[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

ﬂ}k&ﬁduw‘hﬁm‘gu»@

Ol Jame Clildg ke el
YIY B YTN Sl \YAY DLl 053 ol i o353

ok Mol e 53 5L S eslinal b ol (gla dghows 51 p grasls’ i

D;ﬁ"\f\f }:5| &9 svdjjﬁé b\;’.) S| s“‘;l‘,w dl&)-\.? Jw-ﬂd‘gﬁ A ;\‘-;6‘)‘@.3 ‘5.1.@0

RAVARVER S PR AV/ VN sl s

e S

.

QM.JJ/:d:QjW/JA:a‘W)‘jd@/@.El;ddg‘dfwj;@jdﬁ"u@b@fﬂ:KJﬁ_«Q/jEJICAJJZJM‘9 Loy
J/IA):.A.JKuJ}J) d/’)Jﬂo.GJL:JJ/j (SDS) uwﬁww}j:ﬁmba@cw/ (Fero)‘);’:«&(@@b{}.’bw quj:’ w/)/
.w/uﬁw/’dbbd}bu

d‘;""j:ibf"‘:“‘:"“z’)f’j:.”"g‘—e"};ﬁbgfwl"juL‘)JpHL;L‘z’/:‘/JLJJ:‘;E’NJ ,QJ;J,ZW« aadeJLé/;t«l.{d ub)ybzwjﬁ uz‘})
et Sl i S tesloms e olei Ol 5 iy PH L o e (slap i) 5 s Sitiees (o pd s S8 5 0250
C‘.w;z:.bj (XRD)X wb&u.«/ﬁ o/.(;.«.: ‘(SEM) L;vm—/jj ij):ﬂ/ yj_iwjj&w J/d-’l::-]_}-: QMCM/% ub}ybdu;jj
L osldz] (FT]R))Q:?J})L’

e 3 457313 QL 5 ol FomFPo N )3 ol a3 4 5l Ol i 1S oKy Ko b st 57 3 56 5 615 0 i Tl 4B
SlEIpH =% s 1Y h ol Qyuj;f):.utfyi_e-/,ﬁ/.l;-‘yil;,- /) g i o "mg/Lc,.E.Lélgr:ﬂ;LfJ_}_wa~mL Loaw ol
03,5 Comd 58 053 4 e St Jobo il ol .Ll:r{),é..«l.d/’w)df' Femin ol Jsle Olaj :u%w‘gbjf@bwu/jw‘w/w
Q/f'Fmg/gr:ﬂ;LfL;/f ouucw/% C)b)_}.rb uul;- Q:Jjbffu}w/) LS'J:_«-;:J C@&A@J.bjjﬁ ’Afi;ﬂ/bu.«b- L;Léc)/.:j
uLd/’CMw.Jd.r

g,)/‘@&dj/fﬂ)lf&—éui}' S ge 3l Olpe 4 Uil e a.L_.;}CJLa/% 3 el a8 sl Ol axdllas w/fb‘sﬂfﬂbﬁb
2oy 5w el

.‘5‘5.;.4:‘5 grj}j.;‘ ‘% us% ;Q‘JS‘,SU :‘5.&.&5 [)\gjb

Ol oy A o825 O ple pnige 0aS20ls 285 5 (Ll (6555 (5 gomtils -

S5l Ol e dgd oty T pgle pdign oaSLiils 28085 5 5okl 65,8 skl =Y

Ol g2 Sliiond 5 pgle Aol (oDl 15T o2 S PPN ¢

aFarrokhian@scuacir 3 sl ol jem Al o815 (5,5 5LaS 0aSCils wliiS1 oy 8 SLskinl 1(J g ok 53) =¥

Sl s gt (S ke o2 Cotligy 0aSls Lame Ctligs 63,5 Slsbiad 5 Jasme o3 Slagusl (3 Slidos S e sk -0


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

SIS 5 Lol sla, 586 (05 ) el 050 4 5 5550 2y
oIl el am s candenl (@B el e Sl s
e (O3l bl gla (S dons ) D13
SO sl 5 plad Ol g3l 05 adsl cdale (3l
st s sb s Olg o o sas pl s (VP )l L,
Sl Gl s S s S o, (A) Moradi olalas as
coabliie S5 U 5l o s glos 51 5 s S
o b ang 153 S eslizul O3l Ol s 4 ool LS|
B3 1B s 350 der il 1 PH 5 eles Ol
N0 °C (glos 3 o Ll SYL oS sl 0Lt s
o sl pH=%/0 5 s ¢l o, pH=0 y;min )+ Ob;
o S sl 3l andllan 5,50 5l 55 pa el Cs
52 Al e Bl s glaedls 25 Gom s
o oy Sl 5 Sl oaSY sl L e Gl S
..\.ATCM.«:JM.Q/OJ\\/'9mg/g%}ygﬁjwé‘ﬁ
03528 4 Joaze Fe O, 3350 (1) 2 s s Chang
3 S ol sla honn 55 e sla O e Sl U
slae 31 3 56 Ay e dim 48 5ls O 53T s
NOMYG Sl b b iy XS (0 S e SY
se/r0N-Lmg L WY Ol Usls ol
2 PH (RI5IL ol pre b e ol cb b e
3l B0 Y 63 0o

Sloslial by e Gl S (V1) 2,8s 5 Chen
Rty A5 13y 550 S 5 Caslen S350
i S 5 len D30 gl e ol B b
L oiabosl laesls sl cvs 4 VYYD 5 AY/FS mE/g
Gl sl 4 o St il b oV (Soan 15
Slaosls 1 g 35l s b e Sl JAe 5 ol
s el

