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Abstract

Background: Nitrogen leaching from agricultural lands is a major threat to groundwater and surface
waters. This study investigated the relationship between the characteristics of wheat-straw biochar
produced at different temperatures and its impact on the uptake of NO3-N.

Methods: Three types of biochar were produced from wheat straw at three different pyrolysis
temperatures of 300, 400 and 500°C, and sampling was done 3 times for each biochar. Physical and
chemical characteristics of biochar were determined using a variety of methods including specific surface
with methylene blue adsorption method, and elemental content with elemental analyzer, and water
solubility with standard ASTM (D5029-28) method. Statistical analysis was performed using Freundlich
and Langmuir models. Nitrate concentration was measured using a UV-V spectrophotometer with a
wavelength of 500 nm.

Results: It was indicated that with an increase in biochar pyrolysis temperature from 300 to 500°C, the
hydrogen, oxygen and nitrogen in the biochar were significantly decreased (P<0.05) while the carbon
content, surface area, density and water solubility in biochar (P<0.05) were increased. The results also
showed that the maximum nitrate adsorptive capacity of the three types of biochar occurred at pH=6
and contact time of 120 minutes. With increasing the temperature of biochar preparation, the efficiency
of biochar nitrate adsorption increased significantly.

Conclusion: The present study shows that pyrolysis temperature greatly influences the biochar
chemical and physical characteristics, and subsequently nitrate adsorption ability of the biochars. The
wheat straw biochar, which is produced at a pyrolysis temperature of 500°C, has the highest adsorption
capacity for nitrate.
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Biochar as a beneficial substance can be used in agriculture
and environment, and has attracted the attention of
researchers. Biochar is a carbon-rich substance which is
produced by the thermal decomposition of biomass under
low oxygen or relatively low temperature, below 700°C
(1). Biochar characteristics include a large specific surface
area, a high density of negative surface charges, and
characteristic pores and surface functional groups.

Nitrogen leaching from agricultural lands due to the
increase in the use of nitrogen fertilizers is a major
threat to groundwater and surface waters that leads to
the occurrence of Eutrophication phenomenon (2). In
recent studies, the ability of biochar in reducing nitrate

leaching and its impact on the nitrogen cycle in soil has
been reported (3,4), so that by using biochar in soil (at
2.0 m depth), NH,*-N leaching reduced by 15%. Laird et
al (5) reported a 11% reduction in nitrogen leaching in
agricultural soils of the West Central America after adding
biochar to the soil. The research showed that biochar has
high potential in the adsorption of nitrogen and can be
used as a soil amendment to reduce nitrogen losses. Even
though, some studies indicated the low ability or inability
of biochar to adsorb nitrogen. Hollister et al (6) did not
observe any NO,-N adsorption by the biochar produced
from corn and oak. Also, Yao et al (7) tested 11 types of
biochar and found that only 2 types of biochar had the
ability to adsorb nitrate. Gai at al (8) investigated the

© 2018 The Author(s). Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.


http://dx.doi.org/10.15171/EHEM.2018.10
http://crossmark.crossref.org/dialog/?doi=10.15171/EHEM.2018.10&domain=pdf&date_stamp=2018-05-24
http://ehemj.com

