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APRESENTACAO

Aobra Meio Ambiente, Sustentabilidade e Agroecologia vem tratar de um conjunto
de atitudes, de ideias que s&o viaveis para a sociedade, em busca da preservacéo dos
recursos naturais.

Em sua origem a espécie humana era némade, e vivia integrada a natureza,
sobreviviam da caca e da colheita. Ao perceber o esgotamento de recursos na regiao
onde habitavam, migravam para outra area, permitindo que houvesse uma reposi¢cao
natural do que foi destruido. Com a chegada da agricultura o ser humano desenvolveu
métodos de irrigacao, além da domesticagcao de animais e também descobriu que a
natureza oferecia elementos extraidos e trabalhados que podiam ser transformados
em diversos utensilios. As pequenas tribos cresceram, formando cidades, reinos e até
mesmo impérios e a intervencdo do homem embora pareca benéfica, passou a alterar
cada vez mais negativamente 0 meio ambiente.

No século com XIX as maquinas a vapor movidas a carvao mineral, a Revolucao
Industrial mudaria para sempre a sociedade humana. A producéo em grande volume
dos itens de consumo comecgou a gerar demandas e com isso a extracao de recursos
naturais foi intensificada. Até a agricultura que antes era destinada a subsisténcia
passou a ter larga escala, com cultivos para a venda em diversos mercados do mundo.
Atualmente esse modelo de consumo, producéo, extracdo desenfreada ameacga nao
apenas a natureza, mas sua prépria existéncia. Percebe-se o0 esgotamento de recursos
essenciais para as diversas atividades humanas e a extingdo de animais que antes
eram abundantes no planeta. Por estes motivos é necessario que o ser humano adote
uma postura mais sustentavel.

A ONU desenvolveu o conceito de sustentabilidade como desenvolvimento
que responde as necessidades do presente sem comprometer as possibilidades das
geracgdes futuras de satisfazer seus proprios anseios. A sustentabilidade possui quatro
vertentes principais: ambiental, econdémica, social e cultural, que trata do uso consciente
dos recursos naturais, bem como planejamento para sua reposi¢cdo, bem como no
reaproveitamento de matérias primas, no desenvolvimento de métodos mais baratos,
na integracdo de todos os individuos na sociedade, proporcionando as condi¢des
necessarias para que exercam sua cidadania e a integracdo do desenvolvimento
tecnoldgico social, perpetuando dessa maneira as herancas culturais de cada povo.
Para que isso ocorra as entidades e governos precisam estar juntos, seja utilizando
transportes alternativos, reciclando, incentivando a permacultura, o consumo de
alimentos orgénicos ou fomentando o uso de energias renovaveis.

No ambito da Agroecologia apresentam-se conceitos e metodologias para estudar
0S agroecossistemas, cujo objetivo é permitir a implantacédo e o desenvolvimento de
estilos de agricultura com maior sustentabilidade, como bem tratam os autores desta
obra. A agroecologia esta preocupada com o equilibrio da natureza e a producgéo de
alimentos sustentaveis, como também é um organismo vivo com sistemas integrados



entre si: solo, arvores, plantas cultivadas e animais.

Ao publicar esta obra a Atena Editora, mostra seu ato de responsabilidade com
o planeta quando incentiva estudos nessa area, com a finalidade das sociedades
sustentaveis adotarem a preocupacao com o futuro. Tenham uma excelente leitura!

Tayronne de Almeida Rodrigues
Joéo Leandro Neto
Dennyura Oliveira Galvao
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CAPITULO 1

SYNTHESIS OF TRANSITION METAL NITRIDE AT LOW
TEMPERATURE FROM COMPLEXED PRECURSOR

Rayane Ricardo da Silva

Department of Graduation in Materials Science
and Engineering, Universidade Federal do Rio
Grande do Norte, Natal, Brazil.

Carlson Pereira de Souza

Department of Graduation in Chemical
Engineering, Universidade Federal do Rio Grande
do Norte, Natal, Brazil.

