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Agarose Coated Magnetite Nanoparticles:
Preparation and Application for Cobalt(ll) Adsorption
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Abstract
The study of synthetic optimal conditions for agarose coated magnetite nanoparticles was

presented in this work. The magnetite nanoparticles were prepared by using co- precipitation
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method of Fe(ll)/Fe(lll). The factors that affected on coating of agarose including agarose and sodium
hydroxide concentrations and reaction times were investigated. The prepared particles were
characterized by Fourier transform infrared spectroscopy ( FT-1IR) and transmission electron
microscopy (TEM) techniques. Moreover, the conditions for cobalt(ll) adsorption using these
particles for instant pH of the cobalt(ll) solution and adsorption time including elution and
adsorption isotherms were studied. The cobalt(ll) analysis was determined by using visible
spectrophotometry based on colored complex-formation of cobalt(ll) and DTZ (dithizone) at A,
570 nm. It was observed that the adsorption efficiency and percentages of desorption of the

synthetic magnetic nanoparticles were 2.93 mg/l and 91 %, respectively.

Keywords: magnetic nanoparticle; agarose; cobalt(ll); spectrophotometry; co-precipitation method
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ansiadynuiaildluniddedidunse
31A5189% (AR-grade) uavindoulaeldiindu
Us1Aanleeau (deionized water) Wasnaaslsa
(Fluka, Switzerland) weSanaslsanaselansn
(Panreac,Barcelona) 25 wt% waulaniisulansen
le9# (QRec, New Zealand) nsalalasmasin

(Lobachemie, India) 8znls@ (Vivantis, Malaysia)
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I%Lawlamaﬂl%ﬁ(Ajax Finechem, New Zealand)
kae 4 % span80 (Fluka, Switzerland) Tuans
azanelalaaienigu (Merck, Germany) Litold
dmsunsduasizieunaunlununilndinfeu
Ageznilsa @a1savarslaveanmanlsaenasles
58 (Ajax Finechem, New Zealand) T 8uans
Ara8UINTFIU (stock solution) @19aae
1alslau (Loba Chemie, India) Tutanszlalas
Wusu (Merck, Germany) i 8u3iataudlunisiia
AL TaU ImEJmaﬁmwmi@@ﬂﬁuLLanﬁ’ssJLﬂ'%'m
awninslladines 3u specord 210 plus (Analytik
Jena Co., Ltd, Germany) waglda1sazaransalu
#3n (QReC, New Zealand) dw¥unisuzeyniad
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2.2 pswadavayniaulununiilnddog
azn1lsd
nsdaaszsieyniaulusandlngily
FFnsanagnausLseiawman(l) wazwian(ll) ¢
aun1s 2FeCl, + FeCl, + 8NH, + 4H,0 = Fe,Oq
+ 8NH,CL (1) [26] Tngthanasimuizauluns
danszoynaulundindiunanniadnug
Y93 VAT [27]
dnvaansiadevayniaunlukunillng
woznilsatiy faudasannnuiseves Safdarian
waramz (2013) [28] Insww3ouaznilsafining
Wuduivngay Uuams 10.0 fadans anntau
synaulusunilndfiduasgsildnin 0.1000
n$u ldludninesiiussgansazaseznilsao Lweh
Fremsessansiledn (ultrasonic bath) WRuas
avanelatieulansonlonUsuins 0.50 adans
Wweansararulaliu span 80 Tulalaalgnigu
U311m5 0.50 fadans weraisazane Wieasu

A1ruALIaIead senaynataultukunilng
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a1sazangeniIuea (20 %v/v) Usuans 10.0 Haa-

'
= a

03 ldvaauiuundn wasiiviioamall 4 agen
wadea nowthluly
n1sfigatienanualniamyilenduves
oymafidunsild (eyniauluuunilnd ez
lsa uavounaulununillvdndoumesynilsa)
eadindunsusaaunlnsalnd Inedanausis
vaseunAntin 2 Tadndu naudulunaidoulus
a6 (KBr) wiin 200 fadnsu uauazdaduniuu

waziuIAsznyilanduiismaiadunsise
awnlasalny d1un13ANYIVUIAVBIDUAIAREY
ndesqanssmididnnseunuudesiunionlneds
synaulukanilvduazeynaunlununilndi
\ndeumgeznlsaninegisas 0.0100 N3u azane
Twenuea 1 fadans tilvgiseedessans)
Toiin antuliunansazansu3unms 0.5 lulasans
neRAIUY Grid (Formvar Film on 400, FF 400-H-
CH) 21137 L3 1L sudainludesdrondas
qanssAuBanAsauLUUdD Y
2.3 n15aas1zulavaan(ll) fdremaiia
Abaaunnsnlawns
1asazanelalslay (dithizone, DTZ)
WuTY 4.4 adluans Usuang 1.25 Jaaans ldas
TuranUSunnsvuin 5 Sadans 9ntuLAuans
avane 0.2 luans wenluiile Usung 1.25 Jaddns
wartiumansazarelauean(ll) A1ULTUTY 1.5
JadnSusedns Usuns 1.25 Jadans adluvinin
USims Al 15 wit wdahluYadinisganduuas

