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g Impact Statement: A Review of Particle Shape Effects on Material Properties
for Various Engineering Applications: From Macro to Nanoscale

1. Introduction: Quantifiable Impact and Central Thesis

This review has rapidly established itself as a work of significant and growing influence within the scientific
community. Since its publication, the article has demonstrated a remarkable uptake, evidenced by a strong and
accelerating citation trend that not only underscores the relevance of its subject matter but also establishes the work
as a central reference inits field.

MY 2023 REVIEW PAPER "A review of particle shape effects on material
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2. Filling a Critical Knowledge Gap

Seminal review articles derive their impact from synthesizing fragmented knowledge into a coherent and accessible
framework. This review was strategically designed to fill such a void, addressing a pressing gap in the understanding
of how particle shape influences material properties across scales. Prior to its publication, literature on particle
morphology was scattered across numerous disciplines, leaving research teams without a single, comprehensive
resource. The article provided a crucial contribution by systematically summarizing this disparate literature into a
unified body of knowledge, presenting a new conceptual classification model that helped to define concepts, and
establishing consistent terminology for the field. Critically, it also highlighted unresolved scientific questions, thereby
creating a unified starting point that both grounds and inspires new experimental, modeling, and production-focused
research. This foundational role is a primary driver of its broad adoption across a multitude of scientific and
engineering domains. -
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Shape Dictates Behavior.

The morphology of a particle directly influences bulk material properties. A simple change in
geometry can radically alter how materials pack, flow, interact, and perform. This principle
operates universally, from drug delivery systems to the structural integrity of concrete.
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Particle Shape
Effects

How a particle's form—roundness, angularity,
complexity—influences the properties of a
material.
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The Premise: Why Particle Shape is a
Fundamental Parameter in Science

In 2023, our review synthesized the critical role of particle shape on
material properties. Moving beyond simple size metrics, the paper
established a comprehensive framework demonstrating how
morphology—from sphericity to angularity—dictates performance in
countless engineering applications. It addressed a crucial knowledge

gap, creating a unified resource for researchers across disparate fields.
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REVIEW: THE UNIFYING ROLE OF PARTICLE
MORPHOLOGY IN MATERIAL SCIENCE

ABSTRACT

This review examines the critical influence of particle shape on the
physicochemical properties of materials across diverse fields.
Synthesizing decades of reseerch, we establish a unified framework
connecting core morphological descriptors to engineering
performance. By moving beyond traditional size-based analyses, this
paper highlights how specific particle geometries—from high-
sphericity granules to high-aspect-ratio rods and angular fragments
—dictate key functionalities such as flow bohavion:muking density,
mechanical reinforcement, and surface reactivity. The synthesis
provides a roadmap for tailoring material properties through
precise morphological control, addressing a significant knowledge
gap and fostering interdisciplinary collaboration.



The Ripple Effect: Tracing
the Cross-Disciplinary Impact
of a Foundational Review

An analysis of the influence stemming from
the 2023 publication: “A review of particle shape
effects on material properties for various
engineering applications.”



An Ecosystem of Innovation

Aerospace & Advanced
Planetary Materials &
Science Manufacturing

Energy & 2023 Review: Biomedical &
Environmental Particle Shape Pharmaceutical
Remediation Effects Sciences

Geotechnical & Computational
Sustainable Modeling &
Construction Al-Driven Design

The 2023 review has served as a foundational text, catalyzing new research in diverse and emergent
scientific domains. The following slides explore the impact within each of these key areas.



A Catalyst for High-Impact Publications
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The review paper is consistently cited in leading, peer-reviewed journals, indicating
its acceptance and integration into the highest levels of scientific discourse.



Quantifying the Influence: A Global Academic Footprint

100+

Citing Research Articles and
Conference Papers (Published
or in press for 2024-2026)

Continents Represented by
Citing Research Institutions

1o+

High-Impact International
Publishers

The impact is demonstrated not only by the diversity of research fields but also by
the volume and global distribution of the citing works.




The Enduring
Importance of a
Fundamental
Principle

The extensive and varied citations demonstrate
that the 2023 review, “A review of particle shape
effects on material properties for various
engineering applications,” has become more
than a publication. It serves as a foundational
resource and a catalyst for innovation. The
study of particle shape is not a niche subfield; it
is a fundamental pillar of modern science and
engineering, with a future of expanding
applications yet to be discovered.
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ﬁ 3. Broad Interdisciplinary Relevance and Influence

A key indicator of truly foundational research is its ability to transcend disciplinary boundaries. The influence of
this review article extends far beyond a single specialization, demonstrating its fundamental importance to a wide
array of scientific and engineering fields. Its interdisciplinary significance is evident in its application across
numerous domains:

Materials Science Chemical Engineering Tribology

Geomechanics & Civil Engineering | Nanotechnology Powder Technology

Batteries Mineral Processing Ceramics

Powder Metallurgy Polymer Composites 3D Printing Powders

The article's broad uptake is driven by its utility in empowering researchers to justify the treatment of particle
shape as a primary variable controlling performance, rather than a secondary or incidental parameter. It has
become a standard reference in fields as diverse as geomechanics, where it supports analyses of civil engineering
materials; mineral processing, where it contextualizes studies on flotation efficiency and comminution product
quality; and computational science, where it underpins DEM simulations requiring realistic particle geometries.
This cross-disciplinary adoption confirms that the review addresses a universal challenge in materials engineering,
a breadth of influence matched only by the depth of its conceptual contribution.



