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Abstract

Introduction: In this study, the construction and investigation of the
properties of an ion-imprinted polymer adsorbent for the removal of
heavy metal zinc from the aquatic environment was carried out.
Methods: Initially, a magnetic core/shell structure of iron/silica was
fabricated and after functionalization with an amine functional group, it
was used as a base for the preparation of an ion-imprinted polymer
adsorbent. The ion-imprinted polymer adsorbent was synthesized in the
presence of a magnetic base, zinc target ion, initiator, and binder. FT-IR,
XRD, FE-SEM, TEM, BET, and VSM tests were used to determine the
structural properties of the core/shell base and the ion-imprinted polymer
adsorbent. Also, for the adsorption performance, the effects of pH,
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Findings: A spherical structure with an average particle size of 30-40 nm

was observed for the ion-imprinted polymer adsorbent in the morphology
results. Also, the presence of an iron phase (magnetite) with suitable
magnetic performance was confirmed in XRD, FTIR and VSM tests. The
experimental data showed a better agreement with the pseudo-second-
order kinetic model and the Langmuir isotherm model, and the maximum
adsorption capacity of zinc metal ion by the ion-imprinted polymer
adsorbent was estimated to be 88.5 mg/g. The results showed that the
ion-imprinted polymer adsorbent has a very good selective adsorption
performance for zinc metal ion from aqueous media.
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Extended Abstract

Introduction

Today, water pollution has become a major
concern for humanity. One type of water
pollution is heavy metals, which include
elements with atomic numbers between 60-200
and specific gravity greater than 5. Among the
various methods for removing heavy metals,
the adsorption method is known as an effective,
cheap and easy-to-implement method. Also, the
adsorbents used in the adsorption method can
be recovered and used in more cycles of the
adsorption process. Therefore, the construction
of various adsorbents in the adsorption process
has attracted the attention of researchers in
recent years. One of the important factors in the
adsorption performance depends on the type
and characteristics of the adsorbent used. The
development of adsorbents with selective
adsorption capabilities for water purification
and heavy metal removal has led to the creation
of ion-imprinted polymer (IIP) adsorbents.
Therefore, considering the new technology of
this structure, in this research, an ion-imprinted
polymer adsorbent was synthesized to remove
the heavy metal zinc from the aqueous
environment.

Findings and Discussion

In the first stage of manufacturing the ion-
imprinted polymer adsorbent, a magnetic
core/shell silica magnetite base was used to
manufacture the adsorbent, and after
functionalizing the core/shell structure with an
amine group, the ion-imprinted polymer
adsorbent was synthesized by in situ
polymerization in the presence of the target ion
(zinc ion) based on the magnetic core/shell. The
results of FT-IR and XRD results showed the
presence of magnetic phase (Fe304), amine
functional groups and formation of ion
imprinted polymer. The average particle size of
the adsorbent was calculated in the range of 30-
40 nm in the morphology photographs. In
addition, the presence of iron, silicon, oxygen,
nitrogen and carbon elements was confirmed in
the EDX test results. The average specific
surface area in the BET test for the ion
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imprinted polymer adsorbent was calculated to
be 363.6 m2/g, which is an acceptable value for
use in the adsorption process. Also, the
appropriate magnetic property of the ion
imprinted polymer adsorbent was confirmed in
the VSM test and the adsorbent was separated
from the aqueous medium by applying a
magnetic field. The adsorption tests showed
that the best conditions for the adsorption of
zinc ions by the ion imprinted polymer
adsorbent occur at pH 7, adsorbent dose of 20
mg and initial concentration of 35 mg/l.
Adsorption kinetics tests showed that the
experimental data had a better agreement with
the pseudo-second-order Kkinetic equation,
which confirms that the adsorption of zinc ions
occurred mainly through chemical adsorption.
Also, a better agreement was observed for the
experimental data with the Langmuir model in
isotherm tests, and the maximum adsorption
capacity estimated with this model for the ion-
imprinted polymer adsorbent in the removal of
zinc ions was obtained as 88.5 mg/g.

Conclusion

Compared to the conventional polymer
adsorbent, the ion-imprinted polymer adsorbent
showed a high adsorption percentage for zinc
metal in contact with other heavy metals, which
indicates the selective adsorption power of this
type of structure. In general, it can be claimed
that the use of ion-imprinted polymer adsorbent
can be very useful in the water treatment
industry,  considering  the  advantages
mentioned.

Ethical Considerations compliance with
ethical guidelines

The cooperation of the participants in the
present study was voluntary and accompanied
by their consent.

Funding
No funding.

Authors' contributions

Design experiments and perform: Morteza and
Mohsen

Conflicts of interest
The authors declared no conflict of interest.

Journal of New Materials. 2024; 15 (56): 17-32



56 6 ylowt +156 599 +1403 ¢yl 2P Sgo abne

9 3 Jlo

buzmo 1 (59, (nfow 18 Bl Cua S Pl ol 3 3o (0w,
!
2 g3t el e F e 5o

Ol el g oKimgss oin] B g conds gl 05,5 ¢ bobiwl .1

Ol el gy oBimgls o] B g conds gl 09,5  Loliwl 2

oxSa i 1403/09/06 il s ju,b
5 oolinl Lol 43S )3 Lo ygdS dngi D90 sl pdl sladmd )3 Ol dbual Cou tdodde E 1403/10/27  : 5,9 &40
sl 05 oy Sl )3 e colio 1 (o o oyl Gl w8 5 (g clacils © 0 1403/10/30  : by ju U
oesiw}léd&%@'9&%‘%dm‘iv’b‘—?w‘?wme“héﬁ-’ﬁw‘ﬁww‘}‘E
Ll 045 Pb}.’:l sz oo | &9y E oMl 5 oSl “5_]))' 35 ol
_ ] 158 odlitwl Wbl &g 4y dllie
09,5 b oy o Jole 1 Ly g b il Shaao! ] cunnboline dituo gy s ylis Lo L) 55 2 pigy
Pl ey OO b dlitl g le Syl OBl il (gl b g 4 el Jale Tl anal ol
- _ ot . . . - St 0 O Bt
FT- Glagygesl 5 s oims Jlail 5 S5l asy) Ban (g omiblido 4l yoin L (S5 = Qo
tggl 4t &l )5l olss s cas VSM 3 BET TEM FE-SEM XRD R - LN
clale ol 93 PH T s 5 Shes e peizad 2508 o3lizal g ol (gyeuky 3l g ¢ oot
53,5 pbdl pigi 5 St cadyl
ol > e s ils gl 30-40 NM &y 0j15] Lawgio lilo szl = DOL
B2 g el oo e s M ol baogie b oss,® 5L 4BL S  71008/nm.2025.1101632
slagygejl ) cuslie bl 3 Sloe b (cuiiSe) ool 51 392 (piomon 15 oanlie (559lg8 )90 =
e s ped 43> and St Jio b alKiylejl slaosly 03 40 VSM 5 FTIR XRD *

