Handout for Group 1

Q 4.42 Felder and Rousseau

The reaction between ethylene and hydrogen bromide to form ethyl bromide is carried out in a continuous reactor. The product stream is analyzed and found to contain 51.7 mole% C2H5Br and 17.3 mole% HBr. The feed to the reactor contains only ethylene and hydrogen bromide. Calculate the fractional conversion of the limiting reactant and the percentage by which the other reactant is in excess. If the molar flowrate of the feed stream is 165 mol/s, what is the extent of the reaction? (Give its numerical value and units.) 

The first thing to do here is to draw a picture of what is happening. 
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C2H4, C2H5Br
Listed are all of the possible chemicals that could be present in the product stream. This was found by looking at the balanced reaction below. 


C2H4  + HBr

             C2H5Br,

So, it can be seen that this reaction proceeds in a 1:1:1 fashion, where one mole of ethylene reacting with one mole of hydrogen bromide will yield one mole of ethyl bromide. 

Using the mole percents of the given products, 51.7% for C2H5Br, 17.3% for HBr and, because of the fact that there are only three possible chemicals in the product stream, the last 31.0% must be the C2H5Br. 

Writing our extent of reaction equations, we get:


0

                  in  -  out  +  generation  -  consumption  =  accumulation

C2H5Br:  0 + F2, C2H5Br + 1 = 0

C2H4:      F1, C2H4  +  F2, C2H4  -  1=  0 

HBr:       F1, HBr  + F2, HBr  -  1=  0

Now, assuming that there are 100 moles outlet, we realize that because 51.7 moles of C2H5Br had to have been produced by the reaction of HBr and C2H4. Due to the fact that 17.3 moles of HBr are in the product stream and we know that 51.7 moles of HBr had to react, a total of 69 moles of HBr are in the feed stream. Likewise, because 31.0% of the product stream was C2H4 and 51.7 moles had to react, 82.7 moles were in the feed stream. 

In order to determine which reactant was limiting, it was again noticed the reaction preceded 1:1:1. Because only a total of 69 moles of HBr was in the product stream as opposed to 82.7 moles of C2H4, the HBr had to be the limiting reactant. 

To find the fractional conversion of the limiting reactant, the formula was used.

Fractional conversion       =       moles reacted



                 moles fed


     =     51.7 moles HBr reacted    =   0.75



    69 moles HBr fed

To find the percent excess of the C2H4, the following formula was adhered to.

Percent excess     =     moles fed     -     moles theoretical * 100



Moles theoretical


=   82.7 moles C2H4 fed  -   69 moles C2H4  theory     *  100




   69 moles C2H4 theory


=  19.85%

Because 69 moles of HBr and 82.7 moles of C2H4 were in the feed stream, a total of 151.7 total moles of the reactants were in the feed stream. From this, moles fractions were obtained. 

Y HBr = 69 moles HBr

Y C2H4 = 82.7 moles C2H4
              151.7 moles total


   151.7 moles total

         = 0.45




= 0.55

Because we have 165 moles reactants fed, the following amounts of reactants were used.


165 moles fed    0.45 mole HBr 

165 moles fed     0.55 moles C2H4

 1 mole total




    1 mole total

= 74.25 moles HBr



= 90.75 moles C2H4

Using the fractional conversion of 0.75, the amount of HBr that was reacted was found.

(0.75) * 74.25 moles HBr fed  =  55.7 moles HBr reacted

Since HBr is the limiting reactant, only 55.7 moles of C2H4Br were produced. 

Now, going back to the extent of reaction equations now knowing the amount of C2H4Br in the product stream, the of the reaction can be found. 

C2H4Br:  0 + 55.7moles C2H4Br - = 0, = 55.7
