
International Journal on Advanced Electrical and Computer Engineering 

© 2025 The Authors. Published by MRI INDIA.  
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 

 

 

 
 

 Archives available at journals.mriindia.com 
 

International Journal on Advanced Electrical and Computer Engineering 
 

ISSN: 2349-9338 
Volume 14 Issue 01, 2025 

 
 

NFT Marketplaces: A Comprehensive Analysis of Trading, Security, and 
Metadata Challenges
1Shrey Varma, 2Sachin Prajapati, 3YashKumar Gupta, 4Kaushik Tondon, 5Prof. Shraddha 
Sharma, 6Prof. Manali Parate, 7Prof. Manasi Churi 

1,2Department of Computer Engineering, Shree L.R. Tiwari College of Engineering, Maharashtra, India 
3,4Department of Computer Engineering, Shree L.R. Tiwari College of Engineering, Maharashtra, India 
5,6,7Department of Computer Engineering, Shree L.R. Tiwari College of Engineering, Maharashtra, India 
1shreyvarma123@gmail.com, 2sachin.prajapati.4607@gmail.com, 3yashgupta7045@gmail.com, 
4kaushik7109@gmail.com, 5shraddhaindira@gmail.com, 6manali.parate@gmail.com, 
7churimanasi15190@gmail.com  
 

Peer Review Information 
 
Submission: 18 Jan 2025 
Revision: 19 Feb 2025 
Acceptance: 22 March 2025 
 
Keywords 
 
Blockchain 
Non-Fungible Tokens (NFTs) 
Wash Trading 
Cyber Security 
 

Abstract 

MintMart is a decentralized Web3 platform designed for simplifying 
the process of buying, selling and creating NFTs (Non Fungible 
Tokens). Currently there are various existing platforms in the 
market which have features like transparent transactions, auctions 
in marketplace etc. However they lack some focus in areas of secure 
transactions, irregular platform fee and royalty compensation for 
owners which plays an important role in such platforms. The 
proposed system is designed with an objective to encounter such 
problems and make the use of NFT marketplace more seamless for 
the users. The proposed system uses blockchain technology to 
confront the existing issues. Royalty compensation distribution 
becomes easier using smart contracts and libraries like 
OpenZeppelin which helps in better integration of royalty features 
using its ERC-721 standard. Also MintMart offers fixed minim 
MintMart is a decentralized Web3 platform designed for simplifying 
the process of buying, selling and creating NFTs (Non Fungible 
Tokens). Currently there are various existing platforms in the 
market which have features like transparent transactions, auctions 
in marketplace etc. However they lack some focus in areas of secure 
transactions, irregular platform fee and royalty compensation for 
owners which plays an important role in such platforms. The 
proposed system is designed with an objective to encounter such 
problems and make the use of NFT marketplace more seamless for 
the users. The proposed system uses blockchain technology to 
confront the existing issues. Royalty compensation distribution 
becomes easier using smart contracts and libraries like 
OpenZeppelin which helps in better integration of royalty features 
using its ERC-721 standard. Also MintMart offers fixed minimal 
platform fee making it more accessible for users The proposed 
system can successfully support multiple digital formats like images, 
videos etc. and has also achieved cross chain compatibility allowing 
users to interact with various blockchain networks.  
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MintMart plans to expand its features in the near future. These 
include personalized recommendations, live bidding for NFTs on the 
marketplace, etc., thus aiming to increase user engagement. The 
proposed system can successfully support multiple digital formats 
like images, videos, etc., and has also achieved cross-chain 
compatibility, allowing users to interact with various blockchain 
networks. MintMart plans to expand its features in the near future. 
These include personalized recommendations, live bidding for NFTs 
on the marketplace, etc., thus aiming to increase user engagement.  

 
Introduction 
The fast appropriation of blockchain innovation 
has driven to the rise of modern computerized 
resources, among which Non-Fungible Tokens 
(NFTs) have picked up critical consideration. 
NFTs are one of a kind cryptographic resources 
put away on a blockchain that speak to 
possession of advanced or physical things such as 
craftsmanship, music, collectibles, virtual 
genuine bequest, and in-game resources. Not at 
all like conventional cryptocurrencies, which are 
conversely (fungible), NFTs are particular and 
non-interchangeable, making them perfect for 
speaking to shortage and provenance within the 
computerized world[1].  
NFT marketplaces serve as stages that encourage 
the creation, buying, offering, and exchanging of 
NFTs. These marketplaces, such as OpenSea, 
Rarible, Establishment, and LooksRare, work 
essentially to conventional e-commerce stages 
but work on decentralized blockchain 
networks[2]. They empower makers to mint 
NFTs, set sovereignties for auxiliary deals, and 
lock in with collectors and financial specialists 
around the world. Be that as it may, in spite of the 
developing notoriety of NFTs, the advertise is 
still advancing and faces a few challenges, 
counting security vulnerabilities[3], advertise 
control through wash trading, tall exchange fees, 
and mental property concerns.[4] In later a long 
time, inquire about on NFT marketplaces has 
extended to investigate different viewpoints, 
such as the financial affect of NFTs[5], security 
risks, metadata structures, and the part of 
shrewd contracts in upholding royalties. Thinks 
about have analyzed exchanging designs, 
commercial center plan, and false exercises that 
impact NFT valuation and liquidity [2]. Besides, 
the integration of proposal frameworks and 
manufactured insights has been proposed to 
improve client encounter and showcase 
efficiency [6].  This paper points to supply a 
comprehensive examination of NFT 
marketplaces by analyzing their auxiliary 
characteristics, financial patterns, security 
issues, and administrative challenges. The 
investigate investigates key components 
influencing commercial center operations, 
counting exchanging behaviors, metadata 
organization, and sovereignty dissemination 

