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Abstract—Adsorption of vanadium(V) from acidic solutions was investigated by using octylamine functionalized
magnetite nanoparticles as a novel adsorbent of vanadium. Batch experiments were conducted to determine the effects
of initial pH, nanoparticles to octylamine weight ratio, amount of adsorbent, stirring time and initial vanadium(V) con-
centration in aqueous solution on adsorption efficiency. The adsorption was highly pH dependent, and the optimal pH
was 3.2. The weight ratio of magnetite nanoparticles to octylamine was studied in optimum pH, and the best result
was 3 : 2. More than 88% of vanadium(V) in solution was removed by 38.4 mg of adsorbent. In kinetics studies, the
adsorption equilibrium could be achieved within 10 minutes, and the experimental data were well fitted by the pseudo-
second-order model. Comparison of Langmuir and Freundlich isotherm models indicated a better fit of Langmuir model
to the adsorption of vanadium(V) and the mono-layer adsorption capacity for vanadium(V) was 25.707 mg g'.
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INTRODUCTION

Vanadium, which is found in over 50 different minerals, is the
22™ most abundant element in the earth’s crust at a mean concen-
tration of 150 g t' and with fifth most abundant transition metal
has been recognized as a potential pollutant [1]. Never found in its
pure form, vanadium originates from primary sources such as ores,
concentrates, metallurgical process slag, and petroleum residues. It
occurs in combination with various minerals which include carnotite,
roscoelite, vanadinite, mottramite and patronite as important sources
of the metal [2-4]. The vanadium contents of soils are related to
those of the parent rocks from which they are formed and range
from 10 to 220 mg kg™, the highest concentrations being found in
shales and clays [5].

Vanadium, due to its tensile strength, hardness, and fatigue resis-
tance, is widely used in industrial processes including the production
of special steels, temperature-resistant alloys, glass industry, pig-
ments and paints production, lining arc welding electrodes and as
catalyst [3-5].

Vanadium is known as an essential trace element for plants and
animals and it is important for biological systems at low concentra-
tions (mg L™"). Indeed, it is essential to cell growth and is known to
possess anti-cancer, anti-diabetic, and anti-HIV properties. But vana-
dium and its many compounds at higher concentrations, depending on
the chemical form and exposure level, are toxic to plants, mice, fresh
water organisms, and humans and to the whole biosphere. Vana-
dium is more toxic when inhaled and relatively less when ingested.
The oxidation state of vanadium dictates the health hazards upon
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exposure. Vanadium pentoxide is more toxic than the V (IV) and
V (I) oxidation states, and its elemental form [2,3,5].

Vanadium compounds released in large quantities, mainly from
fossil fuels combustion and also from various industrial processes,
are precipitated on the soil drained by rain and groundwater and
may be directly adsorbed by plants [5]. Vanadium compounds are
recycled where feasible rather than disposed due to the associated
health hazards [2].

Chemical processes are used to treat spent catalysts to recover
the vanadium for conversion to oxides and others [6-8]. The general
methods developed for the recovery or removal of vanadium ions
from aqueous solutions are precipitation [9], ionic exchange [10-12],
sorption and solvent extraction [13-15]. Among these, solvent extrac-
tion is commonly used for the recovery of vanadium ions because
of its high efficiency and the availability of different extractants.
Various kinds of extractants for removing and recovering vanadium
from aqueous solutions have been reported [4,8,9,13-21]. Among
them, amines are famous and effective adsorbents for vanadium
due to their selectiveness and high uptake capacity [17].

