[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ »00 (pT-aadgi) 308 ¥ 03 5940l5 93U S 329 o) 0 9 S
)39l 1?1 baxo Hl J3lpgld B3 Holdin Ay (Z-FEAQ) o i3
Saoliz 390 )3 9 Suddaww

Yo s sles Al o il e (s e e el s SS gl Sidy, 8T e
Olpl Ol (S pske ol e ae 0aSi g5y (O oS Dliios S o e clamn Sy g A3 ulidyIS (g gmtils )
Ol Ol Ol (S pshe olSals ity odSCals cdasn oty g 0,5 Lty 1 g oi 53 Y
Ol g Ol (g psle olKails (it aSails cdaes Cdligy oidigo 03 8 SLskial Y
Ol g Ol (S p sk olSals g saSsls casms Sty omikign 03,8 sliul £
Ol 0l Olpl (S o she o2l ety 0aSisls cams Cudligy owdigo 03 S Sbokad .0
Olnl g S Gl Sy psle R0 gy o aSLiils cJames Cudlig pwdige 05,8 Lalil

APN/YD 1 bl &)l ¢ AV/F/E :allio Bl ) &)l

olus>

Laas uls Bl 4as ol g gLAGAIS 5 (g5kan 5 (il plis Gisb 51 4S coul gloan¥T w5 18 oo
coatd Gl sl S an ala i Gia 00 S e 330 sl a5 Sl saas (SISEe i 5 swd Gy
il oo o Gualy Sy O3a B, suee Ko o Hlad 4 su¥T ol Bia sladin IS (g ) el wiile
Sia e ol By @IS s S snlUIS Glgie G asE 5 siun (Al B3 BB S s sl dalllas 5 Baa 1
bl ool ole

ol Gl sl o 5 pa Ghas 5 shes AT 4 ik oo Gal hass sl Lal (i 5 aallles ool L laghy,
Ao Al @b b (555 o8 @l (5150 50 Vb sles b sl an oy LA 5ok suliioal cal 85 (555 2 s
oley PH eyt 536 a8 K 5158 36T 0,50 TEM 5 XRD SEM slackus b Cila (S5 s S saliil
Bk g 5 oo sl laclle 5 Oila yulie (G 3an g8 des (ol

Gia (sl g bl st 6 V- Ol Cila Ol3ee 5 Yoo TPM 3am g0 B0 - ulss ooy « PH=Y Hlaaiily
L ot dm anlosl i wl 8 (posas slasals 4S uls s Sl 5 0 535500 Ll g) (e il dealas il 518
Sl 3 (aaly Salivs ga 3 allhe ails (Siivas (R%>4/AYY) a0 5 (RP>4/30)) gulai s 8 Jus
ol Wl G0 sa s ek 5 oSS

s Sl s sl 588 (3 ys rulie Gleassly wila ol 5 s Ll ol e Jeola gl bl s 15 aSdanis
il s ainde b sui¥T Gl Cida b b5l Lu 5,8 5 sies 8T il el

8,8 /shuo Al 6,3 b (530 You) S sl acal 5 (oda wly sl (guals olals

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Ol 0l Olpl (S psle ot (ot adSLils cas Sodllg owdige 03,5 Lils ™
r-rezegi@ums.ac.ir : J..|


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Olylsan g (5,31 s

WY

o gladle Al (pload o 5 o)
ol gl sl Oleil) 5 eslinal S s (Sl s
Lt ool ulSL St s lacils Sl aslina
£l o mimn I L odd 8 i b (lun JT (015 28
S 5 s S eal LS s da J S e sliS diaie
OO R ORI U o o Aol Sl s Jlsd
LeLIS 5 01,1 sl sreb S 51 S iy 58
Sl gty O3l cpl T a4 O agheas Ayl 3
VIV 8o slasl e olas o 5l g es sy [0 el
a3l ol Sl ol s el s S5 0 2 S
T e 8 S el VT G e
O ok plil Slalllae ol s elizal T e 5 gl
oelS o s ool i e L L ST5 sy o el 03l
i ST sl e ol 0Ll Gl e 3%
PR SRS P N W RS IR W PN
AS ol padse cn) Sl il Oliime b o plnl
eV il W el il 5 e L L 150 Sl stz
ol e dle (Eg=0.34) s «(Eg=0.8) o & (Eq=0.987)
Sl ol L aloen s Ky s @ sk ol Oleily
5 lems TS e Ll O3l 4 5 B sl
NECHS WU ST RUVSYRRTE TR IR FtOW
oy Al Aol Gl s 2 LY w'w“: oAl b
VL Sl AP L e g5 ool &S Ldowsy a2
Vs ls (170) FEM L sdd aigs Cd 53 4 e (1VO)
ol e ol el i 55 5 JbKes 5 (6 e
O 45 Ly de opl 0 5 s L% 055 Lo
a5l O B S R e pslsY (550

u:b-)\ a;l.a.:_\»\‘x_..:@;pH Mdbh;nwjfw‘)} A

AL dilo
Aol e sl (e Ay b ) 1SS L0
s by Dl o e Ly O Sals] G b 5l S
Alyss Gl gdiae LS 5 55,5 g e Ol glde
(il SN (il 558 e mls L DLSL s
2555 Slmely op 3 el Sl 50 g5l alid 5 (5l Sl

5

L die T e o pme LT T 4 YT
ao sl s 53 Gaelsl OF s eV el 3 SU s
S O 53 O ol Ol g 5 03le ol ke
s Ja s Ol slas Sl Ll sl
SSI= WHO) Sl il obosluw 5 (EPA)LSS ol
0 S 0 S ke V/O 0V o s Ll 56 S
Sk 51 e 3l o3 sdme 3 5k 3y e
Solas Do 53 5 ekl Wl sl 5 adlls 8, s 3l
(Sl 5 SH0s sl G SIS o OF
ool ol Dpl8 8, o 5HEDNA sl s %8
Lagssbos ol 7o s S50 Slagl 5 ol T 005 o
o= dm Ol e S GbLe 5 o5 Olgxr sl )5iS o
5ol e O e o ot i 508 s sla e
ol ol 5 5 s Gl el i S
) Aol VL cbale (sl T sl e 4 g g5
e 3,8 e 5l bl ) s (158 i sl S s
Sos 2 Sl Slame A 4 Aol e Ol e
Ll ile il gla Sy 0 eSS .nj_fda EPWEY
oS DS (sSne el 5 gl 2k SU) L2
Llsh Lol slie Gl gl s3loand 5 slinil ( slard

