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ABSTRACT

KEYWORDS

A mathematical model was used for simulation of CO, desorption from
promoted hot potassium carbonate solution. The combined effects of
chemical reaction and mass transfer were conveniently and adequately
treated within the framework of the penetration-surface renewal theory.
The vapor-liquid equilibrium data for the un-promoted carbonate-CO,
was employed for developing the model which seems to be adequate at
low concentration of amine for the system. The operating data for car-
bon dioxide desorption from DEA-hot potassium carbonate solution in
an industrial stripper has been compared to model predictions. The pro-
cess model was used to predict profiles of different dependent param-
eters in a commercial desorption unit. The effects of the promoter con-
centration, the promoter type and the inlet temperature of rich solution
on the performance of an industrial regeneration unit have also been
examined. It was found that the inlet liquid temperature impact upon both

the mass transfer and the reboiler steam consumption rate. © 2007
Trade Science Inc. - INDIA
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INTRODUCTION

For economic reasons it is almost necessary to
regenerate the spent solution from a carbon dioxide
absorption column so that the absorbent can be re-
cycled. The design of columns for stripping solu-
tions which contain physically dissolved gases is com-
paratively simple. However, complications arise

when chemical reactions are involved. The relevant
information on this subject in the literature is very
scarce, although the investment for the desorption
columns with or without chemical reactions is con-
siderably greater than that for the absorption col-
umns.

The regeneration often uses steam or heated in-
ert gas as stripping agents. As a result, an accurate
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design based on proper chemical and mass transfer
data could lead to significant energy savings. The
gas to be purified is generally under pressure; there-
fore absorber operates under high pressure, while
stripper operates at about atmospheric pressure. Es-
sentially, the process depends on the pressure differ-
ence between the absorber and stripper and a sub-
stantial difference in temperature is not necessary.
In stripping columns, steam (either live or from a
reboiler at the bottom of stripper) or hot air are used
to strip the carbon dioxide from absorbent. The quan-
tity of stripping vapor required depends upon the
solution purity needed to produce the required prod-
uct gas, the stripping column height and the nature
of the solution.

The applicability of potassium carbonate to CO,
removal has been known for many years. A German
patent granted as early as 1908, described a process
for absorbing CO, in a hot solution of potassium
carbonate and then stripping the solution by pres-
sure reduction without additional heating!". In 1924,
Williamson and Mathews studied the rate of absorp-
tion of CO, in potassium carbonate solution and
found that increasing temperature greatly increased
the rate of absorption®. The hot carbonated pro-
cess was developed by Benson et al.*4. Benson in-
dicated that because the CO, concentration in solu-
tion decreases rapidly with decreased partial pres-
sure of CO, over it, solution regeneration can be car-
ried out most effectively at a very low pressurel®.
The high temperature increases the solubility of po-
tassium bicarbonate thus permitting operation with
a highly concentrated solution that increases the car-
rying capacity for acid gases per gallon of solution.
In addition steam required to heat the solution for
stripping temperature is less. The basic hot carbon-
ated process has since undergone several improve-
ments!® 7], that some of these aimed primarily at
greater heat economy™ 19,

The concept of adding amine to carbonate sys-
tems for enhancement of CO, absorption has been
known for along time!'**. However, there is no in-
formation available in the literature regarding the
desorption of carbon dioxide from potassium car-
bonate in an industrial regeneration column. There-
fore, we decided to study the phenomenon of
desquire research including the effect of parameters
such as promoter type and concentration which are
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discussed in the present work. Other areas include
the effect of amine additives on the equilibrium and
the influence of reactants and products diffusion in
the mass transfer boundary layer on the enhance-
ment factor.

In our previous work we have investigated the
absorption of carbon dioxide into potassium carbon-
ate in an absorption column!"), while in this work de-
sorption of carbon dioxide from potassium carbonate
inastripper column is investigated. A general model
for the mass transfer/reaction processes in carbon di-
oxide stripper using promoted hot potassium carbon-
ate has been developed and the combined effects of
mass transfer and chemical reaction was treated by
the surface-renewal penetration theory. In addition,
the effect of various parameters on the performance
of an industrial stripper has been investigated.

