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Abstract: This study investigated the conversion of sugars into furan derivatives, specifically 2,5-dimethylfuran, through catalytic processes using bibliographic analysis. This method evaluates scientific outcomes and impact within a specific field by analyzing data such as publication trends, references, collaborative models, leading authors, and institutions. The study utilized data from the reliable Scopus database and conducted analysis using the visualization of similarity (VOS) viewer program to gain in-depth insights into the current state of research on this topic. The findings revealed that “5 hydroxymethyl furfural” was the most used keyword, followed by “biomass” and “catalysis.” The research trend remained stable and popular from 2006 to 2022, with a decline beginning in 2023. The growing number of publications indicates increasing interest and importance of these topics. Notably, China led in the number of publications, with 80% more than the second-ranked United States, followed closely by India in the third place. The study also highlighted citation linkages between authors and countries, providing a comprehensive overview of research on converting sugars to furan derivatives, particularly 2,5-dimethylfuran, through catalytic processes.
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1  Introduction

Over the years, concerns regarding both environmental and economic implications stemming from the depletion of petroleum reserves and the emission of carbon dioxide have intensified [1–3]. Presently, there is a growing emphasis on the evaluation of lignocellulosic biomass as a viable strategy for substituting fossil resources, garnering increasing attention [4–6]. Catalytic methodologies have emerged as promising approaches for converting substantial quantities of biomass resources into platform chemicals and advanced biofuels [7,8]. Among these, 5-hydroxymethylfurfural (HMF) stands out as a crucial precursor obtained through acid catalysis of cellulosic biomass, pivotal for the synthesis of valuable chemicals and biofuels. The reactive structural components inherent in HMF, such as C=O, C=C, C–O, and furan rings, facilitate its facile conversion into a spectrum of chemical derivatives. Notably, notable derivatives including 2,5-dimethylfuran (DMF), 2,5-bis(hydroxymethyl)furan (BHMF), 2,5 dimethyltetrahydrofuran (DMTHF), and 2-hydroxymethyl-5-methylfuran (MFA), can be synthesized through reactions initiated from HMF [9]. Catalytic hydrogenation/hydrogenolysis represents a prominent route for such transformations [10].

Among these derivatives, DMF shows remarkable promise in serving as an alternative liquid fuel through selective catalytic hydrogenation of HMF. Its advantageous chemical and physical properties, such as high energy density, minimal water solubility, wide boiling range, and elevated research octane values, position DMF as an attractive candidate for the next generation of biofuels [9].

Additionally, research into its combustion characteristics and greenhouse gas emissions has demonstrated DMF’s viability as a biofuel derived from biomass, with its environmental impact found to be notably favorable compared to conventional gasoline. These distinctive attributes highlight DMF’s potential as a renewable fuel option for transportation. However, a significant hurdle in the conversion of HMF into highly effective DMF lies in the selective breaking of C–O bonds [11].

Traditional methodologies for obtaining upgraded biofuels or chemical intermediates typically rely on a variety of catalysts, including homogeneous, heterogeneous, or biological agents such as enzymes, microorganisms, and yeasts [12]. The process of chemically converting lignocellulose into DMF involves multiple sequential steps. Initially, lignocellulose is subjected to pretreatment to generate glucose, which is then transformed through acid-catalyzed dehydration into the glucose isomer, fructose, and subsequently, into HMF. Following this, the catalytic hydrodeoxygenation of HMF is performed to yield DMF [13].

