OV,

rliad HgiSTyum j o sline S8 )8
o2l s gy 9 yao Jolge (glgil g 5lw

oy 5505 S U 3 esl3dlas plgll
S5 5 olge olRamgTy ¢ sards gwikige ol
AP/ FIY s pdy b AN /- ) el s

e.abdollahzadeh@merc.ac.ir : ;)5 ply

oS
A8l (slos S 0, ) siio g (64 USE Cilizo £l 4dal ol (MBR) lié slo 65T, Conyj i 400 dw fobo j0
g S50 g,00) jlao ] o Jlaias MBR 500 ™ 0,0,l5 sl Aol gilgo slié ciSin slodsy o g slic Ki8,5 ol
od ] o lic sloasls I iy dz o ooldtul ol Jolse ;I 5 a5 cdsly oMo fo S Wilgi o b5 U sLid K8,
Do L adlio oyl 10 .Canlods ploI MBR o clié  Ki8,5 ngd (slp (s pFKonir Slidng 3 400 o ,0 ] o oluay
X8, Lo jl K85 4 Lo flo il g K85 slo 5oL [ ;0 MBR (slopi e (o slid i85 iels 4 fous
St ez 0ype Sk olpe K5 S olge (S (e (S g S 5 i8Sy Slis 5 pisd, b6
ssbas Gldas Lyld 5 o0gicny ) 5 lodd, ol colis K5 jolsS Jold slic (K85 0 ji5e Jolse emw o] 415,5

5 L MBR 555 20l slo st Celeid 5 omep JolS

(SMP) 19550 Jodie Y giazmo « 533,85 ) g3kw slicd 55,8 (MBR) oLid 59551y Lo jlgunds

MBR 58,5 gals (EPS) Jelw g, (55l dlgo

08 S 0 LS sixico g (60— ol el gl aas dodds )
warg by Cwl olad g s Bl | oS FMBR .IABL NS i g ol o JlwcSiis 5 O olou 4 a g L
o L CedS b BB (295 wile (108 4 pamie Llie S Lacdols 5l OT codll (oMl ads 5l iU el
oad Joad DB sl whal 0 95 Ayt gl S0 il A T 13 6l 4 g 890 w0l Sl molie 5 Ko oS>
Shex Ll VY Jlw o (e IS Geb vl Oloe 4 '(MBR) wlig gl joiST Cus) ul ans w2y Job 4o
ot VA 02, 251 aS 03 Vo Goules YOIV MBR () | (3Lsls 51 OT il ao e o Las,obd i 5l S

I¥Tos Yo sk YYYIV 51 i a0 YoV Jle o Sl o

Sy dare 095 (65 5l 0aSimgy 1555 5 Slge olKimghy S 5l
1. Membrane Bioreactor

(1¥4%) 93 9 395 0 louds = @83 33Uk Jw = Yyl (Fosdd (w Jigeo &3 puits



9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

IATA R o RGPS P
@oosie gl el )l ay slid (S8)5 (e 0l aUS oS jshailen
5 0aalss ol 8 il ) (ol S35 02 5550 (32T 5 )l (S
S50 sl i opl jo [YEFlal jasisls joia Lalg, ol ool pli
iy azy Lol Glals glaty, o slid oS85 oasy
ALie 555 el ol o wilisee oVl aul> lalllas
S 5 J5 0¥ S (SIS LS5 Lmo i S8 Lils
(Ot oby S (i8S e ) (S Gl el g s e
S (S (85 g pdbaS g b &8) B e
ol s s lss oy T slge (28,5 5 ¢ Sl olse
Tl (ol ltd (Sojd olss Jals clid (S5 5 s
Sl 50 5 on U Heb 4 Shiles lalyl g oogicen;

s walss ol MBR s slieé K285 tals slois,

slid 53,5 159500 .Y
LeBalaily ) god 9 ogllasl Cogu) 5l cenl Ol las (S5
a4 il 59, /5o Jobe Ll 5 00l o lge dalsls
S gme Jlad bl (el jled cls )0) ()00 L0 als
ke o IS Hsb 4 bl oo (ol s <> ,0) A(TMP) sles
ool 5l (S a8 el ) L3 I MBR &lals o slae S35

108 g0 oomline (V) UK 0
8,5) slid 59y 32 150 @alS b oad J> SloS 5 ol )
Slgs SMP EPS s " K185 Jelge Sz ¥ s(lao i
LBPC) sy sl by sLaa_bg5 . (DOM) Jgloeo 1
Y SO JSes ¥ i g JTolge 5 oo sloaisd daassls
Lao o> ol sgdue 0 ¢SS Y o b wlic maw 0 S
7S5l (AU eliad () g odiaz g aile J5 Y SG S
Bocee (K255 hele 0l 5 o laz £ EPS 0l 5 L Jobs
ey 5 S Dl Y 1 (slag e ol 0y alanls 4
s o) e Ny b Sliles LS 53 g9, S5
FIA 5SS a¥ )0 Jlmiin; SlaS 5 5 2L SL Coxex

DAl el jLzd

4. Substrate

5. Transmembrane Pressure
6. Membrane Foulants

7. Dissolved Organic Matters
8. Biopolymer Clusters

(i Jlsd pod al 8 b avslie ,o MBR (g5l Lol i
3 slaJlw Jgb 0 a8 Jb o ool o] cafin slaas s
30 el 4y g adl alS 6 Keie job aslid Joow anje
sliae K33 rals Lalccwl onds jouie slasle pus sloasy 50
5o ‘51_.4\ o &S Sl 00 Lg‘)")_Sl slolss u..;l/._el L e
oeolS G yb jlsliae K8 0 ls MBR Slles sloasy i
slid oo Job ol (29,5 OB s ;0 paw 8 ,Slas
S350 Olee (R 5 9 sl Gagad aje Gl Azl po g
Il (S 65,5 3gam) (aslsa (sl 5L 355
Slel an sl aas 9o yo [Flaalxil o Sldee slaan s
e Job (alidlelad 6 5l 5 (b o ol slacd i
3 MBR gleslié colw a e poll g Jlo A 4 ¥ 5l laslae

0] csl oas L anze o5 sunlp @ aney ganl
JL».HG 9 ‘sll_».u.c 6)9l_¢3 s OMare )| slae L.':'{’j)f ‘U"‘)“L"
gy0m) 5l e i olae slaanl b o)l o p)l5 Lol
M e Jor S wilgy o g i slae S8 )5 5l (60 S0
O o plae slaan] 3 colae Lol Jelse 51 (S oSl caily
Sl Ol Lo b 09,0 0 5 slié gl (55, 2 o0 Jbe
S 90 5o slos i wlades 2l slaJlow jo a8l
Sl oals plol (oob ) sl Joe Joli) slie S35 slo g5l
syt 9 e (KB)F oy gy @ 5 dlie (g ledn Slasad
wsla 8l plaisl MBR jo i8lo o Slee [ 550 sla ol )l
5 oo ploul g0l Sldlas 55 oloand 9,5 ed 5l B slus
slag S35 0,0 95 sloasidl 5l oelhae leadi sla)g,e
L kst.....uo Lg‘)" ﬂ-’ 6Qb) ul.m [Y—Y‘\]w‘ 00 4.‘1‘)‘ 09.\5[4
Olyd o3lasl am 595 w0osd Gy cale Ly slae K85 ala
3 "(EPS) Jslw 2,15 5 b 3lge) (29,50 &Y gams o (PSD)

& & < ) .
(i g 2) 535555 5 (OMP) (ss5,5e Jslone < gams
sloaible Saors © arg b Jlb pl b.cwl s plosl o=
bl (Fn @ pSoslal slp o labial by, i g (s

1. Particle Size Distribution
2. Extracellular Polymer Substance
3. Soluble Microbial Products

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



[V8 ] ol HLLS A (&) g oSS aud Juslih (Q) o Y Jasilii (0) o b (K58 S (Af) :MBR o sliiid K38 8 IS g5k ) Jsidi

Sae GVeb Sldos 0 hddaS o )0 048 0 yoie Lis
LVO] sl oo sanline J5 Y LSid (60 )lse 4o L5 ¢ MBR
5 Seelug,uw ol s o Jold S S a Y LS
4S5 o o igdoe las w4y (285 Jelse il Soo3
Jole (ol = (So58 sla iiSmo ) (Seslisge s slog
bylys ol e jledan Lad mhw o 8,5 Jalse Jlasl
(o edale (ols ojlasl o eolea ol g  Selnog,ue
&b (S8 Jelse g Lad mha (rn (Saliadge 5 sla iiSen
Voons 5 Cwlaaisd slal g sl oxbaw olss il o alold

IValass o Giogs 1 sl 'XDLVO 4y ,Lss

S al Ol puds 9 S5 a¥ s Y-
0, dd ool )ly Lid e K85 ian) Jelse a5 (Soli;.m
ol)—o-‘l’ SoS Ay J.«S—uu ..\_1.1|J_'9 LSS aY cws g o

Y (Sojd lys U Gk S Y S 09
SIS Y Caglie Ll 4 ol slgiome 5 Jodss alex 51 LS

1. Extended Derjaguin—-Landau—Verwey—Overbeek

o yoo SU8,5 VY

ol s oy 1ol Lo, i S35,5 50 Jlse
Lol e (S8,5 Jolge jlade g Lol ojlail celine J8Le 9 (S8,
slid 3l ;0 asilg o SMP aloz 5l oo JT 0lge yi51
S L) ol 5 (-1 -) e UM (s, i slal by ilo,
Pler Jdo an G g sl 0)lg (/0 V=2V UM glao o>
6500 O3 gl atalil d8le o Sy e 4 oSl soiws
slal) S8 sloazd o> g b xSL BPC o 3slS e
5 5SS Ll ojlasl a5 5,50,0 (+1¥-0 UM Sg0> ;5 5,50
oy (S35 4 ol (o 35 cadly 00l 005,54y sl o3l
Gloasd K8 5l a8 el oad 3155 55 [N Awigs i
4 0S e algi el 5 Jslome Slge ool e 55 2
(S5 ) pod slsd S g boojio dyad (SE8,5 4 e
IYF sl o

S Y S g i) Sk Y-
S5 5 a2 Sy il i (S255 Lol Lis EPS 3]
oy il MBR o slaé K15,5 550 alo o ailyi oo S5
s 55, 5 &Y o525 43 IS 5 4 MBR tigy Sloboc

