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Abstract 

With the rapid growth of social networking platforms, user authentication and identity verification 
have become critical challenges. Traditional centralized systems are often vulnerable to data 
breaches, identity theft, and privacy violations. Blockchain technology provides a decentralized 
and tamper-proof mechanism for managing digital identities. This paper presents a blockchain-
based framework for authenticating and verifying users on social networks, ensuring data integrity, 
transparency, and trust without reliance on centralized authorities. The proposed system leverages 
smart contracts for secure identity management and verification, mitigating issues such as fake 
accounts, impersonation, and unauthorized access. Experimental results demonstrate that 
blockchain-based authentication significantly improves trust and accountability while maintaining 
scalability and privacy. 
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I. INTRODUCTION 

In recent years, social networking platforms have become essential tools for communication, 
collaboration, and information sharing across the globe. Billions of users rely on these platforms 
daily to connect with others, share personal content, and engage in digital communities. However, 
the rapid growth of social networks has also introduced significant challenges related to identity 
management, privacy, and security. Traditional authentication systems, which are largely 
centralized, often suffer from vulnerabilities such as data breaches, identity theft, and the 
proliferation of fake or automated accounts. These issues undermine user trust and pose serious 
threats to the integrity of online social ecosystems. 

Centralized identity management systems rely on a single authority or service provider to store 
and verify user credentials. This approach, while convenient, creates a single point of failure — 
making user data susceptible to hacking, unauthorized access, and manipulation. Moreover, users 
have limited control over how their personal information is stored and shared, raising serious 
concerns about data ownership and privacy. The need for a more secure, transparent, and user-
centric authentication framework has therefore become increasingly urgent. 

Blockchain technology offers a promising solution to these challenges through its decentralized, 
immutable, and transparent characteristics. By leveraging distributed ledger technology, 
blockchain eliminates the need for intermediaries in identity verification processes. Each 
transaction or authentication event is securely recorded in a tamper-proof ledger that is accessible 
to all network participants, ensuring accountability and trust. Smart contracts — self-executing 
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agreements coded on the blockchain — further enable automated verification and access control 
without relying on centralized authorities. 

A decentralized authentication and identity verification framework for social networks can 
empower users to have full ownership of their digital identities while minimizing the risks of 
forgery, impersonation, and unauthorized data usage. In such a system, users can securely prove 
their identity using cryptographic keys, and verifiers can confirm authenticity through consensus 
mechanisms. The result is a trustless environment where identity validation does not depend on 
any single governing body but rather on a secure, distributed network. 

This paper explores the design and implementation of a blockchain-based framework for 
decentralized authentication and identity verification in social networks. The proposed system 
aims to enhance trust, improve data integrity, and protect user privacy. It discusses the architecture, 
working principles, and potential advantages of using blockchain technology to address long-
standing issues in social media authentication. Furthermore, the paper evaluates the feasibility, 
performance, and security implications of the proposed approach, highlighting how it can 
contribute to building safer and more reliable online communities. 

II. LITERATURE REVIEW 

Social networking platforms have revolutionized digital communication, enabling users to interact, 
share, and collaborate in virtual communities. Despite their advantages, these platforms face 
persistent challenges related to authentication, identity theft, fake profiles, and data breaches. 
Traditional authentication mechanisms—such as password-based logins, two-factor 
authentication, and centralized identity databases—remain vulnerable due to their reliance on a 
single trusted entity. Once compromised, such systems can expose millions of user credentials, 
leading to severe privacy violations and cyberattacks. 

Centralized identity management models also grant excessive control to platform providers, often 
resulting in misuse or unauthorized sharing of personal data. This lack of user autonomy 
contradicts modern data protection principles such as those advocated by the General Data 
Protection Regulation (GDPR). Consequently, researchers and developers have sought new 
approaches that promote decentralization, user control, and trust without intermediaries. 

Blockchain technology introduces a paradigm shift in identity management. By maintaining a 
distributed ledger where each transaction is cryptographically secured and verified through 
consensus mechanisms, blockchain ensures immutability, transparency, and tamper resistance. 
When integrated with identity systems, blockchain allows users to create and manage self-
sovereign identities (SSI)—digital identities controlled entirely by individuals rather than 
centralized authorities. Through cryptographic keys, users can authenticate themselves securely, 
while verifiers can validate identities without accessing sensitive personal information. 

In the context of social networks, this decentralization can effectively mitigate issues such as fake 
accounts, impersonation, and data misuse. Blockchain-based authentication also enhances 
accountability, as every verification or modification is permanently recorded on the ledger. 
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Therefore, combining blockchain with social network authentication systems offers a promising 
solution for achieving both trust and privacy in digital interactions. 

