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CHAPTER - I 

INTRODUCTION TO GREEN CHEMISTRY 

 

Introduction: 

Green chemistry is the design of chemical products and processes that 

reduce or eliminate the use or generation of hazardous substances. Green 

chemistry applies across the life cycle of a chemical product, including its design, 

manufacture, use, and ultimate disposal. Green chemistry is also known as 

sustainable chemistry. 

Green chemistry: 

 Prevents pollution at the molecular level 

 Is a philosophy that applies to all areas of chemistry, not a single 

discipline of chemistry? 

 Applies innovative scientific solutions to real-world environmental 

problems 

 Results in source reduction because it prevents the generation of pollution 

 Reduces the negative impacts of chemical products and processes on 

human health and the environment 

 Lessens and sometimes eliminates hazard from existing products and 

processes 

 Designs chemical products and processes to reduce their intrinsic hazards 

Benefits of Green Chemistry 

Human health: 

 Cleaner air: Less release of hazardous chemicals to air leading to less 

damage to lungs 

 Cleaner water: less release of hazardous chemical wastes to water leading 

to cleaner drinking and recreational water 

 Increased safety for workers in the chemical industry; less use of toxic 
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materials; less personal protective equipment required; less potential for 

accidents (e.g., fires or explosions) 

 Safer consumer products of all types: new, safer products will become 

available for purchase; some products (e.g., drugs) will be made with less 

waste; some products (i.e., pesticides, cleaning products) will be 

replacements for less safe products 

 Safer food: elimination of persistent toxic chemicals that can enter the 

food chain; safer pesticides that are toxic only to specific pests and 

degrade rapidly after use 

 Less exposure to such toxic chemicals as endocrine disruptors 

Environment: 

 Many chemicals end up in the environment by intentional release during 

use (e.g., pesticides), by unintended releases (including emissions during 

manufacturing), or by disposal. Green chemicals either degrade to 

innocuous products or are recovered for further use 

 Plants and animals suffer less harm from toxic chemicals in the 

environment 

 Lower potential for global warming, ozone depletion, and smog 

formation 

 Less chemical disruption of ecosystems 

 Less use of landfills, especially hazardous waste landfills 

Economy and business: 

 Higher yields for chemical reactions, consuming smaller amounts of 

feedstock to obtain the same amount of product 

 Fewer synthetic steps, often allowing faster manufacturing of products, 

increasing plant capacity, and saving energy and water 

 Reduced waste, eliminating costly remediation, hazardous waste disposal, 

and end-of-the-pipe treatments 

 Allow replacement of a purchased feedstock by a waste product 

 Better performance so that less product is needed to achieve the same 
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function 

 Reduced use of petroleum products, slowing their depletion and avoiding 

their hazards and price fluctuations 

 Reduced manufacturing plant size or footprint through increased 

throughput 

 Increased consumer sales by earning and displaying a safer-product label 

(e.g., Safer Choice labeling) 

 Improved competitiveness of chemical manufacturers and their customers 

Green chemistry metrics  

Green chemistry metrics are metrics that measure aspects of a chemical 

process relating to the principles of green chemistry. These metrics serve to 

quantify the efficiency or environmental performance of chemical processes, and 

allow changes in performance to be measured. The motivation for using metrics 

is the expectation that quantifying technical and environmental improvements can 

make the benefits of new technologies more tangible, perceptible, or 

understandable. This, in turn, is likely to aid the communication of research and 

potentially facilitate the wider adoption of green chemistry technologies in 

industry. 

For a non-chemist the most attractive method of quoting the improvement 

might be a decrease of X unit cost per kilogram of compound Y. This, however, 

would be an over-simplification—for example, it would not allow a chemist to 

visualize the improvement made or to understand changes in material toxicity and 

process hazards. For yield improvements and selectivity increases, simple 

percentages are suitable, but this simplistic approach may not always be 

appropriate. For example, when a highly pyrophoric reagent is replaced by a 

benign one, a numerical value is difficult to assign but the improvement is 

obvious, if all other factors are similar. 

Numerous metrics have been formulated over time and their suitability 

discussed at great length. A general problem observed is that the more accurate 

and universally applicable the metric devised, the more complex and 

unemployable it becomes. A good metric must be clearly defined, simple, 

measurable, objective rather than subjective and must ultimately drive the desired 

behavior. 

 

https://en.wikipedia.org/wiki/Chemical_process
https://en.wikipedia.org/wiki/Chemical_process
https://en.wikipedia.org/wiki/Green_chemistry
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1. Atom Economy 

Atom economy was designed by Barry Trots as a framework by which 

organic chemists would pursue “greener” chemistry. The atom economy 

number is how much of the reactants remain in the final product. 

 

{\displaystyle {\text{Atom economy}}={\frac {\text{molecular mass of desire 

product}}{\text{molecular masses of reactants}}}\times 100\%}For a generic 

multi-stage reaction used for producing R: 

A + B → P + X 

P + C → Q + Y 

Q + D → R + Z 

The atom economy is calculated by 

{\displaystyle 

{\text{Atom economy}}={\frac {\text{molecular mass of R}}{\text{molecular 

masses of A, B, C and D}}}\times 100\%}  

The conservation of mass principle dictates that the total mass of the 

reactants is the same as the total mass of the products. In the above example, the 

sum of molecular masses of A, B, C and D should be equal to that of R, X, Y and 

Z. As only R is the useful product, the atoms of X, Y and Z are said to be wasted 

as by-products. Economic and environmental costs of disposal of this waste make 

a reaction with low atom economy to be "less green". 

A further simplified version of this is the carbon economy. It is how much 

carbon ends up in the useful product compared to how much carbon was used to 

create the product. 

{\displaystyle {\text{Carbon economy}}={\frac {\text{number of carbon atoms 

in desire product}}{\text{number of carbon atoms in reactants}}}\times 100\%}

 

https://en.wikipedia.org/wiki/Barry_Trost
https://en.wikipedia.org/wiki/Conservation_of_mass
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This metric is a good simplification for use in the pharmaceutical industry 

as it takes into account the stoichiometry of reactants and products. Furthermore, 

this metric is of interest to the pharmaceutical industry where development of 

carbon skeletons is key to their work. 

The atom economy calculation is a very simple representation of the 

“greenness” of a reaction as it can be carried out without the need for 

experimental results. Nevertheless, it can be useful in the process synthesis early 

stage design. 

