Engenharia de Materiais:
Definicoes, Atribuicoes e Mercado de Trabalho



Brainstorming:
O que espero ser como um profissional da area de
Engenharia de Materiais?
Em que area pretendo trabalhar?

Quais sdo as minhas responsabilidades (civil e criminal)?



Definicoes de Ciéncia dos Materiais

Materials Science is based on the physics and chemistry of the solid
state and embraces all aspects of engineering materials, including metals
and their alloys, ceramic materials such as glasses, bricks and porcelain
insulators, polymers such as plastics and rubbers together with
semiconducting and composite material, Materials Science extends from
the extraction of the materials from their mineral sources and their refining

and fabrication into finished products; it examines their chemical, crystal, ““Istates

molecular and electronic structure because structure influences not only a
material's magnetic and electronic characteristics but also its mechanical
properties such as strength; it studies the degradation of materals in
service by wear, corrosion and oxidation and is concerned with developing
methods of combating these; it considers the proper selection of materials
far particular applications and the development of new materials for
today's sophisticated technaology.

Materials science is the multidisciplinary field relating the performance
and function of matter in any and all applications to its micro, nano, and
atamic-structure, and vice versa. It is closely related to applied physics,
chemical engineering and cheristry, bioengineering and biology,
mechanical engineering, civil engineering and electrical enginearing; it is
- one of the most multidisciplinary science and engineering fields.
W“{““]I“IJIA Fundamentally, all of nanoscience and nanotechnaolagy is materials
science. Because of this, in recent years materials science has been
propelled to the forefront at many universities, sometimes controversially:
many academics feal that the nano buzzword is bringing in large
arnounts of funding at the cost of detracting from the teaching of
fundamental materials science by putting too much emphasis on devices
and applications which may ar may not see fruition as working products.
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Definicoes de Ciéncia dos Materiais

Sub-fields of materials science

= MNanotechnology - rigorously, the study of materials where the effects of quantum confinerment, the Gibbs-
Thomson effect, or any other effect only present at the nanoscale is the defining property of the material;
but more commaonly, it is the creation and study of materials whose defining structural properties are
anywhere fram less than a nanometer to one hundred nanometers in scale, such as molecularly
engineered materials,

= Crystallography - the study of how atoms in a solid fill space, the defects associated with crystal
structures such as grain boundaries and dislocations, and the characterization of these structures and
their relation to physical properties,

= Characterization - such as diffraction with x-rays, electrons, or neutrons, and various forms of
spectroscopy and chemical analysis such as Raman spectroscopy, energy-dispersive spectroscaopy
(EDS), chromatography, thermogravimetric analysis, electron microscope analysis, etc. | in order to
understand and define the properties of materials. See also List of surface analysis methods

= Metallurgy - the study of metals, their alloys, and the microstructure and processing of them.

= Biomaterials --- materials that can be used in the human body.

= Functional materials: Semiconductors, electronic materials, and magnetic materials -—- materials used to
create integrated circuits, storage media, sensors, and other electronic devices.

= Tribology --- the study of the wear of materials due to friction and other factars.

= Surface science - interactions and structures between solid-gas solid-liguid or solid-solid interfaces.

= Ceramics, which can be subdivided into:

= glectronic materials such as complex oxides,

= structural ceramics such as RCC, polycrystalline silicon carbide and transformation toughened
ceramics

Some practitioners often consider theology a sub-field of materials science, because it can cover any material
that flows. However, madern rhealogy typically deals with non-Mewtaonian fluid dynamics, sa it is often
consider a sub-field of continuum mechanics. See also granular material.



Definicoes de Ciéncia dos Materiais

Topics that form the basis of materials science

= Mechanical behavior of materials

= Thermodynamics, statistical mechanics, and kinetics, for phase stability, transfarmations and dia

= Crystallography and chemical bonding, for understanding how atorms in a material are arranged.

= hlechanics, to understand the mechanical properties of materials and their structural applications.

= olid-state physics and guantum mechanics, for the understanding of the electronic, thermal, and
properties of materials.

= [iffraction and wave mechanics, for the characterization of materials.

= Chemistry and polymer science, for the understanding of plastics and palymers,

= Biology, for the integration of materials into biological systems.