components. Furthermore, the paper highlights 
the suggestions of NFT selection in advanced art 
[7], substance proprietorship, and decentralized 
back (DeFi) [2].  
 
1. Evolution of NFT Marketplaces and Their 
Significance 
The concept of NFTs (Non-Fungible Tokens) 
dates back to 2012 with the introduction of 
Colored Coins on the Bitcoin blockchain. 
However, NFTs gained mainstream attention in 
2017 with projects like CryptoPunks and 
CryptoKitties, which showcased the potential of 
digital collectibles [7]. Since then, the NFT 
market has expanded exponentially, driven by 
innovations in blockchain technology, 
decentralized applications (dApps), and smart 
contract functionalities [8]. 
 
Key Milestones in the Evolution of NFT 
Marketplaces 
2022-Present: Expansion into real estate, music, 
ticketing, and the metaverse, along with 
advancements in Layer-2 scaling solutions to 
reduce gas fees [5]. 2012-2014: Introduction of 
Colored Coins on Bitcoin, marking early 
experiments in digital asset tokenization. 2017: 
Launch of CryptoPunks and CryptoKitties, 
marking the first widespread adoption of NFTs. 
2018-2019: Rise of NFT gaming and virtual 
worlds like Decentraland and Axie Infinity. 2020-
2021: Explosion of NFT sales, with platforms like 
OpenSea, Rarible, and Foundation enabling 
artists and creators to sell digital assets directly 
[9].  
 
Role of NFT Marketplaces 
Magic Eden & Solanart Marketplaces focused on 
Solana-based NFTs, offering lower transaction 
fees [6]. LooksRare A competitor to OpenSea 
with reward-based incentives for traders [7]. 
Rarible A community-driven marketplace 
allowing users to create and sell NFTs [8]. NFT 
marketplaces play a crucial role in the adoption 
and trading of NFTs. These platforms act as 
digital auction houses, enabling users to mint, 
buy, sell, and trade NFTs securely. Some of the 
most popular NFT marketplaces include: 
OpenSea The largest decentralized NFT 
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marketplace, supporting Ethereum, Polygon, and 
Solana [9].  
 
Significance and Challenges of NFT Marketplaces 
However, they also face several challenges, 
including: Scalability High transaction costs and 
slow processing speeds due to blockchain 
limitations. Fraud Prevention Ensuring 
authenticity and preventing counterfeit NFTs. 
Regulatory Compliance Navigating legal 
frameworks and government regulations related 
to NFTs and digital assets [1]. NFT marketplaces 
have disrupted traditional industries, allowing 
artists, musicians, and game developers to 
interact directly with buyers, eliminating 
intermediaries [10].  
 
2. Objectives and Scope of the Research 
This research aims to explore the development, 
functionality, challenges, and future potential of 
NFT marketplaces by addressing the following 
key objectives: 
 
Research Objectives 
To examine the impact of NFTs beyond digital art 
Exploring applications in gaming, real estate, 
music, intellectual property, and decentralized 
finance (DeFi) [5]. To evaluate securit y and 
regulatory challenges Identifying smart contract 
vulnerabilities, fraud risks, and evolving legal 
frameworks affecting NFT marketplaces [6]. To 
predict the future trajectory of NFT marketplaces 
– Assessing the role of Layer 2 solutions, cross-
chain compatibility, AI-generated NFTs, and 
integration with the metaverse [7]. To analyze 
the architecture of NFT marketplaces Examining 
the technical components, including smart 

contracts, metadata storage, wallet integration, 
and transaction processing [9]. To understand 
market trends and economic implications 
Investigating trading volumes, market liquidity, 
investor behavior, and price volatility in the NFT 
space [10].  
 
Scope of the Research 
The research will also evaluate regulatory 
frameworks across different jurisdictions to 
understand how NFT marketplaces are adapting 
to legal challenges [1]. The research will 
primarily focus on Ethereum-based NFT 
marketplaces, as Ethereum dominates over 80% 
of the NFT market [5].  
This study mainly centers on the examination 
and improvement of NFT marketplace 
functionality, security, and efficiency, with a 
strong focus on the MintMart platform. The 
research examines MintMart's technical 
architecture, such as its utilization of smart 
contracts, wallet authentication systems, and 
blockchain integration. It examines NFT 
standards such as ERC-721 and ERC-1155, 
comparing their usage, gas efficiencies, and 
applications. Its scope also includes assessing 
cross-chain interoperability, environmentally 
friendly practices in NFT ecosystems, and 
economic effects of trading digital assets [7].  
Comparisons will be made with alternative 
blockchain networks, such as Solana, Binance 
Smart Chain, and Polygon, highlighting their 
advantages and limitations [8]. The study will 
incorporate case studies of leading marketplaces, 
including OpenSea, Rarible, and LooksRare, to 
provide real-world insights into their growth, 
user behavior, and security mechanisms [9].  

