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Resumo

Abreu, Marco Antonio Santos; Marinkovic, Bojan. Sintese e
caracterizacdo de nanomateriais a base de TiO; e seu uso no abatimento
fotocatalitico de NOy. Rio de Janeiro, 2010. 116p. Dissertacdo de Mestrado
- Departamento de Engenharia dos Materiais, Pontificia Universidade
Catdlica do Rio de Janeiro.

A sintese de nanomateriais com morfologia unidimensional 1-D a base de
TiO; recebeu um grande impulso a partir de 1998, depois da introducdo da rota
hidrotérmica alcalina a partir de éxidos de titanio. Dezenas de publicacbes logo se
seguiram, ndo apenas devido a simplicidade desta rota de sintese, dispensando o
uso de templates, mas também pelas propriedades fisico-quimicas que este novo
material apresentava, tais como: alta area superficial, facilidade de troca i6nica e
propriedades de semicondutor. Nos Ultimos anos os nanomaterias (nanotubos e/ou
nanofitas) com estrutura lamelar de titanato (H,TizO;) obtidos por esta rota, como
também os nanomateriais (nanobastdes e nanoparticulas) a base de TiO;
resultantes dos seus pos-tratamentos, térmico (calcinacdo) e acido, passaram a ser
considerados e otimizados para aplicacdes fotocataliticas. O presente trabalho teve
como objetivo investigar a sintese e a aplicacdo de tais materiais na degradagéo
fotocatalitica de poluentes gasosos (ex. NOy), a qual poderia vir a ser empregada
em unidades de craqueamento catalitico fluido (UFCC), pois tal processo é a fonte
individual que mais emite NOx em uma refinaria e, portanto, de grande interesse
da industria do petroleo para reduzir o nivel de emissdes gasosas. Os materiais
foram sintetizados em escala laboratorial e caracterizados por difragéo de raios-X,
microscopia eletrénica de transmissdo, difracdo de elétrons, anélise
termogravimétrica, adsorcdo de nitrogénio, fluorescéncia de raios-X, andlise
elementar para enxofre, fotometria de chama e técnicas espectroscopicas de
infravermelho e de refletancia difusa no UV-Visivel. A atividade fotocatalitica foi
testada em uma unidade experimental para abatimento de NO acoplada a um

cromatografo gasoso com espectrdmetro de massas. Verificou-se que o
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nanomaterial na forma de nanotubos de H,Ti3O7, obtido pela rota hidrotérmica
alcalina e protonizado ap6s lavagem 4&cida, ndo apresenta boa atividade
fotocatalitica para degradacdo de NO apesar de sua alta area superficial, enquanto
que seus derivados pds-tratados por calcinacdo apresentam boa atividade
fotocatalitica. Isto se deve, entre outros fatores, a mudanca de fases onde a 450°C
tem-se nanobastBes de anatasio com pequenas quantidades de TiO,(B) e a 550°C
apenas nanobastdes de anatasio estdo presentes. Em relacdo aos materiais pos-
tratados com 4&cido somente aqueles que tiveram conversdo completa para
anatéasio apresentaram boa atividade fotocatalitica. A amostra mais ativa para a
degradacéo fotocatalitica foi a chamada A5, que foi calcinada a 550°C e formada
de nanobastGes, tendo sido mais ativa que seu par, também de fase anatasio, mas
obtido por tratamento acido e formado de nanoparticulas na forma de bi-pirdmide
truncada. A morfologia dos nanobastdes de anatasio no primeiro caso desenvolveu
facetas no plano (001) com consideravel extensdo e energia superficial, mais alta
gue os planos (101) encontrados predominantemente nas nanoparticulas de
anatasio bi-piramidal (encontradas no segundo caso), é possivel que essa diferenca
explique as diferentes atividades fotocataliticas. O SO remanescente nas
amostras de anatasio que sofreram tratamento acido foi dependente do pH de
tratamento com H,SO4, e pode ser uma possivel explicacdo para a menor
atividade fotocatalitica das amostras de anatasio de alta area superficial, uma vez
que os radicais hidroxila na superficie podem ser prejudicados na reacdo com NO
adsorvido. As atividades de todas as amostras foram comparadas com a atividade
do padrdo comercial P-25 da Degussa (anatasio 70% : rutilo 30%). A atividade da
amostra A5 com a morfologia de nanobastBes é ~20% mais alta que a do padrdo
comercial P-25.

