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Removal of copper through adsorption by magnesium hydroxide nanorod
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ABSTRACT

In this study, the magnesium hydroxide nanorod (MHN) was successfully prepared by precipitation—
recrystallization method, which was chartered with X-ray diffraction, transmission electron micro-
scope and scanning electron microscope. In view of superiority, MHN was used as adsorbent to adsorb
copper ions from wastewater. A range of tests in regard to the effect of initial Cu* ion concentration,
initial solution pH value, contact time and MHN dosage on adsorption of Cu* ion from wastewater
were investigated. The results revealed the investigated factors which can have a profound effect on
adsorption of Cu* ion. The adsorption capacity reached about 250 mg/g within 50 min, showing that
MHN had rapid adsorption effect to Cu" ion. By fitting three kinetic equations, the pseudo-second-
order kinetic equation was found to fit the best adsorption behavior. The analysis of equilibrium iso-
therm proved that the adsorption behavior was in accordance with the Langmuir equation, and MHN
had favorable adsorption capacity to copper ion (324 mg/g and 318 K). The obtained thermodynamic
data exhibited that the adsorption behavior was viable, initiative and endothermic, and the degree
of disorder was increasing. The testing on MHN regeneration was evaluated by desorbing the MHN
copper-adsorbed in 0.1 M NaCl solution or 0.1 M sodium ethylenediaminetetraacetic acid (EDTA)
solution. The removal efficiency after eight cycles still reached to 75% for regeneration with EDTA
treatment. In conclusion, the presented results demonstrated the potential use of MHN in adsorbing

copper ion from wastewater because of its speediness, high adsorption capacity and recyclability.
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1. Introduction

Due to the rapid development of society, a large amount of
industry, such as coating, metallurgy, chemical engineering,
dyesand electronics, extensively take copper-based compound
as raw materials, and a large number of wastewater contain-
ing copper ion is directly discharged [1]. Nevertheless, copper
is acutely toxic, and non-biodegradable to aquatic ecosystems
and living organisms [2]. Also, copper is able to accumulate
in sediments and tissues of living organisms. Hence, to avoid
polluting environment, the separation of copper ions is essen-
tial to before discharging wastewater into environment.

* Corresponding author.

There are many treatment methods to be utilized in cop-
per removal, such as coagulation [3], flocculation [4], biore-
mediation [5], advance oxidation processes [6], membrane
separation [7] and adsorption [8]. Compared with other
methods, adsorption is effective technology for treating
low-concentration wastewater containing heavy metals and
favorable to use as advanced treatment for emission up to
standard. On the other hand, adsorption technology has low
operation and maintenance costs in removing heavy met-
als in dilute solutions. Thus, various adsorbents have been
utilized for adsorbing metal ions, for instance, active car-
bon [9], clay [10], ash [11], chitosan [12], silica [13], zeolite
[14], hydroxyapatite [15] and biosorbent [16]. Magnesium
hydroxide, as an adsorbent, has the characters of great buffer
ability, better activity, high adsorption performance, safety,
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non-toxic, harmless and high activity [17,18]. Magnesium
hydroxide can be also widely prepared by many methods
and is a relatively cheap adsorbent. Hence, it is regarded as a
green adsorbent and has been employed to treat wastewater
in the past few years [17-20]. Nevertheless, the researches
on magnesium hydroxide nanomaterials as adsorbent for
adsorbing copper ion are less reported.

Here, we report a strategy to fabricate magnesium
hydroxide nanorod (MHN) for adsorbing copper ion in
wastewater. Subsequently, adsorption properties were also
investigated in detail. The effects of initial Cu?*" ion concen-
trations, initial solution pH value, contact time and adsor-
bent dosage on adsorption performance were investigated.
Three models, namely, the pseudo-first-order equation, the
pseudo-second-order equation and the intra-particle diffu-
sion equation, were discussed for adsorption kinetics. For
adsorption equilibrium research, Langmuir and Freundlich
isotherms model were utilized. The parameters on adsorp-
tion thermodynamic were also computed and discussed.
Regeneration of MHN was also evaluated by soaking the
MHN copper-adsorbed in 0.1 M NaCl solution or 0.1 M
sodium ethylenediaminetetraacetic acid (EDTA) solution.