André Luis Lopes Moriyama

Department of Graduation in Chemical
Engineering, Universidade Federal do Rio Grande
do Norte, Natal, Brazil.

ABSTRACT: Niobium nitride (NbN)
nanomaterials were successfully synthesized
via gas solid reaction from oxalic niobium
precursor. The effects of synthesis conditions of
crystalline NbN, including reaction temperature,
reaction time and quantities of precursors, were
systematically investigated. The synthesized of
samples were characterized by X-ray diffraction
and scanning electron microscopy. It was
observed that with the increase of the flow rate
and isotherm time the phase change of niobium
oxide to niobium nitride occurs. We further
showed that reduction precursor mass favored
the formation single-phase of the NbN. The
morphology of the calcined powders consists
of agglomerated nanoparticles 30 to 60 nm
crystallite size.
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11 INTRODUCTION

Transition metal nitrides have special
physical and chemical properties that make
them promising candidates for new technical
applications. Among these nitrides, the niobium
nitride stands out due to its high hardness,
wear resistance, melting point and electrical
conductivity [1,2].

Different methods are cited at literature to
preparation the niobium nitride, as the mixture
of metal chloride and sodium nitrate using the
reaction technique on autogenous pressure and
high temperature (RAPET) [3], sintering of the
powder with temperature above 1300°C [4],
benzene-thermal reaction of NbCl, and NaN,
in autoclave [5] and using amorphous niobium
pentoxide under the ammonia gas flow [6].

In this present study, we propose a new
method of synthesis with the use of nontoxic
gases, not yet reported in the literature for
the production of nitrites. Niobium nitride was
synthesized from the niobium oxalic complex.
The use of this precursor was proposed
because of its greater reactivity compared to the
commercial niobium pentoxide. The synthesis
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conditions interfered in the crystalline structure of the produced niobium nitride, in the
grain size and in the purity related to the presence of its oxides.

2| MATERIALS AND METHODS

2.1 Synthesis of the niobium oxalic precursor

The hydrated ammonium tris(oxalate) oxyniobate precursor was used as the main
reagent for the synthesis of niobium nitride. For the precursor’s preparation, initially the
mixture of the Nb,O, (99,99%, CBMM, Brazil) and KHSO, (99%, Synth) powders at
1:7wt. ratio was melted. The product fused was triturated and then kept under stirring
and heating (65°C) in deionized water and Nb,O,-nH,O was formed. Subsequently, the
material was filtered and washed with hot water to remove the potassium and sulfate
ions. Then, the material was dissolved in an equimolar mixture of oxalic acid (99%,
Synth) and ammonium oxalate (99%, Synth) at 1:3wt. ratio, under continuous heating
until total evaporation of water. The resulting white powder was then dried in the oven
for 24h at 80°C [7].

2.2 Synthesis of niobium nitride

The H, was used as reducing gas, N, as nitrogen source gas, and argon (Ar) the
balance. The reaction between the precursor and the gases (H,+N,) was held on a
fixed bed reactor placed inside a resistive furnace. A known amount of the precursor
(1g or 2g) was used. The furnace was set to heat to 1100°C for 180min and 300min at
a rate of 10°C.min"", and the reacting mixture of gases containing 53% N, and 47% H,
passed through the reactor on a flow set from 19.2L.h"" to 57.6L.h"'. After the reaction,
the powder was allowed to cool to room temperature under a flow of Ar in substitution
to the reacting gases.

2.3 Characterization of the materials obtained

Thermogravimetric and differential thermal analysis were performed on SDT-600
TAinstrument. The sample was heated from room temperature to 800°C on a 10°C.min-
' rate under 50ml.min"" of nitrogen flow. The samples crystalline structure was recorded
by a Shimadzu-7000 XRD x-ray diffractometer equipped with CuKa radiation (30mA,
30kV, A=1,5418A). Morphologic characterization was held on a Vega 3 TM scanning
electron microscopic (SEM) using 15kV.