ﬁﬂ’J’]ﬂJEJ’]’Jﬂ?{u 570 WILULUAS [29]
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wunfilndindaueznilse
2.4.1 wiialaneAuuuu
dnfumsdnwudesiuldlioynia
wiluwinilnduwazeynaunluuunilndindiouse
oxnlsauazernilsa eldusgaduansazane
Tangninvdanie o loun lasdleuv) wandn
Tavead(ll) waznasuas(ll) Inensiainaiuiinals
Wwedounuladldanisuiles (1, 5-diphenylcarba
zide, DPC) TUdaL@sulslalagiun (potassium
thiocyanate, KSCN) lalslou wazlatefialalnle
A15UNLLA (diethyldithiocarbamate, DDTC) AN
d10u [29]
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aynauluwunilindindaudigaznilsd
suiildgasulavead(l) vuoyain
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Tavean(ll) Ar8n15iAna1sUsENBULTIgauny
lolslou lnsdaoyniaulununilndindousae
pznlsd@ 0.0200 n5u TdvALAITLIALEN LATAL
a1savanglavean(l) ANULTNTY 10 Tadnsuse
ans U3u1ms 5.00 Hadans yrldiwgn leasu
Avue vatwenayntnunlukunidlndindau
Fawornlsalaglduviusiminanunssgs ndy
iha1sazaslavead( fiwdesinnisgady
Usuims 1.25 fadans hvaisazarelalslau
Wudy 4.4 fadluans Usung 1.25 Sadans ldas
Turiaindsunsuuin 5.00 Jaddns Wuaisazans
woulaile gty 0.2 Tuais Usuns 1.25 fadans
WEUSUUsIRSFetnaY deiiald 15 undt 1
msazmaoﬁ’aﬂdflﬂﬂi’mwmiamﬂﬁumqﬁmmma
AAu 570 wrluiuns waadrAflauaAIuae
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vostunaulunsnsgadulauead(l) vusyne
uluuunidlundindoudiveznilsa laun naves
Moy ANuTNturesansazarelgfenlansonlen
9¥NL3d LaYAITaALIIAINT (span 80) suanan
Atlunsgedulaueadin
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wreyntaurlukunilndinday
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Tavead(n Anududusag q el 5, 10, 15, 20
way 25 fiadnsusiedns Gasldanizfimunzan)
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P
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a o 1 o

(Hadnsuneniu); C, way C. A @UAIUTUTU
Busuresigngadusazaududiuiianizauna
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2.5 n1syzaisazanslavaad(ll) 310
aynauluwunilndindoudeaznilsa
dmfunisfnwinisyglavead(ln a1n
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o

aguluased 1 d1veuniauilununilvddangnn

9
Y
A8UINaY wdakenauntaulukunillndeie

€

LUMANALLTIE ntuglauead(l) figaty
UUAIEANTaYa18nsaluasLINTY 0.10 Tuans
U3u1ms 10.00 Tadans e wada1sazatensa
Tupsnilaludinssimusinalavead(l) dmsu

NsANYIANIEIRLNZELEIMTUNTYEa1TazaTY
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lavead(l) 3nesun1aulukuniilndiadeudiy
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3.1. NISLASEULAZNISLARBUENTI2SH
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Ing
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¥ aa 1 I3 @
A878N1IANRENBUTINYRLUAN() tagtran(ll)

aeldanneNvunzay (@1savarswanliiieyls

s

asenleaidudy 0.7 lua1s Ngungd 50 a9
Wwallea uazdnsINInIuasazasi 1,225 sou
found) nuinan Sueifiléarnnisdsasiil
dnwuzilunsaziBonddn wazlandfiluans
wimdntansognganieldaunuusingn (Fagud
19) Wetheynauimdniiduaseildldondes
qanssmdidnasounuudesity wuiteyniad
dupsrsilanenanfvuinegluszauunluuns

(8.88+2.30 Wluuns) (FesUdt 10)

U

1%

3.1.2 vilalangAuuuu
nsanwdavedangiunwuulunis
anduiBaymafidnaseitudesiu Tnonsld
Tavevavun 4 vile laud Tasdlouv wana
Tavean(l) wagnewwas(l) lnelduszansnmlunis
mi@méé'fusuaaiamméwﬁlﬂaﬁ]ummsﬂuﬂﬁ

