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MATE 370 

Virtual Lab: Exploring Phase Transformations Through 

nanoHUB Nanomaterial Mechanics Explorer Tool 

 

 

Motivation 

Phase transformations are the transitions between different states of matter. These 

transformations vary with the different types of material systems involved: metal, polymer, 

composites, and/or ceramics. These transformations can be driven by nucleation or diffusion. 

This can be determined by how different parameters can affect the transformation. For 

transformations that are nucleation driven, the reaction is greatly affected by super cooling 

(decreasing temperature). Higher supercool state in a system, results in faster transformation 

(higher rate). If the phase transformation is diffusion driven, increasing the temperature would 

positively affect the rate of transformation. 

In research and development, understanding how new materials and components react under 

different temperatures and pressures is pivotal to understanding its performance. The 

Nanomaterial Mechanics Explorer is an in-depth tool that will be used in this laboratory 

assignment to explore two different types of phase transformation: melting of a metal and a 

martensitic phase transformation. The first run will examine a pure metal melting, the second 

will examine a binary alloy, and the last will examine a martensitic phase transformation. 

Performing computational simulations is useful concept because it is a step often used in 

developing new materials or modeling how a new component design will perform in different 

environmental conditions.  

The rates of the phase transformations can be modeled using the Avrami equation: 

𝑦 = 1 − 𝑒𝑥𝑝(−𝑘𝑡𝑛) 

The Avrami equation describes the fraction transformed in terms of time, and reaction order. A 

reminder of what the variables mean: “y” is the extent transformed in percent, “k” and “n” are 

time-independent constants, and “n” specifically is the order of the phase transformation.  

The rate at which the phase transformation occurs with the following relationship: 

𝑅𝑎𝑡𝑒 =
1

𝑡0.5
 

Where “t0.5” represents the time at which half of the initial material transformed into the next 

phase.  

 

 

 

Simulation Tool Introduction 

1) “Nanomaterial Mechanics Explorer” 

• Link: https://nanohub.org/tools/nanomatmech 

• What it does: The tool simulates dislocations, crack propagation, tensile tests of 

nanowires, and phase transformations. In this lab assignment, the focus is on 

phase transformations (melting and martensitic phase transformation). 

https://nanohub.org/tools/nanomatmech
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• Specific Materials Used: The tool will be used to simulate melting phase 

transformations of different pure metals (i.e. Molybdenum, Nickel), binary alloys 

and the martensitic phase transformation of a Nickel Aluminum Alloy. 

• Origin: This tool was developed by Purdue University and the Imperial College 

of London to provide educational materials to computationally model and 

simulate different nanomaterials compared to bulk materials in phase 

transformations, crack propagations, and tensile tests. 

 

 

 

Laboratory Overview: 

• Run 1: Melting of a Pure Metal (Takes about an hour for non-preset metals to simulate) 

• Run 2: Melting of a Binary Alloy (Takes about an hour to run simulation) 

• Run 3: Martensitic Phase Transformation (Quicker simulation, under an hour to run) 

 

 

 

Laboratory Instructions: 

Open the tool: “Nanomaterial Mechanics Explorer”, https://nanohub.org/tools/nanomatmech 

 

What it should look like: 

 
 

 

 

https://nanohub.org/tools/nanomatmech
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Run 1: Melting of a Pure Metal 
**note, these instructions are specific to pure Molybdenum, your assigned metal may be different. 

• Once the tool is open, adjust the “Experiment” from “Nanowire Tensile Test” to 

“Melting” using the drop-down menu arrow: 

 

• Change to “Advanced Options” by clicking the toggle square: 

 

• Change the “Melting Material” from “Nickel Nanoparticle” to “Nickel Bulk” using the 

drop-down menu: 

 

• Click on the “Structure Details” tab next to the “Main Tab” and then click on the drop-

down menu for choosing a new structure and change from the “Pre-built” option to 

“Build new” 
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• Choose Molybdenum (or whatever metal was assigned) and hit enter. 

 

• Click the “Thermomechanics Details” tab to determine the temperature range of the 

simulation. If the melting point of the assignment metal is not apart of the temperature 

range, adjust the temperature range. For Molybdenum, the initial temperature can be 

adjusted from “300 K” to “1200 K” and the “temperature change” option can remain the 

same. You may need to look up the melting point of the element if different than 

Molybdenum. 

 

• Once done, click “simulate” 

• To watch simulation of Molybdenum melting, click the play button at the bottom left of 

the tool window 
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Question 1: What does the color change mean? Why does it make sense with this phase 

transformation?  

 

• Once done watching the simulation, save your simulation. (Refer to Tips section at end of 

this lab instruction) 

• Change “Result” from “Atomistic Animation” to “Atom Coordination Fraction vs 

Temperature” using the drop-down menu: 

 

 

Question 2: After watching the simulation and looking at the resulting graph of “Atom 

Coordination Fraction vs Temperature”, what do the colors of the lines represent? What could 

the atom coordination fraction be a representative for in this case? 

• Download the data for the “Atom Coordination Fraction vs Temperature” by clicking the 

light green downward arrow in the top right corner of the tool. 

• Once open, click “Download as…” because the preset form of the data is comma -

separated values. 

 

• Click “Save As…” and an additional window will pop up (might be on Notepad app).  

 

• Click the in window and then “Ctrl + A” to highlight the whole data set, then right click 

into the highlighted portion and copy. 
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• Open Excel, right click into an empty cell, and click paste. 

• If entirety of the data pasted into a single column into Excel, separate data into 2 columns 

(Refer to Tips Section of lab assignment) 

• Looking back at the tool, click the down arrow on the “Result” tab to view “Temperature 

vs Time”, download this data as well following the same procedure. Paste the data into 

the same excel sheet as the previous data set.  

