Influence of content and structure of a dispersed phase on formation of type of colloidal structure of petroleum oxidized bitumens
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At the present time most of classifications of bitumens are based on the content of asphaltenes. But it doesn’t always show its real colloidal nature. During investigation the collection of oxidized bitumens consisting of 13 samples was studied. Examined patterns strongly differ on composition and physical-chemical properties. According to rheological investigation two type of colloidal structure of bitumens may be found.
For bitumens of the first type it is typical gradual reduction of activation energy of viscous flow at temperature increase that shows sol structure presence. At the temperature about 65÷85oC system transition to a molecular liquid was observed. Bitumens of second type have more complicated dependence of activation energy on temperature. Up to 65÷75oC low values of activation energy indicate on the gel structure.
On the data of SARA analysis it has also been revealed difference between these two types. Bitumens of the 1 type have lower content of asphaltenes (13÷25 wt. %) in comparison with the 2 type (≈30 wt. %). Parallel with this fact it was discovered distinguishes in the structure of dispersed phase based on the parameters of disperse composition – asphaltenes/(resins + asphaltenes) and resins/asphaltenes, characterizing portion of core and thickness of resins shell, correspondingly. Bitumens of the 2 type have greater core (A/(R+A)=0,46÷0,48) and small resin shell (R/A=1,07÷1,18) contrary to bitumens of the 1 type.
A correlation between structure of asphaltenes (intensity of paramagnetic emanation of free radicals, determined by EPR) and colloidal type of bitumen was discovered. Bitumens of gel type have a high content of free radicals (IR*≈300) and thin resin shell it promotes strong interaction between particles of disperse phase. Bitumens of sol type have a lower content of free radicals (IR*=240÷280) and greater resin shell therefore weaker interaction between particles of disperse phase.
Furthermore it has been discovered bitumens which have high content of asphaltenes (≈35 wt. %) and high viscosity like bitumens of the 2 type, but they are identified as sol structure by the change of activation energy. It has been shown that asphaltenes of these bitumens have the lowest content of free radical (IR*≈130). Therefore they have low activity in intermolecular interactions.
Thus during research it has been revealed that not only concentration of asphaltenes but also their activity (content of paramagnetic particles) is the important factor influencing type of colloidal structure.
