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This study investigates the adsorption and desorption capacities of corn cob biochars produced at
three different pyrolysis temperatures. Adsorption experiments were conducted using ammonium
(NH4") and nitrate (NO3") solutions at concentrations 5, 10, 25, 50, and 100 mg L-'. Results indicated
that CC300 biochar exhibited the highest NH4" adsorption efficiency at lower concentrations,
adsorbing 88.67% of NHs" at 5 mg L!. However, its adsorption capacity decreased with increasing
NH4" concentration. CC400 biochar demonstrated a balanced adsorption capacity for both NHa*
and NOs", with 83.71% NH4" adsorption and 87.17% NOs- adsorption at 5 mg L-'. CC500 biochar
showed the highest NOs™ adsorption capacity, reaching 90.05% at 5 mg L', but was less effective
in NH4" adsorption, particularly at lower concentrations. Desorption analysis revealed that CC300
and CC500 biochars retained NH4" and NOs" effectively, with relatively low desorption rates. In
contrast, CC400 biochar exhibited higher desorption rates, indicating a controlled nutrient release
potential. The study highlights the significant influence of pyrolysis temperature on the adsorption
and desorption characteristics of biochar and its suitability for specific nutrient management
applications. These findings contribute to the optimization of biochar production and its effective
utilization in sustainable agriculture and environmental protection.
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Introduction

Biochar is an innovative material with significant
potential in combating environmental pollution. Produced
through the controlled pyrolysis of organic waste, biochar's
high surface area, porosity, and chemical stability make it
a valuable tool for addressing environmental challenges. It
is particularly effective as an adsorbent for remediating
water and soil pollution. Biochar demonstrates remarkable
adsorption capacity for removing harmful substances such
as heavy metals, pesticides, and organic pollutants from
water or soil. Additionally, its carbon sequestration
capability contributes to reducing greenhouse gas
emissions, aiding in the fight against climate change. When
used as a soil amendment, biochar can enhance soil water
retention and create a favorable environment for plant
growth. From the perspective of environmental
sustainability and waste management, biochar holds great
promise as a solution to mitigate pollution while promoting
a circular economy.

The increasing demand for sustainable solutions to
mitigate environmental pollution has drawn significant
attention to biochar as an efficient and eco-friendly
material (Kumar et al., 2023). Biochar, produced through
the pyrolysis of organic biomass, has been widely studied
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for its potential to improve soil fertility, enhance water
retention, and act as an effective adsorbent for various
environmental contaminants, including ammonium (NH4")
and nitrate (NOs3) (Tomczyk et al., 2020). These
characteristics make biochar a promising tool for
addressing critical agricultural and environmental
challenges, such as nutrient leaching and water pollution
(Ullah et al., 2024).

Ammonium and nitrate are essential plant nutrients;
however, their excessive release into water bodies poses a
serious threat to ecosystems, contributing to eutrophication
and water quality degradation (Celik & Demirkiran, 2021;
Yadav & Ramakrishna, 2023). Biochar’s ability to adsorb
and retain these ions in the soil can play a vital role in
reducing nutrient losses, promoting  sustainable
agricultural practices, and protecting water resources
(Musa et al., 2024). The adsorption and desorption
capacities of biochar are influenced by factors such as
feedstock type, pyrolysis conditions, and target ion
characteristics (Ippolito et al., 2020). Understanding these
factors is essential for optimizing biochar applications for
nutrient management and environmental remediation.
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Table 1. Some physical and chemical properties of biochars used in the study

Parameter Unit Corn Cob

300°C 400°C 500°C
C % 43.85 58.61 62.72
N % 0.54 0.38 0.29
C/N - 81.20 154.24 216.28
SSA m?%/g 156.13 221.02 319.96
pH - 8.40 8.60 9.72
EC uS/cm 214 685 1251

% NHZ and NO3 Desorption =

The amount ofNHf}r and NO3 desorbed into the solution (mg LY

This study investigates the adsorption and desorption
capacities of biochars derived from corn cob biomass, a
widely available agricultural residue, at three different
pyrolysis temperatures (300°C, 400°C, and 500°C). The
study aims to evaluate the efficiency of these biochars in
adsorbing and retaining NH4* and NOs at varying
concentrations. Additionally, the work seeks to explore
how pyrolysis temperature impacts the physicochemical
properties of biochar and its performance as an adsorbent.