S p el ol Sz (V) O Boparai
L5 S ey g i pal O3 U Sl esli b ol gla J shoms
e 5350 S p 30 48 o St s 3l Cdr St
o slesls 1 8 e Bl s p e o e SY
St s 43 S sl Jokes slaesls s ok

ol Fer S350 o gaslS plend Sl e 45 6L

YYY

e 2 6B Jglxo 51 panedls Bl

FURYP)

PP FONTR N INPRT ;wt&u,rﬂ_wq@u e
5 Pl Glamslr (2l 6l 550 5 adsl 5l (SR
At S S5l (T e VT e aber hcal Sl
Gl (L g B raan o b Ol S 5 b 5l e
SISL a5l ol 2l O pae g o gla ALSL
bl oS g 0T 55 Lk o 35 e CS e
bae 53 5 LIS S Conn 4z 3 L DS § 4 SSE
Sl o Ol e s SU st Ly il (0 o
Bl O el w5l line cilime Lyl S s
ot 5 (Kb Jolse nle s e Ol lae Ll 2
W T I S PP IR W iV 1 P
L lulg el oSy iy gy 4 0SS mle las
el ol 5 b e el Sl 5 b oLl e e
->JJL¢° oba s

Sl g il 5 Gl 2 S ol iy 5 e
4 0155 o 50 o 0oLzl T (sla I plowe ) (S 1315
Sladul b o sSae sal (Gg 25 bt A5
(Va8 o Ll dr 5 Pl L gl gl s plis
S5k 5l b S 35U A g g D e
SFe Jolo Olse e OULL (b &S sl ey s laee L
o D3k a0 5 T sls (S0 03 o Sl s
O E N\ AW [P BV PSR W PN I
o5 gl 4 U5 oo el 2l 53 DAL s 5 8
Sy ST Vb e Ol ity b sla O VL
o il ol s 53 0 o1, 53 D366 oUly 553
ANl 2UlS 5 gy ST Vsene 5biosle 38
G s 0 DS osle Olaa Jsame o3Il 4 o 1
slge ol sl b b odd 4 D550 VU p o 4 e
objesy s (il pedle das o Sl O3
o8 J s ol 5 8 4 e Lol S 5 5L
il e bl gl 5l 2Ty e o sline
(Sl (Sl g s 4 ol s a3 550 ol 5o
a5 3 Vbessl 5 oLl 5 m e RS1s D0 o 8
2341 gl O 5l Ko l5ls Gl pimman 5 LoV

s égg yﬁ%
1P Gliswls /g 6 jlouds /mubiuds 695

Ul buzo Cuiblsgs ole ozl g o sole solibad


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

OlsRed 9 (0l (500

ol sS 3 olwl L dols osls v s S 0 °C
&lp 338 Jool o POl cfe S35 555 b s
M5 el Pl cuSe S35l Sls gua s
S g ol (SEMD (o) 55 S0 S s S
oslizl (FTIR) 3o 3 0 psle wids 5 (XRD) X an
2,8

ol sl bl
EPPICTPRINE PO WA VIC P b T A PR
K b e 53 S letalasl plas s eslizal 5
S 3l p sl 351l Jloms Ctlir (11 s S ol
5 bl s 8 eslisad (CANO)Y.YH O) ¢ sl
5 Sl b olge 4 YO mL 3l s 5 YeY °C gles
ol Oy 5 Jkoes PH (gla ) 551 s planil LSS LY L
DA o 3050 2l Bl 5 S sladie (izmen
Matlab ; Excel gls 1530 5 5l bsesls o 612003 8
A el

< PH (o

S D350 3l sl ol wp PH (e st
o 3 okd o sd Al YO ML ol sae £ el SOl
A Oy o3l 5/ g e s wd aie OT L OT
Sl Lo geaslS Jgloe 00 mL 5w b Ol SIS
NaOH , HCljl ssliul b .5 § wslsl ol 4V » mg/L
O XX sl g5 5w s e sl sl pH (335
S e b Th Gl g Lgdlos i o a5 A 5V 8
L 1 01 31 ey a2 3108 O 5en 55, VY TPM
Les,S sty Sla b b e S 53V 8T bl g,
Ao il Bl g5 R e L S 6 g8
chle s S ag V) S bas e 0o mL
o3l i olas leslitwl b p geeslS 515 0 g e slaily
A3 S ens (WD a8 el Varios Juw)

5 () ety 5o ol cxSle ol 633k 4wl sl
A eslizal (V) alaly 51 01 Gl cud b

E, =ﬁ><100
C, )
=Gy ™)
m

® ﬂ[%
%g J 1P liuls /93 6laid /muiinid 6,95

Ul buzo Cublsgs sole ol Gladg o pole soliliad

yyy

Slo3 Lt s o S o8 3 5 bt 3 5L
Magnetic) ..blss SRS o s s Ol (g5 e e
«ils (Agglomeration) s ;5ls 4 L (Interaction
oalS EelaS was ol 855 0 S D3 LS
S350 ol gl ) 358 oo gy RS 5 0325 el
Glpsedkdosls iy JTOLS 5 slaop b —wblie
L o035 S & ol Gla e 51 (56 sla 0y A
(Y=10)

ol ool (Fe O)) wonSle Sl 350 51 a3 ol 5o
A o3linl p geodlS (ela e o 013 3 3l Ol e
che 4 015 o S sladler 4 o 3l (sbile
L el b Jsbme 50 51 (g3l g 5 YU Sl o2
503l Jglows PH. (gl 55516 36 piman L(0F) 5 o L
52l S J sk 3l o yasls Gl Ole  eled Ole
L3S A e s e Dol s S sl ds