Bibliometrics focusing on the conversion of lignocellulosic biomass into biofuels and valuable chemicals offers several significant benefits. Firstly, it provides valuable insights into the trends and patterns of research within this field, including publication output, citation impact, and collaboration networks associated with catalytic methodologies and biofuel production. Secondly, by analyzing bibliometric indicators such as citation counts and journal impact factors, researchers can effectively evaluate the impact of studies investigating biomass conversion, identifying influential research and assessing overall contributions. Additionally, bibliometrics enables the identification of key contributors, including researchers, institutions, and countries involved in biomass conversion research, facilitating collaboration opportunities and resource allocation. Furthermore, bibliometric analysis allows for mapping the knowledge landscape of biomass conversion, highlighting key concepts, research areas, and emerging topics to guide future research directions. Moreover, bibliometric data can inform policy and funding decisions related to biofuel production and environmental sustainability, supporting decision-makers in allocating resources and designing effective policies. Finally, by facilitating communication and collaboration among researchers with shared interests, bibliometrics fosters interdisciplinary collaborations and knowledge exchange, further enhancing research outcomes and impact in the field of biomass conversion [14–17]. Hence, the objective of this study was to undertake a bibliometric analysis aimed at identifying trends and correlations among research studies concerning the catalytic conversion of sugars into furan derivatives, particularly 2,5-dimethylfuran.

2  Materials and Methods

2.1 Conversion of Glucose and Fructose to 5-Hydroxymethyfurfural

In adherence to green chemistry principles, catalytic endeavors should prioritize the cost-effective, swift, and environmentally benign production of furan chemicals derived from convertible sugars. Of particular significance are hydrogenated derivatives like 5-HMF, 2,5-BHMF, and 2,5-DMF, esteemed as fine chemicals. There exists an urgent need for efficient synthesis of these compounds originating from hexoses via catalytic dehydration and hydrogenation reactions [18]. The catalytic hydrogenation process involves reducing the aldehyde group and furan ring, with meticulous control of conditions enhancing the selectivity of 2,5-BHMF. Comparable yields are achievable in the synthesis of either 2,5-BHMF or 2,5-bis(hydroxymethyl)-tetrahydrofuran, facilitated by common hydrogenation catalysts and diverse supported metal catalysts utilizing H2O as a solvent under elevated temperature and pressure [19].

The production of 2,5-DMF necessitates the elimination of five oxygen atoms from a hexose molecule. This compound presents an optimal boiling point suitable for liquid transport fuels, alongside the lowest water solubility and the highest research octane number among all C6 mono oxygen-generating compounds. Furthermore, when contrasted with bioethanol, it boasts a higher energy density of 30 kJcm−3, marking a 40% increase, and a boiling point elevated by 20°C [20]. Fig. 1 shows pathway for the transformation of biomass-derived carbohydrates into DMF.
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Figure 1: Integrated reaction pathway for the transformation of biomass-derived carbohydrates into DMF

2.2 Literature of Catalytic Process for 2,5-DMF

The conversion of fructose into DMF commences with the removal of oxygen atoms via acid-catalyzed dehydration, yielding an intermediate known as HMF. Subsequently, HMF is extracted in the organic phase of the reactor and further converted into DMF through the hydrogenolysis of C–O bonds over a catalyst. It has been observed that the conversion of fructose exhibits greater selectivity compared to glucose, with fructose demonstrating selectivity of up to 84% [21]. This finding aligns with previous reviews, indicating that HMF can be synthesized via the dehydration of both fructose and glucose using various catalysts such as sulfuric acid, phosphoric acid, and hydrochloric acid. However, it is noted that the dehydration of glucose generally exhibits lower reaction rates and selectivity to HMF when compared to fructose [22]. Moreover, the addition of NaCl to create biphasic systems with certain solvents, which are completely miscible with water, along with the elevation of the upper critical solubility temperature of partially soluble solvents using acid catalysts (HCl and H2SO4), has been found to enhance HMF selectivity. The influence of solvent choice on HMF yield was also investigated, revealing that biphasic systems containing C4 solvents yield the highest HMF, with tetrahydrofuran demonstrating the optimal combination and achieving a high HMF selectivity of 83% [23].

In 2021, Hoang et al. analyzed the DMF synthesis process from biomass using catalyst-based reactions. They compared the spray and flame characteristics of DMF with commercial gasoline and ethanol, examining performance, combustion, and emission characteristics in spark ignition engines. Their study also looked at the effects of DMF properties on engine knocking, lubrication, and wear. They concluded that DMF has potential as an alternative fuel for spark ignition engines, highlighting the need for optimization strategies in its production before commercialization [24].