• Produce an “Atom Coordination Fraction vs Time” graph. Choose the atom coordination 

fraction of crystal structure that increases as time increases. Include the atom 

coordination fraction on the y-axis, the time on the x-axis, axis labels, and units.  

Question 3: What type of graph do you have set up? What is the specific name for this shaped 

graph? 

Question 4: Is the transformation diffusion or nucleation driven? How do you know? (1-2 

sentence explanation) 

Question 5: Determine the rate of phase transformation using the data that has been 

downloaded. Keep in mind units. 

Question 6: Determine “k” and “n” values for this phase transformation based on the 

downloaded data and using the Avrami equation (use best judgement of which 2 points you 

should use) 

Run 2: Melting of Binary Alloys 
**note, these instructions are specific to AlNi, your assigned alloy may be different. 

• Clear all previous results. Either choose the option at the bottom of the resulting graph or 

terminate tool and reopen.  

• Make sure the tool is on “Advanced Options” setting. 
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• Change “Experiment” to “Melting” and “Melting Material” to “Nickel Bulk” 

 

• Click on the “Structure Details” and change the “Create a new structure…” from “” to 

“Build new” 

 

• Change “Element or Alloy?” from “Single Element” to “Binary Alloy” 

 

• Click “Simulate” (will take an hour to run), watch and save the simulation after 

(Reference Tips Section) 

• Open the “Atom Coordination Fraction vs Temperature” option on the pull-down menu, 

download data, and paste into an Excel sheet (Reference instructions from previous Run 

for more details). 

• Open the “Temperature vs Time” option on the pull-down menu. Download the data and 

paste the data into the same excel sheet as the previous data set. 

• The goal is to produce an “Atom Coordination Fraction vs Time” graph. For the “Atom 

Coordination Fraction”, choose the crystal structure that increases with time. The atom 

coordination fraction on the y-axis, the time on the x-axis, axis labels, and units. 
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Question 7: Is the transformation diffusion or nucleation driven? How do you know? (1-2 

sentence explanation) 

Question 8: Determine the rate of phase transformation using the data that has been 

downloaded. Keep in mind units. 

Question 9: Determine “k” and “n” values for this phase transformation based on the 

downloaded data and using the Avrami equation (use best judgement of which 2 points you 

should use) 

 

Run 3: Martensitic Phase Transformation (Run time is under an hour) 

• Clear all previous results. Either choose the option at the bottom of the resulting graph or 

terminate tool and reopen.  

• Once the tool is reopened, make sure the advanced mode is on again. Change the 

“Experiment” to “Martensitic Transformation” and the “Martensitic Material” to 

“Nickel(63) Aluminum (37) (thermal)”. Then hit simulate. 

 

• Play the simulation. 
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Question 10: How did this phase transformation simulation differ from the previous ones? 

• Open the “Atom Coordination Fraction vs Temperature” option on the pull-down menu, 

download data, and paste into an Excel sheet (Reference instructions from previous Run 

for more details). 

• Open the “Temperature vs Time” option on the pull-down menu. Download the data and 

paste the data into the same excel sheet as the previous data set. 

• The goal is to produce an “Atom Coordination Fraction vs Time” graph. For the “Atom 

Coordination Fraction”, choose the crystal structure that increases with time. The atom 

coordination fraction on the y-axis, the time on the x-axis, axis labels, and units. 

Question 11: Is the transformation diffusion or nucleation driven? How do you know? (1-2 

sentence explanation) 

Question 12: Determine the rate of phase transformation using the data that has been 

downloaded. Keep in mind units. 

Question 13: Determine “k” and “n” values for this phase transformation based on the 

downloaded data and using the Avrami equation (use best judgement of which 2 points you 

should use) 

 

Deliverables 

• Questions answered in complete sentences 

o For questions with number answers, make sure the answer to question is 

boxed/underlined/something; if highlighted and scanned, may not show) 

• Graphs from each Run with axis labels and units. 
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Tips for Using the Nanomaterial Mechanics Explorer Tool 

• Simulation graphic can be manipulated to see it in “3D” by clicking and moving it 

around, not super useful, but visually appealing 

• To separate data into 2 columns: 

o Highlight the entire single column of data in Excel 

o Click “Data” tab on top option bar 

o Click “Text to Columns” and the following menu will pop up 

 

o Change the file type describing data from “Fixed width” to “Delimited” then click 

“next” on bottom right of window. 

o Click the “Comma” and “Space” (should get a check mark in the boxes next to 

them) to describe how the data points are separate. Click “Next” and then 

“Finish”. You data should be separated into 2 columns now. 

• To save a simulation:  

o Click three-lined button at top right of tool window 

 

o This menu will pop up, click “Save Simulation” 
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o An option to provide a “Simulation Set Name” and “Description” will pop up. Fill 

out name and description with some info about the run to help you identify it later 

(i.e. identify what material system you’re working with) 

 

o To reopen simulation, you can follow similar instructions except this time hit the 

“Load Simulations” option. 

• To make the graphic simulation run faster, click “Options…” and drag square toggle to 

right to change speed of simulation to “Faster” then click the play button on left hand side 

of bar to start the simulation. 

 

• Can manipulate graphic with sidebar options as well as clicking the graphic itself. 
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• Can make tool window bigger by dragging out the following button on the bottom right 

hand of the tool window 

 

 

 

Tool Citations 

1) Sam Reeve, Christopher Chow, Michael N Sakano, shuhui tang, Alexis Belessiotis, Mitchell 

Anthony Wood, Kiettipong Banlusan, Saaketh Desai, Alejandro Strachan (2019), 

"Nanomaterial Mechanics Explorer," https://nanohub.org/resources/nanomatmech. (DOI: 

10.21981/0M7D-1Y55) 


