p-ISSN: 0972-6268
e-ISSN: 2395-3454

Nature Environment and Pollution Technology

Vol. 1
An International Quarterly Scientific Journal ol. 19

No. 1 pp. 389-393 | 2020

Original Research Paper

Open Access

The Removal of Phosphorus in Solution by the Magnesium Modified Biochar
from Bamboo

Jing Dai*, Xitong Zheng*, Hong Wang**, Hao Zhang**, Linli Zhang, Tianbiao Lin, Rui Qin* and Muqing Qiu*
*College of Life Science, Shaoxing University, Shaoxing, 312000, P.R. China

**Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese
Academy of Sciences, Changsha 410125, China

TCorresponding author: Muqing Qiu

- ABSTRACT
Nat. Env. & Poll. Tech.

Website: www.neptjournal.com The eutrophication of water would cause the quality of the water to deteriorate and the algae to grow

in large quantities. The recovery of phosphorus from sewage can not only purify the water quality, but

also achieve the recycling of phosphorus. Its environmental and economic benefits are considerable. In

this study, bamboo was used as raw material and modified with MgCI2 solution to prepare Mg-loaded

Received: 14-06-2019
Accepted: 24-07-2019

Key Words: biochar from bamboo (Mg@B). The adsorption experiments of phosphorus in solution by Mg@B were
Phosphorus carried out. The adsorption kinetics of phosphorus by Mg@B was depicted by pseudo-first order kinetic
Magnesium modified and pseudo-second order kinetic models. The results showed that the surface of Mg@B is covered
biochar with the compound of Mg(OH)2. The adsorption process fits well with the pseudo-second order kinetics
Bamboo equation. The predominant process is chemisorption, which involves a sharing of electrons between
\§ the adsorbate and the surface of the adsorbent. The factor limiting the rate of reaction is primarily the
number of surface-active sites of the adsorbent. The mechanism of Mg@B adsorbing phosphate ions
in solution has physical adsorption, electrostatic adsorption and chemical precipitation.
INTRODUCTION

With the rapid development of industry and agriculture, the
emissions of eutrophic substances, such as N, P, and so on,
have also increased dramatically. The eutrophication of water
would cause the water quality of the water to deteriorate
and the algae to grow in large quantities (Jiang et al. 2019,
Pinto et al. 2019). For a long time, in order to control the
eutrophication of water bodies, many scholars have carried
out related scientific research work, such as A/O, A/A/O,
UASB and so on (Shamim & Joann 2016, Elsa et al. 2018,
Khouloud et al. 2018, Zhang et al. 2018). These wastewater
treatment methods are effective in treatment of phosphorus
in solution, and the effect is better. As a non-renewable
resource, phosphorus is a kind of the indispensable resource
in agricultural development. The recovery of phosphorus
from sewage can not only purify the water quality, but also
achieve the recycling of phosphorus. Its environmental
and economic benefits are considerable (Sarah et al. 2018,
Sun et al. 2018). At present, the development direction of
phosphorus treatment technology has shifted from removal
of phosphorus in solution to recovery of phosphorus in
wastewater (Fang et al. 2015). The treatment methods
used for phosphorus recovery mainly include chemical
precipitation, crystallization, ion exchange, adsorption, and
so on (He et al. 2014, Huang et al. 2018, Qiu et al. 2018,

Sanna et al. 2018). The adsorption method is applied widely
because of its simple operation, no secondary pollution, and
low price. The most commonly used adsorbents are activated
carbon, modified cellulose, etc., but these adsorbents are
limited in their application due to their high cost (Jessica et
al. 2017). Therefore, some researchers have begun to use low-
cost agricultural waste to prepare biochar, such as bamboo,
peanut shell, tangerine skin, corn straw, rice straw, sawdust,
reeds, and so on (Gottipati & Mishra 2013, Xu et al. 2014,
Hu et al. 2017, Sarah et al. 2018). However, the surface of
the prepared biochar contains a large amount of negative
charge (Yigit & Mazlum 2007). These negative charges are
very easy to generate electrostatic repulsion with anions,
so it is difficult to adsorb PO43' ions in solution. In order to
improve their adsorption capacity of anions, many scholars
apply acid, alkali, iron oxide, magnesium ion, rare earth and
so on to modify the surface of these biochars (Stratful et al.
2001, Tansel et al. 2018).