By addressing the gaps in understanding the ion-
specific adsorption and desorption behaviors of biochar,
this research contributes to the broader goal of utilizing
biochar as a sustainable material for nutrient retention and
environmental protection. The results of this study are
expected to provide valuable insights into optimizing
biochar production processes and tailoring its properties
for specific agricultural and environmental applications.

Materials and Methods

Biochar Material

Corn cobs were obtained from an agricultural field in
Tokat province, where corn harvesting was actively taking
place. The collected biomass was transported to the
laboratory and dried in an oven at 70°C for 48 hours. After
drying, the large-sized corn cobs were ground using a feed
grinder. Biochar production was carried out in a
specialized production chamber located at the Department
of Soil Science and Plant Nutrition, Faculty of Agriculture,
Tokat Gaziosmanpasa University. The biomass was
subjected to slow pyrolysis in a muffle furnace at
temperatures of 300°C, 400°C, and 500°C to produce
biochar. During pyrolysis, the syngas and tar released were
not collected for storage.

The pH and electrical conductivity (EC) levels of the
biochar were determined using a 1:20 biochar-to-distilled
water mixture, using with a pH meter (Thomas, 1996).
Total carbon and total nitrogen contents were analyzed
using the Dumas method (ISO, 1998). The specific surface
area was measured using the Ethylene Glycol Monoethyl
Ether (EGME) method (Cerato & Lutenegger, 2002).

Adsorption and Desorption Analysis

Ammonium and nitrate adsorption analyses were
conducted on biochars produced from two different
biomass sources (corn cobs) and at three different pyrolysis
temperatures (300°C, 400°C, and 500°C). Adsorption
studies involved equilibrating biochars with solutions
containing NH4* (NHsCl) and NO; (KNOs) at

Total amount of NI-L;r and NO3 adsorbed (mgL~1)

M

concentrations of 5, 10, 25, 50, and 100 mg L"'. This was
achieved by shaking the biochar-solution mixtures for 24
hours and determining the equilibrium concentration in the
solution phase. In the study, 0.2 g of air-dried biochar was
mixed with 50 ml of solutions containing 0, 5, 10, 25, 50,
and 100 mg L' of NH4" and NOj". These mixtures were
shaken at 200 rpm for 24 hours. After the 24-hour
equilibration period, the solutions were filtered using blue
band filter paper, and the filtrates were analyzed. Nitrate
concentrations were determined by measuring the yellow
complex formed between nitrate and sodium salicylate
(Fabig et al., 1978), and ammonium concentrations were
measured by detecting the green complex formed between
ammonium and nitroprusside salicylate (DEZWAS, 1983).
Measurements were performed using a UV/VIS
spectrophotometer at wavelengths of 430 nm and 675 nm
for NOs~ and NH4", respectively.

After completing the adsorption analyses, the biochars
used in solutions containing 100 mg L' of NH,s" and NO5-
were dried at room temperature (25°C) to prepare for
desorption analysis. For desorption studies, 40 ml ofa 0.01
M KCI solution was added to the dried biochar samples
(Sarkhot et al., 2013), and the mixtures were shaken at 200
rpm for 24 hours. After shaking, the solutions were filtered
through a 0.45 pm filter paper, and the desorbed
concentrations of NH4" and NO3™ were determined. Nitrate
concentrations were measured using the yellow complex
formed with sodium salicylate (Fabig et al., 1978), and
ammonium concentrations were measured by detecting the
green complex formed with nitroprusside salicylate
(DEZWAS, 1983). The UV/VIS spectrophotometer was
used for these measurements at wavelengths of 430 nm for
NOs" and 675 nm for NH4*. The concentrations of desorbed
ammonium and nitrate were calculated by subtracting the
amounts of NH4" and NOj3™ retained in the wet biochar used
in the desorption experiments, as shown in the formula
provided by Wang and Alva (2000) (Equation 1).

Results and Discussion

The adsorption capacities of biochars derived from
corn cob biomass were evaluated. CC300 biochar was
found to adsorb 88.67% of ammonium at an initial NH4"
concentration of 5 mg L', with the adsorption capacity
gradually decreasing as the NH4" concentration increased
(10, 25, 50, and 100 mg L"). Specifically, the ammonium
adsorption rate decreased from 86.57% at 10 mg kg™ NH,*
to 82.01% at 25 mg L', 77.37% at 50 mg L™}, and 73.01%
at 100 mg L! (Figure 1).
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Figure 1. Corn cob biochars NH4" adsorption rates (%)
Corn Cob Biochar