 

 
Fig. 1. NFT Market Capitalization 

 
FUNDAMENTALS OF NFT MARKETPLACES 
1. What are NFT Marketplaces? Definition and 
Key Elements: 
NFT marketplaces are decentralized platforms 
by which users can create, purchase, sell, and 
exchange Non-Fungible Tokens (NFTs). They use 

blockchain technology to authenticate 
ownership, guarantee authenticity, and facilitate 
peer-to-peer transactions without the 
involvement of intermediaries [11]. 
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Major Features of an NFT Marketplace: 
2.2 Blockchain Technology and Smart Contracts 
in NFT Trading NFT marketplaces are based on 
blockchain platforms such as Ethereum, Solana, 
and Binance Smart Chain. Ethereum leads the 
market due to its well-established NFT standards 
(ERC-721, ERC-1155) [11]. 
User Wallets Cryptocurrency and NFT storage 
and management wallets (e.g., MetaMask, Trust 
Wallet). Smart Contracts Blockchain code that 
executes automatically, managing minting, 
trading, and royalty payments. Royalty 
Enforcement – Some marketplaces have creator 
royalties, where artists receive a percentage of 
subsequent sales [12].  NFT Minting Mechanism 
Transforms digital content (art, music, 
collectibles) into NFTs by storing metadata on 
the blockchain [13]. Metadata Storage – Name, 
creator, and attributes data are stored on-chain 
or through decentralized storage solutions (e.g., 
IPFS, Arweave). Marketplace Features Fixed-
price sales, auctions, and bidding models for NFT 
transactions. 
Use of Blockchain in NFTs: 
Escrow Services Holds assets in a contract until 
the payment terms are met. Bidding and Auctions 
– Enables dynamic pricing through smart 
contract-based bidding mechanisms [11]. 
Decentralization Eliminates the necessity of a 
central authority, ensuring trustless 
transactions. Security & Transparency 
Transactions are irreversible, reducing fraud 
threats. Interoperability  NFT assets can be 
transferred across different platforms 
supporting the same standard [12]. 
Smart Contracts in NFT Marketplaces: Smart 
contracts enable NFT trading through the 
execution of pre-programmed rules 
automatically, without middlemen [14]. A few of 
the most critical Smart Contract functions in NFT 
Marketplaces are: Minting NFTs Assigns unique 
token IDs and metadata to new NFTs. Ownership 
Transfers – Enables secure transactions between 
sellers and buyers. Royalty Distribution  
Automates payments to creators on every resale 
[12].  
 
2. NFT Standards: ERC-721, ERC-1155, and 
Their Functionality 
Ethereum's ERC-721 and ERC-1155 standards 
define the protocols for issuing and trading NFTs, 
enabling cross-platform compatibility [11]. ERC-
721: Single-Token Standard Distinct token, 
which cannot be divided. Often used for digital 
art, collectibles, and domain names. 

Functions: ownerOf(tokenId) Returns the owner 
of a particular NFT. transferFrom(from, to, 
tokenId)  Transfers an NFT's ownership. 
approve(to, tokenId)  Permits the transfer of an 
NFT. ERC-1155: Multi-Token Standard Fungible 
and non-fungible tokens are able to be used in the 
same contract. Batch minting and transfers 
reduce the cost of gas fees, making the 
transaction more efficient. Used in gaming, 
virtual assets, and digital land because it is able 
to store various token types in one contract. 
Comparison of ERC-721 vs. ERC-1155 
 ERC-721 tokens are defined by their singularity, 
where each token is a unique digital asset. This 
renders them extremely fit for use cases like 
digital art and singular collectibles. However, 
ERC-1155 provides for the generation of multiple 
instances of one token, which is useful for more 
dynamic asset handling, particularly for use 
cases where both fungible and non-fungible 
tokens are needed. Gas cost-wise, ERC-721 will 
generally cost more since separate transactions 
are required per token. This is contrast to ERC-
1155, whose gas cost benefits from the usage of 
batched transactions where different tokens can 
either be transferred or created within the same 
transaction to increase cost-saving. In the 
context of use cases, ERC-721 is commonly used 
for art and digital collectibles, where the 
individuality of every item takes center stage. On 
the other hand, ERC-1155 is better suited for 
gaming and metaverse items, where end-users 
can potentially have to handle high volumes of 
similar items with higher efficiency and 
flexibility. 
 
