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Composition, Bonding, Crystal Structure and 

Microstructure Define Materials Properties 



The classification of materials

This is about matter and the different forms of 

matter. Over here we have the simplest form of 

stuff, which is the element. We're going to work our 

way all the way through the table (Periodic Table), 

starting with electronic structure and how 

electronic structure governs stuff. 



According to its Physical State 

Gas 

Solid 

Liquid 







Chemical methods of separation include electrolysis. 

Physical methods of separation include filtration, distillation, and crystallization.

According to their physical structure 



According to The Chemical Structure

Ceramics: Ceramic materials are formed by a combination of 

ionic and covalent bonds. Ceramics encompass a broad 

range of materials, including glass, tired clay products -

bricks, concrete, rocks. porcelain, etc. These materials have 

high strength and stiffness but their lack of fracture 

toughness [l/50 of metals] limits their use in engineering 

applications. Ceramic materials tend to fracture in a brittle 

manner rather than to have plastic deformation. They can be 

used as abrasive materials in industry {Al2O3}. They are also 

durable to high temperatures [refractory materials]. Ceramic 

materials do not conduct heat and electricity well since they 

have no free electrons.





According to The Chemical Structure

Metals: The chemical definition of a metal is an element with one, two, or three valance 

electrons. These elements band into a mass. with metallic bonds. Due to the nature of 

metallic bonds, metals have a very regular and well-defined structure. They conduct heat 

and electricity well (by free electrons). Metals generally have the capability to make 

plastic deformations. (i.e. copper. gold. iron. etc.)

Polymers: Polymers are organic or synthetic materials composed of long molecules of 

covalent bonded nonmetallic elements. such as C. H, O, N. Cl. Pol men; can be classified 

as thermoplastics (polystyrene, PV ), thermosets (epoxy), elastomers or rubbers (elastic 

materials} and natural materials (wood). Examples: polystrene, PVC, rubber, wood, etc.

Composites: The need for materials with properties not found in conventional materials, 

combined with advances in technology, have resulted in combining two or more materials 

to form what are called composite materials. These materials usually combine the best 

properties of their constituents and frequently exhibit qualities that do not even exist in 

their constituents. Examples: concrete. reinforced concrete, etc.



Metals: valence electrons are detached from atoms, and spread. in an 'electron 

sea‘ that "glues." the ions together. Strong, ductile, conduct electricity and heat 

well, are shiny if polished.

Semiconductors: the bonding is covalent (electrons are shared between atoms). 

Their electrical properties depend strongly on minute proportions of 

contaminants. Examples: Si, Ge, GaAs.

Ceramics: atoms behave like either positive or negative ions, and are bound by 

Coulomb forces (electrostatic forces). They are usually combinations of metals 

or semiconductors with oxygen, nitrogen or carbon (oxides, nitrides, and 

carbides). Hard, brittle, insulators. Examples: glass, porcelain.

Polymers: are bound by covalent forces and also by weak van der Waals forces, 

and usually based on C and H. they decompose at moderate temperatures ( 100 

– 400 C ), and are lightweight. Examples: plastics rubber.

According to The Chemical Structure 

More Details



Applications 
Electrical conductor wire 

Automobile engine blocks 

Wrenches 

Window glass 
Refractories for containing molten 
metal 

Transducers for audio equipment 

Food packaging 
Encapsulation of integrated circuits

Adhesives for joining plies in plywood 

Transistors and integrated circuits 
Fiber-optic systems 

Aircraft components 
Carbide cutting tools for machining 

Reactor vessels 

Properties                                                                                               

High electrical conductivity, good formability 

Castable, machinable 

damping 

Significantly strengthened by heat 

treatment 

Optically useful, thermal 

insulating 

Thermal insulating, melt at high 

temperature, relatively inert to molten metal 

Converts sound to electricity 

(Piezoelectric behavior) 

Easily formed into thin, flexible, 

airtight film 

Electrically insulating and 

moisture-resistant Strong, moisture resistant 

Unique electrical behavior 

Converts electrical signals to light 

High strength-to-weight ratio 

High hardness, yet good shock resistance 

Has the low cost and high strength 

of steel, with the corrosion resistance of titanium 

Metals

Copper 

Gray cast iron 

Alloy steels 

Ceramics 

SiO2,-NaO-CaO 

AI2O3, MgO, SiO2. 

Barium titanate

Polymers 

Polyethylene 

Epoxy 

Phenolics

Semiconductors 

Silicon 

GaAs 

Composites 

Graphite-epoxy 

Tungsten carbide 

cobalt 

Titanium-clad steel 




