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Abstract— Hard water contains dissolved minerals such 

as calcium and magnesium ions that cause scaling in 

pipes and reduce efficiency in industrial and domestic 

systems. This ion exchange and membrane-based 

technologies are widely adopted due to their high 

efficiency and reliability. Recent advancements also 

explore magnetic and non-chemical methods as eco-

friendly alternatives, although their effectiveness is still 

under investigation. This project presents a non-

chemical method for improving water quality using 

magnetic polarization. When hard water flows through a 

magnetic field, the structure of dissolved salts is altered, 

reducing scale formation. The system is cost-effective, 

eco-friendly, and requires minimal maintenance. 

Experimental analysis shows improvement in water flow 

efficiency and reduction in scaling effects. 
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I. INTRODUCTION 

Hard water is a common issue in many regions, affecting 

household appliances, pipelines, and industrial systems. 

Traditional softening methods use chemicals or ion 

exchange processes, which are expensive and require 

maintenance. Magnetic water treatment is an alternative 

method where magnetic fields influence mineral behavior 

without removing them. This project focuses on analyzing 

the effectiveness of magnetic polarization in reducing 

hardness effects. 

Hard water is a major problem in domestic and industrial 

applications due to the presence of dissolved calcium (Ca²⁺) 

and magnesium (Mg²⁺) ions, which cause scaling, reduced 

efficiency of equipment, and increased soap consumption. 

This project focuses on the conversion of hard water into 

soft water using various chemical and physical treatment 

methods such as ion exchange, reverse osmosis, lime-soda 

process, and magnetic treatment. There are several 

mechanisms (methods) used to convert hard water into soft 

water. These methods mainly remove or neutralize calcium 

(Ca²⁺) and magnesium (Mg²⁺) ions that cause hardness. 

a. Ion Exchange Method 

• Uses resins or zeolites to replace Ca²⁺ and Mg²⁺ 

ions with sodium (Na⁺) ions.  

• Most common in home water softeners.  

• Working: Hard water → passes through resin → 

Ca²⁺/Mg²⁺ removed → soft water produced 

Advantages: Highly effective , Used in domestic 

and industrial systems  

b. Zeolite (Permutit) Process 

• Uses natural or synthetic zeolite minerals.  

•  Ca²⁺ + Na₂Zeolite → CaZeolite + 2Na⁺  

• Features: Fast process , Easy regeneration using 

salt (NaCl)  

c. Reverse Osmosis (RO) 

• Uses a semi-permeable membrane to remove 

dissolved salts.  

• Working: High pressure forces water through 

membrane, Removes hardness + other impurities  

• Advantages: Produces very pure water, Removes 

bacteria, salts, and metals  

d. Lime-Soda Process 

• Chemical method using lime (Ca(OH)₂) and soda 

ash (Na₂CO₃).  

• Working: Converts dissolved salts into insoluble 

precipitates  

• Used in Large-scale water treatment plants  

e. Boiling Method (Temporary Hardness Removal) 

• Removes only temporary hardness (bicarbonates).  

• Reaction: Ca(HCO₃)₂ → CaCO₃ ↓ + CO₂ + H₂O  

• Limitations Not suitable for large-scale use  

f. Magnetic Water Treatment 

• Uses magnetic fields to alter behavior of hardness 

salts.  

• Working Prevents scale formation rather than 

removing ions  

g. Distillation Method 

• Water is boiled and steam is condensed.  

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 14, Issue 07, NCIRTAI - 2026

IJERTCONV14IS070042 Page 1

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



• Result Removes all minerals → pure soft water  

• Drawback Expensive and slow  

h. Chelation Method 

• Uses chemicals (chelating agents like EDTA) to 

bind Ca²⁺ and Mg²⁺.  

• Used in Industrial and laboratory applications  

II. LITERATURE SURVEY 

Literature Review Ion exchange and RO are proven and 

widely used methods  Chemical processes are effective for 

large-scale treatment  Magnetic treatment is promising but 

still under research  Hybrid systems represent the future 

direction of water softening technology 

 [1] Seif Bayoumi, Nour A. Moharram, Mohamed Fayed, 

Wael M. El-Maghlany- Assessing the efficacy of magnetic 

water treatment: A concise review and experimental 

investigation- Volume: 318, Article 100369 (2024) 

[2] Malak Moussa, Besma Zarai, Mohamed Hachicha- 

Journal: Euro-Mediterranean Journal for Environmental 

Integration- Volume: 10(4) [2025]  

 [3] Assessing the Potential of Magnetic Water Treatment of 

Groundwater for Calcium Carbonate Scale Mitigation- 

Volume: 17, Issue 9, Article 1265 [2025] 

[4] Zhihao Hu, Kun Wu, Zihan Wang, Kinjal J. Shah, 

Yongjun Sun- Research Progress of Magnetic Flocculation 

in Water Treatment- Volume: 10(8), 56 [2024] 

[5] Malathy Ramalingam, Karuppasamy Narayanan, G.K. 