WORKFLOW AND ARCHITECTURE OF AN NFT 
MARKETPLACE 
Technical specification and workflow of an NFT 
marketplace, like system architecture, user 
authentication, NFT minting, listing mechanisms, 
and royalty distribution, are covered in this 
chapter [11]. Architecture of an NFT marketplace 
integrates blockchain technology, smart 
contracts, decentralized storage, and frontend-
backend integration in order to support secure 
and transparent digital asset trades [13].  
 
1. How the System Works 
An NFT platform is an interface for a user to 
interact with smart contracts so that NFT 
creation, exchange, and ownership verification 
becomes hassle-free [9]. 
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Fig. 2 System Architecture 

Flow of an NFT Marketplace: 
NFT Creation & Storage Artists/Sellers store 
digital content (art, music, collectibles) on 
IPFS/Filecoin for storing metadata. Minting NFTs 
The MintMart DApp communicates with smart 
contracts to authenticate and record NFT 
ownership [14]. Buying & Selling  Purchasers 
purchase NFTs through transactions executed by 
smart contracts. Royalty & Transaction 
Management The marketplace smart contract 
automatically enforces royalty payments and 
transaction history. All this in a decentralized 
way, ensuring transparency, immutability, and 
security in NFT transactions [17]. 
 
2. User Registration and Wallet Integration 
(MetaMask) 
Unlike traditional sign-ups, an NFT marketplace 
utilizes crypto wallets as authentication tools. 
User Authentication Process 
Users link their wallets (MetaMask, 
WalletConnect, or Coinbase Wallet) [18]. A 
unique wallet address (public key) is utilized as 
the user's identification. Ownership is verified 
through a cryptographic signature (off-chain 
verification). After verification, users are able to 
mint, purchase, and sell NFTs [20]. 
Advantages of Wallet-Based Authentication 

• Eliminates passwords and centralised 
databases. 

• Supports direct blockchain interactions. 
• Provides secure and trustless 

authentication [22].  
     

3. NFTMinting, MetadataStorage, and IPFS 
Integration 
NFT Minting Process: Artists/Sellers upload 
digital content (images, music, videos) into 
IPFS/Filecoin/Swarm for storage. The storage 
generates a unique hash, which safeguards 

metadata [16]. MintMart DApp communicates 
with an ERC-721/ERC-1155 smart contract to 
create the uploaded material. The blockchain 
stores the NFT, and the seller gets notified. Data 
permanence, immutability, and decentralized 
verification are facilitated through the process 
[17]. 
 
4. Listing, Bidding, and Auction Mechanisms 
NFTs are auctioned and sold in three major 
modes: Fixed Price Sale – NFTs are purchased 
immediately at a fixed price. Auction (Timed or 
Reserve) Bidders submit bids within a time 
frame.  
Auction Workflow: 
The sellers post their NFT on the MintMart DApp. 
The buyers bid, and the transactions are kept in 
smart contract [16]. The highest bidder is 
declared the winner when an auction is complete, 
and the NFT is transferred automatically. Smart 
contracts offer open and equitable bidding and 
do not allow bid manipulation. Dutch Auction The 
price starts high and decreases by a certain 
increment until someone buys it [19]. 
 
5. Purchase, Sale, and Royalty Payment 
through Smart Contract.  
The decentralized system offers transparency, 
immutability, and security of NFT transactions 
[11]. System Architecture of an NFT Marketplace 
An NFT marketplace is made up of several 
interdependent layers that enable NFT creation, 
trade, and ownership proof and ensure security 
and decentralization. NFT Marketplace System 
Architecture and Workflow An NFT marketplace 
is made up of several interdependent layers that 
enable NFT creation, trade, and ownership proof 
in a secure and decentralized manner[11].  
Purchase & Sale of NFTs: Buyers execute a buy 
transaction through MintMart DApp. The smart 
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contract checks and releases the NFT. Payments 
are made automatically according to pre-defined 
rules. How the System Works Artists/Sellers 
create an NFT by uploading digital files to 
IPFS/Filecoin for metadata storage. The 
MintMart DApp interacts with smart contracts to 
register and verify NFT ownership. NFTs are 
purchased by consumers through transactions 
managed by smart contracts. The marketplace 
smart contract provides royalty payment and 
maintains transaction records [12]. NFT 
metadata. Buyers purchase assets, NFTs are 
authenticated, and buyers engage with smart 
contracts. Smart contracts such as ERC-721, ERC-
1155, and marketplace contracts manage NFT 
minting, listing, trading, and royalty payment. 
MintMart DApp is a decentralized app that 
enables users to engage with smart contracts 
[14]. Royalty Payment via Smart Contracts: NFT 
creators can specify royalties (e.g., 10%), and 
they will earn passive income from resales. The 
smart contract will automatically pay a 
percentage of each resale to the original creator 
[15]. 
 
