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POLYURETHANES
In this article you will learn the basic chemistry of polyurethanes and how they react with poly-

ols, polyamines, polyacrylates and hybrids via mono-, di- and poly-isocyanates and blocked 

isocyanates to form polyurethanes. Emphasis is placed on the aspect of aqueous polyuretha-

ne formulations.
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3 Chemical principles

3.1 Diisocyanates
Polyurethanes are obtained by the reaction of polyfunctional polyols (in coatings formu-
lations often referred to as component A) and polyfunctional isocyanates (component B). 
The latter are synthesized by oligomerization of monomeric diisocyanates. The diisocy-
anates are usually prepared on an industrial scale by liquid or gas phase phosgenation of 
their corresponding primary amines, and subsequent removal of the excess of monomeric 
isocyanates (see Figures 3.1 and 3.2). [1, 2]

Figure 3.2: Principal technical procedure of manufacture of diisocyanates by phosgenation

Figure 3.1: Manufacture of isocyanates by phosgenation of primary amines

U. Meier-Westhues, K. Danielmeier, P. Kruppa, E. P. Squiller: Polyurethanes
© Copyright: 2019 Vincentz Network GmbH & Co. KG, Hanover, Germany
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Chemical principles

Manufacturers/trade names 
Hexamethylene diisocyanate (HDI) Covestro: “Desmodur” H 

BASF: “Basonat” H” 
Vencorex: “Tolonate” 
Wanhua: “Wannate” HDI 
Asahi KASEI: “Duranate” 50M-HDI

Isophorone diisocyanate (IPDI) 
(3-Isocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate)

Covestro: “Desmodur” I 
Evonik: “Vestanat” IPDI 
Wanhua: “Wannate” IPDI

Bis-(4-isocyanatocyclohexyl)methane (H12MDI) Covestro: “Desmodur” W 
Evonik: “Vestanat” H12MDI 
Wanhua: “Wannate” HMDI

2,4- and 2,6-Toluene diisocyanate (TDI) Covestro: “Desmodur” T 
BASF: “Lupranat” T 
Dow Chemical: “Voranate” T 
Vencorex: “Scuranate” T

Diphenylmethane 4,4’- and/or 

-2,4’-diisocyanate (MDI)

Covestro: “Desmodur” 44 M 
BASF: “Lupranat” M 
Dow Chemical: “Isonate” 
Huntsman: “Suprasec” 
Wanhua: “Wannate” MDI 
and/or 
Covestro: “Desmodur” LS 2424

Table 3.1: Industrial diisocyanates

Alternatively, for selected aliphatic diisocyanates, phosgene-free manufacturing processes 
have been developed. One such process involves the reaction of an amine and an alcohol 
with a urea to give a urethane that is then split at elevated temperatures to yield an isocy-
anate. This process is also used in the industrial production of some diisocyanates, such 
as bis-(4-isocyanatocyclohexyl) methane (see Figure 3.3). [3]

The standard commercial polyisocyanates used in coatings and adhesives are all de-
rived from just a few diisocyanates with aliphatically, cycloaliphatically or aromatically 
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bound isocyanate groups. [4] The most important diisocyanates that are available on an in-
dustrial scale are summarized in Table 3.1.

In addition to these, a number of other monomeric diisocyanates for the manufacture 
of specialty coating and adhesive raw materials have been described. However, these have 
yet to achieve widespread industrial significance. Pentamethylene diisocyanate (PDI) is the 
most recent example. [4] This product, in contrast to petrochemical based diisocyanates, 
is produced from a renewable feedstock with improved carbon footprint versus hexa-
methylene diisocyanate (HDI). Table 3.2 shows some examples of diisocyanate specialities.

With the exception of MDI which has accorded special status on account of its low va-
por pressure, other monomeric diisocyanates have a significant volatility. For occupational 
health reasons, monomeric diisocyanates are generally not used as coating and adhesives 
raw materials. To overcome the hazardous potential related to diisocyanate monomers and 
to achieve low volatility, they must first be converted into higher molecular weight polyiso-
cyanates, using suitable modification reactions like the formation of water-borne polyure-
thane dispersions, UV curable resins, prepolymers, and polyisocyanate crosslinkers. When 
necessary, the removal of the monomeric diisocyanates is done as part of the production 
process of these modified products. These components and different classes of polyure-
thane resins will be covered in subsequent chapters.

3.2 Isocyanate reactions
The most important type of reactions involving isocyanates is the addition of compounds 
containing active hydrogen atoms, especially polyols, polyamines, and to some much 
lesser extent thiols and carboxylic acids. Table 3.3 provides an overview of basic reactions 
of the isocyanate group.

Figure 3.3: Manufacture of organic isocyanates via the urea route



E C  T E C H  R E P O R T  |  H I G H  P E R F O R M A N C E  P O LY U R E T H A N E S

1 0    F U N D A M E N TA L S

Polyurethane coatings

34 

Manufacturer/trade name 
Xylylene diisocyanate (XDI)  
1,3-bis(isocyanatomethyl)benzene

Mitsui Chemicals: “Takenate” 500

Hydrogenated xylylene diisocyanate (H6-XDI)  
1,3-bis(isocyanatomethyl)cyclohexane 

 

Mitsui Chemicals: “Takenate” 600

2,2,4- and 2,4,4-Trimethyl-1,6-diisocyanatohexane  Evonik: “Vestanat” TMDI

Tetramethylxylylene diisocyanate (TMXDI) [5]  
1,3-bis(2-isocyanatoprop-2-yl)benzene

 

Allnex: TMXDI

1,5-Pentamethylene diisocyanate 

 

Covestro: “Desmodur” P 
Mitsui Chemicals: “STABiO”

Triphenylmethane-4,4’,4’’-triisocyanate Covestro: “Desmodur” RE

Tris(p-isocyanatophenyl)thiophosphate 

 

Covestro: “Desmodur” RFE 

Table 3.2: Diisocyanate specialties (selection) 
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Table 3.3: Schematic reaction principles of isocyanates

Reaction with Reaction equation 
Alcohol to urethane 

Urethane to allophanate 

Amine to urea

Water to urea 

 

Urea to biuret [7]

Carboxylic acid to amide [8a]

Amide to acyl urea

Anhydride to imide 

Epoxide to oxazolidone 

Oxime to oxime carbamate 

Carbon dioxide to oxadiazinetrione [8b]


