Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

w5 b asbialigs
JJJU @.\5- g;i";‘}l_“:"‘"ij om‘,};
“ S el 5 05013

Ay Sl Al Slas 5 (S ple NEEHN
N Scusencssemie/, ./ <
N, 22 (VY40 0Ll 5 ,g0) PYY — £FY amio F o,led (35 Jl

Iran South Med J 2016;19(4): 644-661

65 WwodloT 295w diwgs 31 (4l )9S (5 Hlwdingd g T1 5!
Wl yeld Bao 40 T 8 9 5 g Olwogad w8

Sl LS o slew 0T el S ool oSS Lo, Saiy, SN 5T e
" S Bl Aoz & Sl e
Ol ol S oliile S Kby ke olKutils (bl dSHls (Dl 1 3o (e Jol g i 55 0
Ol D1 D1l (K3 ke olKuIs (bl aaSHls ane Silgy 055
1 D1 DI (S psle olKals DL gatils alo (sla tags 55 0
OInl Slaal s sk (K psle oSl (bl oISl (e Ciligy 09 5

O ) ety ghos sl (8351 s3LaBl o g ailaie g pords o S B sl Slods Dlidy el

QA0 1adlas 3 50y —4F/0/V dlas 3L ,3)

e A~

SIS b ol jen esle ol VL slacdile Sl Ll Asl e LOLST a5 dede slosle oS lacdile s Al sl tae
5 g Al adlie opl 5 Sua T led 4 et ¥T al Bl s WS Sy, cda ASbe el 5 uiass Ogmen
il L0 Dl o b 23l g Ol s 4 OIS (Soleding

b Ol Sl s 5 Ad (giluosbel (i o2 s 4 AT ST =05 S pmbliie S350 ol addllae s tla by, 5 300
Sl 3 O3l S Olge 4 edkd eebliin 05528 ST caolsl 3 .48 s FT-IR 5 SEM XRD TEM (sla 56T 51 eslizul
gl Bl il cll eled Ol ile it Sl bl 4 g b A e 53 2l lad w51l 6 sl0
Sels sz (51 a3 ) and 5 Il w3 ad (St Jia 5 KV 5 mdin b pFanl Sdie S ) s 5 )5k
A a3l Sligleil 5l feol

S RE>V/ATY) 95 a5 ad (Stow dibe 5 (RP>0/8AY) oY 5550 Joa 51 dily s Dl 45 51 0L s slaasily
bl PHZ0 5 sl 2l s p 51 il 5ol S a4z 5 00 glos iy Tl pd 55 il il b B STae Lol 03 S
o 035U Sasskl 50l AR e sl 5 (Selusges Gl wop A 05 5 p S ke YYVOP
RO

dlons 51 g 5 03l (g5llder O sz (bl 0352 ol Juds & mablits D153 45 5505 5155 15 0n g gomme 3 16 S o
235 4 OMBL 5 O 5 ety VT Sl (1 de 5 S o OBl S Ol 4 Ll 0 (Bl oo DL

Ol el D1 Ol pl Ky o she &l (ot 0l came Sty pwdige 03,5 Ol
E-mail: a.keramati2014@yahoo.com


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

FYO | 3ot gy ) D13 58 (5lmtingy 5 ) P!

b')&é.& K] ‘_;)Si

Sl Hsilh Gl i ol p3Y LS e eslizd
iy 0xSE () 35, L8 4 Sl of
3 Gx Pl lad o R ol
Sl i, 5 Ol il 5L ks Slis laayl s
Gluss S50 S o) (Supd Sl
A ilwasd 5 slaxl 5 (7)) 0¥ 581 555 S
Ll sl 4 S 513 o550 Ll i (6l
Share 5 SIS s w b, opl S b
Gble 5 axw s J= 53 e, plis 5o 5,08 <l
e R P VRS A D IR R KV PR I oS
Q) Cl gl a5 Jd B ST ol
3 dslie (olaBl fy) S Olse 4 ol
slie Gl gl VU kS b o Wg s s
Sl siS 3 oss 4 ol Sladams S5l sl uily 5l
V) Sl 4B S 3w g 3y arws =
e Al p Sl g Bae iy cpl Cadpe (1)
OF sl @ o sl oo b)) Wl 5ls Gl s
O35S sadils ol aas w5 (V) ol anadly
Sl Gl s bl Gl bl s Olse o
035 WSS el o e J PR
5 SIS e SIS Sl o 5 S
eVl o ged 0SS 5 sl ad
LS, Gl s e 5 0,8 5 b
Ol5sS (VY=VF) ol a3 S 5 eslial 3,5
e G Sy wode GV LUl edle
5 o Slp O s cmle Sl Cwd Ogmen
wlisal oK 55 Vo pel bl ez
5 SN Sk 5 o bt Gl A1
5 ool a4 e [ b &S Clyls [ plars
Ll Gl js OBl Olge el ol 5 eslanad

(\Y) k;sw\ 02)&.’:

PR T

S s s s e sl (Sa5lT )
Sol CdS (o 5 et mlr slaodls
Sl o3l 13 3l cou it a1 3 e
Shelil Ol CdS G 53 e bl
) A3l e )5l ble

a5l er s b a5l s Ll e sk
(SilensS (S W5 sl e Sl
5 S sl Cle mlo (Dl IS
(M) sl o I 1, 6T 5o e 3l et

5 Kl ey b Cbli- clig Ol
2y Al chble e u cilig Sl ol
03,5 perd ) (ajfd\,f NV=VIY 3 5dmes 3
S sl amg 38 eSS ol Ll (F 5T el
s 4 Geldl O Gob 5l sl L uls
oty OT L 5 axils Koo andllas 3 5o addaie ool >
Sl ars ax e s ole 4 ol Ko
318 b ©f s s se Ll Ol 3L YL
Sl s sk clle (0) sl 1 e S ke 10
35 e 30kl A 35S slie 3 gl
= 30 VL slie 5 5 (V) el Ol Siw s
ol yan |y Slal 5 SIS s ol
G G an (ol sl 515 5 YY) Codls dal =
3 4 ol A0l O LaaST L 015 e Ll 4l
dallgaal OAd e WS 5 WS 093
Lo ials dabl, 5 bostb oxs Slysadl
OB 53 ol (D8 O g slao e o A1
LV 5 ) oS ol e ol 5 el
sbasl 5l sl kel il Ol J 4 4 g
s meins ool posas o ool 55 g4l
swind )5S sl gl S Al 4 s