ECONOMIC IMPACT AND MARKET TRENDS 
The NFT market has undergone revolutionary 
transformation, growing from a nascent digital 
asset class to a multi-billion-dollar market. 
OpenSea, Rarible, and LooksRare are some of the 
platforms that have enabled decentralized 
trading, establishing a new digital economy on 
the basis of asset ownership and provenance 
anchored on the blockchain. NFTs have economic 
uses beyond digital art into other segments such 
as gaming, property, and DeFi. The following 
section outlines the explosive growth of NFT 
marketplaces, trading volume dynamics and 
valuation techniques, and growing utility of NFTs 
in industries [1].  
 
1. NFT Marketplaces Growth (OpenSea, 
Rarible, etc.) 
 Rarible has also come up with a decentralized 
governance framework where users can vote on 
platform choices with the assistance of its native 
token. Other leading marketplaces like 
Foundation and SuperRare have emphasized 
curated collections of digital artwork, whereas 
LooksRare has proposed reward schemes to 
incentivize active traders [2]. With increasing 
demand for NFTs, marketplaces witnessed huge 
volumes of transactions. OpenSea alone recorded 
more than $20 billion in total sales by 2023, with 
millions of users trading NFTs. Active wallets for 
NFT markets rose from 500,000 in 2021 to more 
than 2 million in 2024, indicating increasing 
usage of blockchain assets [3]. NFT usage persists 
amid crypto market volatility, with continued 
investment in Web3 gaming, metaverse projects, 

and blockchain intellectual property rights [4]. 
The emergence of NFT marketplaces has 
redefined digital ownership by offering users 
platforms to mint, buy, and sell NFTs. OpenSea, 
the largest marketplace, has dominated the NFT 
scene by allowing multiple blockchain networks 
like Ethereum, Polygon, and Solana [13]. 
 
2. Trading Volume, Valuation Models, and 
Liquidity  
NFT trading volumes have witnessed bouts of 
high growth and market adjustment. Trading 
volumes of over $40 billion during the 2021 NFT 
bubble were driven by speculative demand. 
Trading volumes decreased following a change in 
market dynamics in 2022 and 2023 due to 
macroeconomic uncertainty and lower 
speculative demand [5]. NFT markets 
experienced growth again in 2024 as DeFi and 
gaming use cases integrated projects, presenting 
more sustainable value propositions [6]. NFT 
pricing models differ from traditional asset 
pricing models. The value of an NFT is often 
established by scarcity, utility, creator 
reputation, and market sentiment. Exotic NFTs, 
such as Cry(Barrington, 2021; MintNFT.Docx, 
n.d.) ptoPunks and BAYC, are pricier since they 
are rare. Utility NFTs that grant owners exclusive 
rights, access, or in-game benefits also command 
higher values [7]. NFTs associated with popular 
creators or celebrities also find premium buyers, 
thus further enhancing their market value [8]. 
Liquidity remains a genuine issue in the NFT 
market due to the non-fungibility of assets. In 
contrast to cryptocurrencies, which have a ready 
market in terms of cash equivalency, NFTs 
require specialized buyers who are prepared to 
buy a unique digital asset. Different innovations 
have been floated to address the issue, including 
fractionalized NFTs (F-NFTs), in which users can 
hold and trade a portion of extremely valuable 
NFTs [9]. Other innovations include NFT-backed 
lending, in which users can leverage their NFTs 
as collateral to borrow funds, and automated 
market makers (AMMs) for NFTs, such as 
Sudoswap, which introduce liquidity pools to 
facilitate quicker trades [10].  
 
3. NFT Utility Outside of Art: Gaming, Real 
Estate, and DeFi  
The NFTs are used to represent game characters, 
weapons, virtual properties, and special items, 
offering new economic prospects for players. The 
interoperability concept also enables NFTs to be 
used on other gaming platforms, adding value 
and functionality to them [2]. In the DeFi 
ecosystem, NFTs are being integrated into 
financial products to create new investment 
opportunities. NFT staking gives investors a 
chance to stake their digital assets in liquidity 
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pools to earn rewards, while NFT-backed loans 
enable borrowers to use their NFTs as collateral 
for cryptocurrency loans [3]. NFTs are also 
making a significant impact in the real estate 
sector. Decentraland and Cryptovoxels are some 
of the virtual real estate platforms where people 
can buy, sell, and rent virtual land, creating a 
virtual economy in the metaverse [4]. 
Additionally, yield-generating NFTs also 
generate passive sources of income in the form of 
royalties or staking rewards [5]. Additionally, 
real estate property sales are also being 
tokenized in the form of NFTs, making it easier to 
transfer property and making legal contracts less 
complicated [6]. These developments are 
completing the loop between NFTs and 
decentralized finance, opening new business 
models and financial applications for digital asset 
holders [7]. Such technologies enhance 
transparency and efficiency in the real estate 
market using blockchain technology to 
authenticate and secure transactions [8]. Besides 
digital collectibles, NFTs are changing other 
industries by providing new uses in gaming, real 
estate, and DeFi. In gaming, blockchain games 
like Axie Infinity, The Sandbox, and Decentral and 
utilize NFTs to provide play-to-earn capabilities, 
where players receive tokens and virtual assets 
as incentives for playing [11]. 
 
