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Abstract— Blockchain technology has revolutionized digital 

security by enabling decentralized, tamper-resistant, and 

transparent data management. However, with its increasing 

adoption, blockchain faces a growing number of security threats, 

including smart contract vulnerabilities, 51% attacks, Sybil 

attacks, cross-chain interoperability risks, and the potential impact 

of quantum computing. Ensuring robust security in blockchain 

systems is crucial for applications such as things like decentralized 

finance (DeFi), tracking goods in the supply chain, and verifying 

digital identities.This survey provides a systematic review of 

blockchain security threats and mitigation strategies. We 

categorize vulnerabilities based on blockchain layers— network, 

consensus, and application—and analyze emerging defense 

mechanisms. Advanced solutions such as artificial intelligence 

(AI)-driven anomaly detection, automated smart contract 

verification, Zero-Knowledge Proofs (ZKPs) for privacy 

preservation, and quantum-resistant cryptographic techniques are 

explored. Additionally, we discuss blockchain forensic            

 

 

artificial intelligence (AI)-driven anomaly detection, 

automated smart contract verification, Zero-Knowledge 

Proofs (ZKPs) for privacy preservation, and 

quantumresistant cryptographic techniques. Additionally, 

blockchain forensic techniques are being developed to detect 

fraudulent activities and illicit transactions. This survey 

provides a comprehensive review of block-chain security 

threats and mitigation strategies. We categorize 

vulnerabilities based on blockchain layers—network, 

consensus, and application— and analyze emerging defense 

mechanisms. By consolidating recent advancements and 

identifying open research challenges, this paper aims to guide 

future research in developing secure and resilient blockchain 

architectures.  

II. SECURTY THREATS IN BLOCKCHAIN  

consolidating recent advancements and identifying open 

research challenges, this paper serves as a roadmap for future 

research in blockchain security. Our analysis highlights the 

need for adaptive, AI-enhanced security frameworks and novel 

cryptographic approaches to address evolving threats. This 

survey aims to assist researchers and industry professionals in 

developing secure and resilient blockchain architectures for the 

next decade and application layers. Additionally, we explore 

AIdriven security mechanisms and cryptographic advancements 

to enhance blockchain security.  

Keywords— Blockchain security ,Smart contract 

vulnerabilities ,Quantum-resistant cryptography,AI-driven 

security.  

I. INTRODUCTION  

 Blockchain technology has revolutionized digital security 

by providing a decentralized, tamper-resistant, and 

transparent framework for data management. Its adoption 

spans diverse real-world uses like digital money systems 

(DeFi), tracking products through the supply chain, and 

confirming people's identities online. However, as 

blockchain systems grow in complexity and scale, they face 

an increasing number of security threats. Vulnerabilities 

such as smart contract exploits, 51% attacks, Sybil attacks, 

cross-chain interoperability risks, and the potential impact 

of quantum computing pose significant challenges. To 

address these concerns, researchers and industry 

professionals are exploring advanced security mechanisms, 

including  Distributed Denial-of-Service (DDoS) 

Attacks: Overloading blockchain nodes with excessive 

requests to disrupt transaction processing. Attackers target 

blockchain nodes, making them temporarily unavailable, 

leading to transaction delays and reduced network 

efficiency. Strategies such as rate-limiting, AI-driven traffic 

analysis, and decentralized content delivery networks 

(CDNs) can mitigate these attacks. These attacks aim to 

flood blockchain nodes with excessive traffic, 

overwhelming system resources and causing service 

disruptions. Attackers use botnets to generate large 

volumes of fake requests, leading to transaction delays, 

increased network latency, and reduced efficiency. 

Blockchain networks, particularly those with a limited 

number of full nodes, are highly susceptible to these 

attacks, as they rely on continuous connectivity for block 

propagation and validation.   

 

techniques for detecting fraud and illicit transactions.By 
A.  Network Layer Attacks  
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Types of DDoS Attacks in Blockchain:   

• Volumetric Attacks: These consume network 

bandwidth by flooding nodes with massive amounts of 

data packets.  

• Protocol-Based Attacks: Exploiting protocol 

weaknesses to exhaust node resources (e.g., SYN flood, 

Ping of Death).  

• Application-Layer Attacks: Targeting specific 

blockchain applications or APIs to disrupt operations.  

  

Mitigation Strategies:  

• Rate Limiting: Imposing request limits to prevent 

excessive traffic from a single source.  