(1¥4%) 93 9 395 0 louds = @83 33Uk Jw = Yyl (Fosdd (w Jigeo &3 puits

ry)| P9

A



9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

Slad 51l i eaims i b cnl [Nl VT kg

sLid K3,5 glgil ¥
3 s gy Il et 3 (i ¢y B S8, Y
nhbeds y

RNUS PSR CLX VP [RWR R FE CLE RN FOVS
B g oad @by JoB e (KBS (pdy ciS p (S8)5)
oM @by BB (K85 (V) JS8) o5 (saipeendl plobeuis
Lo vg—Sine (sg—ttnnd 9iile (50 5d (S—iiand G5k |
B 4S5 o 5 w9y ol G2 4 col il - A
R P FUCS - LI Lo
&35 2B (KBS wlalase phyoas y (K855 b @by JB
i 3o sl (K285 Jolse Cons glaisg S92 s & il
laasSen 5 Laoy i ol 5 e @y ud @8, BB 8 (S5
B (f9 pIoleiS p (KBS Ll (KBS Jalse 598
&5 B (A b A gl oed 18, (B9, ged L aS Sl
o ooh by B e (KBS SIS Y Sl 4 gab
Sl ol ele Sladod 09 o 00ld Cod Wao o ol 5y
O libasn; 5 SIS Y LSS 5l seyd Sy 4 e,
D g shg) Al et sy aloxl

S5 Y Jool b Sz 0 3 Slidod Sl gl iz o
las ;o Gasl @by (K85 JuS 5 oy g Wlos S 55 w3
Lo )5S )cmn ) @ SYeb Sldes gly (s0L; Coenl MBR
Sdobe 5 Jole slge cgadols ) adgl fdle Job )5 .30
b Lol a8 (o g slas (slaoyi (19,0 9 s90e (29,50
9 Wgd o 35 Lo sk o )giSTycun ) Do (GYsb Slilee
5 Wgi o Lao i ol Sgone sl 45 isS oo a g |, EPS
ed oo JoSi5 sl (59, ym odiar g aile J5 Y SO
slad mhw (59) p Sl (o (Gune Slge (phm il d en o
MBR 5 8,5 adly Cunle S gm,y o] sloosa> (45,0 L
185 U5 5 St 0978 nlnle Sl loduzmy wl )b

[A]cwl Jlo,65 o MBR o (g0l Cuenl

a1 e il EPS i el Ly sl
S 5 Sl Bl ol 4y EPS 4 St 2y S Y |y 5 52
e S8 s pdneSTS Gl o S S ez Al
QT NPT R RPNV NRAN S
15 Blan o) LS5 5 Slomyad s Sglis cely 58,5 Jalge
SYsb plej o a ez g Ly sl ool SS9 251, Sl
g asle 0y A oS Az 0 9 MBR o SIS Y LS
2 ol (08 5L 5 109,90 olud (SIS Y 0 (y5ensT Jlal
3 SIS Y aglaie Ml oy sre ol o lisl SIS Y
21y 295 e Caraz s Aals el (San 33 3lae (2
T elae K85 5 S ¥ Sl ool oes il US4y

.[\"‘I]o”]‘so b)|5 6)&@.0

Syowl yLind S1P-Y
Y lo P el jLed Sl Sg5ke o Ken 5 'S5
Jolits SIS aY ais S slpaiy MBR (X585 o, S
LLsd 5l g0, JLBEPS g 5le ;o aS cow oo slaassd
615595 3 Jdoay LEPS Jg ccenl 5 b slyls (Sy9Sus Ske
Al ae ,L Glyls OH™ § COZ%, PO,Y Sudoasiss slaog S
9SS a0 ol Wz )L L alegem nlnls
SUls pae vd ) e (o -(1) U il [ye] ol assls
Y o Lage el dags 6,0 )0 GPlald g (Sloy, slas
Jedoe clale 3l 6,8tz jobbasy S Y 2 o laye
B el JLtd (o) Lol S g iy He5T, S5l
o o oot Jamansl M (5 ol HLad cale (aly 4o
A5 5T elge sl 00,5 Tax | LT aile S5 a8 el dagomo g0
SIS 4y Jsbss LaEPS (S 5 pH ol eg ol jLid 4o
Borae SIS 4y idlo Cagliae iloaal o)1y JLid g Sg &y0d
03gasre ;o SIS Y Glasin wlel 5 S 4Y (S yue
S ool s b iles] Jg o)+ mt kgt by - m? kg

GV mt kgt g o SIS an¥ S 2lo ohs Coslie

1. Zhang

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



O @8y BBt (K385 g o 88y BB (S5

Mg

2Ilels y (S5

o ) et 5585

o o gt @) oty oy % o Jo Slge

(IS 58 ) (paud 1) B 8588 Bia g SIS gl Y JSi
TATMBR 3 51300 Gl s 838 8 9 (i 8 Jall jud 836 8

Dbl adar o Jblol g bl oy el Lid o5
olse it 1 enlion sladsay ovas oMLt 5l (g (S285
ol 51 55 Loy giSThcnns 50 (99,50 slaaisd) (S35
Gy 9 Sl b el (Son s (K8 )5 ailslas glao e
iy £oy s sLid o cgy Jolo sloa s L o sl 5
S5 Ay S g ey Ladslw T las

.[Ag\ \5\’\/]“0@ RN
S 5 gy 4 2lid Gl o JT olge (SIS
Lgrye slic (59, (o ,Blo (b g lagnSg n (s b jlemscns
5 A K8 e Jalse (lgis 41151 W DOM 555 o
SMP 5 53955 Sys5 10 Jglome JT olge ¢ ise 90 5l a5 wloas
dslgs 5l eosSes 5l 28298 slal L LeBPC g b e (S50
oz dbgS 5 b SLEPS Ly o5 Wil Sos JI (S5
s T 55,5 Jalse 51 K Ky el s LS5 SMP
A8lisn 5 Joloe atws 55 4 a5 ol (TEP) Glads [Lowuy3ST]

1. Transparent Exopolymer Particles

Sl (s Sz Lo 5l eSS L e8] i 5l
£y 5 St 1, KBS ol Lt a5 ol a5
(slme Sl g 0 Sldes 0 b e idlo &bl jo  Jouis
=5 Jlaie 59, e HU] 5 953 g0 00els (SB)T (g0 Sliles

sy sl i 555

Slg—o (KB g (T dlge (K5 o ) (S5 Y-Y
(o)

o elid S55.5 i S35,5 | sle S golyo Lo
() (S (ol s an o oo | Lo STy
S 3 S50 0,8 i (Sl Slge (S35 5 o Jolge (S285
9 Sie sloolons alll sl Wlgs oo (K85 JoSiS (SeSx
S SeS (S S e wellS

L 658L ladohe slogidgm g 0l jon 4 (Jumj (S5
P s 5930 SIS S 390 bgye clis () bard

wlié laanl s gl oS s sbnl glié ilo glans) s

(1¥47) 93 9 395 0 loubs — @23 33l Jlw — Yl (Fosds (o Jiieo &3 it




9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

Slge iz 5l aboslid j3 a5 ools Las [F+] o), o 5 ST
S Y Ygane il oo it bl JTpd (K85 (1
g5 5| Stz (Pls3 052y Jds 4wl oo S olge
SO S [Y0] o Lson ¢ “Soly sl Sospd, sla 53,5
I, Mg 5 Al, Fe, Ca, Si axsle J1 48 yolic 5 JT olge 5l S5 4
S tb (BT @8 03,150 (6 ke 4o 000 onalin slis s,
o=l ol st oo liar S g5t Ly (2 Sl Sl
Sl T Slge 5l (il K28 ,5 a8 WS e aseioe nazily
Cbile et il g (B pliE Loy ST
N85 A il oo a5 L MLSL o (6318 slagys oaS3gae
FSi b SThos oleerd oS 5 1 el (pogen 435 098 e
IAgV Y o¥ Vs jls (Kl alal, G,

g sy 5 (stloon Sl gy Goyb 5o 4 St (85
0351 5 0955 ol Slas (1) US) 9 g0 olml (s
ca®, Mg¥, AP, Fe*, C0.%, S0,>, PO, OH ol
BBl (89 (alord Slgo gy Wigd oo CBb o ygiST ey )
bl 5 eclale s cde 4 slerd olge cdalé a5 a8l
Lil a5, (S58)5 Y nl pogdle S 55l Ll gl
¥ ; Conle 5 098 o0 slid (59, (B r S955 ) B0 Sle
Do) 9 Fden il kel 4 &5 cnl lasST SIS b
sdas slacSes glgil 5l S laols S anll o JTuf olge i
Loy o Jg CO,p g ool a ol 2 oly o K85 o
Al 3k o PH g el S adeladl 59, Ml oo ilSalailyn
xb,5 oUlgs Fe 5 Ca, Mg i o158 ol S sloSes 10,108
[Alosas oo L2381,

slge 8,5 0 a8 coul 635l50 3l K0 (S sy Slges,
aile oy e sleeg 5 Jels LeEPS osls o J1,ué
99 Loy 5ilS L aiilg o 45 aiiws CO5%, SO,%, PO,”, OH'
oSS g 0S8 Sy (Mg™y Ca™ See) (b
5 S &g wusS (oo P b |y Slowy iz ey JSis
Sl i Eel Sl S o o5 | EPS ate sla b 5
S Jelse gan sl Stz e 5 S5 Y

4[\‘\139&@

W5 Sleogas b ol Slge LTEP 353 oo (sauainb
U CENROV-DR T J g PN PPN TNV gl PRt DR VO PSS vy
3 WaslS el ool anlie Sl Lo o TEP (o s
2 S8, adgl Jelge 5l g yegli Ve e ) laosluil b Sz oS
sy Uy g 63959 STss bag] slice a5 aiies WMBR
SledsUgaid 10 t0g,5 90 4 laadgls (IS jobo 4y el (029 S
Sl 5 5 oy, b 5 bty Bons) bl ceny) JT
(o Jol) o g i (T f slaassls 5 (Soglgd
NP YD YN - C VR PRVERI [P L VNI | P LN O
a8)S S8 S Y o (I sleadsls) bl cs jp2>
Gl el 6 Stz 3 b 4 (EPS) o sloaiid oy
o9 S ade ay dlalwcons s VA 0gs o LS onglie
WS o gy i 9,0 ol (et (53985 oz S 1 ol
S35 131 2 () Sloai) 5 1,5 & Capmd olgo o U
(olid (iilo jlas asls (5,508 il Ce s 0nip YU
5 v 5 bl b gtind G b 5l a8 (S35 slaay