2. Materials and methods
2.1. Materials

MgSO,'7H,0 and NaOH was used for preparing MHN
and CuSO,'5H,0 was used for preparing copper-containing
simulation wastewater in the paper. Sodium EDTA was used
as complexing agent, acetic acid and sodium acetate was
used for making up buffer solution in spectrophotometric
technology based on the complex reaction. All used chem-
icals were obtained from Shanghai Chemical Reagent Co.
Ltd., China, and of analytical pure. The corresponding solu-
tions were prepared by dissolving the chemicals in deionized
water or absolute ethyl alcohol. Deionized waters were used
throughout.

2.2. Preparation of magnesium hydroxide nanorod

MHN was synthesized by precipitation method [20]. In
the course of preparation, 31.25 g of MgSO,-7H,O was dis-
solved in 260 mL water, and 1.4 g of NaOH was dissolved in
80 mL ethanol. Under magnetic stirring, MgSO, solution was
dropwise added into NaOH solution at 85°C, and kept on
stirring for 24 h. Then, the precipitate was obtained by vac-
uum filtration, and purified with deionized water and etha-
nol for removing additional impurities. The precursors were
prepared after dried at 60°C for 24 h. The obtained precur-
sors were added in 160 mL 1.25 mol/L NaOH solutions and
stirred at 80°C for 2 h. The samples were filtered, and puri-
fied by deionized water and ethanol. In the end, after dried at
60°C for 24 h, the MHN samples were obtained.

2.3. Characterization of MHN

The crystal formation of obtained MHN was character-
ized by X-ray diffraction (XRD). The XRD peaks were tested
on an X-ray diffractometer by utilizing CuK radiation (40 kV,
2,500 v/pc, 200 mA; D/max rA model, Hitachi, Japan) in the
range of 5°-70° at the speed of 2°/min.

The microstructural characterization of MHN samples
was tested with transmission electron microscope (TEM)
with an electron acceleration voltage of 200 kV (200CX model,
JEOL, Japan) and scanning electron microscope (SEM) with an
electron acceleration voltage of 5 kV (Sirion 200, FEI, Holland).

The specific surface area and porosity were measured by
N, adsorption—desorption isotherms at 77 K using a surface
area and porosity analyzer (TriStar II 3020, Micromeritics,
USA).

The pH, value of MHN samples was tested by a micro-
electrophoretic mobility detector (DXD-II model, Jiangsu
Optical Industrial Co., China).

2.4. Adsorption experiments

The simulation wastewaters were obtained by dissolv-
ing quantitative copper sulfate pentahydrate (CuSO,-5H,0)
into deionized water. After diluting synthetic wastewaters,
a series of solution for adsorption testing were obtained.
Through small batch experiments, the adsorption studies
of Cu* ion onto MHN were investigated. The quantitative
MHN was added to 100 mL solution containing Cu?* ion of
desired concentrations. The processes were performed in
250 mL Erlenmeyer flasks by mixing Cu? ion solution and
MHN. The analyses of Cu*" ion were performed with spec-
trophotometric technology based on the complex reaction
between Cu? ion and EDTA. The spectrophotometric tech-
nology was achieved in pH 5.5 of buffer solution. The con-
centration of used EDTA was 8%. The absorption wavelength
was 735 nm, and the time of complex reaction was set 5 min.
The tests were conducted in triplicate for obtaining repro-
ductive results with deviation error smaller than 5%. If the
deviation error is higher than 5%, more experiments were
performed. Hence, the experimental data can be repeated
with accuracy larger than 95%. The data listed in this work
are the average values of three tests.