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

N YA t4

O3l 058 blis gl ol wlSl Sl
5 SBls Ol sbel 5 ol SLL A eslid
Gillar sllpe s 5l agsl Sedl ou
Lol ol bl by ablias Ol 28
5 liie plo Jan g 0l plonil Sladllas 4 355
@ oadlas cpl 5l Gas @ § e s )
S =) b e 5 e Jeld a5
L OT (3lutigs sSoo w51 01328 s3luldr
Sl G on s A ST D3 L
e Jaes gl mbl U mnd - s12
Loy 5ot VT clale (il el les 0l PpH
Gl e bl s Bl 5 Ll Ol ) B s
Seludge S 5 St (ol Gledde T

Al el

la figy 5505

3B s Jluy g5l
oyl 3l A5 ke asdllae ol 3 eslizal 5 5 5 s
2S04.6H20) & & Sl s
o5 el w ks (FeS0s.(NHa)
Jstl «(NaF) Wi, (FeCl3.6H,0)
e (HCD o ts aul (CoHsOH)
oIS (C3HgO) sl 5 (NAOH) s an
S o oS0 5 adlas ol 53 eslizal 5,4 3l s
S s 5l SR atey a4 ol
AL g OLg ed 5 Bl et ol 5l
o 5 agly5 ekile U slcbale o sl
CE vfi+) Jue UV-Visible g, xSl
sbs PH bs ol s el (CECIL

Jie 2o PH 1 Cii i @ 0508 s 5 J sl

sy ddlls s OLs 5 (Jagtap) oS-
eon s M Gde s 1 Ol ss oLE
03 L Ol Slie 4 il 5 Lol )3
Jols aids Yoo b Ol s 5 OV Jslee pH
Uy Oilse ol S Lo 0L Wl
L gadsn ol e sl sl Gl s b

00) L35 7 s W Jlab ooy
O3 YOO F Ul s 0lLes 5 (Prabhu) el
Slp I Lol g 03528 o 5elS 5
poaS sl 8 asllle sh e Ll Og A
5 PHEYV s bkl Sl aols bl ulud
al s Lol s S sdalie «ids Yo obey 5l e
3 P Bl KOl w NlS e Dl &S
Sl 51 Ll5L oy Bl Cer LS
S5 a8 6,8 0ken (Y) 3,8 S5 eslizal 5,4
GlaodoVT Gl 3 cnlie o3l g0 0l 28 A2
S oasa s Al ol Gk il
LTSI E LR35 W R E P S LS W I PR E
oo Bl Sl agl Sl e O3
3 S e Kb gla ) 5l Ol 6k
oslital O3l ol (gluldr skte 4 O gl 1l
ol G35 a1 WST Osk iles S
R sladle s das Sl 3 e s, 1) a2
Sy bl Sl asS o) 055 mblian a3
Sl 4l ol sl HShe I s ade
5 6o s 0L 5 s Oldlas s WS
SU s oAl St b U5l G5 4 0llKan
ool Wl ly b e el ol
o (W 518 s esliad Jd op S 4 eabline
B 5 Jees Gl Al andlas 3 glie (pen

$U Sl e dulp Sl e O S gluldr s

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

FYV | 5ot gy ) D13 58 (5lmtingy 5 ) P!

b')&é.& K] ‘_;)Si

bl S Sl ey Frgles s (015S) el
Ao S Sl csle ) Sl

e O3S & eblie ool W5k
3 AN plby ey Ol Dl S L edd
1(18) A eslizal 5 e ulal o O Sen
A1¥ s |, FeClg.6H0 o 8 v/7 dasl s
A dse IOV G esgal o ke O 2 s
Jobes il g T s, FE¥
BH20 51+ Fe™™ 5i a) L Jpe o/YAY
ki O 2J Le 4 o FeS04.(NH4)2S04
bolrs S L 1) B8 sbadses il Wl
) oo Vel S gods Jsle 5 00 50
e oS 5 oden 03,5 LSl s el LS el
S Cod S s Wbl Sl b
s 35d Keap 4w PH 5 Lis Fe¥Fe? ary
SIS Ol B8 1o 0SS
STl phad §) e oS A5 Jole (S5 ol
DS s 8 S sl lsa o ki L o
bes 5o Cele VY Ol 4 e o bl
JERC N LRCI S NI U (PP R
Cedds bl Slyd colg s a4 (Calcined)
G hee N0 SISl eslizal by bl ol
o3Il 5 IS bl e (54505 Al L2
S S ey 4 edd blae Ol sS
Hitachi:S ) Ju'(SEM) a5, 55,0
"TEM) Jlsl gy xS oS Soe 5 (4160
35 b e, (PHILIPS EM Yer) Jus
DI Gl S Sl e ke 4 B e

u)l} sl s >4 e L;LALG Lguojﬁ BEN)

! Scaning Electron Microscopy
% Transmission Electron Microscopy

AL e 5 (HACH-HQ-USA)
LS a:L&.:Ml

ok b liie 015525 s Shs (min 5 48
Froosl se st et ST L S slaana sy 1n
b S B MLNYQJA@MJ?JSL» 4=y
C S 3l 03,551 sy 5 skite 4 i o8
15, DT kit K2 5K iy s
oS glasal b esls g Ve s b S5
s (Younes) s s, b p S azep
53 10A) dd plail 5 Jorle il O1Ses
slos 53 b iV ssw Jgl=e )J}i.;ﬁﬁ.wﬁ: o
S P G W SCTR VTR I WPE SN
3K iy GsSde Ol 0 b Sl e A
PH U e T L 5 a2 530l 35 Jslons
Gilaldr slite 4 aalsl s o esls sizos st
Shedd eslel glaatu g Kn atw gy S Sdae 3l
o b VY SHu IS dal Jgle 55 L3 a1
03,5 S 3l g 23S S8 Cele ) e
S5 s Y5 el W5 Wl G
Gmy e 53 355 e edial el S oS s
My b 4 e paS 5l 2K, Slles
el gl 88 s e 5 Slid oS
et Ogiel | Slabs & a5 < as ol
Slles 51 S SOl S gl gl s 8
S sk ol @l Ad eslitul O geedlauls
Po) Llde sse Jsle 5o L3 s 1 Lol
Fode w3l S Sl amn Ve sles s (Mo
slae gl Gl 3l a5 A sl L1 3 cela
o s B ke T L Jlo g5, »edile S

