[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|

YA B YAY Slao AYAA 50k cpow ojlod qo33lss 0,90

Available online: http://ijhe.tums.ac.ir \\/ -
u’.-i'.h ‘9}: Jle \ / ~2~°§

g, N
oy, o
Of Environ™

ol s Jslos 51 (ITT) 5o T ST 5143636 51 oolisiunl s (1) JSi cyg9 Sk
Sobu g0 5 g o33 g 3! (S (sbd Joo axlllae

gl Lo yé Y g lasl Loy ! Sawl e
u‘r“ WSy ‘QM oKiils sﬁjl.c IS AN (gD os)f -\
Olpl s iy laore cwdiges ( 2SN olgz oy § lare 00Slinghy -V

oS>l o ol M b
ool o (D) UK g2 y3a 3 S35 9Ys8 aiile omlio 0529 4y azgi L idud g dioo) g /iy )y el &yl
9 LQUL.M.: )l (II) Ji:.: O Bd> ‘d‘)"L"" RESI PN U‘J)‘Jf YL: Lngu.la.l.c B Lbul_..w 9 QA/‘f/’? &‘)"9 @)b
sz (D ol ST S5l (o (al o wloo Jlod @ 539,2 pol Cmaslme QALSNNY ORI

XRD 4 SEM FT-IR slacSsSs 5l aiges (o tislow obdasin Cago tamwyy (99
(olod los PH i ) e sl il b il aige Ll 5 (el (6 o onla
Sl i) (Senlindge s aslllas (rizmad (2855 15 () 2 390 adgl Chalé 5 D3> (59
llllas 5 (i cud 1) ol lelllas o gy5T 5 T e S 3 bl 8151 (55,

335 gy (0o b il (600 550) (St D) ol 08T 3550 1 g0lS (5l
oai¥T Bdo Lol (5 VL ()l 550 (nrbliie 3l a5 ol (Lt b sbaaidly St «Salizga i ep ol D) U5
BB cdale YL g Ve ME L3l lade £+ MIN ules ey ¥ 5l pH o dI) JSs

<ol oo mg/L Bis>
093 g 0o yuSle,S STy aS o, F etk die  Sialinoge s Slalllas L 16 yS s
s AS°=120/Y J/MOLK) 554 o JyuS 9,51 Jole beodm ol )3 09 (5045
Jol a0 ad Soiw OYobeo 3l ide 038806 ;i S0 iy (AG°=-v}y KJ/mol
El9)b 5 0oV (i slapgplioda S il Goad Cuz G b osliilpge 1] o 0 W g5 (S SN Conny
FYOME/EL plp i cud b g mdaig,d Jow Lo mls oy cdllas g 0,5 —w,,»  ransari271@guilan.ac.ir
Sl Gl o Y aix g Ldls YL wds cud b Sls 4 wel cansa

Please cite this article as: Esdaki Z, Ansari R, Ostovar F. Removal of Nickel (Il) ions from aqueous solutions using iron (Ill) oxide nanoparticles: study
of kinetic, isotherm and thermodynamic models. Iranian Journal of Health and Environment. 2019;12(3):383-96.



https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

@y cilis losdly 05 8 jsbay el lo SodlT 5|
5ol en g Ajmal i oo ool wl IS5 g BA >
OF) 00,5 solitl Gl 51 S G gl JUE5 3 Cansy
w9 BUI 51 ol s op )5 5l o] g Kadirvelu
porieasl] a5l il Jpame lie 4y ool wlgi sl
Sy ool 5l IS5 g Bd> sl 23l g 4y
5! 55 Ahmady Asbchin .(\F) oo ,S solaiul 30,3
ooliiul S5 G 232 slp logd 5 308 Lol

O 0) cl 00905
a8 3l b gy (D) S oy B3 il anlllas 4o
Y- UV 1 G Y QP JC S SN SWIRRPOR{ | | IR
Jsloms PH 156 o g oai¥T agl cdile s U (01D
s oo ol (D S5 o sl (eolin (282 Shoogas
55 (D ol a1 Sl)350 51 (s 41 sl (o
bl s a1 sl 5 (AT USG5 0y B>
i ol eSS Lawgs (1) (ol apnST L
an il 5y Sl (FT-IR) @558 Jos 508 (y90le
(SEM) (a5, 539 7 58 Se s X-Ray) 5!
oles PH b iz 5 Jige la el )ly ;b 285 ol
o S DD ey gl Slle 5 D3l (55 o elad
Sl adsgp 5 pgeSY (sl ladoe Sl wiz 0595
Salisdge i s ool ol i 5| Jol> slaosls Ciroy;
oS 3T 0 Il 5550 el e el s O3
AS) s Jaibewl o951 g AH) s okl JT (AG)
STy St «p9 9 Jol 4250 4t DVolee 5 ol oy

59, 9 olge

@l s WIS AT ool el 5o 3,90 ol Slge
RUULY S L S VO RN PR VDV PSR V. RN WP W
LIS o, YV sl S jau,lS 00 (Dlig y paiigel
Ol 5l e ilesT plad 1 fyaizran ol angs ] i s S5
A oolawl judady (Lgo

