Example Problem 1:

We want to look at the hypothetical cracking reaction:

     C20H42     (     C8H18    +    C6H12    +    C4H8    +    C2H4

   Eicosane            Octane        Hexene        Butene       Ethylene

This reaction is hypothetical in that all these products can be found when cracking Eicosane, but so can hundreds of others.  This is a feasible set of products could occur as a net reaction products for Eicosane.  It is a balanced fomula.s the First Law of Thermodynamics.  That is, it obeys the First Law of Thermodynamics in that the number of H and C atoms in the reactant equals the number of H and C atoms in the product.  

Let us calculate the yield of gasoline that would result from Eicosane in this equation.  To do this we must do some simple chemical calculations.  From chemistry we know that each element or molecule has an atomic or molecular weight.  A gram mole (sometimes called a mole for short) of an element or molecule is its atomic or molecular weight in grams.  When dealing with hydrocarbons we need only to know that hydrogen and carbon have atomic weights of one and 12, respectively.  Using these two atomic weights we can calculate the molecular weight (MW) of any hydrocarbon.  For example:  

    MW of Eicosane   =  12 x 20 C atoms  +  1 x 42 H atoms  =  282 gms/gm mole

    MW of    Octane   =  12 x   8 C atoms  +  1 x 18 H atoms  =  114 gms/gm mole

    MW of    Hexene  =  12 x   6 C atoms  +  1 x 12 H atoms  =    84 gms/gm mole

    MW of    Butene   =  12 x   4 C atoms  +  1 x   8 H atoms  =    56 gms/gm mole

    MW of  Ethylene  =  12 x   2 C atoms  +  1 x   4 H atoms  =    28 gms/gm mole

Returning to our equation, we see that if we assume one mole of Eicosane reacts we will produce one mole of each of our reaction products.  That is:

282 gms Eicosane  (  114 gms Octane  +  84 gms Hexene  +  56 gms Butene + 28 gms Ethylene

The volatility of gasoline is restricted by law to avoid excessive evaporation, so Butene and Ethylene are not including in gasoline.  In many refineries, Ethylene is recovered and used in petrochemicals and butylenes is used as a feed in the alkylation process as discussed in the text.

Hexene and Octane are found in every gallon of gasoline produced in refineries today.  So the yield of gasoline from Eicosane by this reacton is:



Gasoline Yield = (114 + 84)/282  =  0.702 or 70.2 % weight

Let’s calculate the total % volume yield of gasoline.  To convert mass (gms) to volume (cc) we must divide by the density (gms/cc).  The densities at 20º C of Eicosane, Octane and Hexene are 0.7886, 0.7025, and 0.6731 gm/cc, respectively. 

      282 gms of Eicosane =  282gms/(0.7886gms/cc) = 357.6 cc of Eicosane

      114 gms of    Octane =  114gms/(0.7025gms/cc) = 162.3 cc of Octane

        84 gms of   Hexene =    84gms/(0.6731gms/cc) = 124.8 cc of Hexene

                        Gasoline Yield =(162.3 + 124.8)/347.6 = 0.764 or 76.4% volume        