The drawback of this type of analysis is that assumptions have to be made. 

In an ideal chemical process, the amount of starting materials or reactants equals 

the amount of all products generated and no atom is lost. However, in most 

processes, some of the consumed reactant atoms do not becomes part of the 

products, but remain as unreacted reactants, or are lost in some side reactions. 

Besides, solvents and energy used for the reaction are ignored in this calculation, 

but they may have non-negligible impacts to the environment. 

2. Percentage yield 

Percentage yield is calculated by dividing the amount of the obtained desired 

product by the theoretical yield. In a chemical process, the reaction is usually 

reversible, thus reactants are not completely converted into products; some 

reactants are also lost by undesired side reaction. To evaluate these losses of 

chemicals, actual yield has to be measured experimentally. 

 

As percentage yield is affected by chemical equilibrium, allowing one or 

more reactants to be in great excess can increase the yield. However, this may not 

be considered as a "greener" method, as it implies a greater amount of the excess 

reactant remain unreacted and therefore wasted. To evaluate the use of excess 

reactants, the excess reactant factor can be calculated. 

 

If this value is far greater than 1, then the excess reactants may be a large 

waste of chemicals and costs. This can be a concern when raw materials have 

high economic costs or environmental costs in extraction. In addition, increasing 
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the temperature can also increase the yield of some endothermic reactions, but at 

the expense of consuming more energy. Hence this may not be attractive methods 

as well. 

 

 

3. Reaction mass efficiency 

The reaction mass efficiency is the percentage of actual mass of desire 

product to the mass of all reactants used. It takes into account both atom economy 

and chemical yield. 

 

Reaction mass efficiency, together with all metrics mentioned above, 

shows the “greenness” of a reaction but not of a process. Neither metric takes into 

account all waste produced. For example, these metrics could present a 

rearrangement as “very green” but fail to address any solvent, work-up, and 

energy issues that make the process less attractive. 

4. Effective mass efficiency 

A metric similar to reaction mass efficiency is the effective mass 

efficiency, as suggested by Hudlicky et al. It is defined as the percentage of the 

mass of the desired product relative to the mass of all non-benign reagents used 

in its synthesis. The reagents here may include any used reactant, solvent or 

catalyst. 

 

Note that when most reagents are benign, the effective mass efficiency can 

be greater than 100%. This metric requires further definition of a benign 

substance. Hudlicky defines it as “those by-products, reagents or solvents that 

have no environmental risk associated with them, for example, water, low-

concentration saline, dilute ethanol, autoclaved cell mass, etc.” This definition 

leaves the metric open to criticism, as nothing is absolutely benign (which is a 

subjective term), and even the substances listed in the definition have some 
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environmental impact associated with them. The formula also fails to address the 

level of toxicity associated with a process. Until all toxicology data is available 

for all chemicals and a term dealing with these levels of “benign” reagents is 

written into the formula, the effective mass efficiency is not the best metric for 

chemistry. 

 

5. Environmental factor 

The first general metric for green chemistry remains one of the most 

flexible and popular ones. Roger A. Sheldon’s environmental factor (E-factor) 

can be made as complex and thorough or as simple as desired and useful. 

 

The E-factor of a process is the ratio of the mass of waste per mass of product. 
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CHAPTER - II 

GREEN SOLVENTS 

 

Introduction 

Solvents which do not pollute the environment and behave eco-friendly 

when used are called green solvents (CO2, Supercritical CO2, Water, Supercritical 

or near critical Water, Ionic liquids). They are cheap, readily available, natural 

and non-toxic. Now days various organic and synthetic processes in natural 

product, food, pharmaceutical industries are carried out using green solvents. 

Supercritical Fluids: 

Supercritical fluids is any substance above its critical temperature and 

pressure, exists as a single fluid phase and do not exist as gas and liquid phase, 

but it can have the unique properties of both its gas and its liquid. 

1. Extraction of super critical fluids or Super Critical Fluids Extraction 

(SFE) 

Extraction is a method of separating the substance from a mixture using 

traditional organic solvents which affect the environments. Supercritical Fluid 

Extraction is the method of separation of the specific substance from the mixture 

using harmless Super Critical Fluids (SCFs) as solvents. 

Principle: 

The substance (component) in the solid mixture is dissolved in the Super 

Critical Fluid (SCF) at high pressure. The solubility of the substance in the solvent 

is directly proportional to the pressure. When the pressure increases, the solubility 

increases. At above the critical pressure, the solvent changes to Super Critical 

Fluid (SCF). It has the properties of both a gas and a liquid. It penetrates through 

the solid mixture like the gas. The substance in the mixture is selectively soluble 
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in the SCF like the liquid. The yield and the selectivity of the substance from the 

mixture can be controlled by adjusting the pressure, temperature and flow rate 

within the supercritical extraction system. 

Procedure: 

The SCF extraction is a two-step process. 

Step I: Extractor 

In the extractor, the solvent used is SCF. For example, the liquid CO2 is 

used as the solvent. Above its critical parameters (critical temp: 31.1∘ C and 

critical press.73.8atm), the solvent CO2 changes to superficial CO2. First the 

solvent is sent into the extractor. Based on the principle of SCE, the supercritical 

CO2 penetrates through the mixture. It dissolves selectively the substance to be 

separated from the sample mixture, to form a solution. The solution, the 

remaining components in the sample mixture is called as extract. 

Step II: Separator   

The extract formed is then sent into the separator (60 – 120 atm pressure) 

via a pressure reduction valve. The pressure reduction valve reduces the pressure 

of the extract. At this reduced pressure, the substance in the extract is precipitated 

out. The remaining extract with the solvent CO2 is coming out from the separator. 

From which, the solvent CO2is separated, and recycled and reused for further 

extraction. 

In the case of a liquid mixture, the extractor is modified as a column. Here, 

the mixture which is to be separated and the SCF are sent into the column 

simultaneously.  

The SFE technology is widely used in natural product, food and pharmaceutical 

industries. 

2. Solvents of supercritical fluid extraction 

In Supercritical Fluid Extraction (SFE), various solvents are used as SCF. 

The choice of solvent used is similar to normal extraction. Following are the 

important qualities of the solvent used in SFE. 