For investigating the effects of experimental conditions
onto the adsorption of Cu* ion, the variation of MHN dosage
(0.2-1.4 g/L), contact time (5-50 min), pH (1-8) and initial Cu®"
ion concentration (5-85 mg/L) were conducted. The other
fixed conditions were listed in the related figure captions.

The effects of initial Cu* ion concentration (5-85 mg/L)
and varying temperature (298, 308 and 318 K) onto the Cu*
ion adsorption were tested for studying adsorption isotherm,
while MHN dosage, contact time and pH is fixed at 1.0 g/L,
50 min and 6, respectively.

The effects of contact time (5-50 min) and varying initial
Cu? ion concentration (25, 50 and 55 mg/L) onto the Cu* ion
adsorption were used for the kinetic experiments, while ini-
tial Cu® jon concentration, MHN dosage and pH is fixed at
60 mg/L, 1.0 g/L and 6, respectively.

2.5. Regeneration of MHN

The regeneration performance of MHN was investi-
gated with desorption in 0.1 M NaCl or 0.1 M sodium EDTA
solutions, respectively. First, the copper-loaded MHN was
desorbed in 0.1 M sodium EDTA or 0.1 M NaCl solution along
with oscillation in room temperature for 1 h, purified with
distilled water and dried in vacuum condition in room tem-
perature for 2 h. Subsequently, the adsorption efficiency of
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MHN was tested again for copper ions. As above adsorption
and desorption treatment, eight consecutive cyclic operations
were tested for evaluating the regeneration performance of
MHN.

2.6. Calculations

The Cu* ion removal efficiency (%) was computed
according to the following formula:

Removal efficiency (%) = (CEJ x 100% (1)

i

The quantity of Cu® jon adsorbed at equilibrium was
computed according to the following formula:

g = W @)

where g, (ng/g) is the quantity of Cu* ion adsorbed at equi-
librium, V (L) is the wastewater bulk, m (g) is the mass of
MHN. C, (mg/L) and C, (mg/L) are the initial and equilibrium
Cu* ion concentrations, separately.

3. Results and discussion
3.1. Characterization of materials

The XRD pattern of obtained MHN is revealed in Fig. 1.
Compared with the standard peaks (JCPDS 07-0239), all dif-
fraction peaks are sharp and consistent well with standard
peaks of magnesium hydroxide hexagonal system. In addi-
tion, the peaks belonged to other impurities are not discov-
ered in Fig. 1. It reveals that the MHN are well crystallized
and highly purified.

The morphology and structure of the MHN is investi-
gated by TEM and SEM, as shown in Figs. 2 and 3, respec-
tively. As seen from TEM image and SEM, MHN has a rod
shape with particle diameters of between 50 and 100 nm and
lengths of about 1 um. While the crystallite diameter calcu-
lated with Scherrer formula based peak width from XRD is
about 20 nm [20]. Also, the particle diameter is wider than

crystallite diameter. It can be explained that the MHN par-
ticle is composed of little crystallites agglomeration. Beyond
that, it is also seen that some pores with a pore size of about
50 nm are exposed in MHN. SEM of MHN after desorption
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Fig. 1. XRD pattern of MHN.

Fig. 2. TEM image of MHN.

Fig. 3. SEM image of MHN (a) before adsorption and (b) after desorption.
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also can be obtained in Fig. 3(b). As shown in Fig. 3(b), the
morphology of MHN after desorption has a little change
but still maintains rod-like. This shows that the structure of
MHN can remain stable throughout adsorption.

The tested specific surface area value of MHN is
100.6 m?/g, and the tested porosity value of MHN is 0.34.
They are close to those of other reported study [17,20].

