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Chemistry 

Theory 

Cement 

Cement is a binder, a substance used for construction that sets, hardens, and adheres to 

other materials to bind them together. Cement is seldom used on its own, but rather to bind sand 

and gravel (aggregate) together. Cement mixed with fine aggregate produces mortar for masonry, 

or with sand and gravel, produces concrete. Concrete is the most widely used material in 

existence and is only behind water as the planet's most-consumed resource.  

Cements used in construction are usually inorganic, often lime or calcium silicate based, which 

can be characterized as non-hydraulic or hydraulic respectively, depending on the ability of the 

cement to set in the presence of water (see hydraulic and non-hydraulic lime plaster). 

Non-hydraulic cement does not set in wet conditions or under water. Rather, it sets as it dries and 

reacts with carbon dioxide in the air. It is resistant to attack by chemicals after setting. 

Hydraulic cements (e.g., Portland cement) set and become adhesive due to a chemical 

reaction between the dry ingredients and water. The chemical reaction results in 

mineral hydrates that are not very water-soluble and so are quite durable in water and safe from 

chemical attack. This allows setting in wet conditions or under water and further protects the 

hardened material from chemical attack. The chemical process for hydraulic cement was found 

by ancient Romans who used volcanic ash (pozzolana) with added lime (calcium oxide). 

The word "cement" can be traced back to the Roman term opus caementicium, used to 

describe masonry resembling modern concrete that was made from crushed rock with burnt 

lime as binder. The volcanic ash and pulverized brick supplements that were added to the burnt 

lime, to obtain a hydraulic binder, were later referred to as cementum, cimentum, cäment, 

and cement. In modern times, organic polymers are sometimes used as cements in concrete. 

 

Non-hydraulic cement 

 

Calcium oxide obtained by thermal decomposition of calcium carbonate at high temperature 

(above 825 °C). 

Non-hydraulic cement, such as slaked lime (calcium oxide mixed with water), hardens 

by carbonation in contact with carbon dioxide, which is present in the air (~ 412 vol. ppm ≃ 0.04 

vol. %). First calcium oxide (lime) is produced from calcium carbonate (limestone or chalk) 

by calcination at temperatures above 825 °C (1,517 °F) for about 10 hours at atmospheric 

pressure: 

CaCO3 → CaO + CO2 
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The calcium oxide is then spent (slaked) mixing it with water to make slaked lime (calcium 

hydroxide): 

CaO + H2O → Ca(OH)2 

Once the excess water is completely evaporated (this process is technically called setting), the 

carbonation starts: 

Ca(OH)2 + CO2 → CaCO3 + H2O 

This reaction is slow, because the partial pressure of carbon dioxide in the air is low 

(~ 0.4 millibar). The carbonation reaction requires that the dry cement be exposed to air, so the 

slaked lime is a non-hydraulic cement and cannot be used under water. This process is called 

the lime cycle. 

 

Hydraulic cement 

 

Conversely, hydraulic cement hardens by hydration of the clinker minerals when water is added. 

Hydraulic cements (such as Portland cement) are made of a mixture of silicates and oxides, the 

four main mineral phases of the clinker, abbreviated in the cement chemist notation, being: 

C3S: Alite (3CaO·SiO2); 

C2S: Belite (2CaO·SiO2); 

C3A: Tricalcium aluminate (3CaO·Al2O3) (historically, and still occasionally, 

called celite); 

C4AF: Brownmillerite (4CaO·Al2O3·Fe2O3). 

The silicates are responsible for the cement's mechanical properties — the tricalcium aluminate 

and brownmillerite are essential for the formation of the liquid phase during the sintering (firing) 

process of clinker at high temperature in the kiln. The chemistry of these reactions is not 

completely clear and is still the object of research.  

Portland cement 

Portland cement is by far the most common type of cement in general use around the world. This 

cement is made by heating limestone (calcium carbonate) with other materials (such as clay) to 

1,450 °C (2,640 °F) in a kiln, in a process known as calcination that liberates a molecule 

of carbon dioxide from the calcium carbonate to form calcium oxide, or quicklime, which then 

chemically combines with the other materials in the mix to form calcium silicates and other 

cementitious compounds. The resulting hard substance, called 'clinker', is then ground with a 

small amount of gypsuminto a powder to make ordinary Portland cement, the most commonly 

used type of cement (often referred to as OPC). Portland cement is a basic ingredient 

of concrete, mortar, and most non-specialty grout. The most common use for Portland cement is 

to make concrete. Concrete is a composite material made of aggregate (gravel and sand), cement, 

and water. As a construction material, concrete can be cast in almost any shape, and once it 

hardens, can be a structural (load bearing) element. Portland cement may be grey or white. 

 

Ceramics 
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A ceramic, potter's clay is a solid material comprising an inorganic 

compound of metal or metalloid and non-metalwith ionic or covalent bonds. Common examples 

are earthenware, porcelain, and brick. 