VA .
] WS )lS a“

33) ol Ol o plié gladul b glaal b 45) YU

gl 351 ke g sl b 5L (S ol 3

VWAY (licas) oY ojlact (Jol Sl Josns Cudilags cusigo dlas ¢ VVF


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

e p P9 T daane ) il 98 Sla  glils s (Z-Fe'/Ag) 0 85/ s (AT-Cual 83 S3B Y )y gelS 930 (SLa ST 9 (oo 3 9 Fibew

ol U glacbile s gl s 4y Ol S
CE Vi++)Jis UV-Visible s e 55 sl 512,50
S 5 J s (slos PH las 512 A3 3Lzl (CECIL
S 5 (HACH-HQUSA)Jus e pH 31 3 5 & Opon

A szl L Sl

BB Y s 5920l 93l SLd (5 399 (w2 9 i
(Z-fe0/Ag)o yiis / yiu0 (Y T-adgs)

5 sk N\ =YMM SIS gl asdlas ol s
ol sl 4 e e sl el e B g5l
VHCI 5 celn Y Cus as osle ol e g5 5 Jlas C}M
hie CT L ads Jlad S 85 s ki3 S 55 4k st Y
S sy ge ol L5 dis Sz YA T glas s g pind
53l sl ol i e b oo e skl
Oy ey b slCC Y Lods i g5 5 D?\ N
Lo bslse NpslS s ol ¥ 0l e (gl 0 5¥ 50
0) o (V1)) sl e Ul 5 J 61 S 5 ) slin
/Y NaBH J gl 51 0OV e v clg 5s a5 555 (L
L as wlal sl o (OYMI/min) - gl e Jad &y g0 4 ;Y 50
S5 o s JedS b she Al 4 B Y Ll
Sk el ol S5 RS 0 JelS5l e 3k o
e Ol Ol Lol i 1355 o sl o)
b G55 omls sl il (2S5 ) Walee s esls iz
m:.u;da olas

H*¢+ +BO FeYO- ,+H"*+BH'FeY o)

ST CmjselS S i jslee g A e o
ol s Ll s, 5l Z-FETIAQ)s & / oo pal-cd 55
G dgdome SO LS cpl gl eslinud Fe g5, »AQ
NS0 wl, O 5 03503 45 1 53 (LY +/1) AgNO3 |
e S o LS ko pal 03 SU L e ol il 55
Sz WV gles paadsVrob al)y oS )

VIV & WAY Gl ¥ o jladi (J gl Jlow Joase Cadilags orudige dlao

s Skl Dl GLAPH 50554 B0 0350 53 0l i
e bty adlllas 3,50 3L Sl s i s
s OLLSn 5l Tas e 2alS s a1 a5l
ol 5 by Sl ST 5l 1,8 Bl e
ol 45 s ged edaliie 5 antly y 20 LY Ll Lo
S S 3 and St 5 508Y 55l 51 A58
Jeol PHEVAS 5 el Y 0l s Oleily oy yigs S s
Sl S R p ST Sl e b aalllas pl s s
L amlie 53 4 0 e (23,5 Y ol Lo e o 555
Pl 6 M (b5 68 e 1/80) L 5
5 ol sheslial 3y Sldlas j3 0dd S5 3505 olul
5l Bl Ol Gl s 4 S 4,8 0
ke oo 4 clie OOl 53 (6555008 Cuol sl
SUL et Aol o5 pi asdllae opl 51 Gda ) slats ol
L3 PH 36 s o i /o ol dBIS —(55B Y 03
Al B oS p sl Cllie glaclale 5 O3l 5 e
oSl Salunsa 5 St p o5l 2 Lilg 5 Sl

Al e g Bl 5 s

o9, 9 Slge

AT e 53 5 S Do 4 asllas
S5 ahms Ll sl 518 G 0T 3 5 el
e 3 gp 0 jio Al (g0 Y o3 5L L el kel
Nt PP

oS 3,90 Jalwy 9 Slgo
Sl a ke aalllan ol 53 el 03, LS 4 sls
Lodp 3o e oI 55 (FESOLTHA0) 4] Vi) g 5 5
J#LI (AGNO;g)e &5 ol 2o «(NaF) LI, 5ké e (NaBHy)
S g el 5 (HC) G0 IS d ol (CoHSOH)
S )l ol s sl 3,5 3l4e 415 (NBOH)


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Olylsan g (5,31 s

S A o Ol o 5 Jshome 53 A5k eils
Ll e b 5T ladal,
R(%) = (@) % 100
Co @
C,-C.v (¢)
Qm(mgig) = o=
m
JJL&J}A_A_}‘Q_E.L&%JSA_gce)COL?Q|Q_A‘)J

o3 S bl lg b s 0 el S0l 5 A2 1SS

]

33lygld s g Joslyabs oyuass

Y o3 pdome 53 iyl dlr (55 Jkme PH T e
Ao Jlos PH 0o (5l A (e OF agy JlMie 5
b s A o3lizal [N e /) NaOH 5 Y50 +/) HCI 5
Olay 5 PH (pend (sl i3 5 s e PH 5 oles 0o
3l SV Ol 5 oML eas VT sl Bl Sl g
o (g3l sl 1 s Wl el 5 s eslinud
03 gdme 3 5 LA Jime S oles ) 4t Ll 3
L s S b da foarpm 5 Yo (Yoo (Vo 00
g oo Al el Sl Lo glac L o
Olay PH Sleslewl Ly aslsl 55 .03 S e b O5en
slac bl (8L 55 L8l g O—at 3o 5 bl
53 il il glass 5 A BT esgdoe 5o Ll 5k sl
S S s e o 02 p S VLY gl
23 o slacsiia 5o Sanl Gladde 5 das dd s
alllas [y e 4 Gl 3 5 A S e g bl 3
il Al Jloe (les 5551 b il Saliysse 3
S Sl a3 Y0 5 Y0 slales 5o 5w Ll S s

Sy o, B esls 13 (mixing Flash) rpm Yev ;o L S
2yt Sl 3l
YAgNO. + YFe' - YAQ + Fe(NOy) ™)
3ol ol e Sl edd A5 e Sl s
o303 gined a5Sliss o 3Ly e ahsy 4 Aol
3 o5 Sms Sl A sed (3l S Sl 25 e
3 IS il w555 e T A eslizal 035 5
e sy G S Sy Sen s 4 Z-FETAQ o310
YoA) Jue Il g xS o ySns oo s (Hitachi:S 4160)
S e slate 4 g 3 A o) (PHILIPS, EM
oS Sl 5 D30 skt el 5 oSGl andl 3
( Quantachrome, NOVAY+++) Jue o SOl an il 3
A3 S eslan

