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The mass and energy balance 

• Most of the reactions are not carried out isothermally. 
• Heat generation/ or adsorption can contribute to theHeat generation/ or adsorption can contribute to the 

temperature of the reaction mixture and e.g. affect the reaction 
rate
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The Energy Balance
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• The work term W can be separated into flow work (work 
necessary to get the mass in and out of the system) and shaft

dt

necessary to get the mass in and out of the system) and shaft 
work (stirrer, turbine etc.) 
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• now we insert this into energy equation and re-group
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The Energy Balance
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• neglecting potential and kinetic energy:

1 1i iin outdt = =

i iE U≅

sysdE
Q W F H F H= − + ⋅ − ⋅∑ ∑

1 1
s i i i i

i iin out

Q W F H F H
dt = =

= − + ⋅ − ⋅∑ ∑

• now we insert this into energy equation and re-group



Steady-State operation: 
the energy balance and Conversion
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The Enthalpies

• The enthalpy at a given temperature will equal to the enthalpy 
of formation + eventual the enthalpy of eventual phase 
t f ti + th l f h ti

• If no phase transformation occurs in the reactor

transformation + enthalpy of heating
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• Heat capacity dependence on the temperature is usuallyHeat capacity dependence on the temperature is usually 
expressed 2
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• In the most of cases we can assume heat capacity constant
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The Enthalpies
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• in most systems the shaft work can be neglected. 
• for an adiabatic system we can derive an explicit equation:
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N it b l d t th• Now it can be solved together 
with the mole balance equation



Solving for adiabatic tubular reactor
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• when pure A enters and ∆CP=0.



Steady state tubular reactor with heat exchange

• If the heat is added or removed through the walls

• Energy balance
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Balance on the coolant heat transfer
• Co-current flow
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Problems (for the class)

• P8.7: (a)-(d)



Problems (for the class)
• Derive the Briggs-Haldane equation
• P7-25 (http://www.engin.umich.edu/~cre/07chap/frames.htm). 

Methanol has been ingested, and after pumping the stomachMethanol has been ingested, and after pumping the stomach 
methanol has an initial concentration of CMi = 0.25 g/dm3 in the 
body:
1 First prove the equations on the left hand side1. First prove the equations on the left hand side.
2. How many grams of ethanol are necessary to retard the 

formation of formaldehyde so that it will not reach the level to 
cause blindness if the ethanol is to be injected immediately?cause blindness if the ethanol is to be injected immediately?

3. What feed rate of ethanol should be used to prevent 
formaldehyde from reaching a concentration of 0.16 g/dm3?

U th f ll i l f V d K f th l l ti th• Use the following values for Vmax1 and KM1 for ethanol neglecting the reverse 
reaction of acetaldehyde to ethanol. As a first approximation, use the same values 
for methanol. Next, vary Vmax2 the initial methanol concentration (0.1 g/dm3 < CM < 
2 g/dm3) (0 1 V < V < 2V ) k and the intravenous injection rate r2 g/dm3), (0.1 Vmax1 < Vmax2 < 2Vmax1), k7, and the intravenous injection rate, rIV.

• There are 10 mg of methanol per 12 ounce can of diet pop. How many cans and 
how fast must you need to drink then to cause blindness. Just estimate, no need to 
modify and run the Polymath programmodify and run the Polymath program.

• KM1 (ethanol) = 1.53 mg/dm3; KM2 (methanol) = 1.07 mg/dm3; Vmax1 (ethanol) = 3.1 mg/(dm3 • 
min); Vmax2 (methanol) 2.16 mg/(dm3 • min)



Problem
(at home)(at home)

• P7-9:


