
  

 
 

 
 
 

Module-5 Green Materials and E-Waste Management 
 
Green Chemistry: Introduction, properties and applications of green solvents for server heat management. Synthesis 
and properties of glycerol trioleate ester and its uses in IT infrastructure applications. Green synthesis of ZnO nano-
particles and its uses in magnetic Radio Frequency Identification (RFID) and Internet of Nano Things (IONT) system 
applications.  
Biomaterials: Introduction, synthesis and properties of polylactic Acid (PLA) and polyethylene glycol (PEG) and 
its uses in touch screen applications. Synthesis and properties of Alginate Hydrogel and its uses in Brain-Computer 
Interfaces (BCIs) applications.  
E-waste: Introduction, sources, composition of e-waste, effects of e-waste on environment and human health, Arti-
ficial intelligence in e-waste management, extraction of gold from e waste by bioleaching method. 
 

GREEN CHEMISTRY 
 

• Green Chemistry is the utilization of a set of principles that reduces or eliminates the use or generation of hazard-
ous substances in the design, manufacture and application of chemical products. 

• Green chemistry focuses on designing chemical products and processes that reduce or eliminate hazardous 
substances, promoting sustainability, environmental safety, and energy efficiency.  

• It is also called as Sustainable Chemistry. 
 

Introduction to Green Solvents:  
•   Green solvents are environmentally benign (environmentally friendly) liquids used to dissolve substances or 

  facilitate chemical processes without harming humans or ecosystems.  
•   Green solvents, also known as sustainable or eco-friendly solvents, are designed to replace traditional volatile    

  organic compounds (VOC’s) with substances that have minimal environmental and health impacts. 
•   They are typically derived from renewable resources such as crops, biomass or natural process and prioritise safety,  

  efficiency and sustainability. 
•   They aim to replace hazardous organic solvents with safer alternatives such as., 

a) Water – the ultimate green solvent.  
b) Supercritical fluids – like supercritical CO₂ for efficient heat transfer.  
c) Ionic liquids (ILs) – tunable, non-volatile, and thermally stable.  
d) Bio-based solvents – derived from renewable feedstocks like glycerol or ethyl lactate. 
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Why Server Heat Management or Data Center Cooling Matters? 
 

• Energy Crisis: Traditional air cooling consumes 30-40% of data center energy. 
• Heat Density: Modern CPUs/GPUs generate extreme localized heat (100+ W/cm²). 
• Environmental Impact: Data centers account for ~2-3% global electricity consumption. 
• Cost Factor: Cooling costs often exceed IT equipment costs. 
• Green Imperative: Industries seeking sustainable, eco-friendly solutions. 

 

Properties of Green Solvents for Server Heat Management: 
 

For modern server cooling and data center thermal management, green solvents must have specialized properties:  
 

1.  High Thermal Conductivity & Heat Capacity – Efficiently absorb and transfer heat from CPUs, GPUs, and  
                                                                                      other components. 
2.  Low Viscosity – Ensures smooth circulation in cooling systems with minimal energy consumption.  
3.  Electrical Non-Conductivity – Prevents short circuits when in contact with electronics.  
4.  Chemical & Thermal Stability –Resistant to degradation at high temperatures; protects hardware from corrosion.  
5.  Non-Toxic & Biodegradable – Safe for humans and the environment, reducing risk in case of leaks. 
6.  Freeze & Boil Point Stability – Maintains performance under varying operating temperatures.  
7.  Leak Detection Capability – Some solvents are dyed or fluorescent for easy monitoring. 
 

Examples: Propylene glycol-based fluids, silicone-based immersion fluids, and specially formulated ionic liquids. 
These are engineered to be compatible with metals like aluminium, copper, and steel in server hardware.  
 

Green Solvents Applications in Server Heat Management:  
 

Green solvents are revolutionizing data centre cooling through advanced technologies:  
 

• Direct Liquid Cooling (DLC): Solvents circulate directly over CPUs, GPUs, and power components, re-
moving heat efficiently and reducing energy consumption.  

• Immersion Cooling: Entire servers are submerged in non-conductive green solvents, enabling higher server 
density, uniform cooling, and reduced infrastructure footprint.  

• Hybrid Cooling Systems: Combines air and liquid cooling using green solvents to optimize thermal effi-
ciency and energy use.  

• Sustainable Operations: Green solvents with low global warming potential (GWP) and zero ozone depletion 
potential (ODP) help achieve eco-friendly, carbon-neutral data centre operations. 