= Continuum mechanics and statistics, far the study of fluid flows and ensemble systems.

® Mechanics of materials, for the study of the relation between the mechanical behavior of materials
their microstructures.



Areas de atuacdo do Engenheiro de Materiais



Areas de atuacdo do Engenheiro de Materiais

= Materials engineers are involved in the development, processing, and testing of the
materials used to create a range of products, from computer chips and television
screens to golf clubs and snow skis, They work with metals, ceramics, plastics,
semiconductors, and composites to create new materials that meet certain mechanical,
electrical, and chemical requirements, They also are involved in selecting materials for
new applications, Materials engineers have developed the ability to create and then
study materials at an atomic level, using advanced processes to replicate the
characteristics of materials and their components with computers, Most materials
engineers specialize in a particular material, For example, metallurgical engineers
specialize in metals such as steel, and ceramic engineers develop ceramic materals and
the processes for making ceramic materials into useful products such as glassware or
fiber optic communication lines,

U.S. Department of Labor

Bureau of Labor Statistics

O Ministério do Trabalho, por intermédio do Conselho Federal de Engenharia,
Argquitetura e Agronomia-COMFEA, baixou a Resolugdo n® 241/76 em 31 de julho de
1,976 publicada no Ciario Oficial da Unido de 18 de Agosto de 1.976, a folha 3.298,
Secdo I - Parte II; estabelecendo as atribuigdes do Engenheiro de Materiais, como
segue:

"Compete a esse profissional supervisdo, estudo, projeto, especificacao,
assisténcia, consultoria, pericia e pareceres técnicos; ensino, pesquisa,
ensaio, padronizacdo, controle de qualidade; montagem, operacdo e reparo
de equipamentos e outras atividades referentes aos procedimentos
tecnoldogicos na fabricagdo de materiais para a indistria e suas
transformacgdes industriais; e equipamentos destinados a essa producdo
industrial especializada, seus servigos afins e correlatos”.

& Engenharia de Materiais integra a Modalidade Industrial de Engenharia onde se DEHa- UFSCas
incluerm as Engenharias Aerondutica, Mecinica, Industrial, Metalirgica, de Minas, A
Mawal, de Petraleo, Quimica, de Tecnologia de Alimentos e Téxtil, — -
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O Engenheiro de Materiais

Atuacao do Profissional

Engenheiro de Materiais pesquisa materiais e processos; desenwvolve produtos e
aplicagdes, tanto para nowvos materiais como para produtos ja existentes,

Exemplos:

b Cerdamicas Eletronicas; F Supercondutores;

F Compositos; k Plasticos de Engenharia;
k Materiais Nucleares; k Materiais de Construcao;
F Metais Estruturais; F Semicondutores;

» Fibras Oticas; F Borrachas;

b Ceramicas Refratarias; b Vidros;

F Biomateriais; F Materiais Reciclaveis;

F Acos e Ligas Especiais; k Ligas Refratarias;

Mercado de Trabalho

O mercado de trabalho do Engenheiro de Materiais abrange area de fornecimento
de mateérias-primas; inddstria de transformacio; prestacio de servigos; assisténcia e
consultaria; instituigdes de ensino, de fomento, de pesquisa e de desenvolvimento
cientifico e tecnolagico,
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O Engenheiro de Materiais

Mercado de Trabalho para Engenheiro de Materiais

Mercado amplo & em expansio.

Aspectos Favoraveis

O mercado de trabalho para engenheiros de materisis @ amplo e estd em expansio. Esta mais favoravel para os
engenheiros de materiais que se especializam na area de polimeros, podendo stuar em empresas de
transfarmacao de materiais ou gque precisam desenvalver pecas especiais para compor um praduta final. O
desenvaolvirmento e abertura de inddstrias do setor quimico e petroguirnico no Brasil sinalizam aberturs de vagas.
Az ofertas de trabalho para especialistas em cerdmica concentram-se nas inddstrias de revestimentos e outros
materiais de construgdo civil. Para guemn escolhe a area de metais, as chances sdo maiores em inddstrias
mmetaldryicas, siderdryicas e automotivas.