Asllbs slyal yigy
)JL_A dj—bb‘ ‘J—Ql.x_:ﬂb‘)‘.)ut;ﬁ‘ (io"'F-) ‘}il_}) d.al.b.d
S0 /0 /N0 sla Z3, 5l e 3 S a5 (NEF)
O gl S s a2 o S e ¥
s 4o Ll glackale s eslal (Standard Curve)
dj_bjzﬂjﬁjf%_w‘a@_wé .la_w):jSPANDScJJ_’u
53 asdlas 358 la il L Ls St OAY NM Slaz s
C)_?ujb.aj_g.l_:bjl.éA_:Jj\C,_Eu«jJPuLgl.ob‘g_g'bb.-
S dde ol o LSS LY S 4 aleT A sl
aiw 50U L>s ;> (Onefactor at the time) Ol s ,4SL
DL ‘ﬂ\)tﬁﬁﬁtgﬂ)j)jh““&})w|)b A €k>u‘
A sy bl mm b a0 bl Jol e S
ML o b glap bl 15 s Gilesl s 8 s 0T L
&_:AQJJAJS)Q% c(:j_?jj.;\ C,_;L@JJJJ.\_JH;L;‘O'
Sl gl bl s 8 allles g bl 5 00 Sl )

VWAY (licas) oY ojlacd (Jol Sl Josss Cudilags crusigo dlas ¢ VIA


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

i3 393 T e 31l 916 Sia ) gl e (Z-Fe/Ag) 5 / s AT-Caal g3 538 Y ) gwals 30 SLa S g (oruy 9 ibes

33 s a5 o A and St Sl asdllas gl 5o
St SYslae A oala ol u.l_>- Aol B =R sy

2550 5 Ol iy Jolss (owos 0 et 5 GRS L e
)bdw)ﬂ b\)}ﬂ 6u%~dld)-4jbt&a .MJL;O)‘J.; ana

RGO P 45‘)‘ \ d).\;-

D32 Suolizdg0 3

C(AH) syt I T gl el )b e

33 (BG®) S 5131 (g5, 5 (BS) 51kl 5 5T
53 Al e St Sl o Al Salis s S e
odd esla il Y J)J~_>- ))SJ_A J)(}a B 6‘;: é}‘b axlze

]

3> 39 5
5okt d o3le Ol o abal ) 0SS a0 5 g0
O3l e b eSOl Sl 4 b es s O3l Ol
5 eSOy slre =55l 5l sl aslae ys b e
A eslanal el Jolas I ) skt @JJJJJA
(Ren) 55 5 VS il 5o o
T el ) = Ol (65,51 L sl ol el
o ey DL s p S sl s S e Ol | S3lr
Al e O3 ) el Gl s e F IS 8

0 dsa)

OTL Jag e (sla eyl 5 St 5 0 55l sladide ot Vslaas) o

s S sl o
1 = 1 1 Omax v-*" C*-:-Ul’ JSU‘"
q e q max K L Ce q max . N .
Qe 3br o edkd o esle o > (MO/Q)
RL=KLCO+1/1

Ce: w56 sl bl (mgll)
Co: b5k 45l hals (mg/l)

RU: 2 5a80Y o slls 56

@A log q, = log K , + i—log C.

Ky N2 s 53 sls ot

St s i toles 5o il o 53 0dls Cldr 55 Sl
= In( 9. — g,) = In g, - kit (my/g)
T: ol (Min)
Kii cs o coli(U/min)
33 a3 ad t _ 1 1 i Ko &s o 2ol (9 (Mg min))
a. k.a.” a.

VNG @ AYAY (licas) Y o lacd J gl Sl Josae Cudiligs cudige dlae


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Olylsan g (5,31 s

OTL Lo e gla el )b 5 ol g 5 o < ¥sbes i o

Ja b dgp b el
Sealys g0 5 (LIg) 55 — ~2Ke:
K. = ge (Mg/g) Jsles Il s i ol 5l lasges

(Mg/L) sl s Jsls claiCe:

AG = —RT (InKc)

(IMol. K)AM £35Sl cotbiR:
(KImol ™) S 5151 (55,1 AG:
(°K)J sl slosT:

AG

(kImol™ )5 lusteusl _JWTAH:

AH®°-TAS?®

o IUT o ot osls ilas Z-FEYIAQ o pulS
U sy e (S s i e o sk
S35 odd 0l o, & /i oral (6515 53 Sy jpelS
oS sl S5 s s (=L>.L3\ Vo 5 YekeV s o] g
035 ATIM 03101 S5 0l je 3l 45 555 e stali
Sps Al e sy e s S B s )
B s ala 53 kSl 5 les s S 4 s oAl 5o

(K A 13) Wilass §

Ssbhgld s A pH

53 ZFEIAG o Al 5ls S i by pH G
ij\' BIRVIRPREA R pfdl.,,o sl chle YA o3 sdes
ol o o sl (il Y K s osle 1) s
S B AT IPH (55 L S 55k e edalie [SE oyl
VY s TS e ol Al LS 5 ol
ol Al e RS VWY IVV/E Sl p S s e S
b oSS el BB slie i 5 (S
Oledly L pHEY 1o ol 53 el 035 ¥ 54 (slapH
e Slisbesl asalsl gl 4 PH Ol s 4 Aoy VI/E
REREEEY

aisL
S3b s ey

alllae 3,50 L3l (5l (XRD) WSSl anil 3l (oSl
23 CU Ko bS5 eslaal L YB=0-Ve® o 5l5 03 5ds o
ol ool ol el ol () Y K 55 YOO sles
OLE as 3 YE 5V slilss 53 el slom!l ey 5JUT
52 Sy sz Al e (G ln 28 ) 5 ) o
ool lacy 50,8 s sdas QLIS a5 )5 YV/A a4 4l5
o Al sas sdias OLES B6/5 © 5 55/6 °45/5 ° Ll s
FIUT ol I 3l e s O3l ol s 2 b
3 P abgo Lo /o al 8 Y 350 08 e il
el ol ol S 55 S0 2

Z- k53 CuyseelS 5L o3Il kb (O S s
(TEM) JLizl Sy s S s S alwy 4 FEY/AQ
S sy i e edalin el ol s ad adlas 44 KeV s
Wsile Ao dis ol glls ss 1Sis b5t
BERCE PN RUH WP U PR e 23 5 oS e
doas e LS 1 e gl Yem Ve ole (glos s JUT oyl
AUTa by sl s 50 () 5 (D)) IS
$b s @55 ¢l CEM) iy 5o o sSs Se

VWAY (licas) oY o lacd (J gl Sl Josas Cuudlagn cosigo alas ¢ VY


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115]

@ Pe il dawane ) s 918 Sia  glils s (Z-Fe'/Ag) 0 83/ s aT-cual 935 53 Y Cutjspels 9L LS Gag oy 9 Fibe

4000 Zeo

3500 4
Fe0
3000 4
2500 4
- 2000 1 Ag
1500

Intensity (a.u.)