Ahmadvand et al

physical and chemical properties of 12 biochars which
were produced from wheat-straw, corn-straw and peanut-
shell at pyrolysis temperatures of 400, 500, 600 and 700°C.
They reported that biochar yield and contents of N,
hydrogen and oxygen decreased as pyrolysis temperature
increased from 400 to 700°C, whereas contents of ash, pH
and carbon increased with higher pyrolysis temperatures.
They also used the biochars for N sorption experiments.
The results showed that none of the NO, - N was adsorbed
to biochars at different NO, concentrations. Instead,
some NO,- N were even released from the biochar
materials. They suggested further research is needed to
investigate the application of biochars in reducing NO, -
N pollution. The inconsistency between the studies may
be due to different characteristics of different biochars
produced from various biomasses, as well as their different
preparation conditions, and different initial concentration
of nitrate or biochar mass. Therefore, it is essential to
investigate the relationship between the characteristics of
biochar and its impact on the uptake of NO,- N.
Feedstock and temperature during pyrolysis are two
factors that influence the molecular structure and pore-
size distribution of biochar, and consequently affect the
adsorption characteristics of biochar (1). In general, high
pyrolysis temperature leads to larger specific surface
area and higher aromaticity of biochar (9,10). Biochars
produced from wheat residues at 500 to 700°C were well
carbonized and their specific surface area were more than
biochars which were produced at temperatures more
than 300 to 400°C. Meanwhile, the results of Novak et
al (11) show that biochar produced at low temperatures
(250-400°C) in addition to having a stable aromatic
structure, also have more C-H and C=0 group factor that
may be used as the positions of nutrients exchange after
oxidation. Ahmad et al (12) reported that, by reducing the
atomic ratio of H/C and O/C as a result of the removal
of functional groups containing oxygen and hydrogen
under the influence of temperature rise, biochars with low
polarity and high aromatic properties can be produced.
Kloss et al (13) investigated biochars of three feedstocks
(wheat straw, poplar wood, and spruce wood) that were
pyrolyzed at 400, 460, and 525°C. They found that lower
pyrolysis temperatures resulted in the higher H/C ratios.
As mentioned before, pyrolysis temperature and feedstock
type are two factors that influence characteristics of
biochar such as specific surface area, water solubility, and
density which affect nitrate adsorption of biochar.
None of the previous studies on biochars have investigated
the optimum biochar mass, pH and contact time.

Therefore, the aim of this study was to investigate the
relationship between wheat-straw biochar pyrolysis
temperature and physical and chemical characteristics of
the produced biochar, the effects of pyrolysis temperature
on nitrate absorption of biochar, the effects of initial
concentration of nitrate solution on nitrate absorption
and also to determine the optimum biochar mass, pH
and contact time. In order to perform the required
experiments, wheat-straw biochars were produced at 300,
400, and 500°C.

Methods

The biochar used in this study was prepared from wheat
straw. For this purpose, the wheat straws were cut into 2
cm pieces and then were placed in the oven for 2 hours
at 70°C. After washing the straws with distilled water and
passing them through the sieve No. 18, the straws were
put in an electric furnace without oxygen at 300, 400 and
500°C for 90 minutes in order to produce biochar (10).
The biochar production rate at each temperature was
calculated as Equation 1 (8):

R (%) = (M,/M,) x100 (1)
In this regard, R is biochar production rate, M, the mass
of biochar and M, the mass of Feedstock. The chemical
and physical characteristics of biochars are listed in Tables
1 and 2. Elemental contents of C (carbon), hydrogen (H),
nitrogen (N) and oxygen (O) were determined using an
elemental analyzer (Euro Vector S.P.A- Euro EA 3000).
Table 1 shows the results of analysis of CHNO using the
elemental analyzer.

To determine the specific surface area of biochar,
methylene blue adsorption method was used. For this
purpose, different concentrations (1, 5, 10, 15, and 20
mg/L) of methylene blue were prepared in order to prepare
the calibration graph and their concentrations were
measured and recorded by the UV-Vis spectrophotometer
(Hach, DR5000) with a wavelength of 600 nm. Then, 0.1
g biochar was poured in 100 mL methylene blue solution
with concentration of 17.46 mg/L and was shaken in a
thermostatic shaker (VDRL-TM52) at 150 rpm for 1 hour.
After separating the adsorbent from the solution by filter
paper, the final concentration was measured and biochar
specific surface was calculated by Equation 2 (14):

N
s :bMA o (2)

&
MB

In this equation, b is adsorption capacity derived from
the uptake curve (mg/mg), N,, Avogadros number of

Table 1. The amount of chemical composition and atomic ratio of biochars produced at different temperatures

Biochar Produced Biochar (%) C N H (o} C/N o/c H/C
W-BC300 34.1 55.2 1.7 3.8 24.85 38.6 0.34 0.83
W-BC 400 29.2 58.3 1.4 3.1 20.36 50.0 0.26 0.64
W-BC 500 26.3 70.1 1.3 2.6 16.14 64.4 0.17 0.44
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6.02x10%, M, ., methylene blue molecular weight equal
to 319.85 g/mol, o, the area occupied by a methylene
blue molecule of 1.08 nm® and s, adsorbent surface area
in m*g. In this study, water solubility of biochar was
measured using standard ASTM (American Society for
Testing and Materials ) (D5029-98) (15). For this purpose,
5 g biochar combined with 50 mL of boiled water was
boiled for 15 minutes.