 It should have a good solvation capacity 

 It must be inert 
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 After extraction, it should be easily removed and recovered from the 

extract. 

 It should be of low cost and easily available. 

The commonly used SCF is carbon dioxide. This is due to its low critical 

parameters (critical temperature 31.1∘C and critical pressure 73.8 atm), low cost 

and non-toxicity. Next to carbon dioxide, water is used as SCF. The water at 

critical conditions (critical temperature 374∘C and critical pressure 218atm), it 

becomes an excellent solvent for organic compounds and a very poor solvent for 

inorganic salts. At normal condition, the water can be used to extract organic 

substances. Hence, water is used as a solvent to extract both the inorganic and 

organic substances. 

Supercritical carbon dioxide-sCO2 

It is a fluid state of carbon dioxide where it is held at or above its critical 

temperature and pressure. Carbon dioxide usually behaves as 

a gas in air at standard temperature and pressure (STP), or as a solid called dry 

ice when cooled and/or pressurized sufficiently. If 

the temperature and pressure are both increased from STP to be at or above 

the critical point for carbon dioxide, it can adopt properties midway between a 

gas and a liquid. More specifically, it behaves as a supercritical fluid above its 

critical temperature (304.13 K, 31.0 °C, 87.8 °F) and critical pressure 

(7.3773 MPa, 72.8 atm, 1,070 psi, 73.8 bar), expanding to fill its container like a 

gas but with a density like that of a liquid. Supercritical CO2 is becoming an 

important commercial and industrial solvent due to its role in 

chemical extraction in addition to its low toxicity and environmental impact. The 

relatively low temperature of the process and the stability of CO2 also allow most 

compounds to be extracted with little damage or denaturing. In addition, the 

solubility of many extracted compounds in CO2 varies with pressure, permitting 

selective extractions. 

Applications of supercritical CO2 

Carbon dioxide is gaining popularity among coffee manufacturers looking 

to move away from classic decaffeinating solvents, because of real or perceived 

dangers related to their use in food preparation.sCO2 is forced through the green 

coffee beans which are then sprayed with water at high pressure to remove the 

caffeine. The caffeine can then be isolated for resale (e.g. to the pharmaceutical 

or beverage manufacturers) by passing the water through activated charcoal 

https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Standard_conditions_for_temperature_and_pressure
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Dry_ice
https://en.wikipedia.org/wiki/Dry_ice
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Critical_point_(thermodynamics)
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Supercritical_fluid
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Extraction_(chemistry)
https://en.wikipedia.org/wiki/Denaturation_(biochemistry)
https://en.wikipedia.org/wiki/Coffee
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Activated_carbon


STUDY MATERIAL FOR B.Sc. CHEMISTRY 

GREEN CHEMISTRY 

SEMESTER – VI, ACADEMIC YEAR 2022 – 2023 

 

  

Page 13 of 41 

 

filters or by distillation, crystallization or reverse osmosis. Supercritical carbon 

dioxide is used to remove organochloride pesticides and metals from agricultural 

crops without adulterating the desired constituents from the plant matter in the 

herbal supplement industry.  

Supercritical carbon dioxide can be used as a more environmentally 

friendly solvent for dry cleaning over traditional solvents such as hydrocarbons, 

including perchloroethylene.  

Supercritical carbon dioxide is used as the extraction solvent for creation 

of essential oils and other herbal distillates. Its main advantages over solvents 

such as hexane and acetone in this process are that it is non-toxic and non-

flammable.  

Furthermore, separation of the reaction components from the starting 

material is much simpler than with traditional organic solvents. The CO2 can 

evaporate into the air or be recycled by condensation into a cold recovery vessel. 

Its advantage over steam distillation is that it operates at a lower temperature, 

which can separate the plant waxes from the oils.In laboratories,sCO2 is used as 

an extraction solvent, for example for determining total recoverable hydrocarbons 

from soils, sediments, fly-ash and other media, and determination of polycyclic 

aromatic hydrocarbons in soil and solid wastes.  

Supercritical fluid extraction has been used in 

determining hydrocarbon components in water. Processes that use sCO2 to 

produce micro and nano scale particles, often for pharmaceutical uses, are under 

development. The gas ant solvent process, rapid expansion of supercritical 

solutions and supercritical ant solvent precipitation (as well as several related 

methods) process a variety of substances into particles. Due to its ability to 

selectively dissolve organic compounds and assist the functioning of 

enzymes,sCO2 has been suggested as a potential solvent to support biological 

activity on Venus- or super-Earth-type planets.  

The unique properties of sCO2 present advantages for closed-loop power 

generation and can be applied to various power generation applications. Power 

generation systems that use traditional air Brayton and steam Rankine cycles can 

be upgraded to sCO2 to increase efficiency and power output. The relatively 

new Alum power cycle uses sCO2 as the working fluid in combination with fuel 

and pure oxygen. The CO2 produced by combustion mixes with the 

sCO2 working fluid and a corresponding amount of pure CO2 must be removed 

from the process (for industrial use or sequestration). This process reduces 

https://en.wikipedia.org/wiki/Activated_carbon
https://en.wikipedia.org/wiki/Distillation
https://en.wikipedia.org/wiki/Crystallization
https://en.wikipedia.org/wiki/Reverse_osmosis
https://en.wikipedia.org/wiki/Organochloride
https://en.wikipedia.org/wiki/Dry_cleaning
https://en.wikipedia.org/wiki/Perchloroethylene
https://en.wikipedia.org/wiki/Essential_oils
https://en.wikipedia.org/wiki/Herbal_distillates
https://en.wikipedia.org/wiki/Hexane
https://en.wikipedia.org/wiki/Acetone
https://en.wikipedia.org/wiki/Organic_solvents
https://en.wikipedia.org/wiki/Steam_distillation
https://en.wikipedia.org/wiki/Waxes
https://en.wikipedia.org/wiki/Laboratory
https://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbons
https://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbons
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Nano-
https://en.wikipedia.org/wiki/Pharmaceutical
https://en.wikipedia.org/wiki/Antisolvent
https://en.wikipedia.org/wiki/Precipitation_(chemistry)
https://en.wikipedia.org/wiki/Venus
https://en.wikipedia.org/wiki/Super-Earth
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Rankine_cycle
https://en.wikipedia.org/wiki/Allam_power_cycle
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atmospheric emissions to zero. It presents interesting properties that promise 

substantial improvements in system efficiency. Due to its high fluid 

density,sCO2 enables extremely compact and highly efficient turbomachinery. It 

can use simpler, single casing body designs while steam turbines require multiple 

turbine stages and associated casings, as well as additional inlet and outlet piping. 