Process setup

Figure 1 shows a schematic diagram of a con-
ventional split-flow absorber-stripper!’®.. The system
consists of two columns, the absorber and the strip-
per (or regenerator) where both columns are packed
bed type. The feed gas enters the absorber, which
operates at an elevated pressure, and is contacted
counter-currently with the lean liquid from the re-
generator, and essentially all of the carbon dioxide
is removed. The rich liquid loaded with carbon diox-
ide from the bottom of the absorber is first flashed
nearly to 1.15 atm 1n a throttling valve and subse-
quently passes through the stripper where it is
stripped counter-currently by the stream generated
by boiling solution in the bottom of the stripper. As
the solution flows downward through the regenera-
tor in the counter-current mode with steam, CO, is
stripped from the solution. A portion of the lean
solution from the regenerator is cooled and fed into
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Figure 1: Schematic diagram of a conventional
split-flow absorber-stripper arrangement
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TABLE 1: Characteristics of the stripping tower, pack-
ing, reboiler and system for CO, desorption!*®,

Parameters Value units
Height of packing 26 m
Diameter of packed bed 5.5 m
Packing size (dy) 40 mn
Packing shape metal mini

rings

Specific surface of packing (a) 123 mn!
Packing void fraction 0975
Reboiler heat load 15.60x107 kJh1
Ee%%ﬁlegrpomt of solution in 401 K
Stripper pressure 1.15 atm

the top of the absorber while the major portion is
added at a point below the top without any change
in temperature. This simple modification, which is
called split-flow process, raises the temperature of
the rich liquid and lowers the amount of heat needed
for heating the solution to the regeneration tempera-
ture. The acid gases together with some water vapor
pass overhead from the stripper and through a con-
denser. TABLE 1 shows the characteristics and speci-

fication of a typical industrial stripping column and
reboiler!!s!,

Chemical reactions

The basic reaction chemistry for decomposion
of KHCO, is represented by the following revers-
ible reaction(**?%;
2KHCO, 5CO, + K,CO, + HO (1)

Since potassium carbonate and bicarbonate are
both strong electrolytes, it may be assumed that the
metal is present only in the form of K* ions, so reac-
tion (1) may be more realistically represented in the
1onic terms as:
2KHCO-, 5CO, + CO? + HO 2)

The above reaction is evidently made up of a
sequence of elementary steps [

HCO-, 5CO, + OH- (3)
HCO-, 5 OH 5 CO* + H,0 (4)
H* 5HCO-, 5CO, + HO (5)
HCO-, 5CO,? + H (6)
H* + OH- 5 H,0 (7)

Reactions (4) through (7) are fast while reaction
(3) is slow and, hence, the rate controlling step, with
the following rate equationt! 1*21l;

—= Pyl Paper
k[ OH™] ([CO,Je-[CO,]) (8)
where K, is the backward rate constant and [CO, ],
is the equilibrium concentration of CO,. Carbonate-
bicarbonate system is a buffer solution, thus the con-
centration of the OH-ion in the solution near the
surface of the liquid is not significantly depleted by
the absorbed CO,. In this case, the carbon dioxide
undergoes a pseudo-first order reaction and Eq. (8)
may be rewritten as!'* 16:21;

ron = K, ([CO,], - [CO,)) (%)
Where k, denotes an apparent first-order rate con-
stant.
When a small amount of amine is added into the
solution, the desorption rate of carbon dioxide is en-
hanced greatly according to the following reactions™:

(10)

fou=

HCOj + RR'NH < RR'NCOOH+ OH™
(Amine) (Carbamate

(11)

RR'NCOOH < RR'NH + CO
(Carbamate) (Amin eg

At higher temperatures industrial operating con-
ditions, the rate of reaction (11) increases signifi-
cantly. As such, the system is better represented by
the homogeneous catalysis mechanism 1423 and,
hence, reaction (10) becomes the rate-controlling
step. Using this approach in deriving Eq. (9) results
in the following pseudo-first order rate equation for
v

Where k, is an apparent first-order rate constant.