D> buwg g9y @y ol cud b WSl g Lol Ui e Bilad 505U p g
A 035 e 88/5 MYIG Sgr Ol 6y

9 ol pd Ol Gla 5 Sles Sg Ol (spea Ol &S 0y LS ol (6 S A
Syl o slalaxe 3l g9y 538 s sl

flS glaejly
sy o9 (P Pl gl D>
S op F9 3] s

292 Jeslowl e 1 gamno Dnny o3 3

Ol (Ol g oKiimgy B g o otimgly 095 5 L
09173319474 : o5

mesmaeilpour@nri.ac.ir : Suig ySII oy



o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

u.)l> )L..>L» 3 XV 09 LJI 5 AfobngJnB)bLqudy
092 31 B (2 (eSS Slbos pbxl b s 29800 SLEL
I slege (b Bl Jlble )3 g (Cl) Qi 5 08 b LSl
Ohhe )y Bua g & e 3 O3l S8 L ol
b G Sl DMl 25 Cjse NG Saa o B
985 Mg abie wcwle olerd g)lul dex I 08 Ll
&l pal sl Jlo j3 a4 gy oolatwl B9y &S o el oy
6 gl (BlSgles)S e o alaaie; )3 ohag 5 il
9> 0t 31 4(23) cosl 4B )3 )18 a2 g5 590 CanlS g (S ol
Sy @M 35l 3 Ll (pl B ST 4 g L
by 5l i al lao 5l 5y (s 318 Bl s O
A o3 law! ubl> il dl)a ‘Svlw k.A.u.&/ﬁ My/w L;‘“Jol.um
Ols gwel 09,5 b dwglan 3o 53,5 b Jele 5l am o
O%) S O e 3 by Gemsliyeds b G Sl syedd

b s (pugblite dwg/dius 4l 5 (<o)

W gy 9 dlge

Syo S8y il ol il g 5 53 edlil 350 (oliand dse
odlizul 3)50 (Bl gilogalls (9 5 55 5l @l s
b b gl Al ye 4 dls e ji gy aB)S18
Shimadzu FT- oK b g (FT-IR) 4,08 a5 50,8 oyeole
4 et gl uSol axdl il 3T 28,8 plogl IR 8300
s L BrUKer AXS D8 olzuws by i 8 15l pyuess polaio
gl TEM ol 6,5 plos] (A= 1.5418) Cu Ko
Gl) EM208 il )50 (39,80 oS Sn b 50
(FE- (tugy 95580 @sSg Sm paglas 5 (gsls 100 515
5 48,8 XL-30ESEM yuelid 6lStwd (5,515 |, SEM)
5 s 5 50 iy bl 5 @ldeil L) TEM ol (ol
B oS Lodd odls (bgy (gue dSud (59) 2 0ka8 S5 gl el
(Philips) SEM s, gyl cgSs So oltus jl 45 o3l
€9 o 9 (EDX) nSel axdl (555 3l U1 plosl jglato o,
booldgl Jiblie ol alj)l 5 popp w8 odlitel polis
Jto (VSM) iwipe wigel s mablivo ozus I odlizul
5l .wé)8 plxsl Meghnatis Daghigh Kavir CO., Iran
sobate & Varian, Vista-pro Ju oWl osd cés clowll

5 o3liol L0 e as)

FesOs Ol ,3450 3w

e 1 {Jge e 4/5) FeCl2.4H20 5 0/9 ;I gl 4
4/8) FeCl3.6H20 ¢35 1/3 4 (PVA15000) I Jumg b

o8 Gdo 4 bglste oyl G a5 a8l O ) e 15 (Jge o
I Sle by cov o) e any 80 sled 5 sl

Yo

EPRTSY

s ol 03,0 ag2g & s gl 1y (SHi SIS Sl (Sogll 094!
Gagrd 085 Shigrge don (sl g 039 (S5 0 Sl (e yiege ]
38 bl «lild o) 0ane Ollos Wile (mluo @y drwgi (Cal
@ 1y ol 5l alise glgl (gdas job  la i8S cél § JelS
o 1 (ol Sunll glgil 51 (S el 03,55 )l Cann; Lo
i b 60-200 1 Lol die b spolie ol &S st
oS S slagg Gk 5 Bl (1) s S 5l i (ogane
&5 Ulg5 gtunss] 3 Uk )5 xle s 4 T slalaswe 5l
JB 4255 3y90 p3l slaans )3 0)lgen Ul Cooun 5 05j iy ge 5
d‘as);'...\.f dlmui}u} ),.:>l dLmLJL» P9 Oﬂl )’] (3 ,2) Gl aild
0l pbl (i Gl pae gl failey JBlis 4y ¢ Bls s
o) @lio y oanll lgie & ol S ©lild 5 (S (T-4) ol
S5 Sl 93 paie S Gy 4 ) il (2N) ) 518
4 A5l dzil 3939 (oS Hlde 4 &S Sloj g 29 0 dd)S Jlas o
Sy Slgice 2 5l G 69y bl S (o Joe gk o) K6 lsie
0N Cupgoms Ely Wilgh oo jloee S I i g Ml pde ol
Felas o s pdy oo Jold g9y Cangonns wille 90
Sl iy plojle (8) cunl gg5 cdls g loiil ol cawd
03,5 oyl 5 Mg/ 1y SaelsT Of s (gg, jbme oje (WHO)
el 15le sl ol callud const 3 5y 15 L (90 9)
9 Vg Mg peredls g5 Cpe e S g9y Al e
Db Gy e Sy lulo uiljge 5 St JIE5 aljgm
;Lmd..}‘.\i.}) ‘&5) ;b}.:}l}“f ‘Lﬁ?)b dl.huﬂmlﬁ 2 U)UL’ clale l; <$9)
ly Con; bawseo a5 315 399 iligy g oinl)] pjlg) i iS 0 puis
(10) 15" 0 a2lse (50> SISt |

Q@ lei oo a5 D)l vy S wlls Bls gy i gla i,
(17) s Sk (16) 339U (15) i (14) ypmslines]
Ohgy bz slaigy oo ) 08 o)l (18) LugSas jeusl o
aslis coly lal cablB by Gl Sge o9y e plgis 4 ol
L e gy 53 ekl 3)50 Sl (g oo (iomen S9dse
olial Gl 1 ) i S SSew 938 bk dae
oo ol anl8 ) Gl (slacile cols 5) ol 512500
5 vt Bl ) oS el 55 8 pliine 425 30 )
el 3l (S ooliial 3y90 Ol (Shg 5 £ 4 > 0,Skes
93 x5l g Jgeme (sla 3l L ol plodl ol (St
Ol abas Caa i) b bl e cllB b il dxwy
s Ol cols 4 e &5 old pll S Glls Gls
G Pl el ol el ord (HIPY) Sg Ol (5yesd
opg ol ool Cla cuio 13 (pg Ol I (S lgie &