In this study, bamboo was used as raw material and
modified with MgCl, solution to prepare Mg-loaded biochar
from bamboo (Mg@B). The adsorption experiments of
phosphorus in solution by Mg@B were carried out. The
adsorption kinetics of phosphorus by Mg@B was depicted
by pseudo-first order kinetic and pseudo-second order kinetic
models. The adsorption characteristics of phosphorus in
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solution were studied by scanning electron microscope
(SEM), Fourier infrared spectroscopy (FTIR) and X-ray
diffraction spectrum (XRD) techniques. The adsorption
mechanisms have also been discussed.

MATERIALS AND METHODS
Preparation of Mg@B

The biochar from bamboo is ground and passed through a
100 meshes sieve. Its specific surface area is 60.125 m?/g,
and average pore size is 10. 2.109 nm. The 10 g biochar
from bamboo was added to the 500 mL Erlenmeyer flasks
containing 100 mL 2 mol/L. MgCl, solution. Then, 100 mL
4.5 mg/L. NaOH was added slowly. They were shaken in an
ultrasonic shaker for 60 minutes. The mixture solution was
filtered through a qualitative filter paper. The precipitate was
washed three times with the deionized water. The precipitate
was dried at 60°C for 48 hours in an oven and calcined at
450°C for 2 hours in a muffle furnace to obtain the Mg-loaded
biochar from bamboo (Mg@B).

Characterization of Mg@B

The morphology of Mg@B was observed with SEM (JEOL
6500F, Japan). The XRD analysis was conducted in a
D/Max-IITA powder X-ray diffraction spectrum (Rigaku
Corp., Japan). FTIR spectra of the samples were recorded on
a Nexus 670 FTIR spectrometer (Thermo Nicolet, Madison)
in the wave number range of 500-4000 em'™.

Adsorption Experiment

Adsorption experiments were conducted in a set of 250 mL
Erlenmeyer flasks containing 0.02 g Mg@B and 100 mL of
50 mg/L PO}' ion solutions. The initial pH was adjusted to
4.0 with 1 mol/L HCI. The flasks were placed in a shaker at
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a constant temperature of 298 K and 200 rpm. The samples
were filtered and analysed.

Analytical Methods

The concentration of PO43 “ion was analysed by UV-722 UV-
visible spectrophotometry. The removal rate of PO43 “ion was
calculated as follows:
c,-C
0=—"""%100% ...(1)
Co

Where, C,, and C, (mg/L) are the initial and equilibrium
concentrations of PO43' ion in solution respectively. Q is the
removal rate of PO43' ion.

Statistical Analyses of Data

All the experiments were repeated in duplicate and the data
of results were the mean and the standard deviation (SD).
The value of the SD was calculated by Excel software. All
the error estimates given in the text and error bars in figures
are standard deviation of means (mean = SD). All the
statistical significance was noted at o. = 0.05 unless otherwise
noted.

RESULTS AND DISCUSSION
Characterization of Mg@B

The morphology of biochar and Mg@B were observed with
SEM. The results are shown in Fig. 1.

From Fig. 1, it can be seen that biochar from bamboo
is a porous material. After modification of magnesium, the
surface of biochar is covered with a thick layer of flocculent
material. This flocculent substance should be a compound
of magnesium. The magnesium compound is uniformly

Fig. 1: The SEM images of biochar and Mg@B (a, biochar; b, Mg@B).
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Fig. 2: The XRD spectra of biochar and Mg@B.

supported on the surface of the biochar and inside the pore
diameter.

The XRD analysis of biochar and Mg @B were conducted
in a D/Max-IITA Powder X-ray diffraction spectrum. The
results are shown in Fig. 2.