1000 4 Fel)

195.8kV X60.08Kk ‘Shanm

c

s A S s Son s (55 ) (TEMD) JUisl i80S S 5t (2) «OXKRD) Sl antl 28T (5 S0 () A Yt

S Sl e aman (O) S 53 Al o R
b L, aids Ve Sl e g0l 53wl Ao olis
Sl ys A0) el ails (65l Jlaas Sl s 5 0
ol gl 3 dsls Ol Ol s an ag3s W Ol 5y ol
O Gl il stmy Sliulesl 5 ol aly4hs

3 S el

WYY@ ATAY lias) Y olad (J gl Sl dasns Cadilags eusige alae

(SEM) i3,

3abgld D3a i geled Ylo)
bl i Olse 2 s lad Olo 3 (Y Ll s
JEARST p_f\vlv\_ia e PH 3 el i O3 Lau g
a0 nlhske 2 03 e S L 0 sl C B 5 il
Oles LRl L ol Ol oS 31 DL el s a4y il
Soley il L aS a8 w0 S e iy il 53l olas
TAYIA & jho 3 odor Olgee 4@ 32VY e Ol B sl 6 gy,


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115]

Oylsan g 5,30 s

74 0.4
0.39
72
0.38
70 0.37
8 0362 -
0.35 3 Eo
: 4 E
S 66 0347
64 0.33
—— iy 0.32
| =m s 031
60 0.3
2 3 4 5 6 7 8 9 10
pH
<4

3l s e S Ve Ol s ) s S e 0 e s sl Sl 53 0ley 3 (0) 5 PH ST ¥ s

0 sl Sl gl s a3 YO sles 5 (ulad Olej
GRS W2 S Y (1) S U S PR A POV E R rﬁ;}“’
VA YOl slie a5l b das e OLES S IS0
Sl Al e SR Y Sl Sl Ol 2 ps e S
2 d Olily o i Z-FETAG (3l 53 Syl 5L
Vsl s Js el cty 3l 1) 0 808 il
33 Olse 4 O3l Hlida oyl LJ::JﬂrJf/\g;Jé.LbLgéwﬁ

s Ol TAVY Ll b as

84
2
-_—1 82
2 80 -
78
50
100 200
(rpm)Cies s

100 -+ 05
0 - 0.45
80 - 0.4
70 - 0.35
60 - 0.3 ,% _
—~ J =
S 50 025'4‘ E
i p—— R i3
40 ‘.—_.__.____. 0.2
30 Ly - 0.15
[
20 A —— 01
10 4 =B LGk e | 005
0 . . . r r 0
0 20 40 60, 80 100 120
(43:29)
<
Ve A 9o

U S U PN ESS W AN ECt B I g
Ol S paie m sl 4 Z-Fe’IAg RS PRGN PWALY
ol e g a3y 55 pas b ey 00 5l 05es 93
ol 48 L OF 5l sds Ao ys AY/Y W AY/A Sl Ol
Yoo mpm s Slas il Sl Sl 30 Oleily 2l 55
A ol SilesT aslsl gl
03ub Hitiun o3l Ay wlblé

5% 0,8 Y-8 es e 3 3l il glaclale 3G

PH) g bl o s 5 Gl sl s 2

300

400

Z-FEIAY 53555 s peolS 5L Loy 1yl ol s b Ol e 36 ey 1V Yol

AFAY Gleusy ¥ oyladd (J gl Jlou dosas Cadilugs cudigo dlas ¢ VYY


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

@ Pe il dawane ) s 918 Sia  glils s (Z-Fe'/Ag) 0 83/ s aT-cual 935 53 Y Cutjspels 9L LS Gag oy 9 Fibe

100 - - 18

90 - i’ % _{ - 16

80 P /i’ L 14

70 - =
1.2

60 - =X
- 1 .ﬁ*

50 - :
L 08 .

2 4

30 - 06

20 - - 04

10 - - 0.2

0 — 0

0 2 4 6 8 10 12 14 16
(gr/1)=ds o) s

- =

el Q/g() i Syl

1|

100 - - 08
90 1 m | o7
&) -

n’ E" L 0.6
70 =
- =
60 # [}.5,-5\

i) 4 -,

350 - Pl 0.4

5 s 4

5 ;
40 - - L 037
2 [ 4
- 0.2
20
10 | B4
0 ; . ' . " . ' 0

2 3 4 5 6 7 8 9 10
(mg/l)a sl CBlS e s,

- i = mpphs

<

¥ PH 5 i3 e 0l s sl Gl Ol () et VT (L) ot il sl il 30 s ol

S 059 34l
53 Al il b sl e anl 4 b e
el ol ol Gl 1l ot 1Y s
el VA O S5 o b STyl S 50
Sl s B b Sl 50 S S seSOY

ASL e VAT mg/g L Ll Jae

53 Al Sl T sl slap sl sla mll slie ¥ Jgaa

el
(Sl g
Syl Jko
Yoy YaA fro7

255N
\/vet /40y gm(mg/g)
V/QA AR'A KL(L/mg)
+/44 /441 R?
Es
Y8V VY w
! ! (mg/g(L/mg)*"
AV \/AA n
/A +/AA4 R?

VYF 6 ATAY lias) Y olad (J gl Sl Jasns Cadilags eusige alae

Salygld Caliko sl wuddde i3l

So R il slachile Sl ) st
5 3 S e Yo e pdmme 0N pl Cdir ds
U adlas «odlr e 5 eled Oloy pH ang Ll 2
Lo los 3 Ol i b5 G assl gy bele
el a0l Ealad ()8 S 53 (Lo gends 453 YO)
¥l adyl sl s 48 sl Ol mh;#w@u
AAO 5l Gl a5l el oo SRl 1) 55 0 S e 4
2,5l g JLalS VA 4
sbold da Ay sl

Bl 5o sl Sl b cdloss glales i
2 S 8 andlas 5,5 LB O MO/l Sl 5 el age
sder a3l les (1L oS sl 0L sl s @ ol
Ol aS sk 4 il e S s e s b
IVVE 4 AVAG s 5w ol assl 0% 4 Yo Sl s
o s o S B tmes b e RS
Al e Sals mg/ge/ie o +/VMO/Y


