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Chemical Engineering Thermodynamics 
Quiz 4 

February 7, 2019 
 
Pork lard is composed of about 45% of the triglyceride of oleic acid (18 carbon fatty acid with 
one unsaturated bond) called glyceryl trioleate.  For this problem, consider that lard is composed 
solely of oleic acid triglyceride.  Through saponification (see reaction scheme below) it can be 
converted to soap and glycerol (also called glycerin) both of which are widely used in the 
cosmetic and personal care industry.  After filtration of the crystallized soap (use DHmelting similar 
to DHvap), crude glycerol is obtained by neutralization of the glycerol solution using concentrated 
HCl.  The crude glycerol is then distilled to remove water and oleic acid salt and the liquid 
product.  A second distillation yields 99.9% glycerol and a waste stream.  The table on the next 
page lists the stream compositions.  Use the heat of formation method to fill out the table below 
and: 
 

a) Find the heat needed to cool or heat the saponification reaction (only calculate 
streams 1,2).  State if cooling or heating is needed. 

b) Find the heat duty for the second boiler in the distillation step (only calculate 
streams 5,7,8). 

c) Extra credit: The last distillation is at a high temperature requiring a large heat input and 
possible degradation of the product.  How could this step be improved? 

 

 
NOTE: Soap (Oleic Acid Salt) is a crystalline solid which releases the heat of melting to 
crystallize. 
 

Table of Thermodynamic Parameters 
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Fig. 1.  Reactor Scheme showing reactor, filter, first and second distillation columns. 

 
Molar Composition of the streams (Mole except where noted) 

(On a one mole tiglyceride basis) 
Step 1 2 3 4 5 6 7 8 

Triglyceride 1.1 0.1 xxxx 0.1 0.1 0 0.1 0 
NaOH (L) 3 0 xxxx 0 0 0 0 0 

H2O 17 17 xxxx 15 0 15 0 0 

Oleic Acid 
Salt (S) 0 3 2.8 0 0 0 0 0 

Oleic Acid 
Salt (L) 0 0 xxxx 0.2     

Oleic Acid 
Salt (V) 0 0 xxxx 0 0 0.2 0 0 
Glycerin 

(L) 0 1 xxxx 0.9 0.9 0 0 0 
Glycerin 

(V) 0 0 xxxx 0 0 0 0 0.9 
Temp. °K 298 350 350 298 500 500 600 600 

P Mpa 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
 

Fill This Table With Calculated Enthalpies 
 

Step T °K P Mpa State H kJ DH kJ 
Heat or 
Cool? 

1 298 0.1 L   
    2 350 0.1 L/S   

3 350 0.1 S xxxxxx xxxxxx xxxxxx 
4 298 0.1 L xxxxxx xxxxxx xxxxxx 
5 500 0.1 L   

    

6 500 0.1 V xxxxxx 
7 600 0.1 L   
8 600 0.1 V   
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