3.2. Effect of adsorption factors
3.2.1. Effect of MHN dosage

The influence of MHN dosage on Cu? ion removal effi-
ciency is displayed in Fig. 4. As shown in Fig. 4, the removal
efficiency first keeps constantly increasing with the added
MHN dosage. The reason is that the raise of adsorbent par-
ticles number apparently matches the growth of available
adsorption sites [21]. As a result, more Cu*" ions are attached
to the surfaces of MHN particles. Subsequently, the removal
percentage increases slowly and reaches gradually 100%
until the MHN dosage beyond 1.0 g/L, in which the equilib-
rium is arrived. Therefore, 1.0 g/L is chose as adsorbent dose
for further tests.

3.2.2. Effect of contact time

Contact time can affect largely the rate of adsorption of
Cu? ion on the surface of MHN in adsorption process and
is regarded as a vital factor to be investigated. The influ-
ence of contact time was shown in Fig. 5. As shown in the
figure, the removal percentage of Cu* ion is rapid initially
with 30 min and then gradually become constant until the
balance. During the rapid adsorption step, the Cu* ions dif-
fuse from the solution to the external surface of MHN, while
in the slow adsorption step, the Cu* ions diffuse from the
external surface of MHN to the pores in MHN. In general,
it is virtually impossible that the entire adsorption process
is controlled by the external diffusion step under conditions
of oscillation. Hence, it is deduced that the inner diffusion
step controls entire adsorption process. While in the reported
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Fig. 4. Effect of MHN dosage on copper ion removal efficiency

(initial Cu* ion concentration 60 mg/L, contact time 50 min,

T=298 Kand pH = 6).
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works on adsorption of Cu?* ion with other bioadsorbents
[22,23], the equilibrium time exceeds 500 min. Compared
with other adsorbents, it shows that the adsorption of Cu*'
ion with MHN rapidly arrives to equilibrium. The adsorp-
tion speed is rapid on account of the surface with massive
active sites and high surface energy [24]. The speedy equi-
librium time is a favorable advantage for adsorbing Cu* ion.
Hence, in order to ensure complete adsorption equilibrium,
50 min is selected as contact time in the subsequent testing.

3.2.3. Effect of initial pH value

Obviously, the outside charge character of MHN and
ionization degree of Cu® ion can be impacted by the pH of
solution [25-27]. Hence, it is evident that the adsorption char-
acteristics are largely influenced by the pH value of solution
[25-27]. As seen in Fig. 6, the adsorption quantity of Cu*
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Fig. 5. Effect of contact time on removal efficiency (initial Cu*
ion concentration 60 mg/L, MHN dosage 1.0 g/L, T =298 K and
pH=6).
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Fig. 6. Effect of initial pH value on removal efficiency and final
solution pH (initial Cu* ion concentration 60 mg/L, contact time
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ions adds fast along with the increased pH value from 1 to
6 and decreases along with the increased pH value from 6
to 8. When the solution pH is selected to 6.0, the maximum
removal efficiency of copper ion is obtained. During lower
pH value condition, the free Cu®" ion is predominant form in
adsorption experiments [28]. Meanwhile, because there are
a lot of H' ions existing in the solution, the surface of MHN
readily adsorbs H' ions and is protonated. This leads to pos-
itive charge in the surface of MHN [23]. Consequently, the
concentration of H* ions increases with decreasing initial pH
value from 6.0 to 1, it can be deduced that the electrostatic
repulsive force between positive charge on MHN surface
and Cu?* ion is enhanced with decreasing pH value from
6.0 to 1, and hence lesser Cu* ions are adsorbed by MHN.
Nevertheless, when the pH value becomes higher, the con-
centration of H' ions is reduced. It is accompanied by the
increasing of OH" ions in the adsorption solution, which is
favored to form precipitate from copper hydroxide [20]. As
a result, the removal efficiency decreases with increasing pH
value from 6.0 to 8.0.