• AI-Driven Traffic Analysis: Machine learning models 

can detect anomalous patterns and dynamically filter 

malicious traffic  

• .Decentralized Content Delivery Networks (CDNs): 

Distributing node responsibilities across multiple 

regions to reduce the impact of targeted 

attacks.Adaptive Security Protocols: Using 

blockchain sharding and dynamic node scaling to 

distribute workloads efficiently and absorb attack 

traffic.  

B.  Eclipse Attacks  

A targeted attach where a malicious actor isolates a node 

from the network by flooding it with false peer connections. 

This attack enables an adversary to control the node’s view 

of the blockchain and manipulate transactions. Mitigation 

techniques include diversified peer selection, node 

whitelisting, and secure neighbor discovery protocols.  

Attack Mechanism:  

Node Hijacking: Attackers create multiple Sybil nodes and 

form peer connections with the target node, preventing it 

from communicating with honest nodes.  

  

Blockchain Fork Manipulation: Isolated nodes may be 

tricked into accepting an alternative blockchain version, 

enabling double-spending or transaction reversals.  

  

Transaction Censorship: Attackers can filter and delay 

transactions seen by the victim node, impacting network 

integrity.  

  

Mitigation Strategies:  

• Diversified Peer Selection: Nodes should 

establish connections with a wide and randomized 

set of peers to avoid complete isolation.  

• Node Whitelisting: Using reputation-based 

systems to authenticate and verify trusted peers 

before forming connections.  

• Secure  Neighbor  Discovery 

 Protocols:  

Implementing cryptographic handshake 

mechanisms to ensure peer authenticity and prevent 

adversarial connections.  

• Periodic Peer Rotation: Frequently changing 

peer connections can minimize the risk of long-

term node isolation.  

C.  Consensus Layer Attacks  

A 51% attack happens when one group gets control of more 

than half the computing power in a blockchain network. 

This lets them mess with the system by changing 

transaction records and spending the same digital coins 

more than once. It puts the trust and reliability of the whole 

network at risk. transaction records, censor transactions, 

and disrupt consensus mechanisms. While Proof-of-Work 

(PoW) systems are particularly vulnerable, Proof-of-Stake 

(PoS) offers improved resistance; however, it is not entirely 

immune.  

Consequences of a 51% Attack:  

  

• Double-Spending: Attackers can rewrite recent 

blocks to reverse transactions, enabling them to spend 

the same cryptocurrency multiple times.  

• Blockchain Reorganization: Attackers can create 

longer chains, orphaning valid transactions and 

replacing them with manipulated records.  

• Censorship of Transactions: Attackers can 

selectively approve or deny transactions, impacting 

network trust and decentralization.  

  

Mitigation Strategies:  

  

• Randomized Leader Selection: PoS and Delegated 

Proof-of-Stake (DPoS) protocols assign validators 

randomly, making it difficult for a single entity to 

control consensus.  

• Checkpointing Mechanisms: Implementing 

periodic, irreversible checkpoints in the blockchain 

can prevent attackers from rewriting past transactions.  

• Hybrid Consensus Models: Combining PoW and 

PoS can increase the cost and difficulty of executing a 

51% attack.  

• Decentralized Mining Pools: Reducing mining 

centralization prevents any single entity from gaining 

disproportionate computational power.  

D.  Sybil Attack  

The creation of multiple fake identities to manipulate 

network behavior, disrupting consensus or influencing 

voting mechanisms in blockchain governance. Strategies 

such as stake-based verification, identity attestation via 

decentralized identifiers (DIDs), and AI-driven bot 

detection can help mitigate Sybil attacks.The creation of 

multiple fake identities to manipulate network behavior, 

disrupting consensus or influencing voting mechanisms in 

blockchain governance. This attack is particularly 

dangerous in permissionless blockchains, where 

adversaries can gain an unfair influence over 

decisionmaking processes or disrupt communication 

between nodes.  

Consequences of a Sybil Attack:  

• Disrupting Consensus: Attackers can outvote 

honest participants, altering transaction validation 

results.  

• Unfair Governance Influence: Malicious actors 

can take over voting mechanisms in decentralized 

autonomous organizations (DAOs).  

  

  

  

• Routing Attacks: Attackers can manipulate 

nodeto-node communication by controlling a 

large number of computers or participants in the 

network.  
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Mitigation Strategies:  

• Stake-Based Verification: PoS and DPoS let 

people secure the blockchain by staking coins or 

picking trusted users ensure that node influence is 

proportional to economic commitment, reducing  

Sybil attack feasibility.  

