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 Sugarcane bagasse biochars were effective in removing Pb from aqueous solution.
 Pyrolytic temperatures signiﬁcantly impacted biochar properties, thereby their removal capacity and mechanisms.
 The removal mechanisms were invested based on isotherm and kinetic models, sorption and desorption, and FITR spectroscopy.
 The removal mechanisms included cation exchange, complexation, intraparticle diffusion and P-induced precipitation.
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a b s t r a c t
The characteristics and mechanisms of Pb sorption by biochars produced from sugarcane bagasse at 250,
400, 500, and 600 °C were examined. The Pb sorption isotherms, kinetics and desorption were investigated. All biochars were effective in Pb sorption and were well described by Langmuir isotherm model
and pseudo-second-order kinetic model. The maximum sorption capacity decreased from 21 to
6.1 mg g 1 as temperature increased from 250 to 600 °C. The Pb sorption was rapid initially, probably
controlled by cation exchange and complexation and then slowed down, which might be due to intraparticle diffusions. FTIR data and kinetic models suggested that oxygen functional groups were probably
responsible for the high Pb sorption onto low temperature biochars (250 and 400 °C) whereas intraparticle diffusion was mainly responsible for low Pb sorption onto high temperature biochars (500 and
600 °C). Decreased phosphorus concentration indicated that P-induced Pb precipitation was also responsible for Pb sorption. Pyrolysis temperature signiﬁcantly affected biochar properties and played an important role in Pb sorption capacity and mechanisms by biochars.
Ó 2013 Elsevier Ltd. All rights reserved.