P ‘SJL.A “5,}![_3 Ay dw 4 casslons o ‘SJL,.M.W S ianns L

So @Y oY o5 s oo (LS guls Wigd o8 memd (22
Jolis aS el ooty LSCas S slonign b Jodsee 4y
Srosg g SMP &y (g5lus job 4y gl Y sl (2 slaais]
el 0L o] sy Sl b ke aS 558 o bgyye (219,500
SMP Lawgs 5 Col (gantigd) (58,5 o @ banye (Smly &Y
TANYYV] 5l bty 3 VU Bns cdale g 058 oo S
S olse @ it olid sloygSlycun; o dlid (K255 Ysane
aod o Jlg 5ol Lo JTue olge b 0 oo 00ls Cod St g
GLisl Jlsb 2 b olad Gidlo anld 0 plejen j5b @ lag)]
o lycbas (K85 oladoe Sl (6 iloms (ST vz )3 il oo
B g wlosls S (S Slge 5 5L sl sk Cg,
el 00 0,L51 EYLie 5| oS slaws o Lais JT 8 Slge 5l 3G
5 sl 5 [PV ohlSen 5 g5l 58 wlallbs bl 4l
695 It Sloo 3L S YL cckale s [YA] LS
[ o, Lsen 5 S8 ladllas onl JT lgo 51 iy (S35

4. Ognier
5. Wang
6. Concentration Polarization

1. Fakhru'l-Razi
2. Pendashteh
3. Kang

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



st loosdh Slgo gy

o3 Olgo Dgu

M™ +nOH—*M(OH)n
M™ 4+CO - —+MCO,

M™ 4+OH'+CO,—+MCO;
M* 480" —»MSO0;

6. -
Lo

({ 00

O -~ @ v B b

JAI MBR &ilobes jo AT ya (538 S 31 (5 53 el o gad ¥ Jsii

Lid gz V (MY (M) slié 2,5 Lo IV Jgo 3 ol 5o
Yo sles jo Ol go,0,5 U dM?) clié mhaw colus A (M)
IS Cglis .ol (PA) TMP )50 AP g (Pa.S) (wouas 4y
5 (Ro) S5 coglitn (Rpy) sLié Canglio s ggaza (M) (R)

el (Rarp) 38lie 33,5 5 G Cunglite
ool b 5l ash wled gland cunle jl Lsas clee K38
Selgpaen ale gl 5 ORT) o asle loj el Slilac
O9en (s SRk iz Sy s 5l 5 (HRT)
Lyl 59,50,5 3 PSD «oy2d cwliiicsy, DOM SMP EPS
e clad (S8 0 I35 3T Jelge (g 2lex 5l 520

[¥leeS oo owyz |y Lo yiel )b cnl Slam slaisn )0 a5 wloas

LS9 b olgs V-F
les Ll wled Jsdss 5 oo olid glao i olal 5 auje
adoxr 5l Rl g iz Jols slid o oloord ols>
SV o e Jlamsas slae S35 5 08,80 sla el b

= 01_434.: cslae ‘;J; B lae Lgf)ij /6*“45‘»“— U""‘u (bbb

1. Sludge Retention Time
2. Hydraulic Retention Time

i (S355 5 ge Jalse

Sz L G da bl slid Cuglie (S8 S
b [V]seo oo (l3l clid o 4 (029500 slaJoho 9 210
Rin) sl Snglio (92 bt lacuglio &b 5l (29>
Sy Dl g leansd asar 5l i boee) (Ry) S cuwglie
) Rarp) 33lee (58,5 5 ol Cenglie 5 (cLid mhans (59, 2
oeolS Az jo g sl ddle Bl o 5 ol)d e ale
LY ¥ gF ¥ Lot o J S (sl ddlin sl Ly - Lad
S=S Y JSas ede 4 MBR o (S8)5 5l cokael 25
¥ ol aS ol Lo, 8 0 g slis mhaw g5, Y
il cons; aY SO Ll alidl oo |y idlo plp jo cuglie
Sldae jo w0jls Gal cubs aS ol L g 05 o0 Cgmme
Yo | ol (2ol 5 0l (e (285 LooasVT Bdo 5 2ilo
.[f\"]oﬁu;o

JLad ol g elad 5l (29)% LS G omlo (B 4 4z L
DV e 13, alal, (V) doles LB 4o

_lav_ 4P 4P
Adt iR u(Ry+Rot Ry, p)

\

(1¥4%) 93 9 395 0 louds = @83 33Uk Jw = Yyl (Fosdd (w Jigeo &3 puits

© 000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000:

ry)| P9



9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

0 plol Slallle oles oéy e [0+ sA-0V] el oty e
EPS Jiii oo syt EPS g lid (155 ouumy Conslo el 4,

el ooti aseiie JolS ol 4y slid K285
(o e 2L G ) Pl b LEPS (e
o 905 5 Rl i b s R wsiluesgs ol
O Cenl 285 k5 o b ccplple ol )85 (SIS Al
Ol Olee J5uS slie (28555 ol ole> 0 T izl 5 EPS
e 2t gloalb o Vb ek 4 (pltwd sl Sl

Dalewd 5,0

SMP Y-Y-¥

aibe J5 el SO JSis g slid glooyas 0,5 el g
Slr @l e 505s] 0ol e 5 0sisn slid gl (55,
=95 Ol e 5 Sg e Suglie Vi) oS
TAJasS o sl

> 1, ol a>gs MBR o sles S35 5 SMP 3G 1.5
63l 51 SMP oS wslesls slis Jlglys Slidios g cowl 03,5
et EPS 51 0T 30 Lol 5l (sl j3 5 300 lad (S5
Slomieds |, SMP al8 a5 sl b [AFY SV 50A 0] el 009
H)Ju:sl ff‘_rid)f)obl_@‘d_nl.c
L Lo yo Y guarme aws g0 4 2lg5 oo SMP Y48+ 68V [wiles 5

& “: )-l K .:L;L"

Y(BAP) 6555 b Lo po ¥ gz 5 (UAP) aylons, 6 ae
l_g Ls)l.bd}i]}o J.ALM: UAP ;)> as wl R &)")‘)f .)5..» p.:.am.m
O Sgdne ;3 (6 pdin ot BAP 4 s 18T JoSg0 (39
wdale as ool UL...: Slasass (e [7\']\))|b L{bo).é_> KW
o K585 Joailty 00 i o
WLy 55 a8 wilools Las (6 by lalllas [FY 5P F] el

5 SMP S 5 g el =

3 [FO-FV]aS o oS lin (K85 50 uiign 5l i SMP

3,5 10 SMP SCogud £ 5> ids an [PY] AL} 999 o0l

] 00 a)ual SBR ..\:>|5 )" =9 oMl

Stz ol ol Jomy 6,80tz sl clid Saiz
T Gla S n a0 slid mhaw 59, (S5 Jolse
v Jols a5 XDLVO &,k by g canl (33,5 ulge g slaé opm
5 (LW) "l 0ly 5 incied < (AB) (sl 2y (502
aslllas [Y¥]358 oo cinogs sl (EL) S5y 2SIl ailS'gs 4y
A Sl gl slalid (S28,5 o ol las o Ken 5 T
25,5 )15 o5 5 M ygalely [FFlcl 25 5 ST lalac
sadodzr Sl slid s p Sl 4 5, S] (SBS Lelge oS
Sty B (58S i 5Kl (Si8S Lelse 5k 5l
S oS e 5 il ol [F0lg o sl
el [Flocul sos (5,155 oyl 4 cad 53,01 slalie
clie S8 )0 clid 65 Kl guwgasl (i 5)50 y0 (2Bl
aile slid plez Ko j0 Ol sd (5> (goa o Jolse
Jolge Sgliie g ovazmy Coale ) Jouily § mhaw (oulidiin,
G liee (ygte , oo aalllas slaliié sgame slass 5 (53,5

[¥Y]ogd o0 by ye

0095 G j g 43 loull ) Olooguas Y-

EPS)-Y-¥

St 3 (52 EPS 45 aims e Gl b Slisios
aluly g S a5 Coulslas (KBS o i Jslee
MBR ;o 5585 555l 5 (585 Jalse Lo (slod—zen
oo, i> 53,5 Sgoue 31,k SIEPS Y51+ ) A5FV5F sl
Al olaml s S8 sl 5, 50 elsd mhaw by olié
Jole EPS VAl a8 o slae (K58,5 5 diae 5T s o]
5t SO Cenglie (e (soten Al g 00l ()18 S5 LSS
i lidee Slidios o [Yof ]l )8, EPS 5 laé (g5, p oot
e EPS (g 9 Slhaemgy S sl o als 45 el ons
13 oloel ames (o g Jlsd o2 slaaisd (KiwnS o 5l @
slsd (58,5 Sl cow S oud 5 SasS ojlsl L
EPS iulyl , Koo clidos o Ll [¥AsFASFA o slous

lid S35, lydl an oo sladisd (b maze aii )

6. Utilization Associated Products
7. Biomass Associated Products
8. Wu and Lee

1. Acid-Based

2. Lifshitz-Vanderwaals

3. Electrostatic Double Layer
4. Liu

5. Yamamura

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



Lol balad (S5 5 1) 0055 1 [VF] TS 5 Sz

b o S8 MLSS yials

G955 Y-0-Y-¥

Sl s Gy lsd (S8 50 slayiell S
JUaz sloosssy 2 2limm 56 o2 (ool > Sltrogas
Jole 5o oo lalyd g gt JUS! 5 g slis mhaw (Seo3 )9
o= 69-l,8 malidl jasin polse S (gly 0105 o gan
poc a0 gslid v jo b il syad ytalS cely
B pired Sl ooy sl (S03)F oauay Gyalld 4y Ao
SOl ssme @l Y jlad Ol jtos Jlw 55515 42
B 5 gla el b 5518 (e dlal) ccalizee (5o o
O S o Sl s S g 05lusl oy oS 5 (MLSS
LYY VE el oais ,S3 SMP 4 EPS ooy e ol Jladie «l)d
e 5370, Gl 4 MILSS il coliiond 51 e o
61).’ ).4...] » f’)f Wiy LS");U Q> [()~9VV‘\”V—M]W| AW
el 0o 5155 y9te 48 895,555, MLSS 138,55 clale
abale 8l L g sl 05 69,515 wo ool Jladie 5 )0 45
Sl L Sl o cpl (gYL b oo ]38l Swal 4 MLSS
Sl oled O g0 4y g8y 3l mle (69,5 MLSS cdale
AV]ad o

