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TOPICS

• Review of heat transfer and heat exchangers

• Some fundamental aspects of mass transfer

• Analysis of a packed bed gas absorption tower
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Imperial Flowsheet
Packed Towers

H100
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GAS ABSORPTION/STRIPING
• Mass transfer is the main “business” of the process!

• The absorber is a column packed with a structured packing

• Inlet gas mixture of N2 and CO2

• Absorption liquid is monoethanolamine in water

• reacts reversibly with CO2, to selectively remove CO2 from N2

• The stripping column is packed with a random, metal packing

• Steam flow to reboiler, boils the mixture, reversing the reaction and the 
steam that is generated helps to carry the CO2 out of the column
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ANALYSIS: TWO BASIC PRINCIPLES

• Conservation of mass

• Keep track of chemical species in the two different flows

• Rate of interphase transfer equation

• Analogous to Newton’s Law of cooling

• Driving force is a concentration difference:

• Gas-liquid phase equilibria may include reaction
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GAS-LIQUID PHASE EQUILIBRIA
• We need to make sure we understand the underlying thermodynamics  

The linear result for a complex phenomena is consistent with the 
first term in a Taylor series, or the "locally flat earth" 
approximation.

Henry's law is often a useful approximate for low solubility gases 
in liquids.

Note that as H decreases, the solubility goes up.
Also, H = H(T).  In most cases, H will increase with T.

The linear result for a complex 
phenomenon is consistent with 

either a first term in a Taylor 
series or the “locally flat earth” 

observation.

Henry’s Law is often a useful 
approximation for low 

solubility gases.

Note that as H increases, the 
solubility decreases.

Also, H = H(T).  In most cases, 
H will increase with T.  
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MECHANISMS OF MASS TRANSFER
• Diffusion (analogous to Conduction in heat transfer)

• Transport by random molecular motion gases and liquids.

• Fick’s Law:                    (same as Fourier’s Law) 

• Convection (essentially the same as Convection in heat transfer)

• Transport by net motion of fluid.  (molecular motion that 
is correlated, not random)

• Describe using analog to Newton’s law of cooling
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MASS TRANSFER RATE EQUATION

NA = k A Cgas −C
*( )

k=> mass transfer coefficient
A=> area of contact
NA=> moles across interface/time
C=> molar concentration of CO2  in gas

Flux = rate coefficient *(linear driving force)
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MASS TRANSFER CORRELATIONS
• As with the heat transfer coefficient, we will get values for the mass 

transfer coefficient from correlations of dimensionless groups.

• The Sherwood number, Sh, is the group analogous to the Nusselt 
number.

• The Schmidt number, Sc, is the group analogous to the Prandtl 
number.

• The Colburn “j-factor” j =Sh/(Re Sc1/3) (= f/2) is also used.

• For the same flow situations, the heat transfer and mass transfer 
correlations are exactly the same!
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From R. Treybal, Mass Transfer Operations
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From R. Treybal, Mass Transfer Operations
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THE TWO COLUMNS
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PACKED TOWER FOR GAS ABSORPTION

• kjf/KJQHFK/JGH;’kjvcn;”Lkjheeemxjdmdnj1kj12kj 

350 m2/m3

high contacting area

“Structured” 
packing
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RANDOM PACKING IN 
STRIPPING COLUMN
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PACKED TOWER
• Countercurrent

• greater overall “driving 
force” (concentration difference) 
than if cocurrent (downward!)

• (potentially) no limitation on 
amount of CO2 removed

• could contact lowest 
concentration exiting gas with 
“pure” solvent
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MASS TRANSFER ANALYSIS
• The analysis for gas absorption in a packed tower is very 

similar to the analysis we just did for a heat exchanger.

• First you make sure that you have the mass balances 
correct to keep track of the total flows and the chemical 
species.

• Then you need to match the change in a chemical 
species in a differential slice of column as represented by 
the mass balance, to the rate of interphase transfer from 
the mass transfer equation.



chemeprof.comUniversity of Notre Dame, USA

GAS-LIQUID PHASE EQUILIBRIA
• We need to make sure we understand the underlying thermodynamics  

The linear result for a complex phenomena is consistent with the 
first term in a Taylor series, or the "locally flat earth" 
approximation.

Henry's law is often a useful approximate for low solubility gases 
in liquids.

Note that as H decreases, the solubility goes up.
Also, H = H(T).  In most cases, H will increase with T.

The linear result for a complex 
phenomenon is consistent with 

either a first term in a Taylor 
series or the “locally flat earth” 

observation.