The high density allows for highly compact, microchannel-based heat exchanger 

technology.  

In 2016, General Electric announced a super-critical CO2 based turbine 

that enabled a 50% efficiency of converting heat energy to electrical energy. In it 

the CO2 is heated to 700 °C. It requires less compression and allows heat transfer. 

It reaches full power in 2 minutes, whereas steam turbines need at least 30 

minutes. The prototype generated 10 MW and is approximately 10% the size of 

a comparable steam turbine. Further, due to its superior thermal stability and non-

flammability, direct heat exchange from high temperature sources is possible, 

permitting higher working fluid temperatures and therefore higher cycle 

efficiency. Unlike two-phase flow, the single-phase nature of sCO2 eliminates the 

necessity of a heat input for phase change that is required for the water to steam 

conversion, thereby also eliminating associated thermal fatigue and corrosion. 

Despite the promise of substantially higher efficiency and lower capital costs, the 

use of sCO2 presents material selection and design issues.  

Materials in power generation components must display resistance to 

damage caused by high-temperature, oxidation and creep. Candidate materials 

that meet this property and performance goals include incumbent alloys in power 

generation, such as nickel-based super alloys for turbomachinery components 

and austenitic stainless steels for piping. Components within sCO2 Brayton loops 

suffer from corrosion and erosion, specifically erosion in turbomachinery and 

recuperative heat exchanger components and intergranular corrosion and pitting 

in the piping. Testing has been conducted on candidate Ni-based alloys, austenitic 

steels, ferritic steels and ceramics for corrosion resistance in sCO2 cycles.  

The interest in these materials derive from their formation of protective 

surface oxide layers in the presence of carbon dioxide, however in most cases 

further evaluation of the reaction mechanics and corrosion/erosion kinetics and 

mechanisms is required, as none of the materials meet the necessary goals 

Features of supercritical carbon dioxide  

 Supercritical carbon dioxide is a single-phase fluid it has some special features 

like a gas and liquid it as high penetrating power like a gas and high solvating 

https://en.wikipedia.org/wiki/Steam_turbine
https://en.wikipedia.org/wiki/Fatigue_(material)
https://en.wikipedia.org/wiki/Thermal_resistance
https://en.wikipedia.org/wiki/Anti-corrosion
https://en.wikipedia.org/wiki/Creep_(deformation)#Preventing_creep
https://en.wikipedia.org/wiki/Austenitic_stainless_steel
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power like a liquid. These two features are used to extract the substances from 

the sample mixture. By controlling the temperature and pressure the solubility the 

selectivity and the yield of the substance in a mixture can be performed ends 

supercritical CO2 is widely used in as a solvent in various Industries the important 

features of using supercritical CO2techniques are as follows. It gives efficient 

separation of the compounds from the sample mixture the CO2used can be 

regenerated and reused it means the extracting cost is low.   It is chemically 

inactive. Hence its use does not affect the wanted product. The solvent super 

critical CO2can be manipulated at room temperature, it makes handling thermally 

labile substances easy and safe. It is not an organic solvent; it can be safely used 

in food industries. Carbon dioxide is also available with high purity cheap and 

easy to handle. 

Advantages of supercritical CO2as solvents 

 The advantages of supercritical CO2are, 

 It can be used under mild process conditions 

 It is a harmless solvent and it is generally regarded as safe for food and 

Pharmaceutical products 

 It is inexpensive and available at low cost 

 It is easily available and it can be obtained in large quantities with high 

purity.  

 It can be easily separated from the product purified and recycled 

 In extraction it does not affect the sample mixture and the product formed  

 It can be used to extract thermally labile compounds.   

 Since it is harmless it is an ideal substitute for many hazardous and now 

and toxic solvents  

 It is the toxic non inflammable eco-friendly and inert to most of the 

materials  

 Carbon dioxide is non-toxic non-flammable and eco-friendly solvent 

details also one of the least expensive solvent such as available in the pure form 

it is easily removed from the Extracted product. Hence supercritical CO2is mainly 

used as the solvent in various industries in supercritical fluid extraction some of 

the important applications of supercritical CO2in food and flavoring industries 
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extraction of flavors fats or oils and other food ingredients from the natural 

sample mixture using CO2as solvent is carried out in these industries some of the 

examples are decaffeination of tea and coffee the decholesterolisation of egg milk 

powder extraction of Essential oil from the per mint leaves extraction of hops 

from the beverages extraction of Croton oil from the leaf protein and annatto 

seeds and sweet potatoes removal of president ways nicotine from tobacco. The 

super critical CO2technicalis also used in various pharmaceutical industries. 

Ionic Liquids: 

Green chemistry aims to provide environmentally benign products from 

sustainable resources, using processes that do not harm people or the 

environment. Most chemical reactions have been correlated in molecular 

solvents. Recently, have even, a new clan of solvents has emerged “Ionic 

Liquids“. Ionic liquids (ILs) are new organic salts that exist as liquids at low 

temperature (<100oC). An important future of ILs is immeasurably low vapor 

pressure. For this reason they are called green solvents in contrast to traditional 

Volatile Organic Solvents (VOCs). ILs has many attractive properties such as 

chemical and thermal stability, inflammability, high ionic conductivity and a 

wide electrochemical potential window. Therefore they have been extensively 

investigated as solvents or catalyst in various reactions including organic 

catalysis and inorganic synthesis, Bio-catalysis and polymerization. Ionic liquids 

find application in alkylations, allylations, hydro formylations, epoxidations, 

synthesis of ethers, Friedel craft reaction, Diel-Alder Reaction, Knoevengal 

condensation and Wittig reaction. ILs has been claimed as being green solvents 

and possible alternative to volatile organic solvents. This has been justified in 

some applications where ILs, because of their negligible vapour pressure and non-

flammability, are used favorably instead of chlorinated solvents. An example is 

given by the development of an optimized process for degreasing and/or scouring 

metal, ceramic, glass, plastic composite material or semiconductor surface, by 

treatment of the surfaces in a solution comprising an IL.Some ILs has been the 

subject of toxicity and Eco toxicity studies and data are now available on a larger 

variety of organisms (bacteria, fungi, fish, and algae). Most studies have been 

carried out on imidazolium- and pyridinium-based ILs, with alkyl or alkoxy side 

chains. The variety of anions studied is limited mainly to bromide, chloride, 

hexafluorophosphates and tetra fluoroborate. Much less research has been 

devoted to the determination of the biodegrade-ability of ILs but the design of 

biodegradable ILs has been covered in recent papers. A high throughput screen 

based on the Agar Diffusion method was recently applied to test, in a first rapid 
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approach, the toxicity of ILs towards microorganisms and to distinguish toxic and 

biocompatible ILs.  

