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Abstract

This study compares the performance of the filters with various media in pretreatment of seawater desalination by reverse
osmosis. For this purpose, Masan bay seawater is used as raw water. The filter performance is evaluated by the filtrate quality
and the head loss development. Five media is selected in this study: anthracite, Filtralite®, sand, Pumice, AFM®. These media
are used in combination for dual media filter and alone for mono media filter. The comparison results show that NC0.8—1.6 is
the best Filtralite®. The dual media filter of NC0.8—1.6 and sand outperformed other filters in particle removal. The dual media
filter of anthracite and sand showed good performance in organic removal. The mono media filter of Pumice produced the similar
filtrate quality as the mono media filter of sand although the effective size of Pumice is considerably greater than that of sand.

Due to big size, head loss development is maintained slow in the filtration of Pumice
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1. M B oAElALO]E g0 7 ARgETE ARM®S #1238} Dryden
Aqua® AFMPL iFm) 547 & S8kE Axsta

AT sl st AlAde] WA FAH R o]Fo] oltkar =43} (Dryden, 2007). o]H EAL o] W) 1
77} 714 wol AR (7, 2000, Ebrahim %, 1995, A MAS Haslehot Ego] HER, AFMPE v
Shahalam 5, 2002, Isaias, 2001). 5 7} E72] o412 =2 Qg A 5] F1E-S Fole ol &
EPHE ol Folnhs B oA A4Sl cehitolE @, Uuk mefe} nlwE ) $5e) YRk AADEL 30 %
(anthracite), sFFole =27t 42 31 "ok (4, oAt = 4= it} (Dryden, 2007). 32kAe] A0 7 #]
2000). FHZoll= AEAlo|Et B 9]o] thE 2| A 9] T LAYUEY LR HES TEd ARS-EE Pumice
AAZE eds] JidEa ok olE &%, Active Filter + U.AE®] Fujairah T3t A1) A ] Al o] 349

Media (AFM®)¥} Pumicet= B2l tl-8-22, Filtralite®= oA ARSEA. veA Tl AR HER TRt
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Table 1. Experimental conditions
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/H_a ] ul AlEe o:]J/} 74340”}\1 /\1/\]0],0:1 otu] (Flg 1 ;d_
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ot (A §, 2009). 9FEEE 5 mhollon, SRAIZE
FUE A9el= F€C13E 4 mg/l. 91515t} o7 AHe
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o}, AL B AR AAlsla B NS esk
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Z} <7, COD, chlorophyll—a &%=} sia=3le] A2
TRl 71 Eo] AMEEE SDIE (Silt Density
Index) SA3IGIThE A 225 Fo|7] fl3to] 3~6W9
WMEARS AAEgItE EFEE 2100N  Turbidimeter
(Hach)Z, 9%} 4= PC 2400 PS (Chemtrac)S ©]-&3}
o] =3 o]—oﬂ o1, COD%} chlorophyll—a 5=+ af43H4
AR (%A, 2005) F=8ko] S48k} SDI
= ASTMoﬂ (ASTM, 1995) F3k] FASIAITh
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Fig. 1. Schematic diagram of the filter column used in this study

Description Column 1 Column 2 Column 3 Column 4 Column 5
Experiment I+ Anthracite NC0.8-1.6 NC1.5-25 HC0.8-1.6 MC1.5-25
b + Sand + Sand + Sand + Sand + Sand
Experiment [l Anthracite Filtralite® Anthracite Filtralite® ~

= + Sand + Sand + AFMP + AFMP®
. Anthracite Filtralite® .
Experiment Il + Sand + Sand Sand Pumice

*Media depth of 100 cm (50 cm each)
«Media depth of 90 cm (top layer 60 cm, bottom layer 30 cm)
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B Aol AREE 57H4] FFe] Al A4S (R,
AFM®, Pumice, Filtralite®, ¢H*2}Alo]E) Table 3¢ &
FolSitt. Table 3oli= AFFAlell AAIE 3] oF A2 A
28 AAfste] A& 217F A AA =S o] 3EellA
I 5ol o] g0 & AR-E= AFM®Y} Pumice
B9l vlnsle] vS-E 2he ubE, F7)= ZiTh ARRA
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Table 2. Characteristics of Masan bay seawater during the study period