L by g3l

ok Cwlg._.:;iﬁobs,;u}:.ﬂ

Sl () O ar 581 v yi ol 03 JS 4 )
03 5 IS 4y 5 0303 ok 0l Yol cmSe D3 L
(V8 O an 5 ST aadllas b ol= iass osles as
Mz el 3 56 Mol (gl oslial 3550 iy 53
(10 FeCl YH O) (/L) -, al & IS J 5l 0 mL
o1 B3l Ll 53 50 Jad 0 a8 sy 40 Jars (L3 3
S o Jewd 53 aodes (o= / 535) +/PYOL J s 4
g ol Jy e a 65,531 (SDS) (NaC H, SO))
JSE b A S espea A TPM e, LYY MiN e
5 0355 L o 252 JeaST SDS = (pal oSS
e J ks pH o /0M (NaOH)ﬁM LS gm0 s
e bV B s 4 s OF 51 g A (a5 VY BV
3 e ol K ol dol 3le . 03500 VY0 TPM
¥+ 0C sbos 53V Y h e s lade OT L 52t L ki
oo 405 0l oo oS Osla 5 ol it osle s St
23 83N M e S 55 des J s 05,5 O MmN

Lgbsjs\YhQ.qukiang{W@wa;%jlw


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

A S el L3 5, b sl
(Y)Y 555l SVslae codr Slgn S5l o 2 812
(YY) s 3= eSO 5 (Y10 e 3y = iy (V) ) d 5 5
3ype BadE a3l GLE VY BV Lalyy Sosm 4 5 4 S

1 S 13 esland
qg= KLque (\/)
(1+K,C,)
1
g=K,Cr W)
— aCe
Ry Y )
1
bq,C:
g=—""1 )
(1+bCM)

Sle Pl ol e b S q SV Jis s oS
SiA e aly B K 5 (mgrg) oY S 1SS
5 (POl Sl diul 3 ) sdias DS oS ol o
e il L S o5 Gl sl Olse s
Lia lon 5K g2 e 52 (V8 SYO)e
o Sl cu syl bu i s
Gl cabb 52 Opmm —gdiy Jde 53 d(TV)s 53 e sl
s el s 50l n (o <n< \))MD_:jﬁ\
b s b - eSOV Je s ol Cilr a3l Saal
Gl oKl 3l el 5 015 VM 5 Gl Jols el
R sKaal elasplii VM << oS (g ba
NG

bdas gl e s

b5 0l 3550 1 5 0l (5 Sl slaesls Bl Ol e
Slag o 5:0ke 4y 5 (R s o o 5l sl s Je
103 b3, (RMSE) e

Q)
RMSE =

35505 5 0dd g pSe3ll palie o5 Q. 5 q, Of b3S
WJde oo i Sl a6 .Sl slus 0 5 Jie Lo 5 0l
osdhe s 5 a3y L, RMSE [liie -y S oS ol Jus

AL S 4 S5 Rl

YYY

e 2 6B Jglxo 51 panedls Bl

e 0l o O e e 33U E 0T 5 o8
Joloms 53 5L 05 4 56 5 sl glaclale Ct 5 C) ‘mg/g
dsloms @n V 5§ oy 3l p e MBS/ o
ol L

Sl S la b3l

VY g olie BB A s Sl Jales Oley e it 4
Vo @MYL LS L e pasls Jgdoe 0 ML 5 i, S
Sedel s il 4 a5 L ad e pH s L1
owjgudfw.,\ﬁsﬁmu;?éwguduuguj
Gas = VTr 540 F X 00 N Oy min glaob;
p5edlS Sl e ki S 1 ENY TPM s b O jen
A5 Sl A3 s, b dlee 55 stilasly

S D53 500 @ ppeeslS Sl St o5 6
450 V)OS SV Jl s o St sla Je ol 5L
e oS 4 S 00z 5 0D S5 OA) 58 055
12 S 13 eslizal 5,4 Lled o3l OLES £ B Y Lal

q, = Qe(l_eikﬂ) (V)
2
qt — qe th (\C)
1+q,k,t
q,=at’ ©)
¢, = () (@) + (L) In(r) )
=5 J;

qt‘(mg/g) dalas I el Cda esle e q, ol y3as
S el cs ok (mE/gItol s ss el Ll esle s
Cs e a(gmg min?) wds e, w0 S SV Ol
5 a,(g/mg) wlxly <ot B (g mg” min™) sl
ol dslae gla oD

Sl pFsnl gla bl

(U0 5 F I /Y o) 8) sl Sl il e oy
PH 5 2 bl e mg/L Ll b 50008 Jsloee 0+ mL
Y+ min ngudjbu.,\_isﬁmﬁzf oo L d g
Oped S5 p (St Sialasl 5l edal s Jals 0ley)
52 obledly p gealS e o8 S 130T TPML

s égg yﬁ%
1P Gliswls /g 6 jlouds /mubiuds 695

Ul buzo Cuiblsgs ole ozl g o sole solibad


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

OlsRed 9 (0l (500

6@;6LQM}ML§})J;XRD )ﬁjbiww‘ S WY
RS0 IS WA QLZ..’Y' L}Q}J ol C}LA CE.ML'\:AM““AQ

£ B
1SPoKe X83. 0K Bo0nm a

la 45l
GM 5 Sl 56 Sl s
ob‘.: Ql_.;.‘ bMPQ‘)J}JLSEMﬂMJ\ JL:)J

Trmmasace

s

58Iy ™

voows

(W) Sl e O3 56 (FTIR) 03 0g0be b ¥ K3
(u)a.l..’&cwlda.ubi.;.gnj

JJ[{L;G u;.als g_).X} e.}jl..v A 9 \ LSLAPH DL o ..Lw‘)dﬁ
J\.l.:)f ul:;b\%pH Qb.'& A.ZPH=7 1