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Olylsan g (5,31 s

Calien Slat e 5 gy a3 s s e St slo el o Jgaa

St Jls A
S a4 93 43 ad ge.exp N
gecal(mg/g) K, (min R qecal(mg/g)  k,(g/mg)(min' R (mg/l)
ARy vy A\ ¥/8) A AT /Y s
V/AY VAL EYA AYY /Y ATY V/AA 0
¥/4A /*YA AVY VY/AY AV /AAL At y
aYat% JATY AQE Y84 /O] +/440 VA/AY q
o L8 5o sk S (Sealus e 5 sla eyl slie D J9 3
Temperature(°K) Inkc AGO(kJ/mol) AHO(kJ/mol) AS’(kJ/mol .K)
YaA A Yay £Y/Y) oAy
Ty _v/0 V4V
A _uVY VIAVY
Ty VA Y/A04

i sl 5 il oo b Glaellr 4 fuate
35 e odalie (CNY S8 w0 a5 b 5,10 50 o5
Sl b f 4 Ll Sl Ol Bl 5 Sl oS
ol o3 S Lol & 5 Y SlapH L3 TVVY 5 VY /8 slee
Soad b ¥ IpH Ll b s el bl
S P T B ) RPN W BN SN E P
5 St Lo PH s (HY) 0555 5 Shalsdl 55
e Ll S o 0 e O3l e 4 O G LS
O e O
a3l S sl o Ll 55 e i DL 5 O3
Ly ol 0Ll 5 e ssln 53 ol e Sl Sl
L5 Lol e sk e pH s Ll cas e a3l
53 sk &5 4 48 (OH) S5 0 LS slao
SLd gLl 5 il sl 4 Jlail U1 55 5 e e
O e Dl e sk O w3 e Ll 1 O 4 e
G s Tl aal 2alS Gl bkl 5 e
Gl Ol oy i (YorV) Ok 5 G.Karthikeyan
gl eble gl VA Ol 4 ¥ Jslae pH s Al b
Loy aS glasdlbe js o V_ah..x_j: sdalin 0 Mg/L

S0l s Sl il (S b bl sl
ol onls Lislas & Jsd 53 Z-FEUIAG (5l ss o pulS
Cod b a S sl ol Koo OVslas s e
NPT AN p—ﬁ;‘«‘ 0 chale 5 (Qoa) Sliels ol
VAV L ol s 5 e 5 ol am s St sladls 6 5
23 Qep) 225 wdr Sud b S J- 53 00 AYY MO/
AL e VAA MO/g Sl aallas

D32 Suolizdg0 3

Lo ably by olie Slo 0 o)l dodr
Z-FEIAG 55— Alisl Cdsr (Sl (Salusge
b e ple S dpda el 3l s
AT olie 5 cute 55 8 AGY AH%;u,ubg
A ol e A 1,

z -

S Aal b eiS IS gla bl e 5 S PH
L;LGLQ e);joJJ.in)Lg )JJ,:.:J'G Jl};i‘b.b‘j;@ 45.1.&[.:@

VAY (licas) oY ojlach (Jol Sl Josns Cudilags orusigo dlae ¢ \YF


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

i3 393 T e 31l 916 Sia ) gl e (Z-Fe/Ag) 5 / s AT-Caal g3 538 Y ) gwals 30 SLa S g (oruy 9 ibes

SSaiar 3L 03 pen 553 3l DL ekt el gla e
S ol gl s e O 5 Sl ]yl oder Olell o
RCIPESI KNS PRV CO{ N TP, I S ESI TSI
Z- Y sl SU e Ol is B s S
glsil a8 313 OLas (AT s s w5 ol s FeYAg
S b LS s Ol e (555 b glaolKlr G
o=l el o3 m/g /7Y 4 1/00 31l 5k (Qua) <l
OL VL Y 53l Ol il L as el Ji= s
Y elS U e 55 p sk ol 1T S0l
o s OLSal Udlaze 5 a8l 2ul5 31 Z-FEYIAQ (g 13
s 53 35 e Jld Sladl ol o 15l gl 505
3l Rl sl s el cnl s e sl 8 3l
o3 3l SBle palie Rl Ble s Ll ol
C‘F‘ S = Amlysls Ol aallas js Olais ol .l
Deaed 5 Al Bl ansl a5 s S IS s
5 ORIl e il e (RIS 0T e B
T Gl sl adlas s L aS il e 2alS
Gl s ol o 0 0 dl o UL 5 (e
glaclals 5o (Y L el Jlad S 5 5 ealanal b Ll 50
Ol il LS Ws S 518 5 asls , gIL VY 500 o\
pbal atysa 5 4l Gl ol o b s Okl O3l
sl cale My s e el s B S 4 55
Sl sl s S U e sla bl s 5l eV
03 Al sla O adl clale Ol ks ) AL e
Ol etV CBle (251 L oS 550 asiia (Q)F IS0
534S Gk S dal g EalS s 8 o ods
¥l clle il b el sdalie LGS0 IS
S b g el s ar S Lo s Vel Ol mg/l 4w
03 s ol Bl il mglg /YA w /Y s
SLad s Ol Siall ol n s Odlr b GlaslKlr sliws
53l Ol Sials ol e conl S 500
Lo dolyshs G L B, s Yo Jle s oS (glanllas
ol L 25 e edaline 5 A planil edd Sl WL

\YO @ WYAY licue oY o yladi (J gl Jlow Joane Cadilags orudige dlao

ol sk as Yool e s 0K s MLS. Onyango
5 B Y e JT L els SSlol S 85 Al 4 kS
Ll gdul glapH 45 s S sdaline s ol I

Y SN JEN I R WP ERUEN WP SR U P
05— (YoV+) Alagumuthu,G 5 (Y++1) Wajima, T
Sl GlapH aS Wdv) e pl @ alde ol o)
FE R It U PN FRNF S VNP SN S PG
ad3s \Ye e o Sleyesl 5o Ll Ol ol aslllae
2 OLE Jeol el (OF i) 8 15 ey 550
035 51355 Vb o 3l aiBs Ve s ol i
el aiib e Sl Jl s oS s L OT 51 s
2 S sl Jled Gladlr sz p e o0l Joo!
O R o R
DAL o Sl s 5 el Ll G b 5 0L
S5l o edd byl e piomen 50 e ol Ol
Aay slaoley 53 bl ol assl oS das e 0L ()Y
Ol cdl= ol a5 anl Il WS lie L aids el
o=l il ZFIAG Gl ci b s elS sias
53 aids T el anlas Ol Al s Jale 0bey bl
Slaallas 53 (Yoo V) 01,LSen s Wel Ma s a S L
Ll sk bl (gl edd eobliae 135S 51 eslanad O sel
Oles 53 S Lyl o dul 3 s s S 518 o
alllan ol 3 ol il b oS iy oo dslas 4 ad3s s

ONYango L 5 ok alosl (sla ey 53 o2l Iy -
bwg s i 5 ol @ 0w 0Ly Samatya
5 azslica AP, L&, ZrO* L ead 2ol o 55
JB osls sl aadlas LS s s 555 ) 5 Y
Few 3l sl LS Sl el cpl 5 5l glala>de
o 3l eslial s an S ol T
S ZFEIAG 3L Y CualS 5Lkl 3 55Ul Ol se
cble Zals L, asl e wlhse adyl chle s ol
Sl e Ll IS ge 555 il 0T 4l