Description ‘ Conc§ntration ‘
Experiment | Experiment || Experiment Il
Conductivity, pSfcm 498~51.6 (50.7) 49.7~51.4 (50.4) 44.1~456 (45.0)
pH 7.45~7.70 (7.59) 7.58~7.84 (7.71) 7.64~801 (7.83)
Turbidity, NTU 1.3~14 (1.3 1.1~16 (1.3 23~76 (4.5
Particle number > 2 xm, 1,000/mL 51~55 (52 51~53 (562 56~82 (7.3
COD, mg/L 32~80 (6.3 32~88 (69 40~46 4.3
Chlorophyll-a, xg/m? 20~2.1 (21) 76~20 (139 134~16.3 (14.8)

Table 3. Characteristics of the filter media used in this study

Description Specific gravity* Effective sizex,mm Uniformity Coefficientx Porosityx
Sand 265 (0.7 (1.4) 042~ Q.47+
AFM® 25 05~07 (1.0 <15(1.6 -
Pumice 2.3 1.95+9% (1.8) <1513 -

Anthracite 15 09 (12 0.56~0.60+*

NC0.8-1.6 1.120.1 0.95+5% (1.2) <1514 0.70

NC1.5-2.5 0.72+0.15, 1.038+0.15 1.7£03 <15 0.67

HC0.8-1.6 1.65+0.15 0.9+10% <15 0.62

MC1.5-2.5 1.3+0.15 1.7£03 <15 0.58

*Values for AFM®, Pumice, Filtralite® obtained from brochure

=\/alues for sand and anthracite obtained from Cleasby and Fan (1981), Dharmarajah and Cleasby (1986), Cleasby and Woods

(1975)
~+\/alues in parentheses being measured
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AEHEL Si0x(62%), Al03(18%), FesO3(7%)01A
o oAl E= Si0,(49%), Al,05(21%), FesOs
(12%) o]tk ekreiato]|Eg} Hlwale] Filtralite®™=
Si0,9] H]&o] & ¥hA, ALOs9} Fey039] H]E©o] 2tt)

32 Filtralite®2| &7 & oS |

thokel 79 Filtralite®2 ARE3] o]F 7S 443
5 1 oapd5S vuwst A3+= Fig 29} 3¢l AX &It
o] 1S = SHAE FHA 2 Aot FUS A5
o] Ay} B} FeE QI o] IHEA & 5= 9lko]
Filtralite®] 5ol wha w5 2 2jo]i= of x|yt o=}
G40l th2 A vepsth A= ke, NC0.8—-1.6
o] AMA o g e FTHE 953 TS YERATE
NC0.8-1.6& A&t o3 AL ofFre X
chlorophyll—a &&=, COD %7} 7 wkom (Fig. 2),
71 Ay} ukedEle] SDI A% 7 ket (Fig. 3). 9#+
Fo] AATEE NC1.5-2.58 AHE3E of3} Ao 71
$-Faklom NC0.8—1.60] = tho|glel. z2eu, Ak
TE AlQlg v &5 o722 NC0.8—1.66 7]X]A]

24rt,

P71 A B Avkso] giek o
3} oJ7EA o] BAS YERN= oo 4] 190 2)ahd, o3}
FAL oAl A4, AT wol, T TS et
(Yao, 1968; Yao &, 1971). AAZ5HL 2] 27 o]
Ae7E, ATl AWEFE, F=ro] ASTE VA
aemE, 2o 1kl NC0.8—1.63F HC0.8—1.60] 2 ¢!
212l NC1.5-2.5¢F MC1.5—2.51.t} §<=3 =2l 2] x4
S AN 5 U8 Aod st 5 Q) AT o=
=9 AAY NC0.8—1.60] 7P $58 29 o35S
Akt dAka719] Gake o 34=2] SDI 4]l = 1}