' =

#913000 Uagran1sAnwInUIteunIAuIluLun
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Y lusunilndedsusigasnilsa
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wiinlave — —
sumawtuuundlvd | aznilsa sumautusunilvdindeudieesnilsa
lasuden(v) 1.18 0.09 1.08
wian(i 0.39 0.02 1.06
lauead(in 0.75 0.12 1.99
oAl 0.00 0.13 0.38

L |
L2
| (:;; 5 “ -

U 1 (n) swdneeymaulunnilndsendes
Qanssmiuuudomuifidswey 17,500x
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dunseild (uu) wazoyniaullukund
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31897398904 Li wazane (2011)
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wiilen [UVD] wag glsifte [Euli] Fs518a1u

v
=1

J
Weillasoauinesalsadunedwesiinind
Usznoumevylensenda (-OH) Fuuun o
mnIn1sUSUaNINRIveIeE N LSENBAIND S LA
Uszqauneu famnsatiaussiegaiulansdadl
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Uszgnaldaugiveuniauluwunilng (28, 31]
Wlefisuszavsnmlunisgadu Snvadfaderonis
LENBUNIAYBIAINATUDBNIINAIDE1UTDUNAY
irfalasnisldauiuuiimin uazdiomana
fanan auzfisedsimunaymauluuundlngd
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2 wananndnassvasaynawlukunilvdniou
sxnlsafiinisuivaninialrimieniiozgadu
laviy

dwsunansfnuanngilnza
Tumsiadevernilsavuoyniauluuunilndi
duasgaitu iietiludszendldlunisgadu
lavaad(ll) 31nnsusuanniaveseznilsanad
wosliiivsegaumenisiivaisazangleiole
asonlad wudrusyansamlunisaadulavead(l)
dintuegnssiaga Woiuaududuresans
azanglafieulansenledan 0.50-1.00 Tuans uae
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¢ : Nanomagnetite particle

Agarose solutions

: Agarose

/O\ HO OH o}
Fe o
| \0/ | + o OH
H —0
o O o on oH
n

JUN 2 nwdnaeweseumaulukinilndinfioumeeynilsaniinisusuanniilindeniazgadulans

z 250 - (n) = 2.50 (1)
i i
g o <€ ®
2.00 4 [ < 200
& |k . o
@ @
@ ° &
< 150 2 150
=
ag ® "
& 1.00 &
o 1 5 e 1.00
E <
g £
€ 050 - @ 050
@ -
= © °
® b
g 0.00 r T T T T 1 = 0.00 T T T 1
0.00 0.50 1.00 1.50 2.00 2.50 3.00 00 05 1.0 15 20
a - - ¥
anaindurasasazaelnifenlansantlad (uans) anadnduravasazaanznlsa (Saaa:Tnannandanns)
250 - (m) _ 250 - ()
= =
2 e
)g € L ]
£ 200 220 4@ ° o
o L ° e )g
&
< g5 | <€ 150 J
2 2
g! G?
£ 100 g 1.00
[ [~
£ £
E c
[
cg 050 J ‘g 0.50 4
ug 1
5 &
0.00 T T T T 1 L ' ; ' '
0.00 1.00 2.00 3.00 4.00 5.00 0 > 0 ® w0
anadindurasansa=ats span 80 (Saza:lneBunsnlGanns) vatlumsinljizen (i)

UM 3 nsvinisfnwinavesanuiduduves (n) arsazaneladeulansenled (1) arsazaigeznilsa

620
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MtmseidlenurveseynAuluLin

d

SUTH 3n

4

Indpdovesnilsalivszqiluauianunsoasius

fagaitulaneBediuszquand dudfuladenldannu
uduvesansavaneludvlansenlesd 1.00 lu-
a5 Wumnudnduiimnzandmsunisusuanm
Aveseymauluwunillvdindevssnilsasioly
nsAnwAnadudueznlsadiiing
AoUsgansnmnisgatulavead(l) wuiteznilya
Waudu 1.0 %w/v dUsednsainlunisgady
Tavoad(l) 1idfan wazillefiunudutuvesy
nlsandu 2.0 %w/v nuhivsgavsnmnisgadu
lavead(l) anaq éﬁ’qg"d‘ﬁ' 39 fadleraunsny
oumauluuuniilndindeufeeznlsailedl