Numerous studies have investigated blockchain applications for secure authentication and 
decentralized identity management. 

Kshetri (2018) highlighted the potential of blockchain in enhancing cybersecurity by 
decentralizing identity verification processes and reducing single points of failure. Similarly, Swan 
(2015) discussed how blockchain’s immutable and transparent nature could transform trust models 
across digital ecosystems, including social media platforms. 

Zhang and Xie (2020) proposed a blockchain-based trust model for online social networks, 
improving user authenticity and reliability through cryptographic validation. Their work 
demonstrated that decentralized verification mechanisms can significantly reduce fake profile 
creation and identity misuse. 

Chen et al. (2021) introduced a decentralized identity management system using Ethereum smart 
contracts, where user identities are represented as cryptographic proofs stored on-chain. The 
system ensured transparency and prevented unauthorized identity manipulation. Likewise, A. 
Shahaab et al. (2020) designed a blockchain-based identity management framework for social 
media platforms that enabled verifiable digital identities without compromising privacy. 

Other frameworks, such as uPort and Sovrin, implement self-sovereign identity systems using 
blockchain to give users full control over their credentials and data sharing permissions. These 
models emphasize interoperability, allowing identity verification across multiple platforms 
without centralized data storage. 

While these approaches demonstrate the feasibility of blockchain in decentralized authentication, 
challenges remain in achieving scalability, interoperability, and cost efficiency. Many existing 
systems face limitations in transaction throughput and energy consumption, particularly on public 
blockchains. Furthermore, ensuring privacy preservation while maintaining verifiability continues 
to be a major research focus. 

The present study builds upon these prior works by proposing a blockchain-based authentication 
and verification framework specifically tailored for social networking environments. The proposed 
model integrates smart contracts, cryptographic proofs, and decentralized storage to create a 
secure, transparent, and scalable solution for user identity management. 

III. SYSTEM DESIGN AND ARCHITECTURE 

The proposed system aims to create a secure, decentralized, and transparent authentication 
framework for social networking platforms using blockchain technology. Unlike traditional 
centralized authentication systems that depend on third-party servers, this design leverages 
distributed ledger technology to ensure that user identities and verification records are immutable, 
traceable, and tamper-proof. 
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The architecture consists of four key entities: User Nodes, Verifier Nodes, Blockchain Network, 
and Smart Contracts. Together, they enable identity creation, verification, and authentication 
without relying on centralized databases or intermediaries. The system ensures that only verified 
users can interact on the social network, thereby reducing fake profiles, identity fraud, and data 
misuse. 

3.1 System Components 

3.1.1 User Node 

Each user in the network is represented as a User Node, equipped with a unique cryptographic 
identity. During registration, the user generates a public-private key pair. The public key acts as 
the user’s digital identity, while the private key is used to sign authentication requests. 
All user data such as name, contact information, and other verification credentials are hashed 
before being stored, ensuring privacy and anonymity. 

3.1.2 Verifier Node 

Verifier nodes are trusted entities or organizations (e.g., government agencies, institutions, or 
social media administrators) that are responsible for validating user identities. They verify user-
submitted credentials through cryptographic proofs and record verification outcomes on the 
blockchain. 
A multi-signature mechanism may be employed, requiring multiple verifiers to approve an identity 
before it is confirmed, ensuring consensus-based verification. 

3.1.3 Blockchain Network 

The blockchain network forms the backbone of the authentication system. It maintains an 
immutable ledger of all identity transactions—such as registration, verification, and access 
attempts. The proposed framework can be implemented on Ethereum, Hyperledger Fabric, or 
any permissioned blockchain platform, depending on the scalability and privacy requirements. 
Each block stores hashed references to off-chain identity data, ensuring both transparency and data 
confidentiality. 

3.1.4 Smart Contracts 

Smart contracts automate the authentication and verification process. They define the logic for 
user registration, identity validation, access control, and revocation. 
The main smart contract functions include: 

 registerUser() – Adds a new user’s hashed identity to the blockchain. 
 verifyUser() – Allows verifier nodes to confirm user authenticity. 
 authenticateUser() – Confirms user login by matching digital signatures. 
 revokeAccess() – Revokes user identity in case of fraudulent behavior or request by 

verifiers. 
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These contracts execute automatically when predefined conditions are met, eliminating the need 
for manual intervention or centralized approval. 

3.2 System Architecture 

The proposed system architecture can be divided into three primary layers: 

1. Application Layer 

This layer includes the social networking interface used by users and verifiers. It enables actions 
such as registration, login, and verification through a user-friendly web or mobile interface. The 
application communicates with the blockchain through secure APIs. 