L lon Imprinted Polymer

17-32 :(56) 15 1403 . 155 slgo dloxe



RULS Pt

dh Jbl 5 Ol b g (gjlobis (ublize e b e NH,
43,5 ol a3 80 (clod > @l dgil ol s Sis Luleg s
(24) b3 plml celes 6 e

Fe304@Si02-MIPs &l g5t joiuw
Fes0s@SI02-NHy sl o5 1« yiigil sl e 10
roge olis & (MAA) sl S Sio 9 (ZN7F) g9y B0 (1
& Sgo glael (oyme > aadd 10 51 L bgle oyl b adlsl
oSS S jelate 4 Syl laee S 0 el 12 e
Sl ST Jitosd JsSilS (6 ol g 28,5 )13 B sagige
ol pS 012 5 exmsJlail lge 4 (EGDMA)
bgbe g 45 23L5] bglsn 4 oaimd JLasl plgie 42 o yisg i |
S5 (el ol,5 ol 4 60 (slod > el 22 Soto 4y Juols
Sl piS 2 g 5 S cos IS, sl yedy a3
o B lia &y pudolin gy Sl ey o 255 )
(ool o> 2:8) Jgilial d) Sl gl b (ZN2Y) Goan
a0 70 (los 5 Us Lalyd cov @Bl opl G S A
.y o o 4 oo it oo | IS5 05 8 315 sk
Fes04@Si02 clpgl jiw pion w3 o ol |y Sg
o Ghgy b alie ZNPT g Ol Gk yerly b b Sl Jele

3L Fes0s@SiO2-MIPs

4 (2 p Jse 1) ool litel S gl ol 4y g 28,5
opl b 03938ty 10 4 PH a5 Sloj b5 0ylad 4y 0ybad < jgu0
98,5 15,8 e 4 )3 60 cled o el 2 e 4y bglse
5l cole p3 b dind JbTL adye iz (g5 olow )
celo 10 Ge 4 31,5 ils 450 80 slod 3 Jols FesOs

(24) ws Sis

FesO4@SiO2 1,345l 3w

5 015 3 clles 515 2l e 012 5l 2l e 50
59 710 Squs 0yl 4y oykad bglswe pl 4y ¢ A aslsl Fe30y
o e (lod 50 4ids 30 e 4 Jols byl . 03933
b (gt ditwgy—ditants S39L (o 9 £8)5 )18 (Sl 15 2
o 5 A1 O g 1L (g5t pmabolito i 5] o3lizd
Sis el 10 e 4 91,5 5bo 4550 80 clos ;> &l 36ib !
(24) x

Fes0:@SiO2-NH2 &l ,33L 3w
-3 e 025 4 Fes04@SiO2 clpglb o5 5
8 e 3 (s 1) pllml 51 ) o
el 12 te 4y oS3, Ll o Lol o g i 4]
Fes04@Si02- <l 3l s 85 )3 Sl b > cov

N Q 1. TEOS, EtOH, H,0 HO— —OH

2. NaOH

Polymerization

60 °C, 24h

EGDMA, AIBN, Target ion

=
HO OV L

< Selective

o )
| aBSOI’ptIOI’l I. 5
o I

meblide (g2 Ol yodly dls jo & Al po 5w Slend -1 S0

17-32 :(56) 15 1403 .15 lge dloxo



o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

1269 1091 569 sy 5 ks ypi (2€ JS3) NHz
4wy 4 o8 3200-3300 Cmt 4 2860-2970 (1472
Si-O-Si oliel oS clobo,)l Fe-0 iss olils)
S wlils )l 3 CH2 i olsls)l C-N iuss” olils)|
IS 50 (27) asb e ldgl ol 3w Lo 35, ozl N-H
C- i elol)) 2917-2994 ;3 s iS50 2d
clals)) 1256 Cmt 4 (C=0 _ais clsls)) 1725 (H
b ele FE304@Si02 34l )‘Alwn.ey st (C-O LS
i Sy Gemes a3 LS ) (S Ol yeddy b osd
gl o alie Jole gloogS Gluvgas o 4 (LS
odalie B FesOs@SiO2-NIPs 4 Fes04@SiO.-MIPs
sl ey ol @l ool (20,8 sl Sa) asle
5 Fes04@Si02-NH; clppsl cs) » EGDMA 5 MAA

dlge ublite g2 Gyl jrelaidye s

oSy dxil ol -2
gl ylisls ol 5 (o) selaie 4 WSOl il 3y ]
Fes04 dlf. XRD d‘.&ad.:,lo @L.: 3 nga 5 &S A ealawl
S9) olsd ) JE G Pl ey S FEs0.@SIO2
oS Fes0.@Si0O2-MIPs 9 (Fes04@SiO,-MIPs-Zn)

Gl 0445 0313

@11)

Intensity (a.u.)

20 40 60 80 100
2 Theta (degree)

(b) FesO4 (a) ©1,3950 Sl dxadl (il g3 -3 JSui
(d) 9 Fes0s@Si02-MIPs-Zn (c) « Fe3;04@SiO2
Fe304@Si02-MIPs

35140 43710 53/4° 570 4 62/6° cUlg; )3 bl slack

YY

4,598 s 30,8 (9ol (Priwinb -1

3 s Sdgl Al pe 4 dlsye ji (oyp polate 4 a2y L
A5 olazal (FT-IR) w08 s o3 golo (oetuwcil 50l
(¢ Fes04@Si0; (b FesOu (a 55l FT-IR b2 IS
(€) 5 Fes0.@SiO-MIPs (d) Fes0s@SiOx-NH,
An3_e olis |, Fes04@Si02-NIPs

(a)
576

Transmittance (%)

2917-2994
3435

3403 2932-2989 il 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (Cm'l)

(b) Fe304 (a) w1,395L FT-IR b -2 JSUS
(d) Fe;04@Si0>-NH: (¢) Fes04@SiO:
Fe304@Si0:2-NIPs (e) g Fe3sO4@SiO2-MIPs

bl ey 4 1620Cm? 43400 sy s s sy
Sorkn slaog)S o O JsSse )3 O-H wigy s 5 S
570CmM™t asl pn pls Ko (25) wd e Gl |y xbaw
|y cotiSo gl )3 FE-O Wigy S clibsl « (22 JS2)
ST g » sy jeas 2D UKo 13 (26) wad o ol
olalsyl & ey a4 o 3401Cm?T (1000-1150 (789
Si-0-Si wigy oylizeli 5 plite S lisle,l Fe-O s
e e B olansl O-H gy iiS olils)
Sl el Cuddge jiw 9 Bl al L FesOs clydgl
Fes0u@Si02- sl (gl i3 oo iles |, Fes04@SiO;

