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RESUMO

O desenvolvimento de novos materiais com propriedades distintas (&cido-base,
compositos, hibridos, entre outros) aliado em um unico produto podem apresentar um
desempenho relevante quanto a aplicacdo em processos de catéalise. A hidrotalcita
caracterizada por possuir alta area superficial e carater basico, e a hidroxiapatita por possuir
capacidade de troca i6nica e carater anfotero, podem ser sintetizadas como unico material
com potencial catalitico para a reacdo de transesterificacdo do 6leo de soja, esta coexisténcia
de fases em um Unico material representa uma nova forma de sintese com a vantagem de
utilizar uma rota eficiente, de baixo custo e com diminui¢do no processo energético. Neste
contexto, o objetivo geral deste trabalho é a sintese do material HT-HAp utilizando o método
de co-precipitacdo e homogeneizacdo em banho ultrassénico (2h/40°C), pH =10,
envelhecimento (24h), filtragem e secagem (24h/80°C). Os materiais foram sintetizados
variando a razdo molar Mg/Al = 3, 1 e 0,33 e mantendo a razdo Ca/P = 1,67. Para efeito de
comparagdo foram sintetizados os materiais HT e HAp e calcinado o material com razéo
Mg/Al = 3 a temperaturas de 500 °C e 900 °C. Os ensaios cataliticos foram realizados nas
seguintes condicdes reacionais: Tempo (4h), Temperatura (180°C), razé&o 6leo: lcool (1:12)
e 2,5% p/p do material. A caracterizacdo fisico quimica foi realizada por diferentes
técnicas analiticas: Difracdo de Raios X (DRX), Espectroscopia na Regido do
Infravermelho (FTIR), Microscopia eletrénica de varredura (MEV), analise quimica por
EDS, Andlise Térmica (TGA/DTA), Analise Superficial (BEHT/BHJ). A atividade
catalitica foi analisa pela aplicacdo dos testes de Hammett (Qualitativa e Quantitativo) e
Ressonancia Magnética Nuclear de Hidrogénio (RMN !H). O espectro de DRX
apresentou os planos basais tipicos da fase HT (003) (006) (009) (110) (113) e da fase
HAp (002) (211) (300) (202) (213) (222), na razdo Mg/Al = 1 e 0,33 houve o
aparecimento da manasseita, politipo da hidrotalcita. Os parametros de rede e o Volume
da cela unitaria calculados foram caracteristicos das fases identificadas. A HT e HAp
apresentaram morfologia lamelar e granular, e nos materiais HTHAp ha presenca de
ambas as formas. As fases HT e HAp presentes nos materiais HTHAp apresentaram
razdes catidnicas de Mg/Al ~ 2 e Ca/P ~ 1,5, respectivamente. O espectro FTIR registrou
as bandas caracteristicas da HT e da HAp (OH", CO3%, POs* e a H,0). Os materiais

apresentaram eventos de perda de massa endotérmico, com aparecimento de picos



exotérmicos no material 0,33HTHAp, foram registados os eventos de desidratacao,
desidroxilacdo e descarbonatacdo. Os materiais apresentaram carater basico na faixa de
pKgh entre 6,8 e 9,8. Todos os materiais apresentaram a conversdo do 6leo de soja em

mono ésteres (biodiesel) e no material LHTHAp foi registrada a melhor taxa de conversao
(70%).
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ABSTRACT

The development of new materials with different properties (acid-base, composites,
hybrids, among others) allied in a single product can present a relevant performance
regarding the application in catalysis processes. The hydrotalcite characterized by high
surface area and basic character, and hydroxyapatite because of its ion exchange capacity
and amphoteric character, can be synthesized as the only material with catalytic potential
for the transesterification reaction of soybean oil. This coexistence of phases in a Single
material represents a new form of synthesis with the advantage of using an efficient route,
low cost and with a decrease in the energy process. In this context, the general objective
of this work is the synthesis of the HT-HAp material using the co-precipitation and
homogenization method in ultrasonic bath (2h / 40 ° C), pH = 10, aging (24h), filtration
and drying (24h/80 ° C). These materials were synthesized varying the molar ratio Mg /
Al =3, 1 and 0.33 and maintaining the Ca / P = 1.67 ratio. For comparison purposes the
HT and HAp materials were synthesized and the material with a Mg / Al = 3 ratio was
calcined at temperatures of 500 ° C and 900 ° C. The catalytic tests were performed under
the following reaction conditions: Time (4h), Temperature (180 ° C), oil: alcohol ratio
(1:12) and 2.5 % w/w material. The chemical physical characterization was performed by
different analytical techniques: X-ray diffraction (XRD), Infrared Region Spectroscopy
(FTIR), Scanning Electron Microscopy (SEM), EDS chemical analysis, Thermal
Analysis (TGA / DTA) and Superficial Analyses (BEHT / BHJ). The catalytic activity
was analyzed by the Hammett (Qualitative and Quantitative) and Hydrogen Nuclear
Magnetic Resonance (1H NMR) tests. The XRD spectrum showed the typical basal
planes of the HT phase (003), (009), (110) and (113) of the phase HAp (002) (211) (300),
(202), (213), (222), in the Mg / Al = 1 ratio and 0.33, there was the appearance of the
manasseite, a hydrotalcite politype. The cell parameters and unit cell volume calculated
were characteristic of the identified phases. The HT and HAp presented lamellar and
granular morphology, and in the HTHAp materials, there is presence of both forms. The
HT and HAp phases present in HTHAp materials presented cationic ratios of Mg / Al =
2 and Ca /P ~ 1.5, respectively. The FTIR spectrum recorded the characteristic bands of
HT and HAp (OH", COs*, POs* and H20). The materials presented events of loss of
endothermic mass, with appearance of peaks exotherm in the 0.33HTHAp material,
dehydration, dehydroxylation and decarbonation events attributed. The materials
presented a basic character in the pKBH range between 6.8 and 9.8. All materials showed



the conversion of soybean oil into monoesters (biodiesel) and in the ITHTHAp material

the best conversion rate (70%) was recorded.
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