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Backwash sl Slles (glayel)l 1) Jgas

Criteria Parameters
Duration 2-4 h, take 3 h as average
Fouled membrane TMP 22-26 bar for high ozone injection rate

(=10 pg/s); 3.6-4.0 bar for no czone
injection or 5 pg/s ozonation
Cleaned membrane TMP 1.2-1.5 bar
Average membrane TMP Approximately 1.9 bar for high ozone
during backwash process  injection rate (>10 pgls); 2.58 bar for no
ozone injection or 5 pgjs ozonation

Feed water flow rate ~18 mLjmin
Ozone injection rate 20 pgfs
fR. =64 (7)
dv
R ==F (8)
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Operation Ozone  Operation Water Energy consumed during operation Approximate  Time Numbers  Total
mode dosage  period filtered energy required of ENErgy
(pgfs)  during 1 during Energy . Energy . Energy . Total energy needed for 1 to treat  operation  consumed
le 1 cyde consumed in consumed in  consumed in  consumed cycle 1000 Lof  periods (KW h)
qrc, L pressurization  ozonation recirculation  during backwash h
{min) L (KW h) (KW h) (KW h) operation Chowash | e ®
(kW h) cycle ( ]
Dead-end 0 93.0 1.563 1453 1074 o o 1453 % 107* 2,583 % 1077 1023.7 640 175
5 98.0 1.839 1728 x107* 3,158 < 10~ 4,886 =10~ 9156 544 167
10 2550 4638 3530%107 1629 %1070 1.982 x 1070 2,502« 1077 9272 216 097
15 2330 4659 4054 =107 2236 %1077 2,641 x 107 8442 215 110
20 2410 4721 3502 %107 3,082 %1077 3441 %107 8613 212 1.26
Cross-flow 0 82.0 1.535 1.594 « 1074 o 7.291 5 1077 2,323 « 107 2583 « 107 9230 652 183
5 1750 3.541 3.585 « 1074 5526 % 107* 1556 % 107* 1,067 x« 107 837.8 282 103
10 2220 4,204 3.679 « 104 1.402 10~ 1974 % 10~* 1,967 10 2502 « 10~ 8733 233 104
15 2500 4,238 2,952 1074 2368 1077 2223 107 2,886 « 107 995.0 236 1.27

20 2400 4,887 4,066 = 107* 3032 <1077 213 %107 3652 %107 8287 205 126




th Ol Gl a9 o a2 1S GBS 3 (ugs (slgs 19lid gle g Lo Linlas ez
National Conference on Modern Research in Medicinal plants, chemistry and biology of Iran

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

www.dpconf.ir

2.00 5 iDead-end

1.80 -+ 2 Cross-flow
1.60 4 : |
wi BB B
120 | |
1.00

f

t
0801 R R
122 ER ] A

t

[

!

|

}

of water (kWh)

0.60 -
040 - . ‘
020 B4 =1

Energy consumed in treating 1000 liters

0.00 L -1 £4. - 14 M 1.4 N 1V, -
0 5 10 15 20
Ozone injection (pg/s)

(Spbik cslo 45 alos 3 T 2 Voo i o 53 00 GByumn (53,1 F S5

S Sldes Als gy il din 30 e sl o 00l i 15K ST L s 03y ey slis (gl £ SS p &S jghailen
Slyrosd SGrae (55l Gjed Gliwe ol plod Cunl 4B 2 259500 8-+ gblite by b sl g 48B3 255 Ve 3L
b cpl ol )5 (855 oy 4 (55l g 0390 5 odl ab )b G Slles b il wlie gblite 5 a5)b S (gla plaes
5 oolil b ad )b o andBlS clise ygunl ild LANSING asb s O (gly adllas 390 bl s )3 oyl plo .l 5 Cglhan  Sllas
Calyd 1y Sllas 3,858 oy siiio 45l gl aol 10 59,80 Vv 590 10 35K ST b ol oduidyy sl

Y Joss 0 mls g 0l SOV iso o b el ,JU 2 shymd ol il sl ild s dlp g5l Bras gl Gluslxe
(SYsb oy Sae Job 3 a8 3 cpl (548 g okl 03} west Ol gl Voo adual (clp 5W 3590 (650l oad edld LS
Lansing asb,s o 5l woes cpl asiaas sl 5L 3550 (50 ke JBlas cliwlre ol ol el glus gals o] 5 Slas
S5 o £

sl sLid (el il B0 5l oo yobo 4y cplid (S8 AD dplos U SLis gl ild ool 551 sl anje
RS e b aslb oS 9)Se Ve il jo sl )3 Yige pobo 4y slid (i) (5iSie auSTL b 00 gy slis gl ol S
A glo oy 4y dagi b dgy yiaS 0950 Cuwd Wil slie (gl jlade pl b duslie o 3K wus] slie IS cuwglis ()l Slles
oo sl (LCA) (S35 a8 > byl Jolis coni] Cliios .ol 3i5ie donST L o o3l idgy slie b ol o ad b G Slas