17-32 :(56) 15 1403 . 155 slgo dloxe



RULS Pt

15l e gl 14132 5 12/64 11733 1, 1y s 4 MIPS
24)

TEM 4 FE-SEM ,;5la5 -3
S5l (slls FesOu ol (4a JSa) TEM o ol
Jols s b o 22l o yingls 12 392 13 5,8 L (58 Loyt
Fes04@Si0z «ly3glb TEM pouasi s ollas |y alsles |
JS) smd oo i 1) yregil 20 dgas il)d o5l b (5,8 kL
Fe304 cldgl sl (pivgy (958 05K Sin gl (4D
4c.d.e oo > Fes04@Si02-MIPs 4 Fes04@SiO:
(4c,d cla JS5) FE-SEM 5l bl ol ais ools jLis
Oimon dgd o odnlie Sl 4l L FesOs wlpglh s
b ol 3955 Fes04@Si0-MIPS cl,pl FE-SEM g5
a2 g0 ot |y yagili 30-40 900 @l ojliil g 59,5 (53519890

(4c Jss)

gl Heas k)b (440) 4 (511) (422) (400) (311)
» 28) (32 USs) S e a0l 1) Jliaw S jkslo L FesOs
. Fes04@Si0; sl ol 3bcd s
«bls; Fes04@SiO-MIPs 5 Fes04@SiO,-MIPs-Zn
Ddele b g 3y caplive FE304 @l ydgil b Sy oo o 3y
ol eximd LS 2ol opl 945 so dlS Sy s I rdaw oy
(29) 395 05 B i 4 e FE304 (xaw pllol o5 el
50 9 Kb 40, FEB04 cldgil (oo iy L (priopen
4ol 50 sl Kk b Lo po 0 Sy K i Sl (el sl
gl jin o8 bele b (25) 390 saalie 10-20°
O S Sl sy UK Kk g0 S FE304@SI0;
! 5ol blys comw & S Sl oeh Sl oo 9 Sk
03l Sy 5l oalial b cotiSe )39l 60ke Gaimen b e

127) 2l o dnwlore LB )05 alslee 5 (311)

D=KM\pcosO

wascie ol o K=0/9 (ool 6y zge Jobo A aholxe oyl 5o
450 5 S gl £lis) sl )3 ooy Slo Sy sl B 1
3 ojluil b dolee wlaly .03L . (Bragg angel) 1,
Fe304@Si02- 4 Fes04@SiO2 Fe304 il )3l > e

Fe;0:@SiO: (d FesO4 (¢) w1,39L FE-SEM y15bai g Fe3sOs@SiOz (b g FesO4 (a &l y3456 TEM 3 gbas —4 U5
Fe;04@SiO2-MIPs (e g

17-32 :(56) 15 1403 .15 lge dloxo



Magnetization (emu/g)

o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

Jsis Fe304@Si0,-MIPs 5 Fes04@Si0, FesOu gl
-2 36316 M21G 543013 AB0/0 L, 1 s 5 & 025 o

A3k

Oly3450 0599 gdanw 9 (5,08 o Ologad -1 Jgan
Fe304@Si02-MIPs g Fe304@SiO2 Fe304 (g 3w

(hm) e, o1l oo dol
Aiged
(m)/g o325
11/33 480/0 FesO4
12/64 430/3 Fe304@SiO2
14/32 Fes04s@SiO2-
363/6 MIPe

.BJH 99y b ol dslowe 0319 o 4l (a
Ly dales b 0ad duwslie i @l ojluil (D

VSM ;JUi -6

5 Fes04s@Si02 Fe30s (siiw gl (wublin olgs
5 orn 390 VSM LT 5l eslizul L Fes04@SiO2-MIPs
gl iblis ke &5 cul ol Sl @l 5 €65 5 o)
Fes04@Si02-MIPs 4 Fes04@Si0z Fe304 il pgl <l
(6 JSs) wib 0 27713 emulg 440/3 64/8 L ply sy &
gl oas Jbele Lol b &5 wes e olis VSM 3Ll
ol gl Giblise jlade (g Olo yerd g Wohow 4l b cuiSe
welgs olizen FE304@Si02-MIPS &l )36l 939 oyl b .ol o
Wil oblg oS wimd o ioles 295 511y (glaaslle LB jiblize
A o Lo (punbolie €S S (655G L ) Jgloxe ]

0
>

60+
40+
20+
20+
40
60+
ﬁ?s 00  -6000  -4000  -2000 2000 4000 6000 8000
Applied magnetic field (Oe)
(b Fes0q4 (a 01)593‘.3 VSM X)U -6
Fe3;0:@Si02-MIPs (¢ ¢ Fe;0:@SiO2
e ol 2 e pH 51 -7
Ye

EDX jJUi -4

2 o3mST g ool b bdye oSy )i 5a S5 0 EDX 50
aldglb EDX ab o ey ol 1) FesOs wlgl
“o Okl ks 9 (oS 8] polis 90 FE304@SI0;
Dby 2o FE Sy 4 Cond i ©ab L ST Sy jpi> 5 0L,
JS 55 (S JS) wsly e S 40U L FE304 @l gl pedaws
sl il gy Bl 5l U G Sle S 1 EDX b Se
Sy sy 5 a3 e i |, Fes04@Si0-MIPS-ZN s,
3B & by Sy gs) olasd 3l om bl sl Glles o] > ZN
IS5 93 )3 rizmen (S0 JS5) el ol Bl g9y e
Ky yoas Fe304@Si0-MIPs wilydgl 4l 5d 4 5c
sl i s ele EDX i s N 5 C Si O Fe ol
23,5 oo osalie MMIPS L Fe304@SiO2

O Kg (a)
Fe Ka
Fe Kp
=
(b)
oy Fe Ka
(7] o
c FeKp
(]
=
= (c)
Fe Ka
..._Lf.e Kp ZnKa
i i
(d)
Fe Ka
' Fe Kp
' 10

5
Energy (keV)

Fes04 (a ©,3950 Sy dzudl (65551 (il gy =5 IS0
(d 9 Fe30s@SiO2-MIPs-Zn (c «Fe;0:@SiO2 (b
Fe304@Si02-MIPs

BET ;JUf -5

oy g 9 JBS ) pslile 4 (950 lalgmoda UL
Gl a8 am e i ol (1 Jgie) as ool (g jt il )3gil

17-32 :(56) 15 1403 . 155 slgo dloxe



RULS Pt

Sld Y e oo 4 Gl O3l 503 UL polde p> .l ool

09 il 0,Sles 3 il Corge Wlg o aS D)l 3939 DL
31

80

60 -

q (mg/g)

