Chemical Engineering

Problem 3.5

Liquid benzene and liquid n-hexane are blended to form a stream flowing at a rate of 

700 lbm/h.  An on-line densitometer indicates that the stream has a density of 0.850 g/mL.  Using specific gravities from Table B.1, estimate the mass and volumetric feed rates of the hydrocarbons to the mixing vessel (in American engineering units).  State at least two assumptions required to obtain the estimate from the recommended data.   

Substance A= Benzene  (SG = 0.879 from Table B.1)

Substance B= n-hexane (SG = 0.659 from Table B.1)

    Substances A & B

In order to estimate the mass and volumetric flow rates of benzene and n-hexane, two assumptions must be made:

1) It will be assumed that 1 ft3 of solution is present.

2) It will also be assumed that both substances are additive.

The first step in solving the problem is to find the density of benzene and n-hexane.

a

Density (Benzene) = SG * Density H2O = 0.879 * 62.43 lb/ft3 = 54.87 lb/ft3
Density (n-hexane) = SG * Density H2O = 0.659 * 62.43 lb/ft3 = 41.14 lb/ft3
Secondly, all metric units must be converted to American units as stated in the problem.

-The only unit that remains in the metric system is the solution density, therefore


Solution Density =  

We will set up a system of equations that will allow us to determine the mass percent of benzene and n-hexane in solution.

53.06 lb (solution) = X lb (benzene) + Y lb (n-hexane)

Solving for X lb (benzene) = 53.06 lb (solution) – Y lb (n-hexane)

Next, based on the first assumption we will calculate the mass within 1 ft3 for each substance.

                       X lb (benzene)           ft3
                                  Y lb (n-hexane)
ft3

1 ft3= 
    +


  54.87 lb             
41.14 lb

1 ft3 =    53.06 – Y    +     Y

             54.87              41.14

2257.35 = 2182.88 – 41.14Y + 54.87Y

74.47 = 13.73 Y

Y = 5.42 lb (n-hexane)

X = 47.64 lb (benzene)

Once we have determined the mass of each substance within 1 ft3, we can calculate the mass flow rate based on the rate of the overall substance. (FR pg 46)


700 lb
ft3


= 13.19 ft3/h

    h
53.06 lb

Making a comparison of the mass flow rate of the solution to the mass of benzene in 1 ft3/h gives

   13.19 ft3/h     =          1 ft3/h

  Z lb (benzene)      47.64 lb (benzene)

Z = 628.37 lb benzene/h

   = 71.48 lb n-hexane/h

We can convert the mass flow rate of the substance to the volumetric rate via

Density = Mass Flow Rate/Volumetric Flow rate  (FR pg 46)

Volumetric flow rate (Benzene) =                     628.37
= 11.445 ft3/h

                                                                        54.87 lb / ft3

Volumetric flow rate (n-hexane) =                     71.48
= 1.74 ft3/h

                                                                          41.14 lb / ft3

Lastly, the results for the volumetric flow rate can be checked for accuracy by adding the mass and volumetric rates of each substance, which should equal the mass and volumetric rate of the main solution.

Process Unit


Solution Flow Rate = 700 lbm/h


Solution Density = 0.850 g/mL
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For 1 ft3 of solution.