o @%
%ﬁ J 1P liaawls /g 6 losd /il 0593

Ol gzl bazo il sgy ole ol g ju ole solibad

Counts
20000 =
)
150004
100004
= —
8 8 z = ”
5000 g T B & -
LJ Sl L
0 40 0 (2] 70 80
*2Theta

odd o O3 80 5 X-ray e Y S

pH
¥ St s ppeeslS O der  PH L S Jools ol
A3 TV U el o e33h Bl el o sl 0L
Gl ossL PH il Ly ol ookl Glsl pH =Y s

YYO


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

el s 4 Ji_lL»ﬂ saesls

Pl St gladdbe il ) Jgr

ol bk Gl St glade
Y geexp(mg/g)
VAVY k
JAA R?
AL RMSE
/oA k,
Yo Qe,cal(mg/ g) .
5 (58) o35 45

' /AAY R
JARAS RMSE
V/EASL
«/\VA

I s
VAT R? =7
+/YAQ RMSE
0/YYV a
Y/+AY B

|
/AYY R’ @
JARN RMSE
4.00
3.50

w
o
S

I
\
o

(p 8 s o8 () s B
8

1.50

100 ]

0.50 - f=2nl

0.00 : ; ; : . : )
0 20 40 60 80 100 120 140

(4883) ¢l

4.3(_”4:‘5 u-\’ dhaﬂ;}g&;;?ndhdu\.a uﬁjbg R4 JS.J»

ok ol s D53 5L

e 2 6B Jglxo 51 panedls Bl

100.0
80.0
60.0 -

40.0

(dp33) Sde o33l

20.0

0.0 T T T T 1
0 2 4 pH 6 8 10

uj’a:j\gﬂdlePHﬁ)‘mﬁﬂjust.ﬁ

(\Yh:ww QL«)’}\' mg/L=¢"._v=>ngL-]é.L.°"/\ g: ATJ'A‘;.-‘)‘JJSA)

i K Sllllas
das ol oy Ll ol i b 0 Sl
4.:‘}‘ 6[.&;)[.0) ).} g.))_o.ia& bMLi.A J.«L ).} 454.’;dw
)\ ¢_,?a>l5.x_.o).>9\°¢\0mln )J}J_&)Jv' )\w_;.’
S ol b el Lmals Gl s Ll il Gl b
YAY ME/G 4 ol b b wled Ol T min Gl o
by le b L8 Cod e OF 5l e 5 ey

Lol Yo min Ol Jsle Ol

4.00
E — —
3 300
).
3 200
",
a
%

1.00
",
&

0.00

0 20 40 60 80 100 120 140
(aids) sloj

= obl> ,lui) u-\> c..g,b,u,«l.«s Oy Ol puis 30 :OJS.::

(pH=?,\~mg/L=~._.ulSc,£.L‘cw/\g

Sl s sheodr Saw gl dis sl bl 330 8l
Wi ol ul a8 05w S e 3, s Matlab
035 45 o 0 S SV sl 4 o Sz o de 5k s
Jel ml a3 80 sleel oo Lol 5 Sl5 o
= A Lt asls 1 St ol sl ialesT |
R sl b ool s esls 0L25 8 IS5 5) Jpdor 55

s %ﬁ yﬁ%
1P Gliswls /g 6 jlouds /mubiuds 695

Ul gzl bazo Culilsgs sole ozl Sidg o sole solibad


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

OlsRed 9 (0l (500

Sl e Wk 2 Y g 4l

JlAae AL wdx Jobs slado
Vit gm(mg/g)
AYY b (Lmg™)
yan n TL 5 = Y
/41 R?
NAGY RMSE

- 3

S5 S350 Dl pas
sy sad s ols el 3 SEM I sl =
Ul Al comen e o OIS P B Y NN 63 piee
S das e QLY IS 5 g 55 sladised 55 2 XRD
XX slaa sl ICDD Card AM-+ASs s kil 5b
5 VV/YAe EY/Ave QVAVO SY/Fee FVAS YOSV
w by s e g S o VL &S YO VYA

s o Sl e
e 5 pallr ComSe S35 e 3 Ogsle b ol
b ol e o33 DL T IS 53 0l Sl mla i L
sk (SVerem™ ) b Sz dsb s 53 0k
e b b xS ) pam ey e olii | Fe-O
osly OLLES VYS/+VO cm ™ 5 £4+/4A OVANVY 350>
AR A AAYNIA YN AT 2 J0 (S PR P PRI P W
A O-H Wsp 0 by YAYV/A L cm 7' 5 YFFY /N
VoY /FY em 5 VFA/SY ASYVVY ssu > sl s

dzed C-O 5, (CH)NC=0 & byw sy

pH ;i

0318 odr Ol i 4 s e OLASY IS0
e B )
Cd (OH),, Cd (OH)"), Cd (OH)+, Cd* sLsp b«
Chle wei 2 s sl £5 o BlE (YA A e 5 5
s Cd™ gl i 2ol (S s PH 55 eslS
53 (YO pPH <P 5 Jgloe 5 bl Sy assS
58 pH<A 5 5 Cd(OH), ¢ 5uesls I 4 S pH>A