Sty osle Culg 2 S piaed xs PH

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

g b /FEA

A p SRl e
Sl ol Olpe ( daily oS eSS 55!
oS Ol Fobe ar bes gy O3l Olsee 5 0l 53
s Ml O ol b
Sladllas s eslazad 5 4 SLe Sl o Fdsle
s (Langmuir) oY lae Sonl i
Slp ekl s 48 sl o (Freundlich) =J. 5
5 Ll e Ll d L, gsledd

A S 15 eslax

XA e ran das
el e C._J.bj.e sles sy Olis 55 alsles

g = KCE%
Ol 5 sl Gk 51 p sl ol ot IS
35 e o3l
logg. = log kg + %logfe
poekd Sl sl lRe =Qe 358 Jse b o
chle =Ce (¢ 5 5 S ko) Al 055 1
=Kr 5N G p S ke) ol s 50
I e R e I o I
oo i s ot 5l e o N s KE sl

55,5 o desles Ce Ple s log ge BIEo l.l...a

28N ¢ 5l s
pyd el DL 5 IS8 4 Llg e
Ce 1 Ce
e~ Qb " @°
Sl Sy p el ol s Q% il s
b b Ol Sl oS (oS e S ) o3
T RCHLTN VPR E U PR E R E
wesly ol G55 4 S el (LIMQ) LY

XRD" ol ansl il olKouws Sl edd o
5 (Quantachrome NOVAY:++) U
(FTS-165 BIO-RAD (USA) 'FTIR

A5 S eslax]

adlas gl 1 Sy

LS Dl wgy Jaul 5 e
ol 0Lkl sy PH b e sk«
3 A e S e 0 sl Sl Ll J gl
2R Y B Ll bl 03 58) Ll
il el 51 3 03 8 13 eslinal 5,50 2
Jlo iV sgm 5 Sopsd o el Sl eslizad L pH
S A AN I S AT IR BT T P A
233V e b g G5) p d e s S
Loloses aids £0 Sde w5 a3 S I3 aids
dowy 4 O3 S0 Ol 51 LS
Sbksl chle 5 oedd e ol glyoal
s (6 e g5 5 1Sl o&zs Sl eslizal b sl
3 a0y gy PH (s 51 ey
Y ool chle g s e slackle s
1o ok sl kB P 6 v sla0les 5o A g5
35 50 g oled Oles 5 PH 31 eslial U aalsl
) e 0 53 sl sl skl s
0 LM e glackle 5 (V0 5 AP
B R e - NECIN S S B VI PRE
S3o 2 Oped 33 Bsd Jolp sl 53 28 S

A s Yerpm

® X-ray Diffraction
* Fourier Transformed Infrared Spectrometer

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

FEA ) $Ken sy 5 O 55 G5ty 5 ) el

b')&é.& K] ‘_;)Si

Slp o33 o 4l 5 Ko ad St
SOV dsds s s p e S

] e

DL Ce/qe )\J)AJ. éau; alods E) g_,.:.:v )‘ B ER
.»;dwlmceﬁ\ﬁ

)‘ wmﬂ Ui‘ DL 'M>L;‘ )()5 wkb :)j" ‘J QT

ol adllan 53 3y sl Kt ot dsbes (V Jpis

el b slad s b dos
min) oLy T Mg/t oles s bl 3 s Dl s S e G §
i ‘ In(Qe-0r)=1n0e- s
A/min) cs . ctiky N(d:-G)=1nge e
: t __1 t
(9/ mg. min) cs . ciKs a. k.q.Z2 a. 33 4,y 4

Sl (AG®) S 5151 65,50 5 (AS®) 5,1l
53 OIS 56 sla eyl aploes o A5 s 0
el o d Ao Y J}J}- BE ;{.;.AL«.;.)_}AJ;

Sl Sl g0 5

e sl Ol Salus pe 5 s sk
oSl CAHY) skl Il gl il

5 (AS) slusteal o5 5T (AH®) 5,10kl T sls o)l cpeens ol 6 Sl Sealusgo 5 oy 2 (Y Jgd

ol adlas s (AG®) oS 3151 5551

A W ge b b o
:Ce  (MY/Y) Jsles Sl s i Ol Wl 5l Llaie e (L/Q) @is s Ke a
e c

L5k sl bl (mg/L)

(K®) Jglows gl T S 551 g5 KImol=1):AG /Mol K)yam¥ 8 ke <t R

skt JwT :AHKImol—1)

AG=-RT(In Kc) Sz e

AG= AHO-T AS 0

[ S RCNRE T S P
e R3S IS el OA e Jsb s
e ekl slacdn elul s lulial s
Exell S5l 5 5l eslizal b g shes glaclale sl
oo ol b e g lle 5 Ad
SN s Ol csas g el sy Jol>

a5 LY L bags S o1l el

Rl S Sy,
Lolsh 2 n e Sihe Ve Sl s
<l s (NaF) i a5l 506 8 YY) ol
Sheor s sbackle e s o4y bl
o Sl b Jels Sl Jgle 5L,
slacs, (Standard Curve) oyl 5 o
Sl oo 51 eslinal Ll 51 il
Glol 5l s S a1 e S e Ve
wlx (SPANDS) Wl Gae O3S

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

Cre b /PO

ABL e O3S e o ool ST o3 s
5 OLRS Glp oSSl andl 3y (2) ) S 5o
B A" asly essdoee 53 odd bl 01328
YO sles 53 Cu ko [2b 51 eslizal L Y=Y T
sl Syl sl els OLES 518 Sl 4 s
5348 03 O3S ar b e YWY wsly o3 e
o3 S wsly 5o Sy ppl e eblie g5
FYNN 5 YO/Y Llgs s odd sby) Ky 358 e
PDF JCPDS it [S55, olal 4y
L ool aesSt ol e~ card No. 19-0629
oLz JGT pl 10 S o ao b 01558 Sl s
Sy 5l gelcubae ssb 4 4SS e
ks o llis OGRS Say ;5 S AILS]
oy B KS 5 elil () -V S 5 el
O35S S5 2 ok sdasplis FE30y (5
55 (TEM) JUst 5 S o Ky Sen abons 4
i edalin sl cpl 53 s addles Voo KeV
Lo oble ghls el sl ol b oS
s otleS e s 45 e (Polygon) Lo
OsaS Jtls sla i 5wl 53 ol o o
SIGT cpl s s o3l o SKle s g as S 13
s an S L aly 2egl V=00 ol (glessdes
O3 Sl gu oS Aol 5 S sS Il pl S
Cdr Ol Rl 4 SLL SWs Llg e
oy S fSEs b sske ol Wl Ll
SIGT Sl andlas 5,50 bl Sl s el S|
J':JL}T okas olLis Y L}_{,:. A esliad FTIR