¢

T g doal ot Gl s Ol any Oy 5 00 oS


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

Olylsan g (5,31 s

ol cmaloddioals QLS £ Jodar 5o LI5St
S S Jde 93 O S5 8 oS s o OLAS S
VAYY L pl s Jol ez 4k Je Sl mdy Sl p s o
2 Oeca) i cd b Slsles ol (rizman AL s
A8y Mg/ sl a3 a0 S WYY mg/g)p; a5 Joe
my/g) Slislesl 5l ol Clor b b b s 2t (oo
g M Il 53 OS5 (e ol 42ls (Gopg=V/AA
54l Il gl T Jave s ol oVT ol Gl )
Ot S 5 i L 0l VT Gl ] 3 48 i g eitalie
S sl el S e s Y A St 314 /AAA
0313 DL 0 Jgdar 5> Soaluzge 5 3550 3 aal s @
5 @H)s kel JLsT slie ol ol ool o
I8kl s 5l Ol 5 oo (BG®) S 5T (g5 5
33T 6551 5 ST Ol e 0350 Cte .ol e (AS®)
3 SLS s Gl aul g as US e 0l S
A Ol D e ppiman il o (9255 w355 8
Los iulsodl b 28T ooty S2alS 51 S (AS®)s Ik
o > Karthikeyan; Tao Zhang dsle jSliise * .ol
S s S Bl 5 il glailr s, L1k
i Oledly Las (a3l Ly s e oSS ol b

ox 50Y

thg;‘ L;;Atg

i ke 40, 5 Lao Al Sld Bb Sl adlas cpl s

A eslial Al sl Cd s (60501 5 el LS 3l
SIS (PHZ3) (sl PH 53 L3l ol o5 5l LS il
L edallin fpoman 35l Ll e G0l 53 (65 b
Lo Rl Oledly Dlde olas Olej 5 3l Jlale 2l 581
Al e 2alS Oleasly Hliiie sdo VT 4l clale il il
Sladde b oo 5w 5l b (nl St 5 05l Slalllas
Sald a5 g 5 4281s ol p 3 a3 e 5 50N
5 Sen sl AL ol 48 ol OF sias OLES Ll

Sl Sabesl ol S faere 03 el 03 (93503 55 b

L aS Conl ol 2alS [l (350> b Oletily stV Ol e
i labes U T ls Sl s adllas ) gl
Mg/l 0 = bale 5ol aseg Ll 5 s L ol 8
S b sl el des (I L aS sl Ol 4l
Olodsily (gdeo ;3 VW 2alS ol ol o a8 3 s Ol
S35 oAVl ol ol as e 0L Lo (5151 L s
0352 (S 3) Son 55kl Z-FETAQ (556 ¥ o puelS 5L
Ll Gl asllas js 55 Zhao 5 Viswanathan .ol
A 1 Al ol 0 Sl S il sl s

LASEY L .
Ju‘ onM

Slre a5l Ga = edad plasil Gla o)
aS ls QL Al Gl s @I b s SV sl
258N s ) (Ko o sl o odr 1
g o 0dalin ¥ Jsdr 55 45 5 3b Olas LS o Consd
3 S (RP>4/AA) mdis b e (sl (Koo o 0
(R?>+/381) 3 Y Juse (gl OF sdial s 4y Slide
i Jlob sLael Kl w55 65 S o Oy Jobe o) Ak o
s ol w50 Y S s B e
2 el el S, en Do kil Slal g o
U T EU R TR PR
=l pslie a8 Jls s s Lol-1/40Ymglg L il
S50 = Ambsk ol Ol Nagendra asdllas 5ol
ol l o (3155014 MGG & 535 4| il
e Do Bl Golosd 53 ol i O3l oS 550 e
JLw ysNagendra aslas ;5 ooi esli ol M;L:N LS|
Viswanathan * .ol o35 Jls, 55 0 (s 2 2 31V
slaails leslaal b ulysls Gl vy 5 55 50 O
Sler 2 A5l Sl b b ST el w5 Ol S
UL aslie 345 (s S 5,15 V6T mMylg 5SS e
wils 55 oyl b b FEUAG (36 Y s palS
S0 = S5 6uwﬂ)ﬂ)>j_«;)_<«> Oliizs Vol
Y leomslS bedd o o sis 5 0 aS i ploils
355 Al Sl b e L oSV el 8 0

AN

Sl byl Sl edsl s an palds L0 63,8 b jae

VWAY (licas) oY ojlact (Jol Sl Jossns Cufilags cusigo dlae ¢ \YF


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

e p P9 T daane ) il 98 Sla  glils s (Z-Fe'/Ag) 0 85/ s (AT-Cual 83 S3B Y )y gelS 930 (SLa ST 9 (oo 3 9 Fibew

G Y 0,36 sl eslanal L O 5l s ol 25 i

s edd sz (FEYAQ Bimetal) o & 5 i :al
S ol e s ) dlw e85
Ol Slays il Slas 5 (Slip e de o2l
$U Gosld anw g oy ol 5 Ciy) laoee oS5

10.

11.

12.

13.

\Y ¢

Tor A. Remova of fluoride from water using anion-
exchange membrane under Donnan dialysis condition. J.
Hazard. Mater. 2007;141(3):814-821.

Li Y-H, Wang S, Zhang X, Wei J, Xu C, Luan Z, €t d.
Adsorption of fluoride from water by digned carbon
nanotubes. Mater. Res. Bullet. 2003;38(3):469-476.

Jamhour RM. New inorganic ion-exchange material for the
selective removal of fluoride from potable water using ion-
selective electrode. Am. J. Environ. Sci. 2005;1(1):1-9.

Fan X, Parker D, Smith M. Adsorption kinetics of fluoride
on low cost materials. Water Res. 2003;37 (20):4929-4937.

WHO. Guidelinesfor Drinking-water Quality: Incorporating
first addendum. World Health organization USA 2006.

Tor A, Danaoglu N, Ardan G, Cengeloglu Y. Removal of
fluoride from water by using granular red mud: batch and
column studies. J. Hazard. Mater. 2009;164(1):271-278.

Yao R, Meng F, Zhang L, Ma D, Wang M. Defluoridation
of water using neodymium-modified chitosan. J. Hazard.
Mater. 2009;165(1):454-460.

TSamadi M, Shahamat Y. Servey Impact of Activated
Aluminain Fluoride Concentration Peresent in Water and
Appointment Adsorption Isotherm and Kinetics. Iran. J.
Health. Environ. 2009;2(3) : 54-60.

Ayoob S, Gupta A, Bhakat P, Bhat VT. Investigations on
the kinetics and mechanisms of sorptive remova of
fluoride from water using alumina cement granules. Chem.
Eng. J. 2008;140(1):6-14.

