Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

wpgi ode ganlliad (o ) o 9 Codlw alxo

Ol e cllilog (oo (pol

FAIAG TV Slrao AYAY 50k cpow o,lod (o33l 090

J:AJ}: Jle

Available online: http://ijhe.tums.ac.ir

ol G adal (o 1 oasiS wizie Slge U3 P, 2 59

Ssbee sl L isage agll o

N 1

Lglses g,k 5l a8 cunl O Jgloie sloailiaaas Lol glaas!,d 5l S olisl :80n g dico)
ST PAC) w5 psiosll 5 080,15 iy pitegl] a5 laoniiSaders 3,5
ooyl &S el saiS adaine (g0l polae ol il gl 5l Jols o gt o plail g5
Sy ol 3 ogdle wig—i b5k oS adeie oyl axiliz ulpbs 0l YL golazdl
B L g ol ailsabad 10 055 oo ainie (1ol slods jari il (Kan (2 285 4 by o
b Gl 5

ScienceDirect sledlbl ool g adge losiiamas Sl ws jslaieds 1 cmmwyp (09
Water residuals” “Coagulant recovery” saIs ol.ls L, ... s Google scholar
B o a0l g o 1 s W gl L g feuniSudate UL “management
Sysleez e 05 ) (e giga blijly s jLiel L 5l cole (5158 5 QLS allis
g8 bla” o “golatdl Jais 51 UL E ol gla )l ST bl leogd” (glie o o
ol Bl slead g Sloie @lonil s 5l oS 5 emen (gd slo b, 5l eolai il (adl
30 990,85 o0 5l sladiges alin e S L oaiSaine obb 4 e Je Jols Sloas
bk caiS adaie CoaS (gonnl pan emmen Fa e oS ¢ Jolie sla g, 5l eslaiul &g
s sy BB Gt O S (65l sladiges b oud

Syl (S Sz eanSwinis dlge 2k Bl slatsy GReghy (nl ) i S Al
Sogds boad bl slvoaSadaie 5l ookl 05, co Jlosol 0l gy y e ool
e ol 5l ceis oolanul wiS sls ) abgs o (sled (OMSL gladilahar jo «Jglaie
ol golaBl g 8 330 o gy dinjld YL Cea S L pleodiiSaaie Sb3L S

sl o ol N b
QV/+5/Ye by &b
ay/.a/\y iowlypg &b
qv/-a/\y Ry b
ay/+a/YA D! g ,6

sloagig; oS ainie 1golS By

fJ o o 5 (Sig STl oy

s.e.mahdavian@alumni.ut.ac.ir

of Health and Environment. 2018;11(3):403-18.

Please cite this article as: Mahdavian SE, Ostovar F, Mirbolooki H. Coagulants recovery from water treatment plant’s sludge: a review. Iranian Journal



http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

Sldllae )0 00t (555 i gbean 3551 Ko (S o2
aS oylo |y Jemils ol oasSadnin L0 .Y AY) el
Jgol 31 )k g 00l (1l 1) Ol dda g s lmo 51
St 4 azg L.(10) wiS clo )l (VF) s ol
Jo5 (G i gal i () gy i85 O jp0
b cez OV) iz 5 (V) Gl slaanl b —s
s g D8 bl glylo plas 2 aS 5 ls 0> g caiiS wasie
A D95 & o gaze

Sz Sladlas ,o ouds oolainl calize sla oy, Allie pl yo
abaaas o2 5l ool 5 po—iengll slooniSaders bl
3L 5 Gogy 2 2L Gl sl oo (o O
5 bl ol slasd )] s 5 g8 bl oo LS Winie
5 aS sl Jlegsge I pl golaidl slodass 4y axgs
RO PRVPCES COV FS{ PV PSSP

gy 9 dlgo

sty il patde ) JSb O)lagld 5 a5 jsbiles
=Ml Lol (sg—bge Dlaine 4 ol
s> Google 3 Google scholar ScienceDirect
SlalS gozmins b cnss sade CleMbl oS lngs Laia i
“Coagulantrecovery” cus sa (\ JSo) 26 5l golds
Water” “Ferric Recovery” “Alum Recovery”

Waterworks Sludge” “residuals management

Cwowd 4o “Water treatment” y “Management

@ (2l S D () p 03lgaelS 5 oSy Olge
Slads ‘)55..3@ ‘51.«.: Sl 6Uboliilg: 90 pAia Lgh’bbbm
o fand” oyols 13 LgeaS 5 O ygo 0 S guldS
Google Sledbol o8l ,o .aiai g 5 dosl
Ve BV 5l el Ohle S 0l LS s 0dle
oaisSadeie ol FoanSadaie SU3L A (V ISS)
o S pae” ol oo S ahae bl K painagl]
97 ol B L S g 8 ke Oy 5 ‘O il ahas
obxiy g w5l i 0B (s W8S 18 (o) 2 0 )90

£ed

w25k B Rg; 2 590

doddo

anal Jolate i (555,00 szl 5l (SG olasil oyl )8
Oyl 5 05250 SarsS )3 Uylad aS el
Lae siile (gl 4 9 ;0080 4 G Cux 1) ]
bgloe 3,k 5l alanl (V) aos oo iol3dl s Blo jo
pomiasll 09— so plonil plo O L oo LS adate Sy (53,5
(PAC) 01,5 poeogll (s 5 800,05 (pglD) il
3,90 Sl il jo a5 sl ul) slmediiSadais
ot oIS Sinie (g5l (sloiyzd (V) WS o 58 colii
S5 el 308 e i ala_lg 4y 5 olini] e
razmise 13 sl Gladilasids 1o b ol g
ol Jglae jsbannisd o 6 pslanz boyilid o S ties
Ol 3l dogd IV B /Y vga o s & sla pe
s Bis Slasls i bl caul Ol albaibal 4 539,9
aS gl aiss (6l oo ul 51 S bz ool o
amys B L5 £ oy et oo ool sl pgll su_uiSuinie
(V) cool Sliga ) Eg0mme

Ol e 4 ol Albasias (p2d (ailiem b (Sojglsn i
a2 b alio 1o o 08 )l oL S L olds
39250 Ol3s i dale oe YU (F) cnes Sllas ODLSLG
olie 535l oo Sgame (e o 1y T 08 2 al o
o g 430 w90 (Bound water) o_is Ol sl
Skt ) :(0) 93,5 oo JUiil 5 (5 )= Sloole oy
Slzme b odindy glacl @ alss widl 4wy slayg—iS
il O ol aias o 885 gly i, ol LS
O S5 i e 035 pdy Slaol 4y a5 (F)
2l s poieagd] (1) 955 oo (s s PH o508 ]33
sl slrpsl)l ol gl wlgi oo ol 5o 2l Il
(V) sl oo

o sleslaiwl ey salize Sl 5l sla Jw (o
Alae 5olii (V) gaiedg—w slao )5 o Ol asbain
(1) S ol 5 (1 &) Ol anaas (@ A) Slezslo

U"‘ JER W o 6&&0..\...,5..\.9.’...0 @b)l.' o 00 ‘nl:u‘

o Al
19V ol /ogas 0lads /masjb 0 )93 /%2 J
]

