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Adsorption of Methylene Blue onto Vanadium-Doped Magnetite
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(1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 2. Graduate University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: A series of vanadium-doped magnetite (Fe,  V O,, x <0.4) synthesized by an oxidation-precipitation method, were
characterized using chemical analysis, X-ray diffraction ( XRD ), fourier transform infrared spectroscopy ( FTIR), as well as
thermogravimetric and differential scanning calorimetry (TG-DSC) analyses. The obtained results show that the synthetic Fe, 'V O,
has spinel structure while vanadium mostly replaces Fe’* in the octahedral sites. The synthetic Fe,  V 0, is magnetic material, with
crystal size ranging from 28 to 35 nm. The substitution of vanadium in the magnetite structure increases the amount of surface
hydroxyls. The experimental adsorption results indicate that, in neutral pH condition, the maximum adsorption capacities of Fe, _ 'V O,
increase obviously with the increase of vanadium concentration in magnetite while the adsorption isotherm complies well with the
Langmuir model. The adsorption of methylene blue (MB) on Fe,  V O, can get equilibrium in the first 25 min, supporting a pseudo-
second order equation. Moreover, the rise of the solution pH value results in an increase of the adsorption capability of MB on Fe, _|
vV.0,.
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370 cm ', 4 em ™!, 64
. TG-DSC Netzsch STA 409-PC Luxx
, Fe, V. O, N,,
60 mL/min. 30 ~1000°C,
1 AL O,. ,
100°C 24 h,
1.1 1.3
o 0.02 g Fe, V.0, , 20 mL
Fe, V. O,, , H,SO,
:D FeSO, - 7H,0 NaOH pH ,25%C 1 000 r/min 24
, 90 ~100°C, 80% h; 25 mL ,3500 r/min
(N,H, - H,0), pH 1.0 . @ 5 min
(NH,VO, ) ,NaOH NaNO, (A, =665 nm) ,
, , 2~3
, 90°C 1h, Fe, V.0, q.
Fe V 0.45 mol/L,
® Fe, _, q. = (py—p)V/m (1)
v.0,, , 4 100°C ,q. ,mg/g;p, ,
24 h. mg/L;p, ,mg/L;V , L
( m '8
). , 200 , , 5
1.2 2.1 Fe, 'V O,
Fe, . V. O, 2.1.1
, Fe, V.0, Fe, V.0, L,
, Fe'* x , V
Fe, V. O, o )
s Fe'* s v
XRD  Bruker D8 Advance X : Fe'’
, 10° ~80°, Cu Ko Fe,0, Fe’" (24.1% ) ,
ASAP2020 Fe’” ,
’ Fe'* ’
77 K ) Fe’*
FTIR  Bruker Vector 70 , Fe, ¢,V 160,,Fe’" ,
, 4000 ~
1 Fe,_,V, 0, b
Table 1 Chemical analysis results of the synthetic Fe, V0,
w(V)/% w(Fe)/% w(Fe* ") /% w(Fe* ) /%
0. 00 72.3 14.7 57.6 Fel® Fel%,0, Fe, 0,
3.55 68.7 10.9 57.8 Fel*s Fel % Vo 16 O, Fe, 54 Vo 1604
5.71 66. 6 17.0 49.5 Fe2t Fed .V s O4 Fe, 74 Vo 2604
7.71 64.6 17.7 46.9 Fel Fel .V, 4 O, Fey 66 Vo34 04
1) o(V) .o(Fe) w(Fe’*) w(Fe’*) V., TFe, Fe’*
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2.1.2 XRD
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Fe, V. O,
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s Scherrer ,

, 28 ~35 nm.
, 26 ~41

m’/g.

10 20 30 40 50 60 70 80
20/(°)

1 Fe, V.0, X

Fig.1 X-ray diffraction patterns of synthetic Fe; _ .V O,

2.1.3 FTIR
(FTIR)
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Fig.2 FTIR spectra of Fe; _,V O,
2.1.4
N, , 30 ~ 180%C . 180 ~
400C , .
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3 ,Fe, V.0, TG-DSC
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F62+ F63 + ,
BBl pse 180%C
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b + 5 b
, DSC
611C
(o]

