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Abstract

The thermodynamic analysis of the absorption/desorption section of the ICGC—cycle has been
presented using the Second Law with special emphasis on the thermodynamic effectivity concept and
usability for complex systems investigations. Essential problems have been discussed based on the
classical bibliographical items on the subject. Numerical calculations have been accomplished using
results obtained in the first part, which contained absorption and desorption modeling approach
oriented onto thermodynamic analyzes. Additionally the special properties of dilute solutions,
especially the CO,/water system, have been presented and the problem of the solute chemical
concentration exergy change suggested.

Abstrakt

Termodynamicka analyza absorpéni/desorpéni sekce IGCC ob&hu je prezentovana za pouziti
druhého zakona se zdlraznénim na koncept termodynamické efektivity a vhodnosti pro vyzkum
komplexnich systémii. Podstatné problémy byly diskutovany na zakladé klasickych bibliografickych
podkladid. Numerické vypocty byly doplnény za pouziti vysledkli z prvé casti, kterda obsahovala
absorpéni a desorpéni modelovy pristup orientovany na termodynamickou analyzu. Specialni
vlastnosti fedéného roztoku hlavné CO,/voda systému byly prezentovany a byl uvazovan problém
exergie pro chemickou koncentraci daného roztoku.

1 INTRODUCTION

The exergy balance for the basic substance exchange process with only one solute (CO,) can
be written down as
E +E

Q02 lig, input 02, gas, input

because amounts of the liquid absorbent (solvent) njq and gaseous inerts 74,5 do not change in
the process. Using fundamentals of the chemical thermodynamics one can assume that species in the
condensed phase are not miscible ones, with except of the CO,, which can be absorbed and desorbed.
The total exergy change of the gas flow will consist of the CO, amount change in it, i.e. of the
chemical zero exergy and of the compositional one between state / (start) and state 2 (end):

= ECOZ,liq,omput + ECOZ,gas,input

+1,AS;, and _AECDZ,Liq - AECOZ,gai =TAS;
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(see [1]: the extraction process analysis). According to [2] there is e, =19.09745 kJ/mol at
Ty=283.15K, &/, =19.42469 kl/mol at Ty=288.15K, e, =19.77192 kJ/mol at T;=293.15K,
E}f’mz =19.98438 kJ/mol at 7,=296.15 K, Efmz =20.10915 kJ/mol at 75=298.15 K (standard chemical
exergy) and e, =20.23393 kJ/mol at 7,=300 K.

The change of the concentration chemical exergy can be divided into two parts, if only the
appropriate minimum value point (or exergy change inversion point) exists in the range of the molar
concentration change [1]-[2]. There is to examine the function (yco; is the mole fraction in gaseous
phase, xco, the appropriate fraction in liquid)

=X

€,,co2 Yoz
f(yooz):i_:)’cm In
RT, Yoo

the derivative of it is

f'(J’coz ):1+ lnyﬂ
Y20

Setting above formula equal to zero and the solution yields

Yao20

Vo2 = Vooz,exr =exp(lnyc02v0 _1)=

with the value of e as the base of natural logarithms (¢=2.71828). The appropriate molar exergy value
is

N RT,
€002, extr

ZJ’ooz,equTo In Yoz _ Veoro ETO In Yooro _
Y020 e € V2o €
The extreme (minimum) value of the CO, concentration exergy change is reached at the
concentration ycoz,em:l.10364'104:0.000110364 (¥c020=0.0003). With the converting formula it
corresponds to the mole ratio value of Ycoz,ext,:l.10376~10’4:0.000110376 (the equality could be
expected, because for low concentrations the molar fraction approximately equals to the molar ratio,
i.e. Yco2=Ycoz). If also the CO, mole fraction changes according to the scheme

Yoo

Yco2,1 = YCO2,extr — YC02,2 (or Ycoz1 — Ycozexr = Yco22) )
Eq. (1) is to ([1]-{2]):
AECOZ,gas = AE&)Z,gae + AEéx)z,gm = ﬁ::: (chg —Yeouy )'e;?,coz +

022 Yoz,

+ﬁ:’;§§TG Yeors InZ
Yco20

~ Yeorexw :l + ’;l:ZL:RT;)|:yCD2,exn' ~ Yeops In
Yco20

The subscript / has been used in above relations again as the start and 2 as the end state of the
molar fraction changing process.

Chemical exergy change of the solute CO, in solvent H,O can be determined in the same way
as for gas phase, and in fact for technological substance exchange processes its numerical value is the
same as the value for the gas flux, namely
AEgm,uq = ﬁﬁiqa (XCOZ,I - Xcoz,z ) E}?,COZ

Similarly can be the chemical concentration change of the solute in the liquid (solvent)
determined. The special behavior of this change, however, should be taken into account.