However, the above-mentioned methods are complex processes
that suffer from large secondary wastes, significant chemical addi-
tives, solvent losses, complex equipment, and bulky design [22,23].
So, recently, magnetically assisted chemical separation (MACS) pro-
cesses have been applied for removing heavy metals from aqueous
solutions by applying an appropriate magnetic field [22-30]. MACS
employs small ferromagnetic particles coated with a selective sol-
vent extractant or ion exchange material [22]. Ferromagnetic nano-
particles, particularly Fe;O, nanoparticles are gaining increasing at-
tention due to their unique magnetic properties and feasibility of
preparation, but magnetic nanoparticles easily aggregate because of
anisotropic dipolar attraction. Usually, a protection layer is required
to ensure chemical stability and improve their dispersibility [31].
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To the best of our knowledge, no research efforts have been made
at investigation of vanadium removal or recovery by magnetic nano-
particles. In this study the adsorption of vanadium (V) was investi-
gated by octylamine functionalized magnetite nanoparticles (OAF-
MNPs) in order to find the optimized conditions of the process.

MATERIALS AND EQUIPMENT

1. Materials

All chemicals including V,O;, FeCl,-4H,0, FeCl;-6H,0, NaOH,
HCI and Octylamine (by the general structure [R-NH,] with the
total carbon number of 8) with analytical grade were supplied from
MERCK Company and were used without any further purification.
2. Equipment and Instrumentation

Vanadium concentration in aqueous solution was determined by
inductively coupled plasma optical emission spectrometry (ICP-OES)
(Perkin-Elmer 2000 DV model). Synthesized nanoparticles were
studied by X-Ray powder diffraction (XRD) measurements (STADI-
MP, STOE Company, with monochromatized Cu K & radiation) and
FTIR method (Bruker Vector 22 model) was used for its functional
groups investigations in the range of 4,000-400 cm™'. Synthesized
nanoparticles were dispersed by ultrasonic cleaner model clean 01. The
pH of solution was measured using pH meter model 691 Metrohm.

EXPERIMENTAL

1. Synthesize of Magnetite Nanoparticles

Magnetite nanoparticles were synthesized by normal co-precipi-
tation method [32] by using Fe**, Fe*" and NaOH, according to reac-
tion (1). Briefly, 25 ml of FeCl,-4H,0O (4.3 mmol) and FeCl,-6H,0
(8.6 mmol) solutions were prepared in 0.6 M HCI and deoxygen-
ized by argon inert gas for 15 minutes. 25 mL of 2 M NaOH was
slowly dropped into a three-necked flask containing iron chloride
solution under argon gas injection. Final pH was 11.5. The black
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product was washed several times by distilled water until pH about 7.
Finally, it was dried at 50 °C for 24 hours, ground, and then charac-
terized by XRD analysis.

Fe’'+2Fe’ +80H —Fe,0,+4H,0 )

2. Preparing of Adsorbent

Magnetite nanoparticles were dispersed in ethanol using an ultra-
sonic bath for 1 hour. After removing from the bath, the proper amount
of octylamine in ethanol was added to it, and was stirred for 8 hours
at 500 rpm. The particles were collected by a rare earth magnet (1
tesla) and ethanol was discarded, then they were washed by fresh
ethanol and afterwards prepared in certain volume for further exper-
iments.

3. Adsorption of Vanadium (V)

A stock solution of 2,000 mg L' vanadium (V) was made up
by dissolving the proper amount of solid V,0; in 1 molar hydro-
chloric acid, and it was used for preparing other concentrations of
vanadium (V) solutions. Adsorption of vanadium with different con-
centrations in 19 mL aqueous phase at adjusted pH was carried out
by adding 1 mL of adsorbent (certain amount of nanoparticles in
distilled water) under mechanical stirring (500 rpm) in a beaker at
25 °C temperature for a given time. After adsorption in defined condi-
tions, the adsorbent was separated by an external magnetic field (1
tesla), and the vanadium concentration in raffinate was measured
by ICP-OES. All experiments were run twice, and the adsorption
data were the average of obtained results. The amount of adsorbed
V (V) was determined using the difference between vanadium con-
centration in aqueous solution before and after the adsorption. The
percentage of vanadium adsorption from aqueous solution was cal-
culated by Eq. (1):

C,-C

%100 ()]

Adsorption (%)= C
0

where C, and C are initial and final concentrations of vanadium in

(a) Synthesized sample

(b) FesOy reference peak
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Fig. 1. XRD pattern of (a) synthesized nanoparticles and (b) reference magnetite particles.
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the solution (mg L"), respectively. Adsorption isotherms were stud-
ied by experiments performed in 38 mg of adsorbent concentration
and optimized conditions. The amount of metal adsorbed q, (mg
g ") was determined by using the Eq. (2):

C,-C,)V
qe:(_o___e)__ 3)

m
where C, and C, represent the initial and equilibrium metal ion con-
centrations (mg L"), respectively; V is the volume of the metal ion
solution (mL), and m is the amount of adsorbent (mg).

