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Adsorption of heavy metal ions with modified diatomite from effluent
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ABSTRACT

Heavy metal ions pollution has become one of the most serious environmental problems today.
Recently various methods for heavy metal ions removal from wastewater have been extensively inves-
tigated. These technologies include chemical precipitation, ion-exchange, adsorption, membrane fil-
tration, coagulation—flocculation, flotation and electrochemical methods. Comparatively speaking,
adsorption of inorganic non-metallic materials was recognized as an effective and economic method,
such as activated carbon and diatomite. This work mainly discusses the properties of the diatomite
and the modified diatomite and their application levels in treatment of wastewater containing heavy
metal ions. The operating variables of modified methods and adsorption conditions were studied as
well. The equilibrium was investigated as well. Results showed that the diatomite and the modified
diatomite can adsorb the heavy metal ions efficiently, especially the modified diatomite. The adsorp-
tion of heavy mental ions by the diatomite was restricted by temperature and pH. Currently, the
lower temperature and pH were, the less removal efficiency was achieved. After being treated with
alkaline, the surface area of the diatomite was improved greatly which achieved better adsorption
properties. The isotherms results revealed that the equilibrium data fitted the Langmuir model bet-
ter. It confirmed the applicability of the diatomite as an efficient adsorbent and provided an attractive

and low-cost process to remove hazardous materials.
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1. Introduction

Lead played an important role in industrial activi-
ties including the manufacture of paint, printing, battery
industries and other fields for its wide distribution and
high ductility. But it also brought many more environ-
mental problems with the rapid development of its wide
application. Among them, the pollution of water by lead
is especially serious [1]. These pollutants could cause seri-
ous environmental problems due to their acute toxicity and
their accumulation in food chains. It is difficult to metabo-
lize once lead it enters the human body. It especially affects
children’s growth and development, intelligence, learning,
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memory and other health functions [2,3]. According to the
reports, it revealed that children’s blood lead poisoning
phenomenon exists generally in some areas of China [4,5]
Therefore, the prevention and remediation of lead pollution
is of special importance [6].

Physical, chemical and biological methods [7] for
heavy metal ions removal have been widely researched
recently, such as membrane filtration [8], Ion exchange [9],
and adsorption techniques [10]. Adsorption has obvious
advantages in removing heavy metal ions in comparison
with other methods. Numerous adsorbents such as ben-
tonite [11], textile wastes [12], graphene oxides [13], palm
kernel husk carbon [14], and various modified diatomite
[15-19] have been investigated for their potential applica-
tion to lower heavy metal ions concentrations from aque-
ous solutions. Based on our earlier research works, it found
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the diatomite was a promising adsorbent for the removal
of hazardous substance because of its excellent adsorption
properties.

Diatomaceous earth, or simply “diatomite” for short,
is kind of low-density biogenic sediment, which consists
essentially of amorphous silica (SiO,-nH,0) derived from
opalescent frustules of diatoms. It consists of a wide variety
of shapes and characterized by a high porosity, low den-
sity and high surface area. All these properties suggest that
the diatomiteis a potential adsorbent for pollutants found
in industrial wastewater such as dyes, colloid resin and
etc. Based on this fact, in this work, local diatomaceous
earth was tested for its potential use as an adsorbent for
the removal of Pb(Il) ions. Furthermore, the effect of surface
modification of diatomite by NaOH on Pb(II) adsorption
was investigated as well. The equilibrium studies revealed
the adsorption mechanism.

2. Experimental
2.1. Materials

The raw diatomite samples were provided by Jilin Lulin
novel materials Co., Ltd., Baishan, Jilin province, China.
The morphology features and surface characteristics of the
diatomite samples were observed using scanning electron
microscopy (JEOL, JSM-6460LV, Japan). The specific surface
area was obtained by surface from the linear part of the BET
plot (P/P0 =0.05~0.20) at 77 K using a Quanta chrome auto-
sorb NOVA 2200e volumetric analyzer. Sodium hydroxide,
lead nitrate, and other chemical agents were of analytical
grade and were purchased from commercial sources in
China.

2.2 Surface modification

Naturally occurring diatomaceous earth has been
tested as a potential sorbent for Pb(Il) ions according to
the method of Salman T [20]. The results indicated that
the maximum value reached 17.58% when the dosage was
0.06 g. It was not ideal, so NaOH was used as modifier in
order to improve the reaction activity of diatomite. 10 g of
diatomite were immersed in sufficient 5% sodium hydrox-
ide. The reaction temperature was maintained at 60°C for
90 min. The sample was then washed, dried in an oven at
100°C, desiccated and stored in tightly stoppered glass bot-
tle for the following research.

