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Introduction 

Since the inception of the blockchain technology, the 

decentralization and security in data management in 

the industries have witnessed a new dawn 

(Periyasamy et al., 2024). The fact that blockchain is 

a cryptography-based technology implies that it has 

security properties that could guarantee data 

integrity and eliminate the possibility of sensitive 

information leakage in the event of transactions 

processing (Periyasamy et al., 2024). The security of 

the blockchain networks is based on such 

cryptographic functions as RSA, ECC, and SHA 

because they provide the authentication, encryption, 

and data integrity options (Periyasamy et al., 2024). 

The transparency and immutability of blockchains 

can be useful to solve the issue of trusts with the help 

of the complex computational and cryptographic 

procedure of a decentralized data structure to 

establish a digital paradigm of trust (Periyasamy et 
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al., 2024). However, one BIG thing is reversing all 

of that: the advent of quantum computing 

(Fernandez-Carames & Fraga-Lamas, 2020). 

Hypothetical quantum computers would have an 

exponentially faster computation speed than 

classical computers and hence will succeed in 

overwhelming the cryptographic schemes that 

blockchain is founded on (Ren et al., 2023). This 

quantum computing threat also extends to the 

classical communications network the quantum 

computer or quantum network would require 

because control signals and human-readable 

information is classical and vulnerable to cyber 

attacks   (Peters   et    al.,   2023). 

 

Background of the Study 

In particular, the emergence of e-commerce and e-

services that are being popularized in the context of 

the COVID-19 outbreak have turned the security of 

transactions into the priority number one, and, 

therefore, the blockchain technology with its 

decentralized and distributed ledger design can be 

viewed as a possible solution (Sharma et al., 2023). 

The quantum computers present a vulnerability in 

blockchain systems because they can easily solve 

NP-hard or NP-complete problems on classical 

computers (Karpiinski et al., 2025). Quantum 

computers algorithms, e.g., Shor algorithm, are 

quick at factoring large integers and discrete 

logarithms, the Responsible problems on which 

many standard cryptographic systems, e.g., RSA and 

Ellptic Curve Cryptography, are founded (Peters et 

al., 2023). These weaknesses may result in the 

misuse of individual keys and, therefore, malicious 

users are capable of creating forged transactions and 

altering the information stored in blockchain and 

even launching 51 percent attacks, thus, affecting 

integrity and credibility of blockchain systems 

(Azad et al., 2025). 

 

Justification 

As the era of quantum computers approaches, it 

brings with it a conceptual shift in how computing is 

conducted and this presents both an opportunity and 

a challenge to the well- established systems of 

cryptography that blockchain technology 

specifically depends on. In such a way, the 

blockchain security mechanism is founded on the 

cryptographic algorithms, i.e., the hash functions 

and the public- key cryptography that are utilized to 

ensure the data integrity, authentication and 

confidentiality (Periyasamy et al., 2024). Such 

algorithms cannot be attacked classically, but with 

quantum computers, it is possible to reach an 

unknown vector and break the three basics of 

security in blockchain networks (FernandezCarames 

& FragaLamas, 2020). One of them is Shor 

algorithm, which offers a great threat to the majority 

of the public-key cryptosystems commonly in use 

such as RSA and Elliptic Curve Cryptography in 

offering security in blockchain transactions and 

digital signatures (Ren et al., 2023). Grover 

algorithms are less catastrophic than Shor, but they 

can speed up brute-force attacks on symmetric key 

algorithms and hash functions and, thus, violate 

immutability and integrity of blockchain data 

(Campagna et al., 2021). At that, the switch to 

quantum-safe cipher algorithms is compulsory to 

ensure the security and integrity of the blockchain 

technology when quantum computers emerge 

(Campagna et al., 2021). 

 

Objectives of the Study 

1. To look into how quantum computing can affect 

the security of the blockchain, specifically it will 

look at the weakness of classical cryptographic 

algorithms. 

2. To study quantum-resistant cryptographic 

schemes, e.g., lattice-based cryptography, and 

the manner they may be integrated into 

blockchain protocols. 

3. To analyse how quantum key distribution 

(QKD) contributes to better privacy and security 

of the blockchain. 

4. To study the work and development in quantum-

safe blockchain projects and protocols. 

5. To offer future directions of blockchain security 

with regard to quantum computing. 

 

Literature Review 

It poses a threat and a potential of the blockchain 

technology since quantum computing can break the 

cryptography the security of the blockchain is built 

on, and, in its turn, it can also provide the means of 

enhancing its integrity (Ren et al., 2023). The 

security of blockchain systems is based on the 

cryptographic primitives (i.e., public-key 

cryptography and hash functions) the applicability of 

which has acquired a new dimension than ever 

before with the outbreak of 

e-commerce and e-services (Sharma et al., 2023). 

Only with such cryptography tools, the 
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authentication of data will be supported and the 

integrity of the stored transactions in the

decentralized data system ensured (Periyasamy et 

al., 2024). Nevertheless, these classical 

cryptography protocols remain absolutely 

susceptible to the recently developed quantum 

computers, which can execute sophisticated 

algorithms within a short time (Dey et al., 2022). 