Synthesis of Ionic Liquids 

The first room temperature ionic liquid [EtNH3][NO3] (m.p. 12°C) was 

discovered in 1914, but interest did not develop until the discovery of binary ionic 

liquids made from mixtures of aluminum(III) chloride and N-alkylpyridinium or 

1,3-dialkylimidazolium chloride. 

Ionic liquids come in two main categories, namely, simple salts (made of 

a single anion and cation) and binary ionic liquids (salts where equilibrium is 

involved). For example, [EtNH3][NO3] is a simple salt whereas mixtures of 

aluminum(III) chloride and 1,3-dialkylimidazolium chlorides (a binary ionic 

liquid system) contain several different ionic species, and their melting point and 

properties depend upon the mole fractions of aluminum(III) chloride and 1,3-

dialkylimidazolium chloride present. The synthesis of ionic liquids can be 

described in two steps (Figure 1). 

 

 

  

  

**** 
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CHAPTER - III 

GREEN CATALYST 

 

INTRODUCTION: 

A catalyst is defined as a foreign substance that Alter speed of a chemical 

reaction itself remains chemically unchanged and can be recovered at the end of 

the reaction the process is called catalysis. A catalyst which decreases the rate 

of reaction is called negative catalyst. A catalyst lowers the activation energy 

and thus increases the speed of the reaction. A catalyst which increases the speed 

or rate of the reaction is called a positive catalyst the development of a catalyst 

is important for both economic and environmental sustainability of the world. 

Chemists are working hard to develop new long lasting catalyst this makes the 

chemical reactions are cleaner, greener and more efficient.  Hence green catalyst 

is increases the speed of the reaction and forms the product without the affecting 

environment. The advantages of using green catalyst reduces the reaction time, 

since it reduces energy requirement of the reaction it reduces the number of 

synthetic steps. It reduces the amount of solvent and other materials used in the 

reaction is minimized the quantity of the reagents needed. Hence the loss of 

reagent during the reaction is minimized. Green catalyst permits the use of less 

toxic reagents. Example decomposition of water gives Oxygen and hydrogen 

using photo catalyst instead of using traditional heavy metal catalyst. This 

reaction is the efficient source of hydrogen for the use of hydrogen fuel cells in 

cars and thereby reduces air pollution and then produces the environmental 

burden. 

Acid Catalyst: 
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Solid Acids Solid acids can be described in terms of their Bronsted/ Lewis 

acidity, the strength and number of these sites, and the morphology of the 

support (typically in terms of surface area and porosity). High product 

selectivity can depend on the fine-tuning of these properties. Thus, some 

rearrangement reactions require pure Lewis acidity (e.g., the rearrangement of 

R-pinene oxide using supported metal halides). Friedel-Crafts reactions can 

require Lewis acidity (e.g., for alkylations using alkyl halides) or Bronsted 

acidity (e.g., for alkylations using alcohol), or indeed, a combination of both 

(e.g., for Friedel-Crafts acylations using acid chlorides). Pore constraints may 

influence product selectivity as a result of the sizes of substrates, intermediates 

or products (e.g., the improved selectivity to monoalkylaromatics using long 

chain alkenes using mesoporous silicas compared to larger pore materials16; see 

later). At a more fundamental level, the use of mesoporous supports has enabled 

supported reagents and catalysts to be used in reactions of much bulkier 

substrates than could be considered for microporous (zeolitic) materials. The 

synthesis of pure Lewis or Bronsted solid acids is a particularly important 

challenge where some progress has been made. Chemically modified MTS 

materials as analogues for sulfonic acids have recently been reported and show 

great promise as solid Bronsted acids. Pure Lewis acids are more difficult to 

achieve, because Bronsted acidity often arises from Lewis acid-base 

complexation. 

Silica-Supported Aluminum Chloride Aluminum chloride is the most 

widely used of Lewis acids. It is very active, soluble in many organic solvents, 

and inexpensive. Unfortunately, it is often too powerful an acid, giving 

unwanted side reactions, and very significantly in the context of green 

chemistry, it may need to be used in reagent quantities because of its ability to 

strongly complex Lewis base products, for example, in a benzoylation reaction. 

When the reaction is complete, the only viable method for separating the 

aluminum chloride is by a destructive water quench, leading to large volumes 

of hazardous waste. Thus, the use of aluminum chloride can lead to violations 

of several of the principles of green chemistry through the release into the 

environment of hazardous substances, through the use of volatile organic 

solvents, and through the use of reagent-like quantities that are lost on workup, 

as well as through unselective reactions that do not lead to the maximum 

incorporation of starting materials in the product. There have been several 

attempts to immobilize aluminum chloride so as to help overcome these 

problems. We have found that slow reaction of AlCl3 with the surface of silica 
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in an aromatic solvent leads to a material with strong Bronsted and Lewis 

acidity, presumably arising from the formation of SiOAlCl2 sites on the surface. 

The use of controlled-pore MTS materials can give the added benefit of 

improved reaction selectivity. Thus, in the reaction of aromatic substrates such 

as benzene with alkenes, 24-Å-pore catalysts leads to an improvement in the 

yield of the monoalkylate of ∼10% for C6-C16.22 This can be further improved 

through the use of external site poisons. Two methods have been tested. The 

first involved poisoning the catalyst with a bulky amine, triphenylamine so as 

to selectively remove the external catalytic sites. The second method, based on 

essentially the same principle, involved elimination of the external silanol 

groups of the silica by reacting them with a bulky silane, triphenylchlorosilane, 

prior to catalyst formation. The effects on the selectivity toward 

monoalkylation. The catalyst poisoned with triphenylamine shows a gradual 

loss in activity with increasing chain length of the alkene. 