O el 955 Lo slge ojlal casms las Seslis (59515
) el 55 5 Sy Gl iy ol Sl S
slid Sl e (2Lt Rl azl )3 5 59,l,5 Salidl el
A4S ools lss o Lsen 5 ' Se wlinios gules ol Sealus
ygma Jdo ‘514:.;:) Sl xSk polie 6‘)‘° o Golss
Slidos gl [OY]cu! oYU 69,18 &lls EPS ol jolis

Swlidlass 10 g HRT als oS ol lis o, Ko § Ko S50

aloady clilé g conlo ¥-Y-F

oo adlil gike olge b LS ;5 39390 sbacys 5 kel e
slid (S35 5 paditnsl 3B Wliige Loy ] o 5 a4
FRUIETNERE P PSPAURCHIR T O PRGN < SRSAC S
BT clyd )0 g e S e e (b
LAY P o0 o

AU lad K)5 1 a8 ol glo ol 5 (o 5 Carans
e S bt Laassd (Sae bl oo 51008 (oo el
L Coa 9, ol 51 LAYVl o olge b LS| 0 )i
X85 Slazge GudelS ) S slml g wlidcsu, s
osle cdale Bl L o) Sen o o8 [¥F] 5T oo pald 1) clac
o assd sl i) b o (culidisdu) pod (il (oo
A4S 0s S camlis ol3T slaske slls 5 0aiSTy s, & jem

[FAlaS e (528,5 talydl

0893 G ) sl 321 F-V-F
MBR e L.?i'j)f BRI SIuPiweR: 61)9‘ (e e axdlas 6‘).9
3 SMP) (gu3slS ¢ 3dan Sloal> s3> a4 o 00giCans

2 Joome 5 GaSelS Slgs (oot 39800 e 00D J>
VTSl ZAY B 7AY sgus (glosgasms slas S8 8

039w 5 Loyl by B-V-F

(MLSS) 63 G j cdalé V-0-Y-F

s 538 01, MLSS 3l ol 5 ol_ddss ,o
N COUN IR R T YONSE { NS | QA0S OV IV
e Sl b st g |y o 55 S0 s [YY-VF]wlos S
elge 13U oo 095 eyl ol [V FV VO wlos S o)l58
O S iagh o 4ol OB g4 9 SRT HRT (y92
SYL cbale ol g 058 o0 MLSS cdale 2138l e YU SRT
Oyt ay slie ma v 5 o Olyd isas JJoay MLSS
5 Jodoee 59515 500 g 5l g bl oo slind (S e
Lo oo (s (23 55 9 (29,500 SV game oS 5 5 jlade

V]88 oo il elad (S35 1 55 Lo mal ly nl g 35 o S

3. Chang and Kim
4. Meng

1. Fallah
2. Mixed Ligour Suspended Solids

(1¥4%) 93 9 395 0 louds = @83 33bb Jw = Yyl Fosds (w0 Jigeo &3 puits

OV,



9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

Lo ¥-0-Y-¥F

U o (et ol 45 el i ly ela ) Lo
3=l Seds aiile 3 Les il 5 il Sl 0)l08 o
J,.JQ aQ ‘U"‘ » os)LC 09.“:‘5.0 SMJLM»M) ),»...\.x.) o (o 3‘940
Jtie oo 4 g bl)—| Gl Olgs ¢l ) posd oyl
5508 b o Ll s oyl 8 095 il coo | slae 3,8
S35 Sl am po Led 58, YL L clid s pdy Hoee Gl
JAN] el s u’l’;)‘)’f u:;d

Jelxo oy juns F-0-Y-F

o (i) g elst n Pl ek 4 el (3eaST (e
RV SRRPNE D PRV ST SN e
S5l s a8y ool Jele | sl 5T s
Gl L (KT e Gl A jo g slans;) slas 2S
MBR (59, y— 092 53—z o el _w Y a o \YV I HRT
[0-]ads 5 o)l55

&S adgi B-O-Y-F
) A5 JSis MBR o slis ([ J8,5 LYs 5 Ko S
Lo 45 gmny S Sis Yo .cwl (05,500 bl Jawss

LwdﬂJaw‘ ovgiadld ).’)iai sle 6 xSL o 5l i iSS

[IVAICll EPS )5 oaigyy clale i)l

as) Oluogas F-Y-F

Olyd o316l &9 395 V\-F-Y-F

69)_»4 9 U_,J LS‘LQA.JJ LS)“)“IJ a d.las.vfo u‘)b o)‘u\ﬂ MBR BL
Gle i St s baye o (55lanl ol sael oy Loy
Sl 55 ote G oS a ol B3l sk o0 oSS
DO Lo s s pH alax 5leagad byl aisS o 556 o=
255 5 o) S (Tl o8 5l & STys5 e 5 695
o sleaisd Saibeasl b gsle 0sd co omin o ol )3
(Fe** s Fe Mg ¥ Ca? K*Na ™) LaygslScdalec! s Jolis

5 sl sla L a5l Glam a4 yzmie (5355 JTL
o @5,0,5 § MLSS clalé a0 o EPS colile iyl
dele o (59,05 48 ol olis o] lindos zubs .l (iyl5dl
33 [0°TEul MBR i (Sidgyoun Lulys 5 108,50 Lol
Ol i ol 1o 5 oS 5 (8,0 eoljallone bawg Koo glaalllas
A i su,y s el (6999 Gl—l Sb sl 4T ol eago
aloe bylse wlii > posd a0 5 EPS o> &>
2 Sl ul &5 Al Seiss pé 4 Geies Ll 5l HeST, 950

TAOAS s clad (S35 el ol
Ol 4 9,515 (o Gl (Fe pef Codbo 4 az g L
319_@.’.4 5 0, Ko Lo g ,Lid SS ay odld sl i g eyl
slaJos [M]cwl oas (555 Voo 8T py Saal jo o Jlade
a3 slaJus as 55 4y b o (gl oas @il wlis ol >
ol des 25 s slaas 5 | Sl Joe wiile cpubes i

L. . f =

A5 Wigbise (50 | ol 5T (S - o pleSiy Jao

[/\\]w‘ 03 00)51 B3 PL LbuT OYolro

T=19+ KXYy el 9]
=10+ KXxy" Sk - o ™

7= (TOO'S + Kc X ]-/0.5)2

OgsS ()

T=Kxy" Sy ol )
s K oPR) qels 25 Tp «(PR) ot (25 T by as

N «Pas)® uls dolee " 6 55l s Ko (Pas™ ' 6,550

o q » o
el G Sy s Gl B8, et ls

1. Pawer Law or Ostwald
2. Bingham

3. Herschel Bulkey
4. Casson

5. Shear Stress
6. Yield Stress

7. Consistency Coefficient

8. Consistency Coefficient in the Casson Equation
9. Flow Behavior Index

10. Shear Rate

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



808 a3l 5 s (S35 oSl e (2350 oS
owli8l A HRT el S aS conl onds (45,155 (gob; o¥lie o
Syg0 93 4 53l cnl [YAGFY 0+ 0T VA gt o e (K28,5
S a8l bl o eeiitane ;50 el el g piione
5> 2 B0 G 31 T il 3B 5 Sl Lo 0> ) i
5 Sz [0 ]l (K85 T JLss 4 g 00g5um; ols>
b 0355y ol 5l Sl ) oS wat S azts oIS
i A5 o0 5,155 508 lidss o aSST b [OV] el sals
(olibiSn s ol SIEPS lie 2 o5 (68l Jodowy HRT
B Gl s )0 e (59, Gl
ol &= 4 s HRT (20l S L o)L 5 2308 [0+ 5VATog oo
35S Ty (5350 G355 (53955 ¢ bl b Gl
o= 50 3y SIS e ol 38l el oslail ralsS wals MBR
slas (S5 Jele | Jelse ol g 099 SMP (le 23531 5 Jlud
oonlive 53,5 lidl oL en 5 Slsn [FAIRS,S 555
Oegmy cdile (pgati 9 SMP il |) HRT (als' L ou

(SRT) oy wile yloj Y-Y—F

Gk 51 45 e Jleday aitnsls 38,5 Jalse 51 S5 SRT
Sy 3 (K w2 ls Sl b
il (523,50 SRT 510,50 50 (a5 9l sl )18
o 0353 Gialidl fdo a4 1) SRT uliél 5 5 ol assly
ol alS 5 545 o 3 [AFLatls e (S5 il
55,5 8 e 4 5 5 EPS 5 SMP il 5l
155 530] wlaasls

slind (59 00w aid,F s wlus 5 .0
5o slig 6y e @ (20l MBR l solaiul saee Coogaze
isled Sllas Job 4o sled 2ilo Coglie owl (S25,5 ammys
eSis SLS g slid 13 Canglite edilie K25,5 Consliia iyl
3 8 e DS 5T 995 n o oLl o 5y, 003

[88100lo0,S o3 TA 5 7AY A csi i & o], lacanslio oy

2. Chang
3. Huang
4. Lee

ol 0 5 L s (S ez Dl as L G EPSS
&l,3 o3lasl ase a5 cal ools plis ol wliass [Ya]eol
So—ore JLad oy win j0 O3 o5lail b aslie ;o MBR o
adoz 5 2lilie 4z 51 S s8 o5ll ) [OY A el 3 S oS
ddoan qpas 8,5 Lal [A- 90V ]o)ls o yo 1) YL oo05L
ools slis wlidos [FAAY AV el sas 358 5 SagS )b
($ Fmbet Soaglin 3l e SzsS S5 Sl ot JSS S5 oS

AR FY TSR XN o RECQNE

b 5b /(55,51 Y-5-Y-F
S5 sl kb o sl s¥Use s (IS j5b 4 5550
wySiss Sl T sle JsSUse b wlod laws (20l jslatens 0353
Loog )T 5 I8,k sloog 5 (sol> Ygane 20 sboasd o LEPS
Lo Ssleg,l g oy 5w (L 5o 5,500 sblie Slis) b e
bles 5,50 baarsd Vooms [Vl oo (g o sl
L S a6 5eS (hled 5 w)ls (ad glosgi (g ytien
0 i, 5 MBR :Lie 585 daasd ol 55,50 of ule
b sl ol ooy S (Susiny Jodo 4 Jlb o o ool
00 MV =) MV osgaime ;5 5 —iie EPS g loaisd _sxlans

I¥5) 4] el

REJREWPOC T Su 28 e ¢
Loy lid) lag sSL oz 5l Giow o) 51 0 02d o oo
Ol 22 5 59515 (2l 4 EPS plies vl iy (38
GEalS g phaiels 5 S5 sleaisd LSAS 4l )0 5 (oD A
5 ol [ASYF50- 50V 50050V VFla ol o slid sy
MBR i jo (X3,5 4y Joled a5 60,5 cdalin o, Sen
Siore o 51 O SYLEPS (e bl ons oz ) sl