=

vurnlngudedifiuiifalunisgaduiiosuas
auddnnudundindnanasoniiy Faduss
Gonldoznlsaidudu 1.0 %ew/v 1uanududu
Amngauiiaalunsfinusioly
AIANYIANUTUTUYB A1 TAZAY
span 80 ﬁﬁNaGiaﬂisﬁm%mwmi@m%’dﬂuaaﬁ(ll)
NnaedlnnIsAL span 80 LU 0.00-5.00 %v/v
nudruseansamnisgadulavead(n denly

a o ' [

wanE19fuLINTn (1.69-1.89 AadnTusiansy)
pgalsAnnu WeRasaunAududuves span 80
#1 3.00-5.00 %v/v wuirluszdnsainnisgadu

v
(YR

gatiulunnsg

&

lavead(l) WaTwanies (3UN 3a)

naaesisudenldarsavais span 80 finan
aduwiiu 4.00 %vv ieldlunsnaassseoly
wonNis18aNATe R A nwn
Fraandmiunisusuaniniiuiivesernilsa
Wodlwes ﬁaﬁmmzﬂisqaumﬂLuaawﬁmaeiami
gndulavead(l 3nmsAnwmuintisnafidnm
fiuszavsamnsgaduiianlaiumndnaiu fagud 39
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(1) wellpdursuseaunlnsalnd
Han15igdiendnuwaliiginallndunsiisnaiun
InsalnUlngnisimsissiouniaunlununilng
oznilsa wazeumauluwundlndiindeusie

s

agnlsa nuanaduvesouniaunlukunillng

'
°o o a

(EuUszAuns) uansdsguil 4 awusngfinddgyi
fuviis 3,412, 644 wag 582 cm'’ Gedenadesiy
518914398 V09 Mohammadi kag Barikani [30]
uay Amiri wagae [1] ARnwanaiuvesoyna
ulununilndiuiy uagsenuinfinfidiumie
3,200-3,600 cm ™ 1Jufinves O-H stretching uay
finfifuntiasening 500-600 cm® Ludumiad
wananyilerduves Fe-O dadumyilerdudnilu
lassadsveseyninuluwuniilng diuaunasy
vasernlsa (Euuszddnin) azusingiiai
Auvtls 3,415, 2,894, 1,658 uag 1,073 cm’ g
wainavflariduras O-H stretching, C-H stretching,
O-H bending wa¥ C-O stretching A1U&HU 34
A9nARBINUTIENYTTeVeL Li kazAmy [31] uay
Hu wazAne [32] WloUSuildey (modify) @nw
funeyneuluunilnddeosnilsa (Fuitud
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5n) waraunAululundindiunsusuaey
WuRMen1sAiauanIlsd wulteyn1Alvun
wieiutudu 18.60+3.50 wiluuns (Agul 52)
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3.2 nan1sanwIn1sgadulavead(l) vy
aunauluwinilvdiniaudeaznilsa
3.2.1 a1 EANIRINNTYATY
lavead(l)
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ALINAU 0.9930 way 0.9642 ANUAIAU AIUUNIS

angulavaan(l)

U
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AIUAIAU AIRF199 2
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3.3 wan1sAnwanasvglavaad(l) a1
aunauluwuntlvdiniaudeaznilsa

3.3.1 ANMEVUNTENF NS UNITVY

° [

ANSANYIAN I AU EAUAINS

n15velavead(l) 3naunIAkaNINAUITY

= a

BUNNANYIVRAGIVE FIUN1TNAAIUAN W1V
Ypafvenavun 5 ¥ia bown lawheulansanlan

(NaOH) vaSadulaiaiunnseordfnuadn (EDTA)

624

nsagaiain (H,50,) nsalalasaasin (HCL) wag
nsaluasn (HNO,) wan1s@nwInuitfaved
wand1eiuansavelavead(l) 8ananeynIA
ulununilvdindeunivernilsaunnaienuy 910
U 8 auituinansazaneiifantBidunsa (H,50,,

HCl way HNO,) Huazdiuszandainlunisvela

a '

Anindnsazatelud (NaOH) haga1sAtan

(chelating agent 3sluiifi Ao EDTA) Tiailmsy H'

'
=]

Megluansaranensaannsainluunuilauead()

a

N

a

AUy uUBUAIAANIT [36] UavilafianTai

a a

ansg

v
o

YNU

o
o

¥UAVDIAITAZANIANUINNIALUASNTUS

De

awlunisuegean fie Sesay 91 (fagui 8)
onadumsglaueadi(l (soft acid) anunsaduiu
Tumsn (NO,) Aindlessusindu mudiduay
LSIvBUANH CU > S0~ > NO, Fedenndasfiu

v
[ YY)

ngwi “Hard Soft Acid Base” [37] deuulu



i 27 avuil 4 nsngrax - Ravinu 2562

15815 Imermansiasinalulad

MsAnwiIndennsalunsmiudiveivuizay

0o v @ o &
d119U LUUW?%%IUﬂW?W@a@Qu

. I . I , l
H,50, Hat HNO,

alnmsazaeilduzfmmududu 0.1 wand

10000 o

80.00 4

favseniivy

'm N

NaOH

EDTA

UM 8 nsmlanuduiusseninedesaznisveiay
yiaarsazarefldlunisve (Gudu 0.1

Tuans)

