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Abstract:- Potash alum, a double salt composed of 

potassium sulfate and aluminum sulfate, has long been 

recognized for its utility in various industrial applications, 

notably in water treatment, food processing, and medicine. 

This paper explores the synthesis, characterization, and 

diverse applications of potash alum, with particular 

emphasis on its role as a coagulant in wastewater 

treatment. The synthesis of potash alum, utilizing a double 

decomposition reaction, is examined, and the resulting 

product is characterized through solubility, pH 

measurements, and thermal analysis. The study also 

investigates the coagulation mechanism of potash alum in 

water treatment, highlighting its effectiveness in removing 

suspended solids and improving water clarity. The 

findings emphasize the environmental and economic 

advantages of using potash alum, while addressing 

limitations such as pH sensitivity and residual aluminum 

content in treated water. 
 

I. INTRODUCTION 

 

A. Background and Significance 

Potash alum, chemically represented as potassium 

aluminum sulfate dodecahydrate (KAl(SO₄)₂·12H₂O), is a 

crystalline double salt with a wide range of applications in 

industries such as water treatment, food preservation, and 

medicine. Historically, potash alum has been employed for 

centuries in various industrial processes, including water 

purification, leather tanning, and food preservation. Potash 
alum synthesis typically involves a straightforward double 

decomposition reaction between potassium sulfate (K₂SO₄) 

and aluminum sulfate (Al₂(SO₄)₃). This study aims to examine 

the synthesis and characterization of potash alum, with a 

particular focus on its potential applications in water treatment 

and other industrial sectors. 

 

 

 

 

 

 
 

B. Objectives 

 To synthesize potash alum through a double 

decomposition reaction. 

 To characterize the synthesized potash alum using a range 

of analytical techniques. 

 To investigate the physical and chemical properties of 
potash alum. 

 To explore the potential applications of potash alum across 

various sectors, with a focus on water treatment. 

 

 

 

II. THEORETICAL BACKGROUND 

 

A. Chemical Composition and Structure 

Potash alum is a double salt composed of potassium 

sulfate (K₂SO₄) and aluminum sulfate (Al₂(SO₄)₃), 
crystallizing with twelve molecules of water to form a 

hydrated complex. The structure of potash alum consists of a 

network of octahedral and tetrahedral units, with water 

molecules occupying specific positions within the lattice. This 

unique structural arrangement contributes to its crystalline 

form and influences its solubility and thermal stability. 

 

B. Physical Properties 

 Appearance: White crystalline solid 

 Solubility: Water-soluble; insoluble in alcohol 

 Melting Point: Decomposes around 92°C 

 Density: 1.758 g/cm³ 

 pH: Slightly acidic (pH ≈ 4) 

 

C. Chemical Properties 

 Thermal Decomposition: Upon heating, potash alum 

loses water molecules in stages, ultimately yielding 

anhydrous potassium aluminum sulfate. 

 Hydrolysis: In aqueous solutions, potash alum undergoes 

hydrolysis, producing acidic solutions. 

 Reaction with Bases: Potash alum reacts with bases to 

form aluminum hydroxide precipitates. 
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D. Applications 

Potash alum has various applications across multiple 
industries, including: 

 Water Treatment: Employed as a flocculant to remove 

impurities and improve water quality. 

 Food Industry: Used as a food additive for clarifying, 

firming, and preserving foods. 

 Used in Medicine. 

 Used in fire retardants 

 Tanning: Integral in leather tanning processes. 

 

III. EXPERIMENTAL PROCEDURES 

 

A. Materials 

 Potassium sulfate (K₂SO₄) 

 Aluminum sulfate (Al₂(SO₄)₃·18H₂O) 

 Distilled water 

 Filter paper 

 Funnel 

 Glass beakers 

 Stirring rods 

 Watch glass 

 

B. Apparatus 

 Analytical balance 

 Hot plate 

 pH meter 

 Conductivity meter 

 Muffle furnace 

 Thermogravimetric analyzer (TGA) 

 

C. Synthesis Procedure 
 

 Preparation of Solutions 

Potassium sulfate solution, is prepared 250 g of 

Potassium sulfate dissolve in   1000 ml of distilled water 

 Aluminum sulfate solution, is prepared 500 g of Aluminum 

sulfate dissolve in 1000 ml of distilled water 

 

 Mixing of Solutions 

Slowly add the potassium sulfate solution to the 

aluminum sulfate solution  while stirring continuously to form 

a white precipitate of potash alum. 

 

 Filtration  

 Filter the precipitate using filter paper 

 

 Washing: 

 Wash the crystals with Arctic distilled water to remove 

impurities. 

 

 

 

 Drying 

Dry the crystals either by air-drying or by placing them 
in a desiccator or oven at 50°C for 30 minutes. 

 

D. Characterization Techniques 

 Solubility Studies: Measure the solubility of potash alum 

in water at different temperatures. 

 pH Measurement: Use a pH meter to measure the pH of a 

saturated solution of potash alum. 

 Thermal Analysis: Employ thermogravimetric analysis 

(TGA) to investigate the thermal decomposition behavior 

of potash alum. 

 

IV. RESULTS AND DISCUSSION 

 

A. Yield Calculation 

The theoretical yield of potash alum was determined 

through stoichiometric  calculations  weighing the dried 

crystals  noted as actual yield   and the percentage yield is 

the ratio of actual percentage yield to the theoretical 

percentage yield. 

 

B. Characterization of Synthesized Potash Alum 

 Solubility Studies: Potash alum was found to be highly 

soluble in water, with solubility increasing as the 
temperature rose. 

 pH Measurement: The pH of the saturated solution was 

found to be slightly acidic (pH ≈ 4), consistent with the 

hydrolysis of aluminum ions. 

 Thermal Analysis (TGA): Potash alum exhibited gradual 

dehydration as the temperature increased, forming an 

anhydrous salt after the complete loss of water molecules. 

 

C. Coagulation in Water Treatment 

Upon adding potash alum to contaminated water, a 

visible change occurred within minutes. Suspended particles 
aggregated into flocs, which settled at the bottom of the 

container, leaving behind clearer water. This coagulation and 

sedimentation process led to a significant reduction in 

turbidity. 

 

D. Factors Affecting Efficiency 

The following  factors influenced the effectiveness of 

potash alum in wastewater treatment: 

 Water Quality: Higher turbidity and organic content 

required increased doses of potash alum. 

 Dosage: The optimal dosage was critical for effective 
coagulation. Excessive amounts resulted in higher 

chemical oxygen demand (COD) and biochemical oxygen 

demand (BOD). 

 Mixing Intensity: Proper mixing ensured even distribution 

of potash alum throughout the water. 

 Sedimentation Time: Sufficient time was necessary for 

floc formation and settling. 
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V. CONCLUSION 

 
The synthesis and characterization of potash alum 

confirm its potential as a versatile and effective coagulant in 

wastewater treatment. The successful synthesis of potash alum 

through a double decomposition reaction yielded a product 

that is soluble in water, slightly acidic, and thermally stable. 

The coagulation-flocculation process significantly improved 

the clarity of contaminated water, with turbidity reduction 

observed within minutes. 

 

Potash alum proves to be an environmentally friendly 

and cost-effective coagulant, with additional applications in 

food processing, medicine, and fire safety. However, further 
research is required to optimize its use in wastewater 

treatment, particularly in managing pH sensitivity and 

minimizing residual aluminum concentrations. This study 

highlights the relevance of potash alum in sustainable water 

treatment practices and underscores its importance across 

multiple industrial sectors. 
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