Viswanathan N, Sairam Sundaram C, Meenakshi S.

Development of multifunctional chitosan beads for
fluoride removal. J. Hazard. Mater. 2009;167(1):325-331.

Zuo Q, Chen X, Li W, Chen G. Combined
electrocoagulation and electroflotation for removal of
fluoride from drinking water. J. Hazard. Mater.
2008;159(2):452-457.

Shen F, Chen X, Gao P, Chen G. Electrochemica removal
of fluoride ions from industrial wastewater. Chem. Eng.
Sci. 2003;58(3):987-993.

Veressinina Y, Trapido M, Ahelik V, Munter R, editors.
Fluoride in drinking water: the problem and its possible

solutions. Proceedings of the Estonian Academy of
Sciences, Chemistry. 2001; 8(3): 87-93

\PAY luey ¥ o ladd (J gl Jlw Jouns cuddilags oruaiigo dlas

o0 L Bl s 3 pl o (GLll) 2Ll

6})ﬂouaijuw]jojﬁ L;))JCJUSwl;-

A sy Ll Gl s CJ

L,Slé)éj 9 U3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

&l

Kumar E, Bhatnagar A, J M, Jung W, Lee S-H, Kim S-J,
et a. Defluoridation from agueous solutions by granular
ferric hydroxide (GFH). Water Res. 2009;43(2):490-498.

Nigussie W, Zewge F, Chandravanshi B. Remova of
excess fluoride from water using waste residue from alum
manufacturing process. J. Hazard. Mater. 2007; 147(3) :
954-963.

Yadav AK, Kaushik C, Haritash AK, Kansal A, Rani N.
Defluoridation of groundwater using brick powder as an
adsorbent. J. Hazard. Mater. 2006;128(2):289-293.

Das N, Pattanaik P, Das R. Defluoridation of drinking
water using activated titanium rich bauxite. J. Colloid. .
Interfac.Sci. 2005;292(1):1-10.

Menhage-Bena R, Kazemian H, Ghazi-Khansari M,
Hosseini M, Shahtaheri S. Evaluation of some natura
zeolites and their relevant synthetic types as sorbents for
remova of arsenic from drinking water. Iran. J. Pub.
Health. 2004;33(1): 27-31.

Peri¢ J, Trgo M, Vukojevi¢ Medvidovi¢ N. Removal of
zinc, copper and lead by natural zeolite—a comparison of
adsorption isotherms. Water Res. 2004;38(7):1893-18909.

Ali AAH, El-Bishtawi R. Removal of lead and nickel ions
using zeolite tuff. J Chem. Technol. Biotechnol.
1997,69(1):27-34.

Booker N, Cooney E, Priestley A. Ammonia removal from
sewage using natural Australian zeolite. Water Sci.
Technol. 1996;34(9):17-24.

Panayotova M. Kinetics and thermodynamics of copper
ions removal from wastewater by use of zeolite. Waste
Manage. 2001;21(7):671-6.

Onyango MS, Kojima Y, Aoyi O, Bernardo EC, Matsuda
H. Adsorption equilibrium modeling and solution
chemistry dependence of fluoride removal from water by
trivalent-cation-exchanged zeolite F-9. J. Colloid. Interface
Sci. 2004;279(2):341-350.

Zhuang Y, Ahn S, Seyfferth AL, Masue-Slowey Y,
Fendorf S, Luthy RG. Dehalogenation of polybrominated
diphenyl ethers and polychlorinated biphenyl by
bimetallic, impregnated, and nanoscale zerovalent iron.
Environ. Sci. Technol. 2011;45(11):4896-4903.


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Olylsan g (5,31 s

Luo S, Yang S, Sun C, Gu J-D. Improved debromination
of polybrominated diphenyl ethers by bimetallic iron-
silver nanoparticles coupled with microwave energy. Sci.
Total Environ. 2012;429:300-308.

Hosseini S, Kholghi M, Ashtiani B, Bagheri M. Labratoaty
investigation of nitrate reduction in water using FE/CU
nano particles. J. Water Soil. 2011. ;4 (11):48-53.[In
Persian]

Rahmani A, Nouri J, Kama Ghadiri S, Mahvi A, ZareM
R. Adsorption of fluoride from water by Al3+ and Fe3+
pretreated natura Iranian zeolites. Int. J. Environ. Res.
2010;4(4):607-614.

Mahvi A, Rahmani A, Rahmani K, Rahmani H.
Adsorption of fluoride from water by activated zeolite with
lanthanum(La3). J. North Khorasan Uni. Med. Sci. 2011,
3(4): 63-70. [In Persian]

Sun Y, Fang Q, Dong J, Cheng X, Xu J. Remova of
fluoride from drinking water by natura stilbite zeolite
modified with Fe (I11). Desalination 2011;277(1):121-127.

Guan H, Bestland E, Zhu C, Zhu H, Albertsdottir D,
Hutson J, et a. Variation in performance of surfactant
loading and resulting nitrate removal among four selected
natura zeolites. J. Hazard. Mater. 2010;183(1):616-621.

Zhu H, Ja Y, Wu X, Wang H. Remova of arsenic from
water by supported nano zero-valent iron on activated
carbon. J. Hazard. Mater. 2009;172(2):1591-1596.

Luo S, Yang S, Wang X, Sun C. Reductive degradation of
tetrabromobisphenol A over iron-silver bimetallic
nanoparticles under ultrasound radiation. Chemosphere
2010;79(6):672-678.

AmericanPublicHeathAssociation. Standard Methods for
the Examination of Water and Wastewater. washington
DC2005. p. 21 ed.

Naser. NN. Rapid removal and recovery of Pb (I1) from
wastewater by magnetic nanoadsorbents. J. Hazard. Mater.
2010:184(1):538-546.

Gutierrez MO, GarciasRosdles G.  Synthesis,
characterization and adsorptive properties of carbon with
iron nanoparticles and iron carbide for the remova of
As(V) from water. J. Environ. Manage. 2013:114(0):1-7.

Karthikeyan G, llango SS. Fluoride sorption using
Morringa Indica-based activated carbon. Iran. J. Enviorn.
Health. Sci. Eng. 2007;4:21-28.

Onyango MS, Kojima'Y, Kumar A, Kuchar D, Kubota M,
Matsuda H. Uptake of fluoride by AI3+ pretreated
low-silica synthetic zeolites: adsorption equilibrium and
rate studies. Sep. Sci. Technol. 2006;41(4):683-704.

Wagjima T, Umeta Y, Narita S, Sugawara K. Adsorption

behavior of fluoride ions using a titanium hydroxide-
derived adsorbent. Desalination 2009;249(1):323-330.

Alagumuthu G, Rajan M. Equilibrium and kinetics of
adsorption of fluoride onto zirconium impregnated cashew

40.

41.

42.