[OV] sl i

Slbes byl -
(HRT) oSdg i e gloj 1-T-F

A5 S MBR a5 Sliles na slo ol b 51 (S HRT

(1¥4%) 93 9 395 0 louds = @83 33bb Jw = Yyl Fosds (w0 Jigeo &3 puits

OV,



9 P30 Jolge s&|y°| )59 jlw G’L“*‘: 95|t j 3 el ’Z"')f

Lo 0005 5o b g 5B 00,5 i s, 5l ool eolid (S35
)l jsabse (LaMBR S| l—‘-’;‘“ Aoyl 55 ply Canlgn
Do ]asS oo onelsa b 50,5 joed i)

B S sl Sre leeds, 51 S 5 05 i b,
03555 gl I itz Sy oyl b 4 col ot anslis Slas
Ol 4 a8 a8 oo 8y s o (Ll 5 (Seasl Sl
SaS 4y oas obonl s Bk cwl gale ol el alS
g 03,5 el g sldd a5, SIS Y 5 o ol
g o3l gy (ml ol o 325 9 iST )ty JS I o clid
ol rele [O00]35-5 e (29,5 L (I s 5 Sl (g3l
S92 53 1983 MBR o aolya oo (lil e 5k
3o Sud Gl inl 952 sl it (Seoldjgunn Ll

Sy o slaaisd (5l B sl ange Sl el wlgi e

(i 3B a5 598 SEG EPS (silula, 5 5Szss slal L )8

Sl 9> b ol ple 21 el 3 Sl g clie S5
il a5 ools las L8 clalllae [0]asl sl ss>g ol el
#Olyp g sLid w65, 00t S5 SIS Bd> ool
iy e Sy 5 AL 20l oty igl3dl b onslie ala,
DV ewd p3¥ S Bds gl polen caeyu

S5 Gl o gy (o mlS s B (05 iy wiz e
ey g San (3t 09 (5753 sLaghy; Lal el
5 el - S by gl b obys sl gl b sSine
b sl ,sSThoamy ;o 50 \gs’Lw-w 9 S S
LoV e V]ceal ould 48,5 0500 Caglie falS 5 (S35 &3, sl
Ll it )0 50,5 )8 ol 53 (6,500 po e Slaghs) coizpen
Sl g JLad (0,5 (59,5 48Lal SRT S ccanlin )L Sliles
U gl st 2ol g lin oo S asd 5 saiiSadecs
5 ccrmizmad V904V VgV AGY e 900] 05t 0 00, T4y S35
o3 1 5l 6yby (KBS S sla g, V) Lo
IO SCH P y NI IR VSNE 3F K RRNNAE +
5 SMP (52 (S35 Jelse ol S g (or il o 55 VY] Jore
Lo g oSSl oliail gy amy (58,5 el s o[V - Y] EPS

[YATS,5 5,155 ZABIR o O710 N/IN ces 5 &

A_L:S} slag &9 090 AW 4\4..9; J‘yo SLMMj wkl.c ol
it S 0 4 sl e SRS slasts, sln &
9 SMP J—" L)’*_“'” Lg|)_: L{buj 6‘)‘>‘ 9 EPS 9 SMP Lg)ja)ld.:‘
slid mdaw (g5, 00l a3 )5 glaay¥ LSas o LQQ—‘ sly=>! 4 EPS
S5 5 (ksten)) S5l omliiiion; dinosi sl S AFM
oas 413§ S Y mha

5 elid gg, o0l 48,5 b wo,s oS 5 et sl FTIR
oS50 sl Lo S oLt 1 ke sloag S ks
St 5 (oo 5 L)

ISt g oot 48,5 S aY ol Guoys sl ¢ SEM
LlKalailys

S aY bt gl ns sl 'EDX

slag (g9, 00l 48,5 slaasy jo0 &) slel puss 410 PSD
b‘j_a 9 [T’(b]oa_m )L&Lw l_l trﬂ é‘s_n ‘[QA] EPS 9 SMP
o (5155 clid (59, S g oad 4B S Y (55, [WV] T2
L MBR s oL ég, sl aias ;5 o Ken 5 Lo Cun
Ples s 5l EDX 4 SEM FTIR b SuSS (6,5, 5
Jolis Lgsas slid G,y 44Y a5 03,5 cdaline K85 felge
g ooy W o 59 aile) EPS jleas JSis é_ﬂ olge
J_ol}‘: RS- 1 )_».l u’_lu.\_’.n 015_;; J.al_..u ASL P L}'C?) 9 (o)...c
@Y LSS ey 00 (pudd S Sore Slge olped 4y JT S8
slag K88 ad pagad deel g aes o Glidl 1 U5

[22] wgs e

S lid HeiS Tyt § 4o (8,5 s sl g, F

oelS 5 oS> sl ad, LS laig, o e 5l (S

6. Back Washing

7. High-Frequency Backpulsing
8. High-Frequency Impulses

9. Suction-Relaxation

10. Chemical Cleaning

1. Atomic Force Microscopy

2. Fourier Transform Infrared

3. Scanning Electron Microscopy
4. Energy Dispersive X-ray

5. Ma

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



obas asdly cpladl sl (K855 08 lp (a3l sl
s MBR 5zl 5l caolin ool aal Uy 5 o] b S a5 amo oo
SaS Gaio 5 S SO ahar o slid (S8 S S

ICYUERVAPES
P peie sl (SE8)5 5 (s SRS de; 50 ol Kiegh (B
ools i lae Sliles 5 alSile)] Slalllas §f (g by silons
g ebae (S8 Lol Jsle sbid w5 ad Cg) &S
ey alS 4 ol Csmy S5 Sl MBR lagitases
2553 Dl (LS A&—B Al aleS e slad (K88
299790 o 4o g slid mhaw )5 (29,50 anel 0 s
Lo S 5l (P o5 20,5 sleiday g osalinn 5351 (39,0 @ole
DNl oy, dlas o K555 (Lol Cusl oSas
5 SzsS sloa 09,Ses analz (55, Ao lag Ul b
95 dmalz a8 ools i jeuST) 00 mle po o Sy
aline ;55515 09)0 @be ;5 S92 g0 () )3 SzsS slaansd sl
OB Szs sleassd ol nlpln [N Vol ST o b
el Capat] ) layT S g oo clid S58,5 10 6555,
S 5 Sl 5 VY] (5 Sy« 05,Sm amel 2 opdle
s S 05y 55,5 e Jslse 5| LBPC a5 sl s V)]
Ot GRS 535 o iane 3T MBR o eliaé Kb 5
gh ;0 o2d oge) ele g0l 0> U 2d slawisd 5 LBPC
g3l 4 (35 093l e 5 ' e adlllae bl el sl
ol b Pl ol s BPC clile 2ol el s pfatr
DNV 0]ogdse JyoS 6550 yob ar slid (8,5 azis o g o0l
EPS J, 8wl sLaé S35 Lol Jule EPS 45 o0,ls0 4o
o=l enlslis (S8 S rals ol b Sal, o e 5l S
e 3k SIEPS adgs J55 109 )5 a4 (IS 5l 40 0 2,
Lo (339380 (199381 5 (53955 STye5 Slo Ty 9 ke Ll
e Sl 5 b ial3El Bas LEPS _plss =3l oy slae
5 ol Jalse 9,8 adlol gy &pad 5 PH oelas 5 )b 51 )]
Gk I EPS B> yizman o SRT 4 HRT S codiiSudate

[H]"V@Mns“f‘sgwéﬁsd

[ Flolsegls anl = slalas jloslaial o [V 0] 5989 2SI
Lol 28l Angd 53

ol Sgliie OB g4 4 azgi b (S8 5 Kl wazg opl b
MBR i 5 45 ol yLas L)L 5 g5l liios gl
S olid apas K85 WSS DLl aghad (gl o o0 Sy
Go—iinnds Ly Lgas a5 o0l &, o SYeb (o d8le oy g4
5 stloon Slgo il pogdle [V - V]og (s Bk BB olerd
5 els LSl ale ixio gl odlols 45 syzge 5
Doy sl (§9) p Cenl (Soe o5 Wl S58F Jalse cogdlly Bl
bl )3 ol g clid Josomy (S88)5 Sl aml o 5 wuS
EPS Gy ook 5l boas (525,5 MBR Laugi (5,05 oLl
by Sz 44zl b nlply 0o 0 (59, Loy Soe g SMP
4o La MBR | ;500,08 ooliwl jo e S (K85 8
o=l il et il (Sxio 5 b O ks
I 0590 (plhord (S g (S5 (Kot (13,5 jeeS o 5
[8]565 olisS sl Koo slié yoe Jsbo cyalplis g o

MBR o sliae (85 2ol lp azgs )55 )0 sla b, 5l (S
addllae .cul "((FOMBR) g-l> a4 5, joul MBR S dass
Jasl L a5 esls Lis  Jgass MBR 5 FOMBR (s (glanslie
s iyl 5 COD Bl (yizman 5 yioS slie (S28)5 5 5V,
[V Al el 50 50y FOMBR (slginas 5

Sl (A5 550 b (o5 %) (59 Gt o3| Sladod o
SalS sl ol 5T J aload Gl s (SHS o)
les, S oS 5 sslsn slails o L MBR S slié S28 S
15 el 5 atslS LS 5 a8 ools s byl cliios b
GalS ladls oo Lawgs (5 pSetar 525 4 58T, 09y e
5 oS [V Al oas a8 slad K555 ams o 5 auily
o sbid o ySlas oS Wy (g slaYwn; MBR S o oS
Bl Sgngy oS i ol Sy Ly 00 ol o pieases
e a8l e T L oYL Sial a8 LT 5[V <]
by 0B oo SMP 5 EPS cobile (glidl a0 5 02

MBR (s § (5590 o 9l 51 oS )5 oolaiwl oy oo a5 4

5. Zhang
6. Wang and Li
7.Sun

1. Zhao

2. Forward Osmosis MBR
3. Li

4. Leiknes

(1¥4%) 93 9 395 0 louds = @83 33bb Jw = Yyl Fosds (w0 Jigeo &3 puits

OV,



G.’- & ) o |} o ) 23 ;qu: ’s..g')f

bl o gmio galsx Gl 55 1) 6 Fvie sladiogs Wil s

s &l ad e oo )l

)%)141;{ Sob S Lgl.'éT ol ..\.:A.i})')l LgL{b‘s:\.LoJ_kb P) ;‘.;L;>)' 5!

