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Abstract

In this research, Fe3Os nanoparticles are functionalized with 1 and 4-dihydroxyanthraquinone
molecules. The aim of this study is synthesis a novel adsorbent for the removal of divalent nickel
ions from aqueous solutions. The structural, crystalline, particle size, magnetic properties, and
thermal stability of the synthesized nanoparticles are investigated. In order to characterize the
synthesized nanomagnetic particles, X-ray diffraction, Fourier infrared spectroscopy, field
emission scanning electron microscope, transmission electron microscope, vibrating sample
magnetometer and thermal weighing are applied here. Afterwards, the adsorption kinetic of
synthesized nanoparticles and the effect of adsorbent dosage are investigated in nickel ion removal
process. The adsorption capacity of 36.6 mg/g is obtained at ambient temperature in a period of 28
minutes at pH 7. Finally, the possibility of reusing and recycling of magnetic nanoparticles are
investigated in the adsorption-desorption process of divalent nickel ions and the results proved that
the synthetic nanocomposite is an effective adsorbent with excellent performance for 7 consecutive
cycles.
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M.p. 155 °C: 'H NMR (250 MHz, CDCla): 0= 1.24 (t, J= 7.1 Hz, 3H), 4.15-4.26 (q, 2H), 4.71 (s,
2H), 7.16 (d, = 9.3 Hz, 1H), 7.30 (d, J= 9.3 Hz, 1H), 7.65-7.70 (M, 2H), 8.13-8.16 (m, 2H), 12.91
(s, 1H): 13C NMR (62.9 MHz, CDCls): 6= 14.1 (C24), 61.4 (C20), 68.1 (C17), 126.0 (Cs), 126.3 (Co),
127.3 (C12), 128.2 (Cs), 132.1 (Cs), 133.4 (C13), 134.6 (C1,C2), 134.7 (C4,Cs), 152.1 (C14), 158.7
(C11), 168.7 (C1s), 181.2 (C10), 188.6 (C7); FT-IR (KBr, Cm™): 583, 730, 786, 1023, 1054, 1105,
1165, 1205, 1356, 1427, 1592, 1636, 1666, 1734, 2995, 3439; Anal. Calcd for C1gH140s: C, 66.26;
H, 4.32%; Found: C, 66.11; H, 4.43%.
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Figure 1. NMR spectrum of compound 2
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Figure 2. C-NMR spectrum of compound 2
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Figure 5. The XRD of nanoparticle including (a) FesOa, (b) Fes04@SiO; and (¢) Fes0.@SiO,-DAQ

(FE-SEM) (o9, 9 (TEM) (592 (9581 9,500 2 glai -¥-1-Y
30,5 oolatnl (ciug) ($39,58) QoS g S 51 Baizd (50 00l i D390 (555198 ,90 (o setaie &
sanlice LB JToleS 5 g dew Y b oo l3gil odan digs pslas ol oboly (FA-C JSS)
5 03l (o) 2 poliie 4y (eizmen (£B-C JS) widlise (53,5 S5als8y90 syl D35l (l 5wl e
ssbad ol el 1 (PA-F S5) ad eolins g )gme (39Sl 5w 5,50a 5l (g 0530 (555158 59
Slydgil oxbaw g b (PO JSb) il oo ONM 90> 0,3 o5lasl 5 ,5ed (55998 ,90 Syl oo &,
5 59,5 Lt w sl Sld cal oy oo VoMM sgu> &y g 4l 2ali3 &l o5l L Y L FesOs
SLls; 5o datein Gy a5 Cul S5 a3y Cprimred cail oo Vo NM L ol Togas koo 40Y Cuales

e (B SE) ol o FE304 oS ol 0peST 516 ags sains LI ST 5 OV L O, FY 0 Y-

13



58955 S5998,90 saimoyli SessST il sla JgSUge b ool Slo Jale dtw g-aiwa 1,356 TEM 943

T ) axab oo 00NM &l,3 o3lasl 1 Sileo

N
o5 50 nm = e E 200 nm

Fe30s o356 sl i 2 (AF) (500 992500 55s So sl 5 (-C) (stag (53550 o5 Se sl # JSC
F93O4@Si02-DAQ P F93O4@Si02

Figure 6. The SEM image of (a-c) the SEM image and (d-f) for FesO, «Fe;0.@SiO; and Fe;O4@SiO;-
DAQ respectively

(VSM) ixi o digod groiww o Liko —F V-

2 osliin | (g Sladiged pumbline cdas b3l g (ow ) selite 4 (sl pe diged griw upbline ||
5 Fe304@Si0; Fes0s sy o3l gl glsl iblise laie ¥ S slojloges b gllas
Slydgl o b g bad be YY,Y EMU/G 5 F-Y $FA L ol w5 4 Fes0.@Si0-DAQ
otals el | rblise jladie SsmssST il slasUse b o jloale o) Jlio &y 5 ks Y L coiiSe
oo germe gpblise Coo B Glimen FE304@S10-DAQ (5 w3l &35k s92g cnl bl oo
b beo o1y o) pmsbliae flae G 5loslaiw b Joloo 51 g5lwlas SUlgs g ools L 0g5 5l 1

