
   100 

7. Referências Bibliográficas 

[1] IJIMA, S., "Helical microtubules of graphitic carbon," Nature, vol. 354, 

no. 7, pp. 56-58, 1991. 

[2] BYRNE, M. et al, "Chemical functionalisation of titania nanotubes and 

their utilisation for the fabrication of reinforced polystyrene 

composites," Journal of Materials Chemistry, vol. 17, p. 2351, 2007. 

[3] D'ALMEIDA, J.R., Doutor em Ciência dos Materiais e Metalurgia. 

[4] SCHADLER, L., KUMAR, S., BENICEWICZ, B., "Designed Interfaces 

in Polymer Nanocomposites: A Fundamental Viewpoint," MRS 

Bulletin, vol. 32, pp. 335-340, 2007. 

[5] GHAHREMANI, F., "Effect of grain boundary sliding on anelasticity of 

polycrystals," International Journal of Solids and Structures, vol. 16, 

pp. 825-845, 1980. 

[6] BENVENISTE, Y, "The effective mechanical behaviour of composite 

materials with imperfect contact between the constituents.," 

Mechanics of Materials, vol. 4, pp. 197-208, 1985. 

[7] MURA, T., JASIUK, I., "The stress field of a sliding inclusion," 

International journal of solids and structures, vol. 21, pp. 1165-1179, 

1985. 

[8] ACHENBACH, J., "Effect of interfacial zone on mechanical behavior 

and failure of fiber-reinforced composites," Journal of the Mechanics 

and Physics of Solids, vol. 37, pp. 381-393, 1989. 

[9] ACHENBACH, J., ZHU, H., "Effect of Interphases on Micro and 

Macromechanical Behavior of Hexagonal-Array Fiber Composites," 

Journal of Applied Mechanics, vol. 57, pp. 956-963, 1990. 

[10] HASHIN, Z., "Thermoelastic properties and conductivity of 

carbon/carbon fiber composites," Mechanics of Materials, vol. 8, pp. 

DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   101 

293-308, 1990. 

[11] HASHIN, Z., "The Spherical Inclusion With Imperfect Interface," 

Journal of Applied Mechanics, vol. 58, p. 444, 1991. 

[12] NIE, S., BASARAN, C., "A micromechanical model for effective elastic 

properties of particulate composites with imperfect interfacial bonds," 

International Journal of Solids and Structures, vol. 42, pp. 4179-4191, 

2005. 

[13] BASARAN, C., "Influence of Interfacial Bond Strength on Fatigue Life 

and Thermo-Mechanical Behavior of a Particulate Composite: An 

Experimental Study," International Journal of Damage Mechanics, vol. 

17, pp. 123-147, 2007. 

[14] ASHBY, M., FERREIRA, P. J., Nanomaterials, Nanotechnologies and 

Design - An Introduction for Engineers and Architects. USA, 2009. 

[15] KRALOVA et al, "Preparation of gram quantities of high-quality 

titanate nanotubes and their composites with polyamide 6.," Materials 

Chemistry and Physics, vol. 124, pp. 652-657, 2010. 

[16] GUPTA et al , Polymer Composites Handbook. USA, 2010. 

[17] CALLISTER, WILLIAM D., Materials Science and Engineering - An 

Introduction. USA, 2007. 

[18] KOJIMA and et al, "Mechanical properties of nylon 6-clay hybrid," 

Journal of Materials Research, vol. 8, no. 5, pp. 1185-1189, 1993. 

[19] OZDILEK et al "A study of the thermo-mechanical behavior of 

Boehmite-polyamide-6 nanocomposites," Thermochimica Acta, vol. 

472, no. 1-2, pp. 31-37, 2008. 

[20] LIU, T., "Preparation and characterization of nylon 11/organoclay 

nanocomposites," Polymer, vol. 44, no. 12, pp. 3529-3535, 2003. 

DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   102 

[21] HAMMING et al, "Effects of dispersion and interfacial modification on 

the macroscale properties of TiO(2) polymer matrix nanocomposites.," 

Composites science and technology, vol. 69, no. 11-12, pp. 1880-

1886, 2009. 