31 RESULTS AND DISCUSSION

Thermogravimetric curve of the precursor in Fig.1 (a) show two small mass

Meio Ambiente, Sustentabilidade e Agroecologia 4 Capitulo 1



losses at 90°C and 175°C which correspond to typical dehydration, that are normally
associated with recrystallization. From 175°C to 320°C occurs the greater loss of mass
(approximately 42% of total loss of mass experienced by the precursor). That loss of
mass takes place in two distinct rates that are easily identified by the two peaks on the
derivative thermogravimetric curve. Those peaks point to the temperatures of 210°C
and 255°C as the temperature of maximum rate of loss of mass. The first peak is
attributed to the liberation of gaseous ammonia, and the second to CO/CO, liberation,
as expected,

2[(NH,),NbO(C,0,),H,0] — Nb,O, + 6NH, + 6CO, + 6CO + 5H,0 (1)

However, this step is not the decomposition of the precursor [8]. Then, this event
is a desorption of the CO, gas, which was produced at low temperature and was
adsorbed on the surface of the material. In the temperature above 610°C, correspond
to stability and formation of the precursor. Further on, no other weight loss event can
be noted, and one can say that all volatile matter was eliminated.
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Fig. 1. (a) TG/DTG and (b) XRD for the oxalic niobium precursor.

The X-ray powder diffraction pattern of the precursor is shown in Fig. 1 (b). The
XRD pattern presents several intense peaks, characteristic of crystalline materials,
while presenting also an amorphous part [9].

In the synthesis of nanocrystalline NbN through the gas solid reaction using the
precursor, influencing factors of the reaction have been studied. Fig. 2 shows the XRD
patterns of samples synthesized at various parameters listed in Table 1.

Sample Time (min) Total Flow (L.h) Mass Precursor (g)
Al 300 57.6 1
A2 300 57.6 2
A3 300 32 2
A4 300 19.2 2
A5 180 19.2 2

Table 1. Condition of the reaction parameters
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Fig. 2. XDR pattern for the niobium nitride.

Fig.2 (A1) shows the graph with lower precursor mass. It is possible to observe
the absence of the niobium dioxide and the single-phase formation of the NbN
hexagonal phase in accordance with pattern N°.03-065-3417. This process can be
explained because the reaction depends on the diffusion of the gases that come in
and out powder layer. Therefore, the gas passage time in the sample will be less and
the decomposition-reduction process will have a complete conversion of the niobium
dioxide into niobium nitride.

Fig.2 (A2) shows the sample XRD pattern with increasing precursor mass. It was
verified that the growth of the niobium dioxide phase, however, the NbO, and NbN
phases coexist in the sample. The position of the peak (26=25.98°) refers to niobium
dioxide with tetragonal structure according to XRD pattern No.01-824-1142.

Fig.2 (A3) shows the sample XRD pattern with gaseous flow reduction. It was
verified the appearance of the cubic phase in the structure (No.01-074-1218) and the
increase in the intensity of the niobium dioxide. This indicates that the formation of the
single-phase NbN cannot be completed under this condition with a flow of 32L.h".

In Fig.2 (A4) is shown characteristics peaks of niobium nitride with cubic structure
and niobium dioxide during 300 min. Fig.2 (A5) shows the peaks representing the
reaction for 180 min. It is important to note that the diffraction patterns of Fig.2 (A4) and
(A5) present similar crystalline structure, but the intensity of the XRD peaks reduced
with the processing time indicating to a smaller amount of the nitride phase [10].
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The crystallite size was calculated from the XRD data by the Scherrer equation:
KA (2)

" B-cos@

Where D is the size of the crystallite, K is the shape correction factor (1), A is the
wavelength used, 0 is the Bragg diffraction angle measured hkl peak and 3 represent
the FWHM (Full width at half maximum) in radians on the 26 scale. The crystallite
size of nanoparticles of the niobium nitride presented a value from 30 to 60 nm with
increase the isotherm time.

The optimum conditions for NbN formation are the both highest flow rate and
isotherm time using 1g of the precursor. It was observed the presence of NbO, at flow
rates lower than 56.7 L.h"'. The reduction of the precursor mass was very important,
once it accelerated the diffusion kinetics and allowed the formation of the crystalline
phase NbN without impurities [11].

The nitriding reactions to NbN formation occur in two steps. In the first one the
precursor reduction leads to obtaining of niobium dioxide and the second involves the
formation of niobium nitride with a reaction between NbO, and nitrogen, according to
the following chemical equations:

Nb,O, + 3H, — 2NbO, + 3H,0 (3)
NbO, + N, — NbN + NO, (4)

The morphology of the niobium nitride obtained under the optimum conditions of
synthesis is shown in Fig. 3. It is observed that the resulting powder presents a cluster
of particles and varied sizes, consisting of some crystallites with quadratic formats.
The SEM images amplified at 100kx show agglomerated grains with linear angles and
quadratic formats that consist of small particles in nanoscale.

Fig. 3. SEM images of the niobium nitride, (a) 50kx and (b) 100kx.

4|1 CONCLUSION

The studied synthesis’ method has proved to be effective to produce the niobium
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nitride. In this process, hexagonal-phase NbN can be obtained by the nitridation of
oxalic niobium precursor powder in N2 e H2 flow gas. NbN powders with particle
sizes in the range of 30—60 nm has been obtained. Prolonging the nitridation time and
increasing the nitridation flow rate are successful in obtaining NbN powder. However,
the precursor mass reduction is beneficial to obtaining of the high purity material.

ACKNOWLEDGEMENTS

This study was financed in part by the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior — Brasil (CAPES) — Finance Code 001 and to the Graduate
Program in Materials Science and Engineering (PPGCEM-UFRN).

REFERENCES

U.A. Joshi, S. Hyun, J. Sung, Low-temperature , solvent-free solid-state synthesis of single-crystalline
titanium nitride nanorods with different aspect ratios, J. Solid State Chem. 178 (2005) 755-760.
doi:10.1016/j.jssc.2004.12.032.

Q. Zhang, L. Gao, Ta 3 N 5 Nanoparticles with Enhanced Photocatalytic Efficiency under Visible Light
Irradiation, Langmuir. 20 (2004) 9821-9827. doi:10.1021/1a048807i.

P.P.G./£.A. Gedanken, £.S.B. Makhlouf, I.G.AE.A.M./E.R. Abu-mukh, Synthesis and characterization
of titanium nitride , niobium nitride , and tantalum nitride nanocrystals via the RAPET ( reaction under
autogenic pressure at elevated temperature ) technique, J. Nanoparticle Res. 11 (2009) 995-1003.
doi:10.1007/s11051-008-9550-5.

M. Miki, T. Yamasaki, O. Yoshikiyo, Preparation of Nanocrystalline NbN and (Nb,Al)N Powders by
Mechanical Alloying under Nitrogen Atmosphere, Mater. Trans. 33 (1992) 839-844.

J. Ma, Y. Du, Y. Qian, Low-temperature synthesis of nanocrystalline niobium nitride via a benzene-
thermal route, J. Alloys Compd. 389 (2005) 296—298. doi:10.1016/j.jallcom.2004.08.004.

Y. Li, L. Gao, Synthesis and Characterization of Nanocrystalline Niobium Nitride Powders, J. Am.
Ceram. Soc. 7 (2003) 1205—-1207.

F.F.P. Medeiros, A.G.P. Silva, C.P. De Souza, Synthesis of niobium carbide at low temperature and its
use in hardmetal, Powder Technol. 126 (2002) 155—-160.

