CE 407 Notes
Single-stage absorption

Today’s quotation: “I'm NOT eating the gravy and that’s FINAL!!!”
Elroy Hutch, just after deciding not
to eat the gravy

1. 120 m? of a 30 °C gas mixture with composition 96 mole percent air(3),
4 mole percent acetone(1) is contacted with 160 kg of 30 °C pure water(2).
The vapor-liquid system is allowed to come to equilibrium isothermally at
30 °C at a constant pressure of 1.2 atm. What are the final compositions
of the liquid and vapor phases? You should neglect dissolution of air in the
liquid but you must account for evaporation of water. Thus, the vapor phase
contains all three components, but the liquid phase contains only acetone(1)
and water(2).

Data and assumptions: The vapor phase behaves as an ideal gas. Henry’s
law holds for acetone with Henry’s law constant k; = 1440 mm Hg at 30 °C.
Raoult’s law holds for water. The saturated vapor pressure of water at 30 °C
is 0.0419 atm.

2. (Simpler version of Problem 1 = COOL man!) 120 m?® of a 30 °C gas
mixture with composition 96 mole percent air(3), 4 mole percent acetone(1)
is contacted with 160 kg of 30 °C pure water(2). The vapor-liquid system is
allowed to come to equilibrium isothermally at 30 °C at a constant pressure
of 1.2 atm. What are the final compositions of the liquid and vapor phases?
You should neglect both dissolution of air in the liquid and evaporation of
water. Thus, the vapor phase contains only acetone(1) and air(3), and the
liquid phase contains only acetone(1) and water(2).

Data and assumptions (Simpler version of the problem = less data needed!):
The vapor phase behaves as an ideal gas. Henry’s law holds for acetone with
Henry’s law constant k; = 1440 mm Hg at 30 °C.



3. 10 m? of 25 °C contaminated air (composition 90 mole percent air, 10 mole
percent benzene) is to be cleaned up by contact and equilibration with 400
mol of an absorption oil (which forms an ideal liquid solution with benzene)
under isothermal conditions at atmospheric pressure. What is the compo-
sition of the final gas? How many moles of benzene are absorbed by the
liquid?

Data and assumptions: Neglect any evaporation of oil as well as dissolution
of air in the liquid. The vapor phase behaves as an ideal gas. The saturated
vapor pressure of benzene at 25 °C is 95 mm Hg.
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# The two unknowns are nll and n2l
#
# Equation (1) can be written as f1(nll,n2l) = O,
# where fl(nll,n2l1) is the function
i
f1 := (nil,n2l) -> (232 - nll)
/ (232 - nll + 8881 - n2l1 + 5557)
- 1440 7/ 1.2 / 760 * nll / (nll + n2l);

232 —nil 1.578947568 nif
14670 —nill — n2i nil+n2f

fl = (nil,n2l) -

#
# Equation (2) can be written as £2(nll,n2l) = 0,
# where f2(nil,n2l1) is the function
#
£2 := (nll,n2l) =~> (8881 - n2l)
/ (232:-- nll + 8881 - n2l + 5557)
- 0.0419 / 1.2 * n21 / (nll + n2l);

8881 —n2/ 034916666067 n2!
14670 - nil—n2l  nll+n2!

2 =(nil,n2l) >

#
# Solve the two equations simultaneously for the
# two unknowns

#
fsolve({fl(nll,n21) = 0, £2(nlli,n21) = 0},
(nll'nzl}’ S
{n1l = 0..232,°N71 = 0..8881)); ey
M -~
r,“ {nll=112,8481606, n2/ = 8678.367352 } i ¥
# \
/
# What fun!! \-\\_‘ P
# P pp—
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