Palavras-chave
Nanomateriais; Sintese Hidrotérmica; TiO,; Fotocatalise de NOsy.
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Abstract

Abreu, Marco Antonio Santos; Marinkovic, Bojan (Advisor). Synthesis and
characterization of TiO, based nanomaterials and their use in
photocatalytic degradation of NOy gases. Rio de Janeiro, 2010. 116p.
MSc. Dissertation - Departamento de Engenharia dos Materiais, Pontificia
Universidade Catolica do Rio de Janeiro.

The development of TiO, based 1-D nanomaterials received a significant
stimulus since alkali hydrothermal process has been proposed as a new template-
free method for obtaining nanotubes and/or nanobelts with high surface area. This
new nanomaterial offers a novel combination of chemistry, morphology,
structural, physical and chemical properties. From the structural point of view,
they are layered titanates with general chemical formula H,TizO;. Due to their
high surface area and semiconductor properties these new 1-D nanomaterials have
been studied in photocatalytic applications for the degradation of liquid and/or gas
pollutants. At the same time 1-D nanostructure titanates are being considered as
potential precursors for further development of novel TiO, based photocatalytic
nanomaterials through thermal and/or soft-chemical (acid) post-treatments. The
study presented here aims at the development of active TiO, based nanomaterials
capable of photo-oxidative degradation of NOy, which are of potential interest for
petroleum refineries since they are one of the main industrial sources of NOy
pollution and because environmental regulations tend to become more and more
rigid. Titanate nanotubes have been synthesized by submitting a commercial
anatase powder to a selected alkaline hydrothermal condition, followed by acid
washing of the precipitate. The as-prepared titanate nanotubes (TTNT) were post-
treated, either through calcination in air or by aging in the presence of sulfuric
acid, in order to produce different TiO, based nanomaterials. These have been
thoroughly characterized by X-ray powder diffraction, transmission electron
microscopy, selected area electron diffraction, thermogravimetric analysis, BET
analysis, diffuse-reflectance UV-Vis spectroscopy, infra-red spectroscopy and
elementary analysis for sulphur, while their photocatalytic activity have been

evaluated by flowing NO (100 ppm in He) through a photo-reactor equipped with
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three UV lamps attached to a Gas chromatograph / Mass spectrometer system.
Despite its high surface area and typical optical properties of semiconductors, the
as synthesized titanate nanotubes (H,TizO7) proved to be poor photocatalysts for
the degradation of NO. In contrast, some of their derivatives obtained through
thermal and acid post-treatments showed promising photocatalytic activities. In
the case of the heat treated samples, the improved photocatalytic activity was due
to the phase transition into TiO, phases occurring above 350°C and that resulted
in the formation of anatase nanorods. For the acid treated samples exhibiting high
photocatalytic activities a complete phase transformation into anatase was verified
as well. Therefore, anatase was the predominant phase for all good photocatalysts
prepared in this study. The most active anatase sample in the study (named A5)
was the one formed of nanorods obtained by calcining the precursor TTNT at
550°C. Its counterpart obtained via acidic treatment with similar chemical
composition and surface area but constituted of truncated bipyramidal
nanoparticles, was less active. The rod-like morphology of anatase in the former
case developed (001) facets with considerable extension and the higher surface
energy of its prevailing (001) planes relative to the (101) planes predominantly
found in the truncated bipyramidal anatase nanoparticles (synthesized in the
second case), was suggested to explain the differences in their photocatalytic
activity. The remaining SO,% content in the other anatase samples derived from
acidic aging was dependent on the pH of the H,SO, treatment and was assigned as
a possible explanation for the lower photocatalytic activity of the high surface
anatase samples obtained via this route, since it might be impairing surface
hydroxyl radicals to react with the adsorbed NO. The photocatalytic activity of all
samples has been compared to the activity of the commercial TiO2 P-25
(Degussa) which is considered a benchmark photocatalysts. The sample A5
presented 20% higher photocatalytic activity for NO degradation as compared to
P-25.

Keywords
Nanomaterials; Hydrothermal Synthesis; TiO,; Photocatalysis of NO.
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