There are known only two significant elaborations dealing with thermodynamic analysis of
absorption/desorption processes, [3]-[4], besides contributions of the co—authors in different journals
and occasions, e.g. [S]-[7]. They do analyze the processes but without making any use of the solution
properties. In fact they do apply the 2. Law Analysis, in particular the exergy one, but only with
respect to the heat involved in different absorption/desorption configurations. The separation (useful
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or technical) work they determine in the ordinary way, just like it could be presented e.g. in [1].
Conclusions of such in fact selective analyses could help improving these processes and technologies,
but not their operation in a complex system. The in [3] presented method of thermodynamic analysis
using the exergy concept is somehow similar to the procedure worked out taking advantage of the
thermodynamic transition” or ,thermodynamic -effectivity” concepts. The very significant
difference, however, is that the method does not take into account special behavior of the chemical
concentration exergy change, i.e. it does not refer to its extreme (minimum) point, at which the
algebraic sign inversion occurs. It depends very closely on the molar concentration of the particular
specie in the assumed natural environment, [ 1]-[2].

For thermodynamic analyses using the thermodynamic effectivity rating quotient, which
should be formulated in the same way for all kinds of processes, the already mentioned references are
practically worthless. They can be only an inspiration in searching for a proper solution. The
thermodynamic effectivity quotient is in fact a proof for the correctness of process calculations: it
should be less than one (or in limit equal to one). If not, the 2. Law of Thermodynamics is not
fulfilled, i.e. the process cannot run at all, e.g. [8]. By modeling CCS systems such a case happened
especially while analyzing an absorption/desorption section. It was the reason why the problem of
solution thermodynamics with respect to exergy method has been investigated thoroughly, and
presented in Chapter 5.

2 PROCESSES IN THE ABSORPTION/DESORPTION SECTION

The general schema of the absorption/desorption section is showed in Fig. 1. The additional
energy supplies have not been presented: they are the additional useful work if the absorption runs at
greater pressure than the desorption, but both at the same temperature (the so—called isothermal
absorption with the expanding desorption unit), or the heat exergy, if the absorption and desorption
run at the same pressure but different temperatures (usually #,ps>#4). In the last case the supplied heat
exergy for cooling down the liquid flux in the segment from desorption to absorption equals to zero,
because the heat is taken at the natural environment temperature. Assuming almost full regeneration
of the useful work in the section, i.e. that the liquid turbine work is almost equal to the pumping
work, only a small useful work amount should be supplied. The same can be assumed for the heat:
only a small amount of it should complete the losses due to the regeneration imperfectness.
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Fig. 1 Scheme of the absorption/desorption (regeneration) section.

The CO,—absorption/desorption section operation can be presented at the Y, X—diagram, Fig. 2,
where the appropriate equilibrium line and both, the absorption and desorption lines are showed. The
X1=Xco21 and Xo=Xcop, values are the same, as can be seen from Fig. 1.
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X

Fig. 2 Equilibrium, absorption and desorption lines in X, Y-diagram.

The essential problem, which occurred analyzing the coupled absorption/desorption section in
[3]-[7] was that of the particular terms algebraic signs. The absorption and desorption units could not
be analyzed separately but always as a system regarding heat energies or work. To overcome these
difficulties, the very explicit analysis direction has been assumed. It has been proved correct in many
tests. The direction is from the bottom (index 2 for absorption and index / for desorption in Fig. 1) to
the head (index / for absorption and index 2 for desorption in Fig. 1) of the counter—current
substance exchange process, i.e. the particular fluxes are

absorption bottom — head gas: 2—1 liquid: -2

desorption bottom — head gas: 2—1 liquid: -2
The assumption is even justified in a subjective selection of advantages and expenditures in the
processes: in the absorption the reducing of a specie in gas flux is the main purpose, and in the
coupled desorption one (the so—called regeneration), the reducing of the specie in liquid flux. It is to
emphasize that the indices for vessel's bottom and head are not to be mislead with indices / and 2 for
the start (input) or end (output) of the analyzed process. It is one of common mistakes in process
calculations using methods of the chemical engineering. In [3] the rating quotient of chemical
concentration exergy change of the CO, absorbing air in the desorption unit and the appropriate
change of the CO, desorbing crude flue gas has been taken as the exergy efficiency, i.e.