15.00
S
o]
e
= 10.00
2
Z 5.85
3 500 5.50 5.46 471
3 4.24
N 500 437 = 4.96 2 S -0
E 3.87 305 3.78 . 44"

0.00 : 2.35

S ppm 10 ppm 25 ppm 50 ppm 100 ppm
=@==CC300 CC400 CC500

Figure 2. Corn cob biochars NH4" desorption rates (%)

These findings indicate that CC300 biochar exhibits a
high adsorption capacity at low NH4" concentrations and
functions as an efficient adsorbent even at higher
concentrations. These results align with previous studies,
that reported biochars as effective adsorbents for removing
environmental pollutants (Lehmann & Joseph, 2024). The
desorption data for CC300 biochar revealed that the
desorption rate decreased from 5.00% at 5 mg L' NH4* to
3.92% at 50 mg L! and 4.71% at 100 mg L' (Figure 2).
This indicates that CC300 biochar can effectively retain
NH4*, with a low release rate following adsorption. The
low desorption rates of biochar material highlight its
significant role in reducing NH4" release into the
environment, thereby underscoring its protective effect
against environmental pollution (Gaskin et al., 2008).

Although CC400 biochar exhibited lower adsorption
rates compared to CC300, it was still identified as an
effective adsorbent for NH4". At an initial NH4"
concentration of 5 mg L', CC400 biochar achieved an
adsorption rate of 83.71%, which decreased to 47.65% at
100 mg L' NH4" (Figure 1). While CC400 biochar
displayed high adsorption rates at low NH4"
concentrations, these rates declined significantly as NH4"
concentration increased (Figure 4.11). This suggests that
the adsorption sites of CC400 biochar become saturated
with ammonium as NH4" concentration rises, thereby
limiting further adsorption (Gai et al., 2014). Examination

of the desorption rates for CC400 biochar revealed a
decline from 3.87% at 5 mg L' NH4* to 2.35% at 100 mg
L' (Figure 2). The reduction in desorption rates at higher
NH4" concentrations highlights the potential of this
material as an effective adsorbent to prevent NH4" leaching
(Tan et al., 2015).

The adsorption rates of CC500 biochar were evaluated,
with the adsorption rate decreasing from 52.14% at 5 mg
L' NH4" to 32.44% at 100 mg L™! NH4* (Figure 1). Similar
to CC300 and CC400 biochars, the adsorption rates of
CC500 biochar declined with increasing NH4"
concentration, indicating saturation of the adsorption sites.
When the results for NH4" adsorption capacity were
compared, CC500 biochar demonstrated the lowest
adsorption rate, while CC300 biochar exhibited the highest
(Figure 1). The limited effectiveness of CC500 biochar,
even at low NH4* concentrations, restricts its use for NH4*
adsorption applications (Vithanage et al., 2017). However,
the desorption rates of CC500 biochar showed relatively
stable performance, with a desorption rate of 4.37% at 5
mg L' NH4", increasing slightly to 5.46% at 50 mg L™, and
decreasing to 4.50% at 100 mg L' (Figure 2).

Among the biochars produced from corn cob biomass
at different pyrolysis temperatures, CC300 biochar
exhibited the lowest nitrate (NO3") adsorption capacity
(Figure 3).
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Figure 4. Corn cob biochars NOs™ desorption rates (%)

CC300 biochar adsorbed 78.79% of nitrate at an initial
NOs~ concentration of 5 mg L. However, significant
reductions in adsorption capacity were observed as NOj3
concentrations increased. Specifically, adsorption rates
decreased to 75.11%, 70.97%, 62.00%, and 54.04% at 10
mgL"1,25mg L, 50 mg L', and 100 mg L', respectively,
indicating saturation of nitrate adsorption sites with
increasing concentrations (Laird et al., 2010) (Figure 3).
Regarding desorption rates, CC300 biochar exhibited a
desorption rate of 6.19% at 5 mg L'! NOs", which increased
to 6.43% at 10 mg L' and decreased to 5.68% at 25 mg L-
I, Conversely, the desorption rate rose to 7.36% at 50 mg
L! before declining again to 6.30% at 100 mg L' (Figure
4). These findings suggest that while CC300 biochar
demonstrates lower NOs™ adsorption capacity compared to
other biochars, its desorption rates remain relatively stable,
indicating consistent performance.