YAL

e 31 03 ikan! s (TT) JS5 (99 Bl

doddo

s S S Sl sl taio ool
JLasl g, 5 el Zn 4Pb, Hg, Cr, Ni, Cd, Cu
SB g ol was slo Sogl el e o asslge o
(21 el eSis DI 5 (S oS polie (V) 95— o0
Y polie sl ol Sl s 6l 65, 5 e
ol 3 o3l (S8 T) ] o s Sl (el
951k Sl o JT olge 51 (b (sla Sogll A5 5 (olic
$5,3S Y game puds la Sogll crge g piyliay s
O 318 51 (S UK (1) Wigdi oo (s o s
5 L3l s 5 S5 9¥s 8l mlio 10 Vgans o5
oolo opl &S Sl 5l ogi o eolnl 5, JB slacs il
s CBli> (gl 00 S jsboas 109 cad ST Slowl &,
Ll cblas ulil oo 5 o solaiwl (50,45 5l i3l
Sl al O o USG5 slre Hlade iSTas (EPA) o)
IS g ypa el 00,5 s /- ¥ ME/L 1) SsS
Sl sl oMl (1 VL slocdile o laclay 5 ool o
L o (D) IS 3 jlome Jlake g 00 135 o
olx 55505 slagme 0asipdy e 4o b 455
Lol plie i il (F) el Y ME/L i L3l
el Jled & 6952 5ol Cepilae 5 ool 5l USGS
bolay 5l S5 o Bd Gl p il sloodlr 5 o,
gy opl 5l >0 (0= +) wiloass (5135 a5 o 59>
Ced )b ol Dlias 4l b ange i ol ol
o3l s 4 o3l (bl 5 il )lsds ol i
O 0) i Jslowo 5o Ll o iy 5 08 Szg8
5 5355 Jols (55l b8 slo s, ol 2 osdle
ol (s e &Sl 1589 5 0l (el 23
G Sillaz s 4 ool Glaa wSTal p anblice
1o S 425 3590 (25 (smabline (v S 5l ol
OY V) Coul 28 513

b i sy a5 ools ol 3l sla Sl s lallas

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol Son 5 (Sl 1,23

YO ML o i qo 08,5 alonil (a2 590 0390500
et S diged Slyieas (D) IS5 (g0 5l Js—loxs |
Galises sl el b 1o soliwl 35,506 sl il )y 3
D) U o9 0¥ Joloe adsl clale ((¥-9) pH s
py> Jlaie (Y-£+ MiN) wlos ylaj«(0--F++ mg/L)
I8 ey 9,50 (YYA-YYA KD Lo 4 (YO-YO+ M) L3>

Ve 3300 45 Ayl sl o s Sihan 5ty 285
g0 el b 5l oS 10 e3gamme (pad G Cilisie yg—o]
oo Sladllas g byl )l 56 ggame 10 ialej YO sloas
sl da ol )b 5l pla S o Sl aslllas o .8 5 sl ol
polae 3l pyz g et to PH o (e oon b L5 050
Al 005 AV TPM ey b cnblise (00 o gy
8 5 b Jsle (49,5 9yl 5l ey (e yo 5
YU 5loailendl Jeloo 31 i ilo 1 g Jae 4o 3lae 3550
9 )M?Jj).&n.»)‘ KX _wo )| oola__ul La cdale 9 u_:~.\> U‘)"’A
PlaS 2 0l 48,5 o5lail codel sy ygul IS e
o] Cawsds zulis (1Sl g 0,185 b aw o iale;l )
Bl do 0 Culpiye o ad 5 s Sles oS (lgied
YooV aoles 3l oola ol b D) S5 Jokome wid cud b g

(V) sl Cawddy

-C

%Removal=Lx100 )

0

qt:(CO_Ct)XV x)
m

Jolss ol o el t alasd jo ME/L) oailedl b oo
(ME/L) iz (5 G 05—bise b5 q, 4G 5C 4 C
cipam gV pioen g d o) GB35 5 ey ooVl
e @) D3l 5 (L) G505 Jolons >

(1D gl o ST O3l pHPZE () p cg (pion
bz spH s KNO, Jslore b oles j5 03l asges

s oy T PH @l pis g8 5 1 3FAh o V) F

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YA

(III) yoT s 1,395 angs —
o o o Ly N MAID ol wl IS Jekxe YO -mL lacl
VO ML ( cucbline (y5em alowg a3 (10502 Jl> 0 5 435
oo jo0,la8 0,008 & g0 s () MMS)“’*:‘”M“’“J%’“’
Ly o a9, 048 o2 (339580 b o adlsl T 4 £+ °C
A5l om 20,5 saslie AID) ool au ST Ggasy oS
pHsosls o)l,>Yh s e #e °C slws o Joloe

CERVIE /PPN

3 o ool g
Ve 00 sles 50 5 0l o ol ooy (ol (g5—tts
e 4 (o AiddS (gl e g 8,5 St Y h oew
OF) o 03ls 80,68 0 #0+-V++ °C slos o0 h
odigh i Jeloo dngd-

Sad 50,5 Jo alwgar dI) JsCs (stock) jols Jodoxo

ats Slp yole Joboe ot ags al s oy 5 (D) U
A 58, 00 e mE/L chale b gla Jslxe

(D) S 32 s S0l (g -

Jete 63 G0 51 ooliia U (A1) UK 0ysn s S0l s,
S pow gladd e jga> L) - mg/mL ST IS
Sy yy poigal 5 O N o iS'g 000 o ) - mg/mL
ol5wd 5l osliiwl b g (5 yeagidg il g, 4 F + mg/mL
oaseis 3> (V) )5 alsl UV-1700 jegudg nS
OA) ool 0+ - ng/mL sgo> g, oy

wde Wil -
(o 53 45 39 Ao lojl aalllas S5 Gios (]
5 SIS g 00 ol 5l B8, sl Jele SWS 4 g e pH
S S P KU | USWSSPRRVNACIC JRVEIL PRV N


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

FT-IR) 5,98 Lo 50,8 ygole s 51 «(II) oyl oS
el b Jol gl g o oolitl (Sl ansl 3l 651
O K8 o F auslas

IS 00T i (50 58 7S 90 Jslge (o 2 -
99y 4 (D) (T st &1,3656 31 oolisw! b (IT)