~abs - abs —x,abs
AEooz,p B nCOZ,gasAep‘COZ

Nex = - - -
des - des x,des
AE‘(‘OZ,;,[ nCOZ,gasAep‘COZ

but the exergy changes in the numerator and denominator have been determined between following
states (Fig. 1):

=xabs __ —xjabs —x,abs =xdes _ —xdes —x,abs
Aeyi, =eni” —ey and Aerisy =en —e
hence, the above net exergy efficiency yields
~abs - abs —x,abs
n. = AECOZ,p B nml,gasAep,mZ
ex ~des T . des —x,des —x,abs
AEcxoz,u N0y gas (ep,COZ,Z —€, 022 )

The obvious requirement that the rating quotient varied in the only logical range between zero
and one could be guaranteed by taking into account additional energy supply to the section. The heat
exergy is much greater than the chemical concentration one and it appeared always in the
denominator of the rating quotient. Such a formulation using in fact the subjective selection of
expenditures and advantages is quite profitable in analyzing the absorption/desorption section alone,
but taking into account that it is a particular element of a complex system, e.g. the /IGCC one, the
same analysis approach should be applied, i.e. the thermodynamic effectivity concept [1]-[2].

Another approach has been presented in [4], where the exergy rating quotient for the
absorption process was formulated as
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In the last formulation all input and output exergy flows have been taken into account. Also
this approach does not suit the worked out general exergy rating procedure using the thermodynamic
effectivity concept, [1]-[2].

In usual cases the absorption is considered as the main process, and the desorption is only as
a solvent regeneration unit. It is because the last process can be accomplished in different ways, e.g.
using the solvent expansion, the true substance exchange or even solvent distillation process. The two
first mentioned methods are being the most useful for CO,—absorption/desorption unit.

3 ABSORPTION WITH EXPANDING DESORPTION UNIT

The numerical results for the absorption/desorption unit of that kind have been obtained from
the simplified model, intended for thermodynamic analyzes. They are contained in the Tab. 1. The
natural environment temperature is assumed to be equal 7,=293.15 K.

Tab. 1 Results for 25 °C (H,=165 MPa) isothermal conditions.

absorption unit I desorption unit |
Y022 0.422 Yo, =Y, 0.00030009
Yeora 0.29676512 Vo1 = Vi 0.0003
nge [kmol/h] 141.3 nés [kmol/h] 7.691634
g =ng> [kmol/h] | 15324.897 ng =ng® [kmol/h] | 15324.897
Labs=taes [°C] 25 Laes=tabs [°C] 25
Pabs [MPa] 2.65 Paes [MPa] 0.1
X2z 0.00384667 Y& 7.511657585
X022 0.0037041823 Voo 0.882502379
Xeoa, 0.000077111482
Xcon.s 0.000071055
Yeons 0.01316759
Yooz 0.012996458
For the liquid flux, the chemical zero exergy change between bottom (2) and head (/) equals
to

AES, 10 = i (Xeons = X, )-8cor =15324.89710° -(0.003847-0.0000771)-19.77192=
=1142186319% =317.2740kW =|AES,, ,
h Q02 liq

and for the gaseous phase to
VES s g0 = 12 (Yeons = Yeons )@y =1413-10°-(0.01318-0.422)-19.77192=

C02,gas gas

=-1142184661 & =-3172735 kW =-|VE{,

2,gas|
The same numerical result in both cases has been expected.

The chemical concentration exergy change can be calculated after the condition according to
Eq. (2) has been proved. From the above results matrix follows

YC02,2:0~422 - Yc()z’] =0.01318
or
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yco2,2:0.296765 — yco2,120.0129965
where Ycozexr=0.000110364: it means the extreme exergy point has not been crossed. Thus,
assuming 7p=293.15 K,

AEéoz,gaq = ﬁ::ﬁTo[ycoz,l In Yooz) _ Yoz In Yoor ] =

Y20 Yco20

=141.3-10°-0.0083143293.15- 0.0129965IHM9965—0.29676SIHmj =
0.0003 0.0003

= 68802838885 = —1911190kW =—|VES, |

Thus, thermodynamic effectivity for the absorption process equals to

AEéoyy 17274
1 A N o Sy VY
VESgw +VES e  317273541911190

CO2,gas C02,gas
According to Chapter 2 and Fig. 1 the process is analyzed from the bottom to the head, i.e. for
the gas flux there is: 2—1 and for the liquid flux: /—2

gabs

The desorbing medium is atmospheric air, for which the chemical exergy equals to zero, and
which contains the carbon dioxide molar fraction of yco;0=0.0003. According to the data matrix

there is y&5,, =0.882502 and ycon,1=0.0003, thus, there is N0 ycosexr €xergy algebraic sign inversion

point in the range between yco,,; and yg5,, , hence

Y020 Yco20

des
AE, o = ﬁg$§T0|:yCO2J InZC2L _ pdo Y22 } =7.69163410°-0.0083143293.15x

x[0—0.8825021nw)

= -1321354418% = -36.7043kW = | VEY,

CDZ,gas|

and the appropriate thermodynamic effectivity

|AE&’2*“°‘| _ 3172739 _(coes
|[+[VED,,| 3172739+367043 =

CO2,gas

&

des = 0
|VECO2,gas

The chemical zero exergy change in the process is the same as in the coupled absorption unit.
In accordance to statements made in Chapter 2, the analysis has been provided again from the bottom
to the head of the vessel, i.e. for the liquid flux it has been taken the direction /—2 and for the
gaseous one 2— 1.