The crystallinity of ceramic materials ranges from highly oriented to semi-crystalline, vitrified, 

and often completely amorphous (e.g., glasses). Most often, fired ceramics are either vitrified or 

semi-vitrified as is the case with earthenware, stoneware, and porcelain. Varying crystallinity 

and electron composition in the ionic and covalent bonds cause most ceramic materials to be 

good thermal and electrical insulators (extensively researched in ceramic engineering). With 

such a large range of possible options for the composition/structure of a ceramic (e.g. nearly all 

of the elements, nearly all types of bonding, and all levels of crystallinity), the breadth of the 

subject is vast, and identifiable attributes (e.g. hardness, toughness, electrical conductivity, etc.) 

are difficult to specify for the group as a whole. General properties such as high melting 

temperature, high hardness, poor conductivity, high moduli of elasticity, chemical resistance and 

low ductility are the norm,[1] with known exceptions to each of these rules (e.g. piezoelectric 

ceramics, glass transition temperature, superconductive ceramics, etc.). Many composites, such 

as fiberglassand carbon fiber, while containing ceramic materials, are not considered to be part of 

the ceramic family.  

 

Crystalline ceramics 

Crystalline ceramic materials are not amenable to a great range of processing. Methods for 

dealing with them tend to fall into one of two categories – either make the ceramic in the desired 

shape, by reaction in situ, or by "forming" powders into the desired shape, and then sintering to 

form a solid body. Ceramic forming techniques include shaping by hand (sometimes including a 

rotation process called "throwing"), slip casting, tape casting (used for making very thin ceramic 

capacitors), injection molding, dry pressing, and other variations. 

Noncrystalline ceramics 

Noncrystalline ceramics, being glass, tend to be formed from melts. The glass is shaped when 

either fully molten, by casting, or when in a state of toffee-like viscosity, by methods such as 

blowing into a mold. If later heat treatments cause this glass to become partly crystalline, the 

resulting material is known as a glass-ceramic, widely used as cook-tops and also as a glass 

composite material for nuclear waste disposal. 

 

Insecticide 

Insecticides are substances used to kill insects. They include ovicides and larvicides used against 

insect eggs and larvae, respectively. Insecticides are used in agriculture, medicine, industry and 

by consumers. Insecticides are claimed to be a major factor behind the increase in the 20th-

century's agricultural productivity. Nearly all insecticides have the potential to significantly alter 

ecosystems; many are toxic to humans and/or animals; some become concentrated as they spread 

along the food chain. 
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Insecticides can be classified into two major groups: systemic insecticides, which have residual 

or long term activity; and contact insecticides, which have no residual activity. 

The mode of action describes how the pesticide kills or inactivates a pest. It provides another 

way of classifying insecticides. Mode of action can be important in understanding whether an 

insecticide will be toxic to unrelated species, such as fish, birds and mammals. 

Insecticides may be repellent or non-repellent. Social insects such as ants cannot detect non-

repellents and readily crawl through them. As they return to the nest they take insecticide with 

them and transfer it to their nestmates. Over time, this eliminates all of the ants including the 

queen. This is slower than some other methods, but usually completely eradicates the ant colony.  

Insecticides are distinct from non-insecticidal repellents, which repel but do not kill. 

Pigment 

A pigment is a material that changes the color of reflected or transmitted light as the result 

of wavelength-selective absorption. This physical process differs 

from fluorescence, phosphorescence, and other forms of luminescence, in which a material emits 

light. Most materials selectively absorb certain wavelengths of light. Materials that humans have 

chosen and developed for use as pigments usually have special properties that make them useful 

for coloring other materials. A pigment must have a high tinting strength relative to the materials 

it colors. It must be stable in solid form at ambient temperatures. 

For industrial applications, as well as in the arts, permanence and stability are desirable 

properties. Pigments that are not permanent are called fugitive. Fugitive pigments fade over time, 

or with exposure to light, while some eventually blacken. Pigments are used for 

coloring paint, ink, plastic, fabric, cosmetics, food, and other materials. Most pigments used 

in manufacturing and the visual arts are dry colorants, usually ground into a fine powder. For use 

in paint, this powder is added to a binder (or vehicle), a relatively neutral or colorless material 

that suspends the pigment and gives the paint its adhesion. A distinction is usually made between 

a pigment, which is insoluble in its vehicle (resulting in a suspension), and a dye, which either is 

itself a liquid or is soluble in its vehicle (resulting in a solution). A colorant can act as either a 

pigment or a dye depending on the vehicle involved. In some cases, a pigment can be 

manufactured from a dye by precipitating a soluble dye with a metallic salt. The resulting 

pigment is called a lake pigment. The term biological pigment is used for all colored substances 

independent of their solubility.  