1. Introduction
Lead contamination in the environment is of great concern due
to its toxicity to living organism in relatively low concentrations.
To adequately protect public health, the European Community
Directive 98/83 and the World Health Organization set the allowable level of Pb at 10 lg L 1 in drinking water effective December
2013 (Sublet et al., 2003). The United States Environmental Protection Agency established a zero lead value against the current
15 lg L 1 for public health goal in national primary drinking water
regulation (USEPA, 2009). Therefore, it is important to develop economical and effective methods to remove Pb from contaminated
water.
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Biosorption is a cost-effective technology to remove heavy
metals including Pb from aqueous solutions (Deng et al., 2007;
Lourie and Gjengedal, 2011). Often sorbents are readily available
in large quantities and they are environmental friendly. More recently, biochars have received much attention for their strong
afﬁnity with organic pollutants and heavy metals (Cao et al.,
2009a; Chen et al., 2011; Zhang et al., 2013; Xu et al., 2013). Pb
sorption onto biochar involved multiple mechanisms, e.g., ion
exchange, precipitation, physical adsorption and complexation
(Cao et al., 2009a; Lu et al., 2012). Oxygen-containing functional
group is considered as a primary factor responsible for Pb sorption on biochar (Qiu et al., 2008; Liu and Zhang, 2009). In addition, properties of feedstock and pyrolysis conditions also
impact the characteristics and mechanisms of Pb sorption on
biochar (Zhang et al., 2013).
Sugarcane is a traditional crop widely cultivated in tropical and
sub-tropical regions throughout the world, contributing 75%
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world’s sugar supply (Baucum, 2009). Sugarcane has become an
efﬁcient feedstock for ethanol production in the United States
and Brazil long time ago (Dias et al., 2009). Sugarcane bagasse is
a by-product generated in large amounts by sugar and alcohol
industries. Although the leftover bagasse is currently burned for
bioelectricity generation or planned for bioplastic conversion
(Neves et al., 2010), innovations for the proper use of sugarcan
bagasse are still encouraged. Sugarcane bagasse contains various
chemical functional groups (carboxyl, hydroxyl, sulfate, phosphate,
and amino), which may help metal sorption onto the biomass
(Sud et al., 2008).
Previous work showed that bagasse biochar is characterized by
high surface area (51 m2 g 1, 600 °C) with micropores and surface
chemical functional groups (Darmstadt et al., 2001; Bonelli et al.,
2007). It suggested that bagasse biochar could be used as a potential sorbent to remove metals from water. However, limited knowledge is available on Pb sorption by bagasse biochar. Such
knowledge may be useful to develop value-added products from
sugarcane bagasse for metal removal.
In this study, biochars were produced from sugarcane bagasse
via slow pyrolysis using a laboratory-scale reactor at different temperatures ranged from 250 to 600 °C. Our overall objective was to
investigate the effects of pyrolysis temperature on the characteristics and mechanisms of Pb sorption by biochar. The speciﬁc objectives of this study were to examine (1) Pb sorption isotherms and
kinetics onto biochars; (2) the functional groups responsible for Pb
sorption onto biochars; and (3) Pb desorption from biochars.
2. Materials and methods
2.1. Bagasse biochar production
Fresh bagasse collected from a sugar industry in Florida, USA
was oven-dried at 105 °C and then fed into a lab-scale tubular reactor within a mufﬂe furnace (1500 M, Barnstead International, IA).
Nitrogen gas at 69 kPa was used to maintain oxygen-free environment. The furnace temperature was programmed to increase at
10 °C min 1 until it reached at speciﬁed temperatures (250, 400,
500, and 600 °C). The entire procedure took approximately 2 h.
The biochars were allowed to cool at room temperature under a
ﬂow of nitrogen gas. They were ground and size fractions between
0.5 and 1.0 mm were used for this experiment. The biochar produced at different temperature are referred to as BC250, BC400,
BC500, and BC600.
2.2. Chemicals and chemical analyses
Analytical grade chemicals and reagents were purchased from
Fisher Scientiﬁc Inc. All solutions were prepared using deionized
water. Lead stock solution at 1000 mg L 1 was prepared by dissolving Pb(NO3)2 in deionized water. KOH and HNO3 solutions were
used for pH adjustment. Concentrations of Pb were determined
using an inductively coupled plasma-atomic emission spectrometer (ICP-AES, Plasma 3200, Perkin–Elmer Inc., MA). The detection
limit was 1 lg L 1.
2.3. Characterization of biochars
The biochar pH was measured at solid to water ratio of 1:20
after 0.5 h of shaking using a Fisher Scientiﬁc Accumet model
AB15 pH meter. Surface area was analyzed using a NOVA 1200 surface area analyzer (Quantachrome Instruments, Boynton Beach, FL)
with the BET nitrogen adsorption method at 77 K. Surface charge
was characterized by determining its zeta potential following the
method of Johnson et al. (1996) using a Brookhaven Zeta Plus
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(Brookhaven Instruments, Holtsville, NY). Smoluchowski’s formula
was used to convert the electric mobility into zeta potential. The
elemental composition of bagasse biochars was determined by
ICP-AES after digesting with HNO3/H2O2 hot-block digestion procedure (EPA, 1986).
Fourier transform infrared spectroscopy (FTIR) was used to
characterize the surface functional groups on the biochars before
and after Pb sorption. The spectra of samples were determined
from 400 to 4000 cm 1 wave number by KBr method on a Bruker
Vector 22 FTIR spectrometer (Bruker Optics Inc. Billerica, MA), with
the average of 64 scans at 4.0 cm 1 resolution.
2.4. Sorption and desorption experiments
Kinetic sorption experiments were performed using 60-mL
plastic vials at room temperature (22 ± 0.5 °C). Solution of 50 mL
containing 20 mg L 1 Pb was shaken with 0.1 g of biochar at
200 rpm for up to 32 h on a reciprocating shaker. Aliquots of aqueous samples were withdrawn, ﬁltered through 0.1-lm nylon membranes for metal analysis. The suspension pH was measured before
and after the experiment. The amount of metal adhering to the
plastic vial was negligible.
Equilibrium sorption isotherms were determined by shaking
0.1 g of biochar with 50 mL of solutions containing 5–200 mg L 1
of Pb. After shaking for 24 h, solid and liquid were separated by ﬁltration to determine the remaining Pb in solution.
Desorption experiment involved shaking 0.1 g of biochar with
50 mL of 80 mg L 1 Pb for 24 h to obtain Pb-loaded biochar. Then,
the biochar on the 0.1-lm nylon membranes was rinsed three
times. Solution containing 0.1 M HCl was shaken for 0.5 h and
0.1 M KCl was shaken for 24 h with 0.1 g Pb-loaded biochar for
Pb desorption. Pb concentrations in the ﬁltrates were determined
using ICP-AES.
2.5. Release of P, Ca, K and Na from biochars
The amounts of cations (Ca, K, and Na) released from biochar
after Pb sorption were determined. Biochar of 0.1 g (BC250 and
BC500) was shaken with solution containing 0, 20 and 105 mg L 1
Pb for 24 h. The concentrations of Ca, K, and Na in the ﬁltrate
(0.1-lm nylon membranes) were determined using ICP-AES. The
net cations released were reported by subtracting cations released
in the 0 mg L 1 Pb solution as background concentration.
Water soluble P concentrations before and after Pb sorption
were determined. Biochar of 0.1 g was shaken with 50 mL solution
containing either deionized water or 354 mg L 1 Pb for 24 h. The
soluble P concentrations after ﬁltration (0.1-lm nylon membranes) were determined using a standard colorimetric method
(APHA, 1992).
3. Results and discussion
3.1. Characterization of bagasse biochar
Pyrolytic temperature signiﬁcantly affected the biochar production, with yield dropping substantially from 77% to 32% as
temperature increased from 250 to 400 °C and afterwards the decrease becoming more gradual from 32% to 23% as temperature
increased from 400 to 600 °C (Table 1). This is consistent with
the report that major mass loss in biochars occurs between 200
and 400 °C (Asadullah et al., 2007). With increasing temperature,
the apparent density of biochar reduced slightly from 0.08 to
0.07 g cm 3, however, its surface area increased substantially
from 0.6 to 14.1 m2 g 1 (Table 1). The progressive increase in biochar surface area may be attributed to decomposition of organic
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Table 1
Element compositions and properties of biochar samples (0.5–1 mm) from sugarcane bagasse under different pyrolysis temperatures (250–600 °C).