The pumping work can be determined from the known relations, namely
_ VA
P 0.85-3600

whereas the efficiency has been assumed to be 85%. Setting numerical values it yields:

18-15324107°-2.55-10°
Npmp =

0.85-3600

The recovered turbine work at its efficiency of 95% equals to
VA 18:15324107-2.55-10°
©0.95-3600 v 0.95-3600

=229.8600 kW

and =2056642kW

rb

The thermodynamic effectivity of the pump/turbine section is therefore to
N, 2056642

£, =200 0.8947
"N, 2208600 ——

pmp

Thus, the thermodynamic effectivity of the whole absorption/desorption section equals to
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|AE.802Jiq | +|AE802,gas| 317.2740+317.2739

N = — =0.7358
|V E S |+ | VES | + [V o | +[VEG s | 3172735+1911190+317.2735+36.7043
and regarding additional pumping work supply and turbine work recovered,
_ |AE3D2,M| +|AEg02,gas| +Ntrb _
Eabsites = -0 x> -0 x> -
(VE s | +[VES |+ [VEo210 |+ [VES 25|+ Npmp

_ 3172740+317.2739+205.6642 —0.7693
317.2735+191.1190+317.2735+36.7043+229.8600 —

With determined thermodynamic effectivity quotient for the absorption and desorption process
their appropriate mathematical weights can be determined. For the last thermodynamic effectivity
quotient yields

net  _
Eabsdes = Vabs Eabs T Vs €aes T Vpt " Ept

with
17.2 191.11
Y = 317.2735+19 90 04655
317.2735+191.1190+317.2735+36.7043+229.8600
172 704
Yo = 317.2735+36.7043 —03241
317.2735+191.1190+317.2735+36.7043+229.8600
and
2209.
Vi = 98600 =0.2105
P 3172735+191.1190+317.2735+36.7043+229.8600
Hence,

Eants = VinEas T VasEus + Vi = 0.4655-0.6241+0.3241-0.8963+0.2105-0.8947= 0.7693

The result can be interpreted that the absorption process is of a little bit greater significance in the
analyzed section, but the almost unexpected role of the pumping and expanding work.

4 ABSORPTION WITH CLASSICAL PLATES DESORPTION UNIT

The next solution of the section under consideration is the absorption unit with a classical
desorption column as the regeneration unit. The results of an appropriate model determination are
presented in Tab. 2. The section runs at isothermal conditions, but the process temperatures are
clearly different: 25 °C for the absorption and 50 °C for the desorption.

Tab. 2 Results for 25 °C (absorption, H,=165 MPa) and 50 °C (desorption, H,=307.75 MPa).

| absorption unit desorption unit
Yoo, 0.422 Y, =Y, 0.00030009
Yeora 0.296765 Voo =¥ 0.0003
nge [kmol/h] 141.3 nge [kmol/h] 149.0135
np® =g [kmol/h] | 203292.447 g =ng [kmol/h] | 203292.447
Las [°C] 25 taes [°C] 50
Dabs [MPa] 0.2 Pdes IMPa] 0.2
Xeoan 0.0002881 Yoo 0.391073
Xco22 0.003704 Veors 0.281131
X o, 0.000001803 ldes 0.9944
Xcon.1 0.000001803
Yoo, 0.00990
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Yeon | 0.000803 |

The zero exergy change of the two CO, exchanging fluxes in the absorption unit are
= 2 (Vemy = Yeons )20 =1413-10°-(0.00990-0.422)-19.77192=
=-1151313870 & =-3198094 kW

VE?

Q02,gas

for the gaseous one, and
AES s =1 (X s = Xeon, ) 8'con =203292447-10°-(0.000288 1-0.000001803-19.77192=
=1150966612 X =3197129 kW
for the solvent flux (output minus input).
Setting numerical values presented in the above results table for the gaseous phase, namely
Veoss =0.296765 - Veosy =0.0098028:

there can be stated that the exergy change inversion point ycoz exiy=0.000110364 is not crossed,
and the appropriate concentration exergy change equals to (subscript 2 for the start and subscript / for
the end, Fig. 1)

x> cabs Y s Y
AE(DZ,gas = ”:;sRT{ycon lnﬂ_)%ozz In=—222 ] =

Yao20 Y20

0.00980285 0.296765
=1413-10°-0.0083143293.15- 0.009802851n9—70.2967651ni =
0.0003 0.0003

= 6931254559 K = —1925348 kW =—|VES, .|
There is always Ycor>Vcozexr (Superscript > in the appropriate exergy change term, while
AES,  =0).

Q02,gas

Hence, the thermodynamic effectivity of the absorption process under consideration is to

o |AE&)z,uql 3197129 o
N VB | H[VE | 3198094+1925348 T
with particular exergy changes
VES, s =—3198094 kW Ay, =3197120 kW AES,,, =-1925348 kW =—|VEL, .|

In fact, zero exergy changes of the both CO, exchanging media (water and flue gas) should be
the same: the slightly difference results from the calculation device accuracy, but it can also be a
proof for the procedure correctness.

To determine thermodynamic effectivity for the desorption process it will be proceeded in
a similar way. It becomes

AE%S =i (Xors = Xeon, )-€cor =203292447-10°-(0.00000188 —0.00028813-19.77192=
=1151328365 X =319.8134 kW
for the solvent, and
VEMS = nt (v — 18, ) &', =1490135-10°-(0.00030009-0.391073-19.77192=
=-1151328365 & = -3198134 kW

for the solute. The concentration exergy changes are (the reduction of CO, molar fractions will not be
made)

AEX

Q02,gas

des des
- ﬂggﬁr{yd% 1202 sy Yooz } —=149.0135-10° -0.0083143 293,15x

02,1
Yco20 Y20

0.00003 0.281 131]

x(0.00003- In 0.0003 -0.2811311n =—6986870423% =-1940797kW = |VEéS

2,gas
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Hence, for the separate desorption process, for which the solvent temperature should be
increased, there is

AEgs, 319.8134
gdcs = - Odl = x> des = > it 223 (3)
VESS | +[VESLS,|  3198134+1940797

The simple absorption process can be realized without any heat interference into its physical
rule. In fact, the substance exchanging media should be taken at the process temperature and pressure.
At the assumed 7,=293.15 K and T,,,=298.15 K, the solvent (in the considered case the water)
should be heated up (by 5 K) and eventually the crude flue gas should be cooled down, if it is
supplied with the gasifying process temperature (/GCC—cycle). For all that, however, the crude flue
gas heat surplus can be recovered and led to another particular system process, e.g. to the desorption
one. The most forthright case will be taken into account in following analyzes.

The considered absorption/desorption section includes a heat recovery unit and additional heat

supply and removing sources. The liquid flux is the same in both units, i.e.
ng® =nge = 203292.447 kmol/h

Assuming the intensity of the heat regeneration #,,=0.98, yields
2 B ﬁ;‘gsEuq (tdes —t;bs) s —t,

. . abs—
Qoo nliqacliq (tdes - tabs ) tdes - tabs

lhex -

and (Fig. 3)

e =lie =l (las —Lws) 1€ £, =50-0.95-(50-25)=2625°C
From the heat balance there is further

(tas =10, )= (ths — 140 ie. fh =25+(50-26.25)=48.75°C

Hence, the heat supplied by the regeneration exchanger to the desorption process equals to
O =nioCy, (the — 1) =203292447-4.1805- (48.75-25) = 201842717 & = 56067422k W

Additional heat amount, i.e.
0% =iy (te —ths) = 2032923‘;'4'1805(5048.75): 1118242203 =310.6228kW
should be supplied (the efficiency of this heat supply has been estimated to be ca. 95%).

Appropriate exergies are

~des - des Ties T - des ’ - des T’&,
Eg+,rec = nlc‘lq Ciq jt‘b>{1 - ?Ode :nllqu Ciiq (T:is - Tabs )_ nl?q Ciig TE) lan =
abs

=203292447- 4.1805-{(32 1.90—298.15)— 293.15-In ;5;?(5)

}— 1089310040X =302.5861kW

and approximately

- des T - des .
EE o | 1-22 | 0%, —[1— 293 lsj-l 118242203=1038132944% = 28 8370kW
: W) 32315
tdes ]'hex tabs
d tn’bs
s d abs
Q*;“d" t L Q—,add

des Q /
t,rec
-abs _ - des
tdes Mg = Myg tﬂbs

Fig. 3 Scheme of the absorption/desorption heat recovery unit.