SAFETY AND RISKS OF NFT MARKETPLACES 
The sudden overnight boom of NFT marketplaces 
has introduced revolutionary digital ownership 
changes but has also introduced enormous 
security threats and operational challenges. 
Smart contract vulnerabilities, phishing, 
scalability, and regulatory threats are some of the 
problems that threaten the stability and long-
term sustainability of such platforms. The 
resolution of these problems has to be a 
combination of technological solutions, 
preventive measures, and regulation to establish 
a secure and sustainable NFT ecosystem [12]. 
 
1. Smart Contract Attacks and Exploits 
Smart contracts, the foundation that NFT 
transactions are built upon, are self-executing 
code that carry out operations like NFT minting, 
transfer, and royalty disbursements. Yet, their 
open-source and immutable nature expose them 
to the number one hack, exploit, and coding error 
target [13]. Reentrancy attack, a highly prevalent 
vulnerability, is a malicious contract 
continuously calling a function before the first 
call, resulting in lost funds, like in the historical 
DAO hack [14]. Unchecked external calls and 
integer overflows are also threats that create 
security vulnerabilities if external protocol calls 
are made by smart contracts without checks [15]. 
To address such threats, smart contract audits by 

security companies like CertiK and OpenZeppelin 
are required [16]. 
 
2. Fraud Prevention  
Counterfeits, Phishing, and Wash Trading Fraud 
is on the rise in NFT marketplaces, targeting 
creators and collectors [17]. Phishing scams, 
wash trading, and NFT forgery are common 
threats that erode market trust. On-chain proof 
technology and two-factor authentication (2FA) 
are being adopted by platforms to prevent such 
frauds [18]. AI-based fraud detection platforms 
also are being created to scan for trade patterns 
and detect suspicious activity [19]. 5.3 Scalability 
and Gas Fees: Layer 2 Solutions and Optimization 
Scalability continues to be an issue for NFT 
marketplaces, especially on Ethereum, with far 
too high network traffic and fees [20]. Later layer 
2 solutions in the form of Polygon and Optimistic 
Rollups have been created to mitigate such issues 
to lower gas fees and accelerate transactions 
[21]. 
 
3. Legal and Regulatory Implications of NFT 
Transactions 
The regulatory and legal framework of NFTs is 
evolving, with the concerned issues of 
intellectual property rights, taxation, AML 
compliance, and cross-border legislations [22]. 
Compliance and strict regulations are being 
implemented to ensure security and 
transparency on the platforms of NFTs [23]. 
 
FUTURE NFT MARKETPLACE DEVELOPMENTS 
NFT market development is still in its early 
stages, and ongoing innovations characterize its 
future. NFTs were initially almost exclusively 
applied in digital collectibles and art. But 
emerging trends are breaking their use in other 
fields such as sustainability, the metaverse, AI, 
and cross-chain interoperability. These 
developments will transform the production, 
exchange, and utilization of digital assets and 
ultimately contribute to a more inclusive and 
efficient decentralized economy [24]. 
 
1. CROSS-CHAIN NFT SWAPS AND 
INTEROPERABILITY 
Cross-blockchain protocols such as the 
Wormhole bridge and Ronin Network facilitate 
interoperability across Ethereum, Solana, 
Binance Smart Chain, and other blockchain 
networks. The protocols reduce gas charges and 
transactional inefficiencies and hence boost NFT 
liquidity. Additionally, cross-chain environments 
will enable new use cases, e.g., cross-game assets, 
where the same NFT will be capable of working 
on different gaming platforms without being 
confined to a single blockchain platform [21]. The 
main disadvantage of current NFT marketplaces 
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is that they are tied to a particular blockchain 
network, causing fragmentation and a lack of 
liquidity. Interoperability of NFTs and cross-
chain trade seek to reverse this situation by 
allowing for smooth exchange across various 
blockchain platforms. Polkadot, Cosmos, and 
LayerZero are among the projects building cross-
chain communication protocols, which give users 
the ability to purchase, sell, and exchange NFTs 
without being limited to one ecosystem [25].  
 
2. Machine Learning Applications and AI-
Generated NFTs 
Aside from art, machine learning enhances NFT 
marketplaces in the following ways: improved 
fraud detection, price algorithms, and user 
recommendations. AI analytics can track 
historical sales, trends, and anomalies to predict 
NFT prices. Additionally, AI-based authentication 
mechanisms can detect plagiarism, 
counterfeiting, and unauthorized copying, 
making NFT transactions authentic and secure 
[13]. Sites like Artbreeder, Deep Dream, and AI-
based collections like "Botto" show the power of 
AI in creating and refining digital art 
independently based on user input [15]. Artificial 
intelligence is transforming the NFT space by 
making it possible to create dynamic, one-of-a-
kind, and algorithmically created digital assets. 
AI-based NFTs, created through machine 
learning algorithms like Generative Adversarial 
Networks (GANs) and neural networks, are 
becoming popular among the gaming and digital 
art communities [25].  
 