Then, the solution was passed through filter paper and
10 mL of the filtrated sample was poured into a clean
container which was weighed previously; then the
container was placed in the oven at 150°C for 1 hour so
that the sample solution evaporated and the remaining
sample solution was completely dried. After drying, the
remainder and its container were carefully weighed; then,
the water solubility of each adsorbent was determined
according to the Equation 3.

_(B-A)x(D)

Water Solublility (%)= “Ox(E) 3)
X

In this equation, A is the initial weight of the container,
B, the weight of container along with dry weight, D,
consumed boiled water (mL), C, the volume of biochar
(g), and E, the volume of filtered samples (mL). To
determine the density of studied biochar, a certain volume
of biochar was weighed and then the samples were dried
in the oven at 105°C for 24 hours. After drying, the dried
samples were weighed again. The weight of samples after
drying was considered as dry weight. Finally, the density
of adsorbents was determined using Equation 4 (16).

p= Vs (4)

t

In this equation, M is the dry weight (g), V, total volume
of the sample (mL) and p, the density of adsorbent. In
order to evaluate the amount of nitrate surface adsorption
by biochar prepared from wheat straw at temperatures of
300,400 and 500°C, batch test was performed and exposure
time was calculated by changing various parameters
including pH, adsorbent and nitrate concentration. Stock
solution (1000 mg/L) was prepared using sodium nitrate
salt. Then, solutions with different concentrations (10, 20,
40, 80, 160 and 320 mg/L) of the main stock solution were
prepared. In all tests, the volume of the solutions used
was 50 mL and pH values of the solutions was regulated
by NaOH and HCL of 0.1M. In order to determine the
effect of pH on nitrate uptake by biochar, ten 200 mL
beakers were washed with distilled water and 3.0 M
nitric acid solutions, and 1 g of adsorbent was poured
into each of the beakers. Then, 50 mL of the solution
with a concentration of 20 mg/L was added to each of the
beakers and pH of the solution was formulated in various
amounts of 3 to 12. pH of the solution was measured
using a pH meter (Metrohm 712 Conductometer). The
solution was kept at room temperature and shaken in a

thermostatic shaker at 150 rpm for 24 hours. Afterwards,
adsorbent was separated from the solution using filter
paper and nitrate concentration was measured using a
UV-Vis spectrophotometer (model Hach, DR5000) with
a wavelength of 500 nm. Then, the capacity and efficiency
of adsorption were determined through Equations 5 and
6, respectively (17).
e =" XV (5)
Co—Ce
R= "C—O X 100 (6)
C, (mg/L) represents the initial nitrate concentration
in the solution, C_ (mg/L), nitrate concentrations in the
solution at equilibrium (mg/L), m, biochar mass (g), v,
volume of the solution (L), q,, adsorption capacity (mg/g)
and R, adsorption percentage. To determine the optimal
adsorbents dosage, different volumes (0.1, 0.2, 0.3, 0.4,
0.5,0.6 0.7, 0.8, 0.9, and 1 g) of the studied adsorbent was
added to 50 ml solution at a concentration of 20 mg/L.
pH of the solution was regulated on the optimal setting,
then the solution was shaken in a thermostatic shaker at
150 rpm for 120 minutes. Adsorbent was separated from
the solution using filter paper and concentration of the
solution was determined. Then, the efficiency and amount
of the adsorption were determined (17).
To determine the effect of the initial concentration, the
efficiency of adsorption of various concentrations (10,
20, 40, 80, 160 and 320 mg/L) at the optimum condition
obtained from previous stages (pH optimum, equiblirium
time and optimum adsorbent mass) was tested. To test the
adsorption isotherm, 0.4 g of the adsorbent was added to
50 mL of the solution with different concentrations (10,
20, 40, 80, 160 and 320 mg/L) and shaken in a thermostatic
shaker at 150 rpm for a certain time (equilibrium time
obtained from adsorption kinetics). Finally, adsorbent
was separated from the solution through filter paper.