1

Na (mg g )
K (mg g 1)
Ca (mg g 1)
Fe (mg g 1)
Mg (mg g 1)
pH
Apparent density (g cm 3)
BET (m2 g 1)
Solution zeta potential (mV)
Product yield (%)
Cation exchange capacity (cmol kg

1

)

BC250

BC400

BC500

BC600

0.29 ± 0.08
0.39 ± 0.03
1.58 ± 0.11
0.20 ± 0.03
0.28 ± 0.02
5.02
0.08
0.56
23.0
77.1
6.40

0.31 ± 0.08
3.32 ± 0.05
3.68 ± 0.25
0.37 ± 0.05
0.85 ± 0.03
6.98
0.06
0.78
28.2
31.6
3.82

0.41 ± 0.03
3.54 ± 0.06
5.03 ± 0.32
8.13 ± 0.73
0.88 ± 0.04
7.34
0.07
1.98
22.9
25.6
9.66

0.45 ± 0.04
3.54 ± 0.03
5.60 ± 0.33
14.17 ± 0.34
0.94 ± 0.05
7.66
0.07
14.1
28.1
22.9
4.19

substances and resultant formation of micropores in biochars at
high temperature (Katyal et al., 2003). The surface area showed
the greatest increase as temperature increased from 500 to
600 °C, while the loss in yield was only from 26% to 23% (Table 1).
Hence, increasing pyrolytic temperature induced the development of porous structure in biochars, resulting in higher internal
surface area (Bonelli et al., 2007). The zeta potential measurements indicated that the surfaces of biochars were negatively
charged (Table 1).
Based on chemical analysis (Table 1), bagasse biochars were
abundant in mineral elements such as Na, K, Ca, Fe and Mg, with
Fe and Ca contents being the highest. Their concentrations increased substantially with the increase of pyrolysis temperature.
For example, Fe and Ca concentrations increased from 0.02 and
0.16% at 250 °C to 1.42 and 0.56% at 600 °C, respectively
(Table 1). Similarly, biochar pH also increased with pyrolysis
temperature, resulting from alkali salts accumulation during
pyrolysis.
Biochar samples BC250 and BC500 were also characterized by
FTIR spectroscopy (Fig. 1). Several peaks were observed in low
temperature biochar BC250. The symmetric sorption band at
2338 cm 1 was due to C„C stretching. The peaks at 1722 and
1061 cm 1 were related to C@O stretching of carboxylic acid and
CAO stretching of AOCH3 group, which is attributed to lignin
structure in sugarcane bagasse (Garg et al., 2008). The peak at
1595–1572 cm 1 indicated the presence of C@O stretching
vibration or may be due to aromatic skeletal stretching bands