 

 

 

These catalytic systems can be adjusted so as to favor alkene 

oligomerization. Low-molecular-weight thermoplastic materials with 

widespread applications, including adhesives and road markings, can be 

produced by the cationic polymerization of aliphatic refinery feedstreams. The 

composition of these is variable, but commonly includes monoalkenes and 

dialkenes as well as nonpolymerizable alkanes. The commercial processes 

normally involve aluminum chloride or other Lewis acids that are destructively 

separated by a water quench, adding a step to the process and generating large 
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volumes of waste (e.g,. aluminous water). Here it is quite possible for the waste 

disposal costs to exceed the raw material costs. Added drawbacks include the 

inevitable organic chlorination that occurs and the need to dechlorinate 

unreacted feed and product, a requirement that is being made more stringent by 

new legislation.Silicasupported aluminum chloride is an excellent catalyst for 

these polymerization reactions. Reactions proceed under their own exotherms. 

Instead of the usual water quench, the catalyst is easily removed by filtration or 

decantation and can then be reused, although it is not as active as a result of 

relatively large amounts of adsorbed polymer (up to equal amounts by weight). 

The product yields are lower than those obtained with homogeneous aluminum 

chloride, although they can be improved by pretreatment of the feed, for 

example, with alumina and water, to remove catalyst poisons, such as 

organosulfur species.  

 

 

 

These are good examples of materials that can be made with ultra-high 

loadings and are effectively inorganic-organic hybrids. Their high loadings and 

good diffusional characteristics make them realistic substitutes for traditional 

organic per acids. On a weight-for-weight basis, their activity in typical peroxide 

reactions (epoxidations, Baeyer–Villiger reactions, etc.) is usually somewhere 
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in between that of commercial metachloroperbenzoic acid and peracetic acid. 

The solid reagents offer significant advantages over their soluble counterparts—

they have good shelf-life, reasonable thermal (up to ca. 150°C) and shock 

stability, and can be easily recycled at very high oxygen efficiencies. 

Chemically modified mesoporous materials based on silicas, aluminosilicates, 

zirconias, and many other environmentally compatible materials have 

enormously diverse potential as benign replacementsfor the many hazardous 

and environmentally threatening chemicals that we have built our chemical 

manufacturing on. For example Palladium, a highly versatile metal for organic 

synthesis; can be effectively immobilized on chemically modified mesoporous 

materials that provide the right ligand geometry. We have proven the activity of 

such materials in reactions including the important carbon–carbon bond forming 

Heck and Suzuki reactions. It is also possible to build quite complex organic 

structures on the surfaces of mesoporous materials, including those active in 

typically phase-transfer-catalyzed processes where a membrane version could 

be used in an interfacial reaction system that keeps the organic and inorganic 

component of an organic process separate, hence alleviating separation 

difficulties and reducing waste. The research described above has been carried 

out by, or in collaboration with, researchers based in the York Clean Technology 

Centre. This is also the hub of the Green Chemistry Network as well as other 

green chemistry-related activities. The application of the principles of green 

chemistry and other aspects of clean technology will increasingly lead to more 

environmentally compatible manufacturing systems. “Just-in-time” 

manufacturing can ease transportation and storage problems with small, 

intensive plants replacing the giants of the 20th century. Looking further ahead, 

we can expect to see more chemical plants taking advantage of local resources 

including plant-based feedstocks, clay-based reagents, and catalysts, etc., and it 

is quite possible, as transport becomes a bigger issue, that manufacturing will 

be largely in response to regional needs rather than global market opportunities. 

We should seek to meet the needs, not the greed, of society. 
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Green Catalytic Reactions: 

Benign Catalyst K10 Montmorillonite Clay: In recent decade’s variety of 

organic reactions extensively reported using either K10 clay or its modified 

catalyst. For example, in Fries rearrangement of phenyl acetate as shown in 

Scheme 1, K-10 clay has been used with the framework aluminum acting along 

as Lewis acid catalyst. The percentage conversions with K-10 clay and 

Na+ exchanged K-10 resulted higher yield of p-isomer (~80%) and when the 

amount of the catalyst was increased two-fold, this leads to increase in the 

amount of o-isomer. The protocol for the synthesis of various benzimidazoles 

and quinoxalines from carbonyl compounds and o-phenylenediamine was 

simplified with Zn-chloride-exchanged K-10 montmorillonite (calyzic) catalyst. 

This synthesis requires milder conditions, as shown in Scheme 2, atom-

economic in nature, and no wastes. 
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When K-10 clay and cation exchanged montmorillonite clay was 

employed with hydrophobic CTAC-pillared clay leads to higher catalytic 

activity as well as higher selectivity. The addition reaction of butanethiol to 

styrene is mediated in the clay microenvironment, the formation of 1,2-

dibutyldisulfide and butyl (4(2-(butylthio)ethyl)phenyl)sulfane totally 

suppressed and butyl(phenethiol) sulfane. 
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TAML CATALYST 

Iron–tetraamido macrocyclic ligand (TAML) activators have been 

designed and developed to provide small-molecule mimics, the peroxidase 

enzymes. Fe–TAML activators are proving to be highly active catalysts that 

function effectively at very low concentrations from nanomolar to low 

micromolar. Notably, they are capable of performing many thousands of 

turnovers per minute under ambient conditions, of functioning over a broad pH 

range from acidic and most notably for iron catalyst to basic and even to highly 

basic, of presenting a broad range of selectivities and oxidative aggression 

determined by the conditions of use and the choice of catalyst over the 14 

catalysts presented. The catalysts have fulfilled the design criteria and now 

provide the basis of platform technology for myriad applications. Published 

kinetics and mechanistic interpretations are reviewed to illustrate the success of 

the design protocol. Published applications are briefly described. A highly 

developed field of use involves the use of Fe–TAML–peroxide for the 

purification of water of persistent pollutants and hardy pathogens.  

Biocatalyst 

Bio catalysis have many advantages over chemo catalysis in the context 

of green chemistry, which include mild reaction conditions (physiological pH 

and temperature), the use of environmentally compatible catalysts (enzymes) 

and solvents (usually water), high catalytic activity and good regio- and chemo-

selectivities for multifunctional molecules. As a result, the use of enzymes can 

avoid the need for functional group activation, or unnecessary 

protection/deprotection steps. 