Ol gl buzo il sgs pale (pazsl 593y Sole oolilas
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

blojlaazg Lo 5 o) 5 <8 ot g ) (o) 2
EPA L9z g ptae 1r20 5 laglejlo Lawss 7255 e 9050
McGraw- 4 John Wiley & Sons¢ Inc. AWWA
a8 18 soliiwl 0,90 (V JSb o F BV 5 Hill

Sz wod ol yslaer e (2led s P LG 0
Al (Gilwasds g (gamaiws YU o eal S8 £ao40

loasisly

ol 6l avhal oy lasin

ailge g5 Jolis 05 o oS5 bl ayl 3 b a5 i
Al as ol sty sl ol Sy, cnss (ol
U 325 p9d Adlie 5 WgB oo JSAT sanS adaie (353
Sladie (1) 05,18 0529 auie Sl jo a5 il ol slge |
(539,92 CorieS 4 0a_iSdate 55l 2 SLa g 5
b il p ploedd) (B ras oa S aiaie (e 5 g9
b o Gl ol (K S0 sloolre 5 aslaias

3 8-V gals SLMB GstEal 4o LY
LOW PWCRNTRTRS SRR o5

Sl U g
e Voo ¥ gl
A g3 ks
sl b gl
Google ;> Lis
(g g

Wlio (g ammas 05,5 Loz Julb oud sl Ol
cAlas jliel oy Gromiw BB Joa wiog (81555 SUS
R e oy p y90 LIS 5 S (DY (slyions s
Sasie slatagl Job 0 45 (olay) g Slegdge 8 S
SloaSadeie oLk 4 ba e b aiad wdlel 090 10 colys jo
Al 5l aiog saio glaailons L ML ailaaay ]
bls,l coYlae sl eolaiwl SHe .aiays )3 B> Sl o)y
ole DML SLaelSaly 5 5y i 53 33
[PubMed Scopus ScienceDirect , 1 ¢, xs
5D ASC) ol ez soliiul oL g Google scholar
5 skaie g Ll ey azd 5 alihiclolinnd s (V S50 b )
b o gl sl @lie Cdllae 45 Sl ) egbse bLS)|
6l 1,S8" E bb@lees i’ Slegose 5l golasi b aon
G 458 BLA goladl Jass 51 L7 ik
ol s Slolinal )y L5 5l wss ol |, “la b,
23 5 Boss TV Lo 51 L5 4 3lato oS (solinl (g0,

laalfuly w2958
ScicnoeDirect el
» Google Scholar

Google

Sl gpdpa b L
o Gl eaiiT adna
{5 dha

P o byl gy U
ol kel 39 0 Sl

p(=

[ T T
Pl Slegudas
gt (g it

P43 5§ yine
il plal -
D g3

Ol bumo bl sgs ale ozl iudg ju ole aoliliad )
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

=3k SLa3SS dine 50 ElrdSl Gl i
(6 ey gi Gl a2 gl VY Jlo [0 aiuSadsie
O (LS g i Sazme Pl jslatedy ild wgSiae
o2 5 eell (obsb . 08) o sllacl (6518 o0siS Dhaie 00
@ gato pelade ool Al adal s sla s>
3 plxil ) Sen g Bishop lawgs (o ul pan b,
Jslme 5500 ¥ Lyl PH o poiagll ples (iag3y ool
FB le e 4 pgll (b3l o0 45 00,5 (L g 0l
Al osle S ool e 5l Jlase il
bl 5 Ol Oyg0 S s bk saSdaie ;1 eolai .l

(V) 0l 55 iy o)lsa odd (pediad 35
obey PH o) Sis Sloal auo )0 K8 —ipghy )0
poriegdl g ol Sbsb Ban L oisas oyl  bdus

iy pariegdl g ol L3k Slesily YL aS g e

w25k B Rg; 2 590

S olse coa S aiaie 538 sloa Sy p0m Jol i odee
Lap 52l )19 S e 3lne Sl e O )0 09290 oanb
2 9 S| cpgaiongll ol (e 5 ST 0laS 5l g
S 535 s e8] e S epedlS WBlse 51 (S
il oS ainte o s 45 w15l alax 5l 5,
Az 50 O g ol ol OLLS 5 (VA YY) wig i o
ol 00 08,51V Jgo yo Ol ailbaihal o 5l diges
t G| i
45 Zel (e oy (Sl pan B3l 5l eaiiSadaie b5
SladraS g 0en (V)N dolas Gllao o2 4 sl (09391 L
(P ol cay3 Jslons 30t Jolnal pgeines]
2AI(OH), 3H,0 +3H,S0, +2HO0 — ()
AL(SO,),. 14H,0

(10) OF Wl ahual (2 aign W Lol (oleowels LS 5 -1 Jgor

Sl o oMl Sy el
a2 o2 g ou RSES sl Slaxs RONES sols slodiges olaxi OloS
U (Lo S y2) o gdiges (o Bl 2l o
AN f %) wiw . Y o () wiw . Y- 'TS
= YA () TS ;17 0 Y4 (\A) TS ;7. Y VS
- ay () TS 17 f AF (YY) TS ;17 o 'SS
[A-V/f W (F) TS ;17 Y Ve () TS 517 ¥q Al
< I$-\IY YY (V%) TS 517 Ve o) TS 517 ) Fe
foY-e/o¥ “IVY (+IV) TS 517 Y IV (V/OF) TS 517 3 Mn
VA= oYY e (1) TS 5 YA (152 TSI a Pb
RRS SYE eeF (] D) TS ;7. A fesd (oleeY) TS 17 I Ni
feed-e/ FF deehGloedy TS A oY (+f-e¥)y TS 3 Cr
RERS SRR ERRS CYRRRS o T WV ) dleg (/N8 TSI V. cd
\N-Y/4 (% of DS) YAy (AGA) HZI%I/)L Y TV (039) H(II%If)L ¥ TKN
A YY (') mg/L. £ sf-p  mek A Phosphate
(% of DS) P) P)
- YV (VFA) mg/L Y Y040 (YFAY)  mg/L ¥ BOD
OIA-FIY AN (V1Y) . A 16 (\/¥) . V4 pH

Bl Slasl> ¥ 15 Slasl> Y S Slasls )

o Al
19V ol /ogas 0lads /masjb 0 )93 /%ﬁ J
]

Ol gl buzo il sgs pale (pazsl A9y ale oolilad
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

clale poan o sanl e sus o T/ age PH o ool
Laslin j0 0o objsl leoaiSadaie o S o3l
YV XP) 0 o)l5 e 03 gldoaisS winie

