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TOM TAT
XAC DPINH CAC PAC TRUNG CUA NANO OXIT TU TINH SPINEN MnxFe3-
x04 PUQC CHE TAO BANG PHUONG PHAP VI NHU TUONG VA DANH GIA
KHA NANG HAP PHU As(V) TRONG DUNG DICH

Pon pha tinh thé cia spinel Mn,Fes O, dugc ché tao bang phiwong phdp dong két tia trong pha vi nhii
twong. Cdc dic trung tinh chdt ciia vt liéu da dwoc xdc dinh. Déc trung tinh thé bang phu’ong phép Nhiéu
xa tia X (XRD), hinh thdi hoc bé mdt dwoc xdc dinh bang Kinh hién vi dién tir quét (SEM) va dién tich bé
mat riéng dwoc xdc dinh bang phwong phdp hdp phu va gidi hap nito Brunaure-Emmet-Teller (BET), tinh
chdt tir ciia mau vt liéu dwoc xdac dinh theo phwong phap Tir ké lay mau rung (VSM). Két qua cho thdy don
pha tinh thé MnyFes 04 (0 <x <0,9) duogc hinh thanh do su thay thé Fe(Il) bang Mn(Il) trong mang tinh thé
FesO, va tinh thé spinel pha don duO’c hinh thanh trong pham vi kich thuoc 4,7 - 9, 8nm dién tich bé mdt
riéng trong pham vi 134 - 204m*.g™, dé tir héa bio hoa dat trong pham vi 14 - 32emu.g™. Kha ndng hdp phu
As(V) tot nhdt trén mau thay thé cé cong thire MngsFe; 70, dat téi 178 mgAs(V)/g.

Tur khoa: Spinen Mn,Fez Oy, tinh chat tir, hap phu As(V), kich thudc nano.

1 INTRODUCTION efficiency was high, the tregted matgr_ial

could be reused by collection, purified
The applications of spinel oxide materials from the environment by external
in general and ferrite spinel oxide in magnetic force. Therefore, these magnetic
particular  are  very  wide and nanoparticles had the greatest impact in
multidisciplinary. They have been used as environmental treatment, through the
magnetic materials [1, 2], as adsorbents removal of pollutants from groundwater
for removing heavy metals [3, 4] and dyes and marine environments or by improving
[5, 6] from water and wastewater, or as the quality of domestic water. The process
catalysts and photocatalysts for removing of water pollution was complicated due to
various pollutants [7, 8]. In addition, they agents: organic, heavy metals, antibiotic
could be used as contrast agents [9], residues, pesticides... related to industrial
hyperthermia [10, 11], drug delivery and production and urbanization [17-19]. In
release [12, 13], as sensors/biosensors in particular, arsenic pollution in
biotechnology and medical applications, groundwater and surface water was quite
in electronic devices, microwave devices, common in the world. Regular exposure
recording devices, etc. [14-16]. to water sources contaminated with
Ferrite spinel oxide catalytic and arsenic at concentrations >50 ug.L-1
adsorbent materials could directly access could cause serious health —problems
the polluted object, so the treatment related ~ to  skin, cardiovascular,

hematological, and respiratory diseases.
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In water, arsenic existed stably at high
concentrations under different conditions
of oxidation-reduction potential and pH,
so the removal of arsenic from water
sources was much more difficult than
other  polluting elements [20-22].
Adsorbed arsenic had been shown to form
complexes (monodentate, didentate) with
hydroxyl (-OH) functional groups on
materials such as MnO,, Mn;03, Fe,03,
FesO4 compounds, or/and precipitate with
dissociable compounds such as FeOOH,
Fe(OH)g, La(OH)g, L&z(COg)g [23-28].

On the other hand, spinel ferrite oxide
could be prepared by various methods and
the original structure was not limited in its
ability to be modified, so scientists were
interested in preparing it for many
different applications. For example, the
compound Fe3O4 could be modified by
replacing Fe(ll) with transition metals as
shown in the formula Fe;xAxFe,04 (A =
Mn, Cu, Co, Ni, Zn, Mg) to form
compounds with chemical stability, while
improving their magnetism as well as
enhancing their adsorption capacity
compared to the original compound [29-
32]. The results showed that replacing
Fe(ll) with Mn(ll) in the formula Fe;-
«MnyFe,O, increased the adsorption
efficiency of As, methyl orange, Congo
red and some other heavy metals [33]. If
Fe(Il) was completely replaced, the
removal efficiency of Cr(VI) increased in
the order NiFe;O4 < CuFe;04 < ZnFe,04
< MgFeZO4 < MnFe,0q4 [34]

In the previous study [35], the successful
fabrication of spinel to  replace
MngsFe, 504 by co-precipitation method in
microemulsion phase was reported.
Continuing, in this paper, the fabrication
results of spinel system to replace MnyFes.
xOs (0 < x <1), as well as the
characteristics and adsorption capacity to
remove As(V) from solution are presented.
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2. EXPERIMANTAL
2.1. Chemicals

All reagents were at analytical grade and
used as received without further purifi
cation. FeCl3.6H,0, FeCl,.4H,0,
MnCl,.4H,0, NaOH, HCI and Dietylen
glycol dietyl ete (CgHi1303, DGDE),
NazAsQ,4, acetone were purchased from
Sigma-Aldrich and Merck. Deionized
water was used for all experiments.

