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The high entropy approach to materials design has provided access to an exponentially large compositional phase
space. There are a multitude of ongoing research efforts that are continuously producing large amounts of data in
the scientific journals. The community is actively and regularly consolidating the data in review articles.
However, there is a pressing need to curate and digitize data in a format that is readily accessible for scientific
analysis. This is particularly important to foster machine learning models that are rapidly being integrated in
various materials design approaches. We present an open, web-accessible centralized database, namely
Consolidated Database of High Entropy Materials (COD’HEM), that currently consists of experimentally-
measured mechanical properties of high entropy alloys published over the past many years. The unique
aspect of the database is that it can be queried online via a variety of filters including composition, properties and
phases, thereby allowing immediate comparison and analysis of all alloys in the database. The paper provides
brief overview of current features and functionalities, data collection and consolidation process, and website
architecture and design.

1. Introduction

The field of materials science is experiencing an unprecedented surge
in data generation, driven by advances in experimental techniques and
computational methods. To leverage this wealth of information, various
repositories and databases have been established, enabling researchers
to share and access critical data on material properties, structures, and
performance [1-8]. These platforms are essential for promoting col-
laborations, accelerating discoveries, and driving innovations across the
disciplines.

High entropy materials (HEMs) present unique challenges due to
their vast compositional space. These materials are composed of multi-
ple principal elements in large concentrations. They require extensive
exploration across a wide range of compositions and processing condi-
tions, resulting in a significant volume of diverse data. While the data is
being consolidated in timely review papers [9-14], much of this data
remains underutilized, as it is often not digitally curated in a way that
facilitates comprehensive analysis and comparison. To advance the
discovery and optimization of HEMs, there is an increasing need to
systematically curate and digitize the data, making it more accessible
and actionable for the scientific community.
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2. Consolidated database of high entropy materials (COD’HEM)

We have developed an open, web-accessible centralized database of
high entropy alloys, namely Consolidated Database of High Entropy
Materials (COD’HEM), that currently consists of experimentally-
measured mechanical properties of high entropy alloys (HEAs). The
data has been obtained from the published papers in the past two de-
cades. Some important features of the database are:

the data has been extracted from the tables published in prior papers,
current database consists of > 4000 compositions obtained from >
400 papers,

each datapoint is tagged to the digital object identifier (DOI) of the
paper,

e each alloy has a unique_id tagged to the DOI,

e the data can be queried live on the website among various chemis-
tries and compositions by selecting from the periodic table
launchpad,

the database can be queried based on different mechanical properties
and phases,

e the data can be compared against the rule-of-mixtures (ROM),

Received 24 October 2024; Received in revised form 29 November 2024; Accepted 1 December 2024

Available online 6 December 2024

0927-0256/© 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


mailto:daidhy@clemson.edu
www.sciencedirect.com/science/journal/09270256
https://www.elsevier.com/locate/commatsci
https://doi.org/10.1016/j.commatsci.2024.113588
https://doi.org/10.1016/j.commatsci.2024.113588

M. Singh et al.

e all or part of the filtered data can be downloaded for further analysis
e the database is constantly updated.

3. Current features and functionalities

Fig. 1 shows the periodic table of elements as the landing page of the
website. On the right, the database can be queried based on different
compositions, where the window of the elemental concentration can be
set. On the left, the database can be queried based on different proper-
ties. Based on these queries, the filtered data is displayed. Each
composition has a unique_id, and multiple data of a composition are
documented with a version number (e.g., composition_1, composition_2,
etc.).

The filtered data can be plotted between different properties to
compare different alloys. For example, Fig. 2a shows a plot between
ductility and yield strength of the queried compositions. Data visuali-
zation is the unique feature of the website that enables comparison of
properties among the selected alloys, allowing opportunities to capture
patterns, trends, and relationships. Such visual analysis is crucial for
forming hypotheses and driving deeper investigations into material
properties. Beyond merely presenting data, these graphs also prompt
new questions, encouraging researchers to explore mechanistic behav-
iors, which can lead to further scientific insights. For example, we
observed that addition of a softer element (Ti) to a stronger alloy Mo
alloy, shown in green in Fig. 2b, increases the yield strength, which is
unintuitive. The conventional trend, i.e., strength increase by adding a
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stronger element (e.g. Mo) is observed in various other alloys, such as
alloys shown in blue and purple in Fig. 2b. Our follow-up DFT investi-
gation revealed that the softer element induces lower bond stiffnesses
which increases the local lattice distortion, that ultimately leads to solid
solution strengthening thereby raising the yield strength. This is one
example of identification of patterns due to data visualization. Looking
forward, we aim to expand our visualization tool capabilities, including
developing methods to extract data directly from plots and converting
into a tabular format that can be further analyzed. This advancement
will improve the ability to fully utilize graphical data and integrate it
into our research database, enhancing both the scope and depth of
analytical capabilities.