Adding Egs. (9) and (12) leads to the overall
pseudo-first order rate equation for carbon dioxide
with promoted hot potassium carbonate in liquid
phase:

"Am=KAnf ATICOe—CO )=y [COle—CO)  (12)
Where k, is an apparent first-order rate constant.

Adding Egs. (9) and (12) leads to the overall
pseudo-first order rate equation for carbon dioxide with
promoted hot potassium carbonate in liquid phase:

r= (koHOH 14k o Aml)(CO, 1e ~[COy)

=k([CO,1c -[CO,)) (13)

Where k is the overall apparent first-order rate
constant and defined as:

k =(kogIOH 1+k 4 [ Aml) (14)

m[
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The governing equations of the model for a
packed stripper ? can be derived by carrying out
the material and energy balance around a differen-
tial height of the column shown in Figure2. The en-
velope I1I is an elemental volume in the differential
packed height (Ah) of the stripper, consisting of the
gas and liquid phases denoted by envelops I and II,
respectively. In developing the model equations we
assume steady-state conditions and negligible pres-
sure drop along the bed. It is also assumed that CO,
and H O are the only components transported across
the interface and the reboiler in the stripper can be
modeled as a well-mixed equilibrium stage.

Mass balance
1. Gas phase

A differential mole balance in the gas phase
around (dh) provides a differential equation for the
gas flow along the bed:

dG

dh = (Ncoz _NHZO)a (15)

Where G is superficial molar velocity of gas,
NC,0 and NH,O are mass transfer fluxes of CO,
and H,O, and a.1s the specific surface area of pack-
ing.
A differential mole balance in the gas phases for
CO, and H,O also gives the following differential
equations for mole fraction of carbon dioxide and
water in the gas phase:

d}’co2 _ (NHZOY(:O2 +Nco, (1- Yco, ) )a

(16)
dh G
dYHZO B _(NCOZYHZO +NH20(1_YH20))3 (17)
dh G
L +dL G+dG
T, +dT, T, +dT,
X, + d., s Yooy +ell,
X Vi + iV,
e H, +dH,
Interface % i
______________ e e Tl BT
Mo |, T
T W
¢ & T m
xi.;': .
Xy,
H, .F:

Figure 2: Differential section of packed stripper

2. Liquid phase

Here it has been assumed that for the amine-
promoted carbonate solution the reaction is fast and
hence the reaction take place at the same rate at
which the carbon dioxide is desorbed®2%:3, A dif-

ferential mole balance in the liquid phase results in:

dL
I (18)

where L is the superficial molar velocity of the
liquid. In derivation of Eq. (18) the CO, generated
by reaction (1) is assumed to be desorbed from the
liquid phase, so that the reaction (1) has no effect on
the change of liquid molar flow rate.

The differential moles balance for K,CO, in the

liquid phase gives:
d( Lxk,co, )
dh
Replacing dL by Eq. (18) gives rise to the equa-
tion for mole fraction of K,CO,:

= _NHZO a

(19)

= —Nco2 a

dXI<2c03 B (NHZOXKZCQ —Nco, )3

dh L

Mole balances for KHCO, and H,O also yield
the following equation in the liquid phase:

(20)

dxgpco, _ (NHZOXKHCQ +2Nco, )a (21)
dh L
dxy,0 _ _(NHZO(l_XHZO)"'NCOZ )a (22)

dh L

Concentration of ions and free CO,

In the present study, the concentration of hy-
droxyl, carbonate, bicarbonate ions, and free CO,
are obtained by chemical equilibrium and charge
balance 151623261, The parameter which is usually em-
ployed to describe the liquid-phase composition is
the fractional saturation defined as??:

_[HCO;] _ [co; |
[K*]
where m 1s the molarity of the solution (i.e. the total

K,CO, concentration!¢? 1),
The law of electrical neutrality suggests that:

2[COF]+[HCO; 1 =[K*] (24)

(23)

2m
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Replacing [HCO- ,by Eq. (23) give rise to the
following equation for concentration of carbonate
1on®:[HCO,]

