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Chemistry for Contractors 101

• Is this Chemistry or Greek?
• Polyurea Basics, Periodic table, reaction basics, reading, 

writing, and talking chemistry

• So why is polyurea… polyurea?
• Isocyanates, amines, chain extenders, and additives

• …and this means what?
• Cure times, hardness, elasticity, tensile strength, and other 

physical properties

• Preparing polyurea formulations
• What does your manufacturer really do?
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• Chemistry basics
• Periodic Table
• Elements and Compounds
• Symbols 

• Reaction Basics
• Polyurea Basics

• Building blocks
• Properties

Presentation content
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Periodic Table
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Some You Might Recognize
• Hydrogen - H
• Carbon - C
• Nitrogen - N
• Oxygen - O
• Helium - He
• Aluminium - Al
• Calcium - Ca
• Potassium - K

• Sodium - Na
• Iron - Fe
• Copper - Cu
• Silver - Ag
• Gold - Au
• Platinum - Pt
• Mercury - Hg
• Lead - Pb

Chemical Elements
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Compounds

• A chemical compound is a substance
consisting of two or more different 
elements chemically bonded together in a 
fixed proportion by mass
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Salt 
Sodium is a soft silvery white metal that reacts 
violently with water with heat release

Chlorine is a powerful oxidant and is used in 
bleaching and disinfectants

Na Cl NaCl = kitchen salt
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Periodic Table
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Bonding

• Reactive Sites
• 1: Hydrogen
• 2: Oxygen
• 3: Nitrogen
• 4: Carbon

Methane
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Short hand and Shorter Hand

CH3CH2CH2CH2CH2CH2CH2CH3

C8H18

Writing a molecule
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Writing a molecule in short

R huh? R’ what? Prime who?

• R represents any unwritten, non-reactive unit
• R’ or R prime is a second unwritten, non-

reactive unit
• There can be any number of Rs in an equation
• In polymers, the R is unreactive, but important 

for the physical properties of the end product
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Writing a reaction

+ Adding together

R non-reactive segment 

R’ A second non-reactive segment

→ Results in…

() Unit “mer”

│ Bond

Λ Understood Carbon

n number
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CH4    +    2O2  → CO2    + 2H2O

Writing a reaction
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Polyurea Basics

• You make polyurea

• Reaction of an isocyanate and amine

• Polymer

“poly” many
“mer” unit

• Polyurea

“poly” many
“urea”
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So, what makes polyurea…

polyurea?

• Amines
• Isocyanate
• The total package 
• Additives

• Pigments
• UV Stabilizers
• Thix agent
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Amines

• An amine occurs when one or more 
hydrogen atoms of an ammonia molecule 
is replaced by an organic compound (any 
compound containing carbon).

• Various amine terminated molecules of 
varying size and type

H2N – R’ – NH2
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Isocyanate

• Influences most of the physical properties
• Aliphatic or Aromatic
• NCO is the reactive portion

OCN – R – NCO

A-Side - Polyisocyanate Pre-Polymer
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Reactive Isocyanate Group

Isocyanate is the functional group of atoms 
–N=C=O (1 nitrogen, 1 carbon, 1 oxygen) 
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Polyurea
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Polyurea

+ Adding together

R non-reactive segment 

R’ A second non-reactive segment

→ Results in…

() Unit “mer”

│ Bond

Λ Understood Carbon

n Number

NCO Isocyanate (Nitrogen, Carbon, Oxygen) 

NH2
Amine (Nitrogen, 
Hydrogen)
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Physical Properties

• A-Side - Polyisocyanate Pre-Polymer 
• B-Side: Resin Formulation

• Amines
• Additives

• Pigment
• UV Stabilizers
• Thix agent
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A-Side - Polyisocyanate Pre-Polymer 

Influences most of the physical properties

• Types of Isocyanate
• NCO content
• The Backbone

Physical Properties



PDA Europe 2009 Annual Conference – Displaying the Phantastic World of Polyurea – Phantasialand, 16-18 November 

24

Toluene diisocyanate (TDI)

C9H6N2O2 

Types of Isocyanate

Methylene diphenyl 4,4'-diisocyanate (MDI)
C15H10N2O2

Isophorone diisocyanate (IPDI) 

4,4'-diisocyanato dicyclohexylmethane (H12MDI)

Hexamethylene diisocyanate (HDI)
C12H18N2O2

C15H18N2O2

C8H12N2O2
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NCO Content

• Reactive Sites of the Isocyanate
• Pre-polymer?
• Range 10 to 25%  
• Hardness, Stiffness, Strength, Speed of 

Reaction
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Oh, that tricky old R

• Effects Chemical/Solvent Resistance
• Effects Strength Properties (Elongation)

The Backbone
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B-Side: Resin Formulation

• Various Amine Terminated Molecules
• Pigments and other Additives
• Chain Extenders

Physical Properties
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Physical Properties

• Vary in size
• Elongation
• Cure Time
• Cross-Linking, “Branching” and Polymer 

Networking

H2N – R’ – NH2

Amine Terminated Molecules
Oh, that R’ again
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Chain Extenders

• Extend the Chain
• Forms hard block

• Build properties
• Regulate Systems Reactivity

• Primary and Secondary Amines
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Pigments and Additives

• Color
• UV Stabilizers
• Adhesion Promoters
• Viscosity reducers
• Thix agents
• …
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What Does Your Formulator Do?

• Develops the Polyurea Systems
• Based on

• Available Raw Materials
• Needed Performance
• Available Equipment

• Blends the Polyurea Systems
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So This all Means What?

• Chemistry Basics
• Polyurea
• Preparing Polyurea Formulations

Safety was not a subject in this presentation but remember 
that you are working with reactive chemicals that need the 
protective measures as described on the product information

Conclusions
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