The point of zero charge, called pH, , is the pH at which
the zeta potential of adsorbent surface equals zero. It is gen-
erally adopted to qualitatively characterize the adsorbent
surface charge. The charge on surface is a key role involved
with adsorption chemistry. The pH is a crucial factor, which
controls the surface charge of MHN. Hence, for confirming
above assumption, the measured pH, value of MHN is 10.1.
In the above discussion on effect of initial pH value, the pH
value ranges from 1 to 6, and is less than pH_ . Evidently,
the surface of MHN is positively charged during the solution
with pH 1-6, which may be expressed as MHN-H,O*. The
positive charge increases with the pH decreases from 6 to 1.
While the enhanced positively charge in MHN-H,O" is unfa-
vorable for adsorption of the Cu* ion due to the intensive
electrostatic repulsive-force between MHN-H,O" and Cu*
ion. As a result, the Cu® ion removal efficiency gradually
increases with the solution pH increases from 1 to 6, which
verifies the above conjecture on adsorption mechanism in
acidic condition.

The comparison between the initial and final pH value
of Cu? ion adsorption experiments is also shown in Fig. 6.
As seen in Fig. 6, MHN has a good pH buffering capacity.
When the initial pH value is low, the final pH value is higher
than initial pH value, which is ascribed to the dissolution of
MHN. Also, at strongly acidic conditions, H" ions are buff-
ered by OH" ions from dissolution of MHN. While the ini-
tial pH value is higher than 10, compared with the initial pH
value, the final pH value decreases due to the adsorption of
OH- ions from the solution by MHN. Therefore, whatever the
initial pH value, H" ions or OH" ions in solution can be buff-
ered by MHN.

3.2.4. Influence of initial Cu** ion concentration

The influence of Cu* ion concentration on the amount
of Cu* ion adsorbed has been demonstrated in Fig. 7. It is
visible that the quantity of Cu* ion adsorbed at equilibrium
rises with the increasing initial concentration of Cu* ion from
5 to 60 mg/L, which can be ascribed to the quick augment of
Cu? ion that occupying adsorption sites of MHN. While the
initial concentration exceeds 60 mg/L, the quantity of Cu*" ion
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Fig. 7. Effect of initial Cu* ion concentration on the amount of
Cu? ion adsorbed (MHN dosage 1.0 g/L, contact time 50 min,
T=298 K and pH = 6).
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Fig. 8. Pseudo-first-order lines for adsorption of Cu* ion onto
MHN (MHN dosage 1.0 g/L, T=298 K and pH = 6).
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MHN (MHN dosage 1.0 g/L, T=298 K and pH = 6).
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Fig. 10. Intra-particles diffusion lines for adsorption of Cu* ion
onto MHN (MHN dosage 1.0 g/L, T =298 K and pH = 6).
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Fig. 12. Freundlich isotherm equation lines for adsorption of
Cu* ion on MHN (MHN dosage 1.0 g/L, contact time 50 min
and pH =6).

adsorbed at equilibrium keeps essentially constant. It can be
due to the causes that excess Cu* ion may lead to rapid equi-
librium of MHN surface at higher concentration [29].

3.3. Adsorption kinetics

For estimating the adsorption rate and investigating the
controlling mechanism of adsorption processes, kinetics
is regarded as a considerable characteristic, which need be
discussed in detail. Hence, several kinetic equations includ-
ing the pseudo-first-order equation, pseudo-second-order
equation and intra-particles diffusion equation are adopted
to describe the adsorption process. The linear expression of
three models is obtained as follows:

In(q,-q,)=Ing, -kt @)
L 21 b 4)
a 4.k 4.

g = A+t ®)

where g, (mg/g) and g, (mg/g) are the adsorption quantities
at equilibrium and at time ¢ (min), respectively, k, (min™) and
k, (mg-g/min) are the rate constants of the pseudo-first-order
equation and pseudo-second-order equation, respectively,
k (mg-g'min™) is the intra-particle diffusion rate constant
and A is the intercept.

