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ABSTRACT

Spark plasma sintering (SPS) has become one of the most influential powder consolidation
technologies for advanced materials. Its capability to rapidly densify ceramics, metals,
composites, and functional materials while preserving fine microstructures has significantly
expanded its applications across materials science and engineering. This study presents a
comprehensive bibliometric analysis of 21,714 publications, updated as of June 27, 2026,
indexed in the Scopus database using the keyword spark plasma sintering. Publication
characteristics were analyzed with respect to annual production, subject areas, document types,
languages, journals, authors, countries, affiliations, funding agencies, and open-access status.
The results demonstrate remarkable growth in SPS research over the past two decades,
particularly after 2010, reflecting increasing industrial and academic interest in rapid sintering
technologies. Materials science remains the dominant discipline, followed by engineering,

physics, and chemistry. China has emerged as the global leader in SPS research, accounting for

more than one-third of all publications, supported by extensive governmental funding and
strong institutional infrastructure. Japanese institutions continue to play a pioneering role,
while European countries maintain substantial contributions through collaborative research
networks. Ceramics International, Journal of Alloys and Compounds, and Journal of the
European Ceramic Society constitute the principal publication venues. The bibliometric
indicators provide valuable insights into the evolution, global distribution, and future directions
of SPS research.

© 2026 The Authors. Published by Synsint Research Group.
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1. Introduction

Spark plasma sintering has emerged as one of the most transformative
powder consolidation technologies developed during the past several
decades. Unlike conventional pressureless sintering or hot pressing,
SPS employs simultaneous application of uniaxial pressure and pulsed
direct electric current, enabling extremely rapid heating rates, short
processing times, and comparatively low sintering temperatures [1-5].

A schematic configuration of this consolidation setup is illustrated in
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Fig. 1. These unique characteristics have made SPS an attractive
processing route for advanced ceramics, refractory compounds, hard
materials, metals, intermetallics, composites, nanostructured materials,
thermoelectric materials, and functional materials [6—9].

The increasing demand for materials possessing superior mechanical
strength, thermal stability, electrical conductivity, and multifunctional
performance has substantially accelerated research activities related to
SPS [10, 11]. The technology has become particularly important in the
fabrication of ultra-high-temperature ceramics, high-entropy materials,
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Fig. 1. Schematic of the SPS setup. Reused under a CC BY 4.0 license
from Ref. [5].

transparent ceramics, biomaterials, magnetic materials, battery
components, and nuclear materials. Consequently, the volume of
scientific publications has expanded dramatically over the past two
decades [12, 13].

The rapid growth of any research field naturally raises important
questions regarding its scientific evolution. Which countries dominate
SPS research? Which journals have become the preferred publication
platforms? Which institutions and researchers have played leading
roles? How has the disciplinary distribution changed over time? Which
funding agencies have driven technological development? Answers to
these questions provide valuable perspectives for researchers, funding
organizations, journal editors, and policymakers.

Bibliometric analysis has become an indispensable approach for
quantitatively evaluating scientific productivity and identifying
emerging research trends [14]. By examining publication outputs,
citation databases, institutional contributions, and collaboration
patterns, bibliometric studies reveal the structural evolution of research
domains while identifying influential contributors and future research
opportunities.

Although numerous review papers have summarized the processing
mechanisms, densification behavior, and material applications of SPS,
relatively few studies have investigated the global evolution of SPS
research from a scientometric perspective using comprehensive
publication metadata.

The present study addresses this gap through a large-scale bibliometric
analysis of 21,714 Scopus-indexed publications retrieved using the
search term "spark plasma sintering." Multiple bibliometric indicators
were examined, including annual publication trends, subject
classifications, document types, publication languages, journal
distribution, leading authors, contributing countries, institutional
affiliations, funding sponsors, and open-access dissemination. The
analysis provides an integrated overview of the global development of
SPS research over more than four decades and identifies the principal
scientific drivers responsible for its remarkable expansion.

The results contribute to a deeper understanding of how SPS has
evolved from a specialized powder metallurgy technique into a

multidisciplinary manufacturing platform influencing numerous areas
of materials science and engineering.

2. Methodology

The bibliometric dataset was retrieved from the Scopus database [15]
using the search keyword "spark plasma sintering" within the document
search interface. The search returned 21,714 publications, updated as of
June 27, 2026, representing one of the largest available datasets
devoted exclusively to SPS research.

The bibliographic metadata provided by Scopus were analyzed
according to several indicators:

e Annual publication output

e Subject area

e Language

e Open-access status

e Document type

e Source title

e Author productivity

e Country contribution

e Institutional affiliation

e Funding sponsor

The analysis was descriptive in nature and aimed to identify long-term
publication patterns rather than citation impact. The retrieved statistics
were interpreted to reveal the scientific maturity, internationalization,
and interdisciplinary expansion of SPS research.

3. Results and discussion

3.1. Evolution of scientific output

The annual publication profile clearly illustrates the remarkable
evolution of SPS research over the past four decades. Only one
publication appeared in 1980, while virtually no publications were
recorded during much of the 1980s and early 1990s. This observation
confirms that SPS remained an emerging laboratory-scale technology
during its early developmental stage. The chronological distribution
and annual growth trend of these global publications are illustrated in
Fig. 2.

