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In a heat exchanger with constant heat capacities and constant U4, we have the following
simple formula for the total heat transfer from the hot to the cold stream [J/s]

Q= UAATy
ATu = ln’(A/I'l'i/i-l’;'- Y i :
where 172727 is the log-mean temperature difference.
Countercurrent absorption is similar to a heat exchanger, but the driving force is the
concentration difference between y in the gas phase and y*(x) in equilibrium with the liquid
phase. With constant slopes for the equilibrim and operating lines (which is reasonable for
dilute mixtures), the total mass transfer of A from the gas to liquid stream is [mol A/s] (as

derived in the lecture)

= Ky(aS2)(yy*)m
where (aSV ) [m?] is the total mass transfer area inside the column and (y-y*)M is the log
(y-v")u = (y=y )i-(y-y )2
mean vapor concentration difference between the phases, In((y=y*)1/(y-v%)2)

(1=top of column, 2=btm of column).

*it should be easy to remember this formula at the exam and possibly for the rest of your
life!

We want to apply this easy-to-remember formula to calculate the absorption of SO: using
water. A tray tower is to be designed to absorb SO2 (A) from an air stream by using pure
water at 293 K (680F). The entering gas contains 20 mol % SO», and that leaving 2 mol
% at a total pressure of 101.3 kPa. The inert air flow rate is 150 kg air/ h * m?, and the
entering water flow rate is 6000 kg water/h « m?, Assummg an overall tray efﬁc1ency
0f25%, h many-th it needed? Assume that the tower
operates at 293 K (20°C) It is not really a dilute mixture, so we expect some error.

Given data: The mole fraction of SO> drops from 0.2 (btm) to 0.02 (top) in air. The airflow
(inert) is 6.53 - 10 *kmol/s. The entering liquid is 4.20-102 kmol/s of pure water. The cross-
sectional area of the column is 0.0929 m?.

Lo=420 lwllsl

X5 "’O

Find the total mass transfer of A from the vapor to liquid,

N 4= YoumVbtm — YiopViop [mol A/s] -1

A= 00020 w*
o Ve PR
Vit - SUpA5 0 hmol/s
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= Na= 0240625107 ~00nf 53210 Liwl)s

Na= 1,99 10 Lol /5

| )
/{/(/ The column operates at 1 atm and 20C. Use the equilibrium data to find the
slope m of the equilibrium line for the concentration range of interest.

Ll‘%&rré@r% jon o dedeen gir
&’ 3,42 X - 0)0)
=> M= 31,62

/(M) Compute Kja using the data kxa = 0.85kmol/s,m* and kya = 0.037kmol/s,m’

oxa 0vs 0185

/C \/) Find the logarithmic mean driving force (y — y*)u

A319 Equilibrium Data for SO,-Water System

Partial Pressure of SOy i Vapor Mole Fraction SOy in Vapor,
palm 4P =1Aumn

Mole Fraclion =~ ——————————

SO, in Liquid,x, 20°C(293K)  30°C(303K) 20°C 30°C

0 0 0 0 0

0.0000562 05 06 0.000658 0000790
00001403 12 17 000158 000223
0.000280 32 47 0.00421 0.00619
0000422 58 81 000763 0.01065
0.000564 85 18 001120 00155
0000842 4.1 197 001855 | ~00% 00259
0001403 260 36 00342 0.0473
0001965 390 52 00513 0.0685
000279 59 79 00775 01040
000420 2 125 0.121 01645
0.00698 161 216 0212 [~OL 0284
001385 336 452 0443 0594
00206 517 688 0.682 0905
00273 698 0917

SourceT.K. Sherwood, I, Eng. Chem, 17,765 1925)
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‘\/) Use the easy-to-remember formula to find the packing height z.
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Na= KjoLSZ Y v) = z- Ky 5@&) ~ 0,016 b - Ocnaf- 005
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0121 -0:0779
0,002 — 0.00275



Absorption of CO2 in water-amine solution (part 2)

This continues the previous exercise, but now you Ltop  Viop,
should use the rate-based method (mass transfer) VWi o ‘“"’L “""M
rather than equilibrium stages. Note that since we do (“‘ v 1
not really have stages anymore, we choose to use a !

different notation with “top” and “btm”, so xo is now =

Xup, etc. (see Figure).
Let us first repeat the basic data for the column:

Vim=22 kmol/s
Yam=0.1176 (CO2 mole fraction) ~ (feed)
Yup=0.0116
Xop=0.0219 (feed) o~ "&W i{jj\ Aot
om=0.0532

Assuming constant inert flows for air (V) and water-amine (L) through the column, we have
V'= Vo (1 = yoim) = 19.41 kmol/s

L'=69.80 kmol/s

The operating line is not quite linear, but it goes through the points (xip,yiop) and (¥sm,yeun). To

simplify, you may assume that the operating line is a straight line between these two points
L _ Ytop=Ubtm
(which corresponds to using a constant ¥ “top~Tbtm

Table: Equilibrium data for CO» and water-MEA at 1.2 bar and about 60C (inert air present).

Xcoa(%) | yeor(%)
2.227 1.162
3.001 2917
3.339 3.783
4.101 6.057
4.700 8.448
5.324 11.60
The new part of the problem:

The overall mass transfer rate referred to the gas side is with pressure as the driving force
(A=CO2):

Ni=Ke " apa—p'a)
where p*4 s the partial pressure of A that would result if we had gas in equilibrium with the
liquid. The following data is given:
Ko+ a=12.5 Ibmol/(h * i3 * atm)

a) Use the data to find K,a [kmol/(s*m3 packing)] as used in the book,
Na=Kya(ya —vi)
where y is the mole vapor mole fraction of a gas (imagined) in equilibrium with the
liquid (which has mole fraction xs).

.—_>P

2k, To 6OC

Selh Na=Na = K\j D\K\Ah"ﬂ:\) "‘Kgm(PA‘P’Aj

; Kg [ (,PA"EA’)
Ky o~ gh) /
= |<3(7\ = Kgo\ P—fﬁ

P,\‘ P‘{jf\

Lol g g,

K&‘% = [2)5 \A'vaa{‘m

ot -bor
15 P o

h\wb\
Kyn = 0,061 gom

i \@1
L0129 e+ 45 (b’

o
* 30 s
b

|

“ (oo ERY



b) Find the required packing height when § = 253.5 m? (cross-sectional area of column)
and you can assume constant molar flows in the column.
Note from the McCabe-Thiele diagram from the previous exercise that the equilibrium line is
far from linear, so we cannot use the simple method from Problem 1.
(Hint: Make a table of 1/(y4— y4*) as a function of y,; you can then integrate graphically, for
example, by counting the number of squares on an mm-paper).
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XA yA* YA 1/(yA - yA*)

0,02227 0,01162 0,01282849
0,03001 0,02917 0,03904387
0,03339 0,03783 0,05049193
0,04101 0,06057 0,07630087
0,047 0,08448 0,096589
0,05324 0,116 0,11772388
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827,47892
101,277412
78,97690163
63,56927494
82,58320258
580,086781

Absorber: CO2 - Water/MEA (1.2 bar)

Vapor mole fraction CO2

0.01 0.02 0.03 0.04 0.05
& Liquid mole fraction CO2
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V- 20,42 Ymol/s
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