In 2020, Tzeng et al. demonstrated that microporous carbon-supported Ru catalysts can selectively convert 5-hydroxymethylfurfural (HMF) to 2,5-dimethylfuran (DMF) in isopropanol through hydrogenolysis. They achieved a catalytic ratio of 2.47 mol% under 5 bar of hydrogen at 125°C for 1 h, yielding 69.52% DMF with complete HMF conversion. They also examined the effects of reaction temperature, hydrogen pressure, metal loading, and reaction solvent. Additionally, they explored different carbon materials as catalyst supports, characterizing their structural properties using powder X-ray diffraction spectrometer (PXRD), transmission electron microscopy (TEM), nitrogen and CO2 sorption, Thermogravimetric Analysis (TGA), and X-ray absorption spectroscopy (XAS) [25].

In 2020, Esteves et al. investigated DMF production from HMF using various copper-supported catalysts. They found that alumina-supported catalysts performed best, achieving complete HMF conversion and over 85% DMF yield with minimal by-products. They identified Cu/Al2O3, Cu/Fe2O3-Al2O3, Cu/Nb2O5-Al2O3-623, and Cu/Nb2O5-Al2O3-773 as particularly effective, except for Cu/Nb2O5, which followed a different DMF production pathway [26].

In 2019, Solanki and Rode investigated metal-supported catalysts for hydrogenolysis of 5-HMF to 2,5-DMF, a renewable fuel additive. They found that 3% Pd/C showed excellent performance with complete 5-HMF conversion and 99% selectivity for 2,5-DMF. Their study highlighted the importance of uniformly dispersed Pd nanoparticles on activated carbon for efficient hydrogenation of 5-HMF [27].

In 2017, Iriondo et al. studied the catalytic hydrogenolysis of 5-hydroxymethylfurfural to produce 2,5-dimethylfuran using noble (Pt, Ru) and non-noble (Ni, Cu) metal catalysts on acid (HY, Al2O3) and basic (ZrO2, TiO2) supports. They found that while all catalysts achieved complete HMF conversion, the Cu catalyst on ZrO2 had the highest DMF selectivity, due to the neutral nature of the ZrO2 support [28].

In 2009, Binder and Raines reported the preparation of 2,5-DMF from d-fructose using a two-step method, involving the production of 5-HMF followed by its hydrogenation with a Cu–Ru/C catalyst, resulting in a 32.5% yield of 2,5-DMF based on d-fructose [29].

2.3 Bibliometric Analysis

Bibliometrics is a method used to measure and analyze various aspects of academic literature, such as research papers and articles. It involves using statistical and mathematical techniques to study things like how many papers are published, how often they are cited by other researchers, and who the most influential authors are [30].

By analyzing this data, researchers can gain insights into trends and patterns within a specific field or discipline. For example, they can see which topics are getting more attention over time, or which researchers are leading the way in a particular area of study [31].

Bibliometrics is useful because it provides objective and quantitative information about the impact and influence of research. This information can be used by policymakers, funding agencies, and academic institutions to make decisions about where to allocate resources and which areas of research to prioritize. Overall, bibliometrics helps us understand the scholarly landscape by providing data-driven insights into the production, dissemination, and impact of academic research. The bibliometric analysis in this study was conducted using VOS viewer software [32].