9 F6304@SI02 ‘F6304 ubbyb 050 HO ymramn ) ylumn 2B KW Lasc uab'bi.,o \s J&w )|Q9.QJ )1 as Q}iilao.@

14



ad b oo bl Lo, owlesdly iblie 3 COBICIVILY 5 558 oos svnli o FE304@Si0,-DAQ

wol oo (65w sladiges o ol by gas L8, cnims L Egog0 (pl &S

- @

)

(c)

o

Magnetization (emu/g)
0

s

| =

8000  -6000  -4000  -2000 2000  4000°°"'*°6000 8000
Applied magnetic field (Oe)

&slolas cubls s Fe304@Si02-DAQ § Fes0s@Si02 Fes0s @l 34k sl wus s 4 (a-€) gleal ibline sla loges -V 5o
Figure 7. Magnetic saturated graph for nanoparticles (a-c) FesOa, Fe;0.@SiO; and Fe;0.@SiO,-DAQ
respectively.

(TGA) sty ois9 3T -8
sFEs04@SI02 5w 36l Syl sihnly (st an Gyl 025 sleloges

25 539 Gl il o 0old Lisled A UK 0 00V - 0C Lles amsls ,o Fe304@Si0,-DAQ
oo o Jele JToluS 5 Bis 4 olas! Yo -%C glos (Vb g JT sla P> g ol i 4 Y- -°C
o Bim) TEY ssam asl S35 shelS Fes0s@Si02-DAQ ol dsil sl i ls cuwiie &35 (s,
Bi) LYV,F sga 10 ¥+ +OC (glos (oYL j0 a5l 3y (pals 5 (s uSgy00m sloog S 5 Pl

3 0 odalive ((SeisS 1yl slaJoSUge 5 JT LS 5

15



(@)

(b)

100 200 300 400 500 600 700
Temperature (°C)
Fe30,@Si02-DAQ (b) sFe304@SiO2 (8) =35t slp TCGA 5l oy 56T A JSo
Figure 8. TGA Analysis of (a) Fes0.@SiO; and (b) Fe:0.@SiO,-DAQ.
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Table 1. The BET analysis for nanoparticles.

No Sample Special Surface Area  Pore Volume (cm®/g)  Pore Diameter
(m?/g) (nm)
1 Fes0q4 480 0.803 1.254
2 Fes04@SiO, 430 0.755 1.787
3  Fes04@SiO:-DAQ 378 0.741 1.896
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Figure 9. The effect of adsorbent amount on Ni removal.
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Wil i 0,5 hes g Jolxo PH 5T -4-1-¥
5 68 e Ll JSh uiiS ed a5 all o Jolowe PH daygs i 50 e 5 (sll (sl el )l Ao

S slaggn wiz 0 Hie Jele o plsie 4 PH (g5lwarge 5 ool 5ol o D3l (b b i
o Bgigp PO JeuS g 0un Slpg S -V sgue PH o5l o V5l sl GPH s ail oo coenl 3>
il Cote slacolw g cute Jb b IS slagys o (Selily iU anbls slul b o Jlds a4 5 2o 8
ol lagyg b ol slagsly e (gl )98 @ya8 PH Jlaie (0l3IL sl (oo GRals S5 o0 i
Cd a3 mey Sl PH =Y 0 098 (o Jelome 51 IS5 slagyg 5550 g poel, Bd> 4 omie a5 Wb oo
g oo pll (¥ MMOI/L S5 g adol cdale ¢ Jglxo il Juo 0+) 03l 0,5 Lo YY [0 ;0 0.
Gl gy bl g (oS g 00n SlaSes 4y S5 slagye b 44z LY YL 4 PH (i )31 L
Gl o o 3z 0,8lee jelaie 4 PH o ecs Lo 9,00 5100 JSK8) 058 0 edliin Lz (5 o

19



100

Removal (%)

Pl gt JS5 g 3 e Jole PH 3B 0 U
Figure 11. The pH effect on Ni removal.
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Figure 12. The capibility of adsorption recycling for sequntial adsorption-desorption cycle.
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Table 2. The comparison in between the adsorption capacity of nickel removal for presented adsorbent
and previously published literature.

No Adsorbent Adsorption capacity (m?/g) Ref.
1  Modified activated carbon 0.56 [28]
2 Imprinted silica sorbent 12.61 [29]
3 lonic imprinted polymer 15.70 [30]
4 lon imprinted polymer 21.6 [31]
5  Ambersorb-572 with EDTA 11.76 [32]
6  Multiplexed colorimetric-SPE 28.9 [33]
7  Modified silica gel by gallic acid 4.62 [34]
8  Amberlite XAD-16 resin 27.01 [35]
9 MWCNTs impregnated with D2EHPA-TOPO 4.78 [36]
10  Presented adsorbent 36.6 ol I8
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