40

20

25 5 10 15 20 25 30

Adsorbent dosage (mg)
2P Pl Ol la Cudyb Oy -8 S
$95 092 B> o Al §93 Ol pdi o

Cda oliwe 00T adgl clals (51 -9

Sl 9 JSs o9y Ayl cbale Cuns p Lls b )b Oy
oy 25°C clod Jolid ol slajialyb ple wcowl oad ol
o 4sly a5 <ol 7yl PH 5 S0ML Jolxe vz 40MiN
s 8 35y ol b ady) CBIE ze il
35mMQIL sy s) 516 adgl clale > Gl b )b e ey
= e G a1 > 4y oy adgl cdale polds 3wl odls &)
Dydee plol (ag3 4 Ol sl jutn eaull 4 Clo b gl
i ool dase §d S 18 4l clale i iol38 L Lol
Cad )b (e 4 )3 9 B oo gl O w69y 2 5 Rdn
oy ol Ly Gl eyl i 35 MQ/L oyl

100

80 |

q (mg/g)

40

20

10 15 20 30 35 40 45
C, (mg/l)

2 Pl Ol Cis Cudyb Ol pdi -9 UG
B9y O Ml Cdale Ol pudi Cons

17-32 :(56) 15 1403 .15 lge dloxo

q (mg/g)

S el ol Cla cud by Jslre PH s 51T S 5
Gl o 031y Ui g9y B> (4ly

80 |
60 |
40 |
20 |
0
2 3 4 5 6 7 8
pH

2 PR P Ol la Cudyb Ol TS
$95 O B> o PH Oy cons

25°C (slod > e s balys PH 15U cla g0l pbsl ol
cble 320mg ol e SOML Joloxe wos 40Min o
oanlie 45 job lon .l oad axsly &5 <ol 35 mg/L 4l
oS e Cbyl Jude S | 1S ohig ol sle PH )3 w5
Cailos b cle PH o HY (s ress S 4 il s
e e izmed 25 392y ZN2 gy Dl 3 Sty il
D o (555 2 Slole (sloog S b cow s slo PH
S 5 Uk sla PH 5 sl e Jobre 13 56 s (alierd >
O 53 g odd () (ian yuin Ol gaw e slaog)S
Olyee 9 18 bnl uSliaS Lo 13 (g9 36 Cuto (50 b AilgS 0
e 392y > 4 U glo PH > b (il g9y 56 ol
5 SimS] slaog)S) (lgm (slaogS ) Sl (clagyg Sl
lagg b og)S ol (amslind; oS (3lagl Jldle S5y
S O ol meuSle 4 e o Bl BT oy 4 3
P Sl by ) 58 Gl lie 02k (30) 3950 9

ol 03b8l 5l 7l PH S

Gl ol g 3l 593 56 -8
2 Bl o> x5 laggail O3l o> dre (i (eSS sl
ey Ol cudbs Sl & S 5 b pbol Ll byl
“0 ol (5 b Bl Cur S Sl OO lp OB g
Joloxe e A0MIN lo; 25°C cled o Gl balys 9
o 4l &5 cob 35 Mg/L adql clale 5 7 ol pH SO0 ML
P ede Sl Gl (p il 09 o0 odaline & Hob plan Cul
9y b Bl il e Sl 3l 51 (074 g/L) 20 mg e
&y o s Cubls ) 2l aS e ol ] dsy g Cal 03 £,

L Agglomeration



o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

Jol a3 4w St bl | ¢ Sitiw 3l (ppes0 (gl
oSy ol a5 0 eolizl (2 Wsles) pgd dxy> and ¢ (1 dsla)
pyd sl ods o3y L €10 9 D10 ISs 13 Cus @ gl e
Cul ) zpd 4 pgd doyd aud g Jol o yd anh Sitiw Sllro

132)

In(q, — q¢) = Ing, — Kyt (1)
t 1 t (2)

qr K203 ' 4qe

P9 ol Cls cud )b e cui 4 Gt g e clsleo ol jo a8
gl ol (sl yiol)ly A5l o pad dnyd dud dlalee (St ol Ka
&S yob len cul otel 2 Joanyd (St slalaged 5l ond
St ollas @K@u}i sbeodls wad o sl R? O G b
Sy ol &S dad o Ll g L ped dn A St aoleo
wlherd Cl Gkl ile Ga ol O ghe ) 2

(33) ol 43,3 &0 (Chemisorption)

Jol 3 s S (50 (b hel,l - -2 Jgoa
o Bie 55 Fgr Ol OBl (12 g3 dnyd A g

(595 Oyt
s yehb Joe
174130 ge (Mg/Q)
0/1525 Ki (1/min) sl 43 4
0/8851 R
107/53 4 (Ma/g)
0/0006 Kz
(mg/(g.min)) pg 4353 4cd
0/9811 R

P Aol ol -11

Gl e G 2l b lp gl o e 11 S 5
2 p szl Seoseil bulyd .l ond ooy ol 59) (i 318
Joloe e «0dls 20mMg 40 100min lo; 25°C sled
S s o al 005wzl 455 <ol 7 4 pH 5 50ML
Jolxe) 2/8 MG/L i1y (Ce) ol cdale g0 5 3945 oo otnliie
dezg ol Lla cud b s aliEl xg, (35 Mo/l aJgl clale
3315 505 Ly G e 51w 9 3513

A

St 5o y9051 -10
Gy s St sloiygel 4 bopye (slaylages 10 IS5 5
o 02l (L3 (g9 piuw S Bl Ca g Sl (S yeek D>
20mg ;o 25°C lod o St slogyge;l Lulys ol
PH 5 S0ML sl o> 35 MG/L (g5, adsl clale (3l
g o 03nlie 810 S5 13 45 sl lon ol os ool T ol
35MIN lej 5 das Lol 1bbio U o ey 4yl (sl oo 5o

Ll 0 el Lu).oa e cud b i

100.0
(a)
80.0 |
E 60.0
[=T)
£
< 400
20.0
0.0 "
0 10 20 30 40 50 60
t (min)
50 —
¢ .
wl W (b)
\‘\
3.0 RN
~. .
-~ 20 | s ~.
7 SR
St ..
- y=-0.1525x +5.1608 "~ _
- R?=0.8851 Y
1.0 | h ~
. R
20 | *
3.0 - . -
0 10 20 30 40 50
t (min)
1
(c)
0.8 y=0.0093x + 0.1384
. R?*=0.9811
E‘i A
T 0.6 -7
: -
£ i
04 4
= e
- A
02 | a-*
o X
0 10 20 30 40 50 60
t (min)

Cud b Ol i (2 Jold Syt (513905 —10 IS
Suw dldlre (Jas yomw] )5, (b (o cums 3o i
s S oo b (y90u0] ) (€ 5 Sl 4 )3 add

P93 42,3

17-32 :(56) 15 1403 . 155 slgo dloxe



RULS Pt

In(qe) = ~In(C.) +In(Kp)  (4)

