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A NEW COMPUTER MODEL FOR EQUILIBRIUM DATA IN
Ha8~C0p-AQUEOUS MONOETHANQLAMINE SOLUTION SYSTEMS

5. N. Lattas *, N. C. @. Markatos *+

A new computer-based model for the equilibrium
data for the H,5-COj-aquecus monoethanolamine

(MEA} solution systems is described. It is based
on about one  thousand (1000) published experi-
mental equilibrium data points and enables in-
Creased accuracy in a wide range of engineering

applications. The model is easily implemented
on a computer, and needs a minimum calculation

time. The program package PRESS-II, being the

computer implementation of the model, provides

the created data base DAPRE containing all the
experimental data published to date.

INTRODUCTION

The importance of the simultaneous or selective removal of
the acid components (H,S, CO;, COS etc) from the natural and
industrial gases is clear from the many technoleogical solutions
that have  been developed in practice.

The removal of acid components from such gases is necessary
for environmental, technological and financial reasons. The ever-
increasing sensitivity of the authorities to limit sulphur
compound emissions to the atmosphere, (H,S, SO, and other
toxic compounds), the poisoning of catalysts and the corrosion
of installations, are some of the problems that impose gas
purification. Furthermore acid gas recovery to produce S,

Hp804, COp, etc. establishes gas purification as a finan-

cially advantageous process. In particular the reinjection of
CO2, recovered from sour associated or natural gas, inteo reser-
voir formations, enhances oil or gas recovery.

The most-applied gas sweetening process is the GIRBOTOL
process (1,2,3}, used in hundreds of installations all over the
world. The process is based on absorption through chemical reaction
inte agqueous ethanolamine solutions of the acid components
contained in gases. The ethanclamines react chemically with
HpS and COp as well as with COS, €S; and RSH (mercaptans).
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The most commonly used amine is the monoethanolamine (MEA).
Tts primary advantage is that it reacts with all the acid compounds
without selectivity. Since MEA is a stronger base than other _
ethanolamines, it is the most reactive and conseguently involves
lower operating cost.

Although this process is the oldest (1930), it is widely
used and continues to concern the researchers up to the present
day (more than 200 references during the last 5 years).

Most of the industrial amine sweetening units in use today
are empirically designed. Stringent limits on the acid compounds
content in the gas leaving the top of an absorber (less than
1 ppm HoS or from 0 to 16 ppm COp for some chemical
processes), as well as the change in operating conditions
along the aqueous amine solution regeneration celumn, lead
some times to gross over design (with unjustifically increased
cost). In contrast, inadeguate design may lead to serious
corrosion problems, in addition to other operating difficulties.

For rigorous design of gas sweetening units a complete
knowledge of the equilibrium data is needed. The data must
cover the whole region of operating parameters of the
industrial units, for HpS, COp or both acid compounds, when
they coexist in the sour gas. (As it is well known, there is an
interaction in the behaviour of the two acid components
during the absorption regeneration process. This interaction
strongly depends on their solution concentrations and their
proportion}.

EQUILIBRIUM DATA

Equilibrium data for the systems HyS -agueous MEA solution or
COs - agueous MEA solution as well as for the systems HpS-—
Co, - agueous MEA solution have already been presented in the
literature, as tables of experimental data, smoothed curves,
nomographs or correlation gquations. The equilibrium partial
pressure of either acid gas is a function of temperature, of
amine loading with hydrogen sulphide, and/or carbon dioxide, and
of amine concentration in the liguid phase.

Several investigators have measured hydrogen sulphide and
carbon dioxide solubility in agueous MEA solution. Such
experimental determinations are difficult to make and, as would
be expected, there are differences in the values reported.
among +the investigations into H3S solubility in agueous MEA the
measurements of (4) to (14) have been noted. similarly for COs in
MEA, references (8), (9) and (1l1) to (20) provide experimental
data. Several workers have undertaken studies of the combined
absorbtion of both HsS and COp and among these are (5), (8},
(9), (12), (13), (14), (21) and (22).

although a great number of investigators have measured the
solubilities of the acid gases 1in agueous monoethanclamine
solutions, the data available are restricted and of limited
utility for engineering design. The amine concentration
{solution normality) and, in sone cases, the temperature ranges
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of the data are too narrow, the data in many ranges are meagre
or scattered or are inconsistent with other independent
studies or the data are for only  Thydrogen sulphide or only
carbon dioxide, but not for mixtures of the +two acid gases,
Thus, for the conditions in a refinery fuel gas sweetening
unit {23), where the absorber operates with a 20 wt % (3.3 N) MEA
solution at 409 and the solution concentration in the
regenerator varies between 2.8 and 2.3 N (an usual case in
practice), experimental data are not reported {low and very low
partial pressures). In addition, because such experimental
determinations are difficult to make, especially at high
temperatures or low partial pressures, there are differences in
values reported for identical or nearly identical runs or as
between different investigators.

