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Abstract

In the present study, magnetite nanoparticles are synthesized using the co-precipitation method
and sequentially these nanoparticles are converted into Fez04@SiO2 magnetic core-shell particles
with a silica layer and Stéber method. Fe3s04@SiO2 nanoparticles are functionalized using cyanuric
chloride and polyvinyl alcohol molecules and they are used as an effective adsorbent to remove
Zn?* from 75 ml of solution with initial concentration of 0.55 mmol. The structural features, size
and morphology of nanoadsorbers in different stages of functionalization of magnetite
nanoparticles are investigated using X-ray diffraction, X-ray energy diffraction, Fourier transform
infrared spectroscopy, vibrating sample magnetometer, thermal gravimetric analysis,
Transmission electron microscopy and scanning electron microscopy. Afterwards, the effect of
pH, adsorbent dosage and adsorbent contact time are evaluated on the absorption performance. In
the optimum condition, the adsorption capacity of 92% is achieved in a period of 27 minutes, pH
of 7 and using 28 mg of adsorbent. Moreover, the synthetic adsorbent indicates the ability to be
recycled and reused in successive cycles of the absorption-desorption process for 8 times without
a noticeable decrease in activity and absorption capacity.

Keywords: Core-shell nanoparticles, magnetic adsorbent, polyvinyl alcohol, excellent removal
ability, Zn?" ion, adsorbent recovery, magnetic separation.
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Scheme 1. The schematic of functionalized Fe;O0.@SiO; with cyanuric acid and polyvinyl chloride.
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ability of adsorbent with the magnet.

IS ay e ebline b i s s b JT LS5 el 5 et gt it s el
serblise Cao s lizes Q3> 0929 (] b 09l o0 FE304@SIO2-TCT-PVA Lil> pwablise &)ad

12



Oldee S 625,50 b aribwg 3l Glwl 5 S50 g3lvlan bl a5 ams oo s 095 1T, oYL
(Fd JS5) 5l e ol |y )5 auaboliin
ol @l 5 28,5 sl BIH s BET (sla g, 625,150 L 38l jlad 5 05sg o 4ol oy 30 i

) Jsur) wslioa Y)Y MPQG 5 Y+ FA L oy oo s

FG304@SIOQ-TCT-PVA 5 Fe304@Si02 Fe304 Sl,3456 BET o N Jous

Q) diged ojg o >l Mlwo pxe> a8lw yhad (1SSl
(m*/g) (cm®/g) (hm)
\ Fe3Oy FA- < A-Y V,YOf
vy  FesO,@SiO; FY. AT V.YAY
v Fes0,@SiO,-TCT-PVA Ta) AN 1,70

Zn** @der ¢l pPH Sl oy p -¥-¥
235 9 S8 G S p0 sege (i a5 Sl PH (6518 sla g Bi 10 ppe g (o lo] (sl g5 alox
Fes04@Si0x-TCT- Lils jea> ;5 ZN2 gy i 5o PH Sl iy .S o byl bl b
B S loged 3 a5 GsSilan 0 sy +,00 MMOI/L adg) cdale b Jolo 2 Lo YO ,3 PVA
Ol g b0,5557 bl (D3l asly e (glaog )5 ol Wigign Az g b b sl PH o conl asin

PH olsmo ial3dl b 055 0a Jslows 31 5318 3t 3 alS 4y i aF oo 20l ZN2 (555 L Lnog,

13



5 YL GlapH o 00,5 oo canl_io PH=Y [0 O3l Gds e b anin g a8l ioldl Gds ol

(O JSS) 098 cod oadlive i iuli8l e 10 (6 s

-
BT =
=R

Removal (%)

Figure 5. pH effect on the Zn?* removal.

Zn?* iz 0,Skas 3o wdls cilicke yolie 1 susyy Y-V
Zn?* g 5l s pd o YO Jglome G 50 0,5 e F-YY aiels SO 0 3l lads 5b S b gillas
5 b so Gl ZN% Dl ee O3l Jlae al3Al L1985 o0 canlio (.00 MMOI/L 4.l clalé)
Sy Gl IS laged b Bllas ol oo 35T D3l )5 e YA (655,10 b i (e o i
s le e (g3l mangy s walyi iz e (2l 5o 55h (o5 e YY) 3l polie

Al anly 1AV e 4 ZN% Oda e aee Sl 4 jomie 0,5 e YA 5l ooliiu] a5 amo

=
1=}
5]

n oo = @B
- — I — i A ]

Removal (%)

4 g 12 16 20 24 28 2 3%
Adsorbent dose (mg)

Figure 6. The effect of adsorbent dosage on the Zn?* recovery.