4. A Foundational Reference and a Paradigm Shift in Materials Design

The article's most significant contribution is its role in catalyzing a paradigm shift in materials design, elevating
particle shape from a secondary characteristic to a fundamental design parameter on par with composition and
processing conditions. This conceptual re-framing challenges the traditional focus on chemistry and
manufacturing alone, arguing compellingly that geometry is an equally critical parameter for tailoring material

properties. This shift is reflected in how the research community now utilizes the article as a foundational
framework. It serves as:

e A fundamental framework for understanding the complex relationship between particle shape and material
properties.

e A starting point for developing new methods, terminology, and categorization schemes for morphological
descriptors.

e A summary reference used to justify and contextualize new research, providing a robust foundation upon which
new studies are built.

By foregrounding particle morphology as a central, tunable parameter, this review has opened new and promising
avenues for innovation in materials engineering.



Engineering Process

1. Characterize

Analyze the exact shape of
particles using advanced
imaging and Al.
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2. Control

Refine synthesis methods
to create particles with the
desired shape.
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3. Engineer

Apply custom-shaped
particles to a final product
to solve a problem.
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Sustainable Development Goals

06 Clean Water And Sanitation 24 13 Climate Action 9 02 Zero Hunger

03 Good Health And Well Being 22 07 Affordable And Clean Energy 7 14 Life Below Water

12 Responsible Consumption And 16 09 Industry Innovation And 4 15 Life On Land
Production Infrastructure

11 Sustainable Cities And Communities 15
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5. Future Research Trajectories and Implications for Innovation

The value of a seminal review lies not only in its summary of past work but also in its capacity to chart a definitive
course for future discovery. This article provides a forward-looking agenda that is already inspiring and guiding
subsequent studies across both academic and industrial research communities. The insights delineated in the
review are poised to accelerate progress in several key areas:

1. Innovation in Functional Materials By providing a clear framework for understanding shape-dependent effects,
the review can accelerate the development of multifunctional materials—those that combine mechanical
robustness with advanced electrical, thermal, or biological functionalities.

2. Contribution to Sustainable Engineering The work highlights how optimizing particle shape can lead to more
efficient and sustainable solutions, including reduced material usage, enhanced recyclability, and improved
performance, aligning directly with global sustainability goals.

3. Advancements Across Applied Fields The principles outlined are expected to inspire significant developments in
a range of applied fields, including nanocomposites, advanced manufacturing, catalysis, energy systems, civil
engineering, and biomedical applications.

This forward-looking agenda fulfills the author's stated hope that the review will continue to "provide new
conceptual syntheses, define terminology adopted by others, and guide future experimental or computational
studies,"’ thereby serving as a catalyst for the next generation of materials innovation.



By mastering the shape
of the infinitely small,

we are learning to solve
our largest challenges.



The Paradigm Shift: From Observation to Inverse Design

The Past: Observation The Future: Inverse Design
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Leveraging computational tools like Deep Learning, we no longer just ask ‘What does this
particle do?” We now ask, “What particle do we need to achieve our goal?”



A Cross-Disciplinary Language.

The principles of particle shape provide a common framework for innovation,
connecting fields that were once siloed. Understanding granular mechanics in
one domain can unlock breakthroughs in another.
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6. Conclusion: A Unifying and Enduring Contribution

The 2023 review article on particle shape effects has rapidly established itself as a landmark publication in
materials science and engineering. Its impact is demonstrated by its high and accelerating citation rate, which
points to its increasing centrality within the research community.

By filling a critical knowledge gap, it has become a foundational and unifying reference with strong
interdisciplinary relevance, consulted by researchers across dozens of engineering and scientific domains. Most
importantly, the work has catalyzed a paradigm shift, elevating particle morphology from a peripheral concern to a
central parameter in modern materials design. This review not only synthesizes existing knowledge with authority
but also establishes a definitive roadmap for future innovation, cementing its role in shaping the future of materials
engineering for years to come.



, Q’\r ‘ :
- ! O * “ \‘y
e ‘) ( M., ‘

Ifwe can desngn the =k
. Cs smallest things, what | @

o ®

" glant problems will we

®




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

