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l You may have noted that vapor-liquid equilibrium (VLE) data for distillation is always at a
given pressure (and no specified temperature), whereas data for absorption/stripping, for

example, Henry’s law (y4= mx,), are at a given pressure and temperature.

To understand this, one may consider a column with given pressure and assume we know
the liquid stage composition of A (x4) (or vapor stage composition y.). In a distillation column
(separating A and B), the stage temperature is then given, but not in an absorber/stripper
(transferring A between inert B and C).

Explain why using Gibbs’ phase rule.

Comment: The important impli of this is the foll 5

1. In distillation, we have a “boiling mixture” on all stages. If you in a distillation column
decrease the temperature of the feed (so maybe it is subcooled), then this will lead to
some condensation of vapor at the feed stage (which you would have to compensate for
by increasing the boil up), but the temperature change inside the column will be very
small.

In absorption/stripping, we do NOT have a “boiling mixture”. In an absorption column,
if you decrease the temperature of the liquid feed (in the top), then this will lead to a
decrease in temperature in the entire column (the vapor will also be cooled, but it does
not condense because it is “inert”, for example, air will not condense).

Thus, one can ind dently control and ition in absorption but not in
distillation.
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This exercise will give you some understanding of the problems with the “moon landing” [
project on Mongstad (which is even more difficult because the gas from a natural gas power
plant contains less than 5% COz). )
A combustion gas (22 kmol/s) from a large coal-fired power plant contains 11.76% CO2 <~
(mole-%); the rest is air with a bit low O2-content. We want to remove about 90% of the CO2
so that the cleaned gas contains 1.16% CO2. This is done by contacting the combustion gas
with a water-amine solution'in a packed absorption column at about 60C and 1.2 bar. The
water-amine feed solution contains 2.19% COz (it comes from a stripping column used for
regeneration), and the enriched solution leaving the bottom contains 5.32% COx.

a. Assume constant inert flows for air (V') and water-amine (L') through the column. Find '
L'and V', the total feed of amine solution (Lo), and the product rates (Lvand Vo). N
. LN \l/ VNl
2 - \
Boseer ol beresninges p COL: P L2 boc=l20 R i
- (0°C 353K
Vi = 22 kanol/s T
Yun 20,1176

A\r k L() 2

Yo = O 01 A ot yud l‘var}Wluufs alle gesser | /MHMWW Som

Xy=0,021% iy <0 0,0 = \/’;\/uﬂ'y&”f“\/’w U‘W')
Xy = 00532 = \/'= 194 kwols

Molboelanse Oves 595%{ med Wnsyw p CO_ gie:
\jN*\' \ONH * % = \(l W+ LM*X,\)

Tilevmrende Som for \/ vil \/ AV U Yu)

=2 Vs
VN) %
Yo |
] I /
SR S ,Lw‘ L
l‘yl\)ﬂ %m | =% ° “Y - Xy

L\L\/\M&ﬁ\yﬁw 93(: L)N 69, %006 Lol /s

| L= 604 Ll/s
LO;TL_—X; - 7,27 [cyno\/é

Tilewseends i dpamads L= 7972 wells oy VL= [, ¢4 bwil




b What is the diameter of the column, given that the superficial gas velocity (neglecting
the area taken by the packings and liquid) is 2 m/s.
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9 Equilibrium data is given in the table below. Is it reasonable to use Henry’s law in this Hﬂ'\r\’g ‘ [OVAR Kl‘ < ¥, ( KA’ Vid Wﬂ.y\"})
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J) Determine the number of stages required (using a graphical solution). gf‘
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8) Comment: The operating line is (show this!)
yi1Vi — Lo
Fnt—————

Yn+1 =
h+1 Vot

It is not quite linear, but it goes through the points (xo,y1) and (xy,ynx+1) (explain why!). To
simplify, you may assume that the operatmg lme sa straight line between these two points
(which corresponds to using a constant # =5
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A liquid feed at the boiling point contains 3.3 mol % ethanol and 96.7 mol % water and enters
the top tray of a stripping tower. Saturated steam is injected directly into the liquid in the

bottom of the tower. The overhead vapor which is withdrawn contains 99% of the alcohol in K
the feed. Assume equimolar overflow for this problem. Equilibrium data for mole fraction of
alcohol are as follows at 101.32 kPa abs pressure (1 atm abs):

x ¥ X ¥ n
I A
0 0 0.0296 0.250 nh
0.0080 0.0750 0.033 0.270
0.020 0.175 L

Note: This column is a “cross™ between a distillation column and a stripper. It separates a binary
mixture of ethanol-water, so from this point of view, it is similar to distillation, but without a
top section and with direct steam injection instead of a reboiler. N
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For an infinite number of th ical steps, calculate the minil moles of steam
(1) needed per mole of feed. (Note: Be sure to plot the q line.)
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b Using twice the minimum moles of steam, calculate the number of theoretical steps
needed, the composition of the overhead vapor, and the bottoms composition.

\DO%J,‘]; wv o miiwn = (0, 240
D&D - O)qq ' F XF Ol4 4 11@0;53

Y )
63” : O;CM -F Xe o114 : Oty e
A A

?
(00=O|0|01'€X\: ol +
019 0033 _
Yo " oam "0 i
00f +
Fowr candell Ste = 6,53 oond 7

Yo= 0,135, X -000023 0,0laiz
v ' X,

Xg 0005 ool o005 00L 005 002 00%
X




C) Use the Kremser formula to check the result from (b) (where you should determine the
number of stages graphically).

Ko Hearys lov brubes ¥ -——
= 0 0 3 0.0296 0.250
S)%L; Lo ) kx I 00080  0.0750 4 0.033 0.270
k= 5)( 2. 0.020 0.175
k= 0375

ko =975 lmewlld Vi ger PG lovm\w/ lewn fwsb, (ga‘](’/)ow\ H’) (ﬁ/) NIg rl'wblfj N
ky = B4 OV\\VC\ H‘?)/‘fv% lv\/ Pa fm@fvﬁlt@+/ﬂjfleréow zfd u ()

ky = 319
\/ﬂW \L] tAhereom d(l/w, PMWWV beshnte éjh"gm‘wgs’{vlw gmﬁfﬁk

X - ¥
In o k, 0375

1 ()

Kremser forwdden K Sﬁ)UA)J(A] \- LV - Mopa - Q4077
N -

Lleﬂ”gﬁ‘O
e A HEe 4,91
Jn &

Db < oh awik pi @ O, dbke okuldhs anbloliis arkdobes

09 Upresis tegning (ﬁm}u‘sk.

N-=4,92