The same procedure will be applied to the heat, carried away to cool down the liquid to the
absorption temperature. For the recovered heat it follows
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O™ =Gy (tye — ) =203292447-4.1805 (50— 26.25) = 2018427177 & = 56067422kW

and

s - abs ’ - abs Ts
Esb rec hq hq [1 __JdT _n]jas cqu (7:1&5 _Tabs)_nlﬁ C]iqT;) ll’lTL =

abs

=203292447-4.1805-| (323.15-299.40)— 29315 In 22> >
29940

} =1166065114% =323.9070kW

The additional heat to remove and its exergy are equal to (appropriate efficiency is assumed to
97%)

b ) 203292447 4. 1805(

0 = (s s o7 26.25-25)=1095185663% =304.2182kW

ES z[l—T—OJ-Qf;d =(1— 532@4095185663:183663536% =5.1018kW

abs

Hence, the thermodynamic effectivity of the heat recovery and additional supply/removing
becomes to (according to the concept's rules)

Eabs +E'vabs
ose * B3 s _ 3239070451018 oo

+ES . 3025861+288370

hex des
EQ+ rec

The net thermodynamic effectivity of the absorption/desorption section, i.e. the rating quotient
without taking into account the heat recovery, supply and removing, equals to

et | Ao +|AEESS | 319.7129+319.8134
Eabsdes = 5 =0.6232
(VESs 0| +|VE cozgas|+|VE8§§fgas|+|VEéS’£;5| 319.8094+1925348+319.8134+1940797 —

This rating quotient is in fact non—important, because it does not give any special section
characteristics.

The total thermodynamic effectivity, however, regards the heat recovery unit, and it is

|AE8021iq| |AE8(§12$| Egbsrec Eé’bsadd _
Easies = v +IvEe v E0ds Vs || pds | pdes -
| CDZgas| | COZgas|+| (102ga5|+| 002gas|+ Q+rez, Q+,add
319.7129+319.8134+323.9070+5.1018 _0.7134
3198094+l925348+3l98134+1940797+302586l+288370 —
There is
Eabsides = Vabs *Eabs T Vdes *€des T 7 hex * Ehex
with
319.8094+192.5348
Vs = il -03774

319.8094+1925348+319.8134+194.0797+ 3025861+ 28.8370
319.8134+194.0797
Vi = =0.3785
319.8094+1925348+319.8134+194.0797+3025861+28.8370

3025861+28.8370

Vhex = =0.2441
319.8094+1925348+319.8134+1940797+3025861+28.8370

and
Epsites =0.3774-0.6240+0.3785-0.6223+0.2441-0.9927=0.7134

4.1 Absorption with Classical Plates Desorption Unit at Greater Gas Flux

The same procedure will be repeated to see, how the greater gaseous flux does affect the
thermodynamic effectivity quotients. Because of the same liquid flux, the energy terms (heat
exergies) will be also the same, Fig. 2. The appropriate results matrix is shown below as Tab. 3.
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To determine thermodynamic effectivity for the desorption process by kyes=2:
VEYS, =i (X oo — Xeons ) @%0n =203292447-10°-(0.00000186 —0.00028813-19.77192=
=-1151328365 £ =-319.8134 kW

for the solvent, and
AELSS o =108 (Ygoiz Y8, ) 20wn =238421637610°-(0.24445647-0.00030009-19.77192=
=1150966249 X =3197128 kW
for the solute. The concentration exergy changes are (the reduction of CO, molar fractions will
not be made)

Tab. 3 Results for 25 °C (absorption, Hy=165 MPa) and 50 °C (desorption, H,=307.75 MPa) at
greater gas flux (kys=2) — for the absorption unit the same as in Tab. 2.
desorption unit

Yo, =Y8, 0.00030009

ygxe;z,l = yé(ir)z 0.0003

nge [kmol/h] 238.4216376

ng® =ng* [kmol/h] | 203292.447

tdes [OC] 50

Pdes [MPa] 0.2

Yooz 0.244456547

Vs 0.196436386

lges 0.994415668

des des
A}y o = iSRT| y&5,, In2922 _ o 1n YOU | 538421637610°-0.0083143293.15%
Y020 Yco20
1964 : .
«[ 019643638610 2120436386 ) 15931, 000003} _ 745, 9655234 =2056102kW = |M&§2g%|
0.0003 0.0003

Hence, for the separate desorption process, for which the solvent temperature should be
increased, there is

~ |AEES, | 3198134 oo
foe ™ VESS, | +[VERS,| 3191282056102~

The numerical value is lower that the previously determined thermodynamic effectivity for the
process, Eq. (3). Thus, the rating quotients that are calculated for the whole absorption/desorption
section both, the net value and the total one regarding the heat recovery section will be also lower.
Thus, the net (i.e. without additional energy supply) thermodynamic effectivity of the section is to

|AE G| +|AEG0 |
+ |vEggzygaS| + |VE80

x> -
|+|VECO2,gas|

Enel . — .
o |VEC002gas| 2,gas
_ 319.8134+319.7129 06162
319.8134+205.7128+319.7128+1925348 —

and with the same heat exergies, as for the previous case above, it yields
~0 ~0,des ~abs abs
|ABE |+ |AES S| + B e + B

Ebsides - - - - =

o +|VE&;i;gas +|VE()§S’2(1,:&| +Ege:rec +ng,add

_ 319.7129+319.8134+3239070+5.1018 _
319.8134+192.5348+319.7129+205.7128+302.5861+28.8370

