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Abstract: The decentralized, transparent, and immutable ledger system of blockchain has fundamentally 

changed data security and digital transactions. Blockchain has built-in security safeguards, yet it is still 

vulnerable to flaws and attacks. In this review paper, the authors will examine the threats and vulnerabilities 

that blockchain technology faces and the mitigation factors that can be used to overcome these issues. The 

authors discuss the significant threats like the 51% attack, double spending attack and many more that 

compromise the integrity of blockchain technology further authors discuss the vulnerabilities that are 

present in consensus mechanisms, smart contracts, network level, cryptography and privacy. These 

vulnerabilities expose blockchain networks to potential exploits and operational risks. To overcome these 

threats and challenges, the paper also discusses several countermeasures that are used for strengthening the 

blockchain network. It includes consensus mechanism enhancement through hybrid models and enhancing 

network-level protection against DDoS and routing attacks. This paper also discusses about the significance 

of quantum resistance cryptographic algorithms, privacy-enhancing technologies like zero-knowledge proofs, 

and scalability solutions such as layer 2 protocols and sidechains. This review paper also includes the current 

research and advancements in security blocks and provides a detailed understanding of the present work 

and future initiatives in the blockchain system. 
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1.  Introduction 

Blockchain is an immutable record that brings simplicity and security to applications. It is a decentralized 

ledger or data structure composed of linked blocks, where each block is connected to the preceding one in 

the chain [1].  

Blockchain derives its name from being a decentralized ledger composed of a series of 'blocks.' The core 

concept of Bitcoin was conceived and introduced by Satoshi Nakamoto. Blockchain are present in several 

types, public that are, private and hybrid blockchain. In which hybrid is the combination of both public and 

private blockchain [2].  

The conceptual principles of blockchain were introduced by haver and Stornetta in 1991. They wanted to 

store intellectual property documents in chronological order that were in digital form to authenticate 

authorship and provide ownership protection to the authors. The buffer was in the form of hash codes and 
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each hash function depend on the preceding hash code in the chain. Therefore, the record present in the 

nodes could not be amend without changing the sequence of the entire chain of the record. As an added 

precaution, they advocated hosting the chain of records in a public forum so that any interested third party 

can review and verify the data essentially outsourcing the verification function [3].  

1.1.  Types of Blockchain  

1.1.1.   Public blockchain 

Everyone has access to this blockchain. Access to public blockchain is unrestricted. Transactions can be 

sent from anybody having an internet connection and a web link. However, because the public chain needs to 

pay for the transaction, execution, and storage costs, the exchanges become expensive because there is no 

precise point of attack for the hacker to assault one data Centre to bring the chain down. The most popular 

types of public chains are Blockchain and Ethereum [4].  

1.1.2.   Private blockchains 

This blockchain operates in a restricted domain such as within an organization or among the group of 

trusted entities. To join and participate in the private blockchain, permission is required, that offers enhanced 

control over the network. This permission-based access ensures high efficiency and speed because the 

consensus process involves fewer trusted nodes. Enterprises where performance and data privacy are 

essential uses private blockchain. They provide the ability to deploy customized and partially centralized 

consensus mechanism providing a good balance between security and operational control. 

1.1.3.  Hybrid blockchains 

A hybrid blockchain is created by combining the public and private blockchains. In a hybrid blockchain, 

some transactions and data are made public and available to all users, while other data are kept private and 

available only to a small number of participants who have been given permission to see it. Hybrid blockchain 

involves the best aspects of both public and private blockchains since some transaction validations require 

both the openness and secrecy provided by each [5] (See Table 1 and Fig. 1). 

 

Fig. 1. Types of blockchain. 
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Table 1. Characteristics of blockchain types 

Characteristics Public  Private  Hybrid  

Efficiency Low High High 

License to 
Read 

Public 
Could be 
public or 
restricted 

Could be 
restricted 
or public 

Consensus 
Mechanism 

Permissionless 
Permission 
required 

Permission 
required 

Consensus 
Selection 

All miners 
Single 
organization 

Selected 
nodes 

Centralization No Partial No 

 

2.  Blockchain Security 

Blockchain works on a decentralized ledger network, that means there isn’t any single entity who can 

control entire system. Alteration and deletion of data aren’t possible once a transaction is registered in a 

blockchain, it cannot be altered. Vital durability of the blockchain assures that transaction that are present in 

the records are permanent and trustworthy. To ensure data security blockchain utilizes advanced 

cryptographic methods and uses consensus algorithms to approve transactions. This process requires 

agreement amid multiple contributors, making it tough for malignant parties to alter the system. 

Transparency and Accountability allow for easy auditing and tracking of transactions, further deterring 

fraudulent activities in the Blockchain System [6]. 

2.1.   Threats on Blockchain Security 

2.1.1.   51% attacks 

This attack is also called as majority attack. It occurs when a single entity (or group) gains control over 50% 

of computer power, like stake, computational power, or the network's mining hash rate, compared to other 

nodes. If this assault is conducted, attackers can control the blockchain by altering validation and transaction 

processes, or they can halt the confirmation of the new or ongoing transactions [7].  