RESULTS AND DISCUSSION

1. Characterization of Nanoparticles and Adsorbent

The X-ray diffraction pattern for synthesized nanoparticles and
reference peak for magnetite are shown in Fig. 1. Comparison of the
two peaks confirms that synthesized nanoparticles were magnetite.
The size of these nanoparticles was estimated by Scherer equation
equal to 15 nm [33]. Magnetite nanoparticles synthesized by co-
precipitation method in this size range have superparamagnetic behav-
ior [34,35].

The functional groups of amine-modified magnetite nanoparti-
cles were identified using FTIR (Fig. 2). The bands centered around
3,440 cm™ and 1,635 cm™ are, respectively, assigned to the stretching
and deforming vibrations of O-H group on the surface of nanopar-
ticles [31,36]. The peak at 570 cm™, corresponds to the Fe-O vibra-
tion of Fe;0, [31]. A band in the region of 2,930 cm™ was ascribed to
asymmetric stretching of the C-H, groups. Two weak bands around
2,930 cm™' were attributed to symmetric stretching of C-H, and asym-
metric stretching of C-H; [37].

One of the characteristics of primary and secondary amines is a
sharp peak around 3,440 cm™' representing the stretching vibration
of N-H groups equal to number of N-H bond, but the broad stretch-
ing band corresponding to O-H stretching vibration overlapped with
this peak. Furthermore, a peak around 1,650 cm™" bending-scissor-
ing vibration of N-H, that is only observed for primary amines in
1,630 cm™ overlapped by O-H deforming vibration. A band at 1,053
cm™ is assigned to C-N stretching vibrations [37]. The results indi-
cated that amino-group has been grafted onto the Fe,O, nanoparticles.

The OAFMNPs particles in aqueous solution were black emul-
sion with stability even after one month. They were easily sepa-
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Fig. 2. FT-IR spectrum of OAFMNPs.

rated from solution in a few seconds, under an external magnetic
field. Observations demonstrated easy and fast separation of the
OAFMNPs after the adsorption experiments.

2. Vanadium Solution Chemistry

Vanadium behavior in the adsorption process is extremely affected
by the predominant species in aqueous phase, so considering its
solution chemistry is an essential impact. Vanadium as a transition
metal has several oxidation states from —1 to +5, but it is most com-
monly found in the +4 and +5 states as tetravalent vanadyl (VO™)
and pentavalent vanadate (HVO;", VO; and/or H,VO;) species,
respectively, in the monomeric and polymeric forms [3,5,7,38,39].
The multiple oxidation states, ready hydrolysis and polymerization
confer a level of complexity to the chemistry of vanadium well above
that of many metals [5].

Oxidation states of vanadium depend on vanadium and ligand
concentrations in solution, pH and solution potential (Eh) [7,38,39]. In
leach liquors from the processing of spent catalysts, ores and resi-
dues, the predominant species in acidic medium are vanadium (IV)
and (V) and in alkaline medium is vanadium (V) [3,5,7,13]. Though
the conditions are strongly reducing, vanadium may also exist as
trivalent V (I) and divalent V (I) ions [3].

An interesting feature of vanadium is the phenomenon of poly-
merization depending on pH values and concentrations [7,38,39].
Figs. 3 and 4 are the species of vanadium (V) existing in an aque-
ous solution under different pH and concentrations [39,40]. Fig. 3
represents that the cationic vanadium species are predominant at
pH<2[3,5,7,38,39].