[CO; ]=m(1-a) (25)

In a carbonate-bicarbonate mixture the concen-
tration of hydroxyl ion depends on the ratio of car-
bonate to bicarbonate and is given by the following
expression [16:25281;

Ky [COT]

[OH 1= .
K, [HCO;]

(26)
Where K, is the stoichiometric equilibrium con-
stant of water and K_ is the second dissociation con-
stant for carbonic acid in reaction (6).
Substituting Egs. (23) and (25) into Eq. (26) give
rise to the following equation for the concentration
of hydroxyl ion as a simple function of o 2%

K, 2a

According to Egs. (5), (6), (23) and (25), the
equilibrium concentration of free CO, in liquid is
given by [16,22,23,25],

[OH (27)

2
=4m_*-2

CO
[ Z]e Ks 1—q

(28)

Where K, is the first dissociation constant for
carbonic acid in reaction (5).

Since potassium carbonate and bicarbonate are
both strong electrolytes, combining Egs. (23) and
(24), results in the following relationship for o

XKHCO,

a=
XgHco, T2 Xk,co, (29)

where Xk, co,and Xgpco, are mole fractions of potas-
stum carbonate and bicarbonate, respectively.
Energy balance

A differential energy balance for the gas and lig-
uid phases around the differential height(dh), gives
rise to the following differential equations for the
temperatures of the gas and liquid phases:

d;l;; _ (Np,0—Neg)aTy L (NegGreo Tt ~NigoGrolp)a
dh G N GGe
hga ¢~ 1)
GGg

(39

—= Pyl Paper
T,

_ NHZO aT, + (Nco2 CPco2 T, - NHZOCPHZOTg )a
dh L LCp
_ hga(Tg -T.) N (NCOZACO2 —NHZOAHZO)a
GGCro LCpy

(31)

Reboiler

Heat is supplied to the column by steam coils
installed in the reboiler. Since the amount of heat
needed to rise the temperature of the solution leav-
ing the reboiler is insignificant, all of the thermal
energy is consumed to evaporate water which leaves
the reboiler as vapor 2. Hence:

Qr

GR = H
Vapor

(32)
where Q, is molar flow rate of water vapor leaving
the reboiler, Q. the amount of heat which is sup-
plied by condensation of steam in the steam coils,
andH,  the enthalpy of superheated steam leav-
ing the reboler given by [2%31];

AHp 0,

ref

+Cp

vapor

(TR - Tref)

in which, H__ is the heat of vaporization of water

atT, , CP, AI,ORthe molar specific heat of vapor, and

T, the boiling point of solution in reboiler.

HVapor = (33)

Mass transfer

In this work the combined effect of mass trans-
fer and chemical reaction is treated by Danckwerts’s
surface-renewal penetration theory.

According to this model the rate of mass trans-
fer of CO, in the liquid phase 2 is governed by:

Nco, =E kL(CcoZe ‘Ccozi)

where Cco, . is the concentration of carbon dioxide
at the interface, Cco, the equilibrium concentra-
tion of un-reacted carbon dioxide in the bulk of lig-
uid, K the physical mass transfer coefficient, and E
the enhancement factor defined as the ratio of the
rate of desorption of CO, in the presence of chemi-

cal reaction to that obtained from physical desorp-
tion3277);

(34)

(35)

D;  koulOH ]+Dy__ kan[Am]
E=[1+—2 2 =

The rate of mass transfer of carbon dioxide in
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the gas phase is as follows:
o (Pco,, = Peo,)

where Kgco,is gas phase mass transfer coefficient
of carbon dioxide. Eq. (36) can be rewritten in terms
of the physical solubility of CO, in the reactive
K,CO, solution as:

Neo, =kg, (36)

keco
Nco, = %(Ccozi -Cco,) (37)

Using both gas and liquid side resistances, and
combining Egs. (34) and (37) followed by eliminat-
ing the interface partial pressure of CO,, one can
reach to the following equation for the desorption
rate P27);

Koco,kiE
keco, +k EH
where KLCO, is overall liquid phase mass transfer
coefficient of carbon dioxide 2539,

Because vapor is a saturated steam and the tem-
perature of vapor is more than the temperature of
liquid at all points, steam is condensed to liquid phase
across the interface. Therefore the mass transfer rate
of water per unit interfacial area is:

Nco2 = = KLCOZ (CCOZe - Cco2 ) (38)

(39)
where h_is condensation heat-transfer coefficient #7,
LAHH O heat of vaporization of water, and AT the
temperature difference between vapor and liquid
phase.