As shown in Fig. 2, it can be concluded that after
modification of magnesium, many high-intensity diffraction
peaks of Mg(OH), appeared. It also indicates that the
modified magnesium has been successfully loaded on the
biochar from bamboo. It can also be shown in FTIR spectra of
Mg @B (Fig. 3). There is a distinct characteristic absorption
peak of Mg(OH), at a wavelength of 3694.2 em™

Adsorption Experiment

The effect of adsorption time on the PO43 " ion removal rate
by Mg@B is shown in Fig. 4.

As shown in Fig. 4, it can be seen that the removal rate
of PO43' ion in solution by Mg @B increased rapidly within
30 minutes. At 60 minutes, the amount of PO43 “ion adsorbed
is near saturation. After 240 minutes, the adsorption process
reached equilibrium. The removal rate of PO43' ionby Mg@B
was reached 64.12%.

Adsorption Kinetics

In this study, the pseudo-first order and pseudo-second order
were chosen to depict the adsorption kinetics. The pseudo-
first order (Choudhary & Paul 2018) and pseudo-second
order (Reguyal et al. 2017) reactions were described as Eqgs.
(1) and (2):

dq, _ _ (D
i ki (g, —4,)

=
e l\dg@B
S
£
= Biochar
L | 1 | " | L 1 L 1 L 1 " |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm™

Fig. 3: FTIR spectra of biochar and Mg@B.
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Where, ¢, (mg/g) is the amount of adsorbed solute at

equilibrium conditions, ¢; (mg/g) is the amount of adsorbed

solute at any time ¢ (min), ky (min") and k| (min’') are

the constants of pseudo-second order and pseudo-first order

kinetic models respectively.

According to the experimental data from Fig. 4 and
Equations (1) and (2), the corresponding calculated
parameters are listed in Table 1.

From Table 1, it can be shown that the adsorption process
fits well with the pseudo-second order kinetics equation
according to the value of R? (0.9917). It implies that the
predominant process is chemisorption, which involves a
sharing of electrons between the adsorbate and the surface
of the adsorbent. The factor limiting the rate of reaction is
primarily the number of surface active sites of the adsorbent.

Adsorption Mechanism

The mechanism of biochar adsorbing phosphate ions is
that phosphate ions can be bonded to certain metal cations
in biochar by electrostatic adsorption or ligand bonding
(Mukherjee & Zimmerman 2013). After the biochar is
modified with magnesium, the following reaction would
occur between the biochar and the phosphate ions in solution.

Biochar — Mg(OH), + PO;” +6H,0
— Biochar — Mgs(PO,), -6H,0 1 .3
In brief, the mechanism of Mg@B adsorbing phosphate

ions in solution has physical adsorption, electrostatic
adsorption and chemical precipitation.
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Fig. 4: Effect of adsorption time on the PO43' ion removal rate by Mg@B.

Table 1: Pseudo-first order kinetic and pseudo-second order kinetic parameters of PO43' ions removal by Mg@B.

Pseudo-first order

Pseudo-second order

q. (mg/g) kg, (min’l) R? q. (mg/g) kﬁ (g/mg'l/min") R?
125.17 0.0853 0.9241 130.25 0.001 0.9917
CONCLUSIONS REFERENCES

1. The surface of Mg@B is covered with a thick layer of
flocculent material. This flocculent substance should be
a compound of magnesium. According to the results of
XRD spectrum and FTIR spectrum, the compound of
magnesium on the surface of Mg@B is Mg(OH),

2. The adsorption process fits well with the pseudo-second
order kinetics equation. The predominant process is
chemisorption, which involves sharing of electrons
between the adsorbate and the surface of the adsorbent.
The factor limiting the rate of reaction is primarily the
number of surface active sites of the adsorbent.

3. The mechanism of Mg@B adsorbing phosphate ions
in solution has physical adsorption, electrostatic
adsorption and chemical precipitation.
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