
GAS ABSORPTION

TECHNIQUES - EXERCISE
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Design packed bed tower

A 10,000 acfm (283,2 m3/min) exhaust from a heat treating process contains 25 

mole percent ammonia, and the average exhaust conditions are 30°C and 1.0 atm.

The efficiency of ammonia removal is 95% based on the following design 

parameters:

• Average tower temperature is 30°C

• Tower preassure is 1.0 atm

• Pure water is used as absorbing liquid

• Water rate is 1.5 times minimum

• Packing is 1.0-in. Ceramic Rasching rings

Estimate:

• Lmin

• The diameter of the packed tower

Use annexes:

• «00_ANNEX 4b_Solubility data»

• « 00_ANNEX 1_Conversion Unit»
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Design packed bed tower

CA xe Pa ye

g NH3/100 g H2O mole NH3/mole liquid mm Hg mole NH3/mole gas

0 0,00 0 0,00

2 0,02 19,3 0,03

3 0,03 29,6 0,04

4 0,04 40,1 0,05

5 0,05 51 0,07

7,5 0,07 79,7 0,10

10 0,10 110 0,14

15 0,14 179 0,24

20 0,17 260 0,34

25 0,21 352 0,46

𝑦𝑒 =
𝑃𝐴
760

𝑥𝑒 =

𝐶𝐴
17

𝐶𝐴
17 +

100
18



Gas Absorption Air Pollution Control 4

Y1=0,25

Y2=0,016

Equilibrium

curve

Operating

line

Graphical representation of the driving force

Since fresh (not recirculated) water is

used, x2 is zero
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The operating lines are not straight, the minimum slope operating lines is defined as

the straight line connecting points (x2, y2 and x*1, y1 and has slope (L’mmin/G’m)

Minimum slope operating line

(x2, y2)

(x*1, y1)

𝐺′𝑚 ∗
𝑦1

1 − 𝑦1
−

𝑦2
1 − 𝑦2

= 𝐿′𝑚,𝑚𝑖𝑛 ∗
𝑥 ∗1

1 − 𝑥 ∗1
−

𝑥2
1 − 𝑥2
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0.75 ∗
0.25

1 − 0.25
−

0.0164

1 − 0.0164
= 𝐿′𝑚,𝑚𝑖𝑛 ∗

0.14

1 − 0.14
−

0

1 − 0

Minimum slope operating line

𝐿′𝑚,𝑚𝑖𝑛=1.457 mol H2O/mol gas

𝐿′𝑚,𝑎=1.5*1.457=2.186 mol H2O/mol gas

The actual water rate is:
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Minimum slope operating line: graphical

representation

L’m=1.45 mol H20/mol gas
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We base the calculation on 1 mole of entering gas

Molecular weight of enetering gas= 0.75*29+0.25*17= 26 g/mol

Conversion factors

1 lbm(pound mass) = 453.59237 g

1 ft = 0,3048 m

Density of water =ρx= 62.15 lb/ft3

Density of air =ρy= (P*MW)/ (R*T)= 0.0652 lb/ft3

𝐺𝑥
𝐺𝑦

∗
𝜌𝑦

𝜌𝑥 − 𝜌𝑦
=
𝐿

𝐺
∗

𝜌𝑦

𝜌𝑥 − 𝜌𝑦
=
2.186 ∗ 18

1.0 ∗ 26
∗

0.0652

62.15 − 0.0652
= 0.047

Tower section
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Tower section

𝐺𝑦
2 ∗ 𝐹𝑝 ∗ 𝜇𝑥

0,2

𝑔𝑐 ∗ (𝜌𝑥 − 𝜌𝑦)𝜌𝑦
= 0.195

𝐺𝑦 = 0.195 ∗
𝑔𝑐 ∗ (𝜌𝑥 − 𝜌𝑦)𝜌𝑦

𝐹𝑝 ∗ 𝜇𝑥
0,2

𝐺𝑦 = gas mass flux lbm/(s*ft2)
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𝐺𝑦 = 0.195 ∗
𝑔𝑐 ∗ (𝜌𝑥 − 𝜌𝑦)𝜌𝑦

𝐹𝑝 ∗ 𝜇𝑥
0,2

Packing is 1.0-in. Ceramic

Rasching rings

Fp=155

• gc=units conversion factors =32.17 ft*lbm/s2*lbf

• 𝜇𝑥 = liquid viscosity cp (0.8)

• 𝜌𝑥 = liquid density lbm/ft3

• 𝜌𝑦 = gas density lbm/ft3

Gy=0.413 lbm/(s*ft2)

≈ 2016 g/s *m2

Tower section

Actual flow Gy *= Gy/2= 

≈ 1008 g/s *m2
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Tower section

G = 283.2 m3/min =4.72 m3/s

Use the ideal gas law to convert the units g/s !!!!

G = 4935.7 g/s

Therefore, the section of the tower can be estimated as:

S= G/G’= 4935/1008= 4,89 m2

𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =
𝑆 ∗ 4

𝜋
≈ 2.5 𝑚