2.4 Work Processing and Data Collection

In this study on the catalytic conversion of sugars to furan derivatives, particularly 2,5-dimethylfuran, the Scopus database was utilized as it offers an invaluable resource for researchers across diverse academic disciplines. With a wide array of peer-reviewed journals spanning science, technology, medicine, social sciences, and humanities, Scopus ensures access to a wealth of scholarly literature from around the globe. The database’s citation analysis tools enable scholars to assess the impact and relevance of their work, while author profiles facilitate the identification of key contributors and potential collaborators. Advanced search functionalities, coupled with alerts and notifications, streamline the process of discovering and staying abreast of the latest research developments. Furthermore, Scopus’s integration with other research tools and platforms enhances workflow efficiency. Rigorous quality control measures guarantee the reliability and accuracy of indexed content, affirming Scopus as a trusted repository of high-quality scholarly literature. Its analytical tools empower researchers to discern trends, evaluate research output, and make informed decisions. Accessible through institutional or individual subscriptions, Scopus stands as an indispensable asset for academics, students, and professionals engaged in scholarly inquiry and dissemination [33].

Scopus is integral to bibliometrics, the quantitative analysis of scholarly publications and citations. It provides extensive data for constructing bibliometric indicators such as h-index and impact factor. Researchers use Scopus to track citation patterns, identify trends, and assess research impact, contributing to the understanding of scholarly communication and academic productivity [34].

In this study, the keywords used in the search were categorized into three groups and queried in the fields of article title, abstract, and keywords using the search command “biomass” OR “lignocellulosic biomass” AND “5-hydroxymethylfurfural” OR “2,5-dimethylfuran” AND “catalytic.” The search was scheduled to encompass articles published between 2006 and 2024 and was executed in April 2024. A total of 1278 studies were identified. Only journals published in English were included in the search criteria. Therefore, it can be assured that this search encompasses studies on the conversion of sugars to furan derivatives, particularly 2,5-dimethylfuran, through catalytic processes. Fig. 2 illustrates the steps, search details, and anticipated results of the study.
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Figure 2: Flow chart of the search approach

3  Results and Discussion

3.1 Evaluation and Trend

In this study, statistical data were presented, encompassing the following categories: Documents by year, Documents by subject area, Documents by type, Documents by country or territory and Documents by author. It presents only the top 10 with the highest number of documents. Additionally, the study explored the correlation between keywords, citation, and countries with noteworthy published works [35]. Detailed information for each topic is provided as follows.

3.1.1 Documents by Year, Subject Area, Type

Based on the data extracted from the Scopus database spanning from 2006 to 2024, the number of research papers on conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process demonstrated a gradual increase from 2006 until 2022. However, in 2023, a decline in the number of publications was observed, as depicted in Fig. 3.
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Figure 3: Documents by year

Regarding the subject areas, this study categorized them into specific groups. In descending order, the group with the highest number of publications is Chemical Engineering, accounting for 27% of the total, followed by Chemistry with 23%. Energy and Environment Science occupy the next positions with 14%. Fig. 4 illustrates the proportions of documents by subject area.
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Figure 4: Documents by subject area

The data extracted from the Scopus database were in the form of articles, constituting 82% of the total. Following articles, reviews accounted for 14% of the publications. Additionally, 2% of the papers took the form of book chapters, and 2% was represented by conference papers. Other types of writings made up a smaller proportion, as illustrated in Fig. 5.
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Figure 5: Documents by type

3.1.2 Documents by Author and Country or Territory

In Fig. 6, the data reveals the number of published works for the top 10 authors with the highest volume of publications. Ranking at the pinnacle is Hu, L., with an impressive 28 works to their credit. Following closely is Lin, L., with 24 works. Additional authors are listed in Fig. 6, demonstrating their significant contributions to the field of conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process.
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Figure 6: Documents by author

According to the analysis of countries that published the most papers on conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process. China stood out as the leading contributor, with a remarkable total of 784 research papers. Impressively, this number surpassed the combined count of the second-ranked countries by more than fivefold. The United States secured the second position with 143 papers published, and India followed closely in the third position with 104 papers published. Subsequently, other countries also made valuable contributions, as depicted in Fig. 7.
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Figure 7: Documents by country or territory