5th Ol gl Gl G § 9 o (2915 LS 5> g3 (slgs yglid pgle sugh o Liulos (yaoziy
" National Conference on Modern Research in Medicinal plants, chemistry and biology of Iran

L I N I R R I

www.dpconf.ir

3 53al)l 6y I L oSl e gl ol i o] 3 ol b ()9l (ol dualie g Lt gl ild oo Gy 51

é)l.u.»

. Maryna Peter-Varbanets et al., Mechanisms of membrane fouling during ultra-low pressure ultrafiltration, J. Membr. Sci.
YVV (V-Y) (Y- V) £Y=0Y, http://dx. doi.org/)-,) - Y1/j.memsci.Y- V), ¥, . Y4,

. Christopher T. Cleveland, Big advantages in membrane filtration, Am. Water Works Assoc. J. 4\ (1) (Y294) V..

. R.D. Reardon, Membrane treatment of secondary effluent for subsequent use, Water Intell. Online 1
(Y- -V),http://dx.doi.org/\ -,YYT1/AVAYAEYYAVoQ0,

. Seyedeh Laleh Dashtban Kenari, Benoit Barbeau, Understanding ultrafiltration fouling of ceramic and polymeric membranes
caused by oxidized iron and manganese in water treatment, J. Membr. Sci. o)1 (Y-)1) \-=\Y,http://dx.doi.
org/V+,V-V1/j.memsci.¥-\1,-1,. .Y,

. Haiou Huang, Microfiltration membrane fouling in water treatment, Impact of Chemical Attachments, Y- -V, Dissertation.

. Steven Van Geluwe, Leen Braeken, der Bruggen Van, Ozone oxidation for the alleviation of membrane fouling by natural
organic matter: a review, Water Res. £0 (\Y) (Y- ) Yoo\-YoV., http://dx.doi.org/)-,) - 11/j. watres.Y-\),- &, V1,

. Hyun-Chul Kim, Brian A. Dempsey, Membrane fouling due to alginate, SMP, EfOM, humic acid, and NOM, J. Membr. Sci. £ YA
(Y-\Y) Ya.=)aV,http://dx.doi. org/\ -,) - YV/j.memsci.Y - YY), - - &,

. Jaeweon Cho, Amy Gary, John Pellegrino, Membrane filtration of natural organic matter: comparison of flux decline, NOM
rejection, and foulants during filtration with three UF membranes, Desalination YV (Y) (Y.-.) YAY-YQA,
http://dx.doi.org/\ -,) < V1/S- - VY-V TE(+ )+ - - VV-0,

. Kerry J. Howe, Mark M. Clark, Fouling of microfiltration and ultrafiltration membranes by natural waters, Environ. Sci.
Technol. Y1 (V1) (Y- - ¥) YoV\— YoV, http://dx.doi.org/) -,) - Y\ /es- YOOAVr,

. Jeonghwan Kim et al., Interactions of aqueous NOM with nanoscale TiOY: Implications for ceramic membrane filtration-
ozonation hybrid process, Environ. Sci. Technol. £ (V¢) (Y- -4) 06 AA—0£4¢ http://dx.doi.org/) -,V - YV/esd. . YEYq.

. S. Byun et al., Mn oxide coated catalytic membranes for a hybrid ozonation— membrane filtration: comparison of Ti, Fe and
Mn oxide coated membranes for water quality, Water Res. &0 ()) (Y-))) VIV¥=\V. http://dx.doi.org/\-,) - \1/j.
watres.Y: V., A, - Y)Y,

. Jeonghwan Kim, Bart Van der Bruggen, The use of nanoparticles in polymeric and ceramic membrane structures: review of
manufacturing procedures and performance improvement for water treatment, Environ. Pollut. YoA (V) (Y-)-) YYYo—
YY'¢9,http://dx.doi.org/\ -, - V1/j.envpol.Y-\-,.¥,. Y,