Equilibrium, kinetic and transport parameters

The kinetic parameters of different amines and

the equilibrium and transport parameters are tabu-
lated in TABLES 2 and 3.

Numerical solution

The Egs. (15)-(22) and Egs. (30) and (31) form
a set of nine differential equations which are solved
numerically using an iterative approach and by tak-
ing into account the appropriate boundary conditions.
First using specification of the reboiler, T, and Qps
the flow rate and temperature of the gas phase exit-
ing from the reboiler and entering the column at its
bottom is determined. While the flow rate, the con-
centration and the temperature of the liquid phase
entering the top of the column are known, to start

CHEMICAL TECHNOLOGY

TABLE 2 : Rate constants of reaction between
amines and CO,where T is liquid temperature (K)

Amine kam( m3 kmol -1 hl) Ref.
DEA 6.4 x 108 exp [14.97(1- 353/T] (17,281
MEA 3.4 x 108 exp [13.54(1- 353/T] (17,281
TEA 36 x 10 (12727 2688/T) [17,28]
MAE 12 x 108 exp [13.40(1- 353/T] [17,28]

the integration procedure, the flow rate, concentra-
tion and temperature of the liquid phase at the bot-
tom of the column must to be guessed initially. With
these guesses the column equations can be then in-
tegrated using the Euler method up to the top of the
column. The results obtained from the calculations
are, 1n turn, used for further iteration until a con-
verged solution is obtained. The shooting method
was employed in this study to verify the convergence
of the solution®*4,

For this purpose, two values of X, ¥ and X, @ are
assumed for each of the liquid phase properties at
the bottom (liquid flow rate, L, liquid temperature,
T, and liquid mole fractions, XK CO, , XKHCO,,
XH,0, X, and XKVO,). The corresponding cal-
culated values at the top of the column, X and
X, @, are used to calculate the difference functions,
X -X® and X - X @ (where X, is the observed
liquid property at the top). The points A and B are
plotted at (X,@, X - X ®) and (X,@, X -X @) ona
xy plane. Then the line AB is extended to intersect
with the x axis at C, which provides the next guess

for X,, say X, ¢ B34 calculated using the following
equatlon

X(z) x(1)
x{?) = W(X(l -X)+ X" (40)

A computer program has been written in Fortran
language using the above procedure. A step size of
1/100 of the packed height was found to be adequate
to achieve a converged solution with a reasonable
level of accuracy.

Model validation

A verification of the model was carried out by
comparison with the operating data of an industrial
hot carbonate regeneration from Shiraz Petrochemi-
cal Complex U8 (see TABLE 1). The predicted re-
sults and actual data are presented in TABLE 4.
Overall, for all the cases studied a satisfactory agree-
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ment was achieved.
RESULTS AND DISCUSSION

The performance of the carbon dioxide desorp-
tion was investigated by conducting desorption simu-
lations under the design and operating conditions
summarized in TABLES 1 and 4. The simulation
results were plotted and the effects of different pa-
rameters on the desorption performance were exam-
ined.

The concentration of components in the liquid
phase changes along the stripper column due to the
desorption of CO, from solution. The mole fraction
profiles for K,CO,, KHCO, and H,O in liquid phase
are represented in figure 3. Since KHCO, is con-
sumed due to reaction, the concentration of KHCO,
in the solution decreases as it moves down the col-
umn. Water concentration profile is affected by wa-
ter vapor condensation and water generation by the
liquid phase reaction. According to these effects, the
concentration of water increases along the column
from top to bottom. Since K,CO, is a reaction prod-
uct its concentration increases as the liquid moves
down the column.

