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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

Solid materials have been grouped into four categories: 

Metals, ceramics, polymers, and composites (engineered combinations of 

two or more different materials). 

PTFE: poly(1,1,2,2)-tetrafluoroethylene)
PVC:Polyvinyl chloride

PS: Polystyrene

PE: Polyethylene

GFRC: Glass fibre-reinforced concrete

CFRC: Carbon fibre reinforced carbon



According to The Chemical Structure

Metals: Metals are composed of one or more metallic elements (e.g., iron, 

aluminum, copper, titanium, gold, nickel). These elements band together in 
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 can make plastic 
deformations. (i.e., copper. Gold. iron. etc.)

Ceramics: are compounds between metallic and nonmetallic elements; 

they are most frequently oxides, nitrides, and carbides. For example, 

common ceramic materials include aluminum oxide (or alumina, Al2O3), 

silicon dioxide (or silica, SiO2), silicon carbide (SiC), silicon nitride (Si3N4), 

and, in addition, those composed of clay minerals (e.g., porcelain), as well 

as cement and glass. ceramic materials are relatively stiff and strong—
stiffnesses and strengths are comparable to those of the metals



Polymers: are organic compounds that are chemically based on 

carbon, hydrogen, and other nonmetallic elements (i.e., O, N, and 

Si). Furthermore, they have very large molecular structures, often 
chainlike in nature, that often have a backbone of carbon atoms. 
Some common polymers are polyethylene (PE), nylon, poly(vinyl 

chloride) (PVC), polycarbonate (PC), polystyrene (PS), and silicone 
rubber. These materials typically have low densities

Composites: A composite is composed of two (or more) individual 

materials that come from the categories previously discussed. The 
design goal of a composite is to achieve a combination of properties 

that are not displayed by any single material and also to incorporate 

the best characteristics of each of the component materials. 
Furthermore, some naturally occurring materials are composites—
for example, wood and bone. However, most of it are synthetic






