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Abstract 

The combination of blockchain and Metaverse is progressing toward future beyond its current paradigm, promising to be 

a game-changing technology in area of Next-Generation Manufacturing Industry 4.0 and Smart Factory concepts. world 

of Industry 4.0, or Industrial part of Metaverse, defined by concept of virtual, immersive and collaborative environments 

in which digital twins, IoT devices other Cyber-Physical-System objects communicate at the speed of light; however, 

trust and security remain major barriers to mainstream adoption. Current research examines integration of blockchain its 

junction with concept and implementation of Metaverse through lens of bibliometrics and literature survey. Based on 

Scopus and Web of Science data, the bibliometric trend evaluation revealed a significant growth in blockchain-based 

Metaverse application research, albeit with few manufacturing applications. The review highlighted important uses of 

decentralized identification, secure data exchange, digital twin synchronization, and smart contract-based automation. 

Despite the advances achieved in development of Metaverse technology, a few major difficulties remain in the sector. As 

deficiencies indicated above exist, study provides a  framework combines potential of blockchain, digital twins and 

decentralized governance concepts in industrial Metaverse setting, as demonstrated by results. Article bridges gap 

between theoretical discoveries  real-world implementation of blockchain-based industrial Metaverse platforms. 

 

1 Introduction 
The Metaverse is a social and permanent digital world that unites physical and virtual space. It’s a vision for the future 

Internet, which will bring many virtual worlds together in a single ecosystem that allows for interaction, trade, and work 

through a digital avatar.” The need for achieving such a concept has been identified in the context of the following 

essential aspects: interoperability, persistence, scalability, real-time interaction, digital ownership, and security [1]. It is a 

full-fledged socio-technical system with good governance and data protection; it is not just a visualization system. The 

development of the Metaverse has a strong relationship with the future of the Internet. The current Internet architecture 

cannot fulfill the demands of the future Internet which will require low latency, distributed computing environments as 

well as smart networking and decentralized data management; all of which fit well with the notion of a blockchain system 

for improved trust within the Metaverse eco-system [2]. The concept of the rise of digital financial systems is significant 

in the emerging Metaverse. Blockchain has been used to represent values in the form of tokens, in addition to automating 

transactions and minimizing the use of intermediaries. However, the Metaverse growth is also suffering from the 

instabilities and complexities due to the price value of the tokens, hence the need to accurately tokenize for trust [3]. The 

Metaverse is allowing for the emergence of new form of digital business model as well as new method of creating value 

with blockchain based applications allowing for decentralized marketing, NFTs and smart contracts which enable user 

economy formation. The emergence of blockchain enterprises has been beneficial for users who can enjoy shared 

enterprise ownership, although challenges in scalability, technology and regulations persist. [4]. Technologically the 

Metaverse is the outcome of the convergence of technical advances such as virtual reality, augmented reality, artificial 

intelligence and blockchain. A complete analysis of the Metaverse reveals that immersive technology play a significant 

role in various sectors such  education, healthcare, entertainment and industries. Blockchain technologies help build trust, 

facilitating reliable data integration while limiting central control However as mentioned in [5]. However several factors 

inhibit the adoption of the Metaverse on a wider scale. Research indicates even though immersive experiences are enabled 



PUXplore: Multidisciplinary Journal of Engineering, Vol 2 , Issue 2, Apr – Jun 2026 || 

Online (ISSN 3108-2106) 
 

 

 

by VR tools like blockchain technologies and other decentralized tools can greatly help the Metaverse realize its full 

potential [6]. Recent discussions have connected the Metaverse and business performance The discussion on the 

Metaverse has increasingly been connected to CSR however, the recent move to virtual business has added another 

element to CSR digital responsibility in use of ethical data within business operations Research indicates  immersive 

technology and blockchain have potential to improve both CSR and performance however it also reveals that the 

governance problems within the use of the Metaverse could indicate challenges in balancing ethics with the potential use 

of the technology [7]. Cybersecurity plays a significant role in Web 3.0 and Metaverse systems. Although the 

decentralized nature of Web 3.0 systems provides the user with the power to manage the data, vulnerability also exists. 

