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RESUMO

A combustdo de materiais organicos e particularmente do gas natural conduz a
formacao dos o0xidos de nitrogénio (NOx = NO e NO,; N,0) a partir de contetidos de
nitrogénio provenientes do ar de combustao e/ou de compostos derivados contidos no
combustivel. Os efeitos nocivos provocados pelas emissdes de NOx, sobre a satde
humana e o meio ambiente, vém contribuindo de forma alarmante para formacao de
0zOnio na troposfera e destruicdo de 0zonio na estratosfera. As implicagdes nos efeitos
de serra e restricdes nas regulamentacdes das emissdes de NOx vém conduzindo os
pesquisadores a estudarem novas técnicas de tratamento destes efluentes gasosos
industriais apdés a sua combustdo. Adicionalmente, a reagdo do NO, com 4agua,
formando acido nitroso, contribui de forma agressivo, provocando danos aos tecidos e
vias respiratorias dos seres humanos e animais. Sob esta otica, entendendo que o 6xido
nitroso estd muitas vezes solubilizado em agua, o presente trabalho propos estudar seu
processo de transformacgdo através da avaliacdo da cinética de redugdo de acido nitroso
(HNO,) por acido amino sulfamico (HSO;NH;) utilizando um reator mecanicamente
agitado. Para este fim, leva em conta os seguintes parametros operacionais: velocidade
de agitacdo, pH, temperatura, concentragdes iniciais dos dois reagentes (4cido nitroso e
acido amino sulfimico) envolvidos no processo e suas razdes estequiométricas.
Segundo o estudo realizado, a transformagdo do acido nitroso (Xa= 98,54%) ¢
favorecida em meio acido (pH < 2,5) obedecendo-se uma lei cinética de 1* ordem em
relacdo aos dois reagentes envolvidos na reacdo de redugdo. A avaliagdo do processo foi
realizada a partir de dois métodos de analises verificando-se a diferenca existente entre
a concentragao do nitrito, medida em fase liquida e calculada a partir da pressao relativa
de nitrogénio em fase gasosa. As medidas em fase liquida permitiram a determinagdo de
uma cinética mais representativa e intrinseca para o consumo de nitrito durante a reacao
de redugdo do acido nitroso. Através do método manométrico constatou-se a influéncia
da transferéncia de massa de nitrogénio da fase liquida para fase gasosa, permitindo
assim o desenvolvimento de um modelo heterogéneo, relacionado a producao de
nitrogénio, levando em conta os efeitos cinéticos associados aos da transferéncia de
massa gas-liquido. Valores encontrados para a constante de velocidade de reacdo

(0,0310s™) e para o coeficiente de transferéncia de massa gas-liquido (0,0069s™), a



i

partir dos experimentos, foram comparados com aqueles da literatura, tendo-se

encontrado valores de mesmas ordens de grandeza.

Palavras-Chave: Acido Nitroso, Acido Amino Sulfimico, Reacdo de Reducdo,
Modelagem Cinética, Transferéncia de Massa Gés-Liquido.
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ABSTRACT

The combustion of organic products, in particular, the natural gas, leads to the
generation of nitrogenated oxides (NOx = NO and NO;; N,O) from both sources, the
nitrogenous originated from the combustion air and nitrogenated compounds present in
the fuel. NOy emissions can damage the human health and environment. They have
been contributing widely to the formation of the ozone in the troposphere and also to its
destruction in the stratosphere (smog). The reaction of the NO, with water produce
nitrous acid that can harm both the skin and also the respiratory system of human and
animals. These facts together with the actual restrictions regulation of NOy emission,
have led researchers to develop new clean-up technologies in order to treat gaseous
industrial effluents comprised of NOx combustion products. In the light of this and the
fact that the nitrous oxides usually appears dissolved in water, the present work studied
the process of chemical transformation of the nitrous acid in aqueous solution through
the evaluation of the kinetic of nitrous acid (HNO,) reduction reaction by the amine
sulfamic acid (HSO3;NH;). A mechanically agitated reactor was used in this study. It
was investigated the effect on the reaction kinetic of the following operational
parameters: velocity of impeller, pH, temperature, reagents initial concentration and
stoichiometric ratio. According to this study, the nitrous acid transformation (Xa=
98,54%) 1s favoured in pH acid (< 2,5). The reaction follows a kinetic law of first order
in relation to the reagents. Two distinct methods of analyse were used to evaluate the
evolution of the process. They allowed to verify the discrepancy in the valour of the
nitrite concentration obtained in the liquid phase and that one in the gaseous phase by
means of the relative nitrogenous pressure. The nitrite concentration measured in liquid
phase led to a kinetic more representative e intrinsic for the consume of the nitrite
during the reduction reaction of the nitrous acid. Through the manometric method it was
verified the influence of the nitrogenous transference from the liquid phase to the
gaseous one. Thus, allowing the development of a heterogeneous model which includes
the production of nitrogenous and the effects of the gas-liquid mass transfer. The
empirical valours of both the reaction velocity constant (0.0310s™") and the gas-liquid
volumetric mass transfer coefficient (0.0069s"'), were compared with those from

literature. The same order of magnitude was found in both cases.
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