€9 99) pyuinagll 0o LS abrie gol> ) Dlas ie LU
(o) 2 2 650 g abo aly (S Bl Slasle il
Sl oslial b (PAC 4 pallly susSaiiare sl oloendl,
a5 2yl olSes 5 Chen e, (o sol S y5ils—s
IV LR PH o psiteegdl Sk plowsly (hogsy (! 5o
oS Wixie g5 b LLS,1 0 391 sty oy O3 sgl 52
BYY 5 PAC G s 5l ol oyl (s sl ooloond,
20,3 VY B O el 5l Jol> o2 (sl g aoyo Ve e
sl ,a b i ) Sea 5 Yang (YA) o 5,155
ootiS inte 3l 5l ol sy oilodls 5l ool il L
B s 0y90 |y sl awgs Ol ailB-aiias o 10 34590
S eizred g Sg—l gl glosl 5l g cnl )o sl
o oolial oy gdimsd JUS 30 YU s Syl s oy 0,8
oy Vv 090 B yaud Bl 5 a8 wiog o Sils b
PH olie o)l pH a4 g0l (Sisls 5 ol oliws Ll
(YR) 0b 5,155 Fai

b ol addler ol aslbaias 2 1o 05250 ool (il
VACZI s g 0en gy s 5 Sl S5l jfanli
3l S ol e GhgSy (l o 0t SalolpKen
So g 31 iled |y 6 s gl Golatlhy illee , L
sals o )5 e rpm o sl O min Sies olo;
O (Si g P e (Sedia GlB Soles 50 9 o2 px>
odiiSadaie JYb o Slos (rdzen (gg—dipul ;5 ouilerSl
39: S (pl ;500 bl 3l 6,y diges 4y S oaiisls
4 ol dlbaias o2 jles Il Sbsb oS —tagl 0 (Y)
Pz el CBlE Sl SO 000 b (potanul s,
Olej g Led (LS s s eyl w02 S 2
ante Lualpd 50 0l (o) poriesll Lk Gl 2 DS
2N 00,5 )55 o3 AVIY pginagll sk ol
VO e PH 5 poll b3l oliee o2 i 500 (gl

Uil bazo Cublsgy pale gazsl g fy ale soliliad
ijhe.tums.ac.ir

v

OAA ol PH jo g 00 0 YAIY e 0V b ol pH jo
L ool eoisSabaie (gouwl pan (Y1) 00,5 5,155 a0
Og% 50 LS ahai ;o T Sl eolitl § sl S 585
S 2ol e I0-) G e PH (o 2 6,500
0duS Adnie « ibgh oyl ;0 50,8 caiSadsie as 0 A
Al ;3 (S e S Shes saiiSadate (ul 4 Cud 5,15
3 poeiesll (Sl 4 —dagly 5o (YY) ol s oMLl
(28,5 plowl gl sl Elgal b oS 5 50 (—Soel 35k
ol iy a0y YS90 5 partasll il (e
3935 B esliiul 590 oo—tannl by, Ladd oS oy,
2oy A 5l 050 vl clalep LS 2Lk ao o e
(YY) cdly Lials

b Ol 2o S8 oIl g sl £95 15U (o) 0 50
5 Cheng g (PH=Y) ol pan anl 5 poins]
7 Sl 6,159 i 4y il el S poils o o) Sen
B e 3,5 poeiegll il (6 iy polie 23k
Seglisl glgel (B me )3 Jolone il (09330 51 L5 a5
Sloj & Comd 2l VAL sl poiiedll (e 285513
Sl l 3l g 48,55 )13 Sl ol glgal (20 o oS
gl el @l ainte PH piolis 6,500 Gisgiy )0 (V)
S L bl )0 (rizmen ol )l35 F-Y pgiiiag]
TN .COD G e o ol ally 35 Jee 5l OG5
L ool 51 i o0y oyl oaiiS ke 5l oslicul L TP
(Y0) sl cavoas 5,5 PAC

5l abbasiaar ol 5l ol g psdl (bl s mds oS
ail o5 )| Sleadie arhas anlyd 4o o 5l o s colai
(Chemically Enhanced Lo olge 5l oslaiwl b
o Koo 9 Xu lawgs Primary Treatment (CEPT))
VIO pgll o2 (ol i sl e PH 005 ()
4 5 e DS Gloj o (A5 V0 S8 o2
5 o2l agdl Ploul Jdoas awl cavoas Yo min 4V o3 5
FB a5 o2 Gl e pg—banl Gloj )3 K0 Slse (S
saiiSiinie 5| Lol oo gl lie ool il glablidlo


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

ouisS adsine jl oolaiwl o B> wlie yolae (o) cpl 4o
Jade i ,e o samliw Fe mg/L e bile bojls
Solis a8 s 5155 Yh oo obsb eassSadae COD
IS5 et g cl pan il )8 o JT oS 5 Dl

OV ) a2 oo Glidlly ol slaes sl 3
el Sy 585 Lasgs (2 (Gl el 10 K00 (cEg% 5o
MON ol adale jo ao,0 AV/F Lb5L oliee (2 yiian
90 5 50 S oljls cdale o s b5 Fe min L,
sbypﬁbd.uivé).' )L»_».u.‘ Ls)l.?usob\_w G'L)bo_x....f..\w
b begla s 092 g Sy a3 5l oai Sb3L euiSadeis

IRCSLRV-ISN s:b)b Olie ¥ Jgaz ;0 (YY) w5155 e

el o0 0351 (Gl lie &gty (g AR g, 4

w25k B Rg; 2 590

REI R T LT IV SR WV [ IR VSR 2 VAN s J
sanlie o0 A0 B Y o Ol glaie ailbaibas aw gl
O Copde sloanza 1alS )0 (g BB 5L S0 S
Lg#e min LM sl aigs oyl ooioman . ils salys
2L ol g Nair (¥1) sel cavsas Y0+ TpM o
bl soiiS dinie 0 )15 g O] aldhal 5 5l saiiS dbaie
UASB g5, 5 =29 Ol eSS Abal o oa
s,9— |, (Upflow Anaerobic Sludge Blanket)
Pl b3k e g bl po ol 18 )
o)l ao s EYIVY g YYIYE s 5w gl g PAC 2
oy 10 delolge e ¥ Lipl s pH Lyl o ol o 0
5 e 00 b 5bsuisS adiaie 0g Yo MIN LYW ylej
Yo mg/Liedile LUASB [g51) 29,5 b, 0008

HCLL H SO, bwgi goum! puad (59954 0008 Wizio (b5 =Y Jgur

(wey3) 23L&l e

& Fe* AL(SOy); PAC 2
(Y+) - Yo - |
(YV) VALY OA/A - Y
YY) =\ - - Y
(YY) - FOIA - A
(Y%) - INTIN - N
YY) Yo - _ ¢
(YA) - YY-£0 YooYV \
(Y9) z o- - A
¥+ ~ V- - - A
) - (HCI) AY/ - y.
*Y) - £a/. ¥ - VY
(\+) . FYIVY YY/Y$ VY
(YY) - AYIVO - VY
(*Y) — /¥ - Vf
» rissssrnason F 9 2 W

Ol gl buzo il sgs pale (pazsl A9y ale oolilad
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

oS Gl oo 5,55 o) Sen g Petruzzelll iagy o
3 (NS 92)5) ol S5 Jold () 5 ool
Oleaily golaidl g (228 5l 5l (Sgdle—w) (658 b amnlie
955 SOl Gy e Gl a0l olyen 1) 6,5V
oaiiS dixie 23l 5 003 sl Slilas o b o sl Giurds
50 (Y8 &l cavors (g min leaily g jieS PP PO P
powiogd] slaaisS oLk o)l Ken o Petruzzelli zags,
Sl i3y Sl (So2 JOLS (25 3l eoliisal L (s
B g O T R
(S JOLS Sl Bl oad (b3l eaiS aiaie S 0D
ogdleds .ol )55 Jglae (5,8 DY game 5l i b asliee
oy B )5 ieagh cpl oolide okl sla )y b
Sl dsNs09,SLe Ly g slod Slge 5l 2L (C106 o5
5 portrll o Cgz (rizren At ssal it ]
faml S 5589 5l Sa2me Pl (610 9 deaaS 9000 s
A0 ogls LPACagl g ot soliiwl s ul G155 000
slanl b ol oy 3ol 5l (SO YY) ael cwods sy
bl odz () b bl sba g o Sgi
3l sl 5l 9550wl 5 STys gl i
sebas iy slulaz 5 (610550 (i) ol o caiSadaie
iy 3l oolai il b a8 ) ploeil azsl o Gl Gl jen
PTFE Jsdse sl G 4 oot Cand G0l (123,
e ol San 5 Sengupta Lgs alluinlejl jeliis ,o

