
Accelerate the R&D of High-Performance Alloys using Computational Materials Engineering



BACKGROUND WHY IS DEVELOPMENT OF NEW ALLOYS NECESSARY?

Alloys are metallic materials that are used in engineering 
applications due to their ability to withstand substantial 
thermal and physical loads.

Example: Development of Aluminium Alloys facilitated 
aircrafts and Nickel Super Alloys made gas turbine engine 
technology possible.

The use-case performance of an alloy is intricately linked to 
the chemical makeup of the alloy, as well as the processing 
conditions under which it was produced.
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BACKGROUND WHY NOW?

Grand missions, such as combating climate change through 
proliferation of sustainable technologies necessitates 
technological advancements for which discovery of new 
functional materials is often a prerequisite.
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PROBLEM OBSOLETE METHODOLOGIES

The urgent need for better materials demands faster 
turnaround times from basic research, such that better, more 
efficient, and more economically viable materials can enter the 
market sooner than historically observed 40 years.

The conventional methodologies employed when developing 
new alloys are slow, labour intensive, and costly. The 
development process has been - and still is - predominantly 
reliant upon trial-and-error.

4



PROBLEM MODERN ALLOYS ARE COMPLEX

Modern High-Performance Alloys can contain 10 or 
more different alloying elements.

The combinatorial design space for alloys increases 
exponentially with increasing number of elements in the 
alloy.

It is impossible for a human researchers to consider all 
possible permutations purely experimentally. Typically, 
the number of alloys studied will be limited to less than 
100 different compositions. However, due to many 
different factors - like time and cost - the number of 
alloys produced may be considerably less.
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PROBLEM A MULTITUDE OF PROBLEMS

As a result of shortcoming of traditional R&D workflows, researchers face the following problems:

● Long turn around times from basic research to a commercially viable material.

● Large number of experimental iterations.

● Large initial investment is required.

● Researchers cannot explore the design space in its entirety leaving out the possibility of a more ideal material.
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NEEDS WHAT DO CUSTOMERS WANT?

Higher ThroughputBetter Understanding Shorter Timelines

As material continue to become more 
complicated, researchers want to 

understand the relationship between 
an alloy’s chemical makeup and 

properties better.

Sequential trial-and-error is limited in 
its ability to scale as the design space 

grows. Researchers require a faster 
way to refine a larger design space 

into meaningful material candidates.

Large number of experiments means 
extended R&D timelines and large 
initial investment. Due to a greater 

demand for new materials, it is 
needed to shorten the timelines.
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SOLUTION COMPUTATIONAL MATERIALS ENGINEERING

A computational platform for the discovery of new alloys and simulating its properties

A.I. driven Discovery Multi-Scale Simulations Thermodynamic Modeling

Model a large design parameter 
space of millions of unique data 
points with Machine Learning.

Model the properties of any alloy 
composition at different time- and 
length-scales without the need for 

experimental data.

Processing conditions can be a 
bottleneck to material properties, 

therefore we use our thermo models 
to inform the processing conditions.
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SOLUTION DISCOVERY THROUGH PREDICTIONS

Machine Learning is used as a screening 
tool to scan the entire design space and 
identify alloy compositions that satisfy 
constraints specified by clients’ needs.

Millions of unique compositions screened 
in a few hours with over 90% accuracy.
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SOLUTION EXPERIMENT FREE MATERIAL PROPERTIES MODELLING

Quantum Chemistry

Molecular Dynamics Thermodynamics Models

Macro Models

Nano

Micro

Molecular Dynamics and Thermodynamics models, as well as 
macroscopic models, require some degree of information 
derived from experimental data.

PhaseShift uses a Quantum Chemistry engine to inform the 
aforementioned models and eliminate any need for 
experimentally derived data.
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SOLUTION INFORMED PROCESSING PARAMETERS

The properties of an alloy depend greatly on 
its microstructure, which is directly 
influenced by the processing conditions 
under which the alloy was produced.

PhaseShift models the different phases that 
would form in an alloy using 
single-temperature or range-of-temperature 
thermodynamic calculations.
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SOLUTION INTEGRATED COMPUTATIONAL MATERIALS ENGINEERING

COMPOSITION PROCESS STRUCTURE PROPERTY PERFORMANCE

INVERSE DESIGN PROBLEM

PhaseShift’s ICME platform enables the inverse design of alloys. Starting from 
performance constraints defined by the clients and travelling back each step of 

the CPSPP chain to identify new functional materials. 
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COMPETITION COMPETITIVE ADVANTAGE

NO EXPERIMENTAL DATA NEEDED

Our competitors require some degree of experimental data in their ICME approach. PhaseShift’s models 
are being developed to only rely on Quantum Chemistry simulations for data.

Design Space Merit Index Filtering Data Generation A.I. Screening Property Simulations

Design Constraints Material Properties

1M + 100-200 100-200 10
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Thank You
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