(Bilba and Ouensanga, 1996). The peak observed at 1457 cm 1
could be attributed to either asymmetrical (CAH) bending vibration or aromatic C@C ring stretching and the peak at 1390 cm 1
corresponded to symmetrical CAH vibration (GomezSerrano
et al., 1996). The presence of negative charges (Table 1) and functional groups (Fig. 1) in biochars suggested that the bagasse biochars are capable of sorbing metal cations.
Compared to BC250, BC500 had fewer peaks, with the peaks at
2338 cm 1 (C„C), and 1722 and 1595 cm 1 (C@O) being reduced
while that at 1061 cm 1 (CAO) disappearing. It indicated that fewer chemical groups were present on the surfaces of high temperature biochar than that of low temperature biochar. Previous studies
showed that structure modiﬁcation of biochar started at 200 °C
and intensiﬁed between 300 and 400 °C during pyrolysis (Bilba
and Ouensanga, 1996). Disappearance of CAO and AOH on biochars may be attributed to dehydration and rearrangement of molecules at high temperature. The alkyl and aromatization were likely
developed between 300 and 550 °C (Bilba and Ouensanga, 1996;
GomezSerrano et al., 1996). The disappearance of most oxygencontaining surface groups during charring at high temperature
would affect on Pb sorption onto sorbent (Karnitz et al., 2007; Kilic
et al., 2008).
3.2. Kinetics of Pb sorption
It can be seen in Fig. 2a that Pb sorption by the biochars varied
with time and were affected by pyrolytic temperatures. Sorption

Fig. 1. FTIR spectra of BC250 and BC500 before and after lead sorption. 0.1 g biochar was shaken with 20 mg L

1

Pb for 24 h.
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and Morris, 1963). The relationship between the amount of Pb
sorbed (qt) and square root of contact time (t0.5) of four biochars
were plotted in Fig. 2b.
The sorption data of each biochar were ﬁtted with two linear
lines of different slope. The ﬁrst linear section may describe mass
transfer of Pb from bulk solution to surface layer while the second
section can be attributed to intraparticle diffusion of Pb on
biochars (Amin, 2008). The slopes for the ﬁrst linear section
(k1 = 1.5–3.4, R2 = 0.83–0.99) were steeper than the second one
(k2 = 0.26–0.81, R2 = 0.73–0.98), which might be explained by the
fast Pb transfer from bulk solution to biochar surfaces at the initial
time. The slower subsequent interaction was probably attributed
to Pb intraparticle diffusion. Fig. 2b also shows that Pb sorption
onto the surfaces of BC500 and BC600 possibly completed within
1 h, while for BC250 and BC400, it took more than 2 h. This was
consistent with the previous results (Fig. 1) that biochars derived
at high temperature had fewer active sites on the external surface
than those from low temperature pyrolysis. Therefore, after
external binding sites were rapidly occupied by Pb, additional Pb
ion migrated slowly to pore spaces inside the biochars.
3.3. Isotherms of Pb sorption

Fig. 2. Sorption kinetics of Pb onto biochars from different temperatures: (a)
experimental data, and (b) comparisons between the pre-equilibrium data (symbols) and intraparticle diffusion model simulations (lines). 0.1 g biochar was shaken
with 20 mg L 1 Pb for 24 h.

plots were characterized with initial fast reaction during the ﬁrst
2 h (accounting for 51–81% of sorption capacity) and then slowly
reached equilibrium after 24 h, which were similar to pine and
oak bark biochars (Mohan et al., 2007). Since equilibrium was
reached after 24 h, it was used in following experiments. Low temperature biochars BC250 and BC400 generally had higher sorption
capacity than those of BC500 and BC600. To better understand Pb
sorption characteristics, the pseudo-ﬁrst-order model and pseudosecond-order model were used to describe the data. The calculated
sorption capacity (qe) of these two models was obtained from their
linear forms. The correlation coefﬁcients (R2) were calculated by
regression analysis.
The results indicated that the pseudo-second-order kinetic
model (R2 > 0.99) ﬁt the data better than the pseudo-ﬁrst-order
kinetic model (R2 = 0.84–0.96). Therefore, Pb sorption onto the
bagasse biochar was a rate-limited process, which was affected
by both biochar sorption capacity and the loaded Pb concentration
(Ho and McKay, 2000; Rao et al., 2008). The sorption rate of all
biochars were similar except for BC400, which was slightly lower
(data not shown). This result suggested that Pb sorption onto the
bagasse biochars produced at different pyrolytic temperatures
had similar kinetic characteristics.
Due to the porous nature of the bagasse biochars (Das et al.,
2004; Bonelli et al., 2007) (Table 1), an intraparticle diffusion
model was also applied to describe the sorption kinetics (Weber