This simple overview demonstrates that biocatalytic transformations can 

potentially satisfy eight out of the twelve principles of green chemistry. They 
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often result in shorter, less wasteful, environmentally and economically 

appealing processes when compared to conventional chemical syntheses. 

Biocatalysis has already become widespread in industrial organic synthesis with 

over 130 commercialized processes. Some of the major themes in biocatalysis 

are as follows: 

 Biocatalysts (enzymes/whole cells) can replace chemo-catalysts in 

synthetic routes. 

 Biocatalysts can enable new synthetic pathways which may be shorter, 

more efficient and more sustainable. 

 Combining chemo- and bio-catalysis generates opportunities for the 

design of synthetic routes. 

 Biocatalysts with a broad substrate scope that are active and stable under 

the conditions of a chemical process are needed. 

 There are a range of emerging technologies for biocatalyst 

development (directed evolution/pathway engineering). 

 

 

**** 
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CHAPTER - IV 

GREEN SYNTHESIS 

Introduction: 

Chemical industries cause pollution to the environment. Therefore there is 

an urgent need to develop new techniques which are not harmful to the 

environment. The new techniques and reactions should be ecofriendly to the 

environment. These ecofriendly reactions are known as green reactions or green 

synthesis. 

Synthesis of adipic acid: 

In the conventional method, adipic acid is produced from benzene 

(carcinogenic reactant). An ecofriendly green synthesis of adipic acid is 

developed by John W. Frost and Karen M. Draths. Starting material is Glucose. 

It is a non-toxic and renewable source.  
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Synthesis of catechol: 

In the conventional method catechol is produced from benzene 

(carcinogenic reactant). An ecofriendly green synthesis of catechol is developed 

with the starting material is Glucose. It is a non-toxic and renewable source. The 

synthetic medium is water and not organic solvents. 
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Synthesis of benzyl bromide: 

Conventional synthesis of benzyl bromide involves the free radical 

bromination of toluene with N-bromo succinimide. 

 

 

 

Synthesis of Paracetamol: 

Paracetamol is used as a pain reliver in muscular pain, head aches, 

neuralgias and dysmenorrhea. Conventionally it is prepared from p-nitrophenol. 
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Alternatively paracetamol is prepared by the Beckman reaarangement odf p-

hydroxy acetophenone oxime. In green synthesis, Titanium (IV) silicate catalyst 

is used. 

 

 

 

 

 

Synthesis of Ibuprofen: 

 Ibuprofen is commonly used as analgesics. The conventional commercial 

synthesis involves six steps. The starting material is isobutyl benzene. The green 

synthesis only involves three steps. 
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Microwave assisted reactions in water 

 Lead beater and Marco described a Suzuki coupling in water under 

microwave irradiation. The addition of TBAB as a phase transfer agent facilitated 

the reaction because it enhances the solvation of the organic substrate in water 

and increases the rate of the coupling reaction through the formation of a complex 

with the boron ate. The authors reported that the reaction can be performed 

without the use of a palladium catalyst. 

 

 

 

 Reactions in near-critical water are scarce but they have especially been 

used for hydrolysis and degradative purposes. The first reactions were reported 

by Strauss with the MBR microwave reactor developed at the CSIRO in 

Australia. As an example, degradative hydrolysis of an indole 2-carboxylic ester 

was carried out in which, by controlling the temperature, it was possible to control 

the hydrolysis and the subsequent decarboxylation 
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 Kremsner and Kappe performed a proof-of-concept study that involved a 

wide range of reactions in water at temperatures up to 300°C and pressures up to 

80 bars in a dedicated multimode microwave reactor. They concluded that 

microwave–NCW technology is ideally suited to perform organic synthesis in 

this high-temperature region as it combines the advantages of both techniques. 

 

Ultrasound assisted reactions: 

 A simple, efficient, and general one-pot reaction of aldehydes and ketones 

with amines in the presence of indium (III) chloride as a catalyst provides α-

amino phosphonates. Sonication accelerates the reaction. 

 

 

 

 An iodine (III)-catalyzed oxidative cyclization of 2-hydroxystilbenes using 

10 mol% (diacetoxyiodo)benzene [PhI(OAc)2] as catalyst in the presence of m-

chloroperbenzoic acid provides 2-arylbenzofurans in good to excellent yields. 
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**** 
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CHAPTER - V 

GREEN REACTIONS INVOLVING BASIC PRINCIPLE OF GREEN 

CHEMISTRY 

 

Introduction: 

Professor Paul T. Anastas (Father of Green Chemistry) and John C. Warner 

have postulated have postulated the following twelve principles of green 

chemistry. 

Green chemistry's 12 principles: 

These principles demonstrate the breadth of the concept of green 

chemistry: 

1. Prevent waste: Design chemical syntheses to prevent waste. Leave no waste 

to treat or clean up. 

 

2. Maximize atom economy: Design syntheses so that the final product 

contains the maximum proportion of the starting materials. Waste few or no 

atoms. 

 

3. Design less hazardous chemical syntheses: Design syntheses to use and 

generate substances with little or no toxicity to either humans or the 

environment. 
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4. Design safer chemicals and products: Design chemical products that are fully 

effective yet have little or no toxicity. 

 

5. Use safer solvents and reaction conditions: Avoid using solvents, separation 

agents, or other auxiliary chemicals. If you must use these chemicals, use 

safer ones. 

 

6. Increase energy efficiency: Run chemical reactions at room temperature and 

pressure whenever possible. 
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7. Use renewable feedstocks: Use starting materials (also known as feedstocks) 

that are renewable rather than depletable. The source of renewable 

feedstocks is often agricultural products or the wastes of other processes; the 

source of depletable feedstocks is often fossil fuels (petroleum, natural gas, 

or coal) or mining operations. 

 

8. Avoid chemical derivatives: Avoid using blocking or protecting groups or 

any temporary modifications if possible. Derivatives use additional reagents 

and generate waste. 

 

9. Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic 

reactions. Catalysts are effective in small amounts and can carry out a single 

reaction many times. They are preferable to stoichiometric reagents, which 

are used in excess and carry out a reaction only once. 
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10. Design chemicals and products to degrade after use: Design chemical 

products to break down to innocuous substances after use so that they do not 

accumulate in the environment. 