The temperature profiles have been calculated by
using the model along the packed bed as shown in
Figure 4. The gas temperature decreases as it moves

TABLE 4 : Comparison of calculated results with
the observed plant data ' under the specification
indicated in TABLE 1.

Parameters Inlet Outlet Calculated 1T
observed %
Liquid empera- 540 401 3985 062
ture (K):
Liquid flow
ol 69660 61677 61179 081
Liquid composition (mole fraction):
K, COs 0.01260 0.03663  0.03812 -4.06
KHCO; 0.07110 0.02527  0.02456  2.81
WATER 090766  0.9294 0.9277 0.18
DEA 0.00717 0.00722  0.00746 -3.32
KVOsant- 500144 000145 000149 276
corrosion)
Gas 401 379 39182 -3.38
temperature(K)
Gas flow rate
onol/h) 3990 3950 210 66
Gas composition (mole fraction):
(€ )) 0.0 0.3645 0.3491 422
H,0 1.0 0.6355 0.6509 -2.4

—= Pyl Paper

0.08 1

o
8

Mole fraction

0.88

Mole fraction
o
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Height from bottom (%)
Figure 3: Concentration profile of various com-
ponents in liquid phase along the packed bed

up the stripper since heat is being transferred to the
liquid phase due to condensation of water vapor and
the temperature difference. The absorption of heat
by chemical reactions in the liquid phase is negli-
gible in comparison with the sum of the heat which
is being transferred to the liquid phase due to the
condensation and temperature difference so that the
liquid temperature increases as it moves down the
stripper.

The absorbed CO, in the buffer solution of car-
bonate-bicarbonate is stored in the ionic form

HCO3 . The concentration of bicarbonate ion de-
creases as liquid comes down from up to bottom of
column due to the stripping of CO,. Therefore, ac-
cording to definition of a, carbonation ratio in the
liquid phase along the length of column is decreased
from top to bottom as shown in figure 5a, while con-
centration of [CO?.] due to chemical reaction is
increased as shown in figure 5b. Concentration of
OH- depends on the ratio of the concentration of
carbonate to bicarbonate ion so that its concentra-
tion is increased as liquid moves down the column.

405

400 |

Temperature (K)
w w
© «©
o (9]

@

%

@
I

375 T T T T
0 20 40 60 80 100
Height from bottom (%)

Figure 4. Temperature protiles of liquid and gas
phase along the packed bed height
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—= Operating data|

Carbonation ratio

0 10 20 30 40 50 60 70 80 90 100
Height from bottom (%)

Figure 5a : Carbonation ratio versus the packed
bed height

Since in a carbonate-bicarbonate mixture, HCO3 is
consumed while [CO*"]is generated, the concentra-
tion of free CO,, which would be in equilibrium with
local concentration of o3 and [CO*] are de-
creased as liquid moves down as shown in figure 5b.

In figure 6, effect of the inlet liquid temperature
on separation efficiency of the stripper is studied
while separation efficiency is defined as?%!:

_ (41)
ms

In the above equation QCO, is volumes of CO,
(m*/h) removed, and m, the mass flow rate of steam
(kg/h) used in the reboiler. In sensitivity analysis of
Figure 6 the stripper is operated so that a constant
lean loading is provided.

This figure clearly shows the higher mass-trans-
fer performance at higher inlet temperatures, which
can be presented by increasing the equilibrium va-
por pressure of CO, over the portion of solution
last contacted by the gas. It is clear that at lower
temperatures, the stripping curve has a horizontal

35 0.05

3t

°
R

N
2

~

[
@

4 0.02

Concetration (kmol/m3)
Concentration (kmol/m3)

[N

=4
=3

05

0/ .