Corno tém visdo ampla sobre a5 caracteristicas e propriedades dos materiais usados na inddstria, engenheiros
de materiais v&ém ocupando espagos antigamente preenchidos pelos engenheiros metaldrgicos como na
inddstria de siderurgia e de extragio mineral, de medio e grande porte dao setor privado. Podem atuar também
erm universidades e institutos de pesguisas pdblicos ou privados. Messes casos, atuam como professores e
pesguisadores.

Ha caréncia de profissionais nas regides Morte e Mordeste, que carecern de cursos de engenharia de materiais.

Aspectos Desfavoraveis

Em algumas atividades, podem trabalhar em condigdes especiais como, por exemplo: expostos a materiais
thxicos, ruido intenso, altas temperaturas, poeira & materais padiculados.

Fonte: Catho, 2012.



O Engenheiro de Materiais

Selecionar os materiais ja existentes, substitui-los e/ou
desenvolver novos materiais
sao as tarefas mais esperadas para os futuros engenheiros.



O Engenheiro de Materiais

Conhecimentos exigidos pelo mercado:

Conhecimento técnico (indispensavel)
Interdisciplinaridade (gerenciar projetos)
Boas habilidades de comunicacao (incluindo linguas estrangeiras)
Disponibilidade (logistica)

Habilidades para trabalhar em grupo

Informatica (ferramentas basicas)
Aprendizado constante (vontade, ndo se acomodar)

Atitude proativa (tomar a iniciativa)

Bom senso (inato ou adquirido?)

Educacao (# instrucéo, essencial no convivio profissional)



O Engenheiro de Materiais

Onde estao os futuros empregos?



O futuro da Engenharia de Materiais: os futuros empregos

Energia: Desenvolvimento de materiais para armazenamento de
energia, utilizacao de novas fontes de energia e aumento
da eficiéncia das termoelétricas e da nova geracao de usinas
nucleares
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Figure 5. (a) World energy usage over
time (1970-2030), and (b) 1998 world

consumption showing the sources of )
fuel used. Fonte: D. Apelian, JOM-2007.



O futuro da Engenharia de Materiais: os futuros empregos
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Fonte: Government of Japan, Council of Science & Technology - H. Imura, 12-2003 .



O futuro da Engenharia de Materiais: os futuros empregos

Fonte: Popular Mechanics



O futuro da Engenharia de Materiais: os futuros empregos

Meio ambiente: Desenvolvimento de novos tipos de embalagens
(ex. papel) que possibilitem aumentar a capacidade de reciclagem.
Utilizacao de materiais com baixo risco ambiental e baixo consumo
energeético para sua fabricacéo.

Oleo e gas: Novas tecnologias e novos materiais para exploracao
em aguas profundas com reducao de risco ambiental*.
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Fonte: Apololl.com



O futuro da Engenharia de Materiais: os futuros empregos

Construcao civil: Novas tecnologias e “novos” materiais.
Reciclagem de materiais de construcao.
Racionalizacao do consumao.

Fonte: SEESP Fonte: engenhariacivil.com



O futuro da Engenharia de Materiais: os futuros empregos

Transporte: Novos materiais leves, resistentes e sequros
para um mercado em franca expansao. Novos combustiveis.
Desenvolvimento de novos materiais compositos.

Millions of Vehicles 1,116

1 — Less Developed Countries
I — More Developed Countries /51

Figure 6. The usage of motor
vehicles, 1960-2020.%
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Fonte: D. Apelian, JOM-2007.



O futuro da Engenharia de Materiais: os futuros empregos

Transporte

Fonte: Boeing 787 Dreamliner
compositesworld.com

Boeing 787 Dreamliner
(50% composites by weight)
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O futuro da Engenharia de Materiais: os futuros empregos

Biomateriais: Novos materiais para aplicacoes em Medicina e Saude.
Vivemos mais, maior desgaste.
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Fonte: D. Apelian, JOM-2007.



O futuro da Engenharia de Materiais: os futuros empregos

Biomaterials

Stent em Nitinol Stentem Ti Proteses em Ti

Fonte: W. Yan et al.
Materials and Design 22 (2011) 1776-82.