® ﬂ[%
%2 J 1P liuls /93 6laid /muiinid 6,95

Ul buzo Cublsgs sole ol Gladg o pole soliliad

Yyv

poedlS il g 5!
sMatlab 1316 5 5l eodr avg p 555 s Sl —
ook ey A sl l ot 2 O ) o )
5 @8 S s b S sl (gla ke
S ol sy o340 slazel g 15 b O g 5 —mdils
5 Ol s 48 s esls (351 Jslas Coder sla il

el 03 O Y Jgdr 5V S

8.00
7.00 4 -t
3, ﬂ.-r—r-%..-——-""“
3} 600 2 R .
: @ ald S o3l
¥ 500 - ,}'
B e« L. s
_t 4.00
% 3.00 Y
%
2 2.00 - ——— S
1.00 -
BT Y
0.00 ‘ ‘ ; .
0.0 10.0 20.0 300 40.0
() 2 p)5 o) Jol cale

4 pameslS ol slaesls p ol psanl sladas BV IS
sk ! cxfe Ol 3 4

Pl p ol sldas ul Y Joue

e b Pl Jols slade
VISP gm(mg/g)
YV K
eSSy
QLA R?
/Y10 RMSE
¥/84) K;
0/+YY N
T
/808 R?
/Y44 RMSE
0/+ YV A
V/0 ¥ B
VA N O g 7y — s
/Ay R’
YV RMSE


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

e St Slallas

ol das e Ol Ol LTyl b b a0 S
L Og it oled OBGl s sl b O3 ules O
(oder GOL) Cilr Jltlu 3 350 50 Jsle slaes S
el 0313 ial5l |y dr Sl

52 (O 0L s 5 Ozmen ;5 (¥Y) 5, ws s Huang
Ly ol gl Jsloms 51651 (sl 05518 Kos 5 e B
S o s e 4 ik a2 ol S D3 50
by o 2o 5 DlilE aes ) Jols ol 5 o
B S Oles K 3 ey ol & W LT 05,8 0 50
el Jotls SLEs) e 55 Canslis pas |

St anlllan 3550 b Js (e 51 Jpdz w5 L
Al R ity s RMSE o 7S by n dte 0
ol b b le sl el (6 S o1l gleesls s e
e b YTV e mg/g islesl kel s glaesls
08 ANV sl o St gladite Jav 5 0l tlons lr
35 VYO SYANOMEG/GL ol 2 o 4 58 03 4d o
el e Sz b e 53 a5 Gl e SOl &S
et POl oSl D30 peeslS Sl ol 2l
s 0 Cd™ Gl 5055 (55 3 45 0 St Jko
s o ol ol oSl o pliend S 0a
sl s 51CA™ sla 0 Clir sl s ulte iy
OV Vol sl o8 s gladl= L

paeedlS Sl 059

003 S s p sl la e (Sies oy w a5 L
S Jbe sl o 5l ol ol glaesls oY Jya>)
Sl g S (gl ss sladde S
TIN5 = oS 5 O~z gl 4w sla e
Je (5 5L 55 SVsles (6l 555 5 %S RMSE (611
2 S5 SRMSE 5 2 20 R ils Jsw = Js 2
WS Sdls (6 i Slytean Laesls b oS0V Jute b 4 lis
el ol Ml e 3 e Kaal Sl
I, Gd gy (FA) 0L es 5 Gl iays 5o
il Jole glaesls ;s cmSe S s b ol Jghoms
sdas LS 1 of a8 cils (g iy Cllas iy b Je b

YYA

e 2 6B Jglxo 51 panedls Bl

oS L i dbis .ol Cd™ s CD(OH)" Uk
S (K )e—ul Vs sd> xS (Point of zero charge)
oo 4hil Ol DU s s e iy 03531 L
S L el ple (MDA e Sl 770 4 (S S L
ol e oS LPpH s 5 cote gl slapH s
(Hydrophobic) ;— KT slasle s 05l s
dom 53 0 ph el i 5 4t sles O s aS
G s bl EsLSDS i g sl 1 e edo VT Gl Ul
ol O s e S iy 5 ol (Hydrophilic)
e a3 e Ll Sl OF el (slass S
Sl

s 9 035 Cdte Ol mlas LY Y il g PHL s
Ho sl 05 o 265 imen 252 0 €A™ Lo 0 o
S50 2 0dd odor 1 Cd™ Gl by 5 Jaes 53 55 50
338 o odr pslie falS Esl g5yl 35y O3l
ol SDS Lls slnes S L dir o350mn ol 3
o abd a0 a3 LP 50 slapH s i s
swl Sl a5 a sl Jals ol e )L (S Dl
seaibdole glroy S g Sl w55 e L
sl PH s b o 053 Cd™ slap 58 Gl o b
5 S S L She ahad s caxSle Sl £ 51 5L
e 355 o e OT L PHL 21316 e 5002
LCA™ Ly STy g 50l 2ty oo OH 0551
J= JLB S Gl as sazme 500 S b, O3
poeedlS Sl JhalS sl 5 s e 1S5 1, CD(OH)”
Y=Y 5 YA-YA)0s S o bl b s

2 CA™ Glaly Gl 55 ol Sd A )
Al Jloal s (g S e Wl LS o3l
Sy Bkl glalas 5 ol e 55 (o5l glan S5 0
R St Bl 5l gl 35 el oS Sl
S S Oy e ool ol (YA C sl al gy ) 3
ol p g e ba pHA Lslie 5 Cd™ i~
5 e ol oS ls sl O 5 e bl s 5 e J 28 Gl
e300 dS s sy b e 5 LB b pH > A

