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*Theory-Observation-Experiment-Simulation
*What drives materials research
*Similarities and differences between materials

*Interdisciplinary materials science language
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Philosophy

“Learn” from nature. The objective is to consider the
study of nature and learn from its vast paradigms, to
increase the understanding in complex physico-
chemical and biological phenomena relevant to
mastering and processing novel materials.

“Future Needs and Challenges for Materials and Nanotechnology Research”
Report prepared by Materials Unit, European Commission, Research
Directorate General, Directorate G / Unit 3. October 2001.
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What drives material science
research?

« Main aim of technical sciences is to develop
« Materials with better (& cheaper) performance and
properties
« Better (& cheaper) synthesis and processing techniques
—Emphasis on DESIGN and DEVELOPMENT

« In natural sciences (geology, medicine, biology),
performance and properties are usually given
* What are the performance and properties?
- How were the materials synthesised and processed?
—Emphasis on PREDICTION and FORENSICS
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Different approaches

« Natural sciences are driven by observation:

Nature — Observation — theory — experiment — prediction
+ Technological/engineering by needs:

Needs — theory — experiment — observation — prediction

Nature—»observation observation Needs
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What drives materials research?

New materials
Improved materials (performance, processing)

*Surface, Interface, and Thin Film Science
*Nanoscale Synthesis and Mesoscale Engineering
*Complex Materials Systems

*Solid-Liquid Interface Science and Confined Fluids
*Complex Adaptive Matter

*Silicon carbide electronics

*Biointerface Science

*Organic-based Photovoltaics

*Solid-State Memory Technologies

*Electronic Noses and Tongues

*Superconductor Wires

*Scanning Probe Microscopy

*Molecular Electronics

*Construction Materials

*Carbon Nanotubes

*High Res. 3-D X-Ray Microscopy

*Colloid Science

*Multi-scale simulation techniques

*Geotextiles Marie Curie Summer School Ejﬂfl{\l
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Common link

Synthesis/ Structure/ Properties/
Processing composition Performance
(history)

« Gottstein 2005: "[Micro-] structure is the state
variable of materials properties”

Material (composition)

structure

Processes Properties
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Properties and performance

Synthesis/ Structure/ Properties/
L] -—* L] L] ﬁ'

Processing composition Performance
Mechanical:

+ Tensile strength, fracture toughness, fatigue strength, creep strength, hardness,

etc.

Electrical:

«  Conductivity or resistivity, lonic conductivity, semiconductor conductivity, etc.
Magnetic:

«  Magnetic susceptibility, Curie Temperature, Neel Temperature, saturation
magnetization, etc.

Optical and Dielectric:

- Polarization, capacitance, permittivity, refractive index, absorption, efc.
Thermal:

« Coefficient of thermal expansion, heat capacity, thermal conductivity, etc.
Environmental Related:

«  Corrosion behavior, wear behavior, etc.
Biocompatibility:

«  Toxicity, stability
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Synthesis and processing (history)

Synthesis/ Structure/ Properties/
Processing composition Performance

Solidification Processing (utilizes the liquid state in the process)
+  The structural processing of most metals begins by forming an alloy in the molten state.
* Formation of rocks from magmas.
Powder Processing (utilizes powders in the process)
= Slip casting, powder pressing, hydroplastic forming followed by drying and firing or hot
pressing
*  Snow accumulation followed by conversion of lce from firn,
+ Sedimentation followed by compaction in sedimentary basins.
Deposition Processing (utilizes evaporation and/or condensation in the process)
= Electroplating, spray coating, sputtering, laser ablation, chemical vapor deposition (CVD), etc.
» Mineralisation around volcanic vents
Deformation Processing (utilizes crystal plasticity or a viscous flow in the process)
» Rolling, forging, drawing, extrusion, spinning, cutting, turning, milling, efc.
«  Glacier flow, mountain building
Geological Processing
» Solid-state chemical reaction (metamorphism)
« \Water related mechanical, biological and chemical segregation of materials
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Figure5-1: Historical and projected development of materials categories

The following diagram by Prof. M.F. Ashby of Cambridge University in the UK shows clearly
the historical and projected development of different categories of materials from pre history into
the next century. It shows that the trend is for a return to major importance of ceramics, polymers
and composites with a relative decline in the importance of metals.
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http://www.crcdmse.org/what/MSE _history.html
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Competitiveness 2010

Indicative Position of Europe

Technology Sector EU US Japan
ICTs w W+ w oK W W WY ¥
Life Sciences Y Yo+ * % W % %
Energy w oW w %% i A
Environmental and oW wOw AR AR
Clean Production

Materials PAGRAS W % %% Yo Yo Ve
Transport W OW W WO+ Y Y%

w The star symbol indicates strength in the sector. The number of stars
indicate the approximate level of the strength. The + sign indicates
higher but less than an additional star.

“Technology Map” Institute for Prospective Technology Studies Futures
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Materials Technology Map

Anticipated period of FP6

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Biological materials Avrtificial Muscle-like material 51
and processes temporary bone fixation
/repair material 82 Signal responsive missile drugs
implant materials which efficiently reach targetted points 81
last the patient's lifetime 83
Organic and Polymer geotextile membrane
Materials with biological capabilities _
Establishment and use
of plastic recycling Bio-degradeable plastics account for 10%
technology IMP 91 of all plastics IMP 76
mass synthesizing technology
smart food packaging for fullerene carbon compounds 40
material 77
Ceramic materials and processing Pasition of Europe
Very Strong Moderate Weak Very
Strong Weak
Note:

The figures at the end of each topic caption (whether
Si3N, sintered material as robust preceded by IMP or not) are the Importance Index of the
as cast iron at room temperatures 68

Fluoride Glass fibres for optical communication IMP 58

topic on scale of 1 to 100

Metallic and intermetallic compounds

Diagnostic technologies for estimation of
remaining life of metal material structures and
components, - NDT for fatigue 76

Semiconductor and electronic materials

“Technology Map” Institute for Prospective
Technology Studies Futures Report, Series
No: 11. E. Cahill & F. Scapolo. Published by
the European Commission, Research
Directorate General, Joint Research Centre.

December 1999. Joint Research Centre.
T

High performance switching elements made
from non-linear optical material of the 3rd order 82
Computer simulation technology
for growing thin films according to
1st principle computation IMP 75
Manufacture of p-n
junctions in diamond 73
Development of technology for embedding
impurities and repairing defective crystallized
silicon surfaces using STM associated
technology 63
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* Many disciplines address similar questions
* What are the different languages?
+ Are there unique aspects to certain disciplines
* What are the different scales?
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