595 DOC ;| oo ,0 Wigpgiogljl oo ,o FA 5L 4

(o Wld pan Y
pell (2l3b cpo—riagll 0 ST Sgiel cale JJoay
09y Sly sl Sls—edr Wlg o LS Lyl b cog
Q.?Ll )‘ ‘Bj.ﬂ ‘jb)l.u (\?) .b)j )‘)5 ool Syge ksas.md.....u‘
Sl sloazmdg> 5l (29,5 b (JeoSS bl I ol
S on Gl gadolS slo bl Jobd (29,5 (b >
WL plp pH jo a5 wog o] Sl Lipgs 2B il
5 g 0o oslax .l Ca(OH), s NaOH jl a5’ 5, %o
03gaze ;O ol i 4y B Ll g i lin ool
55 (Y0 YF) o 518 VVEV VY 5 VYAV Y/ pH
YL posiaglly o al bl Gaalg oo aagh
P PH o ao )0 WIE 50 ay pgiagdl oLk Glenil
Oles ol Yeormin LMus! ylej oo /0 oyzd 590 MY L
pPH o a5 ol Sl oleaily o 5Y0L g FOMIN e
Oypar S pde by, 4 oaiiSadaie (b olie ¥

el ool ooly ioled (glaslae

(S IOl iy alg Y

4 S late (i S JobS Blae 5 b sl i
6L®)_~m) LR:OJHSC‘):L._N‘ as ‘)_’> J.uby éuLn ‘59) Jél_u
olS aial olyr (Sl Jlas g ais o 205 (02
Q10) 03,5 oo eyl g Fosko (b3l ol (izman il o

NaOH buwg SL man Jhg) 4 cuisSadizio 236 -V Jgus

(w2 50) (b3L ool e

& 5o 9
Fe'" AL(SO,)s PAC
Y - AY/f - \
(Y) - ya/a - Y
) - YO 5 AD - ¥
) <y. - - £
ylégg yﬁ% 1PV jaly /oo ol /@aas jly 093
Ol ol buzo cuibl gy pole ozl sy o ole swliliad £+4

ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

oaiiS Binie o, Shoe 4wslio Bua L ]I 3 Keeley
b gl L35l g (ol i (oo 5 gy 4 00l 23k
ML 51 Hand Bl i (o] Dlalgw) o3l causS dbaie
obsS wles slagles cod gl (nl 5o 50,8 (o) 2 |,
g asd LS a5 glo S,k 5l (bMsl L V2 min)
OIS st gl (o2 59 99290 (S IS (e
REAL g, 5l ool ol b (6,500 Lidgh 40 .(VF) 00,5
Ot Sl e al- o 30 ai PH psetaddl 5k ca
5 il ol o oot eolital glaslaé as 3,35 VY=Y
ol Sligs pgeiagll pomslly oS 2iogs (Kool €55
psll sl ol o bl o (0 5S35 sy 0! 5|
(Y2) 05e Lo 1, ) g55 oyal 5l 5)le

ot 3k eatiS inie 5l osli ol L DOC 5. &5 i
e sKeeley iags 5o (psriesll 5 521 s )lzv s
odds 2k eanSadaie Lol ccls Jlisay po asliv 2ol
Al gols ylid o Slae il ao o YoV agy Lyl o
o, Ve o= Lo liagllas 5 haStis sl ] 51 oolaul
oauSadaie 2Lk Cuz (JsNge B e ke iy
5 poriegll 0o )0 AV bl 4 jzeie a5 0 555 Y KDa
Oizon 3305 ol 2 Lo ,0 OA e 4 DOC Gi>
FEYe g 00,0 VASAY o 5 4 S8 o lp nslie ()]
OV as (o)l as e

Jols sl 5l oola il oyl Ko g Prakash i ags o
4 e (Nafion 117) W VY go—ii ol Lo (5,6 55l
«slo,d Slge 5l sle anS &0 Fagl oo o Ve 5l s (b

O8I0 IS g poll ol 3g Ko I3l ple g el ST 0lge

9 IOl iy vy

w25k B Rg; 2 590

255 $rS sl e Sl pales (L Sl oy jsba
oS Yoy 4y o Lol il Gl aslyd plas e e
95 (eSS ¥ slam Fe e m@/L L) b
il Lol eols Gralidl ) pgerpagll clale iy gl JSs
NO) cils ol yod a0 1 | (6 yin NOM) s JT 0150
() Ghgy 4 ediSadaie 2Lk (e ¥ Jguz 50 (TA
Lol oo ools ioled Slawslin O jgay Se Jols
Sl sloasyl 3 F

Sl diad 0 030 S jsboas SLid sl elsiS 059,
Jolis REAL (slad> 5o ¥ 3, g0 50 D26
9 O L9l el yildl sl ol pan slaas) )b
olSer s UIMeETt basss pgingll 2ljl a2 oy
2o o b e Sl skaie oy (28,5 )18 solanl s jge
655 Ll iy 5 (o5 18 5 Y10 oo 0 S_id Slaal>
Sldgi jelaieds e Sis Olakls s 0 YO gl s a5
!y et PH a0 5 Clsasl golamdl b 5l anl 3 09—
SIS VIO 2595 30 denS'g 00 pgriagl aled v
5 Blee Slge (ilulaz S gl Sl wul 3 5o
Lolss cg gl plidgil al b5l g 555 slasSse
poriagl] ey Em9% (2l 55 00,5 ookl pgtiagl]
et b i alo e 5l e oid LS25 Slilses
o)1) g5 ol 5l ole pall il byl kil la
dglio )0 Gorl 2ldsil 5l ol Lalis O (pizeed 050
o PO kil iy 5 pad Bio Sz )l pgll L
i e s 5 a3 S5 a3 5 o)l pll a5 0
(F) ols las (6 e o ,Slee

4 ouiiSadieio (b3 -F Jous

Lk ol

F e3+

@,

AL(SO.); PAC

V) -
(YA) -

>0 - \
A - \

o Al
19V ol /ogas 0lads /masjb 0 )93 _/%2 J
]

AN Oll b Caibl gy ale ol idg Jy ol eolilad
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