@3l lade gpH 51—

23V s Gl alb s et Jele < Jsbns pH
S 30 3t oS5 ISl 85 S S sl
ooy S a 538 sloye daw Cdx ol wls
OV o5l ol (S Q3 w0 35290 ole
(D) U o5 s 0z e PH (6525051l (6l
abgpe g rhaw Cdo (D) pal ST O3l (s, 2
adgl Clale )0 (59 e (gm Sdile Sl (ol plyte o
b oy p 0-mg/L

mg/L cble b dI) g Jylowe 51 YO ML j5laie cpo
5l oslatw!l b leasges PH <ol 00938 15500 slo o 4 O+
s3gume ,o NaOH <\ N g HCI -V N sla Jolxe
QST O3 51V e e MG s 0l a5 V-
20,8 ALl By b 51 Sy e 4 e ysbay (I (al
oo o\ Yo pmM e, W LY MIN Goe 4 o,
Olej 3 am w285 1,8 s 2 L 0 Y0 C
Slade g0 5ei il Voo e TPML 590 b Jslowe ¢ Jobs
Fogidy pSewl dhwg (O3> vy oa b il S
IRUPVER R

Jele code anld o ool wl 5,50 Q> lade ¢ pizan
Jsle )0 eodlr Qi cd)b (o 0 (603 e
Aol ey sk amy Cl i Ol lagys
JSs 0 mg/L Jelxe YO ML & O3l calisee o 0lio
Oy bwg Yo mIN uw 4 g adlol ang pH o dD)
oals lid V Slogad jo Lol b ol 00jpd bl

ol 00

YAl

e 31 03 ikan! s (TT) JS5 (99 Bl

PHPZC 5 0 oo, PH @l i 4 gl pH Jloges o

Seolisoge i 9 o795l ldllan g b b3l -
9 29o5Y (g0 9l Jome 95 sl osliiwl b gl Slalllas
w0y (1) ol o WSTY+» mg Jsl b gdasg )
(D) U Jsloee 51 YO ML (g5l (gla iy 5l ol o 4,
5,8 ool Do ¥+ e ME/L oy alies laclale L
Oty Sl 90355 i age PH o aJsl slacdile
b gbline 0500 ool ol b la ) o 51 S5 o Jolss
Sldllae . Sad 00 jen Cels S e 4 VY- TPM Gy
Sebyoge s o plnl 0-0+"C slows jo Slyoge s
s s plol 00 ME/L Jaloro 5l osliiasl b _xla o i
Sloslitul b ot Qi (5318 (g e (Jolsd 4 (e, ]
@ by polie (oles ;0 (6503l Jiegidg XSl
Ol 1y GaiSTy (02 (35541095 (l5) (e Sl51 (655
Jol> b g0 S alone (9581 5 LT (apo

IS Jokoa 51Y0 mL Gl slo o 5l plas jo 4 dII)
15 ooV adl clale o wilsl 6 mg/L bl L (D)
SIS 2 ol & (e (sl 005 a5 4o pH
Femin Soe 4 Y0 C los ;0\ Yo 1PM Cae o b Lo i
yobite 4 0-F MIN Sloj Jolgd ;o ladiges .dioais 0350
Loy (Jeloe jloo_i Bi> (g3l8 O% Slade 5, Seslul

a5l egids oSl

lpasily

(D) T apunS 2 dasiiion -

S59998,50 sy 8l CSEM) g 2l gSns ;Seoe gl
8,5 18 sy 3590 000 i O3l D)3 o3l g s

13l w aul g ele oy S elolid Coz fioren

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OISon 5 (Sansl 1,2

- Ny - . * e
A | Pal=2055em |
o Pbl=137.5° 'y
Ed

Fe,0, ol,5556 XRD 5451 (o) Fe,0, lydgib ply beees loiSy5 b SEM pglas () - Jscb
Fe,0, ol,596 FT-IR dinb (z)

r 25.

100.0 [ /—0 100.0 4 () 5.0
80.0 1 80.0 4 A / F 200 3,
” y
j‘ 60.0 3 600 F1s0 4
¥ 3 4
9 400 - 40.0 - 100 "%
kS
2
20.0 20.0 4 —— i ao) F50 <~

—_— ok
0.0 T T T T T T T T T ) 0.0 . . . . . 0.0
0 1 2 3 4 5 6 7 8 9 10 0 50 100 150 200 250 300
pH (pF (o) D3l e

o) g ol laio B mE/L gl cdilé) Fe,0, wdls tuwgi () JSu i ¢ylpae p PH 51 () -Y ylog0i
Fe,0, oilr by (1) S5 wie lime g @dle Hlade 51 () (PH=Y-1 ¥+ min :wlei ;loj

Ol Bz bl sgy ale ozl iksgy ole owliliad YAY
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

100.0 4

e 31 03 ikan! s (TT) JS5 (99 Bl

(AN
80.0 -
a2,
§ 600 -
3
I 400
20.0 -
Vi
0.0 . . : : .
0 10 20 30 40 50
(aido) (wloi oyloj
- 45
100.0 4 (<)
/' L 40
0.0 - —A F 35 9,
- 30 "}l
2 A
3 600 - L 25 3.
A 20 4
9 40.0 - “
L 15
%
200 - 10w,
g KSRV 5
0.0 : T edk |

0 50 100 150 200 250 300 350 400 450

(R 1055 o) adgl clale

EH=Y -5+ min :oolod oloj /Y 8 103l oo e MY/L sl cdile) T Jolkoro 3 (D) JSeb B g5y 2 b il (N =Y log05
(PH=Y £+ min :oles lo /¥ 8 :odle o de—Feo ME/L :adgl cdild) o Joboo 31 (A1) JSes Bl (595 2 anlsl cdilé 1Sl (0)

Cewddy 005 atgy ColUl Jolomo 5 03l ulod (o 45
L 2l a5 D) ol ST O3l (6l aiage 035 059!
3l (59, 5 AD) IS5 gr (s iz <l V- - Mg
sop 00 -Fe e mE/L glackile 1o loj 5l Glsie &

el oals ools HLas ¥ loged o g 0u0 )8

YAA

adgl il g wlod (3o 1 -
ol cdile S @ G ln oY Glej Pla e oo
Cdz oy Cwl Jolw cdale Gl b Slo 5 Jelowe jo
olgen iz anl Bl (Selosge s Jobs S e
Sl 59,0 W L(V2) a0 ol a5 giloj o3L G 0