2.2 Fe, V.0,
2.2.1
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Fig.3 TG-DSC curves of Fe; _,V 0, under air
Fe, 4 V.30,
s 4 s Fe, 46 V03,0, 100
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[17 ~19]
: ,Fe, V.0,
t 1 L 25 min .
Lo Lt (2) 2
4. kyq. 4. R* >0.999,
,mg/g5q, (11.55 mg/g) (11.39
,mg/ g3k, 8/ mg/g) , Fe, .V, O,
1/q, 1 ,
24
12 e . . W) A 4R
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F 12t
6 -
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3
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0 ! ! 1 1 0 ! 1 ! !
0 50 100 150 200 250 0 50 100 150 200 250
t/min t/min
4 Fe, 66V0.340,

Fig.4  Adsorption kinetic curve of MB on Fe, ¢V, 3,0, in neutral condition
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2.2.2 pH > pH,,q:
pH Fe, V.0, =FeOH + OH == =FeO~ + H,0 (4)
Fe, V.0, =Fe0  + MB'== =Fe0O + MB (5)
’ Fe, .V O,
(pHzpe) : , Fe, V. O,
: 1.0 ¢/ ,Fe, V.0, . (1)
pHye — 6.96~7.05 pH >7.05 ’ Langmuir ( 6).
Fe; V.0, ( 2).
5 pH s Fey 66 Vo304
’ 32
o . -1
, , pH 25°C, Fez - V; 04:1.0 gL
28 |-
s mx=0
24 A x=0.16
+ [20]
MB ’ e x=026
20 =
Fe, V.0, : Fe, _, s %7034
>
V.0, . g
+ 2+
_MB MBH®" | 12
[20]
’ Fe; V.0, , 8
45 4
25°C, Fez.66V03404:1.0 g-L’l 0 | | 1 1
0 50 100 150 200
36 pe/mg-L!
- 27k 6 Langmuir
&
éﬂ Fig. 6  Fitting curves of Langmuir isotherm models
= 18 -
6 Fe, V.0,
9 Langmuir . Langmuir
R, , 2 O<R <1,
0 ! I I I [21, 22]
0 50 100 150 200 .
/mg-L?
pdme , Fe; .V, 0,
7.52,10.6, 12.6
5 pH 1Fe; 66V0.3404 ’
Fig.5 Adsorption isotherms of MB on Fe, ¢,V 3,0, 18.7 mg/g ’
at different pH values ’
[23]
[24]
b ’
pH < pH,,c: s ,
=FeOH + H'=—= =FeOH, (3)
2 Langmuir D
Table 2 Langmuir adsorption isotherm and the fitting parameters
q./mg - g G/ 87 R’ R,
Fe 0, 6. 69 7.52 p./q, =3.346 +0. 133p, 0.999 0.56 ~0. 11
Fe, 44 Vo 16 O, 8. 67 10.6 0./q. =3.426 +0.0940p, 0. 994 0.65 ~0. 16
Fey 74 Vo2 Oy 11.4 12.6 p./q.=1.471 +0.0792p, 0. 996 0.48 ~0.09
Fey 66 Vo34 Oy 15.1 18.7 p./q. =2.515 +0.0536p, 0.989 0.70 ~0. 19

1) q. 3 G 3 P 3 Ry ,
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2.2.3 Fe, V.0, TG-DSC
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b
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280 ~ 800C .
Langmuir , 25
Fe, o6 V0.0, .
min s
100 [ 1] Andreozzi R, D' Apuzzo A, Marotta R. Oxidation of aromatic
TG 7138 14 substrates in water/ goethite slurry by means of hydrogen peroxide
80 | 76.4 [J]. Water Res, 2002, 36(19) : 4691-4698.
2294 12 %W [ 2] Hermanek M, Zboril R, Medrik N, et al. Catalytic efficiency of
2 ' DSC g
ﬁ 141 B iron ( I ) oxides in decomposition of hydrogen peroxide:
M]qsﬂ 60 ’ lo ﬂﬂT:{ Competition between the surface area and crystallinity of
= 180.6 § nanoparticles [ J]. J Am Chem Soc, 2007, 129 (35): 10929-
40 - 15 10936.
3933 915.6 [3] CostaRCC, Lelis M F F, Oliveira L C A, et al. Novel active
' heterogeneous Fenton system based on Fe,_ M O, (Fe, Co,
20 1 1 1 1 _4
200 400 600 800 1 000 Mn, Ni): The role of M?>* species on the reactivity towards
7°c H,0, reactions [ J]. J Hazard Mater, 2006, 129 (1-3): 171-
178.
7 N, ,MB TG-DSC
[4] CostaRCC, Lelis M F F, Oliveira L C A, et al. Remarkable
Fig. 7 TG-DSC curves of MB under N, effect of Co and Mn on the activity of Fe;_ M 0O, promoted
oxidation of organic contaminants in aqueous medium with H, O,
[J]. Catal Commun, 2003, 4(10) : 525-529.
3 [ 5] Magalhaes F, Pereira M C, Botrel S E C, et al. Cr-containing
magnetites Fe;_ Cr O,: The role of Cr’* and Fe’* on the
(1) Fe, V. O, ,V : !