 

11. Analyze in real time to prevent pollution: Include in-process, real-time 

monitoring and control during syntheses to minimize or eliminate the 

formation of byproducts. 

 

12. Minimize the potential for accidents: Design chemicals and their physical 

forms (solid, liquid, or gas) to minimize the potential for chemical accidents 

including explosions, fires, and releases to the environment. 
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Biomimetic synthesis 

Biomimetic synthesis is an area of organic chemical synthesis that is 

specifically biologically inspired. The term encompasses both the testing of a 

"biogenetic hypothesis" (conjectured course of a biosynthesis in nature) through 

execution of a series of reactions designed to parallel the proposed biosynthesis, 

as well as programs of study where a synthetic reaction or reactions aimed at a 

desired synthetic goal are designed to mimic a one or more known enzymic 

transformations of an established biosynthetic pathway. The earliest generally 

cited example of a biomimetic synthesis is Sir Robert Robinson's organic 

synthesis of the alkaloid tropinone. 

 

A more recent example is E.J. Corey's carbenium-mediated cyclization of 

an engineered linear polyene to provide a tetracyclic steroid ring system,[4] which 

built upon studies of cationic cyclization’s of linear polyenes by the Albert 

Eschenmoser and Gilbert Stork, and the extensive studies of the W.S. Johnson to 

define the requirements to initiate and terminate the cyclization, and to stabilize 
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the cationic carbenium group during the cyclization (as nature accomplishes via 

enzymes during biosynthesis of steroids such as cholesterol). In relation to the 

second definition, synthetic organic or inorganic catalysts applied to accomplish 

a chemical transformation accomplished in nature by a biocatalyst (e.g., a purely 

proteinaceous catalyst, a metal or other cofactor bound to an enzyme, or a 

ribozyme) can be said to be accomplishing a biomimetic synthesis, where design 

and characterization of such catalytic systems has been termed biomimetic 

chemistry. 

Combinatorial chemistry 

Combinatorial chemistry comprises chemical synthetic methods that make 

it possible to prepare a large number (tens to thousands or even millions) of 

compounds in a single process. These compound libraries can be made as 

mixtures, sets of individual compounds or chemical structures generated by 

computer software. Combinatorial chemistry can be used for the synthesis of 

small molecules and for peptides. 

Example: 

A lead compound has a large number of derivatives. Then, the compound 

optimized the potential of the lead compound. Thus, the combinatorial chemistry 

has enabled the large number of substances to be made and their activities 

screened without the magnitude of the effects on the environment. 

Green Chemistry in Sustainable development 

Sustainable development is one of the most frequently used terms in 

today's political debate. Our current understanding of sustainable development as 

a regulatory idea was basically defined by the Agenda 21: “Sustainable 

development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” As a 

consequence, all our individual and political actions should be reflected in the 

light of their societal, economic and ecological sustainability. This claim 

concerns every field of society, among them particularly chemistry and chemistry 

education. Both fields should reflect on how chemistry and chemistry education 

can contribute to more sustainability in our society, today and in future. 
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APPLICATIONS OF GREEN CHEMISTRY PRINCIPLES IN EVERY 

DAY LIFE 

1. Green Dry Cleaning of Clothes: 

Perchloroethylene (PERC), Cl2C=CCl2 is commonly being used as a solvent 

for dry cleaning. It is now known that PERC contaminates ground water and is a 

suspected carcinogen. A technology, known as Micell technology developed by 

Joseph De Simons, Timothy Romark, and James McClain made use of liquid CO2 

and a surfactant for dry cleaning clothes, thereby replacing PERC. Dry cleaning 

machines have now been developed using this technique. Micell Technology has 

also evolved a metal cleaning system that uses CO2 and a surfactant thereby 

eliminating the need of halogenated solvents.  

2. Versatile Bleaching Agents: 

It is common knowledge that paper is manufactured from wood (which 

contains about 70% polysaccharides and about 30% lignin). For good quality 

paper, the lignin must be completely removed. Initially, lignin is removed by 

placing small chipped pieces wood into a bath of sodium hydroxide (NaOH) and 

sodium sulphide (Na2S). By this process about 80-90% of lignin is decomposed. 

The remaining lignin was so far removed through reaction with chlorine gas (Cl2). 

The use of chlorine removes all the lignin (to give good quality white paper) but 

causes environmental problems. Chlorine also reacts with aromatic rings of the 

lignin to produce dioxins, such as 2, 3, 4-tetrachloropdioxin and chlorinated 

furans. These compounds are potential carcinogens and cause other health 

problems. These halogenated products find their way into the food chain and 

finally into products, pork, beef and fish. In view of this, use of chlorine has been 

discouraged. Subsequently, chlorine dioxide was used. Other bleaching agents 

like hydrogen per oxide (H2O2), ozone (O3) or oxygen (O2) also did not give this 

the desired results. A versatile agent has been developed by Terrence Collins of 

Camegie Mellon University. It involves the use of H2O2 as a bleaching agent in 

the presence of some activators known as TAML activators that as catalysts 

which promote the conversion of H2O2 into hydroxyl radicals that are involved in 

oxidation (bleaching). The catalytic of TAML activators allow H2O2 to break 

down more lignin in a shorter time and at much lower temperature. These 

bleaching agents find use in laundry and results in lesser use of water. 
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3. Green Solution to Turn Turbid Water Clear: 

Tamarind seed kernel powder, discarded as agriculture waste, is an effective 

agent to make municipal and industrial waste water clear. The present practice is 

to use Al-salt to treat such water. It has been found that alum increases toxic ions 

in treated water and could cause diseases like Alzheimer’s. On the other hand 

kernel powder is not- toxic and is biodegradable and cost effective. For the study, 

four flocculants namely tamarind seed kernel powder, mix of the powder and 

starch, starch ad alum were employed. Flocculants with slurries were prepared by 

mixing measured amount of clay and water. The result showed aggregation of the 

powder and suspended particles were more porous and allowed water to ooze out 

and become compact more easily and formed larger volume of clear water. Starch 

flocks on the other hand were found to be light weight and less porous and 

therefore didn’t allow water to pass through it easily. The study establishes the 

powder’s potential as an economic flocculants with performance close more 

established flocculants such as K2SO4Al2(SO4)3.24H2O (potash alum). 

 

 

***** 