Vanadium (IV), as the vanadyl cation VO*, may be present in
reducing environment. It is stable in acidic solution below of pH=2,
but is oxidized to the pentavalent state by atmospheric oxygen at
higher pH values [3,5].

Polynuclear anionic species such as decavanadate V,,O% or meta-
vanadate V,O/5 are predominant in the pH range of 2-9, which are
partially protonated according to the pH value, while mononuclear
anionic species dominate at pH>9 [7,38-40]. In the acid leach solu-
tion of stone coal containing 2-3 g L' V,0; at pH=2-4, vanadium
is mostly in the forms of V,,0%, HV,,05 and H,V,,0% [39]. Vari-
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Fig. 3. Equilibrium predominance diagram for V (V)-OH- species
as a function of concentration and pH [39].
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Fig. 4. The distribution of vanadium species in water as a func-
tion of pH with a total VO3 concentration of 14.33 mM. The
dashed line represents the sum of the distribution percent-
ages of the decavanadates [40].

Table 1. Effect of pH on the formations of predominant species of
Vanadium [41]

pH Vanadium species
>13 vO,*”
9 V,0,"
8.5 VO,
6 V,0,"
2 V005"
<2 VO,

ous isopolyanions exist in dynamic equilibrium and the predomi-
nant species formed at different pH are shown in Table 1 [41].
3. Effect of pH

The solution pH is one of the most important factors in control-
ling the adsorption of vanadium species by a given adsorbent. As
mentioned in section 4-2, depending on the pH and vanadium con-
centrations, several monomeric and polymeric tetravalent and pen-
tavalent vanadium species can also be present in aqueous solu-
tions. Based on this, among the investigated parameters, priority
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Fig. 5. Effect of pH on vanadium adsorption (30 minutes adsorp-
tion time, NPs/OA=4: 1, 20.0 mL solution volume).

was given to illuminating the effect of pH on vanadium uptake by
the adsorbent. This test was performed by adding 1 mL of adsor-
bent (with magnetite nanoparticles (NPs) to octylamine (OA) weight
ratio equal to 4: 1 in 10 g L' adsorbent concentration) to 19 mL
of vanadium solution with the concentration of about 10 mg L™" in
a beaker and adsorption was carried out at 30 minutes in tempera-
ture of 25 °C. The results of V (V) adsorption by OAFMNPs as a
function of pH are presented in Fig. 5. The highest adsorption of
vanadium was at pH 3.2 equal to 77%. The lowest adsorption oc-
curred in pH about 1.5 because of cationic species formation of vana-
dium according to Fig. 5. This figure shows that cationic species of
vanadium comes to lowest amount in pH about 3.2, and since pre-
dominant vanadium species is decavanadate, the adsorption of vana-
dium increases. Although this species predominates till neutral pH,
decreasing of H" concentration affects protonation of adsorbent.
Therefore, the capability of adsorbent for extracting of anionic de-
cavanadate and metavanadate from aqueous solution is reduced ex-
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Fig. 6. Schematic of OAFMNPs.
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tremely. Additionally, the amount of decavanadate rather metavan-
adate decreases and impacts on the adsorption percent. The results
from the references and the present study indicate the importance
of pH adjustment prior to other adsorption parameters. Consequently,
asolution pH of 3.2 can be used for the better adsorption of vanadium
V).
3-1. Adsorption Mechanism

Functional groups of -OH, -SH and -NH, are used as coating agents
for magnetic core due to interaction with this core [42]. Reaction
process between primary amine such as octylamine and magnetite
nanoparticles can also be of this type (Fig. 6) [43]. This interaction
can be written as reaction (2):

Fe,0,—(OH),+y(R-NH,) ~Fe;0,~(OH),_,y(R-NH)+yH,0 )

So Fe;O,~(OH),,y(R-NH) acts as adsorption agent which can be
simplified and assumed as (Fe,O,)—(R—NH). The adsorbent after
protonation in acidic media is as reaction (3):