An additional feature is the interactive interface in which hovering a
cursor over the data-point reveals its corresponding DOI and the
unique_id, as shown in Fig. 2a. The data can be further filtered by phases
and properties of alloys. Finally, experimentally-obtained property
value can be compared to ROMs to develop a perspective on the devi-
ation that may be expected in an alloy compared to its individual ele-
ments. Fig. 3a shows the comparison of modulus of elasticity (E)
between ROM and experimental data. The plot shows that single phase
BCC and FCC agree very well, whereas multi-phase alloys don’t, as ex-
pected. Fig. 3b shows the comparison of yield strength between ROM
and experimental data. The agreement is poor because the yield strength
is largely guided by the microstructure (i.e., solid solution strength-
ening), which is absent in pure metals, and not captured by ROM.

Fig. 4 is a snapshot of the website Dashboard summarizing the total
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Fig. 1. Snapshot of the periodic-table based materials property search. The materials can be searched based on property-filter on the left of the panel, and/or

composition-filter on the right of the panel.
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Fig. 2. (a) Snapshot of the plotted data queried between ductility and yield strength. (b) Data reveals unintuitive strength vs elasticity trends. The Ti-alloys show
unintuitive strength increase by adding softer Ti, whereas Mo-alloy show conventional behavior.
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Fig. 3. (a) Comparison of modulus of elasticity between the literature data (CODHEM) and the rule of mixtures (RoM) data. (b) Comparison of yield strength (at
room temperature) between the CODHEM and RoM data. Orange data points are BCC alloys, purple data points are FCC alloys, and empty circles correspond to

multiphases.

number of compositions, number of DOIs, phases of alloys, distribution
of alloys with different number of elements, etc. The dashboard is built
in MondoDB framework and is automatically updated and provides an
overview of the latest data availability.

4. Data collection and consolidation

The current version of the database focuses on the mechanical
properties of high entropy alloys gathered from papers published over
more than ten years. The main sources of the papers are Google Scholar
and ScienceDirect. The former offers unique access to resources,
including full-text downloads from ScienceDirect, which is pivotal for
efficient, large-scale data collection. ScienceDirect allows bulk down-
load of tens of papers at once, streamlining the process by facilitating the
rapid acquisition of large data volumes. Additionally, we utilize large
language models (LLMs) such as ChatGPT and SCISPACE for targeted
searches, to refine the results to meet specific research criteria. All pa-
pers are systematically named and organized to maintain a curated
dataset for subsequent analysis. This methodical approach not only
optimizes efficiency but also ensures the quality and relevance of the
collected data.

Data extraction is a crucial part of the process that requires a variety

of tools. Primarily, we use Tabula for its user-friendly interface, allowing
for a quick conversion of tables in pdfs to.csv format. Additionally,
Nanonets is used to handle complex data structures. Looking ahead, we
plan to develop techniques to extract data directly from graphical plots,
converting visual data points into a structured tabular format for
enhanced analysis. This advancement will significantly broaden the
scope and depth of data utilization, improving the analytical capabilities
to evaluate HEAs. With the advancements in the LLMs, there is greater
ability to extract and analyze data at a faster rate. ChatGPT is also
employed to extract data from tables in.csv format. All papers are tagged
via ChatGPT to curate them in categories such as microstructure, pro-
cessing methods, properties, etc. Finally, a primary conversational/
prompt tool is created to deal with any inquiry regarding the content of
the papers. This is a multi-purpose tool that converses with the user,
learns papers’ contents and compares data when queried. These LLM
based tools has greatly increased productivity and growth of the web-
site’s content.

The process of uploading data uses DOI from the original papers,
which links each data piece directly to its source. This linkage provides a
permanent and verifiable connection to the original research, ensuring
proper attribution to the original works. The data formatted into.csv
files plays a critical role during the uploading phase. These files are
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Fig. 4. Snapshot of the dashboard of the website providing overview of the available data.

meticulously prepared with data arranged in structured rows and col-
umns, complete with appropriate headers. This organization is essential
for smooth integration into the research database, promoting consis-
tency and data reliability. The uploading steps are as follow: first, the.
csv files are uploaded to ensure all relevant data is included in the
database. Second, each data set is linked to its corresponding DOI,
establishing a clear connection to its source. Finally, the data is inter-
rogated for verification and validation process to ensure accuracy and
address any discrepancies, thus maintaining data integrity. Data visu-
alization capability is a direct and convenient way to verify and validate
the data. Any anomaly such as an outlier data for a yield strength of an
alloy deviated from rest of its composition family, is noted and
corrected.