The related arguments of three kinetic models are fitted
in Figs. 8-10 and shown in Table 1. The correlation coefficient
(R? and residual sum of square (RSS) can be employed as cri-
terion for evaluating the fitting quality. According to Table 1,
by comparing the correlation coefficient (R?) and RSS of three
kinetic equations, the pseudo-second-order equation with
higher R*and lower RSS, is regarded to be extremely befitting
model in matching the adsorption kinetics of Cu* ion adsorp-
tion onto MHN. It proves that chemical interaction between
MHN and Cu? ion might take place in the adsorption process
and is rate-limiting step. It is assumed that the adsorption
probably occurs with surface reactions related with the num-
ber of active surface sites. In addition, it can also be discov-
ered in Table 1 that the pseudo-second-order rate constant k,
lessens as the increased initial Cu?" ion concentration. These
results are similar to the previous research involving Cu* ion
adsorbed onto other adsorbents [30,31].

3.4. Adsorption isotherms

Adsorption isotherms can be employed in explaining the
equilibrium relationship between copper ion and MHN. The
linear expression of two equations related to adsorption iso-
therms is obtained as follows:

1111 ©
9. 9.k C. 4,
1
Ing,==InC, +Ink, @)
n
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where g, (mg/g) is the amount of Cu* ion adsorbed by
MHN; g, (mg/g) is the maximum adsorption quantity of
Cu* ion adsorbed by MHN. k, (L/mg) is constant of the
Langmuir isotherm equation, C, (mg/L) is the concentra-
tion of the Cu® ion in solution. k, and n are parameters of
the Freundlich isotherm equation. The parameters of the
Langmuir and Freundlich isotherm equations are fitted in
Figs. 11 and 12 and shown in Table 2. By means of compar-
ing the correlation coefficients (R?) and RSS, it is observed
that the Langmuir isotherm equation with higher R?and
lower RSS is most fitted to illustrate the adsorption process.
These results suggest that Cu® ion were adsorbed onto the
MHN in a monolayer, which are in accordance with those
previous researches about adsorption with magnesium
hydroxide [21,32]. Although the correlation coefficients (R?)
based Freundlich model are smaller than those of Langmuir
model, it is also seen from Table 2 that the correlation coeffi-
cients (R?) of Freundlich model in all cases exceed 0.95. The
Freundlich parameters n at 298, 308 and 318 K are 2.08, 2.24
and 2.31, respectively. The n value is in the range of 2-10,
which forecasts adsorption course is favorable [33]. The satu-
rated amount of the Cu*" ion adsorbed by MHN at 298-318 K
is 207-324 mg/g. As seen in Table 3, g, values of MHN are
higher than the previous adsorbents reported on Cu?*" ion
removal, which show that MHN has higher adsorption
capacity for Cu?" ion removal. On the other hand, compared

J. Hao et al. / Desalination and Water Treatment 90 (2017) 252-261

separation factor (R,). It is calculated with the following
equation:

1

Ri=
1+ke

®)

where k, (L/mg) is constant of the Langmuir isotherm equa-
tion. The parameter R, is related to the shape of Langmuir
isotherm: R, > 1 signifies that adsorption process is unfa-
vorable, R, = 1 signifies that adsorption process is linear,
0 <R, <1 signifies that adsorption process is favorable, R, =0
signifies that adsorption process is irreversible. The R, values
are obtained and listed in Table 2. As seen from Table 2, R,
values are 0.019-0.213, 0.021-0.270 and 0.024-0.295, when the
temperature is 298, 308 and 318 K, respectively. It presents
that the adsorption of Cu* ion onto MHN is favorable [20].