2.2. Synthesis of MnyFe;.xO4 spinel

Firstly, prepared a solution mixture of
chloride salts of the cations Fe**, Mn?*,
Fe**, with the following conditions: The
ratio of Fe**/Mn?*/Fe** was taken so as to
form Mn,Fe3«O4, Where x had the values
0; 0.1; 0.3; 0.5; 0.7; 0.9; 1, solution pH
value = 2 - 3, the specified temperature,
was called solution A. Then, while
stirring an exact volume of DGDE
solvent, dripping all solution A to the
DGDE solvent to form the micro-
emulsion phase with milky yellow color,
was called solution B. Next, the co-
precipitation was carried out by dripping
the 1,5 M NaOH solution into solution B
until the medium stabilizes with pH value
= 9-10 (proceed on the mechanical
stirrer). Finally, separated the precipitate,
the decouldter wash several times with
water with external magnetic field,
washed the centrifuge once with water,
two times with acetone and the drying at a
suitable temperature to obtain nano-
ferrites. In the coprecipitation reaction,
solvent/water volume ratio was keep at
1/3 (O/W), ion metal molar concentration
in solution (Cy) 0,25M, coprecipitation
process temperature (initial temperature-
Tr) at 30°C. The co-precipitated sample
was dried at 80°C for 5 hours before
receiving the XRD patterns. The average
crystal phase size of the ferrite spinel is
determined by semi-empirical equation
Scherrer (d, nm).
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2.3. Characterization methods

The products obtained during different
stages  were characterized by X-ray
diffraction (XRD) using a D8 ADVANCE
diffractometer (Bruker, Germany) with
CuKa radiation (A = 1.5046 A ) in the
range of 20 = 20° - 80°. The average
crystal size of the material was
determined by the Scherrer semi-
empirical equation as follows:

o B*xA

where, X was the average crystal particle
size, © (degree) corresponding to angle
sweeping at the maximum peak, B was
width of the half maximum peak (radian),
B is Scherrer constant (= 0.9).

The micro-structure image and elemental
composition of sample the sample was
evaluated by  scouldning  electron
microscopy combined energy dispersive X-
ray spectroscopy (SEM-EDX) using a
S4800 microscope (Hitachi, Japan). The
specific surface area was determined by the
Brunauer-Emmett-Teller (BET) method by
liquid N, adsorption at 77K on TriStar Il
Plus 2.03 analyzer (Micromeritics, USA).
Vibration sample magnetometer (VSM)
measured on measuring equipment at
Institute of Materials Science, Vietnam
Academy of Science and Technology
(IMS-VAST, Vietnam).

2.4. Determine
adsorption capacity

the maximum

The saturated adsorption capacity (Qpn,
mg.g?l) of As(V) of the material was
determined by conducting an adsorption
experiment between 100 mL of solution
with different initial concentrations of
As(V) (Ci, mg.L™) with 0.05 g of spinel
oxides. When the adsorption equilibrium,
collect the solution to determine the
remaining concentration of As(V) (Cj,
mg.L™. The saturated adsorption capacity

was calculated by the formula: Qun =
2*(Ci-Cy).

The maximum adsorption capacity of
spinel oxides (Qmax, Mg.g™) for As(V)
was determined according to Langmuir
isotherm adsorption model. Represent the
experimental points (Qun, Cr) determined
on the graph showing the dependence of
Qouh on Ct and regress those experimental
values by using specialized calculation
software Table Curve. 2D 5.01 to obtain
the maximum adsorption capacity of the
spinel oxides for As(V).

2.4. Methods of elemental analysis

Determination of ionic content of
elements As(V) Fe, Mn and other
elements in solution by atomic absorption
method (AAS) on instrument 200 Series
AA (Agilent, USA).

3. RESULT AND DISCUSSION

3.1. Determination of spinel MnyFes xO4
characteristics

3.1.1. Crystalline phase characteristics of
spinel MnyFe3 4O,

The results of the investigation of the
influence of the x-substitution component
(0 < x < 1) on the formation of spinel
oxide crystal phase according to the
formula Mn,Fe;O4 were shown in the
XRD diagram in Figure 1. The results in
Figure 1 showed that, except for the
sample with the x-substitution component
being amorphous corresponding to the
desire to replace Fe(ll) with Mn(ll) to
form spinel oxide MnyFe;4O,, all the
remaining  samples  suggested  the
appearance of diffraction lines
characteristic of the formation of spinel
ferrite crystal phase.