S5 gty Ghagh (ol po eolii il s 50 sl Joloee 05
S5 2bb 6l clalllas o (FY) o ags ,laiie Ol o
HNO, H,S0, HCl L loal j o3l 5 o3l
NaCl ,_ ks _lacses 51 K,CO, s KOH HCOOH
U w0y sisps ol w0t s KNO, (NH,) SO, KCI
(o 9 Dland 0l g wiile) 3k slaJsle 5 (olooed
axly EDTA Slesds Jale fpizen .ol oo eolaz il
by 638 glagg wizls s oz 4 csl gl S caiss
g (5 9 63L slaabanly Sl S s gapl slaala iy
el PH o (58 (sloyals” Il 5 izly (1 0,5 o0
sloossls s (H) Glags: ploe 658 <ol (Y amo 0 2
oo 4 10951 plrale s Dl Glop) e sl (5518
ez g gl bl (7053 g0 (sl sl Joloxe
Mo o S9m |y 08T 5 ppwisasll Al slo Jobne
S ol D ol 5l o5 he DI (ilule) 4y 4z o
Cel g ans oo yiiSTy oo Sle Bl coSlAd L ol (F .auS oo
) 998 00 izl azel )0 5 iz Gials

2Lk syl

ol s 0,5 1,55 a0 B pgll b5l o otmgly o
(o el g ea S aiinte (Sl gy a5 aivg TSk
Al Sl tals satiSaiate ol eSS Lialdl Ly
b eSS adaie leaily ( Sbsk Oleds (Lol ixen
2 (YF) cdl als Swil ol s Sydis gl oa i
b sl pan by, @l alsaia oo 5l gl bk
5 osli ol o) Sen s Fuad da g ol S, IS5 0m

Jeloay a8 wisgy (] S0l @l s (s 2 (R85 (5
Olgieas ooliul yy o9dle wonds (i3l pgll (YL ogls 5 clale
i i 00 o Blas jo el (Sew caiS ddnie
okateds (F+) ol solawl BB 55 pguiegd] Ly LS 5
3 et b A (o318 sanSadaie ol S 5 ol bk
Ban b lgs sauay sl sul 3 lw Y5 Bs> Jeloxe
JOL.J sl .ol 0l &L\J‘ U‘“’”"" ‘_gLQu.us) s bl P 4.;.1.9
Lol b i 2SI g |y pgll (23 gy 0l 0o (oS
R E- YO [ 1 P PR PR FPON | B WP GO B
oolaiul b asl )8 sled g Cl Glas Slaul> g NOM yszan
oS Ll 5l aimmed ol pleil BB 5.8, ool G j9ilgu |
Olasl> jga> w186, Lus Lol S e cod anl 3
Josz o (P asdalgsi slie 8,5 onay 4 onie 3o
Oygas Slid glanigld (og, 4 eaiiSadaie bk e O
el ool ools ioled (glaslae

HEERC A

map §isb il W18 S olS ddlu leas C)Lo‘ srlbron—i O3>
Regmi Liwg vzl (59 )oY o ) el S p5il5s
30 O 22 Oge—edlayhed Do a5 oL G oS Slals
Gz liee yiSTas g YV L plppH oY - mg/g e s s
W u‘-’)‘)f /9. mg/g J.g‘ﬁ OJPL—AMS)-&-C s_:LauLo ).:)13 Q"‘
St 3 gbtin 5 g3l sl Jae ) 55 ha iz a3
Gk Sl 51 bk crizren 350 Cund pg3 a4z
2o, Y ol el Sbsb iSTas oS ols olis Gdsly cus

Sl slbussl 8 gy 43 susiSadieie (b 5L -0 Jaur

(w2,3) 3L ol

&

o,

Fe*

PAC

(¥9) -
QD) AY-YA
(f+) Yo

AL (S04)3

AY
\Al

el 0 (8155 00,0 A0 5l i (b3l (e 025 )18 oaliiul 8590 (ygmul gl Lanlis OT by 5l g Jsloe & jpods oud Sk pesiiesl] azslis

b 19V by /g o jloss /s jL 695
- 3 a3k 0)9.

Uil bazo Cublsgy pale gazsl g fy ale soliliad
ijhe.tums.ac.ir

AR


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

o 455 A g dchal 3 Sles (o) (eizen (FY) 510
Olidsw 4y bgr o oaisSadaie 25k Ao slagan Sy
S 05 o1 Sl ol 5en s Keeley o, 50 o5l ool
0l (gl 0ol ob5k caiiSadaie 1 sase colai ]
St yos 43,2 4o Sl ) e 00 iS5 pgdoenl b
Jolaie 2,5 L aalie )0 000 00 ooy (lie @y Al
2edis ey 50 Ol 5l =56 o2 @ g 03l el Sl
a0l (o gdoul o gl L Sol ¢ g Gl 5o
S5 stz JB Oliae 4 oo Lol olo (Bl jee a2

AOY) 09 Jalaie Sldes

o9y 52 il oaal s |5 £ Jpa > 54 S sbles
Gl it (B9, 50 Ll 355 (o5 culas 5 Lo (STl
I3l ez 5e NOM (5 zan (2 SLaS 5 plows Pl
5955 oo 09t (o3l 0 inte ool 5 8 pas
oolitil (gl oaniSadiaie bk yo wle (n Sl Olsrsas
JS s aS 1= (V) 0gp o plem )i B )las j0 30 >
3550 0,l500 i O O NOM 5l il il glees 54l 6
(i Sl3ls o ol3T aioren (FO-FY) Coslosg axg5
30 (YA) &S o dgame |y oo o5k cusSadain 05,18
alde CoieS L oaiSadieis b3k cBomaxilin 4o
SU 2l @ Gl pas Sl sleoaiS wieis
o (sl 55 Gl il 3y j2mie el (S 5 o
sogas Cdlw ols I8 SU e o (DBPS) (lsjuis
(S pan o a cwl ool (5,155 aizren (VD) 040
Wogr Jeloe sl jo a8 oS olils L Pl IS
LS 5 il 4y by ye SSin Ll ((F0) iy oo s20lS
(FA P ailo anlgs 3L ogs gd s (YU o o0 ,53) JI
OBl e (Ggr Jols (g, a4 S
@ Sz bganlp (bl o3V egls sopn b bk
il ol oog Slkes Wiz e 35l o0 ool B a8 Cos
Gl 5 gl sl gl el ava] S sy

s Jobs slagy;,

ey

w25k B Rg; 2 590

Jeseis Sl 5l (IS 4 o 4w Boal b3k cosS adeis
3le e3gasme 40 ] Hladie 50,55 slsul Lalugla s 5
(Y) skl

reolaidl o 5l susaS wdie b 5L

RECHINESRN IRCON R PRVEL VP OSSN 1R PRI TIPS VST C N N
Az o plase Sy u=_J)'lé 4 oS vdnie Ol I8 laula s
Slp 60 0 e a2 gaazme a0 VO [ Slos
(FY) 058 g0 Joloi |, bl & jgods oouS adaie Sb5L
Jeds @ g ol il @adn 5l 6ln ) o FEs
30 ] plw as s sl G galew 09 505
Sl S p9dlsmns 510 lge i 55 B cnl Sl e s
Pl sy ol pan uzmen (YY) 05—3 o colainl
o2 e GRS A i (Blre Slale 5l goly; olie
Jlises |, 28 e sloazy s (2als o (FF) 005 s
00l 2l 5k cuS adsie 5l el wla s —degh 0.0l
el 6,5 sloooiSabnie a3 b (gou—wl pan by, 4
Ol 58 o aolie OB o3lw Y etaieas PAC 4
Sloslaiulan 3o 5l eS saisSadaie gl sl 4 jo awslie
Al sy oo i (YO) 09 55500 (5,0 slroniuSadzis
Gl a1y ails golaidl ad o gl )l jelaie oy SLUS
3 SS9y madhes 438 S 9,008 b el 5l Jge o
L liwe PH. o Lol ylico jlads 4 s 5 jopS (0550l
1 oS o8 (¥0) a5 o sl |y pysinsl] iy 0
stboon—s 3lge b5 Brae Jdoa YU Slles an i Lol
3L 0ghios crge &5 (5 5kt Eul sbxl (6l 5L 2500
LEY YY) wils goladl (gdd po sl ko ouisS sieine

aw goladla_las b Slcé glanl 3L LL )| o
Ogel 8 sl 5 5 log 2SIl s (lgs calisee (5361955
Sgo o), 5en g Keeley g saSabiae Sbjb cgx
Al cpldged dx g > wl B o e (lgieas Lo
loaiy 3o g clic o Slae 090 S VL Jouilly o390

o Al
19V ol /ogas 0lads /masjb 0 )93 /%2 J
]