WafAN¥IAINUINTUTBIANTATANY

Fazduidemududuvesansazanensalusin
dnniy $epavuszansainnsveiiuudliy
uTuagn951a5 (0.01-0.10 Tuand) usndsann
tht (0.20-0.50 Tuian$) wuindesazUszavisninnis
sriuwnltiuandias vadlorainenn H' veans
avanensalunsnidnuiusnnauuateiues vl
lyfanansadluduiu O wesevanlsa feiuluns
naaedisudenaududuresnsalunsnilily
nsgadulauead(l) 9 0.10 Twand wieldlunns

neaoenely @1UN15ANYITLEELIAIUNNTYY

13

Tausad(l) NANISVAABINUI L BT EEIAlUNTT

v
=

YgliuTu (15-240 unil) Yszdndarmnisgadu
Aagqanas Aegu 99 fatulunisnaaesiiaien

vanitglunisvelavean() 91 15 w1l vielalu

o A1 @ DA a .
ﬂiﬂlu@]ﬁﬂ‘ﬂmﬁlﬂﬂu WU?qﬁJﬂﬁgﬁWﬁﬂ’]WIUﬂqi?jz ﬂ']‘S'VW]aENWEJVLU
s v 1 U o
lavead(l) eanainaynialauandiaiu fagd 9n
10000 - ) 10000 - (@)
80.00 - ® 8000 { o
RN
2 a L
& 6000 | o £ o0 - . . " .
& * 5
g 40 | i % g 00 -
N e
20,00 A
2000 4
OOO T T T T T T T 1
0'00 T T T T T 1
0 30 60 90 120 150 180 210 240
000 010 020 030 040 050 060
AnuLindurasasazatansalusan (luand) nafildrzasazanslauend(l) (i)

JUN 9 nemAnuduiusIEninserasUsyansainnisve (n) Anududuveansazalensalunin uag (V)

nafltvransazarelauaan(l)

4. a3
annefzaudmiunsdaunssinas

nsindeveznlsavuoymauluunilng Ae 7

ANUNTUYateEnIlTa 1.00 %w/v AIULTUT

Yasasavanelufenlansanlen 1.00 lwans Ay

625

LWUTUURIAITAZATY span 80 4.00 %v/v 138IN13
weaslugnsifiuasavaneladeulansonlan
WinAu 25 Wi a'auamasﬁmmzam?m%’umi@m
Fulauoan(ll) fie iflevasazarsingy 6 uaz

nanfilglunisgaduindu 120 uril uenanilds



5ar5mermansiasinalulad

Ui 27 aviudl 4 nsngrau - Ramiau 2562

nulnisgadulavead(l) Yeseuniauilunini

Indrdausznilsa aennaasnulalanoukuunad

=]

Wles

)}

AsEanSamnsaadugegaindu 2.93
JadnTunodng LLawhmﬁslumiam%’UWhﬁU
1.6063 Ansneofiadniy wazaniizinuizay
dmsunisvzlavead(l) lawn slinuesdiveg Ao
ansararensabumdnidudy 0.10 Tuand waztadl
Telunsvewindu 15 uil IneannsAnenanig
fumngavinuauandliifiuioyniauiluwnd
Indindovesnilsafifnen mitaztiluuszendly

dwiugadulavead(l) Tussuuidaundela

5. NAANSSUUSZNA

v
a [

518U dlasunisatuayuainay
Uszurandusielaaniiugavyusiguia
(quUszINaIUELAL) Useinteuussanal 2559 uax
2561 W INe1dysI HudinUAMENIINNS
N9ITBUIR Lauidan 60/2559, 233/2561
yuatuayuesssuiounsnudmiuiiansedu
YTy v Auednendians um3nendeysng
UsgdnUn1sfne 2559 wasvuatiuayulasau
MNedwmiuldnszauUsygins aadvall A
Wermans ininendeysnt UseddnsAne
2558

6. 918N1391989
[1]  Amiri, S., Mehrnia, M.R. and Roudsari, F.P.,
2017, Enhancing purification efficiency of
affinity functionalized composite agarose
micro beads using Fe;O, nanoparticles, J.
Chromatogr. B. 1041: 27-36.

Luo, F., Chen, Z., Megharaj, M. and Naidu,
R. , of

2016, Simultaneous removal

626

trichloroethylene and hexavalent
chromium by green synthesized agarose-
Fe nanoparticles hydrogel, Chem. Eng. J.
294: 290-297.