Cybersecurity tools like cryptography and intrusion detection software play a significant role in controlling the risks, 

proving that the use of a secure blockchain is a must-have for a secure Metaverse [8]. 

 

2 Bibliometric 
It is observed that popularity of Blockchain for Metaverse has been increased in last few years however an integration of 

Blockchain for Metaverse especially for manufacturing system is yet to be fully explored especially in the Indian scenario. 

Detailed analysis of prior work related research and development has been conducted using two most promising databases 

including Scopus® and Web of Science®. Meaningful insights achieved from these databases are highlighted herewith. 

These databases were searched with keyword related to Blockchain for Metaverse, and various types of documents were 

studied. Methodology adopted for this study of bibliometrix analysis on Blockchain for Metaverse conducted using open 

source platform, RStudio®, and is highlighted in Table 1.  

Table 1: Methodology adopted for bibliometric analysis 

Bibliometric Analysis on  

Blockchain for Metaverse Using RStudio® 

 Database 

searched for 

documents 

published 

 

2015-2025 Duration 2015-2025 

Articles, book 

chapter, 

review, 

conference 

paper, book, 

editorial 

Type Articles, review 

articles, book chapter, 

early access, 

proceeding papers 

1585 Total number 769 

English Language English 

It is observed little research and development work in this domain has been conducted in last few years, and seems to 

have very high potential for an integration of metaverse and blockchain technology. This analysis helped in deciding the 

direction for development of appropriate Blockchain for Metaverse technology especially in the context of manufacturing 

system. Detailed discussion on bibliometrix analysis is presented next followed by framework for development and 

proposed work based on this framework.  

Overview 

Table 2 represents the overview about bibliometric analysis carried out on documents published in both of databases. 

Distribution of overall documents published in Web of Science® and Scopus® are also shown in Figure 1 and 2. Documents 

were also merged in order to eliminiate repeated documents using program executed on RStudio®, and their distribution 

is also represented in Figure 3. 
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Table 2: Overview of bibliometric analysis 

Total documents (after removing 598 

duplicated and retracted documents) 

1756 

Total number of sources (i.e., journal, 

conference, publishers) in which documents 

were published 

637 

Annual growth rate (in percentage) 14.7 

Average citation per document ~11.4 

Total number of authors contributed 4072 

International co-authorship (in percentage) 18.56 

 

Distribution of overall documents published in Web of Science® is also shown in Figure1. 

 

 

Figure 1: Type of documents published in Web of Science® 
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Figure 2: Type of documents published in Scopus® 
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Figure 3: Distribution of documents in merged databases 

Year-wise publication is also checked (Figure 4), and it was observed that number of documents published in the domain 

of Blockchain for Metaverse is increased since 2015 with average increasing rate of 14.7%, and nearly 588 documents 

published in the year of 2024. However, slight reduction in number of publication is happened in the year of 2025 (till 

December 2025).  

 
Figure 4: Year wise publication of documents (*data is till December 2025) 

Major contributors including reseachers, their affliations, countries, sources, etc. are also found out using systematic 

bibliometric analysis, and is highlighted herewith.  

Contributors and Collaboration  

Authors conducted remarkable research in the domain of extending an appliation of Blockchain for Metaversein 

Manfacturing, and their publication, as well as h-index are represented in Figure 5. Dr. Wang Y has highest number of 

documents published (i.e., 30) and h-index (=10) in this domain. Also, most cited country and their average citations per 

document are shown in Figure 6. It is observed that China has maximum number of citations followed by USA, UK, 

Korea, India, and Australia. However, average citations per article is highest for Somalia (i.e., 108) followed by Singapore 

(i.e., 42.80). Average citations per article is for India is relatively low, and in the range of 6.6.  
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Figure 5: Top 10 Authors, and Their h index 

 

 
Figure 6: Most cited Countries 

 