2. Blockchain Layer 

This layer handles the core authentication and verification operations. It executes smart contracts, 
validates transactions, and maintains the distributed ledger of user identities and verification 
records. Consensus algorithms such as Proof of Authority (PoA) or Practical Byzantine Fault 
Tolerance (PBFT) can be used for efficiency in permissioned environments. 

3. Storage Layer 

To maintain scalability and privacy, only hashed or reference data is stored on-chain. Actual user 
documents and credentials (such as ID proofs or photos) are stored off-chain using decentralized 
file systems like IPFS (InterPlanetary File System). This ensures secure and efficient data 
management while reducing blockchain storage overhead. 

 
 

Fig. 1: Layered architecture of blockchain-based authentication system. 

3.3 Workflow 

The operation of the system follows four main phases: 

1. Registration Phase: 
o The user submits identification details to the verifier node. 
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o The verifier validates the data and records a hash of the verified identity on the 
blockchain via the smart contract. 

o The user receives a unique blockchain identity (public key). 
2. Verification Phase: 

o When a new user joins the network, verifier nodes cross-check the submitted 
credentials. 

o Upon successful verification, a verification transaction is added to the blockchain, 
making the user an authenticated participant. 

3. Authentication Phase: 
o When logging into the social network, the user signs a challenge message using 

their private key. 
o The system validates the signature using the user’s public key stored on the 

blockchain. 
o If verified, the smart contract grants access to the social network. 

4. Revocation Phase: 
o In case of suspicious activity or revoked credentials, the verifier updates the 

blockchain record to mark the user’s identity as invalid. 
o This action is visible to all participants, ensuring transparency and accountability. 

The following workflow represents user verification on blockchain-based social networks. 

 

Fig. 2: Workflow of blockchain-based social identity verification. 
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3.4 Advantages of the Proposed Design 

 Decentralization: Removes dependence on centralized authorities, reducing risks of 
single-point failures. 

 Immutability: Once recorded, verification records cannot be tampered with or deleted. 
 User Control: Users retain ownership of their digital identities. 
 Transparency and Trust: All authentication and verification actions are publicly 

verifiable on the blockchain. 
 Enhanced Privacy: Only hashed or encrypted references are stored on-chain; sensitive 

data remains off-chain. 

IV. IMPLEMENTATION DETAILS 
A. Technology Stack 

• Frontend: React.js, Next.js, MetaMask integration. 
• Backend: Node.js, Express.js, Ethers.js. 
• Blockchain: Ethereum (Goerli testnet), Solidity v0.8.0. 
• Storage: IPFS for decentralized data storage. 

B. Deployment Procedure 
 Deploy contract using Hardhat and verify using Etherscan. 
 Integrate Web3 wallet connection in the frontend. 
 Create a Node API for signature validation and token issuance. 
 Link blockchain verification with user profiles on the DApp. 

 
V. RESULTS AND PERFORMANCE ANALYSIS 
Testing was conducted on the Goerli testnet for performance evaluation. 
A.  Gas Consumption: The contract consumed approximately 54,872 gas for initial verification                                           
  and 31,000 gas for status checks, which is acceptable for production when optimized with   
  Layer-2 solutions. 
B. Security Evaluation: The model resists common threats: 

• Phishing attacks: Signatures verify ownership of private keys. 
• Replay attacks: Nonces prevent reuse of previous authentication tokens. 
• Forgery: Immutable smart contract logic prevents tampering. 

C. Scalability: For scalability, Layer-2 blockchains such as Polygon or Arbitrum can reduce 
  transaction fees and confirmation time while maintaining security guarantees. 
 
VI. CASE STUDY AND EVALUATION 
To evaluate the effectiveness of the proposed solution, a prototype dApp was developed using 
React, MetaMask, and Solidity. The prototype simulated a small-scale social network where 
users could register, verify their identity through blockchain, and view verification statuses of 
others. 
A. Experimental Setup 

• Network: Ethereum Goerli Testnet 
• Tools: Hardhat, MetaMask, Ethers.js 
• Backend: Node.js with Express.js 
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• Frontend: React.js and Web3.js 
B. Observations 

• The average verification transaction time was less than 12 seconds. 
• Verification lookup through smart contract call was below 100 ms. 
• No single point of failure was observed since all verification data resided on the 
blockchain. 
• Users reported higher confidence in verified identities. 

C. Comparative Analysis: Compared to centralized login systems, the blockchain-based model 
  demonstrated improved resilience against credential theft and phishing attacks. Although 
  initial setup requires more user understanding, once verified, users can reuse their on-chain
  credentials across multiple decentralized applications. The cost of verification remains low
  when deployed on Layer-2 networks like Polygon or Arbitrum. 
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