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    CHE 477



Problem Set SYNT

Hierarchical Synthesis of Acetic Anhydride Process

Handed out Nov 1. Due Nov 8.

Required Reading:
Read Chapter 17. Synthesis of the PFD from the Genereic BFD and Chapter 18. Synthesis using a process simulator. Read lecture notes.

Other useful references for this topic include:

1. The book "Process Synthesis " by D.F. Rudd, J.F. Siirola, and G.F. Powers
An excellent introductory monograph on the whole topic of process synthesis. There is a chapter on Separation Technology and one on Separation Synthesis. 

2. The book " Separation Processes" by C.J. King is a classic text on all methods of separation. A handy text to have if you take a job in process development or process design.

Problems:

Chlorinated decanes are used heavily in the manufacture of detergents. It is desired to set up a process for the manufacture of monochlorodecane from readily available raw materials.  In this case study we shall examine the alternative processes available and then synthesize an economically viable flowsheet by applying the techniques of process synthesis.

1.
Reaction path screening  (25 points)

Three reaction paths to the manufacture of monochlorodecane (MCD) are given below:

Path 1

C10H22
+ Cl2
light
C10H21Cl2 + HCl

(Decane)
(MCD)

with side reaction

C10H21Cl + Cl2
C10H20Cl2  + HCl


(MCD)
Dichlorodecane (DCD)

The ratio of DCD to MCD in the reaction products is 1 mole:4 mole. 

Path 2

C10H20
catalyst
C10H21Cl

(Decene)

Path 3
C10H21OH + HCl
C10H21Cl + H20

(Decanol)

The cost of raw materials are as shown:


$/lb mole


Decane
4.80


Decene
12.00


Decanol
14.00


Chlorine
1.77


Hydrogen Chloride
1.00 (buying or selling)


Monochlorodecane
16.00


Dichlorodecane
0.00

Which process should be selected for further study? Why? Explain with calculations.

2.
Input-Output Analysis (40 points)

Pilot plant studies on the decane chlorination showed that the side reaction leading to the production of dichlorodecane can be reduced by maintaining a larger excess of decane in the feed.

When a mole ratio of decane to chlorine of 5:1 is maintained in the reactor feed, the ratio of MCD to DCD in the reactor effluent rises to 19:1. All the chlorine in the feed is consumed.

How many moles of decane must be recycled per mole of MCD produced? Draw an input/output structure of the flowsheet showing

a)
raw material requirements

b)
product and byproduct flowrates.  Use a basis of 100 moles/hr of MCD produced.

c)
what is the feed to the separations sytem?

3.
Separation Synthesis (30 points)

The following physical properties are known:

Boiling Point, 0C
Decane                 174

MCD                    215

DCD                    241

HCl                   -85

Cl2                      -34

Apply the heuristic rules one by one.  Discuss the consequence of each.  Synthesize a separation sequence and give the resulting Process flow diagram.