Specific three-field plot is generated highlighting authors, affliated institutes and countries to highlight contribution, and 

is illustrated in Figure 7. It is observed that Dr Niyato D from Guangzhou University – China have remarkably contributed 

in this domain. 
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Figure 7: Three field plot highlighting institutes, authors and countries working in this domain 

Collaborative research plays very important role especially in this domain. It was observed that 18.56% of documents has 

international co-authorship, and overview of collaboration between various countries is shown in Figure 8. China has 

developed strong collaboration with USA for 27 documents and with Canada for 24 documents. India has published 17 

documents with UAE; 16 with UK; and 12 with USA. However, collaboration of India with USA, China, Germany, 

Korea, etc. can be strengthen in this domain. Various keywords used other than in these documents were also studied, and 

observed that keyword related to manufacturing, metal casting, etc. are not fully explored especially for an integration of 

Blockchain with Metaverse. It was found that  Blockchain for Metaverse in Manfacturing especially for metal casting, 

and investment casting are relatively not explored. Various Blockchain for Metaversete chniques can be explored for an 

integreation of Metaverse enabled system specifically for metal casting. Detailed technical literature highlighting 

application of Blockchain for Metaverse enabled manufacturing system is summarized next.  

 
Figure 8: Collaboration between various countries for research in the domain of Image Processing for Manufacturing 

Specific methodology is proposed to develop Blockchain integrated Metaverse for Manufacturing System specially for 

metal casting. It can further be tested in an industrial environment. This has been discussed in subsequent sections.  
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3 Prior Work 
 

This paper develops  blockchain based authentication method for Metaverse space which can verify user identity and 

ownership. It leverages smart contracts and similarity comparison to verify spaces and experiments show its reliability 

[9]. the Identity management allows for customization and biometric feature integration however, voluminous data 

generates interoperability and privacy issues [10]. This study aims to use digital twins and big data analytics to optimize 

smart surroundings. while the paper establishes the scalability benefits of the research based systems another challenge is 

ensuring privacy. The research emphasize the importance of governance and encryption to ensure a secure work 

environment [11]. The present study offered a detailed exploration of the security risks that exist in Metaverse, which 

includes identity theft, surveillance, and data leakage. The key shortcomings highlighted were a lack of security 

requirements. It is used as a reference base for Metaverse security research [12]. This paper offers a trustless Metaverse 

architecture that relies on decentralized computing. It takes use of the hypergraph model and dynamic trust. It maintains 

the integrity of the system and eliminates the possibility of centralized control. It demonstrates the use of the blockchain 

concept in trust automation [13]. This article introduces new DID authentication mechanism that relies on verified 

credentials. Impersonation and replay attacks are also successfully defended. In new method enhances users privacy and 

freedom. It is facilitates that creation of a decentralised identification infrastructure [14]. In study investigate that role of 

NFTs identity carriers in a metaverse. NFTs ensure the uniqueness and traceability of digital identities. It open up new 

avenues in decentralized identity [15]. This work suggests combining DID with Soulbound Tokens to verify avatars. It 

utilizes cryptographic proof for authentication to the user while preserving privacy based on regulations. This increases 

the trust for the avatar based interactions [16]. Study focuses on forensic science through interactive world and proof 

collection by means of virtual reality device and blockchain records; the study further includes a segment on cybersecurity 

under virtual world [17]. In this paper, blockchain protected IoT Metaverse communication is introduced and encryption 

combined with proximity authentication for improved privacy، integrity، and scalability for use in a smart city [18]. This 

article suggests the use of a blockchain with searchable encryption that provides safe content trading and the use of a 

smart contract to make reasonable payments and ensure system compatibility, thereby improving digital asset systems 

[19]. it integrates IoTfog, cloud, and blockchain to support major distributed city services for better security with 

traceability and connects virtual and physical systems for smart Metaverse cities [20]. in the research, it is noticed that a 

blockchain-based neural network is used for increasing trust in virtual and regulated supply chains through the detection 

of irregulate behavior using graph theory and Proof of Relation, outperforming traditional deep learning techniques [21]. 