. K. Szymanska, A.l. Zouboulis, D. Zamboulis, Hybrid ozonation—microfiltration system for the treatment of surface water using
ceramic membrane, J. Membr. Sci. £1A (Y- 1£) V1Y=\V),http://dx.doi.org/) -, - V1/j.memsci.Y-\¢,.0,. 01,

. Bhavana S. Karnik et al., Effects of ozonation on the permeate flux of nanocrystalline ceramic membranes, Water Res. Y4 (¢)
(Y. -0) VYA=VY'E, http://dx.doi.org/) +,) - Y1 /j.watres.Y- - £,1), . \V,

. Urs Von Gunten, Ozonation of drinking water: Part I. Oxidation kinetics and product formation, Water Res. YV (V) (Y- -Y)
VEEY—V €V, http://dx.doi.org/ V+,) - V1/S- - £¥-\VOL(-Y)- - £OV-A,

. Y. Mori et al.,, Ozone-microfiltration system, Desalination Y\V ()) (Y43A) Y)\\— Y\A,http://dx.doi.org/)-,)-V1/S- - \)-
A TE(AA) - - - AA-A.

. S.H. Davies et al., Fabrication of catalytic ceramic membranes for water filtration, Water Sci. Technol.: Water Supply Y- ()
(Y+)+) M=AT,http://dx. doi.org/) -, YY1 /ws.Y - V- ,VAQ,

. Bhavana S. Karnik et al., Fabrication of catalytic membranes for the treatment of drinking water using combined ozonation
and ultrafiltration, Environ. Sci. Technol. Y& (14) (Y- -0) V101=V11), http://dx.doi.org/\ -,) - Y\ /es- 0 - YaYA,

. Lindsay M. Corneal et al., Mn oxide coated catalytic membranes for hybrid ozonation-membrane filtration: Membrane
microstructural characterization, ] Membr. Sci. Y19 (1) (Y Y)) YAY=)AV, http://dx.doi.org/\ -,) - V1/j. memsci.Y - )+, V), - V),

. Lindsay M. Corneal et al.,, AFM, SEM and EDS characterization of manganese oxide coated ceramic water filtration
membranes, J. Membr. Sci. Y- (V) (Y-).) YaY=Y.Y,http://dx.doi.org/) -,) - V1/j.memsci.Y-\-,.0,. Y1,

. A. Zouboulis, D. Zamboulis, K. Szymanska, Hybrid membrane processes for the treatment of surface water and mitigation of
membrane fouling, Sep. Purif. Technol. \YV (Y. \¢) £€Y—oY, http://dx.doi.org/\ -,\ - V1/j.seppur.Y-\¢,-q,. YY,



th O eltid s 9 oaid asagls OBLS 5 g5 (5lg2y9lid pgle Rugi Slo Liulas (juaziy

National Conference on Modern Research in Medicinal plants, chemistry and biology of Iran

L I N I R R I

www.dpconf.ir

Dequan Wei et al., Effect of pre-ozonation on mitigation of ceramic UF membrane fouling caused by algal extracellular
organic matters, Chem. Eng. J. Ya¢ (Y- 1) YoVv=\11,http://dx.doi.org/) -,) -V V/j.cej.Y -V 1,- Y0\ -,

Dequan Wei et al., Effect of in-situ ozonation on ceramic UF membrane fouling mitigation in algal-rich water treatment, J.
Membr. Sci. £4A (Y-)1) \\ 1=\ V¢, http://dx.doi.org/)-,) - V1/j.memsci.V-10,-9,. Y.

Jeonghwan Kim et al., Effect of ozone dosage and hydrodynamic conditions on the permeate flux in a hybrid ozonation—
ceramic ultrafiltration system treating natural waters, J. Membr. Sci. Y\ (V) (Y.-A) V10=\VY,http://dx.doi.
org/V-,V-V1/j.memsci.Y+ - V,\Y,- .,

A. David, Chin, Fluid Mechanics for Engineers, Pearson Higher Education, Hoboken, NJ, Y- 0, pp. 1Y ¢=1V0,

Rodney J. Allam, Improved oxygen production technologies, Energy Procedia \ ()) (Y--9) &0\
¢V, http://dx.doi.org/\ -, - \V/j.egypro.Y- - q,-\,- 1Y,

Wen-feng Tan et al., Determination of the point-of-zero charge of manganese oxides with different methods including an
improved salt titration method, Soil Sci. VY (£) (Y- -A) YVV=YAT, http://dx.doi.org/\-,)-AV/ SS.-b- \YeY A\ 1d\f\ Y,