Adsorption isotherms

The nitrate adsorption data were fitted to linear
Freundlich and Langmuir models. Langmuir adsorption
isotherm indicates one monolayer adsorption on the
homogeneous surface without any reaction between the
adsorbed molecules and homogeneous adsorbed energy
on the surface by Equation 7 (17).

qeb ce
Qe = kj+kjce (7)
In this equation, c, is the concentration of adsorbed
material at equilibrium in the liquid phase (mg/L), q,, the
amount of adsorbed ions per unit mass of the adsorbent
at equilibrium (mg/L), b, the capacity of adsorption
in the solid phase (mg/L) and k;, constant adsorption
(18). Freundlich adsorption isotherm is an empirical
model used to explain the multi-layer adsorption with
heterogeneous distribution of energy by the reaction
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between the concentration of adsorbed material in the
equilibrium molecules. Equation 8 shows the isotherms.

1

qe = KgCen (8)

In this equation, kf is constant isotherm in relation to the
adsorption (L/g) and 1/nis the density of adsorption which
varies with the non-uniformity of materials (19). One of the
most important studies in the process of adsorption is the
effect of contact time with the adsorption amount; which
is known as kinetics studies. To study the mechanisms
controlling the adsorption process, kinetic models of
Lagergren’s pseudo-first-order and Hu’s pseudo-second-
order are used . Equation 9 shows Lagergren model:
Log(q,.-q)=logq - (kt/2.303) 9)
In this equation, q_and q, respectively indicate the amount
of ions adsorbed (mg/g) at equiblirium time and t time,
and k, is constant absorbed in the Lagergren model. k|
values are calculated through plotting of log (q, - q,) versus
t (20). Hu model indicate it in linear model as Equation
10:

t 1 t

at  K2Qe? | Qe (10)

In this equation, k, is the adsorption constant rate (g/
mg. min) (21). To obtam the coefficients of Hu model, ,
is plotted verses t. Through plotting this curve, a stra1ght
line with a slope of - and intercept of k — is obtained,
through which, the Constants can be calculated (20).

Statistical analysis

Standard deviations, means, RMSE (Root Mean Square
Error) and R* were used to express the results. The RMSE
is a frequently used measure of the difference between
values predicted by a model and the values actually
observed from the environment that is being modelled.
The RMSE of a model prediction with respect to the
estimated variable X s defined as the square root of
the mean squared error. Equation 11 shows RMSE:

_ 2?:1(Xobs ;i_Xmodele ;i)2
RMSE —\/ - (11)

where X is observed values and X _ . is modelled values
at time/place I (22).

To plot the figures and to perform statistical analysis,
Origin 8.1 and SAS 9.1, respectively, were used. Duncan’s
multiple range test was used to test significant differences

and Pearson test (two-tailed test) was used to analyze the

correlation. Statistically significant values were considered
at P<0.05.

Sampling was done 3 times from biochars produced from
wheat straw at 3 different pyrolysis temperatures of 300,
400 and 500°C. Analysis of the samples was expressed as
the average of three replicates.

Results

The biochar production rate and element contents
of biochar from wheat straw at 3 different pyrolysis
temperatures of 300, 400 and 500°C are given in Table
1. As shown in Table 1, with an increase in the pyrolysis
temperature of biochar from 300 to 500°C, biochar
production rate decreased from 34.1% to 26.3%. Content
of C, which is the major constituent of the biochars,
significantly increased with higher pyrolysis temperatures
(P<0.05), however, contents of N, H and O decreased
by approximately 76% , 68% and 65%, respectively, as
pyrolysis temperature increased from 300°C to 500°C
(Table 1). Table 1 shows that with an increase in the
pyrolysis temperature of biochar from 300°C to 500°C, the
atomic C/N ratio was significantly increased from 38.6%
to 64.4 % (P<0.05), however, the atomic O/C and H/C
ratios were decreased from 0.34% and 0.83% to 0.17% and
0.44%, respectively.

Table 2 illustrates density, water solubility and
specific surface area of biochars produced at different
temperatures. It shows that with an increase in biochar
pyrolysis temperature from 300 to 500°C, specific surface
area was significantly increased from 49.8 to 64.8 (cm?/g)
(P<0.05). Also, biochar solubility in water and density was
significantly increased with higher pyrolysis temperatures
(P<0.05).

