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MATE 370 

Virtual Lab: Exploring Nucleation, Crystallization, and Growth 

through nanoHUB Virtual Kinetics Tools 

 

 

Motivation 

Nucleation, Crystallization, and Growth are the steps it takes to form a crystalline structure 

from a liquid or any amorphous media. There are different paths each step can take. Nucleation 

can happen two different ways: Homogeneous or Heterogenous. Homogenous nucleation 

occurs with spontaneous formation of small particles whereas heterogenous nucleation begins 

with a previously formed foreign material, or seed. At the critical radius of the nuclei, the nuclei 

are equally likely to crystallize as they are to dissolve. Crystallization is the phase transition 

from a fluid/amorphous phase to an ordered crystal structure that begins with the formation of 

nuclei. There are a few different types of crystallization: cooling crystallization in a solution of 

melt, evaporative crystallization, and precipitation (caused by a reaction). Growth, or 

coarsening, is where particles of radii smaller than the critical radii shrink and the particles with 

a radius larger increase in size. These are all generalized explanations of the nucleation, 

crystallization, and growth process which will differ if the process is temperature dependent, is 

the material a pure metal or a polymer, and more.  

 

These concepts are important for research and develop of new polymers, metals (pure or 

alloyed), growing semiconductor crystalline material (i.e. doped semiconductor as a thin film), 

and many more areas. There are industries that focus on utilizing these concepts to develop 

whatever product they are making: wafers for computer chips, single crystal metals, turbine 

blades, etc. Running computational models of grain coarsening and dendritic growth will provide 

an opportunity to explore how different variables can affect the nucleation, crystallization, and 

coarsening process. Computational modeling allows for a higher understanding of the process 

that allows for a quicker manipulation of variables than if they were done by hand and is often 

used in the field in more complex situations. 

 

Question 1: Since this laboratory assignment focuses on growth and coarsening, what is the 

general process? What is the driving force? (2-3 sentences) 

 

 

 

Simulation Tool Introduction 

1) Tool 1: “Virtual Kinetics of Materials Laboratory: Polycrystalline Growth and Coarsening” 

• Link: https://nanohub.org/resources/vkmlpsgg 

• What it does: Simulates polycrystalline grain growth and coarsening of a 2D 

polycrystal. 

• Specific Material System: Polycrystalline grains, not specific about the identity 

of the material. mathematically simulated. 

• Origin: The University of Michigan and Purdue University joined to create this 

tool to simulate the growth, impingement, and coarsening of a 2D polycrystal. 

https://nanohub.org/resources/vkmlpsgg
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This tool is often used as an educational material to better understand the concept 

with a visual and understanding of how different variables affect growth and 

coarsening. 

2) Tool 2: “Virtual Kinetics of Materials Laboratory: Dendritic Growth” 

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

• What it does: Simulates the growth of dendrites from a single spherical nucleus. 

• Specific Material System: Single spherical nucleus, not specific about the 

identity of the material. 

• Origin: The University of Michigan and Purdue University joined to create a tool 

to simulate dendritic growth of a spherical nucleus. This tool is often used as an 

educational material to better understand the concept with a visual and 

understanding of how different variables affect growth and coarsening. 

3) Tool 3: “Virtual Kinetics of Materials Laboratory: Spinodal Decomposition” 

• Link: https://nanohub.org/resources/vkmlsd3d/about 

• What it does: Simulates the spinodal decomposition of a material. 

• Specific Material System: Not provided, supposed to be a general model based 

off a phase field method. 

• Origin: The University of Michigan and Purdue University joined to make a 

computation simulation that provided a visual to the concept of two chemical 

components first segregating and then coarsening. 

 

 

Laboratory Overview 

Tool 1 

• Run 1: Effect of Critical Radius on Polycrystalline Grain Growth and Coarsening 

• Run 2: Effect of Number of Nuclei of Critical Radius Size on Polycrystalline Grain 

Growth and Coarsening 

• Run 3: Effect of Undercooling Temperature Variance on Polycrystalline Grain Growth 

and Coarsening 

Tool 2 

• Run 4: Effect of Thermal Diffusivity Variance on Dendritic Growth  

• Run 5: Effect of Undercooling Temperature Variance on Dendritic Growth 

Tool 3 

• Run 6: Watch simulation of Spinodal Decomposition 
**longest run will take about 10 minutes, most will be shorter in time 

 

 

 

Laboratory Instructions  

Tool 1: “Virtual Kinetics of Materials Laboratory: Polycrystalline Growth and 

Coarsening” 

https://nanohub.org/tools/vkmlggs 

 

https://nanohub.org/tools/vkmlggs
https://nanohub.org/resources/vkmlsd3d/about
https://nanohub.org/tools/vkmlggs
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Open Link. What it should look like: 

 
 

Run 1: Effect of Critical Radius on Polycrystalline Growth and Coarsening 

 

• First Simulation: Use the preliminary parameters (take note for future reference), and hit 

simulate. 