The Meta Block combines blockchain and immersive healthcare technology, protect storing medical data decentralization 

makes records accessible, blockchain value in Metaverse healthcare [22]. In this study, the concept of XAI and Blockchain 

will be integrated to provide transparency in healthcare. The study will ensure accurate diagnosis through Grad-CAM and 

LIME models. Strong synergy has been shown to exist between AI and Blockchain [23]. However, the paper discussed 

block chain for artificial intelligence and IoT to safeguard privacy and data integrity. The metaverse makes remote care 

feasible, which is helpful in ensuring full involvement and improving individual healthcare futures [24]. Research 

develops quantum-safe blockchain security system incorporating AES, CRYSTALS-Kyber, Dilithium, and layered 

encryption along with DAO governance as proposed in reference [25]. This clinical trial looks at a Metaverse-based 

healthcare platform. The study includes both virtual consultations and gaming-based therapy. This study provides 

validation. It exhibits the Metaverse's practical applications [26]. It includes diagnosis using a combination of MobileNet 

V2 and blockchain, digital twin techniques, minimizing hardware usage, and facilitating real-time decision-making 

processes [27]. The present review is on DID and the self-sovereign identity system and emphasizes the importance of 

standards [28]. This paper examines the acceptance of AI-based ‘Metaverse Learning’ with TAM and behavioral theory, 

showing that usability and involvement lead to acceptance, while concerns over cyber risk are low, and experience is vital 

[29]. Also, this research shows that Metaverse platforms promote entrepreneurial activities through simulations, which 

improve learning, teamwork, and communication, making participation more accessible and creativity higher [30]. This 

review on Metaverse learning adhered to the PRISMA method and stated that the long-term impacts remain uncertain, 

hence a need for further investigation. [31]. The review here covers VR, AR, blockchain, and big data, showing that 

interactivity has improved, but problems related to accessibility, hardware inequality, and the digital divide persist [32]. 

MetaEdu has presented an immersive learning platform based on blockchain. This promotes fair grading and credential 

openness. Web3 tools enable collaboration in education. Blockchain prohibits record manipulation. It increases trust in 

digital learning [33]. This longitudinal study intends to assess immersive ICT education. The adoption of Blockchain and 

Metaverse tools led to increased student satisfaction. Students learned technical skill sets. The findings support its 

practical viability. This study highlights the long-term advantages of immersive learning [34]. This article investigates the 

use of Metaverse in India. including cybersecurity, are also discussed. In addition, public-private partnerships are 

encouraged. Accessibility is a source of concern, particularly [35]. This is a review of the business ecosystem in the 

metaverse. Blockchain technology enables NFTs and digital markets. New revenue streams are being established. 

Scalability and governance difficulties. Sustainable revenue models are required [36]. report establishes links between 

the Metaverse and the gig economy/data economy, demonstrating how blockchain facilitates the digital economy, smart 

contracts facilitate crypto markets, and how governance evolves over time and its significance [37]. The present 
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qualitative research investigates how firms experiment with innovation, where NFTs and virtual identities facilitate 

creativity, phygital environments enable testing, and blockchain ensures protection of ownership, all examples of factors 

that drive companies to embrace new models [38]. This review looks at blockchain, AI, and digital rights. Blockchain 

technology can improve traceability. AI can aid in moderation efforts. The regulatory process is still lacking. The 

governance of a DAO is suggested [39]. This study identifies decentralization and UX as significant variables. It enables 

for asset ownership. Governance has obstacles. There are concerns with energy. It focuses on sustainability [40]. This 

work is a theoretical paper that examines and/or defines Metaverse Structures, openness, and decentralization; an enabling 

feature is Blockchain, asset digitalization, legal governance, and its conceptual foundations [41]. This study uses both IoT 

sensor technologies and the Metaverse. Blockchain technology is used to secure data transfer. There is an option to allow 

real-time digital twins. Concerns concerning privacy and ethics are expressed [42]. This survey examines Metaverse in 

industries. Blockchain enhances trust. The digital twin improves monitoring. NFTs enable asset tracking. Industrial 

adoption is on the upswing [43]. This study proposes a blockchain-based authentication method for social cars. This 

approach establishes safe key agreements while maintaining anonymity. Also, verification is completed. This is 

appropriate for the vehicular Metaverse [44]. The study employs quantum-resistant blockchain. This helps to safeguard 

virtual environments. The study also employs multiparty computation. Additionally, it prepares for a quantum threat. 