The isotherms of Pb sorption onto different biochars were ﬁt
with Langmuir and Freundlich models (data not shown). The results indicated that the Langmuir model (R2 = 0.97–0.99) provided
slightly better ﬁt than the Freundlich model (R2 = 0.90–0.97),
implying monolayer coverage of Pb on the surface of biochars
(Hawari and Mulligan, 2006). The Langmuir maximum sorption
capacity Q0 of biochars decreased from 20.5 to 6.0 mg g 1 as temperatures increased, suggesting low temperature pyrolysis was
capable of producing biochar with higher Pb sorption capacity. This
was attributed to their relatively high content of binding sites and
functional groups (Fig. 1). Though more Pb was sorbed onto low
temperature biochars, their bonding strengths were lower
(KL = 0.051–0.055 for BC250 and BC400) than high temperature
biochars (KL = 0.18–0.11 for BC500 and BC600) (data not shown).
3.4. Pb desorption from biochars
Sorbate recovery is important for metal sorption technology
development in industrial practice. Thus lead desorption test was
performed using 0.1 M HCl, which has been commonly used in
desorption studies as H+ is a much stronger competitor for Pb2+
(Noeline et al., 2005). In addition, 1.0 M KCl was also used as a mild
alternative to better understand Pb sorption mechanism. The
amounts of sorbed Pb after reacting with 80 mg L 1 Pb were
15.9, 10.7, 11.4, and 8.3 mg g 1 for BC250, BC400, BC500 and
BC600, respectively. The amounts of sorbed Pb by low temperature
biochars BC250 and BC400 accounted for 78% and 58% of their
sorption capacity; however, those of BC500 and BC600 exceeded
the sorption capacity Q0. In other words, BC500 and BC600 were
saturated with Pb whereas BC250 and BC400 were not.
As expected, HCl was more effective than KCl for Pb desorption
from the biochars (Fig. 3). Approximately 73–85% of the Pb on the
biochar was desorbed by HCl within 0.5 h, which was 2–5 times
greater than those by KCl after 24 h. This was consistent with the
fact that H+ is much stronger than K+ to replace Pb2+ due to its high
charge density (Hawari and Mulligan, 2006). Furthermore, some of
the sorbed Pb could be dissolved by HCl with pH 1. The 15–27% of
Pb remained on the biochars after desorption by 0.1 M HCl was
probably trapped inside the pore spaces in the biochars. The fact
that less Pb was recovered by 0.1 M HCl from BC500 and BC600
(73–77%) than those from BC250 and BC400 (84–85%) was consistent with our hypothesis that intraparticle diffusion played the
dominant role for Pb sorption on high temperature biochars.
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Fig. 3. Desorption of Pb from different biochars. The Pb on 0.1 g biochar, which was
reacted with 80 mg L 1 Pb for 24 h, was desorbed by 0.1 M HCl for 0.5 h or 0.1 M KCl
for 24 h.
Fig. 4. Phosphate concentrations in solution before and after Pb sorption onto
different biochars. 0.1 g biochar was shaken with DI water or 354 mg L 1 Pb for
24 h.

3.5. Mechanisms of Pb sorption by biochars
3.5.1. Chemical functional groups
Two biochar samples (BC250 and BC500) were characterized
by FTIR spectroscopy before and after Pb sorption to determine
the vibration frequency changes in its functional groups (Fig. 1).
Changes in the function groups of BC250 biochar were visible
after Pb sorption. After Pb sorption, the sharp peak at
1722 cm 1 (C@O) decreased and meanwhile the peak at
1061 cm 1 attributed to CAO band disappeared, and the peak related to C@O stretching vibration shifted from 1595 to 1585 cm 1
(Fig. 1). These changes implied that oxygen-containing functional
groups (hydroxyl, carboxyl and ether) were responsible for Pb
sorption by the biochars (Deng et al., 2007; Kilic et al., 2008).
These results are in good agreement with Sud et al. (2008), which
concluded that complexation and cation exchange between Pb
and oxygen-containing functional groups were responsible for
Pb sorption.
The impact of Pb sorption on BC500 was limited, consistent
with their lower Pb sorption (9.13 mg g 1) compared with BC250
(20.5 mg g 1). Only the shift of the C@O peak was observed
(1572–1584 cm 1), typical of their interactions with metal ions.
Our data suggested that surface functional groups played an
important role for Pb sorption for low temperature biochars
(BC250 and BC400). While, for the high temperature biochars
(BC500 and BC600), the abundant pore spaces might be playing
the dominant role by intraparticle diffusion (Fig. 2b).
3.5.2. Cation exchange
To conﬁrm the contribution of cation exchange, the amounts
of cations (Ca, Na and K) released from biochar BC 250 and
BC500 after Pb sorption were determined (Table 2). With initial
Pb concentrations of 20 and 105 mg L 1, the amounts of Pb
sorbed by BC250 accounted for 43% and 62% of its maximum
sorption capacity while for BC500 accounting for 64% and 98%
(Table 2).