F.F.P. Medeiros, M.F. V Moura, A.G.P. Silva, C.P. Souza, K.K.P. Gomes, U.U. Gomes, THE THERMAL
DECOMPOSITION OF MONOHYDRATED AMMONIUM OXOTRIS ( OXALATE ) NIOBATE, Brazilian
J. Chem. Eng. 23 (2006) 531-538.

L. Lu, V. Sahajwalla, C. Kong, D. Harris, Quantitative X-ray diffraction analysis and its application to
various coals, Carbon N. Y. 39 (2001) 1821-1833.

Y. Ufuktepe, A. Hassan, S. Kimura, T. Hajiri, G. Myneni, H.E. Elsayed-ali, Structural , electronic , and
mechanical properties of niobium nitride prepared by thermal diffusion in nitrogen, Mater. Chem. Phys.
141 (2013) 393-400.

F.F.P. De Medeiros, A.G.P. Silva, C.P. De Souza, U.U. Gomes, Int . Journal of Refractory Metals &
Hard Materials Carburization of ammonium paratungstate by methane : The influence of reaction
parameters, Int. J. Refract. Met. Hard Mater. 27 (2009) 43—47. doi:10.1016/j.ijrmhm.2008.03.001.

Meio Ambiente, Sustentabilidade e Agroecologia 4 Capitulo 1



INPI. Instituto Nacional da Propriedade Industrial (Natal, RN). Rayane Ricardo da Silva. Processo
de obtencao de nitreto de nidbio através de reacao gas-soélido com nitrogénio em pressao
atmosférica. Patente: Privilégio de Inovagéo. Nimero do registro: BR 1020180041495. Deposito:

01/03/2018.

Capitulo 1

Meio Ambiente, Sustentabilidade e Agroecologia 4



SOBRE OS ORGANIZADORES

TAYRONNE DE ALMEIDA RODRIGUES: Fil6sofo e Pedagogo, especialista em
Docéncia do Ensino Superior e Graduando em Arquitetura e Urbanismo, pela Faculdade
de Juazeiro do Norte-FJN, desenvolve pesquisas ha area das ciéncias ambientais, com
énfase na ética e educacdo ambiental. E defensor do desenvolvimento sustentavel,
com relevantes conhecimentos no processo de ensino-aprendizagem. Membro efetivo
do GRUNEC - Grupo de Valorizagdo Negra do Cariri. E-mail: tayronnealmeid@gmail.
com ORCID: https://orcid.org/0000-0001-9378-1456

JOAO LEANDRO NETO: Filésofo, especialista em Docéncia do Ensino Superior e
Gestao Escolar, membro efetivo do GRUNEC. Publica trabalhos em eventos cientificos
com temas relacionados a pesquisa na construcao de uma educacéao valorizada e
coletiva. Dedica-se a pesquisar sobre métodos e comodidades de rela¢do investigativa
entre a educacao e o processo do aluno investigador na Filosofia, trazendo discussdes
neste campo. Também é pesquisador da arte italiana, com ligagao na Scuola de Lingua
e Cultura — Italia. Amante da poesia nordestina com direcionamento as condicdes
historicas do resgate e do fortalecimento da cultura do Cariri. E-mail: joaoleandro@
gmail.com ORCID: https://orcid.org/0000-0003-1738-1164

DENNYURA OLIVEIRA GALVAO: Possui graduacdo em Nutricdo pela Universidade
Federal da Paraiba, mestrado pela Universidade Federal do Rio Grande do Norte e
doutorado em Ciéncias Biologicas (Bioguimica Toxicologica) pela Universidade Federal
de Santa Maria (2016). Atualmente é professora titular da Universidade Regional do
Cariri. E-mail: dennyura@bol.com.br LATTES: http://lattes.cnpq.br/4808691086584861

Meio Ambiente, Sustentabilidade e Agroecologia 4 Sobre os Organizadores m




Agéncia Brasileira do ISBN
ISBN 978-85-7247-330-9

97788572

473309