Tahmasebi, E., Yamini, Y., Moradi, M. and
Esrafili, A., 2013, Polythiophene- coated
Fe;O, superparamagnetic nanocomposite:
Synthesis and application as a new
sorbent for solid-phase extraction, Anal.
Chim. Acta. 770: 68-74.

Gao, Y., Wang, G., Huang, H., Hu, J., Shah,
S.M. and Su, X, 2011, Fluorometric

method for the determination of
hydrogen peroxide and glucose with
Fe;O, as catalyst, Talanta 85: 1075-1080.
Zhang, X., Cai, W., Hao, L., Feng, S, Lin, Q.
and Jiang, W., 2017, Preparation of
Fe;O,/  reduced graphene oxide
nanocomposites with good dispersibility
for delivery of paclitaxel, J. Nanomater.
2017: 10.

Song, X., Luo, X., Zhang, Q., Zhu A., Ji, L.
C,

and Yan, 2015, Preparation and

characterization of  biofunctionalized
chitosan/ Fe;O, magnetic nanoparticles
for application in liver magnetic
resonance imasing, J. Magnetism Magnetic
Mater. 388: 116-122.

Zhu, H., Tao, J., Wang, W., Zhou, Z., Li, P,,
Li, Z., Yan, K., Wu, S., Yeung, K W.K., Xu,
Z., Xu, H. and Chu, P.K., 2013, Magnetic,
and

fluorescent, thermos-responsive

Fe;Oq/rare  earth incorporated poly


https://www.ncbi.nlm.nih.gov/pubmed/?term=Amiri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28006673
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehrnia%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=28006673
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roudsari%20FP%5BAuthor%5D&cauthor=true&cauthor_uid=28006673
https://www.sciencedirect.com/science/article/pii/S1385894716302352#!
https://www.sciencedirect.com/science/article/pii/S1385894716302352#!
https://www.sciencedirect.com/science/article/pii/S1385894716302352#!
https://www.sciencedirect.com/science/article/pii/S1385894716302352#!
https://www.sciencedirect.com/science/journal/13858947
https://www.sciencedirect.com/science/article/pii/S0003267013001918#!
https://www.sciencedirect.com/science/article/pii/S0003267013001918#!
https://www.sciencedirect.com/science/article/pii/S0003267013001918#!
https://www.sciencedirect.com/science/article/pii/S0003267013001918#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0039914011004309#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/article/pii/S0304885315300135#!
https://www.sciencedirect.com/science/journal/03048853
https://www.sciencedirect.com/science/journal/03048853

i 27 avuil 4 nsngrax - Ravinu 2562

215815 Imemansuazinalulad

( St-NIPAM) core shell colloidal nano
particles in multimodal optical/magnetic
resonance imaging probes, Biomaterials
34: 2296-2306.

Lin, Z., Zhang, Z., Li, Y. and Deng, Y., 2016,
Magnetic nano-Fe;O, stabilized Pickering
emulsion liquid membrane for selective
extraction and separation, Chem. Eng. J.
288: 205-311.

Zhang, X. and Wang, J., 2018, Preparation
of carbon coated Fe;O, nanoparticles for
magnetic separation of uranium, Solid
State Sci. 75: 14-20.

Singha, K.K., Senapatib, K.K. and Sarma,
K. C., 2017, Synthesis of superpara
magnetic Fe,O, nanoparticles coated with
green tea polyphenols and their use for
removal of dye pollutant from aqueous,
J. Environ. Chem. Eng. 5: 2214-2221.
Liang, H., Niu, H., Li, P., Tao, Z., Mao, C.,
Song, J. and Zhang, S. , 2013,
Multifunctional Fe;O,@C@Ag hybrid nano
particles: Aqueous solution preparation,
characterization  and  photocatalytic
activity, Mater. Res. Bull. 48: 2415-24109.
Chai, L., Wang, Y., Zhao, N., Yang, W. and
You, X., 2013, Sulfate- doped Fe;0,/ ALO;
nanoparticles as a novel adsorbent for
fluoride removal from drinking water,
Water Res. 47: 4040-4049.

Saini, J., Garg, V.K. and Gupta, R.K., 2018,
Blue from

Removal of Methylene

aqueous solution by Fe;O,@Ag/SIO,

627

nanospheres: Synthesis, characterization

andadsorptionperformance,J. Mol. Liquids

250: 413-422.

[14]

[15]

[17]

Singhal, P., Jha, S.K. Pandey, S.P. and
Neogy, S., 2017, Rapid extraction of
uranium from sea water using Fe;O, and
humic acid coated Fe;O, nanoparticles, J.
Hazard. Mater. 335: 152-161.