What it should look like: 

 
• Click play button to start the graphic. 
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• Second Simulation: Change “Nuclei Radius” from “.008” to “.004”, simulate. Watch the 

graphic. 

• Click “All” to show both results. Compare the graphics between the two and look at other 

results options (i.e. Volume Transformation vs Time) 

 
Question 2: What happened? Using your knowledge of how radius is connected to growth and 

coarsening give a 1-2 sentence explanation as to why this outcome occurred. 

Question 3: If the “Nuclei Radius” was changed to “.010”, what do you think will happen? What 

is the significance of the “.008” radius? Run a third simulation to verify your prediction. 

 

Run 2: Effect of Number of Nuclei of Critical Radius Size on Polycrystalline Growth and 

Coarsening 

 

• Clear previous results (click “Clear All” button at bottom right of tool screen) and reset 

preliminary parameters (can either do manually or can terminate tool and reopen it). 

 
• First Simulation: Simulate using the preliminary parameters. 

• Second Simulation: Change “Number of Nuclei” from “150” to “400”. Watch graphic by 

clicking play button. 

• Click “All” to show both results, look at the difference between the graphics. 

 

Question 4: Did the simulation make sense? How is the number of nuclei related to growth and 

coarsening? 

Question 5: If the number of nuclei were decreased to below 150, what do you predict will 

happen? Run a sample simulation to verify. 

 

 

Run 3: Effect of Undercooling Variance on Polycrystalline Grain Growth and Coarsening 

 

• Clear previous results and reset preliminary parameters (can either do manually or can 

terminate tool and reopen it) 

• First Simulation: Simulate using the preliminary parameters 

• Second Simulation: Change the value of “Undercooling” from “10” to “20”. 

• Click “All” to show both results, look at the difference between the graphics. 
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Question 6: Define undercooling and the role it plays in grain growth and coarsening. 

Question 7: What is the overall effect of increasing the undercooling value that was seen from 

the first and second simulation? 

Question 8: Think back to the past 3 runs, what is strange about this tool? Is it a perfect model 

for every polycrystalline grain growing and coarsening? How can it be improved? 

 

 

 

Switching to Tool 2 

 

Tool 2: “Virtual Kinetics of Materials Laboratory: Dendritic Growth”, 

https://nanohub.org/tools/vkmlggs 

 

Open the link. What it should look like: 

 
 

 

Run 4: Effects of Different Thermal Diffusivity Values on Dendritic Growth 

Question 9: Define thermal diffusivity in 1-2 sentences. 

• First Simulation: Run the simulation using the preliminary parameters. Watch graphic by 

clicking play button. 

• Second Simulation: Increase the “Thermal Diffusivity” value from “2.25” to “7”, 

simulate. 

Question 10: What happened? How did increasing the thermal diffusivity affect dendritic 

growth? 

• Click “All” to show both results, look at the difference between the graphics. 

https://nanohub.org/tools/vkmlggs
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Question 11: Decrease the thermal diffusivity to a value below 2.25 and simulate, do the results 

match up with how you described thermal diffusivity to affect dendritic growth? Why or why 

not? (1-2 sentences) 

 

 

Run 5: Effect of Undercooling Variance on Dendritic Growth 

• Clear previous results and reset preliminary parameters (can either do manually or can 

terminate tool and reopen it) 

• First Simulation: Run a simulation using the preliminary parameters. 

• Second Simulation: Change the “Undercooling” value from “.5” to “.2” 

• Click “All” to show both results, look at the difference between the graphics. 

Question 12: What was the overall difference between the two simulations? 

Question 13: Did the Undercooling variance play a similar role to that of the undercooling 

variance in Run 3 with the growth and coarsening of a polycrystalline nucleus? 

 

 

 

Switching to Tool 3 

 

Tool 3: “Virtual Kinetics of Materials Laboratory: Spinodal Decomposition”, 

https://nanohub.org/resources/vkmlsd3d/about 

 

Open the link. What it should look like: 

 
• Hit Simulate and enjoy. 

 

 

 

 

 

https://nanohub.org/resources/vkmlsd3d/about
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Deliverables 

• All questions answered in complete sentences (13 total). 

 

Tips for navigating nanoHub tools for this lab assignment: 

• Can make simulations play faster using toggle bar at the bottom of the simulation after it 

finishes running. 

• Can change the size of the tool window by clicking on bottom right corner and dragging 

around to desired size. 
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