Qe bl cble Ce (MY/L) wis cud b Sls (Mg/g)
AN g @iy pisnl i Kr ((bls Gl e ls (Mglg)
AR oy i el )y ] @iy las e dlal,
sall USG5 )5 a5 ons plosl @iy 5 geSil pgial Jao 93 L
il 5 el Sy ol 5 ol zols cand 0ad o3l ol BT
R? polio 39 0 oanlie 3 Jgix o prigl sl b (sils
s 9035l 395l Jae b alRialos] (claosls a5 ams o L
Bl SO g 4 Cds sdes &S w0 i el cpl Wb gy
wo Sl (35) cunl a3 )3 ©yge Ll pdaw ,> (MONOlayer)
Sl resk @3l Sl 9o Jao L ol dulons Gl bl

Canl 59y S 16 Gl ol 88/5 MYlg s

PF9i! gBdae jl oa dmle (sla el )l -3 Jou>
Sl Coa (g Pl OB gl gl g 5290V

S9y (e 3
)l.xﬁ.a )Lal)li J_M
88/5 am (Ma/g)
1/1530 K1 (L/mg) pouSil
0/9922 R?
2/1677 0
36/33 Ks -
(mg/g).(L/mg)¥n pARgY
0/8139 R?

3 Sl g bl s OBl L 3l 5 Slos dug o -11
g e S (gl 3>

Gl (¢l wlie laodly bond s Wb 3, Slkes 4 o> 5
gl o sdnlie C"L’ )'l S )919 "JLQ.Q Lol 04 631> ulw.: «“9) )13
Cedjlo g il Iy (a3 Sles S Ol gredh OOl il
bl S Sl sk S gl cal 1 oglle )l e G
w5 plie )3 Nlgice 931 (6318 o b Jle (ygmoliad, oS JeSuts
oy g (2O]k bl Bl aily g9y 518 (sl |y b G Gliee
seblize (el oolital b Joboe I (gjlulia oSl 5 Uk ol
bl %05 ) Clalyode Jlgte sbaad 2 3 368 jglate 4
il e il oyl

17-32 :(56) 15 1403 .15 lge dloxo

100.00
(a)
75.00
)
)
E s000 |
=
25.00 |
0.00 .
0 5 10 15
C, (mg/L)
0.2
015 | s
K o1 y=0.0113x + 0.0098 el
E R*=09922 .-+
34 e
0.05 | ‘," .
e
"’., . d
0
0 5 10 15
C,(mg/L)
5.00
c .-
(c) R
A .
4.00 R P
Y
= 3.00 -
= y=0.4613x + 3.5927
o R>=0.8139
200 |
1.00 :
2 1 0 1 2 3
InC,

Pyepl Soue (a Jols 595! s,ldg05 1185
(b« o5 CBE oy IO oy Ol i
P93I Je (o5 (€ g 5290V 093] Jio (Sodie
&Ny

(Bl1 JS5) 290500 slop gl csloylages izren 11 U8 5o
o33 03l (s gl (s (90sl)S) elyen 4 (DT JS3) gduiyd
ol p il Bgyme Jao g3 Cla (slap Foil (gildio sl o
(4 aholas) @i f pyignl Jae 5 (3 dbolae) 9SS g5l Jao

(B4) el 5 JSi5 4 gl ok s Ly, 48 1 o3licl

Ce_Ce 1 3)
de qdm amK;

v



100%

o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

Sy ope o 1ol o) sl ploe g arils

82%
B Joaze 5 youdy o3l
0 pa oly oy o3l

50% |

35% 33%

30%
9% % 7%
2%
- I || e
In Ni Cu Pb

-0p olojed Do (glp e wopd (e 1280
Pl g Jgoro (ol LBl lawgd (pKiww I3l gy
S

S5 o
D59 b 59y i 38 Bl e G Sl ek B> i Le
ol 3 Ban gy g oty Jlail eyl 55 by (gl yacdy
Gl s 4 59y 2 S Sl Sredky O D plosl GBS
B og2g FT-IR slacab zls 005w jb Jole audolize
Gl oy 65 UK g ol ke (sloog S (F304) usblino
3905 i |y mabolize j15 3959 XRD 9051 gl ols oL 1) Sg
& e ol il b Jele 9 FE30s daw pllol &8 sl lis
=40 NM o3ga50 y3 W3l )3 0311 bawgio sl oiis 51 puuss
@ 2 oglle 4 605 aulre (Gielehyee slauSe ) 30
005 9 035758 <3S sl <l polis jpin EDX ygol
oy O3 (sl BET (05l 55 039 graws bawgie 13,5 40
J9b I i oS w3 dulxe 363/6 MG L ply g b
oo S0l izman Bl Cla lE 0 68
by ab 206 VM el )3 gy Gly (spmely 3l (puablise
Claygejl 3,3 e ol baxe I Ol punblize e Jles!
Sk 3 bwgs (59 g 2l bl o e &3 (s O
adgl clale 920 Mg Gl 59> Tyl PH lulyd o s Sy
—oaly a5 ol i Gl Sttw (slage;l Amd 0 7, 35 MQ/L
4l pgd a2 > anh St dhales L (5000 3ol (2KaLol (slo
Glo b gl i g9y o @l & cul e (pl wge &
sy ly gy Bl eomen Casl 03 Fy olewd
g b oaaldie pgil slaggeil 13 9eSil o L alSitolefl
Syoss Dl (sl Jao I b osd 03] (eds Qe b Sl
Sol s 4 88149 MAIG L ply 9y g Bl 3 S Ol
92 P ok OOl Jgons (5 poeks O3 L duglis )3 (s

o 3l da Codyb 5 ySos dulio —4 Jooua
$9) (e 8 Bls S aldio (s 3> b ol

[ IR CEN il
(mg/g)
(36) 13/6 Magnetic Chitosan (Cyshtcc-
Fes04)
(37 ) 84/9 Magnetic maghemite (y-
Fe203)
(38) 5 chitosan—cross-linked
magnetic resin (CSTG)
(39) 8/9 Zeolite coated with iron
oxide
40 Natural bentonite coated
#0) 2215 with synthesized FesO4
41) 39/9 Multicarboxyl-functionalized
silica gel
42) 312 Salicylic acid-type chelate
adsorbent
(43) Dendrimer-conjugated
24/3 magnetic nanoparticle (Gn-
MNP)
30 Magnetite silica core-shell
30) 115/0 nanoparticles (Fes0s-SiOy)
(44) Zn (11)-imprinted polymer
71/4 grafted on graphene
oxide/magnetic chitosan
i3
’ 88/5 Fe:0:@Si0-MIP
J

O diges S 5l i Do radly Bl Wised a0y e
el yobate (s b ool g9y 3 Bl (2B gy (Bl
@B 038 4 0uiiS S g 4y bogyye o316 Slatie olS'g s 5l
2l ot 25 g0 a1 i I3l (Saull 50 ST adgl 560
(41 ppb) (55, {28 ppb) pg,5 (78 ppb) al (56pPb) s