3.2 Co-Occurrence Analysis

The Scopus database underwent a meticulous bibliometric analysis, focusing on the association of keywords. The results of this analysis are depicted in Fig. 8, showcasing the correlation between various keywords. Notably, the keyword “5 hydroxymethyl furfural” displayed the highest association, appearing 868 times and being linked to other works with a substantial total link strength of 13,666. Following the keywords “biomass”, “catalysis”, “catalyst activity” and “furfural”, which were found 596, 373, 328, and 236 times, respectively. Their respective total link strengths were 9961, 7343, 5392, and 4887. For additional keywords, please refer to Table 1, which presents the top 10 keywords arranged by their highest total link strength values. Total link strength denotes the collective strength of keywords links among keywords. These findings shed light on the interconnectedness and significance of these keywords within the research landscape on conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process.
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Figure 8: Visualization of keyword and citations
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In Fig. 9, the linkage of the author’s research citations is presented, offering valuable insights into the relevance and scale of the author’s research. This network of citations highlights the interconnections between different research papers authored by various scholars, reflecting the influence and impact of their work within the field of conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process. By visualizing these linkages, researchers can better understand the significance of individual authors’ contributions and the broader knowledge network that emerges from their collective efforts. This analysis aids in identifying key researchers, influential papers, and the overall impact of research endeavors in this critical area of study. The author with the highest number of citations is Wang Y., with 2368 citations and a total link strength of 562,273, followed by Dumesic J.A., with 2018 citations and a total link strength of 400,441. Zhang Z., and Zhang Y. have 1601 and 1555 citations, respectively, along with total link strengths of 380,638 and 372,789, respectively. For additional author’s, please refer to Table 2, which presents the top 10 author’s arranged by their highest total link strength values.
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Figure 9: Visualization of author
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In Fig. 10, the linkages of the published works from various countries are illustrated, showcasing the connections and collaborations between different research outputs. Notably, the country with the most references is China, with an impressive total of 784 research papers. These publications have accumulated a substantial number of citations, amounting to 27,365, which reflects the significant impact and recognition of China’s contributions in the field of conversion of sugars to furan derivatives 2,5-dimethylfuran by catalytic process. Furthermore, the total link strength of 182 highlights the extensive collaboration and interconnectedness of China’s research efforts with other countries in this area of study. Moreover, it was found that research in this field in China is linked to other countries, such as the United States, India, Spain, Japan, and etc. The country with the second-highest number of research papers is the United States, totaling 143 papers with 17,454 citations and a total link strength of 77. India follows in third place with 104 papers and 3700 citations, possessing a total link strength of 40. For additional countries please refer to Table 3, which presents the top 20 countries arranged by their highest documents. This visual representation offers valuable insights into the global reach and influence of research publications across different nations.
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Figure 10: Visualization of countries
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3.3 Implications of the Study’s Findings for Future Research

The study’s findings on the conversion of sugars to furan derivatives, particularly focusing on 2,5-dimethylfuran through catalytic processes, have significant implications for future research. Key implications include the optimization of conversion processes by refining catalysts and reaction conditions based on identified keywords like “5 hydroxymethyl furfural” and “catalysis.” The emphasis on biomass as a primary feedstock highlights opportunities to explore alternative sources for sustainable production [36]. Understanding citation linkages between countries suggests potential for international collaboration to advance research agendas. Moreover, insights into emerging trends and declining interests can guide future research directions, while applications in industries underscore pathways for scaling up production from laboratory to industrial scales. Overall, these findings provide a strategic framework for enhancing efficiency, expanding raw material sources, fostering collaborations, and translating research into practical applications in the field of furan derivatives.

