Research Trends on the Use of Nanoparticles in Construction Materials: A Bibliometric Analysis
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Abstract. This study presents a bibliometric analysis focused on scientific articles and reviews in English on the use of nanoparticles in construction materials, collected from the Scopus database between 2010 and June 2025. The results reveal a dynamic and expanding field of research, with notable growth in scientific production, led mainly by China and India. The journal Construction and Building Materials is consolidated as the main publication source. Salemi N. and Singh LP. are presented as recognized and important local and global references in the literature. The co-occurrence analysis and the conceptual structure reveal a division between fundamental studies of nanomaterials and practical applications in construction materials and their characterization. Research is grouped in main areas as the study of the physical and chemical properties of nanomaterials, the improvement of material properties through nanoparticles, the development of sustainable materials, and specific applications in the construction industry.
Introduction
For the past few decades, traditional materials such as concrete and steel have been fundamental pillars in the development of modern infrastructures. Their success is largely due to their outstanding physical, mechanical, and thermal properties. However, they also present structural and environmental limitations that, under certain conditions, restrict their performance, reduce their useful life, and increase maintenance costs [1]. Among the main technical challenges are their low corrosion resistance, propensity to cracking, and chemical degradation. In addition, there is a high environmental impact due to the emission of CO₂ during production, especially in the case of Portland cement, which is responsible for around 7% of global emissions [2]. As a result, the construction industry must explore alternatives that allow improving the efficiency, sustainability, and resilience of materials, especially to face extreme climate scenarios or high structural demands [3,4].

Nanotechnology has emerged as a promising solution to address these challenges. Due to their unique scale and properties, nanoparticles can modify the behavior of materials from a molecular level, enabling substantial improvements in their properties [5]. Nanomaterials such as nanosilica, carbon nanotubes, or various metal oxides have been shown to be capable of increasing mechanical strength, reducing porosity, increasing durability, and also conferring new functionalities, such as self-cleaning or self-repair [6]. In this line, the work of Sobolev et al. is fundamental, laying the foundations for understanding and manipulating matter at the atomic and molecular scales, highlighting the “bottom-up” approach that mimics nature to build materials from the nanoscale, demonstrating that it is possible to design materials with superior crack resistance and durability [7]. Similarly, reviews such as that by Pacheco-Torgal and Jalali have documented considerable improvements in the properties of Portland cement by incorporating titanium dioxide (TiO₂), highlighting not only the increase in mechanical strength, but also the development of surfaces with self-cleaning capacity [8]. For their part, Hanus and Harris have explored the incorporation of nanosilica, TiO₂ and aerogels, not only to create advanced concretes and antimicrobial coatings, but also to develop highly efficient thermal insulators that reduce energy consumption [9]. However, despite theoretical and experimental advances, the implementation of nanomaterials in the construction industry remains limited. As Van Broekhuizen warns, the implementation of nanomaterials in the industry is still incipient and is limited to niche products such as coatings and additives [10]. Despite its potential, its large-scale adoption is limited by technical difficulties, such as the homogeneous dispersion of nanoparticles, high production costs, and a lack of clear regulations governing their use. Overcoming these obstacles is crucial to fully harnessing the benefits of nanotechnology and transforming the construction industry toward a more efficient and sustainable future.

In this context, bibliometric studies are necessary to understand the state of existing knowledge, identify the most relevant contributions, and create new knowledge [11,12]. To this end, this work seeks to examine, through a bibliometric review, emerging trends, key players, and the impact of research on the use of nanoparticles in the optimization and development of construction materials. This understanding is essential to propose future lines of research and application opportunities that guide the scientific community and industry toward the development of more efficient and sustainable materials, anticipating advances and paving the way for their practical implementation. 
methodology
Scopus is a multidisciplinary scientific platform aimed at the academic, scientific and professional community, managed by the publishing house Elsevier since 2004. It integrates bibliometric indicators that allow evaluating the impact of journals, authors and their publications. The more than 20,000 indexed research journals and conference proceedings make it one of the largest unified sources of information in the fields of science, technology, medicine and social sciences [13]. This bibliometric analysis focused on articles and reviews in English that address the topic of the use of nanoparticles in construction materials, retrieved from the Scopus database between 2010 and June 2025. The following keywords were used for the search: “nanoparticle” AND “construction materials” AND “concrete” OR “brick” OR “steel”. Table 1 contains general information about the search. Information was collected from 380 documents including articles and reviews, 218 sources, and 1,432 authors. The data compendium was downloaded and organized into a Microsoft Excel 365 file, taking into account keywords, authors, affiliations, organizations, countries, area of ​​study, among others. Finally, the processing and visualization of thematic networks was carried out using specialized tools such as Biblioshiny by RStudio (version 4.3.3), Microsoft Excel (version 16), and VOSviewer (version 1.6.15).
	TABLE 1. General information about Scopus search.