2.3 Adsorption studies

The adsorption of Pb (II) onto modified diatomite was
investigated by using batch mode. The following experi-
ments were conducted by using a range of Pb(II) concen-
trations (20, 50, 100 mg-L™"). Adsorption experiment was
carried out by shaking adsorbent with 20 mL aqueous
solution of Pb(II) to determine the effects of various pro-
cess parameters, different conditions of temperature (25, 35,
45°C), diatomite dosage (0.06 g), contact time (10-180 min),
and pH (from 1.0 to 13.0). The system was adjusted to the
desired pH varying from 1 to 13 by adding minute volumes
of NaOH or HCI. After the suspensions were shaken, the

solid and liquid phases were separated through 0.45 pm fil-
ter membrane. The concentration of Pb(II) in aqueous solu-
tions was determined by atomic absorption spectrometer
(AAS 180-80, JAPAN) [21].

The metal uptake capacity (Q) and removal efficiency
(R) of Pb(II) onto modified diatomite were calculated
according to Eqns. (1) and (2).

C —C)xV
Qe=( 0 A/IE)X (1)
sz @)

where Q  is the adsorption capacity at equilibrium (mg g™),
R is the removal efficiency (%); C, is the initial concentra-
tion (mg-L™); C, is the equilibrium concentration (mg-L™);
V is the volume of solution (L); M is the mass of modified
diatomite (g).

3. Results and discussion
3.1. Characterization of diatomite

The morphology of the raw diatomite and the modified
diatomite was shown by the scanning electron micrograph
(Fig. 1 and Fig 2). It was found that the raw diatomite was
not pure enough and most of the holes in the surface were
blocked by impurities which reduced the adsorption effi-
ciency. However after the modification, results revealed
that the disc surface of the modified diatomite was much
cleaner with a clearly identifiable channel structure, which
provided a good possibility for Pb(Il) to be trapped and
adsorbed.

The surface areas and pore-size of diatomite were stud-
ied by Brunauer-Emmett-Teller (BET) (Table 1). The surface
area, pore volume and the pore diameter were increased
greatly after modification. This results are consistent with
the front SEM work. It indicated that the modified diatomite
showed an excellent surface structure and high specific sur-
face area.

Fig. 1. SEM of the diatomite.
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3.2. Effect of pH on the Pb(1I) adsorption

The pH of the aqueous solution was a key element
affecting the sorption of Pb(Il) as it not only influences
Pb(II) species in solution, but also affects the surface prop-
erties of the adsorbents [22]. Results are shown in Fig. 3.

As shown in Fig. 3, the adsorption capacity revealed
that the removal efficiency increases obviously as the pH
range of 1-5, the maximum value reached 86.24% at pH 5,
and then decreased with further increase in pH values. The
effect of pH can be explained by considering that the main
difference species of lead in aqueous solution. It showed
Pb** species at pH < 7, Pb(OH)* species at pH 7.5-9, Pb(OH),
species at pH 9.5-11 and Pb(OH)," species at pH >11 [23].

The researchers [24,25] found that the enhanced adsorp-
tion of Pb(Il) at pH 2-5 was owing to the electrostatic attrac-
tion between negatively charged diatomite and positively
charged Pb(Il) species such as Pb* or Pb(OH)* species.
Due to the electrostatic repulsion between the negatively

Fig. 2. SEM of the modified diatomite.

Table 1
BET of the diatomite material

Sper Pore volume Pore diameter
(m*>g")  (cm’g") (nm)
Diatomite 15.32 0.058 7.356
Modified 46.90 0.091 12.451
diatomite
100
80
60
40
20
0
1 3 5 7 9 11
pH

Fig. 3. Effect of pH on Pb(II) adsorption.

charged surface of diatomite and negatively charged
Pb(OH), species, the adsorption of Pb(II) could be difficult.
Based on the result, the pH 5 was chosen for further adsorp-
tion experiments.

3.3 Effect of contact time on the Pb(1I) adsorption

The effect of contact time on the Pb(II) was studied at
room temperature. Fig. 4 shows that the removal of Pb(II)
by adsorption using the modified diatomite was rapid
during the initial period of contact time which may be due
to the larger surface area of the diatomite. As the surface
adsorption sites become exhausted, the uptake rate was
controlled by the rate at which the adsorption was trans-
ported from the exterior to the interior sites of the absor-
bent particles.