Al Rl

s égg yﬁ%
1P Gliswls /g 6 jlouds /mubiuds 695

Ul buzo Cuiblsgs ole ozl g o sole solibad


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

OlsRed 9 (0l (500

ol s # Ll pH s ¥ min ol Jsles 0l el
3o Je b S i sla JiolesT sl edel cus 4 =
boamslie 55 (5l 55 p Sl sladte . odils Cillas
e 5 e ils (6 58 S RMSE (5, l )l v sladus
lsmen Laosls b eSSV i b alie 53 iy 3
S 3l o Kaal odins QLIS oS Skl (g i
sl 0 C‘yhpl

S s b L die gla eyl slie aslie L
b ko b oo L1 5 W el 51 S gl (S
53 Sl ok b sla el slie 48 3l O Ol 55 e
by de 53 cpl mdiis b= eSOV 5 O~ Jobe
el 03 8 4l s b e

S8 g S

03008 JWEEl 5 o Ol e b asl 0L 31 i dllie o)
| 5S> whade 3 3T Sl 5 O sl Sl b 5> o
i lem L a8 el VAR Y S LYY J s
g oAl 2805 5 okl slaaslid Sy e ade
slagslos ougxﬁfca\ﬁwomqub
0523 3k 5 s gl (S o ske ol8A1 Jasmecan s
RO N S R L P PV

® ﬂ[%
%g J 1P liuls /93 6laid /muiinid 6,95

Ul buzo Cublsgs sole ol Gladg o pole soliliad

Y4

sDonat o8ws 51k S i 5 O3l mlaw Sl
G5 e 5 2 psk o s 5 Jue (M) 0L
RS a5 5 LT (6551 5 Jlsd Jsls (sladons
S g g 3 3la 05 L3l (6l 15 (51 abai alslas
3 oo dslomn 2Bl 51 AS (6o ol el LA
ol J3l5 sl 555 eV ol Sl
SleMbl ol gla Jde 5l adnl gy sloa sl 5L
phe S 5 (S s ol il 0l g
S5 S5 s b atsbas e S e 1)) Ll
sla pjjﬁ\ KAKARD o b ol sdas gl s el
S Xy e shuaib Lpgslaessplsrn>) L
Sl w5 ez g i o 5 3l 0 WL 225 S
(FOcwl ol

b5 b il &S FH 50 03 Oy m s dolee
ol s b alslas i (DY, a,b>>\ sl a) Ll
O3 i~ alas sla bl slie 4 e 5 LL(FY)
Cosl Bolo HSde la b 5 ol fass oY el 5o
doles o KL LU s Cs e (V-n) sab e
(V) d iy

S 035 K5l S VM e iy 5 = eSSV 4 bslee
old 2ol e L3lr esle mla o Kol s 0L
]

— oY hslee Sl edsl Cd @ aS il ol sl
oSN dslae 3l adel s it b ey lin s i 3
o S B S G cnl 5 (Yl 558 LG
— oSN dis 3 el POl xS il s edlS
o ld 1S pslie 5l 2iy 4S5 4/ MG/ s b
(F9) 7V mg/g) Jud (S sladlr o) pseslS ol
Sl (Y0) (F/47 ME/g) Cslan

S S 4o
SAe il Ulgs 4 Ll e el d POl mSe 63 5L
53 3 o3l o3 J1 T mlia 3l p poeslS Gl g
Lporesls Bl gl Jal 5 o g et sl sla 1)
C)L&lg&.::iiaa)ﬁ_,_}u;.)s{_?- N gsVemgL e Lis


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

cl:vﬁ

1. Sobhi N. Removal of heavy metals from industrial
wastewater by ash [dissertation]. Tehran: Tarbiat
Modarres University; 1998 (in Persian).

2. Shafaei A, Ashtiani FZ, Kaghazchi T. Equilibrium
studies of the sorption of Hg (II) ions onto chitosan.
Chemical Engineering Journal. 2007;133(1-3):311-16.

3. Zhang Z, Li M, Chen W, Zhu S, Liu N, Zhu L.
Immobilization of lead and cadmium from aque-
ous solution and contaminated sediment using
nano-hydroxyapatite. ~ Environmental  Pollution.
2010;158(2):514-19.

4. Kanel SR, Manning B, Charlet L, Choi H. Removal
of arsenic (III) from groundwater by nanoscale zero
— valent iron. Environmental Science and Technol-
ogy. 2005;39(5):1291-98.

5. Huang G, Yang C, Zhang K, Shi J. Adsorptive re-
moval of copper ions from aqueous solution using
cross-linked magnetic chitosan beads. Chinese Jour-
nal of Chemical Engineering. 2009;17(6):960-66.

6. Rahmani A, Mousavi HZ, Fazli M. Effect of nano-
structure alumina on adsorption of heavy metals. De-
salination. 2010;253(1-3):94-100.

7. Mohammad M, Maitra S, Ahmad N, Bustam A, Sen
TK, Dutta BK. Metal ion removal from aqueous so-
lution using physic seed hull. Journal of Hazardous
Materials. 2010;179(1-3):363-72.

8. Moradi M. Experimental study of the removal of
heavy metals from aqueous solutions by iron oxide
magnetic nanoparticles coated with polyvinyl al-
cohol [dissertation]. Isfahan: Isfahan University of
Technology; 2009 (in Persian).

9. Chang Y-C, Chen D-H. Preparation and adsorp-
tion properties of monodisperse chitosan-bound
Fe304 magnetic nanoparticles for removal of Cu (1)
ions. Journal of Colloidand and Interface Science.
2005;283(2):446-51.