’ﬁ)‘}i“L.:*‘

&zl
[1] Judd, S., Judd, C., "The MBR Book: Principles and
Application of Membrane Bioreactors for Water and
Wastewater Treatment”, 2th ed., Oxford, Elsevier,
(2011).
[2] Le-Clech, P., Chen, V., Fane, T. A. G., "Fouling in
membrane bioreactors used in wastewater treatment",
Journal of Membrane Science, 284, 17-53, (2006).

[3] BCC Research, Membrane Bioreactors: Global
Markets, http://www.bccresearch.com/ market-
research/membrane-and-separation-
technology/membrane-bioreactors-global- markets-
report-mst047d.html (Accessed 22 June 2016).

[4] Drews, A. "Membrane fouling in membrane

bioreactors: Characterisation, contradictions, cause and
cures”, Journal of Membrane Science, 363, 1-28,
(2010).

[5] Lin, H., Gao, W., Meng, F., Liao, B. Q., Leung, K. T,
Zhao, L., Chen, J., Hong, H., "Membrane Bioreactors
for Industrial Wastewater Treatment: A Critical
Review", Critical Reviews in Environmental Science
and Technology, 42, 677-740, (2012).

[6] Guo, W., Ngo, H. H., Li, J., "A mini-review on
membrane fouling”, Bioresource Technology 122, 27—
34, (2012).

[71 Yoon, S.H. "Membrane bioreactor processes:
Principles and applications”, CRC Press, Taylor and
Francis Group, Boca Raton, London, New York,
(2016).

[8] Meng, F., Chae, S. R., Drews, A., Kraume, M., Shin, H.
S., Yang, F., "Recent advances in membrane
bioreactors (MBRs): membrane fouling and membrane
material”, Water Research, 43, 1489-1512, (2009).

[9] Bornare, J. B., Raman, V. K., Sapkal, V. S., Sapkal, R.
S., Minde, G., Sapkal, P. V. "An Overview of
Membrane Bioreactors for Anaerobic Treatment of

Wastewaters”, International Journal of Innovative
Research in Advanced Engineering (JIRAE), 1 (7), 91-
97, (2014).

[10] Drews, A., Lee, C. H., Kraume, M., "Membrane

fouling- a review on the role of EPS", Desalination,
200,
186-188, (2006).

[11] Mutamim, N. S. A., Noor, Z. Z., Abu Hassan, M. A,
Yuniarto, A., Olsson, G., "Review, Membrane
bioreactor: Applications and limitations in treating high
strength industrial wastewater", Chemical Engineering
Journal, 225, 109-119, (2013).

95 Sl 7 @lie sl dgne (Hhb 5 551, sleane
2y olFans 5o Jass crie il e S8 8 s
. . ot e - \

g5 PBlos, sbid xS a b Mles 5 ol nogdle
L (oot iz 45 050,5 odalive MBR s ;o 10 0,8
g Sl 00,5 LS (95 9,515 Sl Jlw 9 YU 2 cale
[\ \;]w| 009 pf)l*w U] BL slie L;.J;

ol gl sl oolainl (85 S 6l K8 was by, SO
(& 3l9 o MBR Sy o 45 05o,8 sanlive o) Son 5 | S
ol 00l S Ogol 3 SaS 4 (5350 jobay slue K8 F
P il sl gl il (Ysb o 5 oo sl ale
R W) )Sé 6Lbuu5) LSA[_Q.) S¢—29 l_a [\ \V]w‘ 0 u}aﬂ‘)s
R u9.Ua.A )LM.J OJ.\J]

L GSami Y
NV DUQPUREIER SSRINEYE SR DR T
‘;Vj)f Ew u’_ul.w.c )5.'25|)¢>....._.v‘)' LgL:bg\.uJ)é oo,';wf Lg‘):?l 6‘)4.
g slid Ghugad aiie Gl e )0 g elid jee Job alS
Sl el molyn (sl S5 50 (5551 lpan Sl e
slad (K85 5l e S50 49y ool 5 358 s Slkes slaan o
Coloe (Jol Jalse 51 (o ash cnl oS Jo alS Lo
sebaie an adlie (ol o T e sledia gl 4 ol slaowl )
3 Gt s MBR st jo slae (S35 als g s
8,8 Galisea glgil g (K85 slaSg5le b bLs ) o dllas VY-
995 jope JolS sk slad (SE8)S5 » e Jalse izen
ol gl ) o Lo MBR kgid)f OedlS sl by, Coled o
Sg—fe RS >~ 05)l_c aS oals ULW.’ slee k;id)f g.JJ’“‘S 6‘)-?
Mol s e (J5S sla (g 5 S (6551 Bpan i o See
alio ( S job a.cwl sanl jo Jlai o 90 Glanl 5l 55 i
Sl =85 slajls 9 99290 Lo s s 4 13l 5590
aSl S oo 5l [y MBR sl (5,508 4o jo lacauils

1. Lu
2. Sui

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)


http://www.bccresearch.com/

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Besha, A. T., Gebreyohannes, A. Y., Tufa, R. A,
Bekele, D. N., Curcio, E., Giorno, L., "Removal of
emerging micropollutants by activated sludge process
and membrane bioreactors and the effects of
micropollutants on membrane fouling: A review",
Journal of Environmental Chemical Engineering, 5,
2395-2414, (2017).

Huang, L., Lee, D. J., "Membrane bioreactor: A mini
review on recent R&D works", Bioresource
Technology, 194, 383-388, (2015).

Aslam, M., Charfi, A., Lesage, G., Heran, M., Kim, J.,
"Membrane bioreactors for wastewater treatment: A
review of mechanical cleaning by scouring agents to
control membrane fouling”, Chemical Engineering
Journal, 307, 897-913, (2017).

Chen, R., Nie, Y., Hu, Y., Miao, R., Utashiro, T., Lia,
Q., Xua, M., Li, Y. Y., "Fouling behaviour of soluble
microbial products and extracellular polymeric
substances in a submerged anaerobic membrane
bioreactor treating low-strength wastewater at room
temperature"”, Journal of Membrane Science, 531, 1-9,
(2017).

Deng, L., Guo, W., Hao Ngo, H., Zhang, H., Wang, J.,
Li, J., Xia, S., Wu, Y., "Biofouling and control
approaches in membrane bioreactors”, Bioresource
Technology, 221, 656665, (2016).

Juntawang, Ch., Rongsayamanont, Ch., Khan, E.,
"Fouling characterization in entrapped cells-based-
membrane bioreactor treating wastewater”, Separation
and Purification Technology, 175, 321-329, (2017).
Krzeminski, P., Leverette, L., Malamis, S., Katsou, E.,
"Membrane bioreactors — A review on recent
developments in energy reduction, fouling control,
novel configurations, LCA and market prospects",
Journal of Membrane Science, 527, 207-227, (2017).
Lin, H., Zhang, M., Wang, F., Meng, F., Liao, B. Q.,
Hong, H., Chen, J., Gao, W., "A critical review of
extracellular polymeric substances (EPSs) in membrane
bioreactors: Characteristics, roles in membrane fouling
and control strategies"”, Journal of Membrane Science,
460, 110-125, (2014).

Zuthi, M. F.R., Ngo, H. H., Guo, W.S., Zhang, J.,
Liang, S. A, '"review towards finding a simplified
approach for modelling the kinetics of the soluble
microbial  products (SMP) in an integrated
mathematical model of membrane bioreactor (MBR)",
International Biodeterioration & Biodegradation, 85,
466-473, (2013).

Zuthi, M. F. R., Ngo, H. H., Guo, W. S., "Modelling
bioprocesses and membrane fouling in membrane
bioreactor (MBR): A review towards finding an
integrated model framework", Bioresource Technology,
122, 119-129, (2012).

Wang, Zh., Ma, J., Tang, Ch. Y., Kimura, K., Wang,
Q., Han, X., "Membrane cleaning in membrane
bioreactors: A review", Journal of Membrane Science,
468, 276-307, (2014).

Shen, L., Wang, X., Li, R., Yu, H., Hong, H., Lin, H.,
Chen, J., Liao, B. Q., "Physicochemical correlations

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

between membrane surface hydrophilicity and adhesive
fouling in membrane bioreactors"”, Journal of Colloid
and Interface Science, 505, 900-909, (2017).

Meng, F., Zhang, Sh., Oh, Y., Zhou, zZh., Shin, H. S.,
Chae, S. R., "Fouling in membrane bioreactors: An
updated review", Water Research, 114, 151-180,
(2017).

lorhemen, O. T., Hamza, R. A., Tay, J. H., "Membrane
fouling control in membrane bioreactors (MBRS) using
granular materials", Bioresource Technology, 240, 9-
24, (2017).

Habib R, Asif, M. B., Iftekhar, S., Khan, Z., Gurung,
K., Srivastava, V., Sillanpdd, M., "Influence of
relaxation modes on membrane fouling in submerged
membrane  bioreactor for domestic wastewater
treatment", Chemosphere, 181, 19-25, (2017).
Sheikholeslami, R., "Composite Fouling - Inorganic
and Biological: A Review", Environmental Progress, 18
(2), 113-122, (1999).

Liao, B. Q., Bagley, D. M., Kraemer, H. E., Leppard,
G. G, Liss, S.N., "A review of biofouling and its
control in membrane separation bioreactors”, Water
Environmental Research, 76 (5), 425-436, (2004).
Judd, S., "Fouling control in submerged membrane
bioreactors”, Water Science & Technology, 51 (6-7),
27-34, (2005).

Chang, I. S., Le-Clech, P., Jefferson, B., Judd, S.,
"Membrane fouling in membrane bioreactors for
wastewater treatment”, Environmental Engineering
Science, 128 (11), 1018-1029, (2002).

Le-Clech, P., Jefferson, B., Judd, S.J., "Impact of
aeration, solids concentration and membrane
characteristics on the hydraulic performance of a
membrane bioreactor"”, Journal of Membrane Science,
218, 117-129, (2003).

Drews, A., Vocks, Iversen, V., Lesjean, B.,
Kraume, M., of unsteady membrane
bioreactor operation on EPS formation and filtration
resistance”, Desalination, 192, 1-9, (2006).

Drews, A., Vocks, M., Bracklow, U., Iversen, V.,
Kraume, M., "Does fouling in MBRs depend on SMP?
", Desalination, 231, 141-149, (2008).