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol Son 5 (Sl 1,23

a5 1 ol SRl U Bis oo VL sLapH
S5 S g 000 LS5 Bk 5l 63 o Sd> (S
Syzg L3 awgs xhaw Gax 5l L6 Bd>  egdle (D)
dID) ool oSt Cil> pHPZE a5 Sl 5l uizman o)l
siie D3> zhw PHPZE 51 YL slepH o el & 5l
o3l jo aclins Jele lgreay Solbug iSIl il g 004
acge PH s 4V ol pH ascs o el pds el
4 p5Y b oolitul e fahly plo (o p 50 5 0 5 Sl
ols las bl g o gwyp 3 3 PH,, L a5 el 53
5wl & plppHpze sl ls dID) ol o uST O3> as
slapH ;o 5 ot L3 mhaw F I 1S slapH o 4z
sl e 3l e Sty ) dlaii 5l 5V

Sy wodlx jlade il L O jloged (©) pgal 4 azgi b
JeJs 4 ol (nl a8 adly (plidl ce s 4 D) USG5 B3
o 0 Jd slacolw slaw 5 mhaw colawe iul38l
s 4y aodle olime Gial3dl o IS b o (YVF) cl
32 sladoms (509 (s 50 5 gl Sl 1l
w8l Ligldl i ool wodln e ali3l 51,0 5Ly
T 5 55 de dolas ;o LIl p > jlade e Lol o]
edz eyl el Bl GOl lade az e o ls I8 S
Slslass Q3> lade ol b ccdas o 0l oo Jals
a5 o 3 Lot ot i i d o 3 (i cslo
al e a4 095 dlie o 35 Son g Baseri (Y0)
2 el ole flgie a1y Q3> jlade (2ol581 5 wo,
A5 WA S & (yuiored W150,S oMel Bd> Lol 1o l58!
ails oYU leasly ( patin Jlade b O3l Jlade o8l
sanl_ie i yleail, 1o wgumal Sl s o1 5l e g
e st ) opbliie ila /Y € ke 5 555 oo
S50 0dal Cawddy gl 4y 4z g5 L (Y0) didges pdlel aige
Yeomg lode 5l s F6203 A leslawl b i~
g Hlade e e Jlade ool I el osile ol L ,a5
A0,8 Ol a0 S Lyl i jo L3>

GM.YTCﬁég&bwwu'ou)‘Q‘M'w)ﬁ—

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAQ

S D3l (2 Llwls -

S sg e ool ) S () pgas o a5 shilen
0l sl cul PO-Y-0 nm 0 L yis Fe O @l 8
a1 3530 51 uSol anil iy 6ol el 33l S
Gl .l ol oals i V S (©) paad yo Q.»T
SYY X EYD 00" g e dID) el senST asls
2eST S35 XRD (6631 L a5 el ooy jalls YO= Y0
21 3T 1360 Ll (YY) S o Cillae (IT) (yal
Y U () poas 0 FT-IR Gl o oo adgs I
o] 08T 36k 5l sael cwsay b ol (Ll
PAAR cm’! =90 e 03gazs ,o —olsd )l al (AID
09,5 (698 (o—da g —tuiS pla )l 5l 3L VFe em!
03500 ;0  Alas )l Al uegs .ol (OH) Sy 000
5 oob 4 84 e oaua BYY CM 5 FYA CT 540 sue
(7)) cosl I ol osT jo 5450 FE-O ol wibs
() Yo 00g¥T i 5 50 Fgo Jolgs (o -
Wwgn b gy 4 3w Ol eoliswl b

@Ol lade g PH Ol i’ (oaw) 2 -

Sl o e ) logad (W) pgal ;0 a S g hiles
PH ;o 558 oo sanl i ol GpH o Cis als
gl )0 09290 slacolw s (59,000 slogye (ol
s 4 USG5 b o IO oS e Jlisl | L3l
(D) IS5 G 5 O399 92 et Sebimaly 2SIl andls
Sl YL PH o s b mba JLs il oo RalS
ale o2l s 5 D S g o 2l 5 a8y
iz 10 e (ol e Sl glylo D) USG5 s
Oleaily a3l sl 5 b oo SRl T G Sl 2l
S5y (g2 YL GLPH o (YY) 055 o0 B3>
BV JRETRCEL S| FI-A ) U PP SRR NCH B
Sosbialy xS sl Jds 4 dD U5 g (o ©d
od> ae PH (YY) b oo (il 1 (@3l e ela)
P aS el S pY .l VD) IS5 e o


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

C_C ., 1 ™)

qe Qm QmKL

qe — QmKLCe (f)
1+K,C,

D3l (59, S (rlaw LA Jlaiaq ol e aS
el gl Jolore )0 onigd Jo Jolw wlale C, (mg/g)
g oo Ol ) 4Y S s i e LK Q)
e il s by e b i doles slacali 4y
| ol b 5508 (i (558 (Kol Loo Sl 41 LK
g bt sl oolital b eSSV (sla el )b ams oo (L
C/q, Jlis o C, Las alolas v 5l Jol e 51 556
i b LS5 s b Joe (1)) 5 n dlono
sleolaiwl b Jow cpl (VY YY) aoo oo i |y Y ais
Cipogs (8 dlolae) as 1é s (O atoles) o Yol

1
loggq, =log K, +—logC, ()]
n
1/n
qe :KFCe (?)

o i A A (gdm e slacul N K alolas ) o
1 i b3l 3 i i B g i Casd b L
ez oo plii Ve B e polie ooyl Qi Lyl
e 3 oozl iy sl i <l gl
21ogq s adsles oy 5l ol b 5l (20 5 s