• Identity Attestation via Decentralized 

Identifiers (DIDs): Blockchain-based identity 

verification can help distinguish real participants 

from fake identities.  

• AI-Driven Bot Detection: Machine learning 

techniques can identify abnormal node behavior 

patterns, filtering out malicious entities.  

• Social Trust Networks: Leveraging reputation 

systems and social graphs to validate authentic 

participants before allowing network 

participation.  

• Proof-of-Personhood (PoP): Requiring users to 

provide biometric or cryptographic proof of their 

human identity to prevent automated Sybil nodes.  

  

E. Smart Contract and Application Layer Attacks 

Reentrancy Attacks: Occur when a smart contract 

repeatedly calls another contract before the initial 

execution is complete, leading to fund drains. 

Ethereum’s infamous DAO attack was a notable 

example. Countermeasures include checks-

effectsinteractions pattern, proper use of mutex locks, 

and formal verification tools such as Oyente and 

MythX.  

Oracle Manipulation: Smart contracts rely on external 

data sources (oracles) for decision-making, making 

them susceptible to manipulation. Attackers can 

provide fraudulent data, leading to incorrect contract 

executions. Solutions include decentralized oracles, 

threshold cryptography, and AI-driven anomaly 

detection in oracle responses.  

Front-Running Attacks: Exploiting the transparency 

of blockchain transactions by placing orders before a 

targeted transaction is executed, leading to financial 

manipulation. Flashbots and private transaction pools 

offer protection against front-running in DeFi 

applications  

  

III. EMERGING SECURITY SOLUTIONS  

With the rapid evolution of digital systems, security 

challenges have become more sophisticated, necessitating 

advanced protective measures. Traditional security 

mechanisms are often insufficient against modern cyber 

threats, prompting the development of cutting-edge 

technologies. Emerging security solutions leverage 

artificial intelligence (AI), cryptographic advancements, 

and decentralized architectures to enhance privacy, detect 

anomalies, and prevent fraudulent activities.  

 
This section explores two key innovations in digital security:   

AI-driven security mechanisms and Zero-Knowledge 

Proofs (ZKPs) for privacy. AI-powered techniques, such as 

anomaly detection and fraud prevention, are revolutionizing 

threat detection and risk management, particularly in 

decentralized finance (DeFi). Meanwhile, ZKPs offer 

cryptographic assurances that enable secure transactions and 

identity verification without compromising user privacy. 

These advancements represent the next frontier in 

cybersecurity, ensuring stronger, more resilient digital 

ecosystems.  

A. AI-Driven Security Mechanisms  

  

Use Anomaly Detection: Machine learning models such as 

deep learning and clustering algorithms can detect unusual 

transaction patterns and flag them as potential threats. AI can 

analyze historical data to predict security breaches before they 

happen.  

Fraud Prevention in DeFi: AI models can assess risk scores 

for DeFi transactions, identifying patterns linked to illicit 

activities such as money laundering. Tools like Chainalysis and 

CipherTrace are incorporating AI to track suspicious 
transactions.  

B. Zero-Knowledge Proofs (ZKPs) for Privacy  

  

ZK-SNARKs and ZK-STARKs: These cryptographic 

methods allow transactions to be verified without revealing 

transaction details, ensuring privacy and security. Used in 

projects like Zcash and Mina Protocol, they enhance privacy 
in financial transactions.  

Applications in Digital Identity: ZKPs enable identity 

verification without exposing sensitive data, making them 

ideal for KYC (Know Your Customer) compliance in 

decentralized identity systems.  

C. Quantum-Resistant Cryptography  

Quantum computers could break the security of blockchains 

because they can crack the usual encryption methods like RSA 

and ECC. To stay safe, experts are working on new types of 

encryption that even quantum computers can’t easily break.  

Lattice-Based Cryptography: Lattice-based cryptography is 

a strong option for keeping data safe in a future with quantum 

computers. It relies on really tough math problems that even 

quantum machines struggle to solve, unlike older methods like 

RSA and ECC that quantum computers can break easily. This 

approach is being integrated into blockchain protocols to 

enhance security against quantum threats.  