Qin, W, Li, J., Tu, J,, Yang, H., Chen, Q. and
Liu, H., 2017, Fabrication of porous
chitosan membranes composed of
nanofibers by low temperature thermally
induced phase separation, and their
adsorption behavior for Cu®*, Carbohydr.
Polym. 178: 338-346.
Hui, B., Zhang, Y. and Ye, L., 2015,
Structure of PVA/gelatin hydrogel beads
and adsorption mechanism for advanced
Pb(ll) removal, J. Indust. Eng. Chem. 21:
868-876.

Jiang, Y., Liu, B., Xu, J., Pan, K., Hou, H.,
Hu, J. and Yang, J., 2018, Cross-linked
chitosan/ B - cyclodextrin composite for
selective removal of methyl orange:
Adsorption performance and mechanism,
Carbohydr. Polym. 182: 106-114.

Salih, S. S. and Ghosh, T. K., 2018,
Adsorption of Zn(1l) ions by chitosan
coated diatomaceous earth, Int. J. Biol.
Macromol. 106: 602-610.

Pal, P., Syed, S.S. and Banat, F., 2017,
Gelatin-bentonite composite as reusable

adsorbent for the removal of lead from


https://www.sciencedirect.com/science/article/pii/S1385894715016733#!
https://www.sciencedirect.com/science/article/pii/S1385894715016733#!
https://www.sciencedirect.com/science/article/pii/S1385894715016733#!
https://www.sciencedirect.com/science/article/pii/S1385894715016733#!
https://www.sciencedirect.com/science/journal/13858947
https://www.sciencedirect.com/science/article/pii/S1293255817307756#!
https://www.sciencedirect.com/science/article/pii/S1293255817307756#!
https://www.sciencedirect.com/science/journal/12932558
https://www.sciencedirect.com/science/journal/12932558
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/article/pii/S0025540813001517#!
https://www.sciencedirect.com/science/journal/00255408
https://www.sciencedirect.com/science/article/pii/S0167732217342058#!
https://www.sciencedirect.com/science/article/pii/S0167732217342058#!
https://www.sciencedirect.com/science/article/pii/S0167732217342058#!
https://www.sciencedirect.com/science/journal/01677322
https://www.sciencedirect.com/science/article/pii/S0304389417302923#!
https://www.sciencedirect.com/science/article/pii/S0304389417302923#!
https://www.sciencedirect.com/science/article/pii/S0304389417302923#!
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/article/pii/S0144861717310846#!
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/article/pii/S1226086X14002238#!
https://www.sciencedirect.com/science/article/pii/S1226086X14002238#!
https://www.sciencedirect.com/science/article/pii/S1226086X14002238#!
https://www.sciencedirect.com/science/journal/1226086X
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/article/pii/S0144861717312614#!
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/article/pii/S0141813017320081#!
https://www.sciencedirect.com/science/article/pii/S0141813017320081#!
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/article/pii/S2214714417302763#!
https://www.sciencedirect.com/science/article/pii/S2214714417302763#!
https://www.sciencedirect.com/science/article/pii/S2214714417302763#!

5ar5mermansiasinalulad

Ui 27 aviudl 4 nsngrau - Ramiau 2562

[20]

[21]

aqueous solutions: Kinetic and equilibrium
studies, J. Water Proc. Eng. 20: 40-50.

Hayeeye, F., Sattar, M., Chinpa, W. and
O. , 2017, and

Sirichote, Kinetics

thermodynamics  of rhodamine B
adsorption by gelatin/ activated carbon
beads, Colloids Surf. A

Physicochem. Eng. Asp. 513: 259-266.

composite

Tripathi, A., Savio, J., Stanislaus, M. and
D'Souza, F., 2013, Uranium(VI) recovery
from aqueous medium using novel
floating macroporous alginate-agarose-
magnetite cryobeads, J. Hazard. Mater.
246-247: 87-95.

Edenborn, H.M., Howard, B.H., Sams, J.1.,
Vesper, D.J. and Edenborn, S.L., 2017,
Passive detection of Pb in water using rock
phosphate agarose beads, J. Hazard.
Mater. 336: 240-248.

Abolghasemi, M. and Mir, P.H., 2006,
Preparation of a novel optical sensor for
low pH values using agarose membranes
as support, Sens. Actuator B Chem. 115:
49-53,

Poursheikhi, N., Hashemi, P., Safdarian, M.,
Serenjeh, F. N. and Hesami, H., 2016,
Agarose based magnetic solid- phase
extraction- magnetic field agitation for
determination of trace amounts of
molybdenum in beans, J. Braz. Chem.
Soc. 27: 1678-4790.

Hashemi, P., Boroumand, J. and Reza

Fat’ hi, M., 2004, A dual column system

628

[27]

(30]

using agarose-based adsorbents for pre
concentration and speciation of chromium

in water, Talanta 64: 578-583.