3
Fe’*.

stability and reactivity towards H,0, reactions [ J]. Appl Catal

A-gen, 2007, 332(1); 115-123.



1574

31

[10]

[11]

[12]

[13]

[14]

[15]

Menini L, Pereira M C, Parreira L. A, et al. Cobalt and

manganese-substituted  ferrites  as  efficient  single-site
heterogeneous catalysts for aerobic oxidation of monoterpenic
alkenes under solvent-free conditions [ J]. J Catal, 2008, 254
(2):355-364.
(1. , 2008, 15(6) : 151-154.

Yu W, Zhang T L, Zhang J G, et al. The synthesis of octahedral
nanoparticles of magnetite [ J]. Mater Lett, 2006, 60 (24 ) .
2998-3001.
Liu X M, Fu S Y, Xiao H M. Fabrication of octahedral
magnetite microcrystals [ J]. Mater Lett, 2006, 60(24) : 2979-
2983.

[M].

L 2000. 144-

146.

[M]. , 1990. 104.

Mohapatra M, Pandey B, Upadhyay C, et al. Effect of Ni doping
on the properties of fine magnetite particles [ J].
Mater, 2005, 295(1) . 44-50.

Junior I L, Millet ] M M, Aouine M, et al. The role of vanadium

J Magn Magn

on the properties of iron based catalysts for the water gas shift
reaction [ J]. Appl Catal A-gen, 2005, 283(1-2): 91-98.

Kim K J, Choi S L, Lee H J, et al. Evolution of structural and
optical-absorption properties in V Fe, O, [ J]. Solid State
Commun, 2007, 143(6-7) . 285-288.

Nohair M, Aymes D, Perriat P, et al. Infrared spectra-structure
correlation study of vanadium-iron spinels and of their oxidation-

products [ J]. Vib Spectrosc, 1995, 9(2) : 181-190.

[17]

[20]

[21]

[22]

[23]

[24]

Nivoix V, Gillot B. Preparation, characterization and reactivity
toward oxygen of new nanosized vanadium-iron spinels [ J]. Solid
State Tonics, 1998, 111(1-2): 17-25.
Ho Y S. Second-order kinetic model for the sorption of cadmium
onto tree fern: A comparison of linear and non-linear methods
[J]. Water Res,2006, 40(1): 119-125.
Azizian S. Kinetic models of sorption ; a theoretical analysis [ J].
J Colloid Interf Sci, 2004, 276 (1) . 47-52.
Ho Y S, McKay G. Kinetic models for the sorption of dye from
aqueous solution by wood [ J]. Process Saf Environ, 1998, 76
(B2) . 183-191.

[J]. , 2003, 19(4) : 337-342.
Crini G. Kinetic and equilibrium studies on the removal of
cationic dyes from aqueous solution by adsorption onto a
cyclodextrin polymer [ J]. Dyes Pigments, 2008, 77 (2) . 415-
426.
Hall K R, Eagleton L C, Acrivos A, et al. Pore and solid-
diffusion kinetics in fixed-bed adsorption under constant-pattern
conditions [ J]. Ind Eng Chem Fundam, 1966, 5(2) ; 212-223.
Al-Ghouti M A, Khraisheh M A M, Ahmad M N M, et al.
Adsorption behaviour of methylene blue onto Jordanian diatomite ;
A kinetic study [J]. J Hazard Mater, 2009, 165(1-3) . 589-
598.
Nivoix V, Perriat P, Tailhades P, et al. Reactivity of nanosized
iron-vanadium spinels towards oxygen and cation distribution
[J]. Comptes Rendus De L Academie Des Sciences Serie li
Fascicule B-Mecanique Physique Chimie Astronomie, 1997, 325

(5): 279-286.