Arunvivek, et al.- Impact of magnetic water treatment on the 

properties of high-performance concrete- Volume:15, 

Article 44175 (2025) 

 

[6] Karishma Tiwari- A Review on the Effect of Magnetized 

Water in Concret- Volume: 13, Issue 12 (2024) 

[7] Qian Lei, Ezinwa Elele, Yueyang Shen, et al.- 

Evaluating the Efficiency of Magnetic Treatment for Feed 

Water in Reverse Osmosis Processes- Volume: 13(7), 641 

[2023] 

 

III. PROBLEM STATEMENT AND PROPOSED 

SYSTEM 

• Scaling in pipes and boilers due to hard water  

• High maintenance cost of chemical softeners  

• Environmental issues due to chemical usage  

 Objectives 

• To design a magnetic polarization system  

• To reduce scaling effects in hard water  

• To improve water flow efficiency  

• To provide a low-cost and eco-friendly solution  

     IV. Methodology 

❖ Hard water is passed through a pipeline  

❖ Strong magnets are placed around the pipe  

❖ Magnetic field alters mineral ion behavior  

❖ Treated water shows reduced scaling tendency  

 

V. BLOCK DIAGRAM 

 
 

 

5.1 Block Diagram Components 

 

Fig no: 5.1 Block Diagram of softening process 

5.2 Working Principle 

Magnetic polarization works based on the interaction 

between magnetic fields and dissolved ions. When hard 

water passes through a magnetic field: 

• Calcium carbonate crystals change structure  

• Scale-forming minerals become less adhesive  

• Deposits reduce inside pipes  
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Fig no: 5.2 Working Diagram of hard water softening 

process 

System Components 

1. Pipeline 

• Carries water through the system  

• Non-magnetic material preferred (PVC)  

2. Permanent Magnets 

• Create magnetic field  

• Neodymium magnets are commonly used  

3. Flow Control Valve 

• Maintains steady water flow  

4. Support Structure 

• Holds magnets in proper alignment  

 

Property 

 

Hard Water 

 

Soft Water 

 

Ions present 

 
 

Ca²⁺, Mg²⁺ 
 

Na⁺ or very low 

ions 

Hardness 

 

High 
 

Low/Zero 
 

Scaling 

 

Present 
 

Absent 
 

Soap usage 

 

High 
 

Low 
 

 

Table no: 5.1 Changes During Softening Process 

 

Property 

 

Hard 

Water 

 

Soft 

Water 

 

pH Value 

 
 

6.5-8.5 
 

7 – 8.5 

Total Dissolved Solids 

(TDS) 

 

High 
 

Reduced 
 

Hardness Level 

(ppm)  

 

61–120 

ppm 
 

0–60 

ppm 
 

 

TABLE NO: 5.2 IMPORTANT PARAMETERS 

 

VI. ADVANTAGES AND APPLICATIONS 

6.1 Advantages 

• No chemicals required  

• Low maintenance  

• Eco-friendly  

• Easy installation  

• Cost-effective  

6.2 Disadvantages 

• Does not completely remove hardness  

• Effectiveness varies with water composition  

• Scientific validation is still debated  

6.3 Applications 

• Household water systems  

• Industrial boilers  

• Irrigation systems  

• Cooling towers  

6.4. Future Scope 

• Integration with IoT monitoring systems  

• Use of electromagnets for better control  

Combination with filtration systems 

VII. RESULTS & DISCUSSION 

Experimental observations indicate: 

• Reduced scaling inside pipes  

• Improved flow rate  

• Increased efficiency of appliances  

Results depend on: 

• Water hardness level  

• Magnetic field strength  

• Flow rate  

 

VIII. CONCLUSION 

Hard water contains calcium and magnesium salts 

that affect physical and chemical behavior, while soft water 

has reduced or replaced ions, improving usability and 

preventing scaling. Magnetic polarization is a promising 

alternative to traditional water softening methods. While it 

does not remove hardness completely, it significantly 

reduces scaling and improves system efficiency. Further 

research can enhance its reliability and industrial 

application. 
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