(Fe;0,)—(R-NH)+HCl—(Fe;0,)—(RNH,)"-CI @)

Mechanism of vanadium adsorption in acidic solutions with pH above
2 in which decavanadate species are predominant are considered
as reactions (4) to (6):

(Fe;0,)-(RNH,)"-CI'+(H,V, 0O

—(Fe;0,)-(RNH,) - (H,V,(0)" +CI (6)
(Fe;0,)—(RNH,)" CI'+H(HV,Os)™

—(Fe,0,)—(RNH,)" - (HV (0y)" +CI @)
(Fe;0,)—(RNH,)"~CI +(V,05)"

—(Fe;0,)—(RNH,) - (V (05" +CI ®)

4. Effect of Nanoparticles to Octylamine Weight Ratio

The weight ratio of magnetite nanoparticles to octylamine (NPs/
OA) was varied as 3:1,3:1.5,3:2,3:3 and 3:4 in NPs con-
centration of 3.8 g L™ to investigate the optimum ratio of NPs/OA.
Fig. 7 shows the results of this experiment at pH=3.2. The maxi-
mum adsorption of % 48.4 was achieved at 3 : 2 of weight ratio.

50 4

40 -

Vanadium adsorption (%)

35 , :
I 2 3
NPs to OA ratio (w/w)

Fig. 7. Effect of NPs to OA weight ratio (NPs concentration=3.8 g
L™") in 20 mL solution and pH of 3.2.

Higher adsorption in Fig. 5 rather than Fig. 7 is due to the higher
amount of adsorbent in the former; the amount of nanoparticles in
the section 4-3 was 8 mg while in this experiment it was 3.8 mg.
5. Effect of Adsorbent Amount

The optimum amount of the adsorbent for maximum adsorption
was determined by varying the OAFMNPs content from 6.4 to 44.8
mg in 1 mL distilled water while keeping the other parameters con-
stant (19.0 mL of 10 mg L™" V (V) solution, pH of 3.2, NPs to OA
weight ratio of 3 : 2, reaction temperature of 25 °C). The adsorp-
tion percentage of V (V) from solution clearly increases with the
increase in OAFMNPs concentration and remains almost constant
at about 32 mg with more than 87% adsorption (Fig. 8). The in-
crease in adsorption with an increase in amount of adsorbent would
be attributed to the availability of larger surface area and more ad-
sorption sites. With increasing OAFMNPs content, the available
sites on magnetic nanoparticles surfaces increase and provide more
adsorption sites to adsorb metal ions, and thereby result in increasing
of vanadium ion adsorption. From the economical point of view and
for guaranteeing quantitative adsorption of V (V), the 38.4 mg adsor-
bent with 88.7% adsorption was selected as the optimum amount.
6. Effect of Shaking Time and Adsorption Kinetics

The equilibration time between V (V) and the adsorbent was deter-
mined by changing the adsorption time between 1-60 minutes while

100 5
90 o
80
70

60 -

Vanadium adsorption (%)

S04

40 . T . . . T : T : .
0 10 20 30 40 50
Adsorbent amount (mg)

Fig. 8. Effect of adsorbent amount on vanadium adsorption (solu-
tion pH of 3.2, 30 minutes adsorption time, NPs/OA=3: 2,
20.0 mL solution volume).

Table 2. Adsorption of V (V) from solution by OAFMNPs in dif-
ferent contact times

Time (min) 'V (V) adsorption (%) Relative standard error (%)

1 80.4 3.99

5 80.4 427
10 843 3.26
15 83.3 471
30 853 4.42
45 84.3 2.68
60 853 3.45

Korean J. Chem. Eng.(Vol. 31, No. 12)
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Fig. 9. Kinetics model of vanadium separation.

keeping the other parameters constant (38.4 mg adsorbent, 19 mL
of 10mg L' V(V) solution, pH of 3.2, NPs to OA ratio of 3 : 2,
reaction temperature of 25 °C). The results of V (V) separation from
solution by OAFMNPs at different contact times are shown in Table
2. The adsorption capacity of V (V) onto OAFMNPs slightly in-
creases with an increase of contact time, and it remains almost con-
stant after 10 minutes (84.3% adsorption). So a stirring time of 10
minutes was used to quantitative adsorption of vanadium (V).