O Jgaz) 25,5 0 dewle lOg Ce Jolie

9> @l (gt Q3 00 )5 e alaxd aS jsbles

e 31 03 ikan! s (TT) JS5 (99 Bl

(I s

oo o Joles a5 ams oo et ¥ Il (0) 5 (Gll) g
foomg/L Gi> LB edale 0 5L g min Lol os
4z paSodg aclawe Jolo lyie 4 oles oy 0t Jol>
039 ydan il b oaiu¥T & jglome ol SYL wles oyle;
ELSl ) g il 39 o0 fiin (rla QA2 ta )3
29 ol 55 ol ol Gl b il s i
RS B PRI TR AN PRV H SRR TN 2
el fdn JUad Dl olw (09 (s ;0 o 4 ules
Lol s o 7 o3l gl o Ll Gl alo o ol 4o
bl gl o D3l o)l el o g e i o
3l 3 Sy gl e 3 JUl b i anl g 0dd
o sfole (nl g 09 oo J S (5950 (3> slade 4
35 £ e Nl a4 (6 55b 00,5 o 0z Gab 5015
rzeed (V7) 023 coi &) @iz Gl )3 (o298 S
ol G dile (5 a8 col ] s lis Slaslis )
U5 e i (gl bl grlans o U5 glacyl slows
slacolw ADJSSS g cdale 2ol38 L wls 0g>9 (D)
e 381 L 1 il ssmg o5 oyg B (sl B
(YY) ab oo Gials (o Cd

b i (o0 gl Ol -

gl Ol 22 (KisSz (s Cd> slap g5l
Silwtinge ;0 W 5 A8 (oo (et |) odigd D2 5 D3>
Ol Lopignl ol sl eolii ol b aiws oo 3Lo
Ryed i |y (e D2 55w o el

3z 59) p Y ST Dl mhae S ST 5505 Joe
oles) s ¥sles 3l oolial b Ja oyl aws oo oyl |
(YA-Y ) 555 o ipogs (F dolas) as jé o (¥

O mg/L cble 9 Y0 ‘C ‘SLOO 39 E.J..\.vg)é 9 ).,9.0549 éuwb -\ Jg.&‘y

2555Y slacob glig B slacob
qm (mg/g) Ky (L/mg) Ry R’ K n R?
Y0 <\Y o[+Y <[AYY N4 Y/IA <A
VPAA Jasly /pogas ol /s jlgs 0593 /}%ﬁ yﬂy
Y. Ol bumo bl sgs ale ol idg ju ole aoliliad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol Son 5 (Sl 1,23

Y JRVEII Y NP P% P PPONEL PR CSCOVE I ER R
oaslid  gxmds Gladl> g ol )3l plw Lo (1I)
el il sl 4y s O3l ) YL ]
bline GOl & jpo 3>l &S ol e
3ls 35 s )] ol 5 ool jlulas Sl ol
55 ool JS5 S eilal 5 5T i 2, s 5
ebodls a5 el S3ap3Y adl ol sl ], Jo Lo
e cud,b gl ls CoFe O,-NPs-NBNPIEA ol
Lol szt (I ool oS @l 366 4 Cons 6 5YL Lo
Silas Cuz g W) Fiw Suz ok anie dasil )l

A 4o 4y oLl Ll o i

R? jJae Lol amo g0 Lo eaig b 5 2155y Jaa 90 Ly
9009y eSSV p gl am o glaig B oS!
Sade el Caz anld b Jow ol s Sillay canmoylis
Sl 5y dolas Tae 51 (550 (59, 3l ool ey q,
V<NV - ol o auls YY/0 mg/g Ll Fe O,
Sl 1, il s Cgllae iz 5 < R <) laie
iz )55 de Gl yde b b wgs (1) S5 G 1 oS o
4 azsi b oeizren (Y0) el (39 20 )35l a5 0¥
00 ooliin] Ll Lda b b el Cawsdy LA Cud b
Jeloee Bis> o Galizee sladls o Slae b ighy ool 4o

el 00 08,51 ¥ Jgaz 50 g amslas dI) IS

(D) JS5 0031 B 55 cilizkn SBBLr oy 351 i Cod b nnglin Y Jg

&5 Gm (Mg/g) o3l ol
(Y'%) fAIY- SDS-Fe;04 &l 346
(\0) FIVE )55 oo b oo 2ol i plols cwgs
Y'V) YY/AR- Pal/MgAl-LDH
(YA) YV/£Aa CoFe,04-NPs
X'Y) YOV/O)N CoFe,04-NPs-NBNPIEA
) YAIf5 (MWCNTS) Yoz 2,5 Aol
(f+) AR 5,5k olas b olsenS Las
*9) Y£IT HelF e o8
(¥A) (¥ (MGTW) ouss Mol s sl lasls
(F)) VoY sall el Ssls
Jol> imgh 4o fY/0- dID) ol oSt o346

09,550 S0 ol casgs

K, )
2.303

log(g, —q,) =log(q,)—t

az o b ) ool b il lond _xlaws iz ST

1 1
=—+Kt
a.-49 4q. *)

h 1P9A il /g o jlaid /s jlgs 695
- ) 193 0,9

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

GRSy Srtms § Seroliydg0 5 olallaa -
oS yloy o b (uSw Glls Bis> gl Jlows! Lil> G
oXgh Lz 5 LI (o oS (leerd STy S p ol
P S o0 ol ) 0l 2 g sl ygSe 5 bl oo Bl
pgd 4,0 S¥olas g (0,5 ,5Y ) Jol ax 0 SVolas (Dlallas
Gl (V dolas) Jol a0 dloles o il 905 oaay wlwl


