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This resource uses Ansys Granta EduPack™ teaching software for materials education.

These MicroProjects are short investigations of an aspect of Materials Science and Engineering that
can be completed in less than an hour. Each poses a set of questions that can be answered using
the Granta EduPack Material Science and Engineering (MS&E) database. All start at a level that is
readily accessible, using the SEARCH function to find records, creating charts using the CHART/SELECT
function, and extracting relevant data from a Record and its linked SCIENCE NOTES. Hints in help
with any difficult step.

Each MicroProject has an attached —a challenge to go further — highlighted in red and
separated from the MicroProject by this separator:

The Discussion Point poses a question linked to or arising from the MicroProject. Responding to the
Discussion point requires independent thought and research, takes longer, but is rewarding if followed.
It is an add-on for more advanced study.

Each MicroProject and its Discussion point has a fully worked Sample Response, available to the
instructor.
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Crystallography MicroProject #1

Database: Materials Science and Engineering
e What is Zirconia? (Use the Search facility to find the record. To copy and reuse text and
images from a record: right click on the opened record, select Copy, then open WORD and Paste. The
entire record is pasted into WORD. You can then copy and re-paste the bits you want for a report.)
e What makes it special among ceramics? (Explore the record to find out.)

e What is the value of its Fracture Toughness?

e How does this compare with the Fracture toughness of other ceramics? Make a bar-chart of
Fracture toughness for Technical ceramics to find out.

e Reset the scale from log to linear and adjust its range to run from 0 to 10.

e What does “Fracture toughness” measure?

What gives Zirconia its unusual Fracture toughness?
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Crystallography MicroProject #2

Database: Materials Science & Engineering

The Hume-Rothery rules set out criteria for the formation of extensive solid-solution:

Atom size difference less than 15%
Electronegativity difference less than 0.2
The components have the same crystal structure

The components have the same valence within 1 } Less strong Influence

} Strong Influence

PN

The Elements data-table of the MS&E database contains data for all of these. Which elements would
you expect to form an extensive solid -solution with copper?

e Select the ELEMENTS data-table from the Home page. Make a chart with atomic radius
difference from copper (Atomic radius — Atomic radius of copper) on one axis and electronegativity
difference from copper (Electronegativity — Electronegativity of copper) to find elements that are
close to copper.

e Apply a selection box centered on Copper with a width that is 15% of the atomic radius of
copper on either side and differs from copper by an electronegativity of 0.075 above and below. List
the elements appearing in the Results window. These meet the first two H-R criteria and will form
extensive solid-solutions with copper.

e Complete solid-solubility across the entire composition range from 0 to 100% requires that
the remaining two conditions are also met. Which of the elements in your list fulfill these additional
requirements?

e The Phase Diagram data-table has diagrams for three copper alloys: Cu-Ni, Cu-Zn and Cu-Sn.
What is the maximum solid solubility at the copper-rich side of each diagram? Are they consistent
with the Hume-Rothery rules?

What is the entropy of mixing? What is its value for a mole of an alloy with a concentration c of atoms
A and (1-c) of atoms B?
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Crystallography MicroProject #3

Database: Materials Science & Engineering
High entropy alloys are solid-solutions with five or more components
each with concentrations above 5%. The cumulative entropy of mixing
reduces the free energy of the alloy, stabilizing it and enhancing

e %o mechanical properties. The Hume-Rothery rules give guidance in
Model of Co-Cr-Fe-Mn-Ni selecting components that will form extensive solid-solutions:

(Wikipedia)
The Hume-Rothery rules set out criteria for the formation of extensive solid-solution:

Atom size difference less than 15%

Electronegativity difference less than 0.2 Strong Influence

The components have the same crystal structure

The components have the same valence within + 1 } Less strong Influence

PN

The Elements data-table of the MS&E database contains data for all of these. Make a chart for selecting
promising component-sets for high-entropy alloys.

* Make a chart for selecting promising component-sets for high-entropy alloys. Plot
Electronegativity on the y-axis and Atomic radius on the x-axis. Use a linear scale for Electronegativity
but retain the default Log scale for Atomic radius. (To change an axis from log to linear, double click
on the axis name, then click on “linear” in the Axis settings box.)

FCC HCP

e Recolor the elements to identify their crystal structure.

(The best way to do this is to use a limit stage to select all the elements with a “Cubic,
face centered” structure, highlight the resulting list, right click and select Record color, chose color,
then repeat for the other structures.)

BCC W Oter

e Create a selection box with a width that corresponds to 15% change in atomic radius and a
height that corresponds to a difference of 0.075 in electronegativity. Use this box to track across the
array of elements on the chart, placing it over clusters to identify promising components. (Feel free
to relax the constraints a little — we are only looking for a solubility greater than 5%, not total solid
solubility.)

e Enclose each cluster with a line using the Curve tool in the tool-bar across the top of the
chart. Label the encircled clusters, listing the elements they contain, using the Text label tool in the
same tool-bar. How many promising clusters do you find?

High-entropy alloys are a relatively new and currently-active field of research. Research “High-entropy
alloys” on the world-wide web. What are their characteristics, properties and potential applications?
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Use and Reproduction

The content used in this resource may only be used or reproduced for teaching purposes;
and any commercial use is strictly prohibited. The full Academic Terms & Conditions can
be found using this link.

Document Information
This case study is part of a set of teaching resources to help introduce students to topics
related to fluids.

Ansys Education Resources

To access more undergraduate education resources, including lecture presentations
with notes, exercises with worked solutions, microprojects, real life examples and more,
visit www.ansys.com/education-resources.

Feedback
Here at Ansys, we rely on your feedback to ensure the educational content we create is
up-to-date and fits your teaching needs.

Please click the link here out a short survey (~7 minutes) to help us continue to support
academics around the world utilizing Ansys tools in the classroom.

ANSYS, Inc. If you've ever seen a rocket launch, flown on an airplane, driven a car, used a computer, touched a
Southepointe mobile device, crossed a bridge or put on wearable technology, chances are you've used a product
2600 Ansys Drive where Ansys software played a critical role in its creation. Ansys is the global leader in engineering

simulation. We help the world’s most innovative companies deliver radically better products to
Canonsburg, PA 15317 ; . ) . ! . )
their customers. By offering the best and broadest portfolio of engineering simulation software,
USA. we help them solve the most complex design challenges and engineer products limited only by
ansysinfo@ansys.com
visit www.ansys.com for more information

Any and all ANSYS, Inc. brand, product, service and feature names, logos and slogans are
registered trademarks or trademarks of ANSYS, Inc. or its subsidiaries in the United States or other
countries. All other brand, product, service and feature names or trademarks are the property of
their respective owners.
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