Bibliometric analysis significantly enhances understanding of the historical and current landscape of research in converting sugars to 2,5-dimethylfuran by providing a systematic examination of publication trends, keyword dynamics, geographical contributions, author collaborations, and emerging research directions. Over time, such analysis tracks the evolution of research interests, from foundational studies to contemporary innovations, identifying pivotal discoveries and shifts in emphasis. Keyword analysis reveals core concepts like “5 hydroxymethyl furfural,” “catalysis,” and “biomass,” indicating thematic focuses and technological advancements critical to the field’s progress. Geographical insights illuminate global leadership in research outputs and collaborative networks, showcasing contributions from various countries and regions. Authorship and collaboration network mapping elucidate influential researchers and institutions driving advancements through collaborative efforts. By identifying emerging trends and potential future directions, bibliometric analysis guides researchers, policymakers, and stakeholders in navigating and advancing the complex landscape of converting sugars to 2,5-dimethylfuran, fostering informed decision-making and strategic research investments.

Based on its bibliometric findings, the study provides actionable recommendations for future investigations into converting sugars to 2,5-dimethylfuran. Key recommendations include focusing on catalyst development to enhance conversion efficiency, exploring alternative biomass feedstocks beyond traditional sources, and fostering interdisciplinary research collaborations to tackle complex challenges. The study underscores the importance of global collaborations, leveraging international partnerships to drive innovation and address diverse perspectives in furan derivative research. Additionally, it advises monitoring emerging trends in keywords and publication rates to stay abreast of technological advancements and new research frontiers. These recommendations aim to guide researchers towards strategic areas for exploration, innovation, and collaboration in advancing sustainable methods for producing 2,5-dimethylfuran from sugars, thereby contributing to the broader goals of renewable energy and chemical synthesis.

4  Conclusion

The bibliometric analysis in this study was conducted using VOS viewer software. The bibliographic analysis conducted in this study unveils a consistent rise in publications concerning the conversion of sugars to furan derivatives, specifically 2,5-dimethylfuran, via catalytic processes spanning from 1955 to 2023. Notably, China emerges as a leading country, spearheading research endeavors in this realm. The amassed documents and references reached 784 and 27,365, respectively. Predominantly, studies gravitated towards two primary subject areas: Chemical Engineering and Chemistry, collectively constituting 50% of the total subject area. Additionally, the keyword most frequently encountered and exhibiting the strongest connections to other keywords was “5 hydroxymethyl furfural,” with 868 instances and a cumulative link strength of 13,666. These revelations offer valuable insights and can serve as a compass for prospective investigations into the conversion of sugars to furan derivatives, specifically 2,5-dimethylfuran, via catalytic processes, providing a comprehensive snapshot of the current research landscape within this domain.
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Table 1: Top 10 keywords with total link strength

Rank Keyword Occurrences Total link strength
1 5 hydroxymethyl furfurals 868 13,666
2 biomass 596 9961

3 catalysis 373 7343

4 Catalyst activity 328 5392

5 furfural 236 4887

6 catalyst 148 3457

7 5 hydroxymethylfurfurals 125 3446

8 glucose 189 3382
9 furaldehyde 121 3215
10 fructose 184 3207
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Table 3: Top 20 author’s with documents

Rank Country Documents Citation Total link strength
1 China 784 27,365 182
2 United States 143 17,454 77
3 India 104 3700 40
4 Spain 46 1883 43
5 Japan 46 2287 34
6 South Korea 46 1721 30
7 Germany 37 1979 26
8 France 32 1698 37
9 United Kingdom 28 1473 41
10 Canada 28 1272 19
11 Italy 27 875 18
12 Australia 24 1004 35
13 Singapore 21 1449 16
14 Brazil 21 321 13
15 Taiwan 20 1018 19
16 Russian 18 866 23
17 Netherlands 17 1060 13
18 Hong Kong 16 1123 26
19 Thailand 16 437 11
20 Vietnam 14 319 11
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Table 2: Top 10 authors with citations

Rank Author Citations Total link strength
1 Wang Y. 2368 562,273
2 Dumesic J.A. 2018 400,441
3 Zhang Z. 1601 380,638
4 Zhang Y. 1555 372,789
5 Liu X. 1540 367,651
6 LiY. 1321 309,314
7 Zhang J. 1213 274,048
8 Wang J. 1211 282,423
9 Wang X. 1166 277,225
10 Lin L. 1058 269,346
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