Security improved [45]. The research in this paper focuses on virtual tourism, which demonstrates that immersive 

marketing can be positive while social effects still need to be understood, as sustainability is a problem [46]. The study 

examined virtual assets in accounting where conventional valuation is not effective, with emphasis on traceability and the 

changing nature of regulations regarding financial standards [47]. The legal analysis hereby aimed at property disputes 

with intelligent contract legal resolution and blockchain-based, observing unclear cross-border laws with the need for 

reforming the laws [48]. The study covers VAT and NFT taxation, citing that the buyer’s identification is a challenge, and 

there is a need to have harmonized tax laws and regulations [49]. This study examines volatility in cryptocurrency markets 

and identifies the rise of cybersecurity threats, legal challenges, speculative dangers, and the need to establish a stable 

system of governance. [50]. This research has also examined the role of behavioral aspects in the use of NFT, which 

includes trust, transparency, AI, choices, ownership, and social influences, etc. [51]. This is an overview of anonymity in 

Bitcoin networks. A review is provided on privacy benchmarking. Multiple-criteria models are proposed. Improvements 

to security measures. Evaluation standards are unavailable [52]. This article investigates the transformation of 

government. Blockchain promotes transparency. It also raises legal difficulties. Ethical safeguards will be well-planned 

out. Digital governance will continue to evolve [53]. This work proposes models of a human-centered digital society. 

Blockchain ensures trust, cloud integration facilitates sharing, and it prioritizes privacy. Metaverse is a future layer [54]. 

This study focuses on digital memorialization, and blockchain ensures a genuine archive. Communities have authority 

over narratives, decentralized preservation is possible, and culture meets technology [55]. This is a review of the FM 

integration procedure. Digital twins provide for lifecycle management. Blockchain promotes transparency. Adoption is 

now in its early phases. Framework development is necessary [56]. Recent studies have explored the application of IIoT 

in manufacturing processes, such as vertical centrifugal casting, to create immersive interactive environments [57]. Digital 

twinning has also been applied to vertical centrifugal casting, enabling real-time monitoring and optimization [58]. 
Blockchain technology has been evaluated for Industrial IoT applications, with a comparative study of various consensus 

mechanisms [59]. The Metaverse has been leveraged to enhance learning experiences in manufacturing, with a focus on 

development and demonstration [60]. Furthermore, blockchain-integrated IoT devices have been developed for advanced 

inspection of casting defects [61]. 

 

4 Methodology 
In study uses a hybrid research methodology that combines bibliometric analysis and a systematic literature review to 

evaluate integration to blockchain technology in  Metaverse for industrial systems.  goal of this methodology is to 

systematically discover analyze and synthesize existing research trends technology breakthroughs, and application 

domains for blockchain-enabled industrial Metaverse environments. The process is intended to assure transparency, 

reproducibility and thorough coverage of the relevant literature. In initial step is to identify relevant literature and collect 

data. Scientific papers were obtained from major academic databases like Scopus, Web of Science and IEEE Xplore which 

index high quality peer reviewed journals and conference proceedings are included. The structure keyword search 

technique was used combining terms such as Blockchain, Metaverse, Industrial Metaverse, Smart Manufacturing Industry 

4.0, and Digital Twins. The search was limited to English-language publications and concentrated on recent works that 

captured developing technological breakthroughs. The second stage screening and selection criteria were applied to the 

collected literature. in example the literature inclusion criteria were based on study themes that discussed blockchain 

technology applications Metaverse environments or manufacturing related virtual system applications. Papers were 

omitted if they did not address industrial applications were not technically relevant to blockchain technology integration. 

