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Bituminous Materials-Chemistry

 Asphalts are Complex Mixtures of Hydrocarbons

 Hydrocarbons are compounds that contain carbon and 

hydrogen.

 Organic Chemistry

 In organic chemistry, hydrocarbons are classified on the basis of 

chemical behavior as saturated or unsaturated.

 Essentially, saturated hydrocarbons have no multiple linkages 

between carbon atoms.

 Unsaturated hydrocarbons contain one or more double or triple 

bonds between carbon atoms and, as a consequence, have a great 

reactivity with other elements. 



Bituminous Materials-Chemistry
 Asphalt Composition

 Asphalts are a complex mixture of hydrocarbons, varying, in the case 
of semi-solid asphalt cements, from low molecular weight 
(approximately 300) materials to very high molecular weight materials 
(larger than 5000).

 Figure illustrates the molecular weight distribution of four penetration 
asphalt cements. 

 Although these materials have the same consistency at a specific 
temperature, 77 F (25C), it can be seen that the size distribution is 
different. It is quite probable that these materials will react differently 
to changes in temperature and behave differently under load. 

 Moreover, the chemical composition of the materials will, in all 
probability, vary in the different molecular weight ranges, depending 
upon the crude oil source.

 Hence, suffice it to say that each material is quite complex unto itself 
and the materials vary considerably among each other chemically.





Bituminous Materials-Chemistry
 Asphalt Composition

 Some generalizations can be made, however, with regard to the 

chemical composition of the semi-solid materials. According to 

Simpson they generally consist of 

 Carbon (70-85%)

 Hydrogen (7-12%)

 Nitrogen (0-1%)

 Sulfur (1-7%)

 Oxygen (0-5%) 

 and small amounts of metals either dispersed in the form 

of oxides and salts or in metal containing organic 

compounds



Bituminous Materials-Chemistry
 Asphalt Composition

 The lighter molecular weight materials contain a 

considerable amount of carbon and hydrogen in the form of chain-

type or aliphatic organic compounds. 

 As the molecular weight increases the tendency toward 

ring type (naphthenic or aromatic) organic compounds is more 

apparent with the side chains attached to the ring sections.

 The very high molecular weight compounds consist 

primarily of the ring type materials with very few side chains of the 

aliphatic variety present. It is in the higher molecular weight ranges 

where the other elements mentioned above, i.e., nitrogen, oxygen, 

sulfur.



Bituminous Materials-Chemistry

 Asphalt Composition

 For convenience, the wide spectrum of organic compounds 

contained in an asphalt are separated into a number of components, 

one commonly used classifications states that asphalts can be 

separated into: 

 ASPHALTENES

 RESINS

 OILS
MALTENES



Bituminous Materials-Chemistry
 Asphalt Composition

 ASPHALTENES are the high molecular weight materials and are 
primarily of an aromatic nature with very few side chains attached. 
The hypothetical asphaltene molecule shown in Figure illustrates 
qualitatively, at least, this composition. It will be noted that sulfur and 
nitrogen are incorporated in the ring structure in this type of material.

 Asphaltenes have been defined by ASTM as: the components of the 
bitumen in petroleum, petroleum products, malthas, asphalt cements, 
and solid native bitumens, which are soluble in carbon disulfide but 
insoluble in paraffin naphthas.

 RESINS are the intermediate molecular weight materials and contain 
more side chains than the asphaltenes. Some sulfur and nitrogen is 
also included in these materials, but to a lesser extent than in the 
asphaltenes. The resins are polar molecules resulting from their 
aromaticity and the inclusion of sulfur. This polar nature gives resins the 
ability to be adsorbed by and to dissolve the asphaltenes.



Bituminous Materials-Chemistry
 Asphalt Composition

 OILS are the lightest molecular weight materials in the asphalt and 

generally have a large number of chains in proportion to the number 

of rings. A number of the materials in this range are naphthenic-type 

closed chains.



Bituminous Materials-Chemistry
 Asphalt Composition (ASPHALTENE)



Bituminous Materials-Chemistry
 Asphalt Composition

 It should be emphasized at this point that the asphaltenes, resins, and 

oils are not three distinct compounds. Rather, there exists a range in 

molecular weights in the oil fraction, the resin fraction, and the 

asphaltene fraction. 

 Moreover, the composition of the materials in each fraction and in 

each asphalt will vary, depending upon the crude source and 

method of manufacture.

 In addition to the classification listed above, other terminology has 

also been used to describe the various components of asphalt. For 

example, the oils plus resins are at times referred to as maltenes.

 Actually, there are many methods used to separate 

asphalts into components for study. Some separation 

techniques are based on chemical reactivity while others 

are based on molecular weight or a combination or both.



Bituminous Materials-Chemistry

 The solution and precipitation method developed by Rostler-
Sternberg

 The chromatic method advance by Corbett

 have been the most widely used.
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 Rostler-Sternberg
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Bituminous Materials-Chemistry
 Corbett Method

 Studies have indicated that 

 SATURATES are better plasticizers than NAPHTHENE 
AROMATICS 

 ASPHALTENES are solution thickeners

 SATURATES and ASPHLATENES produce low temperature 
sensitivity

 POLAR AROMATICS control the ductility of the asphalt 

 ………………………………………………………………… 
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