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

e 31 03 ikan! s (TT) JS5 (99 Bl

&« mg/L cdate b (TI) o] oS! glaaiges LioSTy Soutums gaosls - Jgus

Fe, 05 AR #If <[+N\¥ ARTA <[A0fFF </+¥ AlO <[440

y=-5750x + 19.931
R2 = 0.9949

0 T T T T )
0 g.Ol]28 0.003 0.0032 0.0034 W% 0.0038

-1.5 -

K ka

(TTD) T a1 53956 3 oalician b (IT) JSi Jolore B> (Saoliadg0, 513905 =1 153

& mg/L cdale b (T (o] a1 595 2 S5 (392 (Pl @i (Sl dgo 5 odls —F Jgax

- Temperatures

yva - /fY +1/40
YaA Y/« -Y/V +FY/AN +1FO/Y )
YYA \YI# =YY
dgd i 5 3l Loy S Aol Lo (ploo s ©dx a0 ¥ Jeax jl Jol> mls 4 axg Lo
(V) Sl (2STy Cae s 00555 S game ad aoles (g )S ) oo 4SSl 4y 4z g5 L FE,0, s,
WS b (xSl el &5 Gloj (uizmen Ssar (e e g S5 Sy 4 pgd 4z
B eandl oy [0 5 (Sholndge i slaosls el oo 09 P od> al 8l 3 SGo 3 Aol ¢yl 5l sl
Ol 092 5180 50 s ;8 (6 i 4 glitxl 45 Sl S5 J 7S pgo 4z ar b alsbee Sy gy (D) USG5
gai Jlos! 1,15 ge &l i Lavosls oyl 28,5 L o Ly Gy 0SS S Al 1o 45 059y _lians il3 S5 W
{AG®) (oS 331 (65 yols Salizoge i s sl g Slogys 53,5 22 e g Sl (plerd (o D>

% 9 t_—m/ﬁﬂﬁ’
VPAA Sl /ogen o lait /paasjlgs 0)95 |
-

vay Ol bumo bl sgs ale ol idg ju ole aoliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol Son 5 (Sl 1,23

Cwody FY/0 ME/E Ll cud )b vy ;S FE,0, L3l
P9d Ax 0 A St 0l yLid ol (o (e ]

owwwﬁﬁoaﬁ@wglﬁnjﬁ(ﬂ)ﬁ

ity Sralizsga s slo ol ly dly ials3l das il b
9009 sogang> (1) JSs 0ds anl b aisls )l ool

39> 093 ule el oo LT g9551 5 (T @l i

358 pladl 2 Vb (slales 13 331,8 5355 oo crge Jale

OB olbsde

Alos S coley dlas pl o1y (g5lwosls g leools cay i cails g0

Gi'é)..\s 9 s R
3l b bl sl yorly (slacs j5.alS 93U lanore Cns
WAF Jlo jo o b)) (oulid)lS alaiio 5o "6}13 RV
Sl ooy L=l - DLE oRiils pole oasiis o Coles L aS conl

References

1. Dermentzis K. Removal of nickel from electroplat-
ing rinse waters using electrostatic shielding electro-
dialysis/electrodeionization. Journal of Hazardous
Materials. 2010;173(1-3):647-52.

2. Qiu W, Zheng Y. Removal of lead, copper, nickel,
cobalt, and zinc from water by a cancrinite-type zeo-
lite synthesized from fly ash. Chemical Engineering
Journal. 2009;145(3):483-88.

3. Shi WY, Shao HB, Li H, Shao MA, Du S. Progress
in the remediation of hazardous heavy metal-pollut-
ed soils by natural zeolite. Journal of Hazardous Ma-
terials. 2009;170(1):1-6.

4. Department of Environment. Wastewater effluent
Standards. Tehran: Department of Environment;
1994 (in Persian).

h 1PAA by /g o )laid /s jlgs 09>
. Y 3l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

yay

(ASO) @9)‘“”] u‘J_».w 9 (AHO) u~¢5|5 gS»JL».J u_)‘)_a.u.?
(0 FY) ..\,Jb_a Cewdds ¥ loges 94 dloleo 5l oolaxwl b

AG®°=—-RTInK, .
@
nk =_ 26 __AH AS
RT  RT R

Ll 0als (5,155 Soluoge i slaosls polde § Jaa 4o
Slde ()39 (Ao & 295 b C8 5 ami Ol oo bl 0l 2
(F5) Canl ollas § 63950343 YU slales yo STy AG
5009 yoSle S STy as cul o1 Sl AH coe i
el e 50 el o Ghal8l Sl ASP e e o is

sl 35Ty G 53 Jslomo

& S Az
IS5 Gaz oyt oS Sl 15 S sl o i
Sl e sV Ly pH o Fe O, ol j3sil bugs T
Fe,0, @l,3l a5 b asin 0iz slap Ssil ow)y )
Lol el 55 iz 5 08 o Connd iy B ke jloas i
&y YAAK) Lo sles jo g ag pPH o el Y aui

5. Uguzdogan E, Denkbas EB, Kabasakal OS. The use
of  polyethyleneglycolmethacrylate-co-vinylimid-
azole (PEGMA-co-VI) microspheres for the remov-
al of nickel (II) and chromium (VI) ions. Journal of
Hazardous Materials. 2010;177(1-3):119-25.

6. de Mello Ferreira A, Marchesiello M, Thivel PX.
Removal of copper, zinc and nickel present in natural
water containing Ca** and HCO, ions by electroco-
agulation. Separation and Purification Technology.
2013;107:109-17.

7. Shao J, Qin S, Davidson J, Li W, He Y, Zhou HS.
Recovery of nickel from aqueous solutions by com-
plexation-ultrafiltration process with sodium polyac-
rylate and polyethylenimine. Journal of Hazardous
Materials. 2013;244:472-77.

8. Adolph MA, Xavier YM, Kriveshini P, Rui K. Phos-


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

phine functionalised multiwalled carbon nanotubes:
anew adsorbent for the removal of nickel from aque-
ous solution. Journal of Environmental Sciences.
2012;24(6):1133-41.

9. Kandah MI, Meunier JL. Removal of nickel ions
from water by multi-walled carbon nanotubes. Jour-
nal of Hazardous Materials. 2007;146(1-2):283-88.

10. Graillot A, Bouyer D, Monge S, Robin JJ, Faur
C. Removal of nickel ions from aqueous solution
by low energy-consuming sorption process involv-
ing thermosensitive copolymers with phosphon-
ic acid groups. Journal of Hazardous Materials.
2013;244:507-15.

11. Alyiiz B, Veli S. Kinetics and equilibrium studies
for the removal of nickel and zinc from aqueous so-
lutions by ion exchange resins. Journal of Hazardous
Materials. 2009;167(1-3):482-88.