The removal efficiency reached equilibrium at 150 min
with 86.02% adsorption capacity. Thus the contact time of
150 min was chosen in subsequent sorption experiments to
guarantee the optimum Pb(II) absorption.

3.4. Adsorption isotherms study

The effect of temperature on Pb(II) removal was studied
by using a solution pH of 5, with a contact time of 150 min
in each batch equilibrium adsorption. The effect of Pb(II)
equilibrium concentration on the adsorption capacity of the
modified diatomite was carried out at 25°C, 35°C and 45°C
as shown in Fig.5.

100
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Fig. 4. Effect of contact time on Pb(II) adsorption.
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Fig. 5. Adsorption isotherms of Pb(II) on modified diatomite.
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Fig. 6. Langmuir isotherms for Pb(II) adsorption on modified
diatomite.
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Fig. 7. Freundlich isotherms for Pb(II) adsorption on modified
diatomite.

Results indicated that the Pb(II) adsorption on mod-
ified diatomite increased with the increase of Pb(II) con-
centration and temperature. The increase was obvious as
the temperature increased from 25°C to 35°C. However
the increase was slow from 35°C to 45°C. It suggested that
the adsorption of Pb(II) on the diatomite is endothermic,
indicating that the adsorption was favorable at higher
temperature.

The Langmuir model [26] and Freundlish model [27]
were expressed as follows:

c._C , 1 )

Qe - Qmax QmaxKL

InQ, =InK; +llnCc (4)
n

where Q is the maximum value of metal ion adsorption
per unit weight of adsorbent that is related to the mono-
layer adsorption capacity (mg-g™), K, is a Langmuir con-
stant relate to the affinity of the binding sites and energy of
adsorption (L-g™), k. (L-g™') and n is Freundlich parameter
which correspond to adsorption capacity and adsorption
intensity, respectively.
The results are shown in Fig. 6 and Fig. 7.

Table 2
Langmuir and Freundlich parameters for Pb(Il) adsorption on
modified diatomite

Langmuir Freundlich
T°C) Q,.. K, R? K, 1/n R?
(mg.g™)
25 16.16 0.0202 09851 09586 0.6109 0.9859
35 21.69 0.0170 09872 09588 0.5879 0.9676
45 25.77 0.0146 09946 0.8971 0.5518 0.9653

The calculated results of Langmuir and Freundlich
isothermal adsorption parameters are summarized in
Table 2.

Table 2 shows that the maximum monolayer capac-
ity obtained from Langmuir was 25.77mg-g” at 45°C.
It revealed that the diatomite exhibited better ability to
remove Pb(Il) from aqueous solution. However, by com-
paring the coefficient of determination (R?) values, it was
found that the adsorbent systems are well described by
the Langmuir isotherm model. The (1/n) value indicates
the degree of nonlinearity between solution concentration
and adsorption as follows: when 1/# < 1, then adsorption
is a physical process. when 1/n > 1, then adsorption is a
chemical process. The (1/n) value in Freundlich equation
was found to be 0.55-0.62, (Table 2). The situation is most
common and maybe due to a distribution of surface sites
or any factor that causes a decrease in adsorbent-adsorbate
interaction with increasing surface density and the values
of (1/n) within the range of 0-1 represent good adsorption
[28]. In the present study, it indicated the adsorption of
the heavy metal ions onto modified diatomite was phys-
ical process.

4. Conclusion

The modified diatomite used in this study was supe-
rior to the raw diatomite. The high increase in adsorption
efficiency of the modified diatomite was attributed to the
increase in surface area, pore volume and electronegativity.
The adsorption of Pb(II) on modified diatomite is strongly
dependent on pH. When pH was 5, the removal efficiency
reached the maximum value at 150 min with 86.51% adsorp-
tion capacity. The adsorption is endothermic and favorable
at high temperature. By comparing the coefficient of deter-
mination (R?) values, the adsorption isotherms of Pb(Il) on
modified diatomite can be described well by the Langmuir
model and the adsorption of Pb(II) onto modified diatomite
was a physical process. The researchers also confirmed the
applicability ofthe modified diatomite as an efficient adsor-
bent and provided an attractive and low-cost process to
remove hazardous materials.
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