 
Real-World Applications: Data Centers 
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Synthesis and properties of glycerol trioleate ester and its uses in IT infrastructure  
Applications: 
 

• Glycerol trioleate is an ester, specifically a triglyceride, formed from the reaction of one molecule of glycerol 
with three molecules of oleic acid. It is a primary component of many natural fats and oils, such as olive oil. 

• On esterification reaction between glycerol (a triol) and oleic acid (a fatty acid) in presence of acid catalyst 
(e.g., p-toluenesulfonic acid or H₂SO₄) under heat 140–220°C to form Glycerol Trioleate. 

 

Properties of glycerol trioleate:  
                  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Uses in IT Infrastructure Applications: 
  
• Green Dielectric Coolant: Used as a non-toxic insulating liquid in data centre transformers and server cooling 

systems. Prevents short circuits and improves heat dissipation.  
• High-Temperature Lubricant for Hardware: Can act as a biodegradable lubricant for mechanical compo-

nents like hard disk drives or server fans.  
• Phase Change Cooling Media: With high thermal stability, used in immersion cooling of CPUs and GPUs to 

maintain optimal temperatures. Reduces thermal hotspots in high performance computing.  
• Fire-Safe Alternative to Mineral Oils: Low flammability makes it a safer alternative for liquid cooling in 

server racks.  
• Eco-Friendly Thermal Management: Being biodegradable and non-toxic, it minimizes environmental haz-

ards in IT facility maintenance.  
• Enhanced Reliability of Electronics: Reduces thermal stress on sensitive ICs, prolonging the lifespan of crit-

ical infrastructure.  
 
 
 
 

Property  Value / Description  

Physical state  Oily liquid at room temperature  

Melting point  ~−5.5 °C  

Solubility  Insoluble in water, soluble in organic solvents 

Major natural source  Olive oil (4–30%)  

Biological role  Food, research, "Lorenzo's oil"  

Combustion reaction  C₅₇H₁₀₄O₆ + 80 O₂ → 57 CO₂ + 52 H₂O  

Heat of combustion  8,389 kcal/mol (35,100 kJ/mol)  
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Green Solution Combustion Synthesis of ZnO Nanoparticles and its uses in magnetic Radio 
Frequency Identification (RFID) and Internet of Nano Things (IONT) system applications: 
• ZnO is a multifunctional, wide-bandgap semiconductor metal oxide with exceptional optical, electronic, pi-

ezoelectric and magnetic properties. 
• ZnO Nps (Zinc Oxide Nanoparticles) are widely used in electronics and sensors, photocatalysis, energy har-

vesting, biomedical and environmental applications. 
• Green Synthesis: It refers to an environmentally designed method for producing nanomaterials. Natural re-

sources like plants, bacteria, fungi and algae are used as reducing and capping agents.  
• This method avoids the use of toxic chemicals, high pressure and high temperature, making it a sustainable 

and cost-effective alternative to traditional chemical and physical synthesis methods. 
 

Green synthesis of ZnO nanoparticles: 
 Solution combustion synthesis (SCS) is a rapid and energy-efficient route for producing zinc oxide (ZnO) 

nanoparticles. The process becomes greener when sugarcane juice is used as the fuel.  
 Sugarcane juice contains sucrose, glucose, and fructose, which act as natural reducing and complexing agents. 

During combustion, these sugars decompose to release gases (CO₂, H₂O), creating porosity and leaving ZnO 
nanoparticles as the final product.  

 

• Dissolve 3.65g of zinc nitrate hexahydrate [Zn (NO₃) ₂·6H₂O] in distilled water. 
 

                                                 Zn (NO₃) ₂ → Zn²⁺ + 2NO₃⁻  
 

• Add 7.3 ml Sugarcane juice typically has ~12% w/v sugar in the stoichiometric fuel-to-oxidizer ratio. For 
example: sucrose (C₁₂H₂₂O₁₁) as the main fuel. 

• Stir and ultrasonicate the solution for 30 minutes to form a homogeneous mixture.  
• Heat gently at ~80–90 °C until a viscous gel forms.  
• Place the gel in a preheated furnace (300–600 °C).  
• Combustion occurs spontaneously, producing flame and froth as gases (CO₂, H₂O, N₂) evolve.  

 

24 Zn (NO₃) ₂·6H₂O + 5 C₁₂H₂₂O₁₁ → 24 ZnO + 60 CO₂ + 199 H₂O + 24 N₂ 
 

(i.e., 24 mol Zn (NO₃) ₂ requires 5 mol sucrose). 
• Cool to obtain porous ZnO ash.  
• Calcine the powder at 400–500 °C for 2–3 h to remove carbon residues and enhance crystallinity.  
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