- |VE°

C02,gas

x>
+ |VECD2,gas

0.7074
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5 CONCENTRATION EXERGY CHANGES IN DILUTE SOLUTIONS

The natural environment for exergy and exergy change determination has been supposed to be
the dry atmospheric air, pure water as the liquid specie and somehow average solid species
compositions, [1]-[2]. For the zero exergy calculation the method of the so—called devaluation
chemical reaction — elaborated by Jan Szargut — has been used (applying modifications by
Wolfgang Fratzscher). In the method it has been assumed that the condensed phase species are
represented in the natural environment at the molar fraction equal to one. It is typical for the chemical
thermodynamics, where these species are not miscible. The only except is the case, the rare species
are not represented in the atmosphere and hydrosphere (its only component is water H,O!): then the
approach proposed by Jan Szargut should be applied, [1]-[2].

The dilute solution, especially the COy(solute)/H,O(solvent) system, however, should be
treated in another way. The species CO, and H,O are represented in the natural environment, but all
the natural environment parameters are fixed for all possible cases. It means, the exergy change
inversion point is the same as for gas phase (atmospheric air), i.e.

XC02,0=YC02,0 and hence XCO2,extr=YCO2,extr

(the character x is for molar fraction in liquid, the character y the molar fraction in the gas).
This somehow strange assumption seems to be fully motivated because all the natural environment
parameters are fixed, just like the natural environment is fixed in the time of analysis. Hence, for
chemical concentration exergy change the same procedure as presented in previous Chapters could be
applied, namely

. — X, X,
X __ cabs €022 02,1
AEGos 54 =My RTG| Xeopp IN——= =X, In
X020 X020

and, if the exergy change inversion point is crossed, i.e. if

Xco2,1 g XCO2,extr g Xco2,2
it becomes
AEX — SR T 1 X022 Jbs 1 Xoo21 |
co2jiq — Mg £84o| Xaopp 1N Xzt |1 g Xcozexe ~ ¥coz, 1M =
X020 X020

— X X, — | x X,
_ eabs 022 020 - abs 02,0 02,1
=1y, RTy| X0, In ———|+m, RT —Xcop, In
X020 e e X020

There can be applied another approach to the exergy changes in dilute solution. Instead of real
numerical values for the natural environment molar fraction in the liquid, i.e. Xco2,0=Vc02,0=0.0003,
an apparent appropriate value can be taken into account. The apparent CO, contents (or molar
fraction) in the solvent H,O at the presupposed natural environment corresponds to the equilibrium
value. The assumed natural environment contents of CO, (molar fraction) in the atmosphere is
0.0003, thus, applying the Henry's Law, it becomes

- 1 . Yco2p
X =—a with Y, =020

i+i_1 o 1= Yaoa0

rY p

The symbol y (or Y) is applied to the gaseous phase flow, while the symbol x (or X) to the

liquid flow. There can be assumed following Henry's constant values from experimental data:
106 MPa for T,=283.15K, 124 MPa for 7,=288.15 K, 144 MPa for 7,=293.15K, 165 MPa for
Tp=298.15 K (standard chemical temperature) and 174.2 MPa for 7,=300 K. For the natural
environment temperature of 293.15 K and pressure po=1 bar, yields

1

Xl = =0. 208:
“or0 EIRTT 0.000000208
0. 00003 "o
1-0.0003

and hence the apparent natural environment CO, molar fraction in H,O
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*

X,
Xiopo = ——20_ —.000000208:
’ 1+XCO2,0

Tab. 4 Apparent exergy change inversion points in liquid for a CO,/H,O—system.

| Ty | | Hy | l XC02.0 | XC02.extr=XC02.0/€ |
283.15K 106 MPa 0.000000283019 | 0.000000104117
288.15K 124 MPa 0.0000002419 0.000000089003
293.15K 144 MPa 0.0000002083 0.000000076642
298.15K 165 MPa 0.0000001818 0.000000066882
300K 174.2 MPa 0.0000001722 0.000000063355

Appropriate numerical values for another natural environment temperatures 7, and po=1 bar
can be determined. In the Tab.4 appropriate Xxcozo and Xcozexe=Xcoz0/e values for chosen
temperatures 7, and actual natural environment pressure py=0.1 MPa are compiled.

As a result appropriate thermodynamic effectivity quotient can be formulated and its
numerical value calculated. The process thermodynamic transition is in general [1]-[2]

Y|E’
3|5

g |- <1

E’

+T,AS,. and hence &=

because according to the Second Law of Thermodynamics there is always AS;>0.