Material and Methodology The study is based on the 

comprehensive review of the state of knowledge in 

the area of quantum computers and security of 

blockchain and quantum-resistant cryptography 

algorithms. Several research reports, cases, and 

academic articles have been read to get a first 

impression of the situation in quantum-safe 

blockchain protocols and the proposed 

cryptographic tools. In addition, a theoretical 

framework was created to assess the quantum-

resistant cryptography and QKD addition to 

blockchain systems. The framework addresses the 

feasibility of the quantum-safe cryptography 

transition in the real blockchain networks, which are 

currently based on the classic cryptography 

algorithms. 

 

Result and Discussion 

Quantum computing is one of the threats to the 

security of blockchain networks. The pervasive 

nature of vulnerability of blockchain applications to 

quantum computers could be real, as the latter holds 

the promise of cracking classic cryptographic 

hashes, which are deployed to secure crypto 

transactions, supply chains, as well as digital identity 

systems. 

Still, the solutions to these issues may be quantum-

resistant cryptography and QKD. In particular, 

lattice-based cryptography already shows the 

gigantic promise to become a quantum-resistant  

algorithm,  and  certain 

 

limitations 

The increasing popularity of e-commerce and e- 

services demonstrated the highest importance of safe 

methods of transactions, and the blockchain 

technology was regarded as an appealing option due 

to the decentralized and distributed ledger 

architecture (Sharma et al., 2023). Being a paradigm 

shift in computing, quantum computing with its 

capabilities founded on the laws of quantum 

mechanics can both enable and crack the existing 

cryptographic systems that serve as the backbone of 

blockchain security (Ren et al., 2023). The problem 

of interaction between quantum computing and 

blockchain technology is diversified and 

multidimensional since it must systematically 

analyze the quantum vulnerabilities that quantum 

algorithms introduce blockchain platforms already 

begin to implement it. QKD has already shown itself 

capable of providing additional security to 

communications, as well, and may be able to provide 

a modest degree of additional security to sensitive 

transactions on a blockchain. 

Although quantum-resistant solutions integrated into 

blockchain systems sound very promising, the 

process is not flawless. They are computational 

overhead of the quantum-safe algorithms, scalability 

of the QKD systems and the need of the global 

standards in quantum cryptography and develop 

practical quantum-resistant cryptography (Dey et al., 

2022). After all, since its original introduction to 

Bitcoin in 2008, blockchain technology became a 

relevant method of seeking the solutions to the trust-

related problems through computationally and 

cryptographically challenging means in a 

decentralized data structure to provide a digital 

analog of trust (Periyasamy et al., 2024). 

Nevertheless, the more actively the blockchain 

technology is being realized in a wide range of 

spheres of activities, the greater is the concern that 

its defense should be strengthened as a result of 

emerged quantum computational attacks. The 

decentralization model canceles the necessity of the 

central governing body and is more safe and 

transparent, as the database is saved in numerous 

nodes   (Kiktenko   et   al.,   2018). 

 

Future Scope 
The security of the current blockchain ecosystems 

has been compromised with the invention of 

quantum computing, and quantum- resistant 

cryptography tools will have to be envisioned and 

implemented (Fernandez- Carames and Fraga-

Lamas, 2020). The question of how to actually 

deploy quantum-resistant blockchain systems needs 

to become the subject of future works and there are 

a couple of areas that are particularly important to 

target so that the process of migration could be 

secure and high- performance (Sharma et al., 2023). 

It so happens that one of the potential areas of 
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interest is the scalability of quantum-safe algorithms 

to blockchain networks, specifically (Dey et al. 

2022). The introduction of quantum-resistant 

algorithms into the blockchain technology would not 

affect the performance and throughput of the system 

because the latter is designed on the basis of 

intensive computational and cryptographic 

techniques to establish the trust (Periyasamy et al., 

2024). That is the study, and future optimization, of 

post-quantum cryptography algorithms which will 

not be practical to attack with a quantum computer, 

but whose computational overhead will be modest 

(Peters et al., 2023). Besides it, the introduction of 

the Quantum Key Distribution into blockchain 

standards is also considered the method of ensuring 

superior security in the future (Marcozzi & 

Mostarda, 2021). QKD, which is based on the 

quantum mechanics that facilitates the secure 

transmission of encryption keys, is highly sensitive 

to Eavesdropping and provides privacy of 

blockchain transaction (Ren et al., 2023). 

  

Conclusion 

It is possible to note that quantum computing poses 

a significant threat to the security and privacy of 

blockchain networks and, in turn, there are new 

possibilities to improve the security of blockchain 

networks using quantum-resistant cryptography and 

quantum key distribution. As the evolution of the 

quantum technology is ongoing, it is provided that 

the blockchain systems will be forced to incorporate 

the quantum-safe solutions that will guarantee the 

security and privacy in future. One can quantum- 

proof blockchain networks by just fast- forwarding 

and introducing quantum-resistance Cryptographic 

processes to welcome the quantum age. 
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