43.

45,

46.

47.

48.

49.

50.

51.

52.

53.

nut shell carbon. Chem. Eng. J. 2010;158(3):451-457.

Ma W, Ya F-Q, Han M, Wang R. Characteristics of
equilibrium, kinetics studies for adsorption of fluoride on
magnetic-chitosan  particle. J.  Hazard.  Mater.
2007;143(1):296-302.

Onyango MS, Leswifi TY, Ochieng A, Kuchar D, Otieno
FO, Matsuda H. Breakthrough anaysis for water
defluoridation using surface-tailored zeolite in a fixed bed
column. Ind. Eng. Chem. Res. 2008;48(2):931-937.

Samatya S, Yiksd U, Yiksel M, Kabay N. Removal of
fluoride from water by metal ions (Al3+, La3+ and ZrO2+)
loaded natural zeolite. Sep. Sci. Technol. 2007;42(9):2033-
2047.

Teker M, Imamoglu s. Adsorption of copper and cadmium
ion by activated carbon from rice hulls. Turk J Chem.
1999:(23): 185-191.

. Singh K, Lataye DH, Wasewar KL, Yoo CK. Removal of

fluoride from aqueous solution: status and techniques.
Desalin. Water Treat. 2013;51(16-18):3233-3247.

Tan YQ CM, Hao YM. High efficient removal of Pb (1)
by amino-functionalized Fe304 magnetic nano-particles.
Chem. Eng. J. 2012:191: 4-11.

Jorfi S, Etal. Fluoride Removal from Water By Adsorption
using Bagasse,Modified Bagasse and Chitosan. Iran. J.
Health. Environ. 2011;4(1):11-19.[In Persian]

Viswanathan N, Sundaram CS, Meenakshi S. Removal of
fluoride from agueous solution using protonated chitosan
beads. J. Hazard. Mater. 2009;161(1):423-430.

Zhao X, Wang J, Wu F, Wang T, Cal Y, Shi Y, et a.
Removal of fluoride from agueous media by
Fe304@AI(OH)3 magnetic nanoparticles. J. Hazard.
Mater. 2010;173(1):102-109.

Alzaydien AS. Adsorption of methylene blue from
agueous solution onto a low-cost natural Jordanian Tripoli.
Am. J. Environ. Sci. 2009:(5)197-208.

Rao CN, Karthikeyan J. Remova of fluoride from water
by adsorption onto lanthanum oxide. Water AirSoil Pollut.
2012;223(3):1101-1114.

Kakavandi B, Jonidi A, Rezagl R, Nasseri S, Ameri A,
Esrafily A. Synthesis and properties of Fe304-activated
carbon magnetic nanoparticles for removal of aniline from
aqueous solution: equilibrium, kinetic and thermodynamic
studies. Iran. J. Environ. Health. Sci. Eng. 2013;10(1):19-
24,

Zhang T, Li Q, Liu Y, Duan Y, Zhang W. Equilibrium and
kinetics studies of fluoride ions adsorption on
CeO2/AI203 composites pretreated with non-thermal
plasma. Chem. Eng. J. 2011;168(2):665-671.

Karthikeyan M, Satheeshkumar K, Elango K. Removal of
fluoride ions from agueous solution by conducting
polypyrrole. J. Hazard. Mater. 2009;167(1):300-305.

\PAY liuey ¥ oylacd (J gl Jlow dosne Caddilags cuaigo dlas ¢ YA


http://dx.doi.org/10.18869/acadpub.jehe.1.2.115
https://jehe.abzums.ac.ir/article-1-35-en.html

[ Downloaded from jehe.abzums.ac.ir on 2025-08-01 ]

[ DOI: 10.18869/acadpub.jehe.1.2.115 ]

e p P9 T daane ) il 98 Sla  glils s (Z-Fe'/Ag) 0 85/ s (AT-Cual 83 S3B Y )y gelS 930 (SLa ST 9 (oo 3 9 Fibew

Synthesis and Characterize of Zeolite- Zero Valent Iron/ Silver
Nanocomposite (Z-Fe®Ag) for Removal Fluoride in Aqueous
Solutions (Study of Isotherms, Kinetics and Thermodynamics)

Ali Azari!, Roshanak Rezaei K alantary? Amir Hossein M ahvi®,
Simin Naseri*, Ali Esrafili®, Emad Dehghanifard®
1. M Student of Environmental Health Engineering, Center of Water Quality Research, Ingtitute for Environmental Research,
Tehran University of Medical Sciences, Tehran, Iran.
2. Assistant Professor, Department of Environmental Health Engineering, Iran University of Medical Sciences, Tehran, Iran
3. PhD. Department of Environmental Health Engineering, Tehran University of Medical Sciences, Tehran, Iran
4. Professor, Department of Environmental Health Engineering, Tehran University of Medical Sciences, Tehran, Iran
5. PhD, Department of Environmental Health Engineering, Iran University of Medical Sciences, Tehran, Iran
6. PhD, Department of Environmental Health Engineering, Alborz University of Medical Sciences, Karaj, Iran
E-mail: r-rezaei @ums.ac.ir

Received: 26 Aug 2013 ; Accepted: 15 Jan 2014

ABSTRACT

Background: Fluoride is a pollutant that entered to the environment through Glass,
Fertilizer and Semiconductor Material industries and cause problems such as
Alzheimer's and brain injuries. Adsorption with using inexpensive materials like
zeolite is the best options to remove this pollutant. The main problem of absorption
method is its low speed. So the aim of present study is investigated the effect of Fe0/Ag
nanoparticles as catalyst in performance of zeolite for removal of fluoride.

Methods: In this study were used reduction method for converting Fe2+ to Fe0 and
co-precipitation method for coating of FeO on Zeolite. For depositing silver on nano
zero valent iron the rapid mixing along with the high temperature were used.
Absorbent characteristics were analyzed with using SEM, TEM and XRD techniques.
Then effect of pH, contact time, stirring speed, temperature, amount of adsorbent and
Fluoride concentration were evaluated and optimized.

Results: pH=3, 60 min contact time, 200 rpm stirring speed and adsorbent concentration
equal to 10g/]1 were obtained as the optimum conditions for Fluoride removal. Investigating the
isotherms and kinetics relationships showed  that the experimental data correlate to the
Langmuir adsorption isotherm model  (R?>0.991) and pseudo-second order ~ kinetics
(R?>0.933). The reaction thermodynamic study also expressed that process is endothermic and
non-spontaneous

Conclusion: According on the obtained results can be stated This Absorbent has
appropriate efficiency in fluoride removal, But the catalytic properties of zero valent iron and
silver was rejected in relation to removal this contaminants.

Keywords: Fluoride, adsorption, zeolite, bimetallic nanocomposites, nano zero valent iron/
Silver.
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