Ol gl buzo il sgs pale (pazsl 593y Sole oolilas
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

o9 2l 4z g b s (o pdy BB s o baslie
o lasbinl g sl 2ol slaslic lawgi oaisSaasio bk
u—l A.AMJ B oolawl S0 LS_!L.M ..)‘949 WAJ 6‘)4 S9>g0
Gl (pgy oo dnhal o oS 4 b e slao laibinl
Qilgs ol ygumml il 2ol e caiiS aiaie oLk aS
WS iz led slo )| soleiel LB jsbay ) abg o Lo lgs
sanie gals 4 e ool bk sasiSadais l eslatul
oaiuS adnine 3l eolaiwl JJo ad 4055 o slod Slge
aalys Jowlio OMSB abas )0 by, (pd ead bl
o2 5l saome ssliwl g obsb 0, s LLatl b ixen
I &30 slodi i a0 5 o o> ol aslbBasas
Ol mazs 5l iU o SIS ralS Jdoas cwams el
Pl Jedaid )3 @8 sln 1) oo weets (2 )lse 5 (S
(D) s yiwldl ], =

550 plpls can Jrels Slidod disls souS A
g0 s0 0 )Lal ks 3550 (Slilllas slaase; (1>

o g aslBaial 4 6899 ol Slas ey Sl o uas @
oads bl sanSadaie dlge CuhS 5 Ll @lahas

Gl apias 4 ol b aias ood Jlinl aged] )5 e @
QT Gl g2 g LS

slge bl Sbsk o Ser Jobs slacy s, o, Sles sLsi @
IRCSLRVISN

SLid glaanl s o slas (S5 5 2 CudS Sl s @
ol Sl
obed Ol (3lwdinte 5 (U9 (SLid wial g o Shee olis )l @
Lid gl
Gk sl oot (bl oo S winie Slge CeiS oy 2 @
gz abg e glao bl b aslis o o glaasl )

sl g O slaaslsaiar jo oolixul

Uil bazo Cublsgy pale gazsl g fy ale soliliad
ijhe.tums.ac.ir

ey

Oy bl ey Gl 50 00,5 oo Sgae (Stripping)
S5 4y poeie S g o s g 1 (5lulaz
el 5 Pl 5 3 Ol 00 457935 o0 (658 Slig—)
U oy o el olilo al o ol a0 0505 , S 1) o]
Lol sl iy W) o Ay oo o0iiS dinie il
P03 (sloe Slga PH ooy (S0 al> o K il
aS Sbey Lo o) o yhaiay (V0) cul iy sloas s g
S5 Jols 0sis ol 6 5sl )5 ol S SiSS 5 i
5L eaiiS inie ol sl oolozel LB 5 conlis 43S
izl bl bl slaakld o Sl s 4 (izren
Sl ol Loy, 0,10 3529 Jlolse (o laie Ji
Slso 2lS 4y alg 2o S b iy glbay] 3L ol en
SaS 8 lasbiwl 58S e B oo ob 5L coiS sdaie JI
sl iS5 bwgiaS DOC I laie o aiz ol
b Cengd sl bS5 09, o0 Jloiol el oo Ba> Koo
a5k 5 Gl sl bawsi 5 93l Gmly (550 039
0O0) 0 axplyss i (g 550

Ol dhal ;000,58 0I5 Ldoas L cov glalas
b slr 2P sloan ;S (s30d5SS (g e 135
JUUESI L PIRVES- N 1)) INCEEVIYPP RN S P VPR WL V- PE0N
B> (og dgazme 5 anld (99— psiHl elad (K88
5 bslte ol 5l osliul Copsllas 2l 4y e il
ié Slya K535 (F+) 90,5 o saiiSadaie b3l
(899,95 bz I ials Lo & sliae o Sloae il cels
b bLsyl 5o (FR) 0gd o0 S5 JSias g cdale genl i M
lroslail o o jeelS San Jold olge ¢ Ggs Jols slaslis
§ M oy )3 (plide S5 sbao )5 sl i
I JE! S o lgam 5 0355 poll ol 5 Ladis 4y j0l8 alb
(B o) cils salgs gox aal 4 5L 4T 5400 ve>y
il ey V KD 1 a8 585 G b aleslce
Az Wl B ale 41 7S DOC e b o]
A lio ;0 (o,0 00 3l yiaS) caiSaaeis o5 2b5L Jdow

Ol ool 8l gl (g 5al) 5 (sl pan slaasja


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

w25k B Rg; 2 590

O ailbarhal ol ouiiS wizin 31 5o 438 HG Aliss sl Sy ulro 3 blse —F Jsuz

o lzo

L3 o9y @,

SlaS 5 g 5K oS Sl3l8 3525 -
(F) oo objb oousSadae o JI

5 sl plaglas s oS Jlas! -
(V) oo b3k cnisSadain B pas

SRS (Gl 5 (gl el -
(FY) ol YL pom>

Lo glaasd joud s -

oS adglanie -
Y YAV gled, -

SLBL ol pan |

(YVF V) dpsl yioS Gpas -

$5Pl ok Bpas -
objanie -

Sy A S YL plenl, -

tlooed dlge oy Byae -
gl sl aal Lol S - 4
e Sy 4 S YL ane -
(F) bailué Bis -
e S
ol oog pssAl -
Sbj syl po e g adgl anze -
slas gl Goles loy o3 ol -
S led Lol S cow 15 (FY)
RYIRY

SIPHS oo bzl =

Sguol gl + (gl 2 Y

(YY) pan

bl Bd> -

S S allsl -

O0) Gg Jobs cni) ¥

s (sl o,

s slo s,
Sl 4 cos Sole -

W Comd yiie pols doy -

9 Lgh Slae slaasl )
(&gl yilidgils
P

NEFSFCGIE ST g
(FV) G55 o5 Bpan - (S

Jols lae) lgs Slas I\

S oY kS L onisSaieie Sl e 2Lk 4 e oS
Sgpee Jlaio! 5 55 pd T gLnailazias o soliz ol
dils glaalsarias o LaoaiiSaiate ol 5l oliz
5 2I> Oeed (g S by, S L)l abgy e s
Slalllas (xioyed 5 Gl olie 50 5 Slad sl 8
slanypy slasnl sl ool ul (izres iis 35>
L plocarsSadiaie (b 5 (Slié slasidpiss (yzeen
5 o) 2 doils e p8 Bjlas Sz YL CulS g ol

ol golaBl g 3 580 Slps g

iVt

aldasar ;o ool ob3k caSadeis jloslaiul Sl s ®
Y game Gl Jlai 5l (295 Ol CodS  HLSB
e Sl5l8 5 olojais il

of yo 0I5 Shinta olge o 5L alizee Sla b, g (0l o
wazme oolaiwl glag il il o Sy culae g Ll b
ool wlaS wisg 1 Sl s 285 13 ) 9500
JobS (riy s i (sed S FaR RS 5 Jolie Loy,

1PV jol /pgaw ojlad /pasjlioges & é A — ﬂj
-

Ol gl buzo il sgs pale (pazsl A9y ale oolilad
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

References

1. Letterman R, Yiacoumi S. Coagulation and Floc-
culation. In: Edzwald JK, editor. Water Quality &
Treatment. 6th ed. Denver: American Water Works
Association (AWWA); 2011.