10. Chen Y-H, Li F-A. Kinetic study on removal of
copper)II( using goethite and hematite nano-photo-
catalysts. Journal of Colloid and Interface Science.
2010;347(2):277-81.

11. Boparai HK, Joseph M, O’Carroll DM. Kinetics
and thermodynamics of cadmium ion removal by ad-
sorption onto nano zerovalent iron particles. Journal

Yr

e 2 6B Jglxo 51 panedls Bl

of Hazardous Materials. 2011;186(1):458-65.

12. Dixit S, Hering JG. Comparison of arsenic(V) and
arsenic(II) sorption onto iron oxide minerals: impli-
cations for arsenic mobility. Environmental Science
and Technology. 2003;37(18):4182—89.

13. Ozmen M, Can K, Arslan G, Tor A, Cengeloglu
Y, Ersoz M. Adsorption of Cu(Il) from aqueous so-
lution by using modified Fe304 magnetic nanopar-
ticles. Desalination. 2010;254(1-3):162-69.

14. Chang Y-C, Chen D-H. Recovery of gold(IIl) ions
by a chitosan coated magnetic nano-adsorbent. Gold
Bulletin. 2006;39(3):98-102.

15. Li L, Fan M, Brown RC, Leeuwen JV, Wang J,
Wang W, et al. Synthesis, properties, and environ-
mental applications of nanoscale iron-based materi-
als: a review. Environmental Science and Technol-
ogy. 2006;36(5):405-31.

16. Si S, Kotal A, Mandal TK, Giri S, Nakamura H,
Kohara T. Size-controlled synthesis of magnetite
nanoparticles in the presence of polyelectrolytes.
Chemistry of Materials. 2004;16(18):3489-96.

17. Lagergren S. Absolute theory of so - called adsorption
of soluble substances. Handlinger. 1898;24(4):1-39.

18. Ho YS, Wase DAIJ, Forster CF. Kinetic stud-
ies of competitive heavy metal adsorption by
sphagnum moss peat. Environmental Technology.
1996;17(1):71-77.

19. Shirvani M, Shariatmadari H, Kalbasi M. Kinet-
ics of cadmium desorption from fibrous silicate clay
minerals: influence of organic ligands and aging. Ap-
plied Clay Science. 2007;37(1-2):175-84.

20. Langmuir I. The constitution and fundamental
properties of solids and liquids. Journal of the Amer-
ican Chemical Society. 1916;38(11):2221-95.

21. Freundlich HMF. Over the adsorption in solution.
Journal of Physical Chemistry. 1906;57:385-470.

22. Redlich O, Peterson DL. A useful adsorption
isotherm. The Journal of Physical Chemistry.
1959;63(6):1024.

23. Papageorgiou SK, Katsaros FK, Kouvelos EP,
Nolan JW, Deit HL, Kanellopoulos NK. Heavy
metal sorption by calcium alginate beads from
Laminaria digitata. Journal of Hazardous Materials.
2006;137(3):1765-72.

24. Chabani M, Amrane A, Bensmaili A. Equilib-

s égg yﬁ%
1P Gliswls /g 6 jlouds /mubiuds 695

Ul buzo Cuiblsgs ole ozl g o sole solibad


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

OlsRed 9 (0l (500

rium sorption isotherms for nitrate on resin Am-
berlite IRA400. Journal of Hazardous Materials.
2009;165(1-3):27-33.

25. Tiwari RP, Ramudu PB, Srivastava RK, Gupta
MK. Sorption and desorption studies of metallic zinc
on an alluvial soil. Iranian Journal of Environmental
Health Science and Engineering. 2007;4(3):139-46.

26. Ramachandran V, Souza TJD. Adsorption of cad-
mium by Indian soils. Water, Air and Soil Pollution.
1999;111:225-34.

27. Samatya S, Kabay N, Yiiksel U, Arda M, Yiiksel
M. Removal of nitrate from aqueous solution by
nitrate selective ion exchange resins. Reactive and
Functional Polymers. 2006;66(11):1206-14.

28. Mobasherpour I, Salahi E, Pazouki M. Removal
of divalent cadmium cations by means of synthet-
ic nano crystallite hydroxyapatite. Desalination.
2011;266(1-3):142-48.

29. Srivastava VC, Mall ID, Mishra IM. Equilibrium
modelling of single and binary adsorption of cadmi-
um and nickel onto bagasse fly ash. Chemical Engi-
neering Journal. 2006;117(1):79-91.

30. Keyhanian F, Shariati S, Faraji M, Hesabi M. Mag-
netite nanoparticles with surface modification for re-
moval of methyl violet from aqueous solutions. Ara-
bian Journal of Chemistry. 2011 (in Press).

31. Chen L, Wang T, Tong J. Application of derivatized
magnetic materials to the separation and the pre-
concentration of pollutants in water samples. TrAC
Trends in Analytical Chemistry. 2011;30(7):1095-
1108.

32. Krishnan KA, Anirudhan TS. Removal of cad-
mium (II) from aqueos solutions by steam-activated
sulphurised carbon prepared from sugar — cane ba-
gasse pith: kinetics and equilibrium studies. Water
Research. 2003;29(2):147-56.

33. Raji C, Anirudhan TS. Chromium (VI) adsorption
by sawdust carbon: kinetics and equilibrium. Indian
Journal of Chemical Technology. 1997;4(5):228-36.

34. Huang S-H, Chen D-H. Rapid removal of heavy
metal cations and anions from aqueous solutions by
an amino-functionalized magnetic nano-adsorbent.
Journal of Hazardous Materials. 2009;163(1):174-
79.