The amounts of cations released to the solution after Pb sorption by two biochars were signiﬁcant different (Table 2). For low
temperature biochar BC250, the amounts of cations released to
solution increased by 20.1 mol kg 1, which was almost equal to
the increase of sorbed Pb at 21.3 mol kg 1. This result conﬁrmed
that cation exchange may play an important role in Pb sorption
onto low temperature biochar, with oxygen-containing functional
groups (hydroxyl and carboxyl) being likely involved (Mohan
et al., 2007). But for high temperature biochar BC500, the total cations released into solution increased by 3.1 mol kg 1, while the
amounts of Pb sorbed onto biochar increased by 15.5 mol kg 1.
This result indicated that cation exchange was not the dominant
mechanism for Pb sorption by BC500, which might be due to the
lack of surface functional groups (Fig. 1). It was consistent with
the hypothesis that intraparticle diffusion mechanism dominated
Pb sorption by high temperature biochar.
3.5.3. P-induced precipitation
Phosphorus has been extensively investigated for Pb immobilization by forming the low soluble Pb–P minerals (Ma and Rao,
1999; Bolan et al., 2003). Hence, besides cations, changes in soluble
P concentrations before and after Pb sorption were also
determined (Fig. 4). The total soluble P concentrations decreased
sharply after Pb sorption, suggesting that precipitations might
have occur red between Pb and P during the sorption (Cao et al.,
2009a,b). Garcia-Perez et al. (2002) reported that P was one of
the major elements in bagasse biochars with concentration as high
as 1.33 mg g 1. Hence, besides cation exchange, Pb precipitation
also occurred on the surface of biochars, especially for biochars
with high P content, resulting in the decrease of both Pb and P concentrations in solution. In this study, based on the reduced
amounts of P and assuming a P/Pb molar ratio of 3:5, the amounts
of Pb sorbed onto biochars through P–Pb precipitation ranged from
0.35–1.43 mg g 1, accounting for 5.8–9.7% of sorption capacity

Table 2
Net cations release from Pb sorption onto biochar BC250 and BC500 (0.1 g biochar was shaken with 20 or 105 mg L
Biochar

Initial Pb conc. (mg L

1

)

Pb sorbed (mol kg

1

)

pH

1

Pb for 24 h).

Net cations released (mol kg

Initial

Equilibrium

Ca

2+

2K

+

1

)
2Na+

Total

BC250

20
105

42 ± 1.3
64 ± 1.6

5.8
4.8

5.8
4.4

15 ± 1.7
33 ± 1.2

0.00
1.4 ± 0.8

2.3 ± 0.8
2.7 ± 2.3

17 ± 2.5
37 ± 4.2

BC500

20
105

28 ± 0.8
43 ± 2.9

5.0
4.8

4.9
4.9

57 ± 1.2
60 ± 3.2

4.1 ± 0.2
3.6 ± 0.5

0.00
0.00

61 ± 0.9
64 ± 3.7
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Fig. 5. Mechanisms of Pb sorption by bagasse biochars.

(Chen et al., 2003). This was the most conservative projection,
since maximum Pb sorption capacity was ideal situation, for most
sorption experiments, it could not be achieved. In short, P-induced
Pb precipitation might be responsible for Pb sorption on bagasse
biochar, which contain high P content.
4. Conclusions
Sugarcane bagasse biochar was effective to remove Pb from
aqueous solution. The sorption process was best described by the
Langmuir isotherm model and pseudo-second-order kinetic model.
Experimental and modeling results showed that Pb sorption onto
bagasse biochar was controlled by multiple mechanisms including
complexation, cation exchange, precipitation, and intraparticle diffusion (Fig. 5). Most of the Pb could be desorbed by HCl indicating
reversible reactions. Based on our data, bagasse biochar may serve
as a potential alternative for removal of toxic Pb from aqueous
solution. Our data also demonstrated that pyrolysis temperatures
signiﬁcantly affected the biochar properties and thus played an
important role in controlling the sorption characteristics of lead
onto biochars.
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