In 2006, around 7.4 million tons of inorganic, organic and special pigments were marketed 

worldwide estimated at around US$14.86 billion in 2018 and will rise at over 4.9% CAGR from 

2019 to 2026. Asia has the highest rate on a quantity basis followed by Europe and North 

America.[3] The global demand on pigments was roughly US$20.5 billion in 2009. 

 

Paint 

Paint is any pigmented liquid, liquefiable, or solid mastic composition that, after application to 

a substrate in a thin layer, converts to a solid film. It is most commonly used to protect, color, or 

provide texture to objects. Paint can be made or purchased in many colors—and in many 

different types, such as watercolor or synthetic. Paint is typically stored, sold, and applied as a 
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liquid, but most types dry into a solid. Most paints are either oil-based or water-based and each 

have distinct characteristics. For one, it is illegal in most municipalities to discard oil based paint 

down household drains or sewers. Solvents for clean up are also different for water based paint 

than they are for oil based paint. Water-based paints and oil-based paints will cure differently 

based on the outside ambient temperature of the object being painted (such as a house.) Usually 

the object being painted must be over 10 °C (50 °F), although some manufacturers of external 

paints/primers claim they can be applied when temperatures are as low as 2 °C (35 °F). 

Solar energy 

 

Solar energy is radiant light and heat from the Sun that is harnessed using a range of ever-

evolving technologies such as solar heating, photovoltaics, solar thermal energy, solar 

architecture, molten salt power plants and artificial photosynthesis.  

It is an essential source of renewable energy, and its technologies are broadly characterized as 

either passive solar or active solar depending on how they capture and distribute solar energy or 

convert it into solar power. Active solar techniques include the use of photovoltaic 

systems, concentrated solar power, and solar water heating to harness the energy. Passive solar 

techniques include orienting a building to the Sun, selecting materials with favorable thermal 

mass or light-dispersing properties, and designing spaces that naturally circulate air. 

The large magnitude of solar energy available makes it a highly appealing source of electricity. 

The United Nations Development Programme in its 2000 World Energy Assessment found that 

the annual potential of solar energy was 1,575–49,837 exajoules(EJ). This is several times larger 

than the total world energy consumption, which was 559.8 EJ in 2012.  

In 2011, the International Energy Agency said that "the development of affordable, inexhaustible 

and clean solar energy technologies will have huge longer-term benefits. It will increase 

countries' energy security through reliance on an indigenous, inexhaustible, and mostly import-

independent resource, enhance sustainability, reduce pollution, lower the costs of 

mitigating global warming, and keep fossil fuel prices lower than otherwise. These advantages 

are global. Hence the additional costs of the incentives for early deployment should be 

considered learning investments; they must be wisely spent and need to be widely shared". 

 

Wind Power 

Wind power or wind energy is the use of wind to provide the mechanical power through wind 

turbines to turn electric generators and traditionally to do other work, like milling or pumping. 

Wind power is a sustainable and renewable energy, and has a much smaller impact on the 

environment compared to burning fossil fuels. 

Wind farms consist of many individual wind turbines, which are connected to the electric power 

transmission network. Onshore wind is an inexpensive source of electric power, competitive with 

or in many places cheaper than coal or gas plants. Onshore wind farms also have an impact on 

the landscape, as typically they need to be spread over more land than other power stations and 

need to be built in wild and rural areas, which can lead to "industrialization of the 

countryside and habitat loss. Offshore wind is steadier and stronger than on land and offshore 
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farms have less visual impact, but construction and maintenance costs are higher. Small onshore 

wind farms can feed some energy into the grid or provide electric power to isolated off-grid 

locations.  

The wind is an intermittent energy source, which cannot make electricity nor be dispatched on 

demand. It also gives variable power, which is consistent from year to year but varies greatly 

over shorter time scales. Therefore, it must be used together with other electric power sources or 

storage to give a reliable supply. As the proportion of wind power in a region increases, more 

conventional power sources are needed to back it up (such as fossil fuel power and nuclear 

power), and the grid may need to be upgraded. Power-management techniques such as 

having dispatchable power sources, enough hydroelectric power, excess capacity, geographically 

distributed turbines, exporting and importing power to neighboring areas, energy storage, or 

reducing demand when wind production is low, can in many cases overcome these 

problems. Weather forecasting permits the electric-power network to be readied for the 

predictable variations in production that occur.  

In 2018 wind supplied 4.8% of worldwide electricity, with the global installed wind power 

capacity reaching 591 GW. Wind power supplied 15% of the electricity consumed in Europe in 

2019. Denmark is the country with the highest penetration of wind power, with 43.4% of its 

consumed electricity from wind in 2017. At least 83 other countries are using wind power to 

supply their electric power grids.  

 

 

Project 

1. Students are advised to make a project on tomato sauce preparation up to 3 

(three) pages. 
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