(49ppb) U5 5
e b geefl e Ol el Bl 0Sles )y sl
PH 5 Lo (clod 1 o5y S i3z ol wiges 1 50 mL
A 03l 5 aids 60 e (6l L3l 20 MY (o yme 1 T 4l
WS ol i 1y ggy 8 ey ZT9 sgas Gl sopd e gl
3o 4 dagi L and o (i (ABly Wigel sl ) (ormilie 3 )Shos
Gl yosh DAl o S e (g O 903 Sy sl 2l
Ol g ol adas cato )3 o3litul § il 6yl Sl g

N

iy QB! Qe (5 g0 12
oy sl plojer Gl dly o a0y i A2 IS
Ol 9 2l g Jgeme (s peals D> 93 (gl o p g e ( JSS
Syods OO (gl g oo snline 45 jghailed .l oad 030>
Sy i 3B s Gl ol B Gl 8oy i (Jsene
Ol (G ol syely O (sl bl ) 3y e g JSS
Ui y9ejl cpl gd e sdnlin (gg) wls lime ,d (3L Hlww

17-32 :(56) 15 1403 . 155 slgo dloxe



Ol e 9 (e

ol 08 ol Alie B hiuy i bawgl pols Gaiod diy

&@M’ ”95 “)m
wiiye 2l ) g ls g ek s J.il.o)’j pledl
9 Jaslows] puoro ¢ paid

&le o)l
o3g1 giin (A g5y 6 il e ofSin B b

ol

References

1.Abas SNA, Ismail MHS, Kamal ML, Izhar S.
Adsorption process of heavy metals by low-
cost adsorbent: a review. World Applied
Sciences Journal. 2013;28(11):1518-30.

2.Can Sener SE, Thomas VM, Hogan DE,
Maier RM, Carbajales-Dale M, Barton MD, et
al. Recovery of critical metals from aqueous
sources. ACS sustainable chemistry &
engineering. 2021;9(35):11616-34.

3.Joseph L, Jun B-M, Flora JR, Park CM, Yoon
Y. Removal of heavy metals from water
sources in the developing world using low-cost
materials: A review. Chemosphere.
2019;229:142-59.

4.Ali Redha A. Removal of heavy metals from
aqueous media by biosorption. Arab Journal of
basic and applied sciences. 2020;27(1):183-93.

5.Parvathi E, Dilraj N, Akshaya C, Deepak N.
A review on graphene-based adsorbents for the
remediation of toxic heavy metals from
aqueous sources. International Journal of
Environmental Science and Technology.
2023;20(10):11645-72.

6.Carolin CF, Kumar PS, Saravanan A, Joshiba
GJ, Naushad M. Efficient techniques for the
removal of toxic heavy metals from aquatic
environment: A review. Journal of

17-32 :(56) 15 1403 .15 lge dloxo

O Sl o b oles 53 (59 36 sl Vb il 2o e
s il g5 el iy ols] ol 5 5l CylSa oS s s
b G Sl spadh 3 jloslatl & 55 el plgi e ggeme 53
o sl Of 4dal Cato )3 Wlgie o1 o)Ll oblje & 405

b

oARgi GUST Jgeol 5l 59m (SIS Slislle
by allbghy ©jgo 4yl Baid 3 ESes Lie )Sen

ol 039y bl culs,

Jb b

environmental chemical

2017;5(3):2782-99.

engineering.

7.Bolisetty S, Peydayesh M, Mezzenga R.
Sustainable technologies for water purification
from heavy metals: review and analysis.
Chemical Society Reviews. 2019;48(2):463-
87.

8.Bhattacharya A, Mandal S, Das S. Adsorption
of Zn (I1) from aqueous solution by using
different adsorbents. Chemical Engineering
Journal. 2006;123(1-2):43-51.

9.0basi PN, Akudinobi BB. Potential health
risk and levels of heavy metals in water
resources of lead—zinc mining communities of
Abakaliki, southeast Nigeria. Applied Water
Science. 2020;10(7):1-23.

10.0wolabi JB, Hekeu MM. lIsolation and
characterization of zinc resistant bacteria from
a coil coating industrial wastewater treatment
plant. International Journal of Environmental
Sciences. 2015;5(5):1030-42.

11.Asadollahzadeh M, Torkaman R, Torab-
Mostaedi M. New liquid-liquid extraction
column with random packed agitation structure
for heavy metal removal and hydrodynamic
evaluation. Minerals Engineering.
2022;187:107812.

12.Pang FM, Teng SP, Teng TT, Omar AM.
Heavy metals removal by hydroxide



ol be 51 59y S 318 Bl G (o Dl (S redly B 3 ok ou

precipitation and coagulation-flocculation
methods from aqueous solutions. Water Quality
Research Journal. 2009;44(2):174-82.

13.Brbootl MM, Abid BA, Al-Shuwaikl NM.
Removal of heavy metals using chemicals
precipitation. Eng Technol J. 2011;29(3):595-
612.

14.DuJ, Zhang B, Li J, Lai B. Decontamination
of heavy metal complexes by advanced
oxidation processes: A review. Chinese
Chemical Letters. 2020;31(10):2575-82.

15.Rajendran S, Priya A, Kumar PS, Hoang
TK, Sekar K, Chong KY, et al. A critical and
recent developments on adsorption technique
for removal of heavy metals from wastewater-
A review. Chemosphere. 2022;303:135146.

16.Sivakumar D, Shankar D, Gomathi V,
Nandakumaar A. Application of electro-
dialysis on removal of heavy metals. Pollution
Research. 2014;33:627-37.

17.Hubicki Z, Kotodynska D. Selective
removal of heavy metal ions from waters and
waste waters using ion exchange methods. lon
exchange technologies. 2012;7:193-240.

18.Ipek U. Removal of Ni (1) and Zn (1I) from
an aqueous solutionby reverse 0smosis.
Desalination. 2005;174(2):161-9.

19.Wu H, Lin G, Liu C, Chu S, Mo C, Liu X.
Progress and challenges in molecularly
imprinted polymers for adsorption of heavy
metal ions from wastewater. Trends in
Environmental Analytical Chemistry.
2022;36:€00178.

20.Lazar MM, Ghiorghita C-A, Dragan ES,
Humelnicu D, Dinu MV. lon-imprinted
polymeric materials for selective adsorption of
heavy metal ions from aqueous solution.
Molecules. 2023;28(6):2798.

21.Sharma G, Kandasubramanian B.
Molecularly imprinted polymers for selective

recognition and extraction of heavy metal ions
and toxic dyes. Journal of Chemical &
Engineering Data. 2020;65(2):396-418.