35. Pérez-Marin AB, Zapata VM, Ortuiio JF, Aguilar M,

® ﬂ[%
%g J 1P liuls /93 6laid /muiinid 6,95

Ul buzo Cublsgs sole ol Gladg o pole soliliad

YY)

Saez J, Lloréns M. Removal of cadmium from aque-
ous solutions by adsorption onto orange waste. Jour-
nal of Hazardous Materials. 2007;139(1):122-31.

36. Benguella B, Benaissa H. Cadmium removal from
aqueous solutions by chitin: kinetic and equilibrium
studies. Water Research. 2002;36(10):2463-74.

37. Soltani RDC, Jafari AJ, Khorramabadi GS. Inves-
tigation of cadmium(II) ions biosorption onto pre-
treated dried activated sludge. American Journal of
Environmental Sciences. 2009;5(1):41-46.

38. Giri SK, Das NN, Pradhan GC. Synthesis and char-
acterization of magnetite nanoparticles using waste
iron ore tailings for adsorptive removal of dyes from
aqueous solution. Colloids and Surfaces A; Physi-
cochemical and Engineering Aspects. 2011;389(1-
3):43-49.

39. Donat R, Akdogan A, Erdem E, Cetisli H. Thermo-
dynamics of Pb2+ and Ni2+ adsorption onto natural
bentonite from aqueous solutions. Journal of Colloid
and Interface Science. 2005;286(1):43-52.

40. Jiang J-Q, Cooper C, Ouki S. Comparison of modi-
fied montmorillonite adsorbents:part I: preparation,
characterization and phenol adsorption. Chemo-
sphere. 2002;47(7):711-16.

41. Vasanth Kumar K, Porkodi K, Rocha F. Com-
parison of various error functions in predicting the
optimum isotherm by linear and non-linear regres-
sion analysis for the sorption of basic red 9 by ac-
tivated carbon. Journal of Hazardous Materials.
2008;150(1):158-65.

42. Zhou ML, Martin G, Taha S, Sant’Anna F. Ad-
sorption isotherm comparison and modeling in lig-
uid phase onto activated carbon. Water Research.
1998;32(4):1109-18.

43. Lei L, Li X, Zhang X. Ammonium removal from
aqueous solutions using microwave-treated natural
Chinese zeolite. Separation and Purification Tech-
nology. 2008;58(3):359-66.

44. An HK, Park BY, Kim DS. Crab shell for the re-
moval of heavy metals from aqueous solution. Water
Research. 2001;35(15):3551-56.

45. Singh DB, Rupainwar DC, Prasad G, Jayaprakas
KC. Studies on the Cd(II) removal from water
by adsorption. Journal of Hazardous materials.
1998;60(1):29-40.


https://dorl.net/dor/20.1001.1.20082029.1392.6.2.5.3
https://ijhe.tums.ac.ir/article-1-5191-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-05-28 |

[ DOR: 20.1001.1.20082029.1392.6.2.5.3 ]

Iran. J. Health & Environ., 2013, Vol. 6, No. 2

Cadmium Removal from Aqueous Solutions Using Modified
Magnetite Nanoparticles

Bahrami Mehdi.!, Brumand-Nasab Saeeid.?, Kashkooli Heydar-Ali.?, Farrokhian Firouzi Ahmad.*, Babaei Ali-Akbar.’

! Ph.D Student, Department of irrigation and Drainage. Water Sciences Engineering Facualty. Shahid Chamran University, Ahvaz.
2 Professor, Department of Irrigation and Drainage, Water Sciences Engineering Facualty, Shahid Chamran University, Ahvaz, Iran.
3 Professor, Irrigation Department, Khuzestan Science and Research Branch, Islamic Azad University, Iran.

4 Assistant professor, Department of Soil Science, Faculty of Agriculture,

Shahid Chamran University, Ahvaz, Iran.

5 Assistant professor, Department of Environmental Health Engineering, School of Public Health and Environmental Technologies

Research Center, Ahvaz Jundishapur University of medical Sciences, Ahvaz, Iran.

Received: 31 October 2012 ; Accepted: 4 January 2013

ABSTRACT

Background and Objectives: Among the heavy metals cadmium is of considerable environmental
and health significance because of its increasing mobilization and human toxicity. The objectives of
this research were to synthesize SDS modified magnetite nanoparticles (Fe304) and to determine its
efficiency in cadmium removal from aqueous solutions.

Materials and Methods: Modified magnetite nanoparticles were synthesized and the effects of
pH and contact time on cadmium removal efficiency were investigated in batch system. Then
kinetics and isotherm models coefficients were determined in the optimum pH and equilibrium time
conditions. Scanning Electron Microscopy (SEM), X-ray diffraction (XRD) and Fourier transform
infra red (FTIR) were used to characterize the modified magnetite nanoparticles synthesized.
Results: The SEM results showed that the diameter of the particles is 40-60 nm. It was found that the
optimum pH value for maximum adsorption of 10 mg/L cadmium by 0.1 g adsorbent in 12 hr was 6.
Kinetic study showed that the equilibrium time was 30 min. The adsorption kinetics fitted well using
the Ho pseudo second-order kinetic model; however, the adsorption isotherm could be described by
the Freundlich model. The maximum adsorption capacity of modified magnetite nanoparticles for
Cd2+ was found to be 9.604 mg/g.

Conclusion: The results of this study indicated that the modified magnetite nanoparticles can be
employed as an efficient adsorbent for the removal of cadmium from contaminated water sources.

Keywords: nanoparticles, magnetite, kinetic, isotherm, cadmium.
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