0.24 0.34 0.44 054 0.64 0.74

Carbopation ratio

Figure 5b : Concentration profiles of ions and free
CO, versus carbonation ratio
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071 —=- Operating datal

Efficiency
°
B

365 370 375 380 385 390 395 400 405
. et tqnperayre of rich syjutjon (K)
Figure 6: Effect of 1nlét Tiqiid temperature on re-
generation efficiency

asymptote, so a large increase in the inlet liquid tem-
perature is required to obtain a small increase in effi-
ciency. Hence, beside the influence of the equilib-
rium vapor pressure of CO,, the steam consumption
rate (m,), which indirectly depends on the liquid tem-
perature plays an important role on the stripping per-
formance.

A change in the promoter concentration obvi-
ously has an impact on the desorption performance
while the stripper is operated to provide a constant
lean loading. According to figure 7, an increase in
the amine concentration induces a higher CO, strip-
ping. The possible explanation for this behavior is
that increasing the amine concentration reflects the
higher enhancement factor in the liquid phase, which
is directly proportional to the overall KL in the case
of liquid phase controlled mass transfer.

Promoter type is considered as another essential
factor affecting the efficiency of CO, desorption pro-
cess. According to figure 8 the role of four types of
amines were compared for their effectiveness in car-
bon dioxide stripping at identical operating condi-
tions. These were DEA, MEA, TEA and MAE. As
shown in figure 8, MAE provides the highest mass

0.8

= Operating datal

0.7

o
Y

o
@

Efficiency

o
=

0.3

0.2

0 05 1 15 2 25 3 35 4 45
Concentration of DEA (%)

Figure 7: Effect of DEA concentration on regen-
eration efficiency
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o
o

—4— DEA
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—= MAE

[od
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o
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mole fraction of CO2 in gas phase
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N w

o
[

0

0 10 20 30 40 50 60 70 80 920 100
Height from bottom (%)

Figure 8 : Effect of amine type on mole fraction
of CO,along the column height

250
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Ligquid mass transfer coefficient
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Figure 9: Effect of amine addition on the liquid
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transfer performance when compared with MEA,
TEA and DEA. The difference between the regen-
eration efficiency by three of the amines is prelimi-
nary influenced by the second order rate constant,
k,,, as indicated in TABLE 2. According to this
TABLE the value of k,, for the CO,- MAE sys-
tem is greater than that of CO,- MAE CO,-TEA
and CO,- DEA, thus leading toa higher enhance-
ment factor and regeneration efficiency.

The role of amine in the mass transfer perfor-
mance is shown in figure 9. As can be seen, addition
of amine to the liquid phase induces liquid phase
mass transfer coefficient (k ). The difference be-
tween the liquid phase mass transfer coefficients for
amine and amine-free solution is preliminary influ-
enced by the second-order rate constant, k,  , asin-
dicated by Eq. (12). An increase in k, , reflects the
higher enhancement factor in the liquid phase (Eq.
(35)) which is directly proportional to the liquid phase
mass transfer coefficient as shown in Eq. (34).
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CONCLUSION

A numerical model was developed and validated
for simulation of carbon dioxide desorption from
promoted hot potassium carbonate in industrial-scale
strippers. The proposed model accurately predicted
the stripper performance when the predictions were
compared with observed data. The effect of three
parameters on stripper performance was investigated;
inlet liquid temperature, promoter concentration and
promoter type. The inlet liquid temperature was found
to posses two important effects on the general be-
havior of the stripper. Firstly, it influences the mass
transfer process and secondly the steam consump-
tion rate of reboiler. In the stripper which is con-
trolled by the liquid side mass transfer, the increase
of E with increasing the weight percent of amine in
the solution, demonstrates that the resistance in the
liquid phase is decreased as amine is added to the
solution. The use of other amines is an efficient way
to enhance the regeneration efficiency of desorption
process which has been discussed in this work. The
model provides a procedure to investigate the effect
of new promoters on the CO, desorption.
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Nomenclature

o specific surface area (m?m?)

C concentration of k* component (kmol m?)

C, equilibrium concentration of k* component in the bulk
of liquid (kmol m™)

G, concentration of k" component at interface (kmol m?)