Meng, F., Yang, F., "Fouling mechanisms of
deflocculated sludge, normal sludge, and bulking
sludge in membrane bioreactor”, Journal of Membrane
Science, 305 (1-2), 48-56, (2007).

Wang, Z., Wu, Z., Yin, X., Tian, L., "Membrane
fouling in a submerged membrane bioreactor (MBR)
under sub-critical flux operation: Membrane foulant
and gel layer characterization", Journal of Membrane
Science, 325, 238-244, (2008).

Zhang, M., Peng, W., Chen, J., He, Y., Ding, L., Wang,
A., Lin, H., Hong, H., Zhang, Y., Yu, H., "A new
insight into membrane fouling mechanism in
submerged membrane bioreactor: osmotic pressure
during cake layer filtration", Water Research, 47, 2777—
2786, (2013).

Fakhru’l-Razi, A., Pendashteh, A., Abidin, Z.Z.,
Abdullah, L. Ch., Awang Biak, D. R., Madaeni, S. S.,

M.,
"Influence

(1¥4%) 93 9 395 0 louds = @83 33Uk Jw = Yyl (Fosdd (w Jigeo &3 puits

OV,



'5?' & ) o |} o J 23 ;qu: ’s..g')f

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

"Application of membrane-coupled sequencing batch
reactor for oilfield produced water recycle and
beneficial re-use", Bioresource Technology, 101(18),
6942-6949, (2010).

Pendashteh, A. R., Lugman Chuah, A., Fakhru’l-Razi,
A., Madaeni, S. S., Zainal, Z. A., Dayang Radiah, A.
B., "Evaluation of membrane bioreactor for hypersaline
oily wastewater treatment”, Process Safety and
Environmental Protection, 90 (1), 45-55, (2011).

Kang, 1. J., Yoon, S. H., Lee, C. H., "Comparison of the
filtration characteristics of organic and inorganic
membranes in a membrane-coupled anaerobic
bioreactor", Water Research, 36, 803-1813, (2002).
Ognier, S., Wisniewski, C., Grasmick, A,
"Characterisation and modeling of fouling in membrane
bioreactors", Desalination, 146, 141-147, (2002).

Meng, F., Zhang, H., Yang, F.,, Liu, L,
"Characterization of cake layer in submerged
membrane bioreactor”, Environmental Science &

Technology, 41, 4065-4070, (2007).

Park, H.D., Chang, I.S., Lee, K.J., "Pinciples of
Membrane Bioreactors for Wastewater Treatment”,
CRC Press, Boca Raton, Taylor and Francis Inc.,
United States, (2015).

Hosseinzadeh, M., Mehrnia, M. R., Mostoufi, N.,
"Experimental study and modeling of fouling in
immersed membrane bioreactor operating in constant
pressure filtration”, Mathematical Problems in
Engineering, 1 (1), 456143, (2013).

Liu, L., Liu, J., Bo, G., Yang, F., Crittenden, J., Chen,
Y., "Conductive and hydrophilic polypyrrole modified
membrane cathodes and fouling reduction in MBR",
Journal of Membrane Science, 429, 252-258, (2013).
Yamamura, H., Kimura, K., Watanabe, Y., "Mechanism
involved in the evolution of physically irreversible
fouling in microfiltration and ultrafiltration membranes
used for drinking water treatment”, Environmental
Science & Technology, 41, 6789-6794, (2007).

Chen, L., Tian, Y., Cao, C.Q., Zhang, J., Li, Z. N,
"Interaction energy evaluation of soluble microbial
products (SMP) on different membrane surfaces: role of
the reconstructed membrane topology”, Water
Research, 46, 2693-2704, (2012).

Pajoum Shariati, S.R., Bonakdarpour, B., Zare, N.,
Zokaee Ashtiani, F., "The effect of hydraulic retention
time on the performance and fouling characteristics of
membrane sequencing batch reactors used for the
treatment of synthetic petroleum refinery wastewater",
Bioresource Technology, 102, 7692-7699, (2011).
Fallah, N., Bonakdarpour, B., Nasernejad, B., Alavi
Moghadam, M. R., "Long-term operation of submerged
membrane bioreactor (MBR) for the treatment of
synthetic wastewater containing styrene as volatile
organic compound (VOC): Effect of hydraulic retention
time (HRT) ", Journal of Hazardous Materials, 178(1-
3), 718-724, (2010).

Huang, Zzh., Ong, S.L., Ng, H.Y., "Submerged
anaerobic membrane bioreactor for low-strength
wastewater treatment: Effect of HRT and SRT on

[50]

[51]

[52]

[53]

(54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

treatment performance and membrane fouling”, Water
Research, 45, 705-713, (2011).

Meng, F., Shi, B., Yang, F., Zhang, H., "Effect of
hydraulic retention time on membrane fouling and
biomass characteristics in  submerged membrane
bioreactors", Bioprocess and Biosystems Engineering,
30, 359-367, (2007).

Sun, D.D., Khor, S.L., Hay, C.T., Leckie, O.J,,
"Impact of prolonged sludge retention time on
performance of a submerged membrane bioreactor",
Desalination, 208, 101-112, (2007).

Chang, M. C., Horng, R.Y., Shao, H., Hu, Y. J,
"Performances and filtration characteristics of non-
woven membranes used in a submerged membrane
bioreactor for synthetic wastewater treatment",
Desalination, 191 (1-3), 8-15, (2006).

Meng, F., Zhang, H., Yang, F., Li, Y., Xiao, J., Zhang,
X., "Effect of filamentous bacteria on membrane
fouling in submerged membrane bioreactor"”, Journal of
Membrane Science, 272 (1-2), 161-168, (2006).

Meng, F., Shi, B., Yang, F., Zhang, H., "New insights
into membrane fouling in submerged membrane
bioreactor based on rheology and hydrodynamics
concepts”, Journal of Membrane Science, 302 (1-2),
87-94, (2007).

Meng, F., Yang, F., Shi, B., Zhang, H,
"Comprehensive study on membrane fouling in
submerged membrane bioreactors operated under
different aeration intensities”, Separation and
Purification Technology, 59, 91-100, 2008.

Choi, J. G,, Bae, T. H., Kim, J. H., Tak, T. M., Randall,
A. A., "The behavior of membrane fouling initiation on
the cross flow membrane bioreactor system”, Journal of
Membrane Science, 203, 103-113, (2002).

Tian, Y., Chen, L., Zhang, S., Cao, Ch., Zhang, Sh,,
"Correlating membrane  fouling  with  sludge
characteristics in membrane bioreactors: An especial
interest in EPS and sludge morphology analysis",
Bioresource Technology, 102, 8820-8827, (2011).
Dong, B., Jiang, S., "Characteristics and behaviors of
soluble microbial products in sequencing batch
membrane bioreactors at various sludge retention
times", Desalination, 243, 240-250, (2009).

Xiang, T., sheng, Z., lirong, X., Mingchuan, Z.,
jiangrong, Z., "Performance and fouling characteristics
in a membrane sequence batch reactor (MSBR) system
coupled with aerobic granular sludge", Desalination,
261(1), 191-196, (2010).

Visvanathan, C., Choudhary, M. K., Montalbo, M. T.,
Jegatheesan, V., "Landfill leachate treatment using
thermophilic membrane bioreactor”, Desalination, 204,
8-16, (2007).

Trussell, R.S., Merlo, R.P., Hermanowicz, S.W.,
Jenkins, D., "The effect of organic loading on process
performance and membrane fouling in a submerged
membrane bioreactor treating municipal wastewater",
Water Research, 40, 2675-2683, (2006).

Jiang, T., Kennedy, M. D., Schepper, V. D., Nam, S.
N., Nopens, 1., Vanrolleghem, P.A., Amy, G,

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

"Characterization of soluble microbial products and
their fouling impacts in membrane bioreactors",
Environmental Science & Technology, 44, 6642-6648,
(2010).

Lyko, S., Wintgens, T., Al-Halbouni, D., Baumgarten,
S., Tacke, D., Drensla, K. Janot, A., Dott, W,
Pinnekamp, J., Melin, T., "Long-term monitoring of a
full-scale  municipal ~membrane bioreactor -
characterization of foulants and  operational
performance”, Journal of Membrane Science, 317 (1-
2), 78-87, (2008).

Wu, S.C., Lee, C. M., "Correlation between fouling
propensity of soluble extracellular polymeric substances
and sludge metabolic activity altered by different
starvation conditions", Bioresource Technology, 102,
5375-5380, (2011).

Yigit, N. O., Harman, 1., Civelekoglu, G., Koseoglu, H.,
Cicek, N., Kitis, M., "Membrane fouling in a pilot-scale
submerged membrane bioreactor operated under
various conditions", Desalination, 231 (1-3), 124-132,
(2008).

Grelier, P., Rosenberger, S., Tazi-Pain, A., "Influence
of sludge retention time on membrane bioreactor
hydraulic performance”, Desalination, 192 (1-3), 10—
17, (2006).

Viero, A. F., Meloa, T. M., Torresb, A. P. R., Ferreirab,
N. R., Sant’Anna, G.L., Borges, C. P., Santiagob, V. M.
J., "The effects of long-term feeding of high organic
loading in a submerged membrane bioreactor treating
oil refinery wastewater", Journal of Membrane Science,
319, 223-230, (2008).

Kim, I.S., Jang, N., "The effect of calcium on the
membrane biofouling in the membrane bioreactor
(MBR) ", Water Research, 40 (14), 2756-2764, (2006).
Li, J., Li, Y., Ohandja, D. G., Yang, F., Wong, F. S,
Chuad, H.G., "Impact of filamentous bacteria on
properties of activated sludge and membrane-fouling
rate in a submerged MBR", Separation and Purification
Technology, 59, 238-243, (2008).

Bott, C. B., Love, N. G., "Investigating a mechanistic
cause for activated- Sludge defloccualation in response
to shock loads of toxic electrophilic chemicals”, Water
Environmental Research, 74, 306-315, (2002).

Bott, C. B., Duncan, A. J., Love, N. G., "Stress protein
expression in domestic activated sludge in response to
xenobiotic shock loading”, Water Science and
Technology, 43(1), 123-130, (2001).

Trussell, R.S., Merlo, R.P., Hermanowicz, S.W.,
Jenkins, D., "Influence of mixed liquor properties and
aeration intensity on membrane fouling in a submerged
membrane bioreactor at high mixed liquor suspended
solids concentrations”, Water Research, 41 (5),
947-958, (2007).