3.5. Adsorption thermodynamics
For purpose of investigating the thermodynamic pos-

sibility and identifying the characteristic of the adsorption

Table 3
Comparison on adsorption capacity of different adsorbents

with other adsorbents, magnesium hydroxide possesses the ~_/Adsorbent Adsorption capacity (mg/g) Reference
characters of great buffer ability, better activity, high adsorp- S. platensis 67.9 [34]
tion performance, safety, non-toxic, harmless [17-20], and Activated carbon 30.8 [35]
?s a rel.atively cheap and can be. v.videly.prepared by many Chitosan beads 526 [36]
ingredients [17-20]. Therefore, it is feasible that Cu®" ion is .
Activated charcoal 21.2 [37]
removed from wastewater by MHN. )
Moreover, based on Langmuir isotherm, the favorability Fish bones 150.7 [38]
of adsorption process is also judged with the constant called ~_Garden grass 58.34 [16]
Table 1
A comparison of fitting results based three kinetic models at different initial copper ion concentration
Concentration ¢, Pseudo-first-order equation Pseudo-second-order equation
(mg/L) (mg/g)  k (min?) g, _, (mg/g) R RSS k,(mg-g/min) g, (mg/g) R RSS
25 145.6 0.02037 220.3 0972 0.157 0.02363 145.6 0.991 0.105
50 245.1 0.01854 364.4 0971  0.056 0.01678 245.1 0.994 0.046
75 250.6 0.01654 724.1 0.980 0.036 0.01364 250.6 0.990 0.022
Concentration ¢, Intra-particles diffusion equation
(mg/L) (mg/g) A k (mg-gmin®%) R RSS
25 145.6 176.9 4.67 0.955 0.857
50 245.1 196.4 4.68 0.958 0.455
75 250.6 215.4 6.53 0.956 0.854
Table 2
A comparison of parameters based Langmuir and Freundlich equation at different temperatures
Temperature (K) Langmuir Freundlich
k, (L/mg) q,(mg/g) R, R? RSS k, n R? RSS
298 0.614 207 0.019-0.213 0.989 0.108 15.8 2.08 0.964 0.135
308 0.542 237 0.021-0.270 0.988 0.036 13.5 224 0.956 0.146
318 0.478 324 0.024-0.295 0.982 0.020 10.9 231 0.962 0.065
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process, the thermodynamic data involving change in stan-
dard free energy (AG), change in enthalpy (AH) and change
in entropy (AS), are computed from the following formulas:

AG=-RTInK, )

(10)

where K is distribution coefficient of Cu* ion between the
MHN and solution at equilibrium (L/mol), R is the ideal gas
constant (8.31 J/mol K) and T is the Kelvin temperature (K).
AH and AS are obtained from the slope and intercept of van't
Hoff plots of InK vs. 1/T, respectively. The AG, AH and AS
values are shown in Table 4.

In general, when the value of standard free energy is
from -20 to 0 kJ/mol, the adsorption process is judged to
be physical adsorption. While its value changes from 80
to 400 kJ/mol, and it display that the adsorption process is
chemical adsorption [39]. As shown in Table 4, the total AG
values are negative values from —6.78 to -12.7 kJ/mol and
the overall AH values are positive values. It reveals that the
adsorption process is an autonomous physical adsorption
and more beneficial in higher temperatures [39]. In addi-
tion, energy is adsorbed during adsorption process, which
is also revealed in Table 4. It is seen that the change value
of entropy is non-negative, showing that the randomness
of adsorption process is increasing. The raising random-
ness may be explained by the releasing of H,O molecules
and SO,* ions existed on the MHN surface in adsorption
process.