2.1.2.   Double-spending attacks 

When an attacker attempts to spend the same digital currency multiple Times then, that attack is known 

as a double spending attack. These attacks occur by exploiting the delay between transaction submission and 

the confirmation on the blockchain. Race attacks and Finney attacks are common methods used during 

double spending attacks [8].   

2.1.3.   Sybil attacks 

Attackers create a significant number of false nodes that pretend like the real ones in the network, these 

nodes disrupt and confuses the whole network. In addition, they also manipulate the network consensus, 

verify illegal transactions. Sybil attack becomes harder to identify if the attacker gains control of a significant 

number of nodes [7].   

2.1.4.   Phishing attacks 

Phishing attack involves the use of social engineering techniques like sending specious emails, messages, 

or websites that appear to be authentic and trick users into revealing private keys, sensitive information, or 

wallet credentials, that lead to substantial financial losses as blockchain transactions are irreversible, which 

means stolen funds cannot be recovered once they are transferred. 

2.1.5.  Rug pulls and exits scams 
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When a cryptocurrency project's developers abruptly remove all of the money from the liquidity pool, 

leaving investors with worthless tokens, this is known as a rug pull. This is commonly observed in 

Decentralized Finance (DeFi) initiatives, as substantial investment is swiftly drawn in by the promise of large 

returns. In contrast, exit scams include project creators who, following a successful Initial Coin Offering (ICO) 

or token sale, vanish with investors' money and completely give up on the business (See Fig. 2). 

 

 

Fig. 2. Blockchain security threats. 

2.2.   Vulnerabilities in Blockchain Security 

 

Fig. 3. Severity of threat vulnerabilities in blockchain. 

Vulnerabilities in consensus mechanisms include centralization concerns in PoW (proof of Work) and PoS 

(proof of Stake) systems that compromise decentralization, as well as 51% attack, in which control over most 

of the network's processing nodes permits transaction manipulation. Significant vulnerabilities exist in smart 

contracts, where code faults may result in exploits like integer overflow/underflow issues, unchecked 

external calls, and re-entrancy attacks. Network-level vulnerabilities include threats such as routing and 

DDoS (Distributed Denial of Service) breaches, which can compromise network operations and connectivity. 

Quantum computing may undermine existing encryption techniques in the future, and the risk of using poor 
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key management procedures can lead to cryptographic weaknesses. Because most of the blockchain 

networks are transparent, privacy concerns exist there too. These vulnerabilities include the disclosure of 

usernames and transaction information, which may be addressed using complex cryptographic techniques 

like ring signatures and zero-knowledge proofs (See Fig. 3). 

3.   Literature Review 

Joshi et al. [9] conclude that Blockchain is a macrosocial coordinating technology with unique economic 

properties that are very useful for several applications. It has interlinked technical and social functions. 

Blockchain possesses various attributes and different levels of security for the users participating in the 

system. This depends on administration designs and issuance to which it is applied. They also stated that 

future research should be applied to the people security framework in various use cases by comparing the 

blockchain designs for people security trade-offs and investigating the social outcomes of blockchain 

automation.  

Gangwan et al. [10] studied that Blockchain is not limited to the financial industries, it has significant 

importance in logistics, marketing, forecasting, IoT, networking, cyber security, and a wide variety of 

industries. Characteristics such as Storage, transportation, and the decentralization of the blockchain 

integration rely on several technologies and protocols.  

Ref. [4] states, Transaction and wallet of the blockchain are built on the public-key encryption which is 

immutable in nature and enabled by the cryptographic hashing method and Merkle tree principles, it also 

uses an advance encryption algorithm that offers top-tier security.  

A comprehensive study by Saha et al. [11] highlights that Blockchain technology has enormous potential 

across industries because of its decentralized nature, transparency immutability and sec. It also deals with 

data monitoring privacy and security concerns in the context of environmental IoT. The Masked 

Authenticated Messaging (MAM) protocol is recommended to enhance data security based on IOTA, which is 

a DAG-based blockchain. MAM can also be used to securely transmit, store and retrieve the encrypted sensor 

data. The current study demonstrates the superiority of MAM in terms of efficiency and security when 

compared to non-protocol methods. The suggested architecture for SM-EEP addressing secure data 

management and safe data exchange also contributes to increasing the credibility of EMSs among 

professionals.  

Pothumani and Arunachalam [12] stated some of the major difficulties that blockchain networks face. 

Critical threats to blockchain technology, including 51% attack, Smart contract vulnerabilities, Double 

spending attacks and others have been identified. These attacks cause substantial financial damage and 

undermine public confidence in blockchain technology.   

Researchers in Ref. [13] acknowledge the challenges associated with the blockchain system that are, 

including the need for large databases, high power consumption, and the potential for disputes. These issues 

can be mitigated through Blockchain Decentralised Ledger by offering a secure, clear and efficient approach 

for controlling data and processing transactions. 