6 @ Turbidity
F B Particle
5 ——— ——OChlorophyll-a

Ocob
I I ‘ I I I L

Anthracite NC0.8 NC1.5 HC0.8 MC15
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w

Fig. 2. Comparison of the filtrate qualiies by different Filtralite®

(NC0.8 = NC0.8-1.6; NC1.5 = NC1.5-25; HC0.8 =
HC0.8-1.6; MC1.5 = MC1.5-2.5)
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Elyith NC0.8—1.6 2 HC0.8—1.69F 7o) 2 9x}e] of
NS AHE3EFS o]Folul= AS o] Fol 3wt} SPI =A]7}
Zgkot NC1.5—2.5 2 MC1.5-2.5¢}F o] & §J=}1¢]
AAE ARESHFS o]FolitE 184 Ryt oA 2 4
Folli= AAlE wolE 7M7Y, FAE AT & A
Aoz deren) e, 2 Ao A ofAje] A2719) o
AT Atolo] AL efste] oJA1T-S =1 5 oAl
2358 vushs AEe AAEHA] ok

N __E.M.L

In—2
N, 2 4, (1)

N FYUAF 5% (number concentration of influent
particles)

Nouw: &5 YA 5% (number concentration of effluent
particles)

e &= (porosity)

a: F-ZA5 (attachment efficiency factor)

. ©@EYA NEEE  (single  collector  transport
efficiency)

de:dA 27 (grain diameter)

L: o715 £©] (bed length)

Y, xP) Fchar HkeA] o weZo] v A] = ekg)
th ol 5 NC1.5-2.52 QPAepito|E Wt Aol
ALel® Bahar 45 g 78S ATt o) o5l
7 Al W o® FAL o] Felstel M of 2t
A 55 A S Y Bk Q9% AlA AP
7191819307] vl 55 odA2] PR A= 9
£ ZolE zloz yhdr),

Ak © 2 Filtralite®}F QPATAI| ERTR= 2575
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Fig. 3. Comparison of SDI values by different Filtralite®

(NC0.8 = NC0.8-1.6; NC1.5 = NC1.5-2.5; HC0.8 =
HCO0.8-1.6; MC1.5 = MC1.5-2.5)
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@A Z7MAeH, 1 Z7F Z-2 Filtralite®] 5o o k: Carman—Kozeny 715 (Carman—Kozeny coefficient)

2hA thEs veRstth A4 AS olFel o] EdaF
S7HE2 0.72 cm/h, NC0.8—1.65 AHE-3H FS o]Fojali=
0.32 cm/h, NC1.5-2.55 AR&3SE FS o]golat= 0.27
cm/h, HCO0.8-1.65 AR&SH FS |5 7h= 0.47 cm/h,
2831 MC1.5-2.55 AF8-3HFS o5l 3= 0.27 cnv/h©]
At ol g nhe} o] ofAfe] A 7]of] wheha] AR
7k el el et 2 AR MCL5-2.58 A
83 FS o]Folate] BT STkl 7P Agken, %
& 9AK1 HCO.8—1.65 AHE-E FS o]Fedair} 71 1)
Uepgt) £4479 Z7F UEME Carman—Kozeny
2o efshd (2] 2), T oA HIsEHA ] Aol
(SH)HlEget (Fair 5, 1968). 4AP7F 2ol a4 vl
Aol AXNBR, EHGF= ofAfe] YAl vl Egct
AAT} 2 2014 o 5E ukel o] YL S5 S
i =2 SR e, iR ASE EgTEE
27 S7FI. SRS T Folle Edae] 7t
o) o Wbt (Fig. 4). S5A U2 o3l oI5k At

AAEE FIAA Aol oFss e9Ee] ¢S =olut

Al &h, o= oA Wl a0 HAE ojolxIvk el =
o] A TR ST (4] 2). AEAI} S
FUAL G| SRS wEA] S8 &
735-ok AR o A€ :1717} =
ST LB] A S7kelslen, 2555 U5

2]

