Tutorial  7
Multiple Reactions
1. Chlorine dioxide is a bleaching agent produced by the following reaction.    

6 NaClO3 + 6 H2SO4 + CH3OH  = 6 NaHSO4 + 6 ClO2 + CO2 + 5 H2O
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2. The catalytic hydration of ethylene is carried out with a single-pass conversion of only 4.5%.  The separator removes all the alcohol and the recycle gas contains 6.5 mol% steams. The molar ratio of steam to ethylene in the mixed feed to the reactor is 0.55.  Calculate the compositions of all streams, and the ratio of steam to ethylene fed to the process.
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3. The recycle reactor shown below oxidizes ethanol to acetic acid with a mixture of dichromate and sulfuric acid.  A 90% overall conversion is achieved with a recycle to ethanol feed ratio of 1:1, a 10% excess of sulfuric acid, and a 20% excess of sodium dichromate.  The recycle stream contains only ethanol and sulfuric acid.  The concentration of acid in the recycle is 94 mol%.  A perfect separation of acetic is achieved.  The reaction occurring is

3C2H5OH + 2NaCr2O7+ 8H2SO4 = 3CH3COOH + 2Cr2(SO4)3 + 2Na2SO4 + 11H2O
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Tutorial 8
Multiple reactions
1. Acetaldehyde can be produced by the catalytic dehydrogenation of ethanol. There is however, a parallel reaction that produces ethyl acetate.

                      C2H5OH   =  CH3CHO  +   H2
                    2C2H5OH   =  CH3COOC2H5 +  2H2 

In a particular reactor, an ethanol conversion of 95% is obtained with an 80% yield of acetaldehyde.  Calculate the product composition assuming the feed consists of pure ethanol.
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Vaporized sulfur is reacted with methane to produce CS2.   There are three reactions known to occur.

                    CH4 + 4S    =  CS2 + 2H2S

                    CH4 + 2S    =  CS2 + 2H2
                    CH4 + 2H2S  =  CS2 +  4H2

2.  A feed containing four mols of sulfur per mol of methane results in a product mix characterized by 90% methane conversion and 70% sulfur conversion.   Calculate the product composition.
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Tutorial 9
Combustion

1. A fuel oil with analysis C:84.0%, H:11.4%, N:1.4%, S:3.2% is burned with air.  The stack is found to contain 2130 ppm by wt (dry basis) of sulfur dioxide.  Determine a chemical formula for the oil on a C-6 basis, and compute the percent excess air that was used in the burner.
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2. Formaldehyde can be produced by partial oxidation of methanol over a silver catalyst.  Formic acid, hydrogen, carbon monoxide, carbon dioxide and water are also produced. An overall yield of formaldehyde of 2/3 is achieved in the process shown below.  The reactor product is scrubbed to separate the light gases, and the residue is distilled to produce pure methanol for recycle.  The scrubber and distillation units are combined into a single separator in the flowsheet.   The reactor inlet stream is 35 mol% methanol and the off-gas composition is H2: 20.2%, CO2 : 4.8%, CO: 0.2%, N2: 74.5%,  O2: 0.3%.   Calculate the compositions of all streams.
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