3. The Metaverse and Virtual Asset 
Marketplaces 
NFT uses in the metaverse open up new 
economic opportunities, such as the construction 
of virtual real estate, virtual concerts, and brand 
collaborations. Nike and Adidas have already 
entered the space, offering NFT-based virtual 
apparel for avatars. Decentralized Autonomous 
Organizations (DAOs) are also being utilized to 
govern metaverse communities where the 
owners of the NFTs participate in decision-
making [22].  The following phase of metaverse 

growth will be interoperability across different 
virtual worlds, with the ability for users to 
transfer digital assets between platforms and 
environments with ease. This will further 
establish NFTs as a global standard for digital 
ownership and commerce in the metaverse [23]. 
The metaverse will be one of the largest users of 
NFTs, where virtual property within a virtual 
world is of real-world value. Decentraland, The 
Sandbox, and Otherside are already 
demonstrating the application of NFTs in 
representing virtual land, avatars, apparel, and 
virtual objects. NFT marketplaces will be the 
gateway to the purchasing, selling, and leasing of 
virtual property as metaverse worlds progress 
[24].  
 
4. Sustainable and Eco-Friendly Blockchain 
Solutions 
Increased adoption of NFTs has raised concerns 
on the environmental impact of blockchain 
transactions, particularly those on energy-
guzzling Proof-of-Work (PoW) networks like 
Ethereum. The sector has, therefore, shifted 
towards greener blockchain solutions like Proof-
of-Stake (PoS) networks, Layer-2 scaling 
solutions, and carbon-neutral initiatives. 
Ethereum's transition to Ethereum 2.0 and PoS 
consensus has witnessed a dramatic reduction in 
energy consumption, making NFT transactions 
eco-friendly [22]. In addition, blockchains like 
Tezos, Flow, and Polygon are currently the 
greener alternatives with lower fees and lower 
carbon emissions. Other NFT projects are 
adopting carbon offsetting strategies and energy-
efficient minting algorithms to reduce their 
carbon footprint. Algorand and Wax are some of 
the carbon-neutral blockchain platforms 
attracting developers and artists who care about 
sustainability [23]. 
 
RESULT  
The table presents important technical outcomes 
of the MintMart NFT marketplace. It emphasizes 
optimal gas consumption, minimal deployment 
costs, rapid IPFS metadata lookup, strong 
security verifications, ERC-721 i 

interoperability, and high frontend performance. 
These indicators show MintMart's highly 

optimized design for scalability, security, and 
user experience in a decentralized setting. 

 
Table 1: Comparative Analysis of Technical Parameters between ERC-721 and ERC-1155 Token Standards 

Technical Parameter Result Remarks 

Smart Contract Gas 
Usage 

Minting: 115,243 units 
Purchase: 91,580 units 

Efficient gas consumption compared to 
standard ERC-721 operations 

Contract Deployment 
Cost 

($6.30 at time of testing) 
Low-cost deployment on Ethereum 
Goerli test net 

Transaction Finality 
Time 

Average: 18.6 seconds 
Measured on Ethereum Goerli; real-
world main net times may vary 
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IPFS Metadata Latency ~300 milliseconds 
Ensures fast decentralized retrieval of 
NFT metadata 

Security Validation 
Passed: Reentrancy 
Passed: Overflow/Underflow 
Passed: Access Control 

Validated using tools like MythX and 
manual test cases 

Wallet Authentication 
MetaMask, Wallet Connect 
Uses eth_signTypedData_v4 

Provides secure and user-friendly wallet 
login 

Smart Contract Size ~12 KB (compiled bytecode) 
Optimized size for faster loading and 
lower deployment cost 

Interoperability 
Fully ERC-721 compliant 
Compatible with OpenSea and other 
NFT dApps 

Supports wide accessibility across 
marketplaces 

Frontend Performance 
Score 

Lighthouse Score: 96/100 
Bundle Size: 1.4 MB 

Ensures optimal loading and usability 

Scalability Testing 
1000+ concurrent transactions 
simulated without failure 

Confirms robustness under high user 
load 

Data Storage 
Architecture 

Off-chain: IPFS 
On-chain: Token ownership and 
metadata hash 

Hybrid model balances performance and 
decentralization 

 
1. Comparison between MintMart and 
Existing platforms 
The figure illustrates a comparative analysis of 
MintMart and existing NFT platforms across four 
critical blockchain performance parameters: gas 
fees, minting time, marketplace fee, and security 
score. MintMart demonstrates a significant 
reduction in operational costs and processing 
time. Specifically, MintMart's gas fees are nearly 
negligible compared to traditional platforms, and 
its average minting time is substantially lower 
(approximately 15 seconds versus 45 seconds), 
enhancing user experience and scalability. 
Additionally, MintMart charges a marketplace fee 

of around 1%, which is considerably more 
economical than the 3-4% typically charged by 
existing platforms. In terms of security, MintMart 
also leads with a higher security score, suggesting 
stronger smart contract integrity and platform 
robustness. These metrics underscore 
MintMart’s efficiency, cost-effectiveness, and 
reliability, making it a competitive alternative in 
the evolving NFT ecosystem. 
Marketplace fees also show a marked advantage 
for MintMart, with only a 1% fee structure 
compared to the 3–4% common on other 
platforms. 

