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Abstract

The MnFe,0 /diatomite was obtained by wet chemical methods. The specific structure of the material
has been determined by modern physicochemical methods. The results showed that the surface of diatomite
was coated by the manganese/iron oxide nanoparticles. The prepared MnFe 0 /diatomite material is a good
adsorbent for the removal methylene blue (MB) in water. The adsorption kinetics of MB on modulation
materials are consistent with the pseudo-second-order kinetics model. The adsorption isotherms well followed
the Langmuir isotherm model and maximal adsorption capacity of MB can read 151.52 mg/g at 323K. The
adsorption behavior of MnkFe,O /modified is an endothermic and spontaneous process. The results show
that Mnke,O /diatomite is a promising adsorbent for the efficient removal of cationic dyes from wastewater.
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Tém tit

Vit liéu MnFe,O /diatomite dwoc diéu ché bang phuong phdp héa wot. Cdu tric ddc trung ciia vt

liéu dwge xdc dinh bang cdc phwong phdp héa Iy hién dai. Két qud cho thdy bé mat cua diatomite dwoc phii
boi cac hat nano manganese/iron oxide. Vat lieu MnFe O /diatomite la chat hdp phu tot dé loai bé xanh
methylene (MB) trong nuoc. Pong hoc hap phu MB trén vat lieu diéu ché phiu hop voi mé hinh dong hoc
biéu kién bdc hai. Puong ddng nhiét hdp phu tudn theo mé hinh dang nhiét Langmuir véi dung lwong phu
xanh methylene cwc dai la 151,52 mg/g ¢ 323K. Qud trinh hdp phu MB ciia MnkFe,O /diatomite la quda trinh
thu nhiét va tw xay ra. Tir cdc két qua cho thay, MnFe O /diatomite la chat hap phu co trién vong dé logi bo
thuéc nhuém cation ra khéi nwée thai mét cach hiéu qud.

Tw khoa: Hcfp phu, diatomite, thuée nhuom, MnF eZO /diatomite.
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1. Introduction

Given the rapid population growth, many
developed industries have confronted climate
change. Therefore, the environmental pollution has
been increasing, especially in the water environment.
Dyes from textile industry, leather shoe production,
pharmaceuticals, cosmetics is the most important
agents to waste water resources (Dang et al., 2016;
Sunetal., 2017). In many dye kinds, cationic dyes are
more poisonous than the anionic ones. The cationic
easily interact with the negatively charged cell
membrane. They can also pervade and accumulate
in the bio cells (Bayramoglu, G. et al., 2009). The
textile dyeing wastewater has been listed as the
most important pollutants because of their high
toxicity and the low bio decomposition. Therefore,
many scientists have been interested in treating the
wastewater containing cationic dyes, to save the
environment (Dai et al., 2021; Pang et al., 2019;
Sun et al., 2017).

In many decades, the different methods
have been developed to remove dyes in water as
adsorption (Azha et al., 2019; Sun et al., 2017), the
photocatalyst decomposition (Dai et al., 2021; Pang
etal., 2019), flocculation (Guibal & Roussy, 2007),
and bio-decomposition (Kornaros & Lyberatos,
2006). In these methods, the adsorption method is
one of the most efficiency and simplest methods to
treat dyes in solutions. Some different adsorbents
have been used including activated carbon (Ramirez-
Aparicio etal., 2021), zeolite (Supelano et al., 2020),
montmorillonite (Abdul Mubarak et al., 2021),
diatomite (Pang et al., 2019). However, they have
not been treated after adsorption, which challenges
practical application.

Recently, magnetic nanoparticles have been
used in the field of adsorption and catalyst by many
scientists (Dai et al., 2021; Liang et al., 2015;
Pang et al., 2019). Magnetic nanoparticles can
adsorb strongly and can be reproduced by magnetic
methods for reusing. Many magnetic nanoparticles
as manganese oxide (He et al., 2018, Islam et al.,
2019), iron(IIl) oxide hydrate (Pan et al., 2010), and
ferric oxide (Gonawala & Mehta, 2014) have been
widely used for this purpose. However, magnetic
nanoparticles tend to conglomerate, which decreases
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their surface’s area and adsorption efficiency. To
solve this problem, some nanosized metal oxides
dispersed on different carrier substances as bentonite
(Belachew & Bekele, 2020), zeolite (Li et al., 2015),
and diatomite (Bui et al., 2021; Pang et al., 2019).
Compared with the system of only metal oxides,
the heterogeneous system is more efficient. Since
the natural diatomite has high surface’s area, high
porosity and chemical stability, they are widely
used as the carrier of catalysts, building material,
material for filter and treat wastewater. The reserves
of diatomite in nature are abundant. Diatomite is the
fitness carrier for nanosized metal oxides through
preventing the agglomeration of metal oxide particles.
Therefore, these particles can contact directly with
water pollutants.