G, average molar specific heat of gas (k] kmol m*K™)

C, average specific heat of k™ component (k] kmol m*K)

C, molar specific heat of liquid (k] kmol m*K™)

C, specific heat of liquid (k] kg'K)

D,., diffusivity of CO, in K,CO, solution (m*m™)

Dg., diffusivity of CO in gas (m? h?)

d, packing nominal si size (m)

E enhancement factor

G molar velocity of gas (kmol m?h)
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TABLE 3 : Equilibrium, kinetics and transport parameters

parameter  expression source
, K- O3] _[HCO,] »
[K™] [K™]
Pro, log Py 0, =—(L'/2.303R)((L/ T) - 2.45x 10°) ~1.1672+ C; L' =40983.6 [34]
C C =1.2014+(0.2857/ X.) — (0.0537/ X2) (54
0.691(%KHCO4)
Xc = 3 (34
%K 5CO3 + 0.691(%KHCO3)
K,[K*] a?
co P = — (6]
2e COze KiH 1-«a
K¢ log(K 5) =—(3404.7/T) +14.843—0.03279T [16]
K log(Kg) =—(2902.4/T) + 6.498— 0.0238T [16)
Hyy logH,, = (1140/T)-5.30 [16)
k, RT ¢
kg 9« — 532(£)07( Hg )1/3(ad )—2.0 [23]
k D p
9, g Pglq,
) .
Hi 13 L H s
k k, (——)"°/D¢o, =0.015(—)(——) (36]
- - pfg z au, P|Dco2
Deo logDey =-3.0188- 5809729 _ 4 paz7 [15]
2
hy hg = 2. ykhg, 7
k
2/3
hy, hg, =Ky, Cp, (LE) [37]
Ce, Cp =4.1774-0.0382w — 0.4445x 10 ” +1.2798x10 °0° (20
AHco, AHgo, = 27228.2+81.37w +5.3202 - 0.131303 + 1.654 x 1030 4 [38]
o o %K,CO; +069L%KHCO;) .
%K ,CO;, +0.781(%KHCO ;) + %H ,O
G mass velocity of inert gas (kg m?h) ko, backward rate constant of reaction B) Y
G, molar velocity of vapor leaves the reboiler (kmol h) % overall mass transfer coefficient (kmol mf atgn‘l)
H solubility of carbon dioxide in solution (kmol atm™ £ (.}as.51d§: mass transfer coeff1c'1e.nt (kmol h*' m?)
m") k. 11'qu1'd 31.de mass transfer coefﬁc1ent' (mh‘l)
H,.. enthalpy of superheated steam (kJ kmol *) K, first ionization constant for carbomc.aad' (kmol m‘3_)3
h heat transfer coefficient in gas phase (k] m2 h* K) K, second ionization constant for carbonicacid (kmol m?)
h, condensing heat transfer coefficient (k] m? h' K L molar velocity of liquid (kmol m*h)
AHCO, heat of reaction and absorption of CO, (k] kmol 1) T, liquid mass flow rate (kg h)
AHH,O heat of vaporization of water (k] kmol ) Le Lewis number
I ionic strength of solution (k] ion m*) N, mass transfer flux of kth component (kmol m?h)
k pseudo first order rate constant (h”) P, partial pressure of kth component in gas phase (atm)
k., second order rate constant of amine (mkmol *h") N equilibrium vapor pressure of kth component in gas
ko, forward rate constant of reaction (3) (m* kmol *s) phase (atm)
k Gas side mass transfer coefficient (kmolh' m?atm)
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)

partial pressure of kth component in in the liquid-gas

“ interface (atm)
pr Prantl number
Q reboiler heatload (k] h?)
R universal gas constant (m’ atm kmol* K?)
Re Reynolds number
S cross sectional area of column (m?)
Tg gas temperature (K)
T liquid temperature (K)
t liquid temperature (K)
W, mass velocity of vapor (kg h”)
X mole fraction of kth component in the liquid phase
Y, mole fraction of kth component in the gas phase
Greek symbols
a carbonation ratio
ug gas phase viscosity (kg m™* h)
1y vapor phase viscosity (kg m™* h)
by liquid phase viscosity (kg m™* h)
P gas phase density (kg m?)
P liquid phase density (kg m?)
® total equivalent weight percent of K,CO,
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