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ABSTRACT

As one of the agricultural wastes, sugarcane bagasse was easily pyrolyzed under low temperature
to obtain bagasse biochar. Lanthanum-modified Fe,O, particles were immobilized on the bagasse
biochar to prepare La-modified magnetic biochar. The magnetic biochar was characterized by scanning
electron microscope and X-ray photoelectron spectroscopy. It was found that the sizes of these
biochar flakes were predominantly within 50 pm. At the same time, La species and magnetic particles
are well combined with the biochar substrate. The magnetic biochar with a presumed molar ratio of
La/Fe,0, at 1:100 demonstrated a higher adsorption capability, which was enhanced by 69.8% compared
to the raw bagasse biochar. The experimental points were quite close to curves simulated by both
Langmuir and Freundlich isotherm models. From Langmuir model, the R? values were 0.984, 0.980 and

storption J

0.983 at 288, 298 and 308 K, respectively. The maximum adsorption capacity (q
reached 122.5 mg/g at 298 K and q

ma) TOI tetracycline
increased with a rise in the reaction temperature, indicating the

max

adsorption process was endothermic.

INTRODUCTION

Water resources have suffered from all kinds of pollution
along with the onset of rapid industrialization in China.
Variouswater treatment technol ogieswere applied to solve
this problem. Adsorption method has displayed promising
and reliable capability for practical water and wastewater
treatment on the basis of its ease of operation, universal
nature and high efficiency (Qu 2008). Various adsorbents
have been reported to remove the contaminants from water
including clay (Cherian et al. 2018), activated carbons
(Rakic et al. 2015) and biochar (Moreiraet al. 2017). Asa
kind of environment-friendly and inexpensive material,
biochar has attracted extensive interest. The resources for
preparing biochar arevery extensiveincluding agricultural
wastes such ascorn stalk, ricestraw, wheat straw, aswell as
industrial wastes like dludge from water treatment plant.
Sugarcane bagasse is the byproduct of sugarcane process-
ing, which is an excellent raw material for synthesizing
biochar because of its properties of abundance, economy
and environment.

Recently, composite adsorbents have been hotspot ow-
ing totheir better performance by combining the advantages
of each composite (Qu 2008). Meanwhile, in order to re-

cover adsorbents for repeated use, a number of studies fo-
cused on the use of magnetism for water purification and
magnetic separators for separating magnetic particles rap-
idly (Mehtaet al. 2015, Fu et al. 2018). Noor and co-work-
ersinvestigated the efficient adsorption of heavy metal on
magnetic biochar (Noor et al. 2017). Thus, magnetic
adsorbents can well solve the problems of separation and
recovery of adsorbents. Therefore, the design of low-cost
and highly efficient adsorbentswill be of great significance
from apractical point of view.

Tetracycline isone of the antibiotics, which isthe sec-
ond most widely used medicine around the word (Mathers
et al. 2011). The deficiency of antibiotics such as being
poorly metabolized and absorbed after intake has caused
environmental pollution, though they have made abig con-
tribution to human therapy and the farming industry
(Yesilovaet al. 2018). Some antibiotics have been detected
inmunicipal wastewaters, agricultural wastewater and even
drinking water (Wang et al. 2016), which can induce the
increase of the drug res stance of germ and ultimately threat
human health and ecosystems (Yu et a. 2017). Thus, elimi-
nation of tetracyclinefrom wastewater is extremely urgent.
Recently, scientists have developed many biocharsfor the
adsorptive removal of such antibiotics from wastewater
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(Peiriset al. 2017, Moreiraet al. 2017), inwhich these low-
cost biochars demonstrated especially high adsorption ca-
pability for antibiotics removal.