Sl o bl 0325 61 FTIR
53 el slwl Sy 4 by e e slaes S
33 Aot S 4 FromFeor CM —) 63

syam Lde p dader el el cllJ Y dsi

ol A oL s S
((pHzpc) pH-point of zero charge)
LIS dshows 5l i L aats PH s 5l «
Olse (Vs +/0000) G5 Sl e
Sk AS Al 5 35 Slad sl 515 5 S
Yoo Lldde S eslaal pH B Gl Y )
Voo 0P o e Sl Jiee 5 2 e
WY &5 50 pPH cpline polie bog 2] s
Sl Sl e S 0 Bk s e S GLS
Lol 5l cele YF C2dS 5 e Al alsl
PH Yoo rpm ol 5o b Sl 55 2 d sl
A (Sl las glos s lad e ol
3 AS S 2le PH Jlie 55 Jl pH slis
b o abl Olge 4 o g3l U abks
AV ) w58 sl

sl

Sl sl Sy

WU 4 by slas (@) - s s
slr CGEM) iy, G0l oS S
V0KeV s S wawy 1ol gl pal Ol 58
s 51 s 80k cl sl esls QLIS
Jods sl es e O3l e ol et
Sl Llge ol nl & A3l e slab=dle LG
e G 5 ams e VT L 1, O3l s
SV S s sl anils e Obekil, il
odd peblias OS54 ()
o e O3l (S 3 el dalie LG
gy JBcbe il Gl b L

Ol (@) =\ UK 55 Bl s ke O3 ol

http://bpums.ac.ir


http://www.sid.ir

POV /| Ken it gy 5 013558 55ty 5 ) il O, Ken 5 (5,5

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

(CM'1577 B 0 J\Pr_l‘ k&:—:) Sl 0l j':"""" g_)Jl:— )L’.’}L..» L JAT

-
SEM HV: 15.0 kV WD: 4,93 mm (ENERN MIRA3 TESCAN|

View field: 1.38 ym Det: InBeam SE 200 nm
SEM MAG: 150 kx  Date(m/dly): 01/15/15 RMRC

()

SEM HV: 15,0 kV
View field: 2.77 ym Det: InBeam SE 500 nm
SEM MAG: 75.0 kx  Date(m/dly): 01/15/15

Intensity/a.u.

2 Theta/degree
()

andl G2 (g ok peblite O3 28 e 555850 iales (0 D KBV 3 Kooty 5l et sl 03 8 (512 SEM 36T (Ll (0 s
G5 ol b IS 5 o3l (55 Y00 les 53 CU KA Ll 51 eslisal L YO=1 2" 8wl o3 sudome 55 sl bl 015525 5 03525 (85 SOl
N KeV s (TEM) st s Sl s s San aloy 5 015 525 (555 2 el oilis FE304

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

C g b /P0Y

%Transmittance

2000 1000

Wavenumbers (cm-1)

ebliie 013528 51 FTIR 0T (v 15

o wbl};u Q‘}‘,.Z:S 6‘,_» Fro—Foen Cm’\ 03 9dee 5 ok b\aq‘ 6\.&&:.3: 4 Lx}a dl.ﬂlﬁ ‘5\.&5}; (\ J}JP,

SiS AL —onS iS5 AL LIS Ll (CM-1) wlats,
; s :S J.JL: (Y .l:l; w’ws 2
SpSlmgal Sl S oSl . PRPSEWERI
OGSt = (S O3asdp =S ] ol
O35 — &5l
ovy VoYY 1£Y4- TV Yavq TV MCS

a3 PH Sldlae sl 55 cplpby el osey
OSde IS bl ppemes A3 S L O
LoLlsls Olee Rl L oS 3 5es el Ol o0
Slrs Gds dons s el ol crils &5 ol
S G 4 Sl ki glabsYe LB tals
Rt 5 SBLE (p geS s Bl Okl 0p 2t
03 b edalie cBlE VL L ol 2B
0/08 5 (PHZPC) i L abeis PH 50> axlllas

(-7 K2 Aol Cewday

ool sl 5 i gy il 5 PH s

0dd b liie Ol 28 5
2N LY i s PH U - K8 s
S 5,8 WS by LR ol Ol
(orsemdo 42253 Y0) lame (glos 53 0l wblins
sdalin IS5 55 S €S 0kea .ol sl e3ls QLS
ol sl GLEWY @ Y SIPH L s sl
Loy Ll Ol olul, Slas csb ials
O ol pH s end blas denS o S O3 sS

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

POV | 380t gy 51 013 55 (5lmtingy 5 ) P!

OSen 5 5,31

14

12

10

38

b

I6

o

4

2

0

123 456 7 8 910111213

pH 4
(&)

(%) 94

%
%
S5
GO00%
IR
AR
T

N
Yo

%

biosorption

9%
XX X
SIS
URSS858
WK

Y

()

(PHZPC) i L abais PH (O) 5(Jams glos aids £+ Ol d 52 p ST il ke ) w5k G do s 555 PH (D (¢ s

Ll Sl gl p il gy Sl
j;r;'_“ eb}M)bubb-%wmﬁ@b
gy lulpd Cod s Ol Al s
C,'.«I\ ol obb QL:J O J_(.;, )J(ddl.qj QLA) 39 pH)
CLLe 5L i e sdalie K5 53 &S boles
ﬂzuﬂb%jgjz:lﬁr;&lﬁah o ¥ slackle
dals (Ol clale Sl boaalsl js g5 ool o
2 oelale -v—i‘”}'ﬁ Olelily s 6;c<-> ol 58l