3.6. Regeneration of the adsorbent

In consideration of economic efficiency, the reusabil-
ity of adsorbent is a very important property and should
be evaluated in industrial wastewater treatment process.
Hence, it is necessary to detect the reusability of MHN. The
procedures are conducted to regenerate the MHN adsorbed
Cu? ion by soaking in the 0.1 M NaCl or 0.1 M EDTA solu-
tions. Fig. 13 shows the MHN reusability by treating with
above two solutions, respectively. For the MHN by EDTA
treatment, it is observed that Cu* ion removal efficiency
still arrives to 75% after eight cycles. While for the MHN by
NaCl treatment, the Cu® ion removal efficiency is only 70%
after one cycle. Hence, it is indicated that EDTA solution is
more effective than NaCl solution for MHN regeneration.
In the case of EDTA regeneration, Cu* ion can be effectively
desorbed due to the strong complexation between Cu* ion
and EDTA. While in the case of NaCl regeneration, the Cu®'
ion desorption is mainly achieved by exchanging Cu* ion
with Na*ion. In addition, when NaCl concentration is 0.1 M,
the reduction of Cu* ion adsorption efficiency also may be
ascribed to that salt effect is insufficiently strong to screen
the electrostatic attraction between the positive Cu* ion and
negative active adsorption site [25-27]. It results in rela-
tively less Cu* ions desorption from MHN in NaCl solution.
Therefore, desorption in 0.1 M EDTA is more effective than
desorption in 0.1 M NaCl.

Table 4
Thermodynamics parameters of Cu* ion adsorption process at
different temperatures

Temperature (K) AG (kJ/mol) AH (kJ/mol) AS (kJ/mol/K)
298 -6.78 54.5 208.6
308 -9.54
318 -12.7
1007 2 7774 0.1M NaCl

90+ 5% 0.IM EDTA

Removal efficiency (%)
i
S
1

Fig. 13. Regeneration of MHN using 0.1 M NaCl and 0.1 M EDTA
solutions.

4, Conclusion

In this study, MHN is successfully synthesized and char-
acterized by XRD, SEM and TEM. For evaluating the adsorp-
tive property, the MHN then is used for adsorbing Cu* ion
in wastewater. The single-factor experiment results show that
the adsorption of copper onto the MHN is considered to be
profoundly depended on the initial Cu*" ion concentration, pH
value, contact time and adsorbent dosage. The removal rate
reaches 100% within 50 min, and the highest adsorption quan-
tity of MHN comes to 324 mg/g at 318 K, clearly revealing
that MHN is effective and fast to adsorb copper ions from
wastewater. Adsorption kinetics and isotherms are analyzed
for further study. By comparing with three kinetic equations,
these results demonstrate that adsorption kinetics is in accor-
dance with the pseudo-second-order equation. On the other
hand, it is shown that the Langmuir model is fit to express
adsorption isotherms during the changed temperature. The
thermodynamics data demonstrate that the adsorption pro-
cess is viable, initiative and endothermic in essence. The aug-
ment of temperature favors adsorption process, which is also
proved by thermodynamics data. Based on the circulatory test
of desorption by 0.1 M EDTA and readsorption for Cu®" ion,
it suggests that MHN is promising and renewable adsorbent
due to that Cu*" ion removal efficiency still arrives to 75% after
eight cycles.
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Symbols

C, — Equilibrium Cu* ion concentration, mg/L

C, — Initial Cu* ion concentration, mg/L

k — Rate constant of intra-particle diffusion equation,
mg-g-min=?

k,  — Rate constant of the pseudo-first-order equation,
min™

k, ~— Rate constant of the pseudo-second-order equa-
tion, mg-g/min

K, — Distribution coefficient of Cu* ion between the
MHN and solution at equilibrium, L/mol

k, — Constant of Freundlich isotherm equation

k, — Constant of Langmuir isotherm equation, L/mg

m  — Massof MHN, g

g, — Quantity of Cu*ion adsorbed at equilibrium, mg/g

g, — Maximum adsorption quantity of Cu*ion adsorbed
by MHN, mg/g

g, — Quantity of Cu® ion adsorbed at time t, mg/g

R — Ideal gas constant, 8.31 J/mol K

R, — Parameter related to the shape of Langmuir
isotherm

t — Contact time, min

T — Kelvin temperature, K

vV — Wastewater bulk, L

AH — Change in enthalpy, kJ/mol

AS — Change in entropy, kJ/mol

AG — Change in standard free energy, kJ/mol
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