Appropriate concentration chemical exergy changes have been determined using the above
equation for AEéoz,ﬁq and AEéOLqu . Their numerical values did not differ significantly one from

another. Moreover, thermodynamic effectivity quotients calculated in previous Chapters did not
change appreciably. Because the approach presented above is a new one, it needs a proper number of
tests and additional discussion to be applicable without any doubts.

6 CONCLUSIONS

There have been carried out thermodynamic analyzes of the absorption/desorption section of
the so—called Integrated Combustion and Gasifying Cycle technology. These processes are somehow
embarrassing for any discussion because of the lack in the subject literature appropriate
generalizations that allow their clear calculating (modeling) procedure. Even worse situation is in
hitherto thermodynamic analyzes worked out applying the Second Law, especially the exergy
concept. The only contributions are the cited monographs [3]-[4] and separate articles of their co—
authors. Alas, they cannot convincingly explain strange results obtained, e.g. [4].

The presented modeling and thermodynamic analysis approach is a trial to apply the exergy
method. The worked out ,,thermodynamic transition” and ,,thermodynamic effectivity” concepts have
been used, but two special difficulties are to emphasize: the problem of coupled processes, such as an
absorption/desorption or better to say absorption with further regeneration unit, and the problem of
exergy changes in diluted solutions, like the CO, solution in water. The two main problems are to be
further discussed and solved fulfilling general conditions.

Worked out within the research project:

ENET (Power Units for Utilization of non Traditional Energy Sources),
CZ.1.05/2.1.00/03.0069

131



[3]

[4]

(3]

(6]

(7]

(8]

REFERENCES

KOZACZKA, J. & KOLAT, P. Exergy and Its Applications. (Monographs on Science and
Education). Tarnéw: TANT Publishers, 2010. ISBN 978-83-928990-1-3

KOZACZKA, 1. Thermodynamic Analysis of Energy Conversion Processes. (Problems of
Mechanical Engineering and Robotics Nr 8), Krakéw: Wydziat Inzynierii Mechanicznej
i Robotyki AGH, 2002. ISBN 83-913400-0-7

LEITES, L.L. & SOSNA, M.Kh. & SEMENOV, V.P. (JIEUTEC, 1.J. & COCHA, M.X. &
CEMEHOB, B.IL.). Teopua u npakxmuxa xumuueckou SHepeomexnonozuu. Mocksa: W3m.
«Xumusy», 1988

FRATZSCHER, W. & PICHT, H.-P. & SZOLCSANYI, P. & FONYO, Z. & FOLDES, P.
Energetische Analyse von Stoffiibertragungsprozessen. Leipzig: Deutscher Verlag fiir
Grundstoffindustrie. 1980 — Czech Edition: Energetickd analyza destilace, sorpce a extrakce.
Praha: SNTL — Nakladatelstvi technické literatury. 1987

KARPOVA, YuG. & LEITES, LL. (KAPIIOBA, IOI. & JIEUTEC, W.JL).
DKcepreTHYeCcKHid K.ILJ. TMPOIECCOB OYHUCTKHA Ta30B OT JBYOKHCH yriiepoja. [ azosas
npomvlunennocmo. 1971 (10), 16. pp.33-36

LEITES, L. & DYMOV, V.E. & KARPOVA, YU.G. (JIEUTEC, 1.J1. & JbIMOB, BEE. &
KAPIIOBA, 10.I'.). Biusiane BHEIIHUX U BHYTPEHHUX I1apaMETPOB HA TEPMOANHAMUYECKYIO
3¢ PEeKTUBHOCTE aOCOPOIMOHHBIX MPOLECCOB pa3AeieHus ra3oB. 1eopemuueckue OcHogbi
Xumuuecxou Texnonoeuu (TOXT) 1976(5), 10. pp.678—690

LEITES, L.L. & KARPOVA, YU.G. & BRODYANSKII, V.M. (JIEUTEC, 1.J1. & KAPITOBA,
[O.I. & BPOJSIHCKUIA, B.M.). DkcepreTHueckmii K.IL.J. aGCOPOIMOHHBIX MPOLECCOB
paszeneHus ra3oBbIX cMmeceil. Teopemuueckue Ocnosvt Xumuueckoui Texnonocuu (TOXT)
1973(1), 7 pp.24-29

KOCH, R. & KOZIOL, A. Dyfuzyjno—cieplny rozdziatl substancji. (Inzynieria Chemiczna).
Warszawa: Wydawnictwa Naukowo—Techniczne, 1994 (ISBN 83-204—1784-8)

FRATZSCHER, W. & PICHT, H.-P. Stoffdaten und Kennwerte der Verfahrenstechnik
(Verfahrenstechnik — Ein Lehrwerk flir Universitdten und Hochschulen). Leipzig: VEB
Deutscher Verlag fiir Grundstoffindustrie, 1979

132