Post-Quantum Consensus Mechanisms: Blockchain 

networks must adapt their consensus models to incorporate 

quantum-resistant cryptographic primitives. Key innovations 

in this area include:  

  

  

o Hash-Based Signatures: Algorithms such as the 

eXtended Merkle Signature Scheme (XMSS) and the 

Leighton-Micali Signature Scheme (LMS) provide 

quantum-safe digital signatures, ensuring blockchain 

integrity even in a post-quantum era.  

o Hybrid Classical-Quantum Cryptographic Models: 
Combining classical cryptographic techniques with 

quantum-resistant solutions ensures a gradual 

transition towards full quantum security without 

disrupting existing blockchain infrastructures.  

o Quantum-Key Distribution (QKD): Leveraging 

principles of quantum mechanics, QKD enables 

the secure exchange of cryptographic keys, 

preventing eavesdropping and enhancing 

blockchain security in a quantum-dominated 

future.  

http://www.ijcrt.org/


www.ijcrt.org                                          © 2025 IJCRT | Volume 13, Issue 9 September 2025 | ISSN: 2320-2882 

IJCRTBG02019 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 167 
 

Zero-Knowledge Proofs (ZKPs) in a Post-Quantum  

World: Advanced cryptographic techniques such as 

zkSNARKs and zk-STARKs, which ensure transaction 

privacy and integrity, are being adapted to withstand quantum 

attacks. zk-STARKs, in particular, are gaining prominence 

due to their reliance on hash functions rather than number-

theoretic assumptions, making them more resilient to 

quantum computing threats. By proactively integrating 

quantum-resistant cryptographic frameworks into blockchain 

networks, developers can have security models that are built 

to stay safe as technology advances, protecting against the 

potential risks of quantum computing.. Further research into 

post-quantum cryptography remains essential to ensure the 

long-term security and viability of  blockchain technology.  

IV. BLOCKCHAIN FORENSICS AND INTRUSION DETECTION  

As blockchain adoption increases, so does the risk of illicit 

activities such as money laundering, fraud, and cyberattacks. 

Blockchain forensics and intrusion detection techniques. 

They are key to keeping decentralized systems reliable and 

trustworthy by identifying and mitigating security threats in 

real time.  

A. Forensic Analysis Tools  

A Advanced blockchain analytics platforms such as 

Elliptic, TRM Labs, and Chainalysis leverage AI-driven 

pattern recognition to trace illicit transactions and identify 

bad actors. These tools analyze transaction flows, cluster 

addresses associated with known threat actors, and use 

heuristics to detect suspicious behaviors. Forensic tools also 

assist law enforcement agencies in tracking down illegal 

financial activities linked to ransomware attacks, darknet 

marketplaces, and fraud schemes.  

B.  AI-Powered Security Intelligence:  

AI and machine learning models are increasingly being 

deployed to monitor blockchain networks in real time, 

detecting anomalies, insider threats, and cyberattacks before 

they escalate. Techniques such as behavior-based anomaly 

detection, predictive analytics, and graph-based clustering 

help identify suspicious wallet activities, unauthorized fund 

transfers, and unusual transaction patterns. AI-powered 

security intelligence also aids in identifying smart contract 

exploits by scanning for vulnerabilities in deployed contracts 

and monitoring interactions with malicious addresses.  

C. Intrusion Detection Systems (IDS) for Blockchain  

Traditional IDS models are being adapted for blockchain 

security, incorporating decentralized monitoring mechanisms 

that enhance threat detection. Hybrid blockchain IDS combines 

signature-based and anomalybased techniques to detect 

malicious actors attempting to manipulate consensus 

mechanisms or exploit network vulnerabilities. Blockchain-

based IDS solutions are decentralized, ensuring no single point 

of failure, and utilize  distributed ledgers to record attack 

signatures and threat intelligence data securely.  

D. Behavioral Profiling and Risk Scoring  

By analyzing historical transaction patterns, blockchain forensic 

tools assign risk scores to wallet addresses based on their 

interactions with known illicit entities. This enables proactive 

risk management and helps decentralized finance (DeFi) 

platforms, cryptocurrency exchanges, and regulators implement 

compliance measures to prevent fraud and money laundering  

E. Integration with Law Enforcement and Compliance 

Frameworks  

Blockchain forensic tools are increasingly being integrated with 

regulatory compliance solutions such as KYC (Know Your 

Customer) and AML (Anti-Money Laundering) rules are 

systems designed to verify people's identities and prevent 

illegal financial activities.By collaborating with law 

enforcement agencies and financial regulators, blockchain 

forensic platforms help enhance transparency and 

accountability in digital financial ecosystems.  

As blockchain security threats continue to evolve, the 

integration of forensic analysis and AI-driven security 

intelligence will be instrumental in safeguarding 

decentralized networks from illicit activities. Further 

research into decentralized forensic models and 

privacypreserving threat detection techniques will be crucial 

for enhancing blockchain security in the coming years.  