2. Fouad MM, El-Gendy AS, Razek TMA. Evalua-
tion of sludge handling using acidification and se-
quential aluminum coagulant recovery: Case study
of El-sheikh zayed WTP. Journal of Water Supply:
Research and Technology. 2017;66(6):403-15.

3. Crittenden JC, Trussell RR, Hand DW, Howe KJ,
Tchobanoglous G. MWH’s Water Treatment Princi-
ples and Design. 3rd ed. Hoboken, New Jersey: John
Wiley & Sons; 2012.

4. Ulmert H, Séarner E. The ReAl Process — A com-
bined membrane and precipitation process for recov-
ery of Aluminum from waterwork sludge. Vatten.
2005;61:273-81.

5. Babatunde AO, Zhao YQ. Constructive approaches
towards water treatment works sludge management:
An international review of beneficial re-uses. Criti-
cal Reviews in Environmental Science and Technol-
ogy. 2007;37(2):129-64.

6. Nair AT, Ahammed MM. The reuse of water treat-
ment sludge as a coagulant for post-treatment of
UASB reactor treating urban wastewater. Journal of
Cleaner Production. 2013;96:272-81.

7. USEPA. Drinking water treatment plant residuals
management technical report. Washington DC: USE-
PA; 2011. Report No.: EPA 820-R-11-003.

8. Huang C, Pan JR, Sun K, Liaw C. Reuse of wa-
ter treatment plant sludge and dam sediment in
brick-making. Water Science and Technology.
2001;44(10):273-77.

9. Anderson M, Biggs A, Winters C, editors. Use of
two blended water industry byproduct wastes as a
composite substitute for traditional raw materials
used in clay brick manufacture. International Sym-

Uil bazo Cublsgy pale gazsl g fy ale soliliad
ijhe.tums.ac.ir

¢Vo

O oM
Slaasl e ool 8w pas ol DS S als (Baiws g
Soley alae (ol o 1) gilawosls g aosls cay o0 ca Sl g0

..ﬁ‘co;

posium on Recycling and Reuse of Waste Materials;
2003; Dundee, Scotland, UK.

10. Nair AT, Ahammed MM. Coagulant recovery from
water treatment plant sludge and reuse in post-treat-
ment of UASB reactor effluent treating municipal
wastewater. Environmental Science and Pollution
Research. 2014;21(17):10407-18:

11. Titshall L, Hughes J. Characterisation of some
South African water treatment residues and implica-
tions for land application. Water SA. 2005;31(3):299-
307:

12. Keeley J, Smith AD, Judd SJ, Jarvis P. Reuse of
recovered coagulants in water treatment: An investi-
gation on the effect coagulant purity has on treatment
performance. Separation and Purification Technol-
ogy. 2014;131:69-78.

13. Keeley J, Smith AD, Judd SJ, Jarvis P. Acidified
and ultrafiltered recovered coagulants from water
treatment works sludge for removal of phosphorus
from wastewater. Water Research. 2016;88:380-88.

14. Anastas PT, Warner JC. Green Chemistry: Theo-
ry and Practice. Oxford: Oxford University Press.;
1998.

15. Keeley J, Jarvis P, Judd SJ. Coagulant recovery
from water treatment residuals: A review of appli-
cable technologies. Critical Reviews in Environmen-
tal Science and Technology. 2014;44(24):2675-719.

16. Evuti AM, Lawal M. Recovery of coagulants from
water works sludge: A review. Advances in Applied
Science Research. 2011;2(6):410-17.

17. Lata S, Singh PK, Samadder SR. Regeneration of
adsorbents and recovery of heavy metals: a review.
International Journal of Environmental Science and
Technology. 2015;12(4):1461-78.

18. Cornwell DA. Water treatment plant residals
management. In: Letterman RD, editor. Water qual-
ity and treatment: A handbook of community water


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

supplies. 5th ed. New York: McGraw Hill; 1999. p.
16.1-16.51.

19. Jewell WM. Method of purifying water patent.
USA: 1903. Patent No.: 718,465.

20. Bishop MM, Rolan AT, Bailey TL, Cornwell DA.
Testing of alum recovery for solids reduction and
reuse. Journal American Water Works Association.
1987;79(6):76-83.

21. Boaventura RAR, Duarte AAS, Almeida MF. Alu-
minum recovery from water treatment sludges. Pro-
ceedings of the IV International Conference on Water
Supply and Water Quality; 2000; Cracovia, Poland.

22. Parsons SA, Daniels SJ. The use of recovered co-
agulants in wastewater treatment. Environmental
Technology. 1999;20(9):979-86.

23. Yang L, Han YX, Wang DT. High efficiency
aluminum coagulant recovery from drinking wa-
ter treatment plant sludge by using ultrasound as-
sisted acidification. Advanced Materials Research.
2013;777:60-64.

24. Cheng WP, Fu CH, Chen PH, Yu RF. Factors af-
fecting aluminum dissolve from acidified water pu-
rification sludge. International Journal of Chemical
and Molecular Engineering. 2014;8(8):878-81,

25. Ishikawa S, Ueda N, Okumura Y, Iida Y, Baba
K. Recovery of coagulant from water supply plant
sludge and its effect on clarification. Journal of Mate-
rial Cycles and Waste Management. 2007;9(2):167-
72.

26. Xu GR, Yan ZC, Wang YC, Wang N. Recycle
of Alum recovered from water treatment sludge in
chemically enhanced primary treatment. Journal of
Hazardous Materials. 2009;161(2-3):663-69.

27. Xu GR, Yan ZC, Wang N, Li GB. Ferric coagulant
recovered from coagulation sludge and its recycle in
chemically enhanced primary treatment. Water Sci-
ence and Technology. 2009;60(1):211-19.

28. Chen Y-j, Wang W-m, Wei M-j, Chen J-1, He
J-1, Chiang Y, et al. Effects of Al-coagulant sludge
characteristics on the efficiency of coagulants re-
covery by acidification. Environmental Technology.
2012;33(22):2525-30.

29. Yang L, Wei J, Zhang Y, Wang J, Wang D. Reuse
of acid coagulant-recovered drinking waterworks
sludge residual to remove phosphorus from waste-

A

w25k B Rg; 2 590

water. Applied Surface Science. 2014;305:337-46.