Additionally, lanthanum (L&), arare earth element, ex-
hibited excellent adsorption capacity particularly toward
phosphate and fluoride in water and wastewater (Vences-
Alvarez et a. 2015, Fu et a. 2018). Our previous study
proved that a very limited amount of La was capable of
enhancing the adsorption of tetracycline using a La-modi-
fied diatomite (Li et al. 2018). In this research, an agricul-
tural waste sugarcane bagasse was utilized to prepare ba-
gasse biochar, on which La-modified magnetic particles
(Fe,0,) were immobilized. The La-modified magnetic ba-
gasse biochar wasintentionally used for adsorption removal
of tetracycline. The La-modified magnetic bagasse biochar
was characterized by scanning el ectron microscope (SEM)
and X-ray photoel ectron spectroscopy (XPS). Batch adsorp-
tion study was carried out to explore the adsorption iso-
therm and adsorption performance.

MATERIALS AND METHODS

Chemicals. All chemica swereof anaytical grade and used
without further purification. Tetracycline (TC) was pur-
chased from Hefei Biological Science and Technology Co.,
Ltd. (Anhui Province, China). The solutionswere prepared
by dissolving a certain amount of reagents with deionized
(DI) water.

Adsor bent prepar ation: Sugarcane bagasse was collected
from Guangxi Province, China. Biochar derived from
sugarcane bagasse was prepared according to the procedures
described in our previousstudy (Li et al. 2016). Briefly, the
pretreated raw bagasse was pyrolyzed under oxygen-lim-
ited conditions at 600°C for 2 h. Then the HCI solution (4
mol/L) was used for demineralization and finally washed it
with DI water to neutral solution pH. To prepare the lantha-
num modified magnetic biochar, chemical co-precipitation
isone of the effective methods. In atypical procedure, de-
sired amount of FeCl-6H,0, FeSO,-7H,O withamolar ratio
of 2:1 and La(NO,),-6H,0O were added into a 400 mL DI
water heated up to 70°C under vigorous tirring. A desired
amount of bagasse biochar wasadded into the mixture. Then,
2 mol/L NaOH solution was added dropwise into the above
mixture until the pH reached approximately 11. Afterwards,
another 1 h stirring was continued at 70°C to ensure com-
pletegrowth of the particle crystals. After cooling naturally
to room temperature, the precipitate was separated in a per-
manent magnet and washed with DI water to neutral pH.
Finally, the prepared lanthanum modified magnetic biochar
was repeatedly rinsed using absol ute ethanol. Subsequently,
the prepared sorbent was magnetically separated and dried

Weisheng Chen et al.

at 80°C for 24 h and stored in a desiccator before use. The
prepared sorbent is denoted as La-modified magnetic ba-
gasse biochar.

Batch adsor ption studies: A stock TC solution (500 mg/L)
was diluted to get desired concentration with DI water. It
was stored in arefrigerator at 277 K and used up within
three days. The TC adsorption experiments were performed
inaseriesof 100 mL conical flasks. The La-modified mag-
netic biochar (20 mg) was added into 50 mL TC solution.
These flaskswere sealed and shaken at 120 rpm for 24 hto
achieve equilibrium at 288, 298 and 308 K, respectively.
All the ssmpleswere collected and filtered by microporous
membranes (0.45 um) before analysis.

Characterization: The prepared La-modified magnetic ba-
gasse biochar was characterized with aPhilips Quanta-2000
scanning electron microscope. The La-maodified magnetic
biochar was also measured using an X-ray photoelectron
spectroscopy (PHI 1600 ESCA, Perkin-Elmer Co., USA).

Analysisof TC: The concentration of TC was measured by
UVmini-1240 spectrophotometer (Shimadzu, Japan) to
monitoring emissions at the wavelength of maximum ad-
sorption (360 nm) (Figueroa et al. 2004). The adsorption
capacity was calculated using the following equation:

q.=(C,CHVIW ..(2)

q=(C,-C)VIW ..(2)

Where, g, and ¢,(mg/g) are the adsorption capacity at
equilibriumandtimet (min); C istheinitial TC concentra-
tion, while C_ and C (mg/L ) arethe concentrationsof TC at
equilibriumandt (min), respectively; V (L) isthe volume of
solution, and W (g) is the mass of La-modified magnetic
bagasse biochar.

RESULTS AND DISCUSSION

Optimization of the La-modified bagasse biochar: Asthe
Fe,O, modified bagasse biochar with apresumed massratio
of Fe,0, and biochar at 1:10 outperformed other Fe,O, modi-
fied bagasse biochar, the magnetic biochar with amassratio
of 1:10 for Fe,0, and bagasse biochar was selected as a
substrate for the corresponding lanthanum modification.
Accordingly, the molar ratio of La/Fe,O, isof great impor-
tancefor the uptake of TC. The adsorption behaviour of TC
on the magnetic composite was investigated at varying
LalFe,O, ratios (1:10, 1:50, and 1:100) and the results are
presented in Fig. 1. The uptake of TC by the raw bagasse
biochar was only 17.8 mg/g. The TC uptake by the
adsorbents with molar ratios of La/Fe,O, at 1:10, 1:50 and
1:100reached 29.7, 29.9 and 30.3 mg/g, respectively. Com-
pared to the raw bagasse biochar, the adsorption capacity of
the magnetic biochar with a presumed molar ratio of
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Fig. 1. Effect of the presumed molar ratio of La/Fe,0, on the

uptake of tetracycline. Adsorbent a is the raw bagasse biochar.

Adsorbent b, ¢ and d are those magnetic biochars with molar
ratios of La/Fe,O,at 1:10, 1:50 and 1:100, respectively.

Fig. 2: Scanning electron microscopy images of the raw bagasse
biochar (a, b) and the La-modified magnetic biochar with a
presumed molar ratio of La/Fe,0,at 1:100 (c,d).

La/Fe304 at 1:100 was enhanced by 69.8%. Apparently,
the adsorption capability of the bagasse biochar was sig-
nificantly improved because of introduction of magnetic
La/Fe,O,, while these modified magnetic biochars with dif-
ferent molar ratio of L a/Fe,O, have aclose adsorption capa-

bility. Inthe following tests, the La-modified magnetic ba-
gasse biochar with the molar ratio of La/Fe,O,at 1:100 was
used for TC adsorption.

Characterization of the magnetic adsorbent: The scan-
ning electron microscopy images (SEM) of the raw bagasse
biochar and the magnetic biochar with a molar ratio of
La/lFe,O,at 1:100 are shown in Fig. 2. The raw bagasse
biochar mainly consists of thin amorphous carbon flakes.
The sizes of these biochar flakes are predominantly within
50 um. After concurrent Laand Fe,O, immobilization, from
Fig. 2, it is clearly observed that Fe,0, particles are well
combined with the biochar substrate. As indicated by our
previous study, the Fe,O, particles prepared in the same
procedure are in nano-scale and they easily aggregate on
the biochar surface (Li et al. 2009).

By EDX analysis, theatomicratio of Laand Fe are 0.08%
and 5.36%, respectively. This equals to the molar ratio
1/22.3 between Laand Fe,O,, whichis much different from
the controlled value of 1/100 in the preparation procedure.
This might be attributed to the different aggregation prop-
erty of La oxides and hyrdoxides. Totally, La species are
scattered evenly enough within the bulk Fe,O, substrate to
ensure areliable and stable adsorption capability.

Wide scan XPS spectra of the magnetic biochar with a
presumed molar ratio of La/Fe,O,at 1:100 were analysed to
determine the existence and chemical state of the elements,
asillustrated in Fig. 3. It revealed that there isa presence of
C, O, Feand L g, although the content of Laisvery limited.
Thisis consistent with the EDX results mentioned above.
Concurrently, the complex pattern and significant broadness
of Olsin Fig. 3c impliesthe considerable amount of impu-
rities including iron oxide and oxyhydroxide on the mag-
netic biochar. As such, the above demonstrate a complex
but reasonable composition of the prepared magnetic ba-
gasse biochar.