In this study, the magnetic nanoparticles of
MnFe O, are distributed on the surface of pure
diatomite by the hydrothermal method and their
ability in treating methylene in water is investigated.
The study of adsorption kinetics, adsorption
isotherms, and adsorption thermodynamics, and
adsorption mechanism are done based on the
experimental results.

2. Experiment and methods
2.1. Materials

In this study, diatomite from Phu Yen (RD) is
used to have the purified carrier. The used chemicals
are at pure analysis level of China as manganese (II)
sulfate monohydrate MnSO,.H,O; iron (III) sulfate
Fe (SO,),; acid hydrochloric; sodium hydroxide,
methylene blue (MB). The structure and general
properties of MB are presented in Table 1.

2.2. Synthesis of MnFe,O /diatomite material

The MnFe,O,/diatomite material have been
prepared by the co-precipitation method based on the
report by Pang et al. (Pang, J. etal., 2019) with some
innovations: Provide 2.00 gram Fe,(SO,), and 0.85
gam MnSO,.H,O (the ratio of Fe/Mn is 2/1) into an
erlen of 100 ml distilled water, heating up and stirring
on the magnetic stirrer in 30 minutes at 60°C. Then,
add 5.00 gram diatomite into solution and stir about
30 minutes to have a uniform system. Then, 35 ml of
NaOH 1,0 M is dropped into the above erlen and stir
1.5 hours at 80°C. Finally, the brown solid is obtained
by the vacuum filter and the distill water, dry at 60°C
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in 12 hours. To obtain the better catalyst, the product
is heated at 400°C in 1 hour with the heating rate of
10°C/min (the symbolized sample as MnFe O,-D).

Besides, the MnFe,O, material is also prepared by the
equivalent method without diatomite (the symbolized
sample as MnFe,0,).

Table 1. The structure and general properties of methylene blue

Molecule Mol.ecule A
Name Structure weight
formula (nm)
(g/mol)
N
X
Cr
MB  H3C_ % Xt -CHs ¢ HCINS 319.8 664
N S T
CH; CH;

2.3. Material characterization methods

The crystal structure of diatomite and the modified
diatomite is determined by X-Ray Diffraction (XRD)
on D8 Advance-Bruker (Germany) with the photon 40
kV, 300 mA, angle of 1-50°. The surface area BET of
samples are calculated from the nitrogen adsorption-
desorption isotherm at 77K with the Micromeritics
TriStar 3000 (America). The SEM images of the
diatomite and modified diatomite are collected from
Hitachi S-4800 (Japan). The zeta potential of these
samples is determined at the different values of pH
by Horiba SZ-100 (Japan), the pH value is controlled
by adding NaOH or HCI solution.

2.4. Survey the MB adsorption on the
MnFe,O, /diatomite

The MB solutions are prepared by dissolving
MB into distilled water. The pH values of the initial
solutions are controlled by the solutions of HCI
0.1 M or NaOH 0.1 M. The treatment efficiency of
MnFe O,-D is evaluated by the MB adsorption in
water. Pour 0.1 gram material into 100 ml of MB
solutions with the different concentrations. At the time
of t minutes, about 5 ml MB solution in the treating
erlen is given out and filtered. The MB samples at t
minutes are analyzed by UV-Vis UV2650 (Labomed,
USA) at wavelength of 664 nm. Effects of pH are
surveyed in a range of 2-10. The pH values of MB
solutions are changed by adding NaOH 0.1 M of
HCI10.1 M.

The capacity of MB adsorption in water by the
prepared material is calculated by the formula (1):

q :ﬁy (1)
m

e

where C (mg/L) and C_ (mg/L) is the initial
concentration and equal concentration of the MB
solution; m (g/L) is the weight of the used adsorbent;
Vis volume of the adsorption solution (L); g, (mg/g)
is the weight of the absorbed MB on 1.0 gram of RD
or MnFe,O,-D material.