	Description
	Results

	Timespan
	2010-2025

	Sources
	218

	Language
	English

	Documents
	380

	Keywords plus
	3731

	Author's Keywords
	1250

	Authors
	1432

	Co-Authors per Doc
	4.57

	International co-authorships %
	27.11


Results and Analysis
Figure 1 shows the temporal evolution of research on the use of nanoparticles in construction materials through the number of articles published per year and the cumulative number of articles from 2010 to June 2025. The graph reveals a significant growth in scientific production, especially in recent years, suggesting an increase in interest in this area of ​​study. The cumulative curve highlights how research has progressively increased, possibly driven by the maturity of technologies in the synthesis and characterization of nanoparticles, the emergence of new applications in construction or a greater recognition of their potential to improve the properties of materials [14].

Table 2 presents the most relevant documents in the research on the use of nanoparticles in construction materials. Salemi N. (2013) leads with 10 local citations, indicating the punctual influence of her work in evaluating the effect of nanoparticles on the durability of polypropylene fiber reinforced concrete [15], while Singh Lp. (2013) stands out in global citations (645), with her review that compiles the benefits of nanosilica in cementitious materials, reflecting its wide recognition in the general literature [16]. It is worth highlighting Praveenkumar Tr. (2019) and Kotop Ma. (2021), whose high normalized local citations (12.14 and 30.40, respectively) suggest an exceptional impact in relation to their year of publication, demonstrating the growing relevance of their recent research in this field [17,18]. The recurring presence of the journal Construction and Building Materials underlines its central role as a platform for this topic [19,20], also accompanied by specialized journals in materials, nanomaterials and biotechnology, which suggests the multidisciplinary approach to the subject. This analysis confirms the consolidation of nanoparticles as a dynamic research area in construction materials, with influential contributions that endure (such as Singh LP., 2013) and recent works that are rapidly gaining relevance.

	



FIGURE 1. Scientific production in the period 2010-2025.

	TABLE 2. Most relevant documents in the literature on the use of nanoparticles in construction materials.

	Documents
	DOI
	Year
	Local Citations
	Global Citations
	Normalized Local Citations
	Normalized Global Citations

	Salemi N, 2013, Constr Build Mater
	10.1016/j.conbuildmat.2013.07.037
	2013
	10
	127
	4.58
	0.80

	Singh LP, 2013, Constr Build Mater
	10.1016/j.conbuildmat.2013.05.052
	2013
	7
	645
	3.21
	4.04

	Raki L, 2010, Mater
	10.3390/ma3020918
	2010
	6
	409
	2.00
	1.96

	Praveenkumar TR, 2019, Constr Build Mater
	10.1016/j.conbuildmat.2019.05.045
	2019
	5
	119
	12.14
	3.63

	Van Broekhuizen P, 2011, J Nanopart Res
	10.1007/s11051-010-0195-9
	2011
	5
	116
	8.00
	3.33

	Kotop MA, 2021, Ain Shams Eng J
	10.1016/j.asej.2021.04.022
	2021
	4
	91
	30.40
	1.71

	Seifan M, 2018, Appl Microbiol Biotechnol-A
	10.1007/s00253-018-8782-2
	2018
	3
	76
	8.67
	2.53

	Singh LP, 2012, Mater Technol
	10.1179/1753555712Y.0000000005
	2012
	3
	33
	3.60
	0.49

	Horszczaruk E, 2015, Constr Build Mater
	10.1016/j.conbuildmat.2014.12.009
	2015
	3
	211
	7.20
	4.47

	Lucas SS, 2013, Cem Concr Res
	10.1016/j.cemconres.2012.09.007
	2013
	3
	199
	1.38
	1.25



Table 3 identifies the most influential academic sources in research on the use of nanoparticles in construction materials. Construction and Building Materials emerges as the dominant source, with an h-index of 20, a g-index of 34, and 2326 total citations since 2012, reflecting its leadership in both productivity (34 articles) and sustained impact. More recent journals, such as Case Studies in Construction Materials (since 2021), show an m-index of 1.4, indicating rapid growth. The presence of interdisciplinary publications such as Chemical Engineering Journal, Environmental Science and Pollution Research, and Applied Microbiology and Biotechnology confirms the convergence of multiple disciplines in this field to develop innovative and sustainable solutions in construction, from the manufacturing and characterization of nanomaterials to their functionality in specific building materials, which can range from the study of their mechanical, thermal, or antimicrobial properties. With this, the results suggest two possible patterns: specialized construction sources (Journal of Building Engineering since 2020) that maintain high impact rates (m > 1), and generalist sources (Materials since 2010) that accumulate higher TC (724) but with lower annual impact (m = 0.313), evidencing differences in focus and temporality. This distribution confirms that research is concentrated on specific thematic nuclei, with Construction and Building Materials as the main axis, but with emerging high-impact contributions in recent publications.