100
" =
80 A .
9 P a— :
e P
— 60 v
g o A
[=] /¥ -
£ 404 /4 = 2 mglL
& / + 4 mglL
20 J 4 68 mg/L
) + 8 mg/L
0+ ;/ + 10 mg/L
T T T T T T T .
5 0 0.5 1.0 1.5 2.0
Adsorbent dose (g/L)

@ﬂlﬂpH),g\_)}lédbw)éﬁgilzwﬁi(op
(laes (glos 5423210 ulad Obe

iy o g mled 0L

PH L3 1) wlysh Cldor ag Oley st il oF IS
P T e I S e R
106 wles Oley Sl 3l b odal sty il
Lay O 5l dey s 4Bl bl Ol Ol 4ids
bl ale Lol g S 4 Ol um
483> N0 Oley B yusly po8 Ol Sl &5 o4k
@ o s W8k SRl Ao, AV w de Sl Ol
Ol oplply el slile 3L b oy Doy
Sl 5 38 s dale Oley Ulsie 4 423310 el
A ad S La s Cul Cde e Slallas

100 - 1
1
1
80
1
= 1
s 801 1 —_—
= ! .
: | -
3 404 1 &
= 1
I i 2
20 : —4—10 PPM
1
1
0 —— . T T
0 10 20 30 40 50 60

Time (min)

e Y ol Bl 0l PH) sk Gl s Olay I (F IS
(.k:auéb:)f:lﬂ

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

C g b /PO

e SN AAY D5 85 s b o Al oS
Gl ol S b Sl 500 S (5o 0 seSSY

el o3 g0 8 50 S AYVAY Ll Joke

Lol ol slap sl sl bl palis (F s

o dl 5 50 4k e

(ug_,lf) "%
p5an e
Yoy YaA
SN
YYNOS YV/AV (S /e S 0m
VoY A (¢ S/ DKL
+/44) +/AAY Ssed g
el
Y/FEV VY/AY Ke
Ve VYR n
+AYY /AN N h

Sl il (S gla bl slie 8 Jsdr
ok osly bl sl pebliae O3 sS law g Al 5k
J@l}é:\acuwc)\hww)ﬁ@u.w\
e St Sl edd ag DS g Ll Sl
Slwbee Sl S b 5 sl 0 S (o, 50 a2
bl logle 1) e S Jee ke s (Qecal)
S o3y oS e S ke ONAL L St dube
adles > (QEEXP) o5 ol b i o

il g S5 ket (05 2 0 S e YVPO) 2l

slabs o Wl il gbchle Cde sl
0l Ol i ke bl G
ﬁpkafﬂh 50 gbckle 5ol ang bl 2
Gzt gl bl 285 15 anlllas 5 5e 2
Ol Obeily des il L aS s S sdalive ool
Sosb 4 el aBly (Rl glalade LB IS
ol S Sl amys 00 4 YO 3 Ly ulnl LS
VRN INCN IV gy i GCR S R R PR

100%-

Removal %

0 JLU“O){\){DH)uLil)‘,lé;_é.ﬁ\;-w)aﬁLa;jil(fJii
Sl p 5

abl e Ll 5 5 2 e S ke 2Bl s a5

JJ;JG OML::J onT &;wvﬁ‘b. C_:_t; wb‘j&:n«l‘ ol

iz gl 5 ang Byl s Wl S (St sla el (O J g

S Ja
EERE ST S s ad

R? k, ge,cal - Ky ge,cal s VT ke

b)) (s pusoe) (k) R )
/AT B4 VI/E VY 0 /Ty /YN Y
+/AYY A4 VE/YY LARIA +/+ Y4 VitV \V/AA ¥
+/AAY EAA 14/4Y V/AYY +/2VA VY/AA Y\/20 4
+/440 QVAVA YA/f4 +/AQY AR Y#/PV Y4/AV A

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

FOO | Kn e g3 5 015558 (55Nt 5 ) il

b')&é.& K] ‘_;)Si

55.'& AGo 6‘)” e.l.AT Cwd 4 ﬁJLia 9 e 92

NUKY Sl

Rl e Selys g0 5
sbably o bape ol S0 dsis
OsS soo 2 Lkl Sl (Salos e s
Jj.,\;- U"JL‘”‘ 2 .,L\LL;@ W L;...:]ah:u 41.:..«5};]5

o Jal 3 5o s Clar (Salisge s glaalsly polie (P Jgu

‘,é,}fﬂ ‘_%JL:'J u*:.g $55 _
Inkc (15 Sl a3) Lo
(psS Jsr 1d058) (U /d5skS) (g /d55545)
—v/YaV AN YO
EATARN Atd Y
YEY £Y/YN
—\/AVY [Vid Yo
=Y/AOA VN A\

G5 0ler 33,8 i eeblisn O35S e
53 PHZPC 5 o sdalin o -7 K5 5 oS
05l skl Gz 0108 ol ol aalllas
(sebliie O35S e HL (S Ol e
03 s Al e Cude Oyse 4 PHZPC<O/OF s
T e e PHzpc>/05 ,slas
53 g PH &S gabse pl 4 g b )8 e
ol s ol skl Cewsay 0 pln ol andlas
@ Ol o Sl i L ket PH G eSSl
OsasS Dilr mhae s LBl el o
Db 0oy ke ol e DL Gl eblise
O b Osp ey addles 350 OBl b
il s Ol RIS e LU

Al el Solal xS
il Ol BBla= 5 Sl 0 s el
Lo o o0 p S e ¥ ke ol
VY 50 sbpH s as s 0V 5 AY dslee Sl
sdalice o 55 S, boles ol ol Jol>
ol 0Lkl 0 4 Y I pH il Lo gl e

Sy L,d VB0 PH I wdls il

o
cldr e bbb 5l S ke pH
Db s end sl L e il e cilse slal
2 ds Lol & feate il 05,8 5 oYl
AL el Sl el 5 Oil Ceo s
el Sladams omn ks SLPH 5o 518 e
Loy asl alssl (Htslaos) bogs,y sl
D I 1C o TR PR
R I N e D T I
B I R
sbis i opae Slea b glab
Wi Oslr mhav 4 gie L (OHY) as50s
3 ksl oy ps Lol in L cpl 5 el
52 O0Y) s e e Dy el A s
Sl a8 PHZPC psbse min Sos ln sl
R E P e VNPT R RSV K L gk LR e Jolse
Al s el Jsleee PH L (6515 e LI
5SS pHzZpe I pH &8 LK bl ol
odd os ol bl 015528 b L AL
Jboest pHzpe 51 58,5 pH s Sl

