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Predicting the Properties of Virtual Materials

Historically, the properties of any new material have had to be determined empirically. It can take many years to transition a
material from discovery to a commercial product, which is too slow, given the range of urgent problems that advanced
materials can help us solve.

A groundbreaking new tool called the Materials Project uses supercomputers to predict the properties of inorganic compounds
that do not yet exist. This tool lets researchers and engineers characterize many properties of each compound. The results are
organized into a searchable database. The data lets researchers evaluate the compounds and quickly determine the more
promising avenues of research and development to follow.

The time frame for materials to move from discovery to market is lengthy; 10 to 20 years is not unusual. This is mainly due to
the continued dependence on scientific intuition and empirical experimentation in materials research and development
programs. For example, it can take months of work consulting data tables, performing calculations, and carrying out lab tests
to create a simple phase diagram showing the temperatures and pressures at which a complex compound would be solid,
liquid, or gas. Furthermore, even when materials have already been studied and the information exists, the results are often
scattered across many discrete databases and therefore impossible to find.

The Materials Project originated from the Materials Genome Project started in 2006 by Dr. Gerbrand Ceder, the R. P.
Simmons Professor of Materials Science and Engineering at the Massachusetts Institute of Technology (MIT). The goal was to
use computational modeling to design and investigate new materials by mapping the relationship between materials structures
and their physical and chemical properties.

Information such as the phase diagram can now be generated in a matter of minutes. It is possible to predict a material's
properties theoretically before it has even been manufactured, greatly reducing the time spent on testing and development.
The site’s tools can quickly predict how two compounds will react with one another, what that composite’s molecular structure
will be, and how stable it would be at different temperatures and pressures.

With the help of supercomputers at the Department of Energy’s National Energy Research Scientific Computing Center
(NERSC), the Berkeley Lab, and systems at the University of Kentucky, the Materials Project database currently forms a
central repository that contains the structural and energetic properties of almost 19,000 inorganic compounds with more added
daily.

Already, scientists are using the tool to work with companies interested in making stronger, corrosion-resistant lightweight
aluminum alloys, which could make it possible to produce lighter weight vehicles and airplanes. The tool has been successfully
used for the prediction and discovery of materials used for clean energy technologies, including lithium ion batteries, hydrogen
storage, thermoelectrics, fuel cell electrodes, and photovoltaics.

Ceder also suggests that the tool could also offer improvements in technical education. When professors set up experiments
to help students learn specific principles, they had to pick easy examples with known outcomes. Now, it's possible to set much
more challenging theoretical exercises.

The web-based search application lets users search for information on specific chemical formulas or to customize their
searches by chemistry, composition, or property. The following image shows part of the result of one of these searches.



http://www.materialsproject.org/
http://www.instron.com/
http://www.instron.com/wa/svm.aspx
http://www.instron.com/wa/library/default.aspx?d=15
http://www.instron.com/wa/solutions/default.aspx
http://www.instron.com/wa/contact_forms/forms_home.aspx
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The Materials Project is available for use by anyone, although users must register in order to spend more than a few minutes,
or to use the most advanced features.

The importance of fast and accurate development of new materials is underscored by the inclusion in the Federal FY12 budget
of $100 million to launch the Materials Genome Initiative, with funding for the Department of Energy, the Department of
Defense, the National Science Foundation, and the National Institute of Standards and Technology. The initiative will fund
computational tools, software, new methods for material characterization, and the development of open standards and
databases with the goal of doubling the speed with which new materials are discovered, developed, and manufactured.

Innovative computational tools such as the Materials Project will form an important part of the future of materials science and
the revitalization of American manufacturing.
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Grip It Right

Gripping a specimen correctly is important if you want to acquire accurate test data. To most test operators, this is second
nature.

® Make sure the grips and specimen are well aligned.
o Make sure the grips and grip jaws are suitable for the material being tested and the test loads expected.
® Make sure the grips and grip jaws are clean and undamaged.
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However, often overlooked is ensuring the specimen is correctly inserted into the jaws, particularly when using wedge-type
grips. You should insert the specimen so that it is centered and that it contacts the full length of the grip jaws. Further, the grip
jaws themselves, once gripping the specimen, should not protrude below the lower face of the grip. If they do, then you should
select a smaller grip for the test. See the illustration below. If a test is performed with a partially clamped specimen or with the
grip jaws protruding below the lower grip face, the grip jaws can experience severe twisting loads leading to their failure.



http://www.technologyreview.com/article/39311/?mod=chfeatured
http://www.technologyreview.com/article/39311/?mod=chfeatured
http://newscenter.lbl.gov/feature-stories/2011/11/03/supercomputers-accelerate-development-of-advanced-materials/
http://www.whitehouse.gov/blog/2011/06/24/materials-genome-initiative-renaissance-american-manufacturing
http://www.instron.com/wa/acc_catalog/subcat_list.aspx?gid=52&gname=General Purpose Static Tensile Grips

Q. What is a “Virtual Measurement”?

A. Materials testing software uses two types of measurements to provide results or input for result calculations; physical
measurements and virtual measurements.

A physical measurement is measurement data that is provided directly from a transducer that is monitoring the specimen, such
as a load cell or an extensometer.

A virtual measurement is measurement data that is provided as the result of a calculation. The inputs to the calculation can be
one or more physical measurements, user-entered values, or previously calculated results.

A simple example of a virtual measurement is tensile stress, which is calculated as load (a physical measurement provided by
the load cell) divided by the cross-sectional area of the specimen (usually a user-entered value).

A commonly overlooked virtual measurement is corrected extension, which adjusts values of crosshead or actuator extension
to correct for compliance, or elastic stretch, of the testing instrument and load string components. Corrected extension is
calculated as extension (a physical measurement provided by an encoder or LVDT) adjusted by a value taken from a
compliance data file.
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