The adsorption kinetics of vanadium ions by OAFMNPs were
analyzed on the basis of the pseudo-second order kinetic model,
which is expressed as Eq. (3) [44]:

t 1t

4 kq . ©)
where, t (min) is the contact time, ¢, and g, (mg g) are the amount
of vanadium adsorbed at an arbitrary time t and at equilibrium time,
respectively, and k is the rate constant of pseudo-second-order adsorp-
tion (g mg™' min").

Fig. 9 shows that the pseudo-second-order equation fits well with
the experimental data, and the correlation coefficient of linear plot
obtained for pseudo-second-order equation is 0.9999. Furthermore,
the adsorption capacities calculated by the pseudo-second-order
model (q, cal=4.30 mg g') are close to that determined by experi-
ment (q, exp=4.25 mg g ). Thus, it would be postulated that the
pseudo-second-order kinetic model is better to fit the experimental
data and the process may be chemical process.

7. Effect of Initial Vanadium Ion Concentration in Aqueous
Phase

The extent of removal of metals from aqueous solutions depends
strongly on the initial concentration of the metal [3]. The adsorp-
tion percentage of V (V) by OAFMNPs at various initial concen-
trations of vanadium (10.2, 55, 102, 244 and 478 mg L") was studied
under the optimum conditions: 38.4 mg sorbent, 19.0 mL V (V) solu-
tion, pH of 3.2, reaction temperature of 25 °C. From the obtained
results in Fig. 10, the adsorption percentages decrease when initial
concentration of vanadium increases. The adsorption is particularty
dependent on initial vanadium ion concentration. At low concentration
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Fig. 10. Effect of initial V (V) concentration on the adsorption by
OAFMNP: (38.4 mg adsorbent, 10 minutes adsorption time,
solution pH of 3.2, 20.0 mL solution volume).

values, metals are adsorbed by specific adsorption sites, while with in-
creasing metal concentration the specific adsorption sites are saturated
[31]. Therefore, decreasing the adsorption is due to exceeding the
maximum sorption capacity of the sorbent. However, this deficiency
can be overcome with the use of higher amounts of OAFMNPs.
7-1. Adsorption Isotherms

The equilibrium adsorption isotherm experiments were performed
by plotting metal ions adsorbed (q,) against the equilibrium concen-
tration of vanadium ions (C,) in solution (Fig. 11).

Langmuir and Freundlich isotherms equations have been tested
for vanadium adsorption by OAFMNPs. The Langmuir adsorption
model can be expressed as Eq. (4) [45]:

C. 1 .1

=== +—C, (10
9 9K, q )

30 -
25 \.

20 A

ge(mgg’)
o
1

10 4

T T T T 1
0 100 200 300 400 500

Ce (mg L")

Fig. 11. Adsorption isotherm of V (V) (38.4 mg adsorbent, 10
minutes adsorption time, solution pH of 3.2, 20.0 mL solu-
tion volume).
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where K, is the Langmuir adsorption constant (L mg™') and g, is
the mono-layer adsorption capacity of adsorbent (mg g™"). 1/q, and
1/(q;K,) in Eq. (4) can be determined by slope and intercepts of the
linear plot of C,/q, versus C,, respectively.

The Freundlich model can be expressed as Eq. (5) [45]:

logq,=logKy+ rlllogCe (11)

where K- and n are the Freundlich adsorption constants. A plot of
log q, versus log C, gives a straight line of slope 1/n and intercepts
log K,

Langmuir and Freundlich isotherms models are plotted in Figs.
12 and 13, respectively. Constants of the Langmuir and Freundlich
model and the values of the correlation coefficients are shown in

20 -

18 -
Ce/qe =0.0389 Ce + 0.5516
16 2
R™ =0.9926

o
=)
[
o

0 ‘I' T T T T 1

0 100 200 300 400 500

Ce (mgL™)

Fig. 12. Langmuir isotherm model (38.4 mg adsorbent, 10 minutes
adsorption time, solution pH of 3.2, 20.0 mL solution vol-
ume).