Table 1. Average crystallite size of spinel Mn,Fe;.

xo4
X 0 101/03]05]07]0)9 1,0
dspinel 617 4,7 6,3 6;7 7,8 9,8 VDbH
ferit, MM

137




Tap chi phén tich Héa, Ly va Sinh hoc - Téap 31, S6 2A 2025

For the samples forming crystalline phase,
the XRD diagram also observed the shift
of the scouldning angle at the maximum
diffraction peak shifting from 35.3710 to
35.0410 when the x-substitution content
in the MnyFe;xO4 crystal phase was from
0 to 0.9. This demonstrates the complete
substitution of Fe(ll) by Mn(ll) in each
substitution component. In other words, a
completely substituted solid solution
MnyFe;xOs (0 < x < 0.9) was formed
between the two spinel oxide phases
FeFe,O4 and MnFe,0,.

However, under similar  synthesis
conditions, when Fe(ll) was completely
replaced by Mn(ll), the MnFe,O4 crystal
phase could not be formed. This showed
that the crystallization of the spinel phase
Mn,Fes«O4 occurs more easily in the
presence of Fe(ll) and the formation of
the MnFe,O, crystal phase had to be
carried out under more stringent

IMS-NKL 5.0k 4 3m

5.0% 4 4mim 200k SE(M

d).x=07

200nm [l IMS-NKL 5.0kV 4 dmm x200k SE(M)

(e).x=0,9

conditions. On the other hand, the results
of calculating the average crystal phase
size of spinel oxide MnyFe3«O4 using the
semi-empirical sherrer equation were
shown in Table 1. The results showed that
the crystal phase size decreased sharply
when Fe(ll) was replaced by 10% Mn,
then increased slightly, and the crystal
size increased significouldtly when x >
0.5.

200 ] o o

spinel MnyFe;.xFe204

Lin (Cps)

30 20 50" 60" 70
2-Theta-Scale

Figure 1. XRD patterns of spinel Mn,Fe; O,
samples

(. x=1,0

Figure 2(a-f). SEM images of spinel Mn,Fes 0, samples

3.1.2. Morphological characteristics and
surface area of spinel MnyFe;.xO4

The results of some characteristics of the
surface area of the spinel oxide samples
MnyFesxOs (0 < x < 1) fabricated at
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optimal conditions were shown in Table
2. The results in Table 2 showed that all
the spinel oxide samples MnyFe;xO4 (0 <
x < 1) fabricated have very high surface
areas reaching from 134 mig™ - 204
m2.g™.

When Mn was present, the pore size was
significantly reduced and divided into two
groups: (i). The first group of spinel
oxides MnyFe3xO4 with 0.1 < x < 0.5, the
formed particles had crystal size
correlated with pore size, the pore volume
was slightly reduced compared to the
Fes0, sample (0.29 cm®.g™) and did not
change much between samples from 0.23
cm®.g™ to 0.24 cm®.g™, so the surface area
of the sample was relatively high,
reaching 193 mg™ to 204 m%g™. When
observed on the SEM image in Figure
2(a,b,c), it also showed that the samples
had quite uniform sizes, good dispersion,
size < 10 nm; (ii). In the second group,
the spinel oxides MnyFes.xO4 with 0.5 < x
< 0.9, the pore size did not change much,
but the pore volume decreased
significantly to 0.15 cms.g™ t0 0.17 cm®.g"
! and the specific surface area decreased
to 134 mig™t to 160 mig™. Similarly,
when observing the surface morphology
of these samples on the SEM images in
Figure 2(d, e), it could be seen that the
formed particles have the phenomenon of
clustering into large clusters of particles
with an average diameter of ~ 50 nm.
However, the average pore size on these
samples was determined to be relatively
small, did not change much, and the
specific surface area of the samples
decreased but still reached a fairly high
value. This result, possibly due to the
formation of MnyFe;.xO4 solid solution at
this Mn content, changed the crystal
nature towards clustering.

