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Abstract

Biochar from moringa (Moringa oleifera) has been considered one of the most important natural adsorbents available, since
its residues, such as bark, pods, stems, leaves, and seeds, can be used as biomass for the production of biochar. The use of
moringa for this purpose is advantageous due to its availability, low cost, and adequate chemical composition for producing
an efficient biochar. In this context, the present study aims to make biochar from moringa biomass (stem, bark, and pods),
to use as an adsorbent for nitrate present in water. To achieve these objectives, the TG/DTG for each part of the moringa
was analyzed and from this result, the temperature of 350°C was adopted for biochar production. Thus, this study can
contribute significantly to developing sustainable and efficient solutions for water purification, using a renewable and

abundant resource.
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1. Introduction

Agricultural waste is disposed of in large quantities
every year by many countries as the population grows.
The disposal of this waste leads to environmental
pollution and causes various health problems for
living organisms, including human beings. In view of
the problems emanating from the careless disposal of
biomass in the ecosystem, there is an urgent call for
the optimal use of biomass to reduce various
environmental problems, ranging from greenhouse
gas emissions to pollution, leaching of nutrients from
the soil and the pandemic [1,2].

Biochar is an efficient and low-cost adsorbent,
which can be produced from a variety of biomass. It
is produced through the thermal treatment of biomass,
one of the alternatives for which is pyrolysis, which is
a thermochemical process for decomposing biomass
in an oxygen-free or low-oxygen environment. The
properties of biochar depend on the characteristics of
the biomass used, the temperature used, the use of
activating agents and the conditions of the activation
process [3].

Moringa oleifera stands out among the biomass
possibilities for biochar production, as the residue
from its cultivation is made up of fresh pods, leaves,

roots, seeds and seed casings. Moringa's ease of
adaptation and its socio-environmental potential have
attracted the attention of researchers and farmers in
various parts of the world, and it can be grown without
major obstacles by family farmers [4].

The interest in biochar is based on its diversity of
applications, which can be wused to adsorb
metals/metalloids and purify water [5,6,7]. In order to
avoid environmental and human health impacts, the
Ministry of Health, through Consolidation Ordinance
No. 5 of 2017, established, among the potability
standards for water supplies, the maximum permitted
concentration of nitrate [N"NO37] at 10 mg.L* [8].

Therefore, this growing concern regarding efficient
and economical technologies for removing organic and
inorganic contaminants from water has made
adsorption using biochar a proposal of relevant
scientific and technical interest, considering that the
raw material for producing these materials is highly
available, in addition to being effective for many
varieties of contaminants [9].

In this context, this preliminary work aims to study
the production of biochar from moringa biomass in
order to enable its use as an adsorbent for nitrate in
water.
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2. Materials and methods

For the purposes of the research, the stem, pod and
seed husks of Moringa oleifera, grown in the semiarid
region of Rio Grande do Norte, were used. The seeds
were removed from the pod, which was separated and
peeled manually. The materials were initially dried in
an oven with air circulation at an average temperature
of 110 °C for 12 hours to remove moisture, separately.
The dry residue was crushed in a knife mill and then
sieved through a 32-mesh sieve to standardize the
granulometry.

Thermogravimetric  analysis (TG/DTG) was
performed on the biomasses in order to study the
moisture content, volatile matter, fixed carbon content
and ash in natura samples of the stem, pod and seed
shells of Moringa oleifera. For this purpose, a Netzsch
TG/DTG thermobalance (Model STA 449 F3 Jupiter)
was used and the biomasses were subjected to a
continuous flow of N, with a flow rate of 60 mL/min,
heating rate of 10 °C per minute from 30 to 900 °C.

3. Results and discussion

For the production of biochar, the waste must
undergo a thermal treatment known as slow pyrolysis,
the most commonly used thermochemical conversion
technology,  which  involves  the  thermal
decomposition of organic components under an inert
or oxidizing atmosphere at a controlled temperature
[10].

To determine the ideal carbonization temperature,
thermogravimetric tests (TGA) and differential
thermal analysis (DTG) are performed, where it is
possible to observe the thermal degradation of the
synthesized material. Thermogravimetric analyses
measure the mass losses in a material as a function of
temperature, under a controlled, generally inert
atmosphere, identifying the relationship between
weight changes and volatilization of sample
components, decomposition, oxidation/reduction
reactions or other changes [11].

The literature shows that the seed and pod in natura
have been studied as adsorbents for the removal of
various contaminants [12,13]. Due to their
characteristic compositions, a thermogravimetric test
was performed to determine the carbonization
temperature, the result of which is presented in Figure
1 for the stem, seed shells and pod of the moringa.
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Fig. 1. TG and DTG of Moringa oleifera.

With these TG/DTG results, it is possible to
observe that the stem, the shells and the pod
present a first mass loss event before 100 °C, an
event that would be related to the loss of moisture
in the biomass. For the three samples, it is also
possible to observe that above 300 °C, the last and
most relevant event (in terms of mass loss) occurs,
which would be related to the decomposition of
lignin and combustion of biomass, the stage at
which biochar is formed [14]. Based on this result,
the temperature of 350 °C was adopted for the
production of biochar that will be studied as an
adsorbent for water contaminants. In addition,
other information was considered in this study,
such as production yield, FTIR analyses to prove
the occurrence of functional groups and scanning
electron microscopy analyses.