1.6 4
log gqe = 0.3263 log Ce + (.6284

2
R =0.9521 pd
1.4 4 ./ ]

Log qe

1.0 4

0.8 /

0.6 o

T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Fig. 13. Freundlich isotherm model (38.4 mg adsorbent, 10 minutes
adsorption time, solution pH of 3.2, 20.0 mL solution vol-
ume).

Table 3. Langmuir and Freundlich constants for vanadium adsorp-
tion by OAFMNPs

Langmuir model Freundlich model
aQ K, R? n Kr R?

25707  0.0705  0.9926 3.065 4250  0.9521

Table 3. It can be seen from the correlation coefficients that Lang-
muir model fits the data better than Freundlich model. The mono-
layer adsorption capacity for vanadium ions by OAFMNPs is 25.707
mgg .

Favorability of vanadium adsorption by OAFMNPs can be ob-
tained by using a separation factor R; as follows [42]:

_ 1
Ri=13K ,C

max

12)

where C,,,. is the highest metal concentration in solution (mg L™).
If R, is considerably less than 1.0, the adsorption is considered to
be favorable. In present study R; is 0.029 for C,,,, equal to 478 mg
L. So adsorption of vanadium on OAFMNPs can be considered
to be favorable.

CONCLUSION

Octylamine functionalized magnetite nanoparticles (OAFMNPs)
were applied as the novel adsorbent of vanadium (V) from acidic
solution in this study. Effects of initial pH, nanoparticles to octy-
lamine weight ratio, amount of adsorbent, stirring time and initial
V (V) concentrations in aqueous solutions on vanadium adsorption
efficiency were investigated using magnetically assisted chemical
separation, MACS, method. The results indicated that anionic spe-
cies of vanadate could be absorbed by these modified nanoparticles
and adsorption was highly pH dependent. At optimal pH of 3.2,
the weight ratio of magnetite nanoparticle to octylamine was stud-
ied, with the best result for 3 : 2. Highest removal of V (V) obtained
in adsorbent amount of about 38 mg after 30 minutes with more
that 88% of V (V) in solution. Stirring time studies showed that ki-
netics of adsorption was very rapid so that vanadium in solution
could reach equilibrium within 10 minutes. Adsorption of vana-
dium was decreased by increasing the initial vanadium concentra-
tion due to exceeding the maximum sorption capacity of adsorbent
in higher vanadium concentration. The isotherm data have been
analyzed using Langmuir and Freundlich isotherm models. Com-
parison of the values of the correlation coefficients for Langmuir
and Freundlich isotherms indicated that the mono-layer Longmuir
model provides better correlation for adsorption of vanadium and the
mono-layer adsorption capacity for vanadium ions removal by OAF-
MNPs is 25.707 mg g . The present study suggests that OAFMNPs
would be employed as a potential adsorbent for vanadium adsorp-
tion, and also could provide a simple and fast separation method for
removal of V (V) metal ion from aqueous solution.

NOMENCLATURE

C  : final concentrations of metal in the solution [mg L™']
C, :initial metal ion concentrations [mg L]
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: equilibrium metal ion concentrations [mg L]

: the highest metal concentration in solution [mg L™']

: the rate constant of pseudo-second-order kinetics model
: Freundlich adsorption constants

: Langmuir adsorption constant [L mg™']

: amount of adsorbent [mg]

MACS : magnetically assisted chemical separation

N :Freundlich adsorption constants

NPs : nanoparticles

OA :octylamine

OAFMNPs : octylamine functionalized magnetite nanoparticles
: amount of metal adsorbed [mgg ']

: mono-layer adsorption capacity of adsorbent [mg g™']

: separation factor

: time [min]

: volume of the metal ion solution [mL]

o¥e)
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8
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