[22] GENG et al, "Effects of surfactant treatment on mechanical and 

electrical properties of CNT/epoxy nanocomposites," Composites Part 

A: Applied Science and Manufacturing, vol. 39, no. 12, pp. 1876-1883, 

2008. 

[23] EMRI et al, "Structural and Mechanical Properties of Polystyrene 

Nanocomposites With 1D Titanate Nanostructures Prepared by an 

Extrusion Process," Polymer, pp. 1-8, 2008. 

[24] KASUGA et al, "Formation of Titanium Oxide Nanotube," Society, vol. 

7463, no. 5, pp. 3160-3163, 1998. 

[25] BAVYKIN, D., "Protonated Titanates and TiO2 Nanostructured 

Materials: Synthesis, Properties, and Applications," Advanced 

Materials, vol. 18, no. 21, pp. 2807-2824, 2006. 

[26] BAVYKIN, D., WALSH, F., Titanate and Titania Nanotubes Synthesis, 

Properties and Applications. UK: Royal Society of Chemistry, 2010. 

[27] CHEN et al, "Trititanate Nanotubes Made via a Single Alkali 

Treatment," Advanced Materials, vol. 14, no. 17, pp. 1208-1211, 

2002. 

[28] DU et al, "Preparation and structure analysis of titanium oxide 

nanotubes," Applied Physics Letters, vol. 79, no. 22, p. 3702, 2001. 

[29] MORGADO et al, "A study on the structure and thermal stability of 

titanate nanotubes as a function of sodium content," Solid State 

Sciences, vol. 8, no. 8, pp. 888-900, 2006. 

[30] UMEK et al, "Structural and Mechanical Properties of Polystyrene 

Nanocomposites With 1D Titanate Nanostructures Prepared by an 

DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   103 

Extrusion Process," Polymer, pp. 1-8, 2008. 

[31] SHI et al, "Preparation of poly(ɛ-caprolactone) grafted titanate 

nanotubes," Polymer, vol. 48, no. 26, pp. 7516-7522, 2007. 

[32] KRISHNASWAMI, R. (2003) Chapter 1 Introduction to Surfactants. 

[Online]. dspace.rri.res.in/bitstream/2289/3509/7/Chapter_1.pdf 

[33] CHENG et al, "Surfactant-assisted polypyrrole/titanate composite 

nanofibers: Morphology, structure and electrical properties," Synthetic 

Metals, vol. 158, no. 21-24, pp. 953-957, 2008. 

[34] ADAMSON, A. W., Physical Chemistry of Surfaces , 3rd ed., John 

Wiley & Sons, Ed., 1976. 

[35] SHAW, D., Introdução à Química de Coloides e de Superfície, 

Universidade de São Paulo, Ed., 1975. 

[36] RUBIO, S. PÉREZ-BENDITO, D.,"Supramolecular assemblies for 

extracting organic compounds," TrAC Trends in Analytical Chemistry, 

vol. 22, no. 7, pp. 470-485, 2003. 

[37] SCHRAMM, L., Surfactants: fundamentals and applications in the 

petroleum industry., 2000. 

[38] ROSEN, M. J., "Characteristic features of surfactants," Surfactants 

and Interfacial Phenomena, pp. 1-33, 1989. 

[39] MINATTI, E., Interação entre polímeros e surfactantes, 1998, UFSC, 

Florianópolis. 

[40] CHISTYAKOV, B., "Theory and practical application aspects of 

surfactants," Studies in Interface Science, 2001. 

[41] NETZ, P., ORTEGA, G., Fundamentos de físico-química: uma 

abordagem conceitual para as ciências farmacêuticas. Sistemas 

dispersos, 1st ed., Artmed, Ed., 2002. 

file:///I:/dspace.rri.res.in/bitstream/2289/3509/7/Chapter_1.pdf
DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   104 

[42] FLORENCE, A. T., ATTWOOD, D., Princípios Físico-Químicos em 

Farmácia, 3rd ed. São Paulo: EDUSP, 2003. 