Figure 1 indicates the effect of pH on nitrate adsorption
efficiency of biochars prepared at different temperatures
(300, 400 and 500°C). As shown in this figure, in all
three types of biochar, with an increase in the pH of the
solution from 3 to 12, the adsorption efficiency of nitrate
was increased significantly in all three types of biochar
(P<0.05). The maximum adsorption efficiency of nitrate
was observed at pH=6. With an increase in pH, the
adsorption efficiency was decreased and its minimum
value was observed at pH=12.

The effect of biochar mass on nitrate adsorption efficiency
of biochars which were prepared at three different
temperatures, are presented in Figure 2. As shown in this
figure, with an increase in the volume of biochar from 1.0
to 4.0 g, the nitrate adsorption efficiency in W-BC 300,
W-BC 400 and W-BC 500 was significantly increased from
4.5%, 6% and 9% to 19%, 24.5% and 29%, respectively

Density, water solubility and specific surface of biochars produced at different temperatures

Biochar Specific Surface Area (cm?/g) Solubility in Water (%) Density (g/cm?3)
W-BC 300 49.8 31.2 0.10
W-BC 400 59.9 32 0.13
W-BC 500 64.8 34.8 0.14
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Figure 1. The changes of nitrate adsorption efficiency by biochar
to pH.
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Figure 2. The mass effect of biochars produced at different
temperatures on nitrate uptake.

(P<0.05). However, by increasing biochar volumes from
0.4 to 1 g, the adsorption efficiency remained fairly stable.
Thus, 4.0 g biochar was selected as the biochar optimal
mass for the nitrate uptake.

After determining biochar mass and optimal pH, the
effect of equilibrium time on nitrate uptake by biochars
were investigated. At this stage, 4.0 g biochar (optimal
mass) was added to nitrate solution with a concentration
of 20 mg/L (optimum concentration). pH was considered
equal to 6 and the contact time was changed from 10 to
240 minutes.

Figure 3 shows the changes in nitrate adsorption efficiency
in various biochars along with time changes. As shown
in this figure, by increasing the contact time, the nitrate
adsorption efficiency in all three types of biochars was
increased significantly (P <0.05) and reached its maximum
value at 120 minutes. After this time, the changes in the
efficiency of adsorption were not significant (P<0.05).
Figure 4 indicates the effect of initial concentration
of nitrate on nitrate adsorption efficiency of biochars
prepared at different temperatures (300, 400 and 500°C).
As shown in this figure, by increasing the initial nitrate
concentration from 10 to 320 ppm, the nitrate adsorption
efficiency was reduced in W-BC 300, W-BC 400 and
W-BC 500 from 23%, 30% and 37% to 6.3%, 9.7% and
11.3%, respectively.

The effect of initial concentration of nitrate on adsorption

=g W-BC300 W-BC400 ==te==W-BC500

35 4
30 4
25 A
20 A
15
10 -

Adsorption Efficiency (%)

10 30 60 120 240
Time (min)
Figure 3. Nitrate adsorption efficiency by biochars produced at

different temperatures to time.

==+ W-BC300 W-BC400 ===pr==W-BC500

g

= 35

¥ 30

=3

g >

= 2

ER

2 10

s s

Z 0 .

0 100 200 300 400
Initial Concentration of Nitrate (mgL-")

Figure 4. The effect of initial concentration on nitrate adsorption
efficiency by biochars produced at different temperatures.

capacity of biochars produced at different temperatures
are presented in Figure 5. The results show that with
an increase in the initial concentration of nitrate,
the adsorption capacity of all 3 types of biochar was
significantly increased (P<0.05).

Figures 6-8 respectively indicate the fitting results of
kinetics models of nitrate uptake by biochars produced at
300, 400 and 500°C at pH = 6. The fitting results of models
are presented in Table 3.

Figures 9-11 respectively indicate the results of fitting
isotherm models with experimental data of nitrate uptake
by biochar produced at 300, 400 and 500°C at pH=6.
The Freundlich and Langmuir isotherm constants and

g W-BC500 W-BC400 ===t - W-BC300

adsorptive capacity (mg g!)
o3
(=]

0 100 200 300 400

Initial Concentration of Nitrate (mgL")

Figure 5. The effect of initial concentration of nitrate adsorption
capacity by biochar produced at different temperatures.
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Figure 6. Fitting results of kinetics models of nitrate uptake by
biochar produced at 300°C.