duplicates were also removed to improve study quality. The third stage is the bibliometric analysis, in which selected 

articles were quantitatively examined to interpret publishing trends, key researchers, hotspots, and topic development in 

the blockchain based Metaverse. Results in terms of publishing year, keyword incidence, and thematic clustering were 

examined to gain the better understanding of the growth of the Metaverse facilitated by blockchain. A bibliometric review 
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allows for the identification of key topics and emerging trends in industrial Metaverse research, extended by a stage of 

qualitative content analysis. The found research articles were organized into themes such as identity management, safe 

data interchange, digital twins, decentralized governance, and industrial applications. This approach was also useful for 

comparing and identifying technology trends, difficulties, and limitations. Finally, ideas from both quantitative and 

qualitative data were combined to create a conceptual framework for blockchain-based Metaverse in manufacturing 

systems. The suggested framework includes important aspects such as decentralization, trust, safe information sharing, 

and digital twin. This is a methodical technique to harmonizing existing knowledge with the creation of a feasible 

framework. 

5 Research Gap 
Despite tremendous advances some significant research gaps remain in the context of blockchain-based Metaverse 

applications in manufacturing systems. First, the majority of past research has concentrated on conceptual models or 

industry specific domains such as healthcare, education or virtual commerce, whereas the manufacturing domain has 

received insufficient attention. Real time data transfer machine-to-machine connection and high dependability are all 

required in the industrial industry, yet most contemporary Metaverse applications do not address these needs. Second, 

scalability and latency are two of the most significant issues in this setting. The manufacturing process occurs in real time 

situations, and any delay can disrupt the operation. Existing blockchain networks frequently suffer from scalability 

concerns, rendering them unsuitable for large-scale Metaverse applications. The manufacturing ecosystem is made up of 

various devices and legacy systems that require standardized communication protocols, The second major gap concerns 

the privacy and security of industrial data. Although blockchain promotes transparency, industries require controlled 

information sharing to maintain their strategic possessions of intellectual property and business secrets. The balance 

between the equality of Transparency and confidentiality is not yet resolved. Governance and legal systems related to the 

industrial Metaverse are in their early stages, with few researchers conducting studies focused on compliance, standards, 

and risk control; even fewer tested their findings in pilot applications. 

6 Future Work 
Future research should focus on establishing scalable blockchain architectures suitable for various industrial Metaverse 

contexts. Layer-2 blockchain designs data storage that combines on-chain and off-chain techniques, and edge based 

blockchain architectures can all help to address latency and throughput challenges. Another interesting path is the 

combination of artificial intelligence-based digital twinning and blockchain-based secure data sharing. Intelligent digital 

twinning has the potential to improve predictive maintenance autonomous decision-making and adaptive production in 

the Metaverse. An merger of cognitive analysis with blockchain-based trust mechanisms has the potential to change 

industrial reliability. Furthermore standardization and interoperability frameworks must be prioritized. Universal 

protocols for cross platform digital twins and industrial IoT will be required, particularly to achieve widespread adoption 

of industrial IoT. Zero-knowledge proofs and homomorphic encryption, together with secure multi-party computation, 

are such privacy enhanced technologies that could keep sensitive industrial data safe while catering to the benefits of 

blockchain. DAOs also enhance coordination and decision-making in industries. In addition to future work, smart 

factories should be tested in the real world because this provides practical insights their performance, security and cost 

efficiency. 

7 Conclusion 
This paper presents an investigation on blockchain technology in industrial Metaverse using bibliometric and literature 

analysis methods. It is shown that blockchain technology is beneficial for trust, security, transparency, and coordination 

in smart manufacturing. It is observed that digital twins and Industry 4.0 have growing interests, while challenges include 

scalability, privacy, regulations and standardizations. It also presents a framework for blockchain, digital twins and smart 

contracts in smart manufacturing and reveals new trends and challenges. 
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