs
nd consequently demanded more frequent backwashing.

A comparative assessment of data from all dual-media filters
ested in this as well as in the previous campaigns shows that
he combination, involving Filtralite NC 1.5–2.5 mm on top of Fil-
ralite HC 0.8–1.6 mm, exhibits, overall, the best performance. The
mproved performance of this dual filter medium is attributed to
he rough surface texture, with crevices that tend to better retain
ocs. The rough particle surface is due to the rather high porosity
f these Filtralite materials.
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