6 - W-BC400 = Lagergren model ........ Hu model

% 5

g 4

=

=]

E 3

<

<

g 2]

g

) 1

z

0 50 100 150 200 250 300
Time (min)

Figure 7. Fitting results of kinetics models of nitrate uptake by
biochar produced at 400°C.
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Figure 8. Fitting results of kinetics models of nitrate uptake by
biochar produced at 500°C.

nitrate adsorption correlation coefficients for different
biochars are presented in Table 4. Adsorption of nitrate
with different biochars was better fitted to Freundlich
isotherm model, with higher R? values than that of
Langmuir model. Although both KFf and n in Freundlich

W-BC300 =——Freundlich model ;e.Langmuir model
25

[5o}
(=}
1

removal (mgL™")
S o

W
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concentration of Nitrate

0 100 200 300 400
Initial concentration of Nitrate (mgL")

Figure 9. Fitting results of isotherm models on experimental data
of nitrate uptake by biochar produced at 300°C.
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Figure 10. Fitting results of isotherm models on experimental
data of nitrate uptake by biochar produced at 400°C.
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Figure 11. Fitting results of isotherm models on experimental
data of nitrate uptake by biochar produced at 500°C.

model affect nitrate adsorption isotherms, but it seems
that Kp plays a main role in reflecting differences of
nitrate adsorption ability between biochars derived from
different feedstocks. W-BC500 with a greater Kf value
in the isotherm had a relatively high nitrate adsorption

Table 3. Fitting results of kinetics models of nitrate uptake by biochar produced at different temperatures

) Lagergren Model Hu Model
Biochar
RMSE R? q, K, RMSE R? q, K,
W-BC300 0.137 0.98 3.8 0.05 0.707 0.91 3.8 0.035
W-BC400 0.21 0.97 4.8 0.05 0.389 0.89 0.338 0.02
W-BC500 0.214 0.95 5.7 0.06 0.74 0.87 5.7 0.03
72 | Environmental Health Engineering and Management Journal 2018, 5(2), 67-75
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Table 4. Fitting results of isotherm models on experimental data of nitrate uptake by biochar

Freundlich Model

Langmuir Model

Biochar

RMSE R 1/n K, RMSE R? Q. K,
W-BC300 1.013 0.97 0.6 0.65 4.86 0.73 20 0.01
W-BC400 0.315 0.95 0.67 0.65 4.353 0.7 31 0.008
W-BC500 0.46 0.97 0.66 0.8 5.06 0.81 38 0.008

ability compared with W-BC400 and W-BC300.

Discussion

Table 1 shows that biochar production rate significantly
increased with higher pyrolysis temperature (P<0.05).
The reason is that at high temperatures, the loss of volatile
materials is more. The results are consistent with the
results obtained by Novak et al (11) and Gai et al (8).
However, Khanmohammadi et al (23) showed that with
an increase in the pyrolysis temperature of biochar from
300 to 700°C, biochar production decreased from 72.5%
to 52.9%.

As shown in Table 1, biochar carbon content, which is
the main component of the biochar, increased with the
increase in biochar pyrolysis temperature. This was due
to the increased carbonization at high temperatures with a
high degree of C in aromatic structures (12). Ahmad et al
(12) and Gai et al (8) obtained similar results in this regard,
however, Khanmohammadi et al (23) showed that biochar
produced at low temperatures had higher total organic
carbon content. The results shows that with an increase
in biochar pyrolysis temperature from 300 to 500°C, the
content of H and O reduced to 68% and 65%, respectively.
Gai et al (8) showed that content of H and O decreased
by approximately 60% and 30%, respectively, as pyrolysis
temperature increased from 400°C to 700°C (13). This
can be due to the removal of water, hydrocarbons, tarry
vapors, carbon monoxide and carbon dioxide during the
carbonization process (24), also some of the contents
of carbon and hydrogen were categorized as organic
functional groups (10). All the obtained biochars have
a little nitrogen (1.3 to 1.7%). Similar results were also
obtained by other researchers in this regard (8,24). As
it can be seen in Table 1, the atomic ratios of elements,
which estimate the aromaticity (H/C) and polarity (O/C)
of biochar, were significantly influenced by pyrolysis
temperature of biochar. Chun et al (10) and Chen et al
(25) found similar results in this regard and reported
that at higher ratio of H/C, the level of carbonization
and aromatic of biochar is less. Also, the ratio of O/C at
high temperatures decreased, which indicates an decrease
in the hydrophilic property of biochar surface at high
temperatures.