14



Zn* i olime p lod 51 (o y o —F-Y
Jsloro il o YO 10 o3l o5 oo YA 51 ool ol L ZN* 0 i gl aal, o wdlo ulos oo S
VS logas ol gl i e akBs TY e sloj aals Sy 4o (+,00 MMOI/L oyl lale)
e byl on iy g e GIBIZNT (g Cdz (e Geled ploj Gl L &S Cenl T saima s
bl oy yiden Giali8logd o (638 e LAY Bd> 4y i aS a8l o Bl a8 YV ley e 5 e

(VS csls walyse wie olime (ialidl jo ,5b aids Yo b

=
R ]
-]

Removal (%)

6 9 12 15 18 21 24
Contact time {min)

ZN e Bl Caz o o3l led e gsluaige Y S5
Figure 7. Contact time optimization of Zn?* adsorption recovery.
92 s o gl g Sudamw —Y-0

e Ddx pgnl ]y cul sles o Jsle jo ol Jolws clale g oad Cix 3l g Glime G 4l
25955 oo 95 5ot (nl 55 el s o 25 glacdlz (Pl o 23 o p o5l (o) el e
ol o)Lal slap gl (as JSB a8 S 13 o) 2 9j90 (09l Slade (n Fpgm e Oy 4 g g
Sl 0ol ooly Lid (V) 9 (V) sladdolas o iy @

]

Langmuier model: o4 e (V)

de bqmax Amax

Freundlich model: Lnq,= LnKp + % Ln C, (v)
cdile Cp g Jobs Al> 0 de codil G «oda cud )b pon Sl snias (L « Gay sl ul 5o

2 b g ooy iz 3l 4 bgye (Su5ed (sord i FOblai D ool Jolono po 0nds i igS ol

15



Slr s N o Ke (Mg g7) ¥ sabal, jo . [YF] wbco (ialdl o odo slodisn o oo (b
o 1 . . M .. . - * . = . e . PR

) = Sl 4 [VF] aiten Q3 05 Joe ol 5 e 2 )b S bl o5 4 5 il b alalas

iloe D3l T (Sudeladl Gl S ole (@b e

PH L+, mmol LT sbile gosgame ,0 ZN(I1) e sloglone ¢ iz slap sgil obs,) Hokaie 4

YV olos 5o wda il aslsl ool ablol Gl 5l e, oo YA (lie Jolome o 4 5 250 ags Vol

Aol s VAV, 0 Lmmol™ 53y mg gt b plp peeSY coll g wdo cud b voujSle

(@)

Fes)

-0.05 0 0.05 0.1 0.15 0.2 0.25
Ce

' Saturation

16



(b)

0.25 -
E ~,~~Y’éx+~,v*\°\/y=
0.2 1 «,44VYY =2 R 0
o5y T
<)
3 ] o
S o1y '
005 .
’...-.
0 ‘.' — 7+ r r r r. r— 1t 1t ‘+v 1t [ Tt Tt Tt Tt 1T t©v Tt T 1
0 0.05 0.1 0.15 0.2 0.25
Ce
(c)
04
~,é/\~/\x+ ~,\%“Yy=
Gyref =R 7 03 ¢
¢ 0 * 02 F
) 01 f
b -4 -3 -2 -1
- -0.1
»
-0.2
-0.3
'S -0.4
LnCe '
FdNg,8 p s3]

Figure 8. (a) Adsorption isotherm of Zn(I1) on Fe30.@SiO,-TCT-PVA, (b) linear form of Langmuir isotherm, (c)
linear form of Freundlich isotherm.
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Table 1. The comparison between the various adsorbent in Zn?* removal.

Adsorbent Adsorption Capacity Ref.
(mg/g)/Zn?*
Magnetic maghemite (y-Fe2Oz3) 84.9 [30]
Multicarboxyl-functionalized silica gel 39.9 [31]
Salicylic acid-type chelate adsorbent 31.2 [32]
CSTG 52 [33]
Cyshtcc-Fez04 13.6 [34]
Phosphate rock 8.5 [35]
Kaolinite 4.9 [36]
Sodium saturated Brazilian clay 7.9 [37]
Natural bentonite 13.9 [38]
Zeolite coated with iron oxide 8.9 [39]
Na-Bentonite 9.4 [40]
Natural bentonite (NB) coated with synthesized Fe3Os NPs 225 [41]
Fes04@SiO,-TCT-PVA 97.0 This work
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Figure 10. a) The ability of adsorption-desorption of nanoadsorbent, b) The TEM image after eight cycles of
adsorption-desorption.
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