22.Tchekwagep PMS, Crapnell RD, Banks CE,
Betlem K, Rinner U, Canfarotta F, et al. A
critical review on the use of molecular
imprinting for trace heavy metal and
micropollutant  detection.  Chemosensors.
2022;10(8):296.

23.Arabi M, Ostovan A, Bagheri AR, Guo X,
Wang L, Li J, et al. Strategies of molecular
imprinting-based solid-phase extraction prior to
chromatographic analysis. TrAC trends in
analytical chemistry. 2020;128:115923.

24 Javidi J, Esmaeilpour M, Khansari MR.
Synthesis, characterization and application of
core-shell magnetic molecularly imprinted
polymers for selective recognition of clozapine
from human serum. Rsc  Advances.
2015;5(89):73268-78.

25.Sardarian AR, Eslahi H, Esmaeilpour M.
Green, cost-effective and efficient procedure
for Heck and Sonogashira coupling reactions
using palladium nanoparticles supported on
functionalized Fe304@ SiO2 by polyvinyl
alcohol as a highly active, durable and reusable
catalyst. Applied Organometallic Chemistry.
2019;33(7):e4856.

26.Kazemnejadi M, Shakeri A, Nikookar M,
Mohammadi M, Esmaeilpour M. Co (Il) Schiff
base complex decorated on polysalicylaldehyde
as an efficient, selective, heterogeneous and
reusable catalyst for epoxidation of olefins in
mild and self-coreductant conditions. Research
on Chemical Intermediates. 2017;43:6889-910.

27.lnaloo  ID, Majnooni S, Eslahi H,
Esmaeilpour M. N-Arylation of (hetero)
arylamines using aryl sulfamates and
carbamates via C—O bond activation enabled by

17-32 :(56) 15 1403 . 155 slgo dloxe



Ol e 9 (e

a reusable and durable nickel (0) catalyst. New
Journal of Chemistry. 2020;44(31):13266-78.

28.Esmaeilpour M, Sardarian AR, Firouzabadi
H. Theophylline supported on modified silica-
coated magnetite nanoparticles as a novel,
efficient, reusable catalyst in green one-Pot
synthesis of spirooxindoles and phenazines.
ChemistrySelect. 2018;3(32):9236-48.

29.Esmaeilpour M, Zahmatkesh S, Fahimi N,
Nosratabadi M. Palladium nanoparticles
immobilized on EDTA-modified Fe304@
SiO2 nanospheres as an efficient and
magnetically separable catalyst for Suzuki and
Sonogashira cross-coupling reactions. Applied
Organometallic Chemistry. 2018;32(4):e4302.

30.Emadi M, Shams E, Amini MK. Removal of
Zinc from Aqueous Solutions by Magnetite
Silica Core-Shell Nanoparticles. Journal of
Chemistry. 2013;2013(1):787682.

31.Bao S, Tang L, Li K, Ning P, Peng J, Guo
H, et al. Highly selective removal of Zn (I1) ion
from hot-dip galvanizing pickling waste with
amino-functionalized Fe304@ SiO2 magnetic
nano-adsorbent. Journal of colloid and interface
science. 2016;462:235-42.

32.Najafi P, Zabihi M, Faghihi M. Remarkable
Adsorption of Anionic Dye on the Supported
Magnetic and Non-Magnetic  Polymeric
Nanocomposites Including
Chitosan/Polyacrylamide and
Chitosan/Polylactic Acid. Water, Air, & Soil
Pollution. 2024;235(6):366.

33.Wang M. High-Performance Magnetic
Fe304/Si02-NH2 Nanocomposites: Synthesis
and Application for the Removal of Zn2+ lons
from Water. Journal of Water Chemistry and
Technology. 2024;46(2):149-56.

34.Noormohammadi M, Zabihi M, Faghihi M.
Design, Characterization and Performance of
the Modified Chitosan—Alumina
Nanocomposites for the Adsorption of
Hydroquinone and Arsenic (V) lons. Korean

17-32 :(56) 15 1403 .15 lge dloxo

Journal of Chemical
2024;41(5):1535-50.

Engineering.

35.Shaba EY, Tijani JO, Jacob JO, Suleiman
MAT, Mathew JT. Preparation,
characterization, adsorptive and antimicrobial
properties of Fe304@ SiO2@ ZnO
nanocomposite. Colloids and Surfaces A:
Physicochemical and Engineering Aspects.
2024,686:133190.

36.Song X, Li L, Zhou L, Chen P. Magnetic
thiolated/quaternized-chitosan composites
design and application for various heavy metal
ions removal, including cation and anion.
Chemical Engineering Research and Design.
2018;136:581-92.

37.Roy A, Bhattacharya J. Removal of Cu (lI),
Zn (1) and Pb (II) from water using
microwave-assisted synthesized maghemite
nanotubes. Chemical Engineering Journal.
2012;211:493-500.

38.Monier M. Adsorption of Hg2+, Cu2+ and
Zn2+ ions from aqueous solution using
formaldehyde cross-linked modified chitosan—
thioglyceraldehyde Schiff's base. International
journal  of  biological macromolecules.
2012;50(3):773-81.

39.lrannajad M, Hhaghighi H, Soleimanipour
M. Adsorption of Zn2+, Cd2+ and Cu2+ on
zeolites coated by manganese and iron oxides.
Physicochemical ~ Problems of  Mineral
Processing. 2016;52(2):894-908.

40.Mohammed AA, Brouers F, Sadi Sla, Al-
Musawi TJ. Role of Fe304 magnetite
nanoparticles used to coat bentonite in zinc (11)
ions sequestration. Environmental
Nanotechnology, Monitoring & Management.
2018;10:17-27.

41.Li M, Li M-y, Feng C-g, Zeng Q-x.
Preparation and characterization of multi-
carboxyl-functionalized silica gel for removal
of Cu (I1), Cd (I1), Ni (II) and Zn (1) from



o o 51 (59, e 1 Bl S (o Cla G pey O 3 Shos o)

aqueous solution. Applied Surface Science.
2014;314:1063-9.

42.An F, Gao B, Dai X, Wang M, Wang X.
Efficient removal of heavy metal ions from
aqueous solution using salicylic acid type
chelate adsorbent. Journal of hazardous
materials. 2011;192(3):956-62.

43.Chou C-M, Lien H-L. Dendrimer-
conjugated magnetic nanoparticles for removal

of zinc (11) from aqueous solutions. Journal of
Nanoparticle Research. 2011;13:2099-107.

44 Kazemi E, Dadfarnia S, Shabani AMH,
Ranjbar M. Synthesis, characterization, and
application of a Zn (Il)-imprinted polymer
grafted on graphene oxide/magnetic chitosan
nanocomposite for selective extraction of zinc
ions from different food samples. Food
chemistry. 2017;237:921-8.

17-32 :(56) 15 1403 . 155 slgo dloxe