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

s b /508

(oorblian oS 5 S OGS 3 e 655 2
S e e ameal B4 Ol alb
Co 23S b sdalie (6, 8Kda i iy
Sas sy e 4 olilesl gl 5 YL Sl
IS g VR PPN PG (PSP P L P
Lk iy heg HSde Lol Ol
B T S U B A
4533 N0 e 0ley cplply 17ty e gl
il 5 ol dul Bl ane ebed Ol Ol @
R A P PN PH P

Fr8S amlys (V) OLes 5 bl 5t
035 i b Ml A3 Y s )5l e
S Loy o b aids £ 0l U e
X PR U | R CD BCH e PR P
Sheslizal b idss b o (Y+)+) (Meenakshi)
Clind K5 0435S 23 5 OBAS CulselS S3lr
3> Yo 3 Ol Oliee 45 Ldewy amgS ol &
Loaids v Ol B e 5 ath) YU o 0
QA S NCHW PE S S IRT TR

5o eV Gty ol ke Bl L
S 550 0 edalie 0 S bl b e )58l
S s oS Y A Sl Ol chle il
blie OS5 p 3T 5 Jlb GlaelSlr
SLlg o OF Jis 4 5wl i3l eas
sl 0l 3L 5z ge Jled Gl w0 15k
A Slee il Obekily sl s s e @
oS ahy aby Ol il L Wy ool il o3
odey gLl S 4 O3 &S Gl b eas
03 s edalie jSAe SO 55 &S sb0kes
» pf Voolae 53 (e e slackle el

g;.w‘ ol yl} k_ﬁJs} deJub g_,"’):"‘:""’ c)l_a_.!

wPH o5 L oaelsl 5o Jy ol slile 3L b
Oleily Lo s Zals dald (LB es i
A e3ls b 5 5t OF s 4 wles s Gl
oL 5 (Karthikeyan) ols,lS gdss s
PH s Wi Gl obuly i (Yerv)
0 adyl chle Gl dwys A Olgs a4 O Jslas
(V) A edalin 1) 50 S Lo
(Natrayasamy) _olubl 5G Lu g oS glasdlas ;s
Lohsh ol Olge o (Y00 A) Oes
e b ot ool S 51 S 0I5 2SS eslind
dales PH o305 53 Gl Ol 23 S ol
Olekily p VL 5 S8 5 15 axlllas 5545 0-4
Q) Wl s & el PH s G

0> (Yorv) ol 5 (Wei Ma) b g5 s s
sl peoblie O35S O3l L oaS w4l Gl
PH s Wi, Gl oleily o iy il ol
(Y)) A edalie O Jslas

cde YN Jle s 0l 5 (Jagtap) oS-
Y sl G el L1l
3 Kals A e 250 RS p edd edilnS
S e G kD Cdr s sl s
Wl oodew 3ol S PH & sdas [ sba
Sheol PH 53wl 5l Gl Oledsly a5 sl s
S W sbpH L oeclie s (pH=4)
YY) el

b o3 el Glasn s L ode il
o LS 3 ey s Al YO L U
ol el el LB Y ISE s sal s
435 V0 3 oder VU e sdias Ol IS
SaS Loy b Odor gy g 5 005 2l

Jb slaollr pldl Js w0 ulg 5o 5 ) i

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

POV | 385t din gy ) 013 55 (5lmtingy 5 ) P!

b')&é.& K] ‘_;)Si

Slog cdr il 0SS ZHAV)
(Y0) L3 5a5 Al 1y 518

SVsle il slasile LS amlis Cn
Sl szl Olse Cod SVslas pl & 35 5
e osle s p il Lk bl Sl
05 s e 0L 1) O3l esle g Jsloee e
Star 5 Gl Ol Al G
Sl e s55e @5 5 eSOV lae sl
SLos dr &l X e el 23S
dde 5l edd wblas O3S s » Ll
IERRTPINIEA SN PRE A WP ROW PR O
5 RP>1800) 23 Je sy Soas oy
SV e o3 RPSVAAY) KN Je sl
4 S 58N Je s (San g D2y
Je 5l o gl oSl ol SOLES 5 it
oS Ol 5 5SS Jibs ol 035 (G5 eSSV
ooz Gl Y SO 5 cH 5SS w5
Ol das e Ol Cnl eblas Ol S CE.A
A7) Loz gy o Ren oy g0 2 L1516 sla0r s
Sl g 5 35 (Y0) OLKes 5 _elull 56
Sl O35S S5, cbaals 5 esliad L b
VP 258N e los 2 1y s il s b
WS b anglie 5o S A S SIS 05 5 S ke
wdls (g foml o S b el blise alS 5 S
(Y9) o

adlas L YOV e Jle s 0Ls s(Thakre) oSG
O35S G5 5 okd o il 0 p3leY 3l (555 »
Ve s S b S
b Jde AT (Sian a5 505 e S ke
s Sl (TV) tizdls ly5L ol 0Ly sl

A ool s p oo s 0

Slp il g CBlE Olge 4 Jlie ol pl ol
5 el BU a5 s S bl g Jol
ol chle Gl boss (YeA) O
LeS Gosb 4 il Rl Ll b S Oledl
A5 p SN0 /0 Sl Ol clle Al
doys A Ls 4 doys Al Gl Olel
Q) Aewy

Loas mlys Yeod o 5o 5o ohlKes 5 oS
N O LIS BANEICVA RS NI A A
e LS Sl I A AVAA 4 N4
00) 505 3l sl axlllas

Sl s e s e sl S S
otV clale 50l L ast e et N1 sl clale
Llsl Sl Aoy Jy al Ll odr e b
Ak e Gl sds wblas Ol S Ol bu g
GLasllr 3ltas 0355 5 3doms ooy ol ol e
Ll slads bl bl s c]a.‘ S g Jed
) Lilr ol Lamee 3 57 50

mablie D358 o B S el S5 03
AN G P W FE PN BT { RCH Y S P P
S s el S e Ve Y
eSSk YVA VYT 515 e (gl LG
el 4Bl il e S

slabes 53 Ll 4ls Gl Ol sdas 0L £ IS
by Uil b IS ol bl il e ilsie
Olekly bl ol w2l ods ol
Lol 03y ;S S sdias Ol Ly il b ods
O S O3 sl s bl 0n
AL e 0 bliie