Biochar produced at 400°C (CC400) demonstrated
higher adsorption capacity than CC300. CC400 biochar
adsorbed 87.17% of nitrate at 5 mg kg™ NO3, but similar to
CC300, its adsorption capacity decreased as NOs
concentration increased. Adsorption rates fell to 82.23% at
10 mg L', 78.24% at 25 mg L', 77.00% at 50 mg L', and
61.50% at 100 mg L (Figure 3). Compared to CC300 and
CC500, CC400 biochar showed the highest nitrate
desorption capacity. It desorbed 10.86% of nitrate at 5 mg
kg™ NOs, decreasing t0 9.23% at 10 mg L™, 9.72% at 25 mg

L, 8.68% at 50 mg L', and increasing slightly to 9.78% at
100 mg L' (Figure 4). These results indicate that although
CC400 biochar exhibited reduced desorption capacity at
higher NOs™ concentrations, it retained a higher desorption
capacity overall compared to CC300 and CC500 biochars.
The increase in aromatic carbon structures at pyrolysis
temperatures above 400°C has been reported to enhance
nitrate sorption capacity (Zhang et al., 2017).

Biochar produced at 500°C (CC500) displayed the
highest nitrate adsorption performance at an initial NOs’
concentration of 5 mg L' (Figure 3). CC500 biochar
adsorbed 90.05% of nitrate at 5 mg L', but, as observed with
CC300 and CC400, its adsorption capacity declined as NOs
concentrations increased. This reduction indicates a
diminished ability of CC500 to adsorb NO3™ with increasing
application rates (Ahmad et al., 2014). Interestingly, corn
cob biochars were found to adsorb more nitrate (Figure 3)
than ammonium (Figure 1) (Zhang et al., 2017). In terms of
desorption capacities, CC500 biochar demonstrated lower
nitrate desorption compared to CC300 and CC400 biochars
(Figure 4). CC500 biochar desorbed 4.34% of NOs™ at 5 mg
L' NOs, which decreased to 3.5% at 10 mg L. However,
substantial increases in desorption rates were observed at
other NOs™ concentrations. These results suggest that biochar
exhibits a tendency for greater release at higher NOj
concentrations, indicating its potential limitations under
such conditions (Inyang et al., 2016).
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Conclusion

This study evaluated the adsorption and desorption
capacities of biochars produced from corn cob biomass at
different pyrolysis temperatures, focusing on ammonium
(NH4") and nitrate (NOs"). The findings demonstrate that
the adsorption capacities of biochars vary significantly
with pyrolysis temperature and the target ion.

CC300 biochar, produced at 300°C, showed high NH4*
adsorption capacity at low concentrations, with a
maximum adsorption rate of 88.67% at 5 mg L' NH4".
However, its adsorption efficiency decreased significantly
as NH4" concentrations increased. Similarly, CC300
biochar exhibited limited NOs™ adsorption, achieving only
78.79% adsorption at 5 mg L' NOjy". Despite its lower
adsorption capacity, CC300 displayed relatively stable
desorption rates, highlighting its potential for reducing
nutrient leaching into the environment.

CC400 biochar, produced at 400°C, demonstrated
improved adsorption capacities for both NHs" and NOs
compared to CC300. It adsorbed 83.71% of NH4" and
87.17% of NOs™ at 5 mg L! concentrations, with gradual
decreases at higher concentrations. This biochar also
exhibited higher desorption rates than CC300, indicating
its enhanced capacity for releasing adsorbed ions. These
results suggest that CC400 biochar offers a balance
between adsorption capacity and controlled nutrient
release, making it suitable for applications requiring
moderate ion retention and gradual nutrient availability.

CC500 biochar, produced at 500°C, exhibited the
highest NOs™ adsorption capacity, adsorbing 90.05% at 5
mg L' NOs. However, its NH4" adsorption capacity was
the lowest among the biochars studied, with only 52.14%
adsorption at 5 mg L' NHs". While CC500 biochar
demonstrated stable desorption performance for NOs, it
showed limited effectiveness for NH4" adsorption,
particularly at low concentrations. These characteristics
restrict its applicability for environments requiring
effective ammonium retention.

Overall, the results confirm that biochars derived from
corn cob biomass can serve as effective adsorbents for both
NH4" and NOs, with adsorption performance strongly
influenced by pyrolysis temperature. CC300 biochar is
suited for applications prioritizing NH4" adsorption with
minimal nutrient release, while CC400 and CC500
biochars are more effective for nitrate management. These
findings highlight the importance of tailoring biochar
production parameters to optimize adsorption and
desorption properties for specific environmental and
agricultural applications. Future research should explore
the long-term performance and field-scale applicability of
these biochars to enhance their potential for sustainable
nutrient management.
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