This reduction can greatly benefit both creators 
and buyers by maximizing returns and 
minimizing overhead. Furthermore, in terms of 
security, MintMart outperforms existing 
platforms by achieving a higher security score, 
indicating enhanced protocol reliability, smart 
contract audits, and user data protection.These 

enhancements not only improve user trust and 
platform credibility but also contribute to a more 
sustainable and scalable NFT ecosystem. 
Collectively, these metrics validate MintMart’s 
potential to disrupt the current market by 
offering a faster, cheaper, and more secure NFT 
minting.

Table. 3: Comparison of Key Blockchain Metrics: MintMart vs Existing NFT Platforms.

CONCLUSION AND RECOMMENDATIONS  
Overcoming these challenges is paramount to 
ensuring the long-term sustainability and 

adoption of NFT ecosystems. This section 
provides a summary of the main findings, best 
practices for secure marketplace design, and 
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directions for future research in NFTs and digital 
ownership [12]. The speedy growth of NFT 
marketplaces has revolutionized digital 
ownership, allowing artists, collectors, and 
investors to participate in a decentralized 
economy. In parallel with these developments, 
challenges like security threats, fraud, scalability 
constraints, and regulatory uncertainties have 
arise [20]. 
 
1. Summary of Key Findings 
The establishment of NFT standards like ERC-
721 and ERC-1155 has normalized token 
functionalities, enabling easy interoperability 
between platforms. In addition, the legal 
framework for NFTs is not clear, with issues 
regarding intellectual property rights, taxation, 
and AML requirements [11]. Smart contract 
vulnerabilities, however, continue to pose a 
major issue, with typical risks being reentrancy 
attacks, integer overflows, and unchecked 
external calls. Scalability problems on Ethereum 
cause high gas fees and sluggish transaction 
processing, which necessitates the use of Layer 2 
scaling solutions such as Polygon, Optimistic 
Rollups, and ZK-Rollups. These results 
emphasize security improvements, regulatory 
structures, and technological developments in 
guaranteeing the success of NFT marketplaces 
[12]. NFT marketplaces run on blockchain 
networks, using smart contracts to enable secure 
and transparent transactions. Moreover, 
fraudulent practices like counterfeiting, phishing 
scams, and wash trading erode confidence in the 
system [14]. 
  
2. Best Practices for Developing a Secure NFT 
Marketplace 
Additionally, implementing decentralized 
identity authentication and clear royalty 
distribution models that comply with the global 
regulatory model will improve the trust and 
regulatory stability of NFT transactions [11]. To 
prevent fraud, marketplaces would need to 
enforce two-factor authentication (2FA), AI-
facilitated fraud detection, and KYC (Know Your 
Customer) requirements. By following these best 
practices, NFT marketplaces are able to provide a 
safe, effective, and user-friendly platform for 
users. Smart contract auditing with the 
assistance of security companies such as CertiK 
or OpenZeppelin can reveal any vulnerabilities 
prior to deployment [12]. For establishing a safe 
and trustworthy NFT marketplace, the platform 
operators and developers should integrate 
strong security practices, anti-fraud features, and 
elastic infrastructure. Time-locked transactions 
and multi-signature wallets may further increase 
safety. On-chain authenticity verification tools 
also need to be incorporated in order to confirm 

the authenticity of the NFT and avoid 
counterfeits. Scalability issues can be eased by 
using Layer 2 solutions to minimize cost per 
transaction as well as enable faster processing 
rates [14]. 
  
3. Emerging Research Topics in NFTs and 
Digital Ownership 
Another major area of research is NFTs in the 
metaverse and virtual ownership of assets, 
where decentralized platforms will enable the 
trade of digital items in interactive spaces [11]. 
Sustainability issues must also be addressed, 
with continuous 
research on green blockchain solutions like 
proof-of-stake (PoS) consensus algorithms and 
carbon-free NFT platforms. Further research in 
these areas will lead to a more secure, efficient, 
and legally compliant NFT environment. In 
summary, NFT marketplaces have tremendous 
potential but need constant improvement in 
security, scalability, and regulatory compliance. 
Through best practices and investments in 
research-led innovations, the NFT space can 
become more transparent, inclusive, and adopted 
over the long term. With the continuous growth 
of the NFT landscape, a number of essential areas 
of research need to be explored more to improve 
security, scalability, and regulatory conformance. 
Moreover, embedding AI and machine learning 
for automated fraud prevention, NFT valuation 
methods, and customized marketplace 
suggestions offers a compelling avenue [12]. The 
key area here is the creation of cross-chain 
interoperability, enabling NFTs to transfer freely 
across various blockchain ecosystems, 
minimizing reliance on one environment. Finally, 
the legal and ethical aspects of NFT ownership, 
especially regarding copyright enforcement, 
digital identity, and rights management, are also 
areas of ongoing research [19]. 
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