Singh et al. [14] analyzed two emerging forms of double-spending attacks are Adaptive Double-Spending 

Attack (Adaptive DSA) and Randomized Adaptive Double-Spending Attack (RA-DSA), which present novel 

challenges to blockchain security. They calculate the attack strategy by using the stochastic dynamic 

programming-based algorithm. Through SDP numerical simulations they have figured out & identify the 

amount of confirmation blocks, the hash power of honest minors, and the quantity of coins in the target 

transaction fooled by the assailant. These finding highlights need to continue evaluating and enhancing 

blockchain security measures to protect it against evolving Double-spending attack methods. 

Dangi et al. [15] demonstrated enhancing blockchain security by using the repel consensus algorithm. Data 
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that are preserved and stored in the cloud based on the blocks in technology in a secure manner need 

intelligent methods to detect breaches and assaults, for this work, the TF-RC (Two Fish Ripple Consensus) 

Algorithm is implemented. TF-RC involves user enrolment, data authentication, and encryption. Add securely 

storing data within the blocks. The algorithm offers top notch benefits in privacy, security, reservation and 

effective handling of high management process or transactions. It also improves the data integrity of the 

blockchain and offers an effective HAS algorithm to uphold the model's durability. 

Abebe et al. [16] examined an important thing of IoT running on blockchain that is, it communicates 

between all parties in peer-to-peer, makes no risk of hacking, and has the maximum level of security. The 

point to be noted here is that the use of blockchain in IoT would itself involve a very stable data flow and 

security system allowing the devices to communicate without any misunderstanding or unauthorized access. 

Blockchain technology can really make big and acquire abilities to create more effective devices in IoT spaces, 

and it can be a very viable solution for the future.  

4.   Countermeasures 

Quantum-resistant cryptographic algorithms refer to a new category of cryptographic methods developed 

to be resilient against Quantum computer attacks. These algorithms ensure the security of blockchain 

systems by relying on mathematical problems that remain difficult even for quantum algorithms like Shor’s 

and Grover’s algorithms. Unlike traditional cryptography, which is vulnerable to quantum attacks, quantum-

resistant algorithms include approaches like hash-based, lattice-based, code-based, and multivariate 

cryptography. These techniques provide robust protection for digital signatures, data encryption, and secure 

communications within blockchain networks in a post-quantum world [17]. 

Zero-Knowledge Proofs (ZKPs) Involves cryptographic methods that enable one party (the prover) to 

depict the authenticity of specific information or transactions to another party (the verifier). Without 

disclosing any additional data or detail beyond the proof. This is particularly useful in privacy-preserving 

systems, such as blockchain-based identity sharing, where the prover can validate their identity or 

credentials without disclosing sensitive personal information.  

ZKPs ensure privacy in blockchain networks by enabling users to share only necessary information (e.g., 

proving age or citizenship) without revealing more data than required. This preserves confidentiality while 

still ensuring secure and verifiable interactions. They come in two primary forms: interactive ZKPs and non-

interactive ZKPs, with the latter (like ZK-SNARKs and ZK-STARKs) offering efficient, scalable, and quantum-

resistant privacy solutions [18]. 

Layer 2 scalability solutions are designed to handle transactions off the main blockchain. It reduces the 

load of the main Blockchain and improving transaction throughput. One of the common examples is the use 

of payment channels, where transactions between parties occur off-chain but are settled on-chain only when 

necessary. This reduces the number of on-chain transactions, thus lowering congestion and costs. Layer 2 

solutions enable higher transaction speeds by processing transactions in parallel or outside the main 

blockchain network. These solutions offload some tasks from the main chain, preserving the benefits of 

decentralization and security while improving scalability.  

A Sidechain is a separate blockchain that runs in parallel to the main blockchain (also called the mainchain). 

Sidechains allow the movement of assets between the mainchain and sidechain, increasing the blockchain 

network's scalability by distributing the processing load. The sidechain operates independently but is 

connected to the main blockchain via a two-way peg, enabling assets to move back and forth between the two 

chains. This architecture allows for faster transactions and can accommodate different consensus 

mechanisms, enhancing flexibility without sacrificing the security of the main blockchain.[19] 
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5.  Conclusion 

The review paper comprehensively discusses the various security threats and vulnerabilities associated 

with blockchain technology while proposing effective countermeasures. The paper highlights major threats, 

including 51% attacks, double-spending, and Sybil attacks, which can compromise blockchain integrity. 

Vulnerabilities in consensus mechanisms, smart contracts, network-level protocols, and cryptographic 

methods are explored, emphasizing the risks these pose to the decentralized nature of blockchain. 

The proposed countermeasures, such as enhancing consensus mechanisms through hybrid models and 

using quantum-resistant cryptography, are critical for improving blockchain security. Furthermore, privacy-

enforcing techniques like zero-knowledge proofs, scalability solutions such as layer 2 protocols and 

sidechains are discussed as essential steps toward addressing future blockchain challenges. The paper 

concludes that while blockchain offers significant potential across various industries, it requires continuous 

advancements in security protocols to mitigate evolving threats and maintain trust in decentralized systems. 
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