)

rlr e

h 1-¢)?
A _ o # 3) Sy
L p.g & 2)
Ah: =45 (head loss)
L: oA Zle] (media depth)
5 L
4 [
. L O w/o coaguation
% 3 7 B w/coagulation
g
Tef
Ser
T I
1} I
0 L L ‘ L L L l
Anthracite NC0.8 NC1.5 Hco.8 MC15

Fig. 4. Head loss development by different Filtralite® (NCO0.8
= NC0.8-1.6; NC1.5 = NC1.5-2.5; HC0.8 = HC0.8-1.6;
MC1.5 = MC1.5-2.5)

py- = WX (water density)

g T H714 % (gravity acceleration)

m: =2] FAAAG (viscosity)

e &= (porosity)

Sp:odA ®]EWHA  (surface area per unit volume of
grain)

Vo o3& (filtration velocity)

A& AT}, NC0.8—1.60] oo} £ARF 7FoR
Filtralite® FF ol A= 7P 953 A%5-S Yehl= A
o= FrREQIL e, o] 39 Al Filtralite®7}
a8t A$ol= NC0.8—1.60] A=)

33 o|z0inte] MsH|m
TR 0] AR T olFelste] e vl Ast
2 Fig. 58 60 AXEAT) oJukre] Bl Qx) =
gk Aao] ofahd, HIF A= BA|NE o)E olFoltE
o] Aoz akol7} UQItk AS o]Folke} nlaate] FS
o]Zol 39} AM o)== 17} QAR Aol -3k}, ubd
FM o]|ZFod 3= AS o]=oa}y1 ) AxAA Aso] 535+
A 3}, o322 chlorophyll—a =3 Hlw gk A=
KIS o)Fei el AM o]Fei a7 AS o]Feiw}
BT} $-3 9k, FM o]go 7= AS o]Foate] sl
A7) F3eirt of#=e] COD FEg vlugh Avhs 4t
A= v2A YERTE AS o]Felirt AM o] Foiz}
S FS o]t 9573 A4S UehiIT: Hiks ow
T prEprtel Bt B T s A2 Oizﬂi WA 3
o]FA T} o] H-& BT WS o] ) $451l)
oJ3h4=e] ST A2 7]F=0.2 31 (Fig. 6), FS o]Z]s}

45 ¢ O Turbidity
40 f M Particle

E O Chlorophyll-a
35 0cop

A+S F+S A+M F+M

Fig. 5. Comparison of the filtrate qualities by various dual
media fiters (A+S = anthracite and sand; F+S =
Filtralite® and sand; A+*M = anthracite and AFM®%
F+M = Fitralite® and AFM®)
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o{M ZFol w2 AMSY sTET
Hxz| o &

7} 7FE 43 Ade VERIRITE e ik Al
A7} QF8RE 52591 SDI (15 ) 3~49= 1)x)#] Ba1]
t} (Wolf %, 2005).

AS o]Fo]3}¢} FS o]Folato] gk Abol= oA
TH-2 A e ¢hretrto] B9 Filtralite® (NC0.8—1.6)
otk A 1o oald o] JEFS HX]= QA= oA
o, ofAe] Z7], Zglal Folt) T AT oA
o] YU WhA HE A& okelAlo]| EF Filtralite®
Hr} 2k}, 1 u R ofAo] H7|7F 2R AS o]Fel it
FS o]Fo] it 973 o dS AR Z10= 75
Ao}, APA= 1 W= FS 0|57} AS o]5o 7}
Ho} £ 549 ofiE AkelGict o] gk Ayl o)
FAE AT =ol, oJAle] 7] B = fJol] v 1Ak
T 588 F Stk A ougit) 1 QIR FlRIAE=
H3ls) uhe| x| x| ek ont Filtralite™= §-& Y Ho] S