The first noticeable increase occurred after 2000, when publication
numbers exceeded sixty papers annually. Between 2000 and 2010,
scientific production increased nearly tenfold, reaching 588
publications in 2010. This period coincides with widespread
commercialization of SPS equipment and growing interest in
nanostructured materials.

An even more pronounced expansion occurred during the following
decade. Annual publications consistently exceeded one thousand after
2016 and remained above 1,300 papers every year thereafter. The
highest output was observed in 2025 with 1,607 publications, while
2026 had already produced 888 publications despite representing an
incomplete year.

This sustained increase demonstrates that SPS has progressed beyond a
developing technology into a mature research field with continuous
innovation. Unlike many emerging technologies that experience
temporary publication surges followed by stagnation, SPS has
maintained long-term growth, reflecting its expanding industrial
relevance and broad applicability across multiple material systems.
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Fig. 2. Chronological distribution and annual growth trend of global publications.

The publication trajectory resembles a classical technology adoption
curve, which includes a latency stage (1980-1999), a rapid expansion
stage (2000-2015), and a mature growth stage (2016 onward).

3.2. Distribution across subject areas

Materials Science overwhelmingly dominates SPS research with
18,938 publications, representing the technological foundation of the
field. This finding is expected because SPS was originally developed
for powder metallurgy and ceramic processing. Engineering occupies
the second position with 10,809 publications, emphasizing the
importance of process optimization, equipment design, manufacturing
technologies, and industrial implementation.

Physics and Astronomy contribute 8,082 publications, reflecting
extensive investigations into electrical current effects, plasma
generation mechanisms, diffusion kinetics, and thermal transport
during SPS. Chemistry and Chemical Engineering each contribute
approximately 2,500 publications, indicating increasing interest in
reaction synthesis, catalytic materials, functional ceramics, and
chemically assisted densification. Energy-related applications account
for 898 publications, demonstrating the growing role of SPS in
thermoelectric materials, fuel cells, hydrogen storage systems, battery
electrodes, and nuclear energy components.

Smaller but steadily increasing contributions originate from medicine,
environmental science, computer science, and biology. Although these
disciplines represent relatively small fractions of the literature, they
indicate continuing interdisciplinary diversification.

The subject distribution demonstrates that SPS has evolved from a
specialized ceramic processing technique into a broadly applicable

manufacturing technology serving numerous scientific disciplines.

3.3. Language distribution

English overwhelmingly dominates SPS publications, with 20,161
documents, accounting for more than 92% of the database. This
dominance reflects the international nature of scientific communication
and facilitates global dissemination of SPS research.

Chinese is the second most common publication language with 1,275
documents, reflecting China's leading position in global SPS research.
Japanese ranks third with 328 publications, highlighting Japan's

historical leadership in SPS technology development. Other languages
including Korean, Russian, Spanish, Italian, German, Turkish, Persian,
French, and Polish collectively contribute only a small percentage of
publications.

The strong predominance of English indicates that SPS research has
become highly internationalized, enabling efficient dissemination and

collaboration across geographical boundaries.

3.4. Open-access publications

Among the retrieved publications, 6,478 are available through open-
access publishing models. Green Open Access is identified for 3,431
publications, while Gold Open Access accounts for 3,214 publications.
Hybrid Gold and Bronze Open Access are identified for 1,559 and 721
publications, respectively. Because these open-access categories are not
mutually exclusive, their individual counts may overlap and should not
be summed to obtain the total number of open-access publications. The
substantial availability of open-access literature indicates broad
dissemination of SPS-related research and facilitates access for both
academic researchers and industrial practitioners.

3.5. Document types

Research articles dominate SPS literature with 18,374 publications,
representing approximately 85% of the database. Conference papers
account for 2,640 publications, indicating active participation within
348
publications, suggesting that the field has matured sufficiently to

international scientific conferences. Review articles total
support comprehensive knowledge synthesis. The relatively small
numbers of book chapters, letters, editorials, and conference reviews
further emphasize that original experimental research constitutes the
primary driver of SPS development. The dominance of full-length
research articles reflects continuous innovation in processing methods,
material systems, and engineering applications. The distribution of
these publication types is illustrated in Fig. 3 as a donut chart.

3.6. Leading publication sources
The distribution of publications across journals demonstrates a strong

concentration within high-impact materials science journals. Ceramics

International leads with 1,476 publications, followed by Journal of
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Fig. 3. Donut chart showing the distribution of publication types.

Alloys and Compounds (1,238), Journal of the European Ceramic
Society (899), Materials Science and Engineering A (634), and Journal
of the American Ceramic Society (558). The annual publication trends
of these top 5 core journals are illustrated in Fig. 4. These journals
collectively publish a substantial proportion of SPS literature because
they specialize in advanced ceramics, powder metallurgy, and
structural materials. The concentration of publications within a
relatively limited number of journals indicates the establishment of
dedicated publication platforms serving the SPS research community.