In addition to the technical steps, the final phase of the uploading
process involves structuring the website to present the data effectively.
The website is designed to offer a comprehensive overview of high en-
tropy alloys’ compositions, properties, and origins in the field. Future
enhancements planned for the website include adding detailed sections
on material properties, alloy compositions, and their industrial appli-
cations, as well as summaries of key research insights and directions.
These improvements aim to enhance the website’s navigation and use-
fulness, making it a valuable resource for researchers and industry
stakeholders alike.

5. Website architecture and design workflow

The website’s architecture is designed for performance, scalability,
and security, hosted on Clemson Computing and Information Technol-
ogy (CCIT) servers. It consists of several key components working
together seamlessly:

e Nginx: acts as the gateway, managing HTTP requests between users
and the platform.

e Backend: The core server is built with Go using the Echo framework,
handling routing, business logic, and database interactions, ensuring
efficient request processing and data management.

e Databases: PostgreSQL is used for structured data, while MongoDB
handles unstructured data, offering flexibility and robust data
handling.

e Frontend: Developed with ReactJS and TypeScript, the frontend
delivers a dynamic, responsive user experience, with TypeScript
enhancing code reliability through strict typing.

e Version Control: GitHub is used for version control, supporting
collaborative development across teams.

When a user interacts with the platform, Nginx routes their request to
the Go server, which processes the request, communicates with the
databases, and sends back the necessary data. This ensures a fast and
seamless experience for the user. Fig. 5 provides overview of the website
architecture.

The platform is designed as a Single-Page Application (SPA), which
enhances user experience by significantly improving load times. By
dynamically updating content without reloading the entire page, users
can interact with the application more fluidly and efficiently. This ar-
chitecture allows for seamless transitions between different views and
features, reducing wait times and providing a more engaging interface.
As users navigate through the platform, only the necessary data is
fetched and rendered, minimizing server requests and optimizing per-
formance. Overall, this approach not only speeds up interactions but
also creates a more responsive and enjoyable user experience.
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5.1. Server and Client

The backend is built using Go and the Echo framework, which allows
for efficient routing, middleware integration, and robust performance.
Go was chosen for its strong concurrency model, enabling the applica-
tion to handle multiple requests simultaneously. Echo’s built-in features,
such as secure CORS handling and logging, enhance the overall security
and reliability of the APIL

For the frontend, ReactJS and TypeScript are used to create a dy-
namic and responsive user interface. ReactJS facilitates the development
of reusable components, while TypeScript helps reduce errors and
improve code quality through strict type checking. This combination
ensures a smooth user experience and facilitates easier maintenance and
scalability as the platform grows.

To streamline deployment and enhance the development workflow,
Docker is employed to containerize both the backend and frontend ap-
plications. Docker simplifies the packaging of applications along with
their dependencies, ensuring consistency across different environments.
This containerization allows for rapid development and deployment,
making it easy to test new features and roll out updates without dis-
rupting the existing platform. As a result, rich features and improve-
ments can be quickly implemented, keeping the platform responsive to
user needs and market demands.

By integrating these technologies and practices, the application is
made efficient, secure, and user-friendly, ultimately providing a better
experience for users.

5.2. Database management

In developing the web application using Go and React, both Post-
greSQL and MongoDB were chosen as database solutions, each serving
distinct purposes to enhance functionality. PostgreSQL, a robust rela-
tional database management system (RDBMS), excels in managing
structured data. Its ACID compliance ensures reliable transactions and
data integrity, which are vital for handling sensitive information.
Additionally, PostgreSQL’s ability to perform complex SQL queries
supports intricate data analysis and reporting.

In contrast, MongoDB was selected as a NoSQL database for

managing unstructured and semi-structured data. Its document-oriented
storage model provides flexibility in data representation, allowing for
rapid development without extensive schema changes. MongoDB'’s
horizontal scalability is crucial for handling large volumes of data and
maintaining performance during high-traffic scenarios.

The combination of PostgreSQL and MongoDB effectively addresses
the platform’s diverse data management needs. PostgreSQL manages
structured data with complex queries and data integrity, while Mon-
goDB facilitates agile development for unstructured data. This dual-
database approach optimizes performance and prepares the applica-
tion for future enhancements, ensuring adaptability to evolving user
requirements.

In summary, choosing both PostgreSQL and MongoDB allows the
application to take advantage of what each database does best. This
combination not only boosts the overall performance and reliability of
the web app but also sets it up for future growth and ensures a great user
experience.

6. Summary

We have developed an interactive high entropy alloy database con-
sisting of mechanical properties of HEAs. The website enables analysis
and comparison among different alloys. Currently, the database consists
of > 4000 compositions from > 400 papers. In future, we plan to expand
to computational data, include other properties, and diversify to high
entropy ceramics. We plan to integrate machine learning models for
predictive capabilities.
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