4. Conclusion

Based on this study, it is possible to know the
production parameters of biochar from moringa and
thus obtain an adsorbent with characteristics that allow
its use as an adsorbent for contaminants present in
water, such as nitrate. It is important to highlight that
this is only a preliminary study and that it will serve as
a basis for the development of other studies.



MACEIO ~ ALAGOAS

EBA -

16th Brazilian Meeting about Adsorption

Acknowledgements

We would like to acknowledgment the LACAM -
Laboratory of Catalysis, Environment and Materials
of UERN - Rio Grande do Norte State University and
the Human Resources Program of the National
Agency of Petroleum, Natural Gas and Biofuels -
PRH-ANP, for the support and funding granted to
carry out this work.

References

[1] Jain, A. K., Goss, J. R. Determination of reactor scaling
factors for throatless rice husk gasifier, Biomass Bioenerg.
18, 249-256, 2000.

[2] Gai, C., Dong, Y., Zhang, T. Distribution of sulfur
species in gaseous and condensed phase during downdraft
gasification of corn straw, Energy 64, 248-258, 2014.

[3] Eelsayed, A., Askalany, A.A., Shea, A.D., Dakkama,
H.J., Mahmoud, S., Al-Dadah, R., Kaialy, W. A state of the
art of required techniques for employing activated carbon
in renewable energy powered adsorption applications.
renew. sustain. Energy rev. 79, 503-519, 2017.

[4] Castro, R. P. Desenvolvimento De Bioprodutos
Inovadores Derivados Da Moringa (Moringa oleifera
Lamarck). 2017. 53 p. Dissertacdo (Mestrado profissional
em ciéncia, tecnologia e inovagéo) - Universidade Federal
do Rio Grande do Norte, Natal, 2017.

[5] Agrafioti, E., Bouras, G., Kalderis, D., Diamadopoulos,
E. Producdo de biochar por pir6lise de lodo de esgoto.
j.anal. apl. pirol. 101, 72e78, 2013.

[6] Van Vinh, N., Zafar, M., Behera, S., Park, H.S.
Remocao de arsénio (I11) de solug8o aquosa por biochar de
pinha bruto e carregado com zinco: equilibrio, cinética, e
estudos de termodindmica. Internacional J. Meio ambiente,
ciéncia, tecnologia. 12, 1283e1294, 2015.

[7] Palansooriya, K.N., Yang, Y., Tsang, Y.F., Sarkar, B.,
Hou, D., Cao, X., Meers, E., Rinklebe, J., Kim, K.H., Ok,
Y.S. Ocorréncia de contaminantes em fontes de agua
potéavel e o potencial do biochar para melhoria da qualidade
da dgua: uma revisao critica. Rev. Meio ambiente, ciéncia,
tecnologia. 163, 2019.

[8] BRASIL. Portaria de Consolidagdo n° 5, de 28 de
setembro de 2017. Ministério da Salde. Disponivel em:
<https://portalarquivos2.saude.gov.br/images/pdf/2018/ma
rco/29/PRC-5-Portaria-de-Consolida----0-n---5--de-28-de-
setembro-de-2017.pdf>. Acesso em: 28/07/2024.

[9] Sulyman, M.; Namiesnik, J.; Gierak, A. Low-cost
adsorbents derived from agricultural by-products / wastes

for enhancing contaminant uptakes from wastewater: a
review. v. 26, n. 2, p. 479-510, 2017.

[10] Neves, D., Thunman, H., Matos, A., Tarelho, L., &
Gomez-Barea, A. Characterization and prediction of biomass
pyrolysis products. Progress in Energy and Combustion
Science, v. 37, n. 5, p. 611-630, 2011.

[11] Islam, M. A., Auta, M., Kabir, G., & Hameed, B. H. A
thermogravimetric analysis of the combustion kinetics of
karanja (Pongamia pinnata) fruit hulls char. Bioresource
Technology, v. 200, p. 335-341, jan. 2016.

[12] Matoug, M., Jildeh, N., Qtaishat, M., Hindiyeh, M., &
Al Syouf, M. Q. The adsorption kinetics and modeling for
heavy metals removal from wastewater by Moringa pods.
Journal of Environmental Chemical Engineering, 2015.

[13] Reck, I. M., Paixdo, R. M., Bergamasco, R., Vieira, M.
F., Vieira, A. M. S. Remocgao de tartrazina de solucdes
aquosas utilizando adsorventes a base de carvédo ativado e
sementes de Moringa oleifera. J. Limpo. Prod. 171, 85-97,
2018.

[14] Vi, Q., Qi, F., Cheng, G., Zhang, Y., Xiao, B., Hu, Z.,
... & Xu, S. Thermogravimetric analysis of co-combustion of
biomass and biochar. Journal of thermal analysis and
calorimetry, v. 112, p. 1475-1479, 2013.