3. Results and discussion
3.1. Featuring MnFe O /diatomite material

The XRD diagram of diatomite and the
modified diatomite are displayed in Figure 1. The
strong intensity peak at 26 =20.8° and 26.5° (Figure
la) feature the quartz SiO, particles in diatomite
(JCPDS No0.83-2465). Some weak peaks at 20 =
22.0°; 28.4°; 31.5°; 36.2° can express for the planes
(101), (111), (102), and (200) of cristobalite SiO,
(JCPDS No.76-0938) (He et al., 2018, Pang et al.,
2019). The peaks of MnFe,O, (Figure 1b) is agreed
with the structure of spinel (JCPDS No.74-2403)
(Pang et al., 2019). In the XRD of the MnFe,O,-D
in Figure lc, the peaks at 20 = 21,9° and 36,1° are
the characteristic peaks of diatomite and MnFe O,.
In addition, the last peaks are not observed clearly,
showing that the kinds of the amorphous oxides are
mainly formed on the surface (Pang et al., 2019). The
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XRD pattern (Figure 1) shows that the samples have
poor crystallization, many defects, and amorphous
level, likely suitable as adsorbents.
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Figure 1. XRD patterns of (a) diatomite (RD), (b)
MnFe,O, and (¢c) MnFe O,-D

The surface morphology of diatomite and the
modified diatomite show in Figure 2. Figure 2a and
2b indicate that diatomite has high porosity with
the sphere and the average porous diameter is 300-
400 nm. This is the ideal hard mold material for
preparing the 3D material that is widely applied.
Figure 2¢ and 2d show that many nanoparticles with
size of several ten nanometer are distributed on the
surface of diatomite, thus preventing nanoparticles
agglomeration. The MnFe O,-D material has higher
porosity and coarser; thus increasing surface’s area
can increase the ability of treating dyes.

The results of the EDX analysis of diatomite and
MnFe,O,-D are shown in Figure 3. The spectroscopy
of the diatomite sample contains the characteristic
peak of the main elements including C, O, Al, Si,
Fe, and some trace elements. In the spectroscopy of
the MnFe O,-modified RD in Figure 3, besides the
above elements, there are the peaks of Mn, Fe with
the higher intensity. This indicates that the diatomite
has been modified successful by MnFe, O,. This result
is aligned with the SEM analysis in Figure 2.

The percent of some elements of RD and
MnFe,O,-D shown in Table 2 present that these
elements of O, Si, Al, Fe, C are mainly in weight
and some trace elements include S, Cl, Mg, Na... In
the MnFe O -modified diatomite, the percent of Fe
increases from 3.75% (RD) to 22.60% (MnFe,O,-D),
and the percent of Mn is 11.06% (MnFe,O,-D). In the
MnFe O,-D, the mol ratio of Fe:Mn is 2:1, same with
the ratio of the prepared precursors.
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Figure 2. SEM images of RD (a, b)
and MnFe,O,-D (¢, d)
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‘Spectrum 21

(b)

Figure 3. The EDX spectroscopy of RD (a) and MnFe,O,-D (b)

Table 2. The percent (%) of elements in RD and MnFe,O,-D

RD MnFe,O,-D
Elements
% Weight % Element % Weight % Element
C 3.93 6.43 4.82 9.12
o 53.49 65.77 43.69 62.42
S 2.43 1.49 0.74 0.53
Ca 3.00 1.47 - -
Fe 3.75 1.32 22.60 9.25
Mn - - 11.06 4.60
120 =
L0
& 100 5
% :
;1; 80 (b) MI]F6204-D §
RS °
g2 60 g
% - (b) MuFe,0,-D
S 40 ——
E - (@RB "
=20 60 80
3 Diameter (nm)
< 0
0 0.2 0.4 0.6 0.8 1 Figure 5. The distribution of porous size of
Relative pressure P/P° adsorbents: (a) RD and (b) MnFe,O,-D

Figure 4. The N, adsorption/desorption isotherm of
adsorbent (a) RD and (b) MnFe,O,-D

The nitrogen adsorption-desorption isotherm N, increases slowly with the relative pressure,
and the porous size distribution of diatomite and the two curves of adsorption and desorption are
MnFe,O,-D are shown in Figure 4 and Figure 5. almost identical due to monolayer adsorption (Yu
According to IUPAC, the adsorption-desorption et al., 2015). In addition, the weight of adsorbent
isotherm of RD and MnFe O,-D are the model IV. increases fast at the relative pressure of P/P >
At the low pressure (P/P <0,4), amount of adsorbed  0,4. The hysteresis ring is clearly in the relative
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pressure range (P/P ) from 0.45 to 0.95, which is the
characteristic of capillary condensing material. The
kind of nitrogen adsorption-desorption isotherm curve
and the hysteresis ring indicate that the material has
a mesoporous structure with the small porous. The
porous size distribution of diatomite and MnFe,O,-
modified diatomite in Figure 5 show that the porous
size of modified diatomite is from 3 nm to 80 nm,
and the main size from 3 nm to § nm.