Adsor ption isotherm: Adsorption isotherm study of TC on
the magnetic biochar was conducted at 288, 298 and 308 K.
Typical Langmuir and Freundlich models were selected to
fit the experimental data.

Langmuir isotherm model isappropriate to describethe
monol ayer adsorption between the adsorbate and the surface
of adsorbent. The non-linear form of Langmuir adsorption
isotherm isrepresented as (Langmuir 1916):

_ 9k Ce
14k C, -(3)
Where, g, (mg/g) istheamount of TC adsorbed onto the

La-modified magnetic biochar at equilibrium, g_(mg/g) is
the maximum adsorption capacity of the adsorbent. C, is

4.
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Fig. 3: Wide scan XPS spectra of the La-modified magnetic biochar
with a presumed molar ratio of La/Fe,O,at 1:100 (a) and the
spectra of Fe2p (b) and O1ls.

theequilibrium concentration of TC (mg/L), k (L mg*)isa
constant related to the affinity of the binding sites and en-
ergy of adsorption.
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Fig. 4: Langmuir and Freundlich isotherms for TC adsorption on
the La-modified magnetic biochar at 298 K.

Table 1: Simulated isotherm parameters at different temperatures for
the adsorption of TC on the La-modified magnetic biochar.

Isotherm parameters

288 K 298 K 308 K
Langmuir
O,y (MQ/Q) 79.6 122.5 154.6
k_(L/mg) 0.03 0.031 0.036
R? 0.984 0.980 0.986
Freundlich
k. (mg/g)R? 9.04 13.35 17.71
nR? 2.51 2.42 2.43
R?R? 0.973 0.980 0.978

The Freundlich isotherm can be used to describe the
multilayer adsorption onto aheterogeneous surface and the
equation is expressed as (Freundlich 1906):

1
d. =KeCen @)

Where, q, is the amount of TC adsorbed onto the
La-modified magnetic biochar (mg/g), C, isthe equilibrium
concentrationof TC (mg/L), g_ isthe maximum adsorption
capacity of the adsorbent (mg/g), nisthe Freundlich linear-
ity index, k_is the Freundlich constants related to the ad-
sorption capacity.

From the curves smulated in Fig. 4 and the isotherm
parameterslisted in Table 1, both Langmuir and Freundlich
isotherm models fitted the experimental data well as the
experimental pointsare quitecloseto the simulated curves.
The correlation coefficients (R?) of Langmuir and Freundlich
models at three temperatures are quite close, and most of
them are higher than 0.980. By Langmuir model, the cal cu-
lated maximum adsorption capacities(q, ) at 288, 298 and
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308 K were 79.6, 122.5 and 154.6 mg/g, respectively. It
indicates that the adsorption capacity of TC on the mag-
netic biochar increases with the rising temperature. The ad-
sorption process is deduced to be an endothermic process.

CONCLUSION

Composite adsorbent La-modified magnetic biochar was
creatively prepared by immobilizing La/Fe,O, particles
(mainly Fe,0,) onto the biochar derived from sugarcane
bagasse via co-precipitation method. The sizes of these
biochar flakes are predominantly within 50 um. La/Fe,O,
particles are scattered evenly enough within the biochar
substrate to ensure areliable adsorption performance. The
L a-modified magnetic bagasse biochar with the molar ratio
of La/lFe,O, at 1:100 performed better for TC adsorption.
Both Langmuir and Freundlich isotherm models fitted the
experimental datawell asthe experimental pointsare quite
closetothe smulated curves. By Langmuir model, the maxi-
mum adsorption capacities(q, ) at 298 K achieved asmuch
as 122.5 mg/g. The uptake of tetracycline increases with a
rise in the reaction temperature and the adsorption process
isendothermic.
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