[43] GREENWOOD, R., "Review of the measurement of zeta potencial in 

concentrated aqueous suspension using electroacoustics," Advanced 

in Colloid and Interface Science, vol. 106, pp. 55-81, 2003. 

[44] ABDOU, H. M., "The science and practice of pharmacy.," Easton: 

Mack Publishing Company, vol. 1, pp. 593-604, 1995. 

[45] HONGYUN et al, "Cetyltrimethylammonium bromide-coated titanate 

nanotubes for solid-phase extraction of phthalate esters from natural 

waters prior to high-performance liquid chromatography analysis," 

Journal of chromatography, vol. 1172, no. 2, pp. 113-20, 2007. 

[46] CHANDA, M., ROY, S., Plastics Technology Handbook.: 

Taylor&Francis Group, 2007. 

[47] NOVAES, J.P.Z., "Avaliação do comportamento dinâmico e evolução 

estrutural das poliamidas 6 e 11 em diferentes estágios de 

envelhecimento," Dissertação de Mestrado, Universidade Federal do 

Rio de Janeiro, 2005. 

[48] WEI et al, "Self-assembly of cetyl trimethylammonium bromide in 

ethanol-water mixtures," Frontiers of Chemistry in China, vol. 1, no. 4, 

pp. 438-442, 2006. 

[49] KHAN et al, "Determination of critical micelle concentration (Cmc) of 

sodium dodecyl sulfate (SDS) and the effect of low concentration of 

pyrene on its Cmc using ORIGIN software," Chemical Society of 

Pakistan, vol. 30, no. 2, pp. 186-191, 2008. 

[50] MORGADO, E., "Estudo de titanatos nanoestruturados obtidos por 

tratamento hidrotérmico de óxido de titânio em meio alcalino," Tese 

de Doutorado, 2007. 

DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   105 

[51] MORGAN et al, "Determination of a morphological phase diagram of 

titania/titanate nanostructures from alkaline hydrothermal treatment of 

Degussa P25," Chem.Mater, vol. 20, pp. 3800-3802, 2008. 

[52] PONTÓN, P., "Funcionalização de nanotubos de titanato e sua 

aplicação como reforço de nanocompósitos de matriz náilon-11," 

Dissertação de Mestrado, 2013. 

[53] GENG et al, "Effects of surfactant treatment on mechanical and 

electrical properties of CNT/epoxy nanocomposites," Composites Part 

A: Applied Science and Manufacturing, vol. 39, no. 12, pp. 1876-1883, 

2008. 

[54] LIU et al, "Microstructure evolution in polyamide PA11 under small 

uniaxial extension.," Polymer, vol. 43, pp. 6839-6851, 2002. 

 

  

DBD
PUC-Rio - Certificação Digital Nº 1111809/CB

DBD
PUC-Rio - Certificação Digital Nº 1111809/CA



   106 

Anexo A 

 

 

Figura 54: Gráfico da tensão de escoamento versus % em peso de TTNTs com barras 

de erro. 

 

Figura 55: Gráfico da deformação no escoamento versus % em peso de TTNTs com 

barras de erro. 
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Figura 56: Gráfico da tensão de ruptura versus % em peso de TTNTs com barras de erro. 

 

 

Figura 57: Gráfico da deformação na ruptura versus % em peso de TTNTs com barras 

de erro. 
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Figura 58: Gráfico do módulo de elasticidade versus % em peso de TTNTs com barras 

de erro. 

 

A Figura 59 apresenta a curva obtida com a análise termogravimétrica para 

o Nylon 11 puro. 

 

 

Figura 59: Curva obtida com a análise termogravimétrica para o Nylon 11 puro. 
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A Figura 60 apresenta a curva obtida com a análise termogravimétrica para 

o compósito de Nylon 11 com 2% em peso de TTNTs/CTAB. 

 

 

Figura 60: Curva obtida com a análise termogravimétrica para o 

compósito de Nylon 11 com 2% em peso de TTNTs/CTAB. 
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