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Table 1. Properties of corn biochar (BC) and corn-modified biochar (Mg-BC)
Cation exchange Anion exchange

Properties Yield pH ; : Surface area
capacity capacity

Unit % - (cmolc kgt) (cmolc kg™) (m? g™

BC 36.23 9.19 27.62 11.64 65.33

Mg-BC 41.77 10.02 113.4 16.9 126.17
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Figure 1. SEM images; Right: corn biochar (BC); Left: corn-modified biochar (Mg-BC) (arrows indicate the
magnesium particles).
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Table 2. Elemental competition and atomic ratios of corn biochar (BC) and modified biochar (Mg-BC)

Properties C H N S C/N o/C H/C
Unit % % % % - - -

BC 59.93 2.15 1.55 3.06 0.300 38.66 0.051 0.060
Mg-BC 28.72 3.85 0.95 25.32 0.440 29.70 0.881 0.134
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Figure 2. Effect of A) contact time, B) initial concentration and C) initial pH of solution on nitrate sorption
by biochars
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of solution
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Table 3. Kinetic parameters of nitrate sorption models

Pseudo-first-order

SEE R? K1 (mint) Qe (mgg?l)
BC 0.431 0.896 0.008 20.78
Mg-BC 0.524 0.957 0.01 21.79
Pseudo-second-order
SEE R? Kz (g mg?* mint) Qe (mgg?)
BC 0.084 0.979 0.001 29.85
Mg-BC 0.102 0.996 0.001 33.11
Intra-particle diffusion
SEE R? Kp(mg g = ho%) C(mgg?)
BC 0.425 0.849 2.95 3.56
Mg-BC 0.703 0.831 3.04 0.32
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Figure 4. Sorption kinetic of nitrate on A) pseudo-first-order, B) pseudo-second-order and intra-particle
diffusion models.
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Table 4. Isotherm parameters of nitrate sorption models

Langmuir
SEE R? KL QOm(mg g?h)
BC 0.253 0.981 1.93 51.72
Mg-BC 0.441 0.999 8.89 75.18
Freundlich
SEE R? 1/n Kr(mg g?)
BC 0.450 0.878 0.56 0.40
Mg-BC 0.693 0.800 0.33 1.13
Temkin
SEE R2 b A@gY
BC 0.841 0.920 12.51 1.68
Mg-BC 0.925 0.935 13.59 1.93
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Figure 5. Sorption isotherm of nitrate on A) Langmuir, B) Freundlich and Temkin models
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Abstract

Biochar modification is performed to improve the structure of pores, increase the specific surface
area, functional groups, and reduction of raw biochar limits in absorption of pollutants. This study
was conducted to evaluate the efficiency of corn stover modified biochar in adsorption of nitrate
from aqueous solution. For this purpose, corn stover biochar (BC) and chemically modified corn
stover biochar with MgCl, (Mg-BC) was prepared at 500°C and its physico-chemical characteristics
were measured. Adsorption batch experiments were carried. Effects of initial concentration of
nitrate, contact time and pH on adsorption capacity mechanism were studied. The study of the
characteristics of the two types of biochar showed that by the chemical modification of corn stover,
enhanced yields, pH, surface area, cation exchange capacity and anion exchange capacity, oxygen
content, H/C and O/C ratio, while decreased carbon content and C/N ratio. Adsorption of nitrate by
both biochar reached to equilibrium after 480. The optimal pH for removal of nitrate was 3. The
results demonstrated that chemical modification of biochar enhanced nitrate adsorption and
maximum nitrate adoption by BC and Mg-BC was 51.72 and 72.18, respectively. Langmuir isotherm
showed the best fit for nitrate in both biochars. The pseudo second order kinetic model also provided
a good description for the adsorption process nitrate. Generally, result of present study revealed that
modification of biochar could improve physico-chemical and adsorption capacity of nitrate from
aqueous solution. Therefore, MgCl, modified biochar could be a suitable absorbent for purifying
water resources which contaminated by inorganic pollutants, including nitrate.
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