	TABLE 3. Most relevant sources in the literature on the use of nanoparticles in construction materials.

	Sources
	h-index
	g-index
	m-index
	TC
	NP
	YP_start

	Construction and Building Materials
	20
	34
	1.429
	2326
	34
	2012

	Case Studies in Construction Materials
	7
	10
	1.4
	324
	10
	2021

	Journal of Building Engineering
	7
	8
	1.167
	262
	8
	2020

	Chemical Engineering Journal
	5
	6
	0.714
	457
	6
	2019

	Materials
	5
	8
	0.313
	724
	8
	2010

	Applied Microbiology and Biotechnology
	4
	4
	0.5
	276
	4
	2018

	Applied Nanoscience (Switzerland)
	4
	5
	0.571
	90
	5
	2019

	Environmental Science and Pollution Research
	4
	6
	0.5
	116
	6
	2018

	Journal of Materials in Civil Engineering
	4
	5
	0.267
	52
	5
	2011

	Journal of Nanoparticle Research
	4
	4
	0.267
	200
	4
	2011



Table 4 presents the most influential authors in research on the use of nanoparticles in construction materials, revealing significant patterns in productivity and scientific impact. Mohammed A.A. and Ahmed H.U. stand out with the highest m-index (1.5 and 1.25 respectively), demonstrating a rapid consolidation as recent references in the field, despite their short career (since 2022) [21,22]. Praveenkumar T.R. and Zhang X. show a longer influence, with a higher total number of citations (CT of 286 and 196) but lower m-index, reflecting a sustained impact, although less intensive over time. The presence of authors such as Berenjian A. and Seifan M. (both since 2018) with identical values ​​in h-index = 5, g-index = 5 and CT = 362, suggests frequent collaborations or similar methodological approaches [20]. It is observed that new researchers (Mohammed A.A., Ahmed H.U., Li Y.) are rapidly reaching leadership positions (m ≥ 1), and that established authors maintain relevance through accumulated citations, although with a lower relative annual impact. The concentration of high CT values ​​in recent authors (Mohammed A.A. with 501 citations) demonstrates the growing dynamism of this research field.

	TABLE 4. Most relevant authors in the literature on the use of nanoparticles in construction materials.

	Author
	h-index
	g-index
	m-index
	TC
	NP
	YP_start

	Mohammed AA
	6
	7
	1.5
	501
	7
	2022

	Praveenkumar TR
	6
	7
	0.545
	286
	7
	2015

	Zhang X
	6
	7
	0.462
	196
	7
	2013

	Ahmed Hu
	5
	6
	1.25
	467
	6
	2022

	Berenjian A
	5
	5
	0.625
	362
	5
	2018

	Li J
	5
	6
	0.5
	102
	6
	2016

	Li Y
	5
	6
	1
	172
	6
	2021

	Seifan M
	5
	5
	0.625
	362
	5
	2018

	Ebrahiminezhad A
	4
	4
	0.5
	276
	4
	2018

	Ghasemi Y
	4
	4
	0.5
	276
	4
	2018



Figure 2 shows the scientific production by country, revealing the geographical distribution of research on the use of nanoparticles in construction materials. China clearly leads the scientific production, which coincides with the prominence of Asian authors such as Yang D. and Qiu F. identified in the co-authorship map [23]. India and Iran occupy prominent positions, thus explaining the influence of authors such as Praveenkumar T.R. (India) and Ebrahiminezhad A. (Iran) [24]. The presence of the United States and Australia (although minor) reflects specialized contributions, such as those of authors linked to Western institutions (Berenjian A. and Seifan M.) [20]. Iraq emerges as a relevant player, linked to the high impact of researchers such as Mohammed A.A. and Ahmed H.U., whose recent productivity on the subject (since 2022) suggests accelerated growth in the region [21,25]. This geographic distribution confirms that the field is dominated by countries with significant investments in nanotechnology and infrastructure (China, India), while specific collaborative networks and individual authors drive specific advances. This data also reinforces the role of Construction and Building Materials (Table I) as a leading journal, being a preferred channel for these countries.



[bookmark: _Hlk209699780]FIGURE 2. Scientific production by country (performed in Biblioshiny with R-Studio).