As shown in Table 2, specific surface area was significantly
affected by the pyrolysis temperature. Ding et al (4), Gai et
al (8) and Mimmo et al (26) found similar results in this
regard. This is likely due to the loss of H- and O-carrying
functional groups, including aliphatic alkyl-CH, , ester

C=0, aromatic -CO and phenolic OH groups, in biochars
produced at high temperatures, which greatly enlarged
their surface areas (25,26).
Regarding Figure 1, the reason for nitrate adsorption
behaviour is that in low pH levels, biochar has a positive
charge that causes biochar to be more likely to attract the
negative charged nitrate. At pHs more than 6, OH ions
will compete with nitrate ions for adsorption at biochar
surface and decrease the nitrate uptake capacity by
occupying adsorptive spaces (27). Also, at high pH levels,
negative charge increases at adsorbent surface which
subsequently reduces the nitrate absorption efficiency.
The results obtained in this research are consistent with
the findings of previous studies (27-29)
Asshownin Figure 1, by increasing the biochar preparation
temperature, nitrate adsorption efficiency also increased,
which is consistent with the findings of Chun et al (10)
and Gai et al (8). The reason is that with an increase in the
temperature of biochar preparation, specific surface area
and porosity increases and consequently increases the
amount of nitrate uptake.
In this study, 4.0 g biochar was selected as the biochar
optimal mass for nitrate uptake. Because with an increase
in the amount of biochar from 1.0 to 4.0 g, the nitrate
absorption efficiency significantly increases (P<0.05),
which is likely to be due to the increase in the especial
surface area and adsorbent spaces. However, by increasing
biochar from 0.4 to 1 g, the adsorption efficiency remained
fairly stable. To explain these observations, it can be said
that biochars due to their high specific surface in the
concentration more than 0.4 g, react and attract each
other and their ability to adsorb is reduced. Surprisingly,
no study has been determined the optimal mass of biochar
in this way. But similar studies have been conducted to
determine the optimal mass of other adsorbents, which
have reported similar results (27).
According to the results of this study, equiblirium time for
nitrate uptake was 120 m. In this period of time, solid and
liquid phases reached to a balanced state and the rate of
nitrate uptake to the surface of biochar and releasing rate
of ions from the surface of the adsorbent particles into the
solution were equal, which is consistent with the results of
study by Farasati et al (27).
To explain the cause of observations in Figure 4, it can be
said that in high concentrations, the adsorption efficiency
decreases due to the saturation of adsorption situations.
As shown in Figure 5, by increasing the initial nitrate
concentration, adsorption capacity increasesd, which
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is probably due to the increased driving force in high
concentrations. But this fills all the adsorption places
quickly and thus the total nitrate adsorption reduces
(30). Also Figure 4 shows that with increasing the biochar
preparation temperature, the nitrate adsorption efficiency
of biochar increased.

According to the results presented in Table 3 and Figure
6, it is concluded that in W-BC 300, W-BC 400 and
W-BC500, Lagergren model with coefficient of 98.0, 97.0
and 95.0 and root-mean-square error (RMSE) of 0.044,
0.127 and 0.126 (R*more and RMSE less), respectively, is
more successful than the Hu model.

Table 4 and Figure 7 indicate the fitting results of isotherm
models on experimental data of nitrate uptake by biochar.
The comparison of R* and RMSE in Freundlich and
Langmuir models shows that nitrate adsorption process
in all three types of biochar obeys the Freundlich model.

Conclusion

The results of the present study indicate that pyrolysis
temperature greatly influences the biochar chemical and
physical characteristics, which further influences nitrate
adsorption ability of the biochars. The wheat straw biochar
which produced at a pyrolysis temperature of 500°C had
the largest adsorption capacity for nitrate.
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