Berger, P., Adelman, N.B., Beckman, KJ,,
Campbell, D.J., Ellis, A.B. and Lisensky,
G.C., 1999, Preparation and properties of
an aqueous ferrofluid, J. Chem. Edu. 76:
943-948.

YADY NBITTTUVIR, 2557, N1SANIALATHIL
(hludhfskosufoanisdseuniauly
wuntlndiadounlgaznlsanadiues, N1
AnusUsgygily, Auginermans umniine,
QYT ¥a3, 39 .

Safdarian, M., Hashemi, P. and Adeli, M.,
2013, One- step synthesis of agarose
coated magnetic nanoparticles and their
application in the solid phase extraction
of Pd(Il) using a new magnetic field
agitation device, Anal. Chim. Acta. 774: 44-
50.

Pornpetpaiboon, S., Lobthaisong, A. and
Muncharoen, S., 2016, Development of a
cobalt(ll) analysis method in laboratory
wastewaters  using  UV-Vis  spectro
photometry, p. 259-267, Proceeding of
the 5th Burapha University International
Conference, Chonburi.

Mohammadi, A. and Barikani, M., 2014,
Synthesis  and  characterization  of
superparamagnetic  Fe;O, nanoparticles
with

coated Mater.

Character. 90: 88-93.

thiodiglycol,


https://www.sciencedirect.com/science/journal/22147144
https://www.sciencedirect.com/science/article/pii/S0927775716309232#!
https://www.sciencedirect.com/science/article/pii/S0927775716309232#!
https://www.sciencedirect.com/science/article/pii/S0927775716309232#!
https://www.sciencedirect.com/science/article/pii/S0927775716309232#!
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/article/pii/S0304389412011673#!
https://www.sciencedirect.com/science/article/pii/S0304389412011673#!
https://www.sciencedirect.com/science/article/pii/S0304389412011673#!
https://www.sciencedirect.com/science/article/pii/S0304389412011673#!
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/article/pii/S0304389417302856#!
https://www.sciencedirect.com/science/article/pii/S0304389417302856#!
https://www.sciencedirect.com/science/article/pii/S0304389417302856#!
https://www.sciencedirect.com/science/article/pii/S0304389417302856#!
https://www.sciencedirect.com/science/article/pii/S0304389417302856#!
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/article/pii/S0925400505007653#!
https://www.sciencedirect.com/science/journal/09254005
http://www.scielo.br/scielo.php?script=sci_serial&pid=0103-5053&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=0103-5053&lng=en&nrm=iso
https://www.sciencedirect.com/science/article/pii/S0039914004001559?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0039914004001559?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0039914004001559?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0039914004001559?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00399140
https://www.sciencedirect.com/science/article/pii/S000326701300322X#!
https://www.sciencedirect.com/science/article/pii/S000326701300322X#!
https://www.sciencedirect.com/science/article/pii/S000326701300322X#!
https://www.sciencedirect.com/science/journal/00032670

i 27 avuil 4 nsngrax - Ravinu 2562

215815 Imemansuazinalulad

[31]

[33]

Li, J., Guo, Z., Zhang, S. and Wang, X,
2011, Enrich and seal radionuclides in
magnetic agarose microspheres, Chem.
Eng. J. 172: 892-897.

Hu, Z., Hong, P., Liao, M., Kong, S., Huang,
N., Ou, C. and Lj, S., 2016, Preparation and
characterization of chitosan- agarose
composite films, Materials 9: 816-825.
Yu, S., Zhai, L., Qiu, Y., Cheng, L. and Ren,
X, 2016, Synthesis and structural
characterization of magnetite/sepiolite
composite and its sorptive properties for
Co(ll) and Cd(lIl), J. Taiwan Inst. Chem. Eng.
59: 221-228.

Wang, Q., Li, J., Chen, C., Ren, X., Hu, J.
and Wang, X., 2011, Removal of cobalt

from aqueous solution by magnetic

629

[35]

multiwalled carbon nanotube/iron oxide
composites, Chem. Eng. J. 174: 126-133.
Liu, B., Ge, N., Peng, B. and Pan, S., 2018,
Kinetic and isotherm studies on the
adsorption of tenuazonic acid from fruit
juice using inactivated LAB, Journal of
Food Engineering. 224: 45-52.

Tripathi, A., Melo, J.S. and D’Souza, S.F.,
2013, Uranium(VI) recovery from aqueous
medium using novel floating macroporous
alginate-agarose-magnetite cryobeads, J.
Hazard. Mater. 246-247: 87-95.

Petrucci, R.P., Herring, F.G., Madura, J.D.
C., General

and Bissonnette, 2011,

Chemistry:  Principles and  Modemn

Apllications, 10th Ed., Person Canada, Inc.,

Toronto.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ou%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28773936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28773936