LYaVo Jdle s oKes 5 (Liva Q) 48 14

AANLE S Lo 5 ol 4 O3S S 0 G

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

c g b /FON

SLAS>0 s AH > 0 jslis el e Jol>
Sz Rl e 3 Sl psbse
JJS\) 6L’°> &“J_a\ ERELET ngu; O.Lj:}:».w u.hl}
(¥ 5 YA) Sl 03 g ol s Lol l531 L

Sl slis 5ol Gt mls & ol S5 LG
b b Sl ol mlS A 55T
S Al o w o el s 5 AGE
AFY 5TV Wil o pmblis 013528 a5 Ll 5l
dlo 55 WLl 5 CS bug o Sldlas s
38 plowl ol POl O35S ahs 4 & Ye0d
skl o 5T Ol 5 (AH®) 5 liskeal I Ol 5
Jol e (AG®) S 5l31 (6551 5 e (AS®)
Lol b O3p @2 5 Sl kS Ol S S
00) w3l o T Gladamme 51 415

& S 4omi
4 odd oblae dnS o S 015 S 51 andllae cpl 5o
53 ML 5 s 53 g DIl 3l Ol
las sl ol CL:.. Al eslanal Wl Ll
Sl oL (PH=0) saul pH 55 Ol
L ows S edalie cpoomen 4l L5l Gds s
(i35 10 B) oled Oloy 5 ool Lldie Liul3l
Os oadsl cBle L asl il ol
5 e anl SlWlae ol wily SEalS DLl 4yl 5l
23SV Gladie b ) ol 5 S
o o el adly s 93 43 4
Sl S 48 aalie Gl Sabisye s
el o3y (g5 5 LSl S S Sl )50
=S s LS aalllae ol Sl sdel oz

E) )i.:a Al g )" I 4 C‘fﬁoﬂ\ ub):.:_s u?

b Y o Loeds w5 Ol sS
55l Sl b e 1 oY
(YA 5Y8) Klos S b xe

Fabl il syl sl 5 S Slallas
Gy 3 b e bl ~1 b s e
0L 2 iy sld O Clale ot (S
sdns 0L O Jsdr 5,8 o 13 eslinad 54
s St gl el gl odal sty 3lis
polie sdas LIS S Jd (YY) .,L..QLL;« ol
Slp o o EYA 5 2 AYY e S5 s
ol azmps ad 5 pon ar e 4l (S sladue
St S o el bl bl ol Al e
sl a:ﬁ%@p;«zﬁw

olie opd e edalie e s &S bokes
5 dsl amps e Jae s (@ €al) Cdr s b
VAAY 5 08 5 o S ke VYAA G5 4 s
Sl (Jps cpl sl 0ds SIS 0 8 5 S e
S S VAP S asdlae ol s 8 €XP S
23 Slle Gl G b e 4 5 Sl 03 0 S
3 Shes 2l St (S35 psd s 4t e
oL NT pl Gl 0 M Jle s 0K
S Ldse sdalie 5 atly p Jlad Sleo T v s
SAM O S5y b oedVT Gl il B
(A) LS o S ¥ a s St

Glp oodel s slis eds Ol S Jsde
2l Sl addlas (Sslysse o sle bl
Ol 5 (AH®) sylukal i sl cpl el
PY/YY 5 4 s e (AS®) sjlkal s 5l
w3/ Jpe p daSdS YPY 5 Jse p dlsAS
xl s (AG®) S NH Sl Gl 035 slS
e JulshS SVEN L ol 5 e andlas

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

PO/ 8o din gy ) D13 58 (5lmtingy 5 ) P!

Q'J&m& K] ‘5)31

ssbe 4 S e cpl ) e OBk 5 dlwson s
Aol o Glay8 Bl e rl;,u'\ 35 Sdslan
el sk 4 5 Goseer Sl U sl

Al Jor 0 Kl 03 (glags ISan

Bl sl
Oy OBl yp by ol sl &8 o

ol 0D

References:

Al e oalanst Sl3 Bl L oedd ablias
5 LS 4 eeblie ool W oMea
Sl Ol 5w (55 e 4 5L LS e

Aas als Ol gslulie

S g ol
e Bl Cpas Sliis b ent i
bl 4 Oy Sl millg clbas 5 Koy
Ao VWAY/Y/Y & 50 AP =$A-YDHVYE 53 5

1.Namavar S, Nasseri S, Mahvi AH, et al.
Fluoride removal from water by reverse
osmosis membrane. Water Wastewater 2013;
24(3): 137-42. (Persian)

2.Prabhu SM, Meenakshi S. Synthesis of metal
ion loaded silica gel/chitosan biocomposite
and its fluoride uptake studies from water. J
Water Proc Eng 2014; 3: 144-50.

3.Kalantary R, Jorfi S, Esrafili A, et al
Comparison the efficiency of alum and
commercial poly aluminum chloride for
fluoride removal from water. Iran Occu Health
J 2010; 6(4): 55-61. (Persian)

4.Mohseni-Bandpi A, Kakavandi B, Rezaei
Kalantary R, et al. Development of a novel
magnetite-chitosan composite for the removal
of fluoride from drinking water: adsorption
modeling and optimization. RSC Advances
2015; 5(89): 73279-89.

5.Shahriari T, Azizi M, Sharifzadeh GR, et al.
Evaluation of fluorine concentration in
drinking-water sources in South Khorasan
(2008-2009). J Birjand Univ Med Sci 2010;
17(1): 33-41. (Persian)

6.Dobaradaran S, Ranjbar Vakil Abadi D, Mahvi
H, et al. The Effect of Fluoride Drinking
Water Content and Elevation above Sea on
Child Dental Caries in Borazjan Villages. Iran
South Med J 2010; 13(2): 102-7. (Persian)

7.Mahvi A RA, Rahmani K, Rahmani H.
Adsorption of fluoride from water by activated
zeolite with  lanthanum(La3). J North

Khorasan University Med Sci 2011; 3: 63-70.
(Persian)

8.Samadi MT, Nourozi R, Azizan S, et al.
Servey impact of activated alumina in fluoride
concentration  peresent in  water and
appointment adsorption isotherm and kinetics.
Iran J Health Environ 2009; 2(3): 224-31.