In the case of spinel oxide sample
Mn,Fes«O4 with x = 1 corresponding to
MnFe,O, compound, due to non-

crystallization, there was no data on the
average crystal phase size, but the sample
had small pore diameter, large pore
volume (0.24 cm®.g™) and specific surface
area of 203 m2.g™, relatively large grain
size ~50 nm when observed on SEM
image in Figure 2(f).
Table 2. BET surface area characteristics of
spinel Mn,Fe;,O,4 oxides

Parameters

Spinel Mn,Fe; O, oxides

00/01]03]05]|07]09]|10

SBET: mZ/g

176 | 204 | 202 | 193 | 134 | 160 | 203

Vpore, Mg

0,29/0,2410,23/0,24|0,15|0,17| 0,24

Dyore, M

6,1 | 48 148|149 50|45 |50
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3.1.3. Magnetic characteristics of spinel
MnXFE3.XO4

The VSM measurement results of the
spinel oxide sample Fe3;O,4 corresponding
to x = 0 were determined in Figure 3. The
results showed that this was a
superparamagnetic  sample  with a
saturation magnetization of about 32
emu.g®.  Similarly, the saturation
magnetization of other spinel samples was
also determined, the results were shown
in Table 3. The spinel samples Mn,Fes.
xOs4 with nano size had a saturation
magnetization in the range of 13.6 emu.g™
to 31 emu.g™?, which was much lower
than that of the bulk samples (80 emu.g™ -
90 emu.g™, respectively).

Ms, emu g_l
e

Applied field, ce

Figure 3. Magnetization curve of spinel Fe;0,4
sample
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In particular, the magnetic saturation of
the x = 1 sample corresponding to
MnFe,O, is 13.6 emu.g’, which was
much lower than that of the other
samples. This was a set of samples that
are considered to be quite similar in terms
of surface morphology and grain size as
determined in Table 3 and Figure 2. The
only difference of the MnFe,O4 spinel
was that the sample was in an amorphous
aggregate state, which reduced the
saturation magnetization of sample to low
level.

Table 3. Saturation magnetization of the Mn,Fe;.

«Oy spinel
X 00/01{03(05|0,7|09]1,0
values
Ms, 31 |26 |28 |27 |32|24 (13,6
emu.g™

3.2. As(V) adsorption capacity of spinel
Mane3_Xo4

3.2.1. Effect of substitution composition of
spinel MnyFes O, oxide

T 13
' 80
| 72
I 66
62
| 56
| I I
o I ) ; ) ; :
0 01 0.3 0.7 09 1

0s )
Substitute x

=
I T ™ - R B B R
e 8 o & &5 o & o o

As(V) adsorption efficiency, %
o

Figure 4. As(V) adsorption efficiency on spinel
Mn,Fe;.,O, oxide

The effect of the x component in spinel
oxide MnyFe;xO4 on As(V) adsorption
efficiency was shown in Figure 4. The
results in Figure 4 show that, when
modified with Mn, spinel oxides MnyFes.
xOs have a higher As(V) adsorption
capacity than the original Fe3O4. From the
As(V) adsorption efficiency on spinel
MnyFes;.xO4, it was also seen that the
effect increases strongly on the spinel
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sample  MngiFe;904 and gradually
decreases when the content of Mn
substitution increases.

3.2.2. As(V) maximum adsorption
capacity on spinel Mng 1Fe; sO3 oxide

The Langmuir adsorption isotherm for
As(V) on spinel MngiFe;90,4 material
was shown in Figure 5. The results
showed that the maximum adsorption
capacity of As(V) on spinel Mng Fe;904
material was 178 mg.g™ with a regression
coefficient of 99.9%.

1%2=0.99675065 DF Adj r*2=0.99689912 FitStdErr=3.3529193 Fstat=1207.8342
Qmax = 178 mg.g*-1)

175 ———

///

125 / 125

2 4 6

Figure 5. Langmuir adsorption isotherm for As(V)
on spinel Mng 1Fe, ¢O3 oxide

4, CONCLUSION

The product spinel MnyFe;«O,4 oxides (0
< x < 1) prepared under optimal
conditions had the following
characteristics:

+ A single phase of solid solution crystal
completely replacing spinel oxide MnyFes.
xO4 (0 <x <0.9) was formed. The average
crystal size of spinel oxide MnyFe;xO4 (0
< x <0.9) decreased and depended on the
substitution content x with a value in the
range of 5 nm to 10 nm; The surface area
of spinel oxide MnyFe3«O4 (0 < x < 0.9)
increased and depended on x with a value
of about 130 m”.g™ to 200 m?.g™, finally
the saturation magnetization of these
alternative samples was in the range of 24
emu.g™ to 32 emu.g™;
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+ Under similar conditions, single-phase
crystal of spinel oxide MnFe,O4 had not
been formed. The amorphous compound
of ferrite manganese oxide was MnFe,04
with a surface area of 203 m’g™, the
saturation magnetization reaches 12.6
emu.g™.

The adsorption capacity of As(V) on the
prepared spinel oxide nano system
MnyFesxO4 was determined: The spinel
oxide compounds MnyFes.xO, had good
adsorption capacity for As(V), the
adsorption efficiency was highest on
spinel Mng1Fe; 04 oxide; The maximum
As(V) adsorption capacity calculated
according to the Langmuir adsorption
isotherm model of spinel MngiFe; 904
oxide was 178 mg.g™.
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