Figure 3a elaborates on the previous geographic analysis by differentiating between national scientific output (SCP) and international scientific output (MCP) in research on the use of nanoparticles in construction materials. China and India maintain their leadership, but it is now revealed that their output is predominantly SCP, which contrasts with countries such as Australia and the United States, which show a higher proportion of MCP, thus explaining their collaborative networks. Korea and Italy emerge as actors with significant international collaboration (MCP), although with a lower total volume. The network map (Figure 3b) visualizes these connections, where China and India appear as central hubs, but with mainly regional links (China–Pakistan), while the United States and the United Kingdom act as intercontinental bridges (USA–Iran–New Zealand), facilitating the global transfer of knowledge. This SCP/MCP duality clarifies why authors from countries with high MCP achieve high impact; their work is integrated into international networks through strong collaborations. The presence of European countries (Czech Republic, Portugal, Spain) with low production could suggest niches of collaborative specialization.
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FIGURE 3. a) Scientific production by country by authorship and b) Scientific collaboration network between countries (performed in VOS-viewer).
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FIGURE 4. Index keyword co-occurrence network (performed in VOS-viewer).
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FIGURE 5. Conceptual structure (performed in Biblioshiny with R-Studio).

Figure 4 (Keyword co-occurrence network) presents the thematic structure of research on the use of nanoparticles in construction materials, organized into four main clusters that reflect the dominant research lines. The red cluster, focusing on fundamental aspects such as “particle size”, “nanomaterial”, “concrete” and “chemistry”, highlights controlled studies on the chemical and physical properties of nanomaterials applied to concrete and other construction materials. This group aligns with the work of authors such as Ebrahiminezhad A. and Berenjian A., who explore the scientific basis of these applications [26,27]. The blue cluster, dominated by terms such as “compressive strength”, “tensile strength”, and “performance”, highlights the focus on nanoparticle-enhanced mechanical properties, which explains the high productivity of journals such as Construction and Building Materials and authors such as Ahmedzade P. and Praveenkumar T.R., who suggest research on the optimization of concrete formulations by incorporating nanomaterials to improve their properties [28-30]. The green cluster, which includes “geopolymers”, “durability”, and “carbon dioxide”, reflects the growing attention to sustainable and low environmental impact materials, a trend also observed in the participation of countries such as Iran and India [31,32]. Finally, the yellow cluster, with terms such as “nanotechnology”, “reinforced concrete”, and “steel corrosion”, highlights the practical applications in the construction industry, linked to international collaborations and the relevance of authors such as Mohammed A.A. [33,34]. This thematic network not only confirms the interdisciplinary nature of the field (from fundamental chemistry to applied engineering) but also highlights how international collaborations and advances in nanotechnology are driving innovative solutions to traditional challenges in construction, such as durability and mechanical strength.

Figure 5 shows a conceptual structure map generated using the Multiple Correspondence Analysis (MCA) method in Biblioshiny, which allows us to visualize how scientific works on the use of nanoparticles in construction materials are organized thematically. This technique identifies distinct groups of terms that coexist in the literature, forming thematic cores and helping to identify the main lines of research. Thus, terms such as "metallic nanoparticles," "chemistry," and "controlled study" are grouped in the upper right corner, suggesting a more basic or experimental approach. In the center and to the left, concepts associated with traditional materials and their improvement using nanotechnology appear, such as "nanoparticles," "nanocomposites," "reinforced concrete," and "compressive strength," indicating a strong connection between nanoparticle research and the mechanical performance of materials. In the lower left area, a set of terms linked to cementitious compounds is concentrated, such as "Portland cement", "hydration", "durability" and "silica nanoparticles", which reflects the particular interest in the modification of cementitious matrices by means of nanomaterials.
CONCLUSION
The study reveals a dynamic and multidisciplinary research field characterized by exponential growth in scientific production, led by China and India, with emerging contributions from countries such as Iraq and Iran, with Construction and Building Materials predominating as the main source. Salemi N. and Singh LP. are presented as recognized and important local and global references in the literature, and the high impact of authors such as Mohammed A.A. and Praveenkumar T.R. underscore the maturity of the field. The analysis of co-occurrence and conceptual structure reveals a duality between fundamental research and practical applications. Scientific production is divided into four main research focuses: 1) manufacturing and characterization of nanomaterials, 2) properties of materials incorporated with nanoparticles, 3) sustainable materials, and 4) applications in the construction industry. Furthermore, the existence of collaborative networks allows for the search for specialized technical solutions, with an emphasis on sustainability and efficiency, uniting the contexts and visions of different parts of the world. This field, although mature, continues to grow vigorously, focused on solving global infrastructure challenges through nanotechnology, with a focus on smart and sustainable materials.
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