The structural parameters as the area surface
BET, the porous size, the porous volume are shown in

Table 3. The area surface BET of RD and MnFe O,-D
are 57.63 and 107.98 m?/g, respectively. The porous
size ’s distribution in BJH show that the average
diameter of RD is 5.65 nm and that of MnFe O,-D
is 7.33 nm. The surface area of MnFe, O,-D is larger
than diatomite, so the ability of treating the dyes
increases. The surface area of MnFe O,-D in this
study is higher than the reported result in different
studies as FM-diatomite: 58.1 m?*/g (Son et al., 2016);
FMBO-diatomite: 15.04 m?*/g (Chang et al., 2009);
MnFe O, /DE: 85.03 m*/g (Sun et al., 2017).

Table 3. Some porosity parameters of RD and MnFe,O,-D

Samples Sy (M) S,.i. (m*/g) S, (m*/g) V, (cm’/g) D (nm)
RD 57.63 21.66 35.97 0.0778 5.65
Diatomite
(Son. 2017) 51.88 14.7 37 - -
MnFe,0,-D 107.98 7.93 100.05 0.0036 7.33
S, area surface BET;
S,.... microcapillary area calculated by t - plot method;
S, external surface area calculated by t - plot method,;

A capillary volume calculated from the desorption curve by BJH method;

D: average size of particle calculated from the desorption curve by BJH method.

3.2. Results of treating MB by MnFe, O,/
diatomite

3.2.1. Adsorption kinetics

For better understanding adsorption properties
of the cationic dyes, the relative between the reaction
time and adsorption capacity of the MB adsorption
by MnFe,O,-D, RD, and MnFe O, are observed,
and their results are presented in Figure 6. The rate
of removing MB by adsorbents increases fast and
equal at 15 minutes. The fast rate indicates that the
interaction between the adsorbent’s surface and MB
is strong. These results show that the ability of MB
adsorption is higher than that of RD.

Two kinetic models are usually applied
to analyze the experimental data and assess the
adsorption mechanism are kinetic models of pseudo-
first order (2) and pseudo-second order models as the
following formulas:

In(q, - ¢)=Ing,- k¢ (2)
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t 1 t
= + —

a, k.a; q. 3)

where, g, and g (mg/g) are the adsorption capacity
at t minutes and at the equal point; k£, (min™), k,
(g.mg'.min') are the adsorption rate contanst
of the kinetic models of pseudo-first order and
pseudo-second models. The values of ¢, and k| are
determined from the linear line of In(g -¢,) and 7.
The values of g, and k, are determined from the
linear line of #/q, and ¢.

The linear lines of kinetic models of the MB
adsorption on MnFe,O,-D are shown in Figure 7
and the parameters of kinetic models of pseudo-
first order and pseudo-second models are shown
in Table 4. Correlation coefficients (R?) are both
high. However, correlation coefficients of pseudo-
second model is higher than pseudo-first model.
Therefore, this adsorption happens by the sharing
or changing electron between adsorbent and MB
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(Sunetal., 2017). In addition, the maximum of MB

. . N (a) Pseudo-first ordermode
adsorption capacity of MnFe,O,-D is 99.01 mg/g. 4 . * MnFe204-D
3
100 + — . . . S e
/—** (2) MnFe,0,-D 2 X = « MnFe204
& 80 1¢ = N
g 60 1 o o 2 0
s w0 | /'/'/ﬁ*" (b) MrFe,0, ';
20 | puu—= == = = L] 0 20 40 60
(9RD i
0 ¢ (min)
0 30 60 90 120 150 180
£ (phtit) 30 (b) Pseudo-second order model
Figure 6. Effect of time to the MB adsorption % 25 {| *MnFe204D
capacity of material g 904 "RB
2 15 || _*MnFe204
< 1.0
0.5 1 ”/’/—4—""’
0.0 T T 1
0 20 40 60

¢ (min)