9.Viswanathan N, Meenakshi S. Enhanced
fluoride sorption using La(lll) incorporated
carboxylated chitosan beads. J Coll Interface
Sci 2008; 322(2): 375-83.

10.Jorfi S, Rezaei Kalantary R, Mohseni Bandpi
A, et al. Fluoride removal from water by
adsorption using bagasse, modified bagasse
and chitosan. Iran J Health Environ 2011; 4(1):
35-48.

11.Viswanathan N, Sundaram CS, Meenakshi S.
Sorption behaviour of fluoride on carboxylated
cross-linked chitosan beads. Colloids Surfaces
B Biointerfaces 2009; 68(1): 48-54.

12.Wang J, Chen C. Chitosan-based biosorbents:
Modification and application for biosorption of
heavy metals and radionuclides. Bioresource
Technol 2014; 160: 129-41.

13.Mi FL, Wu SJ, Lin FM. Adsorption of
copper (II) ions by a chitosan—oxalate
complex biosorbent. Int J Bio Macromol
2015; 72: 136-44.

14Wu FC, Tseng RL, Juang RS. Enhanced
abilities of highly swollen chitosan beads for
color removal and tyrosinase immobilization. J
Hazardous Mat 2001; 81(1-2): 167-77.

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

VY40 oLl 5 ,ge /f o sladd /o235 5 Il

o e

15.Jagtap S, Thakre D, Wanjari S, et al. New
modified  chitosan-based adsorbent  for
defluoridation of water. J Colloid Interface Sci
2009; 332(2): 280-90.

16.Kakavandi B, Kalantary RR, Esrafily A, et al.
Isotherm, Kinetic and Thermodynamic of
Reactive Blue 5 (RB5) Dye Adsorption Using
Fe304 Nanoparticles and Activated Carbon
Magnetic Composite. J Color Sci Technol
2013; 7: 237-48. (Persian)

17.Azari A, Gholami M, Torkshavand Z, et al.
Evaluation of Basic Violet 16 Adsorption from
Aqueous Solution by Magnetic Zero Valent
Iron-activated Carbon Nanocomposite using
Response Surface Method: Isotherm and
Kinetic Studies. J Mazandaran Univ Med Sci
2015; 25(121): 333-47. (Persian)

18.Younes I, Rinaudo M. Chitin and Chitosan
Preparation from Marine Sources. Structure,
Properties and Applications. Marine Drug
2015; 13(3): 1133-74.

19.Rezaei Kalantry R, Jonidi Jafari A, Esrafili
A, et al. Optimization and evaluation of
reactive dye adsorption on magnetic composite
of activated carbon and iron oxide.
Desalination Water Treat 2015; 57(14): 1-12.

20.Karthikeyan G, Ilango SS. Fluoride sorption
using Morringa Indica-based activated carbon.
Iran J Enviorn Health Sci Eng 2007; 4(1): 21-8.

21.Ma W, Ya FQ, Han M, et al. Characteristics
of equilibrium, kinetics studies for adsorption
of fluoride on magnetic-chitosan particle. J
Hazardous Materials 2007; 143(1-2): 296-302.

22 Jagtap S, Yenkie MK, Das S, et al. Synthesis
and characterization of lanthanum impregnated
chitosan flakes for fluoride removal in water.
Desalination 2011; 273(2-3): 267-75.

23.Salahi AMA, Asjedi F. The study of kinetics
and thermodynamics remove fluoride ions
from aqueous solutions using nanostructured
HA. Ceramic Sci Eng 2014; 3: 21-34.
(Persian)

http://bpums.ac.ir


http://www.sid.ir

Downloaded from ismj.bpums.ac.ir at 11:21 IRST on Monday September 26th 2016

Iran South Med J 2016; 19(4): 644-661

Original Article

Extraction and optimization of chitosan from
shrimp shell: preparation, characterization and
application in fluoride removal (isotherm, Kinetic
and thermodynamic studies)

A. Azari *?, R. Rezaei Kalantary?, A. Keramati >*", S. Dehghan ?,
B. Kakavandi*, H. Bahramifar®>, M. Es' haghi Gorji?

! Research Center for Environmental Determinants of Health, Kermanshah University of Medical Sciences,
Kermanshah, Iran

2 Department of Environmental Health Engineering, School of Health, Iran University of Medical Sciences,
Tehran, Iran

3 Student’s Scientific Research Center, Tehran Uni versity of Medical Sciences, Tehran, Iran

* Department of Environmental Health Engineering, School of Health, Jundishapur University of Medical
Sciences, Ahvaz, Iran

? Pars Logistic Service. HSE officer. Mehr Petrochemical Co. Pars Especial Ecomomic Energy Zone.
Assaluyeh. Iran

(Received 20 Jul, 2015 Accepted 27 Oct, 2015)

Abstract
Background: Fluoride in low concentrations is useful for human health. However, high concentrations of
this substance is associated with problems such as fluorosis and Alzheimer's. Adsorption is efficient
technique in removal of this pollutant. The aim of this study was to extraction and optimization of
Chitosan as a natural biosorbent in fluoride removal.
Materials and Methods: In present study, magnetized chitosan-iron oxide nano particles was prepared by
co-precipitation method and its characteristics were determined by SEM, XRD, TEM and FTIR analyzes.
Subsequently, the effect of magnetized chitosan was assessed as an adsorbent in fluoride removal from
water solution in the batch system with considering various parameters included pH, contact time,
adsorbent dosage, initial Fluoride concentration and solution temperature. The Langmuir and Freundlich
isotherm models and pseudo first-order and pseudo second-order Kinetics were used to examine
experimental data.
Results: The results showed that the Fluoride adsorption have followed Langmuir (R%>0.982) and kinetic
model of pseudo second-order (R?>0.931). The maximum adsorption capacity of Fluoride was 22.756
mg/g at optimized condition, pH 50 adsorbent dose of 1g/L at 50°C. Investigation of thermodynamically
parameters and positive value of AH” indicatethat this process was endothermic.
Conclusion: Generally, we can report that t he magnetic chitosan was used as a useful sorbent for the
removal of pollutants from water and wastewater due to advantages such as easy and rapid separation
from solution and high removal efficiency.

Key words: shrimp shell, Extraction of chitin, Magnetic chitosan, Fluoride adsorption, Iron oxide nanoparticles
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