30. Vaezi F, Batebi F. Recovery of iron coagulants
from Tehran water treatment plant sludge for reus-
ing in textile wastewater treatment. Iranian Journal
of Public Health. 2001;30(3-4):135-38.

31. Ayoub M, Abdelfattah A. A parametric study of
alum recovery from water treatment sludge. Water
Science and Technology. 2016;74(2):516-23.

32. Fouad MM, Razek TMA, Elgendy AS. Utilization
of Drinking Water Treatment Slurry to Produce Alu-
minum Sulfate Coagulant. Water Environment Re-
search. 2017;89(2):186-91.

33. Sthapak AK, Killedar DJ, Bhole AG. Applicabil-
ity of alkaline method to alum recovery from waste
stabilization‘pond sludge. Journal of Environmental
Science and Engineering. 2008;50(4):307-18.

34. Panswad T, Chamnan P. Aluminum recovery
from industrial ‘aluminum sludge. Water Supply.
1992;10(4):159-66.

35. Masschelein WJ, Devleminck R, Genot J. The fea-
sibility of coagulant recycling by alkaline reaction
of aluminium hydroxide sludges. Water Research.
1985;19(11):1363-68.

36. Petruzzelli D, Limoni N, Tiravanti G, Passino R.
Aluminum recovery from water clarifier sludges by
ion exchange comparison of strong and weak elec-
trolyte cation resins performances. Reactive and
Functional Polymers. 1998;38(2-3):227-36.

37. Petruzzelli D, Volpe A, Limoni N, Passino R. Co-
agulants removal and recovery from water clarifier
sludge. Water Research. 2000;34(7):2177-82.

38. Sengupta S, Sengupta AK. Characterizing a new
class of sorptive/desorptive ion exchange mem-
branes for decontamination of heavy-metal-laden
sludges. Environmental Science and Technology.
1993;27(10):2133-40.

39. Stendahl K, Farm C, Fritzdorf I, Ulmert H. The
REAL process — a process for recycling sludge
from water works. Water Science & Technology.
2006;54(5):235-42.

40. Prakash P, SenGupta AK. Selective coagulant re-
covery from water treatment plant residuals using
the domain membrane process. Environmental Sci-
ence and Technology. 2003;37(19):4468-74.

41. Sarkar S, Sengupta AK, Prakash P. The donnan

o Al
19V ol /ogas 0lads /masjb 0 )93 /%2 J
]

Ol gl buzo il sgs pale (pazsl 593y Sole oolilas
ijhe.tums.ac.ir


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

002 5 (bgge ag)l oaaw

membrane principle: opportunities for sustainable
engineered processes and materials. Environmental
Science and Technology. 2010;44(4):1161-66.

42. Regmi S, Ghimire KN, Pokhrel MR, Khadka DB.
Adsorptive removal and recovery of aluminium (I1I),
iron (II), and chromium (VI) onto a low cost func-
tionalized phragmities karka waste. Journal of Insti-
tute of Science and Technology. 2015;20(2):145-52.

43. Keeley J, Jarvis P, Judd SJ. An economic assess-
ment of coagulant recovery from water treatment re-
siduals. Desalination. 2012;287:132-37.

44. Saunders MF, Roeder ML, Coagulant recovery: A
critical assessment. Denver: American Water Works
Association; 1991.

45. Andalib AH, Ganjidoust H, Ayati B, Khodadadi
A. Investigation of amount and effective factors
on trihalomethane production in potable water of
Yazd. Iranian Journal of Health and Environment.
2011;4(2):137-48 (in Persian).

46. Zazouli MA, Nasseri S, Mesdaghinia A. Study of
Natural Organic Matter Characteristics and Fractions
in Surface Water Resources of Tehran. Iranian Jour-
nal of Health and Environment. 2008;1(1):1-7 (in
Persian).

47. Mahvi AH, Rastkari N, Nabizadeh Nodehi R, Naz-
mara S, Nasseri S, Ghoochani M. Survey of the ef=
fective factors in the production of HAAs and mea-
suring their concentration in the Tehran outlet water
treatment plants in the first half of 2010. Iranian
Journal of Health and Environment. 2013;6(3):353-
64 (in Persian).

48. Isaac PCG, Vahidil; editors. The recovery of alum
sludge. Proceedings of the Society for Water Treat-
ment and Examination; USA; 1961.

49. Muthukumaran S, Nguyen DA, Baskaran K. Per-
formance evaluation of different ultra fi ltration
membranes for the reclamation and reuse of second-
ary effluent. Desalination. 2011;279(1-3):383-89.

50. Prakash P, Hoskins D, Sengupta AK. Application
of homogeneous and heterogeneous cation-exchange
membranes in coagulant recovery from water treat-
ment plant residuals using Donnan membrane pro-
cess. Journal of Membrane Science. 2004;237(1-
2):131-44.

Uil bazo Cublsgy pale gazsl g fy ale soliliad
ijhe.tums.ac.ir

AN


http://ijhe.tums.ac.ir/article-1-6120-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from ijhe.tums.ac.ir at 7:43 IRST on Monday January 7th 2019

£

Ay
@ ;
d‘j

) )
%
/ﬂ’(IAEH) 7

;. @
o R
" Of Enyiron™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2018, Vol. 11, No. 3

0

&>

HERLTHAND ENVIRONIHENT

Original Article

Coagulants recovery from water treatment plant’s sludge: a review

SE Mahdavian®, F Ostovar, H Mirbolooki

Environmental Engineering Group, Environmental Research Institute, Academic Center for Education, Culture and

Research, Rasht, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 11 September 2018
Revised: 3 December 2018
Accepted: 8 December 2018
Published: 19 December 2018

Keywords: Coagulant, Re-
covery methods, Water
treatment, Sludge

*Corresponding Author:

s.e.mahdavian@alumni.ut.ac.ir

Background and Objective: Coagulation, which is carried out by mixing
coagulants such as alum; ferric chloride and poly aluminum chloride PAC
with raw water, is one of the main processes in conventional water treatment
plants. Sludge from this process contains high amounts of coagulants with high
economic value:-Therefore, if these coagulants are recovered, in addition to
reducing the risks relate to sludge disposal, the expenses related to the supply of
fresh coagulant in water or wastewater treatment plant may decrease.

Materials and Methods: To access related documentation, ScienceDirect, Google
scholar and other databases were searched using keywords such as “coagulant
recovery”’, “water residuals management”, etc. More than one hundred fifty
documents were investigated based on the content validity and thematic relation.
Gathered contents were classified and summarized under the titles of “recovery
methods”, “repeated recoveries”, “recovery regarding economic aspect” and
“advantages and disadvantages of methods”.

Results: Use of new methods such as combination of membrane and chemical
processes or ion exchange membrane processes leads to the recovery of coagulants
with a similar quality to the commercial ones. In case of using conventional and
less costly methods such as acid digestion, quality of recovered coagulants is not
comparable with those of commercial ones, which are used in water treatment.
Conclusion: Different coagulants recovery methods were investigated to
determine the reuse strategies. It is likely that using of recovered coagulants
through conventional methods is in accordance with the related regulations of
the wastewater treatment plants. Industrial use of novel processes for recovery
of coagulants with higher quality needs precise technical and economical
investigations.
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