3.7. Most productive authors

Several researchers have made exceptionally large contributions to SPS
research. P.A. Olubambi leads with 166 publications, followed by M.J.
Reece (145), Y. Sakka (132), T. Goto (130), C. Estournés (125), T.
Yanagida (120), J.F. Li (118), K. Kondoh (114), Z. Shen (114), W.
Jiang (110), M..S. Boldin (108), M. Yue (108), S. Grasso (105), T. Kato
(104), M. Shahedi Asl (104), and Q. Shen (100). The document counts
of these most prolific authors are displayed in Fig. 5. The presence of
researchers from Asia, Europe, and Africa demonstrates the global
nature of SPS research. Many of these scientists have contributed not
only through experimental investigations but also through the
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development of theoretical models, novel processing routes, and
industrial applications.

3.8. Country contributions

The geographic distribution of scientific production across these
top 10 leading countries is illustrated in Fig. 6. China overwhelmingly
dominates global SPS research with 8,633 publications, accounting
for approximately 40% of all retrieved documents. Japan follows
with 3,008 publications, reflecting its pioneering role in the invention
and commercialization of SPS. The United States contributes
1,969 publications, followed by India (1,345), Russia (1,256), France
(1,233), South Korea (1,189), Germany (922), Iran (721), and Spain
(621).

China's remarkable leadership can be attributed to sustained
governmental investment, extensive laboratory infrastructure, strong
university networks, and strategic prioritization of advanced
manufacturing technologies. Japan maintains scientific leadership
through long-term expertise in powder metallurgy and ceramic
engineering. European countries collectively contribute a highly
influential body of research, particularly in ceramic processing and
functional materials.
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Fig. 4. Annual publication trends of the top 5 core journals in the field of spark plasma sintering.
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Fig. 5. Document counts of the most prolific authors in spark plasma sintering research.

3.9. Leading institutions

Chinese institutions dominate institutional productivity. The Ministry
of Education of China appears in 971 publications, followed by the
Chinese Academy of Sciences (944), Wuhan University of Technology
(700), CNRS (668), University of Science and Technology Beijing
(547), State Key Laboratory of Advanced Technology for Materials
Synthesis and Processing (538), Tohoku University (516), Tsinghua
University (505), National Institute for Materials Science (486), and
Harbin Institute of Technology (413). These institutions collectively
represent global centers of excellence in powder metallurgy, advanced
ceramics, and functional materials research. The document volumes
and productivity of these top 10 global research organizations are
detailed in Fig. 7.

3.10. Funding landscape

Funding analysis reveals strong governmental support for SPS
10 global funding
sponsors to spark plasma sintering research is detailed in Fig. 8.
The National Natural
4,157 publications, substantially exceeding all other funding agencies.

research. The contribution of these top

Science Foundation of China funded

Additional major contributors include the National Key Research
and Development Program of China (692), Japan Society for
the Promotion of Science (604), Fundamental Research Funds for
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the Central Universities (580), Russian Science Foundation (378),
U.S. National Science Foundation (322), National Research
Foundation of Korea (311), U.S. Department of Energy (280),
Ministry of Education and Science of the Russian Federation (274),
and China Postdoctoral Science Foundation (260). The dominance
of Chinese funding agencies strongly correlates with China's

leading publication output, demonstrating the effectiveness of

sustained governmental investment in advanced manufacturing

research.

4. Future research directions

The publication trends indicate that SPS research has entered a mature
yet continuously expanding phase. Future developments are expected
to emphasize artificial intelligence-assisted process optimization,
digital manufacturing, additive manufacturing integration, high-entropy
materials, ultra-high-temperature ceramics, multifunctional composites,
battery materials, hydrogen technologies, biomedical implants, and
sustainable manufacturing.

Increasing interdisciplinary collaboration among materials scientists,
mechanical engineers, chemists, physicists, and computational
scientists is expected to further broaden the application spectrum of
SPS. The growing adoption of machine learning, digital twins, and
real-time process monitoring is also likely to transform SPS into a more

intelligent manufacturing technology.
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Fig. 6. Geographic distribution of scientific production by the top 10 leading countries.
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Fig. 7. Top 10 global research organizations by document volume in the spark plasma sintering domain.

5. Conclusions

The bibliometric analysis of 21,714 Scopus-indexed publications
demonstrates the extraordinary growth and global expansion of
spark plasma sintering research over the past four decades. The field
has evolved from a niche powder consolidation technique into one of
the most active research areas in advanced materials processing.
Materials Science remains the dominant discipline, while Engineering,
Physics, Chemistry, and Energy have become major complementary
fields. China has established clear global leadership through strong
governmental funding and extensive institutional support, whereas
Japan continues to maintain a prominent scientific position owing to its
pioneering contributions. The concentration of publications in
specialized materials journals, together with the predominance of
original research articles, reflects the technological maturity and
sustained innovation of SPS research. The continuous increase in
annual publications, expanding interdisciplinary applications, and
growing open-access dissemination collectively indicate that SPS will
remain a strategically important manufacturing technology for next-
generation structural and functional materials.
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