Figure 7. The linear shape of the kinetic models of
the MB adsorption process by MnFe O,-D, RD, and
MnFe,O,: (a) pseudo-first order model;

(b) pseudo-second order model

Table 4. Some Kinetic parameters of pseudo-first order and pseudo-second order models

The pseudo-first order model (2): In(q, —g,)=Ing, —kt

Adsorbent
k, (min') g.(ng/g) R
MnFe,O,-D 0.0426 43.70 0.8920
RD 0.0800 49.43 0.9866
MnFe O, 0.0811 11.11 0.8235
Adsorbent The pseudo-second order model (3): L 1 - +L
qt k2 'qe qe
k,(g/mg.min™") q,(mg/g) R
MnFe,O,-D 0.0112 99.01 0.9994
RD 0.0039 78.74 0.9996
MnFe O, 0.0036 22.32 0.9995
3.2.2. The adsorption isotherm isotherm models (5) to assess and to propose the

In this study, two isotherm models are usually ~Mmechanism f)f treating MB by MnFe,0,-D as two
used as the Langmuir isotherm (4) and Freundlich below equations:
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S — @
4. 4. K.4q,
1
Ing, =InK, +—InC, (5)
n

where, ¢_ (mg/g) is the maximum value of adsorption
capacity; K, (L/mg) is the Langmuir constant which
relates to affinity of binding center and adsorption

(a) Langmuir isotherm

0.6
0.5
0.4
0.3
0.2
0.1

0

/q, (g/L)

e

C,

0 20 40

C. (mg/L)

60 80

energy; K, (L/g) is the Freundlich constant relate to
adsorption capacity; 1/n is the experience parameter
related to the adsorption intensity, the value of
1/n < 1 shows that the adsorption process happens
easily and the new adsorption positions are formed
on the adsorption surface. The values of ¢g_and K|
are calculated from the linear curve of C /g, and C,
(Figure 8). The values of K, and n can be deduced
from intercept and slope of the linear graph of Ing,
and C_ (Figure 8).

(b) Freundlich isotherm

Ln C, (mg/L)

Figure 8. The linear shape of the isotherm equation the MB adsorption on MnFe,O -D

Table 5. The parameters of Langmuir isotherm and Freundlich isotherm models
of the MB adsorption on the modified diatomite

Langmuir (4): C G, |
Temperature (K) 9o 9n Kign
q, (mg/g) K, (L/mg) R
303 144.93 0.11 0.9956
313 149.25 0.12 0.9930
323 151.52 0.20 0.9925
. 1
Freundlich (5): Ing, =| — |[InC, +InK
Temperature (K) reundlich (5): Ing, (nj e S
1/n K. (L/g) R?
303 0.2162 52.09 0.9898
313 0.2090 56.32 0.9851
323 0.1636 71.51 0.9761
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The isotherm study of the MB adsorption on
MnFe,O,-D is performed at different temperatures.
The results are presented in Figure 7. The ability
of treating MB of material increase when the
temperature increase. This indicates the adsorption
process is endothermic, agreed with the before report
(Sun et al., 2017). The parameters of Langmuir and
Freundlich of the MD adsorption on material at
different temperatures are shown in Table 5. The
values of correlation coefficients of the Langmuir
(R?) are larger than that of Freundlich. So, adsorption
data in Langmuir model is better than the Freundlich
model in the MB adsorption on MnFe O ,-D. This
result indicates that the MB adsorption on adsorbent
is monolayer adsorption. The adsorption capacity
is high at high temperature, i.e. this process is
endothermic. The value of 1/n is less than 1 at three
ranges of observed temperature, this indicates the
MB adsorption on MnFe,O,-D is the adsorption
process on the surface. In addition, the maximum
capacity of MB adsorption on MnFe,O,-D is 151.52
mg/g (at 323K). The MB adsorption ability of
some materials in some different reports are shown
in Table 6. The adsorption capacity of the MB
adsorption on MnFe,O,-D in this study is higher than
different adsorbents (Sun et al., 2017). Therefore, the
MnFe,O,-D material can remove efficiently cationic
dyes in water.

Table 6. Compare the MB adsorption capacity
of some adsorbents

Adsorbent (mqg}g) Reference
zeolite 55.86 (Meshko, 2001)
Fep%:%‘:‘“'co' 1429  (Geetal,2012)
MnFe,0,/DE-NaOH  104.06 (Sunetal., 2017)

MnFe O,-D 151.52 This work

3.2.3. Thermodynamics of adsorption

The parameters of thermodynamics of
adsorption, standard free energy of Gibb (AG®),
standard enthalpy (AH®), and standard entropy (AS®)
are calculated by using the following formulas (Sun,
Z.etal., 2017).