Henry’s Law is often a useful 
approximation for low 

solubility gases.

Note that as H increases, the 
solubility decreases.

Also, H = H(T).  In most cases, 
H will increase with T.  
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ANALYSIS FOR ABSORPTION OF A SLIGHTLY-
SOLUBLE GAS

The phase equilibrium will be represented by 
Henry's Law, y = m x, for gas and liquid phase 
mole fractions, y and x.

Overall mass balance for absorber.  Note that L 
and G are "molar" flow rates for liquid and gas.



chemeprof.comUniversity of Notre Dame, USA

Overall mass balance for absorber.  Note that L 
and G are "molar" flow rates for liquid and gas.

The phase equilibrium will be represented by 
Henry's Law, y = m x, for gas and liquid phase 
mole fractions, y and x.

Side results..
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As for the heat exchanger, the liquid and gas 
concentrations are changing along the device.  
We thus take the same approach of a "differential 
slice" through the column and equate the rate at 
which the gas concentration changes to the rate 
at which CO2 crosses the interface.
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As for the heat exchanger, the liquid and gas 
concentrations are changing along the device.  
We thus take the same approach of a "differential 
slice" through the column and equate the rate at 
which the gas concentration changes to the rate 
at which CO2 crosses the interface.
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DESIRED RESULT:  COLUMN 
HEIGHT, Z

Some conventional lingo

Height of a transfer unit.  Number of transfer units

Some conventional lingo

Height of a transfer unit.  Number of transfer units
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COLUMN HEIGHT IN TERMS OF “HEIGHT OF A 
TRANSFER UNIT” AND NUMBER OF 

“TRANSFER UNITS”
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SIMPLIFICATIONS

The reaction of CO2 with monoethanolamine 
does keep the y* at essential 0 in the pilot plant 
gas absorber.

There would be some error in using this formula 
because the G changes by 5 - 10% in the column

More simplifications

The reaction of CO2 with monoethanolamine 
does keep the y* at essential 0 in the pilot plant 
gas absorber.

There would be some error in using this formula 
because the G changes by 5 - 10% in the column

More simplifications

The reaction of CO2 with monoethanolamine 
does keep the y* at essential 0 in the pilot plant 
gas absorber.

There would be some error in using this formula 
because the G changes by 5 - 10% in the column

More simplifications
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EVALUATE THE INTEGRAL FOR HENRY’S LAW
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CONTINUE THE EVALUATION

• Further simplification 
is possible for a pure 
solvent, x2 =0.

• Note that as A 
increases, the 
absorption process 
gets easier!
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• NOG integral 
values from 
Treybal’s book. 



chemeprof.comUniversity of Notre Dame, USA

A USEFUL NUMBER: CO2 
SOLUBILITY IN WATER
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MASS TRANSFER COEFFICIENT FOR THE MEA 
ABSORBER

• The mole fractions can 
be measured at the 
inlet and outlet.  The 
packing properties and 
flow rate are known

• This would give a 
average  “k” value for 
the entire column. 
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ALTERNATIVE (PREFERRED) MASS TRANSFER ANALYSIS

• There are many different definitions of “k”.  The one above 
gives dimensions of moles*length/time.

• The pilot plant allows measurement of the concentration at 
the entrance, exit and 4 intermediate points along the 
column, so we can get local values of the mass transfer 
coefficient.

• So, don’t integrate the formula and also switch to the 
preferred notation for the pilot plant analysis… 
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“K” FOR PILOT PLANT
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“K” FOR PILOT PLANT
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EXAMPLE PROBLEM
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PRESSURE DROP CORRELATION FOR 
PACKED BEDS: USED TO CHOOSE THE 

CROSS SECTIONAL AREA

• Nominal operation point for Imperial absorber
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ANALYSIS: TWO BASIC PRINCIPLES

• Conservation of mass

• Keep track of chemical species in the two different flows

• Rate of interphase transfer equation

• Analogous to Newton’s Law of cooling

• Driving force is a concentration difference:

• Gas-liquid phase equilibria may include reaction
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MECHANISMS OF MASS TRANSFER
• Diffusion (analogous to Conduction in heat transfer)

• Transport by random molecular motion gases and liquids.

• Fick’s Law:                    (same as Fourier’s Law) 

• Convection (essentially the same as Convection in heat transfer)

• Transport by net motion of fluid.  (molecular motion that 
is correlated, not random)

• Describe using analog to Newton’s law of cooling