12. Lin YF, Chen HW, Chien PS, Chiou CS, Liu CC.
Application of bifunctional magnetic adsorbent to
adsorb metal cations and anionic dyes in aqueous so-
lution. Journal of Hazardous Materials. 2011;185(2-
3):1124-30.

13. Ajmal M, Rao RAK, Ahmad R, Ahmad J. Adsorp-
tion studies on Citrus reticulata (fruit peel of orange):
removal and recovery of Ni (II) from electroplat-
ing wastewater. Journal of Hazardous Materials.
2000;79(1-2):117-131.

14. Kadirvelu K, Thamaraiselvi K, Namasivayam C.
Adsorption of nickel (II) from aqueous solution onto
activated carbon prepared from coirpith. Separation
and Purification Technology. 2001;24(3):497-505.

15. Ahmady Asbchin S. Comparative Study of kinet-
ics and isotherms of biosorption of nickel by bacteria
and, red and brown algae. Nashrieh Shimi va Mo-
handesi Shimi Iran. 2015;34(3):41-48 (in Persian).

16. Farahmandjou M, Soflace F. Synthesis and char-
acterization of a-Fe2O3 nanoparticles by simple co-
precipitation method. Physical Chemistry Research.
2015;3(3):191-96.

17. Barreto WJ, Barreto SRG, Scarminio IS, Ishika-
wa DN, Soares MdF, Proenca MVBd. Determina-
tion of Ni (II) in metal alloys by spectrophotometry
UV-Vis using dopasemiquinone. Quimica Nova.
2010;33(1):109-13.

18. Gazda DB, Fritz JS, Porter MD. Determination of

Y4t

e 31 03 ikan! s (TT) JS5 (99 Bl

nickel(Il) as the nickel dimethylglyoxime complex
using colorimetric solid phase extraction. Analytica
Chimica Acta. 2004;508:53-59.

19. Malamis S, Katsou E. A review on zinc and nickel
adsorption on natural and modified zeolite, bentonite
and vermiculite: Examination of process parameters,
kinetics and isotherms. Journal of Hazardous Materi-
als. 2013;252:428-61.

20. Shaker MA. Adsorption of Co (II), Ni (II) and Cu
(IT) ions onto chitosan-modified poly (methacrylate)
nanoparticles: dynamics, equilibrium and thermo-
dynamics studies. Journal of the Taiwan Institute of
Chemical Engineers. 2015;57:111-22.

21. Luther S, Borgfeld N, Kim J, Parsons JG. Removal
of arsenic from aqueous solution: a study of the ef-
fects of pH and interfering ions using iron oxide nano-
materials. Microchemical Journal. 2012;101:30-36.

22. Agarwal S, Tyagi I, Gupta VK, Dehghani MH,
Jaafari J, Balarak D, et al. Rapid removal of noxious
nickel (IT) using novel y-alumina nanoparticles and
multiwalled carbon nanotubes: Kinetic and isotherm
studies. Journal of Molecular Liquids. 2016;224:618-
23.

23. Samadi MT, Kashitarash EZ, Ahangari F, Ahmadi
S, Jafari SJ. Nickel removal from aqueous environ-
ments using carbon nanotubes. Journal of Water and
Wastewater. 2013;24(2):38-44 (in Persian).

24. Agarwal S, Tyagi I, Gupta VK, Dehghani M, Jaafari
J, Balarak D, et al. Rapid removal of noxious nickel
(IT) using novel y-alumina nanoparticles and multi-
walled carbon nanotubes: kinetic and isotherm stud-
ies. Journal of Molecular Liquids. 2016;224:618-23.

25. Hadi Baseri, Tizro S. Treatment of nickel ions
from contaminated water by magnetite based nano-
composite adsorbents: effects of thermodynamic and
kinetic parameters and modeling with Langmuir and
Freundlich isotherms. Process Safety and Environ-
ment Protection. 2017;109:465-77.

26. Singh D, Singh SK, Atar N, Krishna V. Amino acid
functionalized magnetic nanoparticles for removal of
Ni(II) from aqueous solution. Journal of the Taiwan
Institute of Chemical Engineers. 2016;67:2161-71.

27. Baseri H, Tizro S. Treatment of nickel ions from
contaminated water by magnetite based nanocom-
posite adsorbents: Effects of thermodynamic and

%9 yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol Son 5 (Sl 1,23

kinetic parameters and modeling with Langmuir and
Freundlich isotherms. Process Safety and Environ-
mental Protection. 2017;109:465-77.

28. Langmuir 1. The adsorption of gases on plane sur-
faces of glass, mica and platinum. Journal of the
American Chemical Society. 1918;40(9):1361-403.

29. Singh D, Verma S, Gautam RK, Krishna V. Cop-
per adsorption onto synthesized nitrilotriacetic acid
functionalized Fe304 nanoparticles: kinetic, equilib-
rium and thermodynamic studies. Journal of Envi-
ronmental Chemical Engineering. 2015;3(3):2161-
71.

30. Rouniasi N, Monavari S, Abdoli M, Baghdadi M,
Karbasi A. Removal of heavy metals of cadmium
and lead from aqueous solutions using graphene
oxide nanosheets process optimization by response
surface methodology. Iranian Journal of Health and
Environment. 2018;11(2):197-214 (in Persian).

31. Fathi s, Rezaei R, Rashidi A, Karbasi A. Compari-
son of the removal of heavy metal from chromium
from aqueous solutions using magnetic porous
nanographens (NPG / Fe304) and Fe nanoparticles
(Fe304). Environmental Science and Engineering.
2015;5(8):1-11 (in Persian).

32. Freundlich HMF. Over the adsorption in so-
Iution. The Journal of Physical Chemistry A.
1906;57(385471):1100-107.

33. Dehghani MH, Mahvi AH, Rastkari N, Saeedi R,
Nazmara S, Iravani E. Adsorption of bisphenol A
(BPA) from aqueous solutions by carbon nanotubes:
kinetic and equilibrium studies. Desalination and
Water Treatment. 2015;54(1):84-92.

34. Mehrasbi M, Farahmand kia Z. Heavy Metal Re-
moval from Aqueous Solution by Adsorption on
Modified Banana Shell. Iranian Journal of Health
and Environment. 2008;1(1):57-66 (in Persian).

35. Panneerselvam P, Morad N, Tan KA. Magnetic
nanoparticle (Fe304) impregnated onto tea waste
for the removal of nickel (II) from aqueous solution.
Journal of Hazardous Materials. 2011;186(1):160-
68.

36. Adeli M, Yamini Y, Faraji M. Removal of cop-
per, nickel and zinc by sodium dodecyl sulphate
coated magnetite nanoparticles from water and
wastewater samples. Arabian Journal of Chemistry.

h 1PAA by /g o )laid /s jlgs 09>
. Y 3l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y40

2017;10:S514-21.

37.Yang F, Sun S, Chen X, Chang Y, Zha F, Lei Z. Mg—
Al layered double hydroxides modified clay adsor-
bents for efficient removal of Pb2+, Cu2+ and Ni2+
from water. Applied Clay Science. 2016;123:134-40.

38. Yang S, Wu 'Y, Aierken A, Zhang M, Fang P, Fan Y,
et al. Mono/competitive adsorption of Arsenic (III)
and Nickel (IT) using modified green tea waste. Jour-
nal of the Taiwan Institute of Chemical Engineers.
2016;60:213-21.

39. Lu C, Liu C, Rao GP. Comparisons of sorbent cost
for the removal of Ni2+ from aqueous solution by
carbon nanotubes and granular activated carbon.
Journal of Hazardous Materials. 2008;151(1):239-
46.

40. Ghaee A, Shariaty-Niassar M, Barzin J, Zarghan
A. Adsorption of copper and nickel ions on macropo-
rous chitosan membrane: Equilibrium study. Applied
Surface Science. 2012;258(19):7732-43.

41. Sharma YC, Srivastava V. Separation of Ni (II)
ions from aqueous solutions by magnetic nanopar-
ticles. Journal of Chemical & Engineering Data.
2009;55(3):1441-42.

42. Ho YS, McKay G. Pseudo-second order mod-
el for sorption processes. Process Biochemistry.
1999;34(5):451-65.

43. Yuh-Shan H. Citation review of Lagergren kinetic
rate equation on adsorption reactions. Scientomet-
rics. 2004;59(1):171-77.

44, Kumar R, Barakat MA, Daza YA, Woodcock
HL, Kuhn JN. EDTA functionalized silica for re-
moval of Cu (II), Zn (II) and Ni (II) from aqueous
solution. Journal of Colloid and Interface Science.
2013;408:200-205.

45. Karimi Takanlu L, Farzadkia M, Mahvi AH, Es-
rafily A, Golshan M. Optimization of adsorption
process of Cadmium ions from synthetic wastewa-
ter using synthesized iron magnetic nanoparticles
(Fe304). Iranian Journal of Health and Environ-
ment. 2014;7(2):171-84 (in Persian).

46. de Almeida Neto AF, Vieira MGA, da Silva MGC.
Adsorption and desorption processes for copper re-
moval from water using different eluents and cal-
cined clay as adsorbent. Journal of Water Process
Engineering. 2014;3:90-97.


https://journals.tums.ac.ir/ijhe/article-1-6246-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

Iran. J. Health & Environ., 2019, Vol. 12, No. 3

&

£
&

HEALTHAND ENVIRONMENT

,K‘
6 e
ff

et uel| U,
?\
R &
gy \@

Y,

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

Original Article

&
&

%, &
" of Environ®™®

Removal of Nickel (II) ions from aqueous solutions using Iron (IIT) oxide
nanoparticles: study of Kkinetic, isotherm and thermodynamic models
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ARTICLE INFORMATION: ABSTRACT

Received: 10 June 2019 Background and Objective: Due to the existence of industries such as
Revised: 28 August 2019 stainless steel, the presence of nickel (II) ions in water and wastewater has been
Accepted: 04 September 2019 reported at high concentrations. Removal of nickel (II) ions from wastewater

and the environment are of primary importance. In this study, iron (III) oxide
nanoparticles were studied as an adsorbent for removal of Ni (I) ions from water
in the batch equilibrium system.

Materials and Methods: FT-IR, SEM and XRD techniques were used to
characterize the structure of the sample. To determine the optimum adsorption,
the effect of important parameters such as pH, contact time, adsorbent weight
and initial concentration were investigated. Also, thermodynamic study (Gibbs
Keywords: Iron (III) oxide standard energy variations, enthalpy and entropy), isothermal studies (absorption
nanoparticles, Nickel (II), Iso- capacity) and kinetic studies (absorbent effect with time) were investigated.
therm, Thermodynamics, Kinetics Results: The results showed that the magnetic adsorbent had the highest removal
efficiency of nickel (II) at pH 7, contact time 60 min, adsorbent dosage of 200
mg, and maximum removable concentration of 400 mg/L.

Conclusion: With thermodynamic studies, it was determined that the reaction
was endothermic and the spontaneous process was controlled using the entropy
factor (AG®=-2.7 KJ/mol, AS°=+165.17 J/mol.K). In order to better understand
the mechanism of adsorption, kinetics studies were carried out using the pseudo-
first-order and pseudo-second-order models. Then, Langmuir and Freundlich
adsorption isotherms were investigated to determine the adsorption capacity, and
it was found that the adsorption data were well fitted to Freundlich model and the
maximum adsorption capacity was 43.5 mg/g, which indicated high adsorption
capacity and its multi-layers.Then, Langmuir and Freundlich adsorption
isotherms were investigated and it was found that the adsorption data were well
fitted to Freundlich model and maximum adsorption capacity (q, =43.5 mg/g)
was obtained which indicates good adsorption capacity of adsorbent and its
multi-layers.
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