V. FUTURE RESEARCH DIRECTIONS  

The rapid evolution of blockchain security threats 

necessitates continuous research into advanced mitigation 

techniques. The following areas present key future research 

directions:  

Enhancing AI Models for Real-Time Security Threat 

Detection: Traditional AI-based security models require 

large-scale data processing, which raises privacy concerns. 

Federated learning, a decentralized approach to AI training, 

can enable real-time threat detection while preserving user 

privacy. Future research should explore adaptive federated 

learning techniques to improve blockchain security 

monitoring.  

Developing More Scalable and Blockchain encryption 

that can withstand the challenges posed by quantum 

computers: Quantum computers could break current 

encryption methods like RSA and ECC. Future research 

should look into using stronger encryption methods, like 

lattice-based cryptography and homomorphic encryption, 

that can stand up to quantum threats, to ensure blockchain 

resilience against quantum attacks. Scalable cryptographic 

models must also be designed to maintain transaction 

efficiency while enhancing security.  

Improving Blockchain Forensic Techniques for 

Regulatory Compliance and Crime Prevention: As 

regulatory scrutiny increases, blockchain forensic tools 

must evolve to meet compliance requirements. Future 

studies should investigate advanced clustering 

algorithms, privacypreserving forensic techniques, and 

AI-driven financial crime detection models to enhance 

blockchain transparency and accountability.  

Ensuring Privacy-Preserving AI in Blockchain 

Applications: AI-driven blockchain security 

mechanisms must balance threat detection with user 

privacy. Research into differential privacy techniques, 

such as secure multiparty computation (SMPC) and 

homomorphic encryption for AI models, will be crucial in 

ensuring data confidentiality while maintaining robust 

security intelligence.  

Cross-Chain  Security  and  Interoperability  

Enhancements: As multi-chain ecosystems grow, 

security vulnerabilities in cross-chain interactions 

become a significant concern. Future research should 

explore cryptographic bridge mechanisms, trusted 

execution environments (TEEs), and cross-chain smart 

contract verification to mitigate interoperability risks.  

Decentralized Identity and Authentication 

Mechanisms: Blockchain-based identity solutions need 

improved security frameworks to prevent Sybil attacks 

and identity theft. Research into decentralized identity 

verification using ZeroKnowledge Proofs (ZKPs) and 
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decentralized IDs (DIDs), and verifiable credentials can 

strengthen identity management in blockchain applications.  

VI. CONCLUSION  

Blockchain security remains a pressing challenge as cyber 

threats evolve. This survey has highlighted key 

vulnerabilities in blockchain systems and discussed emerging 

solutions, particularly AI-driven security mechanisms, 

privacy-enhancing cryptography, and quantum-resistant 

approaches. Future research must focus on integrating these 

technologies to build resilient and adaptive blockchain 

architectures. By leveraging AI, advanced cryptography, and 

forensic tools, blockchain can continue to provide secure and 

decentralized solutions across industries. Blockchain security 

remains a pressing challenge as cyber threats evolve. This 

survey has highlighted key vulnerabilities in blockchain 

systems and discussed emerging solutions, particularly AI-

driven security mechanisms, privacy-enhancing 

cryptography, and quantum-resistant methods help protect 

against future quantum threats. Combining AI with 

blockchain security allows for real-time monitoring, spotting 

issues early, and automatically handling threats, making the 

network stronger and more reliable.  

Privacy-focused cryptographic methods like ZeroKnowledge 

Proofs (ZKPs) and homomorphic encryption help protect user 

data while keeping blockchain transactions transparent. At the 

same time, quantum-resistant encryption techniques, like lattice-

based cryptography and hash-based signatures, are crucial for 

getting ready for quantum computers, which could break 

traditional encryption. Future research must focus on integrating 

these technologies to build resilient and adaptive blockchain 

architectures. The convergence of AI, cryptographic 

advancements, and Decentralized forensic tools will be essential 

in keeping blockchain secure as cyber threats continue to evolve. 

Moreover, regulatory frameworks must be continually updated 

to address emerging risks while preserving the decentralized 

nature of blockchain systems.  

By leveraging AI, advanced cryptography, and forensic tools, 

blockchain can continue to provide secure and decentralized 

solutions are making an impact in areas like finance, healthcare, 

supply chains, and digital identity. To ensure blockchain’s 

continued growth, it’s crucial for researchers, businesses, and 

regulators to work together to strengthen its security.  
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