Cicek, N., Franco, J.P., Suidan, M. T., Urbain, V.,
Manem, J., "Characterization and comparison of a
membrane bioreactor and a conventional activated
sludge system in the treatment of wastewater containing

high-molecular weight compounds", Water
Environmental Research, 71, 64-70, (1999).

[74] Chang, I.S., Kim, S. N., "Wastewater treatment using
membrane filtration — effect of biosolids concentration
on cake resistance", Process Biochemistry, 40 (3-4),
1307-1314, (2005).

[75] Brookes, A., Jefferson, B., Guglielmi, G., Judd, S. J.,
"Sustainable flux fouling in a membrane bioreactor:
impact of flux and MLSS", Separation Science and
Technology, 41, 1279-1291, (2006).

[76] Chang, C.Y., Chang, J.S. Vigneswaran, S.,
Kandasamy, J., "Pharmaceutical wastewater treatment
by membrane bioreactor process- a case study in
southern Taiwan", Desalination, 234, 393-401, (2008).

[77] Gao, M., Yang, M., Li, H., Wang, Y., Pan, F.,
"Nitrification and sludge haracteristics in a submerged
membrane  bioreactor on  synthetic  inorganic
wastewater”, Desalination, 170, 177-185, (2004).

[78] Chae, S.R., Ahn, Y.T., Kang, S.T., Shin, H. S,
"Mitigated membrane fouling in a vertical submerged
membrane bioreactor (VSMBR) ", Journal of
Membrane Science, 280 (1-2), 572-581, (2006).

[79] Reid, E., Liu, X., Judd, S.J., "Sludge characteristics
and membrane fouling in full-scale submerged
membrane bioreactors”, Desalination, 219, 240-249,
(2008).

[80] Xing, C. H., Qian, Y., Wen, X. H., Wu, W. Z., Sun, D.,
"Physical and biological characteristics of a tangential-
flow MBR for municipal wastewater treatment”,
Journal of Membrane Science, 191, 31-42, (2001).

[81] Yang, F., Bick, A., Shandalov, S., Brenner, A., Oron,
G., "Yield stress and rheological characteristics of
activated sludge in an airlift membrane bioreactor",
Journal of Membrane Science, 334, 83-90, (2009).

[82] Itonaga, T., Kimura, K., Watanabe, Y., "Influence of
suspension viscosity and colloidal particles on
permeability of membrane used in membrane bioreactor
(MBR) ", Water Science and Technology, 50, 301-309,
(2004).

[83] Chang, I.S., Lee, C.H. "Membrane filtration
characteristics in membrane-coupled activated sludge
system, the effect of physiological states of activated
sludge on membrane fouling", Desalination, 120, 221-
233, (1998).

[84] Chang, I.S., Bag, S.O., Lee, C.H. "Effects of
membrane fouling on solute rejection during membrane
filtration of activated sludge”, Process Biochemistry, 36
(8-9), 855-860, (2001).

Ole ody O s aaas” alodl 8,5 ooljallane [A0]
ol _ils «(g 50 alls, ‘"@L.::.é BY S LA &

YY) S el s
[86] Abdollahzadeh Sharghi, E., Bonakdarpour, B., "The
study of organic removal efficiency and halophilic
bacterial mixed liquor characteristics in a membrane
bioreactor treating hypersaline produced water at

(1¥4%) 93 9 395 0 louds = @83 33bb Jw = Yyl Fosds (w0 Jigeo &3 puits

OV,



'5?' & ) o |} o J 23 ;qu: ’s..g')g

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

varying organic loading rates”,  Bioresource
Technology, 149, 486-495, (2013).

Morgan-Sagastume, F., Grant Allen, D., "Activated
sludge deflocculation under temperature upshifts from
30 to 45 degrees C, Water Research, 39 (6), 1061-1074,
(2005).

Chiemchaisri, C., Yamamoto, K., "Performance of
membrane separation bioreactor at various temperatures
for domestic wastewater treatment”, Journal of
Membrane Science, 87, 119-129, (1994).

Holbrook, R.D., Massie, K.A., Nobak, J.T., "A
Comparison of Membrane Bioreactor and Conventional
—Activated -Sludge Mixed liquor and Biosolids
Characteristics”, Water Environment Research, 77(4),
323-330, (2005).

Li, D.H., Ganczarczyk, J.J., "Factors
dispersion of activated sludge flocs",
Environment Research, 65, 258-26, (1993).
Schroder, H. F., "Mass spectrometric monitoring of the
degradation and elimination efficiency for hardly
eliminable and hardly biodegradable polar compounds
by membrane bioreactors”, Water Science and
Technology, 46, 57-64, (2002).

Bai, R., Leow, H.F., "Microfiltration of activated
sludge wastewater—the effect of system operation
parameters”, Separation and Purification Technology,
29, 189-198, (2002).

Lim, A. L., Bai, R., "Membrane fouling and cleaning in
microfiltration of activated sludge wastewater", Journal
of Membrane Science, 216, 279-290, (2003).

Han, S.S., Bae, T.H., Jang, G.G. Tak, T.M.,
"Influence of sludge retention time on membrane
fouling and bioactivities in membrane bioreactor
system", Process Biochemistry, 40, 2393-2400, (2005).
Ng, H. Y., Hermanowicz, S. W., "Membrane bioreactor
operation at short solids retention times: performance
and biomass characteristics", Water Research, 39, 981—
992, (2005).

Lee, J., Ahn, W.Y., Lee, C. H., "Comparison of the
filtration  characteristics between attached and
suspended growth microorganisms in submerged
membrane bioreactor”, Water Research, 35, 2435-
2445, (2001).

Pendashteh, A. R., Fakhru’l-Razi, A., Madaeni, S.S.,
Lugman Chuah, A., Zainal, Z. A., Dayang Radiah, A.
B., "Membrane foulants characterization in a membrane

affecting
Water

bioreactor (MBR) treating  hypersaline  oily
wastewater”, Chemical Engineering Journal, 168, 140—
150, (2011).

Amy, G., "Fundamental understanding of organic
matter fouling of membranes”, Desalination, 231, 44-
51, (2008).

Ma, Z., Lei, T., Ji, X., Gao, X., Gao, C., "Submerged
Membrane Bioreactor for Vegetable Oil Wastewater
Treatment", Chemical Engineering Technology, 38, 1-
10, (2015).

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

Chang, I.S., Lee, C.H., Ahn, K. H., "Membrane
filtration  characteristics in  membrane-coupled
activated sludge system: the effect of floc structure on
membrane  fouling”, Separation Science and
Technology, 34, 1743-1758, (1999).

Han, S.S., Bae, T.H, Jang, G.G., Tak, T.M,,
"Influence of sludge retention time on membrane
fouling and bioactivities in membrane bioreactor
system", Process Biochemistry, 40, 2393-2400,
(2005).

Marrot, B., Barrios-Martinez, A., Moulin, P., Roche,
N., "Industrial wastewater treatment in a membrane
bioreactor: A review", Environmental Progress, 23,
59-68, (2004).

Rosenberger, S., Helmus, F. P., Drews, A., "Addition
of particles for fouling minimization in membrane
bioreactors - permeability performance, fluid
dynamics, and rheology", Chemie Ingenieur Technik,
88, 29-38, (2016).

Chen, D., Columbia, M., "Enzymatic control of
alginate fouling of dead-end MF and UF ceramic
membranes”, Journal of Membrane Science, 381,
118-125, (2011).

Wang, Y. K., Li, W. W., Sheng, G. P., Shi, B. J.,, Yu,
H. Q., "In-situ utilization of generated electricity in an
electrochemical membrane bioreactor to mitigate
membrane fouling”, Water Research, 47, 5794-5800,
(2013).

Qu, X. L., Alvarez, P. J. J., Li, Q. L., "Applications of
nanotechnology in water and wastewater treatment”,
Water Research, 47, 3931-3946, (2013).

Zhao, W., Huang, X., Lee, D., Wang, X., Shen, Y.,
"Use of submerged anaerobic-anoxic-oxic membrane
bioreactor to treat highly toxic coke wastewater with
complete sludge retention", 330 (1-2), 57-64, (2009).
Achilli, A., Cath, T. Y., Marchand, E. A., Childress,
A. E., "The forward osmosis membrane bioreactor: A
I ow fouling alternative to MBR processes"”,
Desalination, 239, 10-21, (2009).

Li, X., Gao, F., Hua, Z., Du, G., Chen, J., "Treatment
of synthetic wastewater by a novel MBR with
granular sludged eveloped for controlling membrane
fouling", Seperation and Purification Technology, 46,
19-25, (2005).

Leiknes, T., Bolt, H., Engmann, M., Odegaard, H.,
"Assessment of membrane reactor design in the
performance of a hybrid biofilm membrane bioreactor
(BF-MBR). Desalination 199, 328-330, (2006).
Zhang, K., Choi, H., Dionysiou, D. D., Sorial, G. A,,
Oerther, D. B., "ldentifying pioneer bacterial species
responsible for biofouling membrane bioreactors”,
Environmental Microbiology, 8, 433-440, (2006).
Lin, H.J., Gao, W.J., Leung, K. T., Liao, B.Q.,
"Characteristics of different fractions of microbial
flocs and their role in membrane fouling", Water
Science and Technology, 63, 262—-269, (2010).

Iranian Chemical Engineering Journal — Vol. 16 - No. 92 (2017)



[113]

[114]

[115]

Wang, X.M., Li, X.Y. "Accumulation of
biopolymer clusters in a submerged membrane
bioreactor and its effect on membrane fouling”, Water
Research, 42, 855-862, (2008).

Wang, X.M., Li, X.Y. Huang, X., Membrane
fouling in a submerged membrane bioreactor
(SMBR): Characterisation of the sludge cake and its
high filtration resistance", Seperation and Purification
Technology, 52, 439-445, (2007).

Sun, F.Y., Wang, X.M,, Li, X.Y. "Effect of
biopolymer clusters on the fouling property of sludge
from a membrane bioreactor (MBR) and its control
by ozonation", Process Biochemistry, 46, 162-167,
(2010).

[116]

[117]

Lu, S. G., Imai, T., Ukita, M., Sekine, M., Fukagawa,
M., Nakanishi, H., "Fermentation wastewater
treatment in a membrane bioreactor”, Environmental
Technology, 20, 431-436, (1999).

Sui, P., Wen, X., Huang, X., "Membrane fouling
control by ultrasound in an anaerobic membrane
bioreactor”, Frontiers of Environmental Science &
Engineering in China, 1, 362-367, (2007).

(1¥47) 93 9 395 0 loubs — @23 33l Jlw — Yl (Fosds o Jiieo &3 it




