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Cyclohexanone Design Case Study: 

Problem Definition

This problem is adapted from the an AIChE Student Contest Problem. The problem is to evaluate the feasibility of constructing a plant to convert cyclohexanol to cyclohexanone. A preliminary design report which summarizes the process design, the capital and operating cost requirements and economic profitability is needed.

A large chemical company has an excess capacity of about 10 million pounds per year of cyclohexanol. The research department in the company has developed a new catalyst for converting the cyclohexanol into cyclohexanone through the reaction:


Reaction 1:    cyclohexanol (A)                     cyclohexanone (B) + H2
However there is also an undesirable side reaction:


Reaction 2:   cyclohexanol + cyclohexanone                 2-cyclohexyloxy-cyclohexanol

Also called, High-boiler  (C)

where high-boiler is a compound that boils at a high temperature. The reaction takes place in the liquid phase and the catalyst is a fine granular solid with the consistency of sand. The hydrogen evolves as a gas in the reactor. The reaction kinetics have been measured and are as follows for reactions 1 and 2:




We have assumed that the concentrations are expressed in SI units( kgmoles/m3). All reactions take place in the liquid phase. The catalyst concentration is 3 % by weight in the reactor. The catalyst deactivates with time and 0.2 lb. of fresh catalyst must be added per 100 LB of fresh cyclohexanol fed to the process. The reaction must be carried out in the temperature range of 200-250 F. 

Other specifications:

The material of construction used is carbon steel throughout. There are no present uses for the highboiler or the by-product hydrogen other than as fuel. Hence the fuel credit from these by-products may be assumed to balance their handling costs.  The plant may be assumed to operate 8000 hr./yr. 

Physical Properties 

Data for cyclohexanol and cyclohexanone are available in the data banks. The highboiler properties are not available in any of the data banks and hence must be estimated from its structure.

The molecular structure of the Highboiler is as follows. Here S represents a saturated ring.
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Other experimental data available:

Property


Cyclohexanol(A)
Cyclohexanone(B)

Critical Temperature
625 K
629 K

Critical Pressure
37 atm
38 atm.

Normal Boiling Point
161.1 C
156.7 C

Melting point
23.9 C
-45 C

Antoine Equation Constants  log10 p = a + b / ( c+t); p in mm Hg, t in deg C



a
8.0841
7.3115

b
-2064.7
-1738.8

c


235.53
236.79

Density of liquid d =  a+b*t , d in g/cc, t in deg C



a
.9627 
.9625

b
-.0007587
-.000852

Feed Stream Specifications

Feed Flow rate
1000 lb./hr

Composition

99 wt% A




 1 wt % B

Temperature

77 F

Pressure

14.7 psia

Product Specifications:

Product cyclohexanone must be 95 wt% pure with 5% of cyclohexanol and trace amounts of highboiler.

Cost Data

Cyclohexanol

$0.59/LB

Cyclohexanone

$1.25/LB
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