AG° =AH° ~T.AS°  (6)

_AS” AH°

7
R RT 7

InkK,

K, =2 (®)

where, AG° is standard free energy; R is gas constant,
8,314 (1/mol.K); T is absolute temperature (K);
AH° is standard enthalpy (kJ/mol); AS° standard
entropy (J/mol.K); K distribution coefficient; g, the
adsorption capacity at the equal state (mg/g); C, the
concentration of the cationic dye in solution at the
equal state (mg/L). The value of AH® and AS® can be
estimated from intercept and slope of linear equation
which is built from InK and vé6i 1/T (Figure 9).

The adsorption thermodynamic parameters of
MB are calculated and shown in Table 7. The AH®
value of MB is position, this process is endothermic
process. The AS® values are position, this adsorption
process causes an increase in disorder at the interface
between the solid and liquid phases. The AG® value is
negative, this process happen spontaneously. On the
other hand, the AG® values decrease when temperature
increases, this indicates MB adsorption on MnFe,O,-D
happens easily at the higher temperature. Besides that,
the AG® values increase when the initial concentrations
increase, it agrees with different reports (Sun et al.,
2017); Tseng & Tseng, 2005).

3.0 .
25 \ +100 mg/L
22.0 ¢ W 125 mg/L
=
.. '\.\_ 150 mglL
' —_— 175 mg/L
10 | L T 200 mg/L
0.5 !
0.0031 0.0032 0.0033 0.0034
UTEKY)

Figure 9. Plot of InK versus 1/T

3.2.4. Effect of the initial pH

Given pH of solution effects on the surface
charge of adsorbent and degree of ionization of
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adsorption position, the effect of pH is investigated
in a range of pH 2,0-10,0. The obtained results
in Figure 10 show that the adsorption ability is
maximum at range of pH 4-10. To understand the
adsorption mechanism, the values of zeta potential
of MnFe,O,-D are determined at different values of
pH. In Figure 11, the values of the zeta potential of
MnFe,O,-D are negative in a range of pH 2,0-10,0.
Moreover, the values of the zeta potential decrease
when the values of pH increase. It plays an important
role in the adsorption process of cationic dyes due

100
90
80

4. (mg/g)

70
60

Figure 10. Effect of pH on MB adsorption by
MnFe,O-D

Table 7. The thermodynamic parameters
of MB adsorption on MnFe O ,-D
at different temperatures

C, AH® AS® AG°® (kJ/mol)
(mg/L) (kJ/mol) (J/molK) 303K 313K 323K
100 35.23 132,13  -480 -6.12 -7.44
125 19.96 77.73 -3.60 -4.38 -5.15
150 12.70 50.90 -2.72 -323 -3.74
175 10.20 41.06 -2.24 -2.65 -3.06
200 11.48 43.00 -1.55 -1.98 -2.41

4. Conclusion

The MnFe,O,/diatomite material has been
prepared by hydrothermal method. The obtained
material can remove the dye MB. The adsorption
isotherm of MnFe O,-D and MB can be described
by the isotherm Langmuir model. The maximum of
adsorption capacity is 151.52 mg/g. The adsorption
capacity of MnFe,O,-D increased because the
surface area is large with the porosity structure,

88

to the electrostatic attraction between the negative
surface of MnFe O,-D and cationic dyes. When value
of pH decreases, the amount of positive charged
position increases and the amount of negative charged
position decreases. On the other hand, the negative
charged position on the surface of adsorbent interacts
with the cationic dyes. The adsorption is lower at
acid environment because the appearance of the
residual H* which competes with the cationic dyes
at the adsorption position (Elmoubarki et al., 2015;
Sun et al., 2017).

-15 4

-20

Zeta potential (mV)
)
i

Figure 11. Relation between zeta potential (mV) and
pH of MnFe,O,-D

the larger porous volume, and the more negative
surface. In addition, adsorption process happens
fast in the second-order kinetic model. The data of
thermodynamics of adsorption indicates the nature
of adsorption process is endothermic and it happens
spontaneously. Therefore, the obtained MnFe O,-D
material is an adsorbent which can remove effectively
cationic dyes from water./.
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