o= Bekan Qhehilol =7k AHgE EFUH $45 of

Hir ol

AS °]F13= 12.9 em/h, FS ©]5]
I=2.11 cm/h AM OIvOWri 3.43 co/h, FM o]5o{3}

£ 145 am/hol Atk o5-F2 100 em® 7Pg8ka ©¢)
of 38 Alkald, AS o]Fo k= 39 mYm?, FSolFol3}
= 237 m¥/m’, AMo]Fo] 3= 146 m*/m’, FMo|5o] 3=
345 mYm’o] Wrk 2 ER, FS o]Fol3e} FM o]z}
e o3k 200 mP/mPS ZFSI3ATE ©hel ofwieko)
200 m¥/miu|ukel Ao o] wpal7ko] e A ow oA
%31 It} (Kawamura, 1991). FM o]Fojzle] 24
S7H&o] = o= YAk=Y] wiiZolth Table 314 &
7 A%el, Filtralite®e] Fai7e] kretrlel Ext 3
om, AFMPE B Ga974o] Zck w3k 3= 3

SDI
NERCIRCN
R —
[ T
i

A+S F+s A+M F+M
Fig. 6. Comparison of SDI values by various dual media
filters (A+S = anthracite and sand; F+S = Filtralite®
and sand; A+M = anthracite and AFM® F+M =
Fitralite® and AFM®)

P OW} Filtralite®2] &= 0.70¢1 ¥HA gkrgiilo] &
9] F52 0.56~0.70°]1%lt} (Cleasby and Fan, 1981;
Dharmarajah and Cleasby, 1986; Cleasby and Woods,
1975). 2] 20140 o 5= ShFo] £AFFE 97 2 F5)
Wxlal BAEo] QA Bo] 48 A5} 2o}
ek, AQAT), FS olFodsir} elsiids) £A5T 71
o2 A1 59 A5 Uekd Aow 9y,

34 o]z 0intet EF°'041+9-I Mit'l"
olA|e] Fiol we W o,
o]Fol e} ol el A5S ﬂlﬂo}“t} olFoltell=
ol A T W olFofe] Aeg vlagh okl A 7
5ol 9k 20w 7L FS o]Foldte} AS o]Fol
g, ddofdtel= poatel RefjolatE ARE-SIGitt HlwA
YR= Fig. 7% 8¢l aokaiqlth. ofa=o] Beo} 42} 5
vk Aol oahd, HlE A= GA|uk ool xlo]
7F ASiek §41 o]Folat Atole] HlaAE A E 5
H}QJF o], FS o]Fo 7} AS o]Fof#hrrt YA A
315 FS olFod s mek vlofatuct dxpAlA A
5ol oty dolIEe AR sl s el
o], ojak Bl Ryoja) wke v 4k g= pojabrt

iy

A5e] COD HEE v st
7} G718 AANE 1 95
AAds0] AS o]Fof el el 24
e} BT §718 AAE]
749] chlorophyll—a EEZ Hwst Axje] o|ahd,
chlorophyll—a AAZEL AAAAGTET] AT
FS o5zt 7P 978 AsS YER o, AS o]Fo]

Aol oahd, AS o]Fo]
33tk Pofate] COD Al
slglom, FS o5
A o7 Yt} of

ﬂ.l

EQ

O Turbidity
M Particle

0 cob I
O Chlorophyll-a

Concentration

A+S F+S S P

Fig. 7. Comparison of the filtrate qualities between dual media
filters and mono media filters (A+S = anthracite and
sand; F+S = Filtralite® and sand; S = sand; P =
Pumice)
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Fig. 8. Comparison of SDI values between dual media filters
and mono media filters (A+S = anthracite and sand;
F+S = Filtralite® and sand; S = sand; P = Pumice)

W7} 7 e AAEES UERTE 9ol A g
olF 759 F3F AL o75=o] SDI 42%] 7o

%= (Fig. 8), FS o]5o37} 714 973k 4355 eI
ol 22 SDI (15 ) 3~40l= PIAIA] E3)19it) o] Azt
= uw‘ﬂ 30] 79 AT TS ARSI = AR Al

ARP7F 88h= SDI 71 WESAI1A] Rohs As
AHIWP. oAapgA el )8k SDI 7159 wHGolh= 9
Aol wpeb gepd 4= gtk 9552l wehA ofalg
© 2 SDI 3~4E YA E A% S 7 a, 1E
5ot A% s 5 ek o]#igh o] el %é‘%&%ﬁé
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