However, in most cases the authors have reported smoothed
data or created smoothed equilibrium curves, for individual amine
concentrations, from the original experimental data but these
equilibrium curves are of limited value when plotted on semi-log
scales as is traditionally dene. The curves become essentially
vertical lines when acid gas loading is low (less than 0.01
mole acid gas / mole MEA) as used in most commercial units in
crder to meet treated gas quality specifications. Besides, because
of the differences 1in amine concentrations, direct graphical
comparisons cannot be made. The need for data at conditions
typical of the MEA unit operation was covered (graphically)
by Chen and Ng, (24). They used the ZXent and Eisenberg (285)
model and developed nomographs for MEA systems s0 as to
predict  partial pressures of HpS and/or €Oy with an
accuracy within an acceptable range for normal engineering
applications.

These nomographs can be used for any combination of
temperature, concentration and ligquid loading within the
region of practical gas treating conditions. However, the
nomegraphs canncot be easily implemented for computer calculations
needed by modern computer—-aided design techniques.

CHEMICAL EQUILIBRIUM MODELS

A number of workers have attempted to correlate and predict the
partial pressures of the acid gases above ethanolamine
solutions. All the previous attempts postulate the fact that
certain chemical reactions occur 1in solution and propose a
thermodynamic model for the reaction equilibria.

Starting from the general reaction form (where R ig the
-CoHsO group in MEA):

HsS
2RNH; + HpS ==== (RNH3}38 : (1}
(RNH3) oS + HopS ==== 2RNH3HS (2)
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CCy
2RNH> + HpO +C0O5 ==== (RNH3)2C03 (3)
{RNH3) 2CO3+ Ho0+COp ==== 2RNH3HCO4 {(4)
ar
2RNH; + COp ==== RNHCOONH3R (5)

a number of possible reaction mechanisms have been proposed
censidering primary or secondary, lrreversible or intermediate
reactions occurring in parallel with lonic dissociations and
physical solution. Based on the Danckwerts and McNeil studies (26)
the Kiyamer, Colesnicova and Robin (27) and the Kend and
Eigsenberg (25} models extended by Vaz (28) are the most
recently proposed and they allow for the estimation of equili-
brium , with increased accuracy over ranges of temperature,
pressure and composition where no experimental data exist. They
provide a consistency that is Impossible te achieve when graphs
must be read manually. In addition, they allow for estimation of
properties that have not been measured experimentally.

It seems that only the computer time needed for the model's
solution remain as a problem. The thirteen nonlinear equations
system (with thirteen unknowns), as originally proposed, nust be
solved. A recent transformation in an equivalent three
expressions system needed an iterative numerical procedure (a
modified Newteon - Raphson method). In both cases a great number
of calculations must be performed.

Consequently a straightforward numerical representatlon of
the experimental data has been developed.

A NEW COMPUTER MODEL FOR ROQUILIBRIUM DATA PREDICIION

First an experimental data collection was made. Data
extracted from smocothed curves and +the Chen and Ng (24) monographs
was added to the experimental data collection teo complete the
regions where no experimental data exist or the existing data
are meagre or scattered. Based on the oOstle (29} algorithm, a
statistical computer package HREGRESSM™ (30) was created,
containing the apropriate methods for multiple and peolynomial
regression analysis. Using the computer package WREGRESS'" a new
model was elaborated. This permits the prediction, with increased
accuracy, of the equilibrium partial pressure, for either acid
gas, over the Hy8 - CO; -~ agqueous MEA solution system. The
computer implementation of <this model is very simple while
the equilibrium data calculations needed reduced computer tine.

The acid gas partial pressures are expressed in terms of
two Veorrelating variables™ K and L. The K variable represents
the effect, on the HyS or CO, partial pressure, of the MEA
solution loading with either acid gas (mole a.g. /mcle MEA).
The L variable represents the influence of the MEA solution
concentration and temperature on the acid gas partial
pressures. Figures 1, 2 and 3 show the depandence on the
HpS partial pressure, of the temperature T, the solution
concentration C and the acid gas solutlon loadings R (H8) and
Q (COy), through the "correlating variables® Kr and Lgp.
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The curves in Figure 1 were developed using temperature
of 50°9C and a MEA solution concentration of 20 wt % as
reference conditions. Passing  from the reference conditions to
any desired conditions of temperature and concentration is
based on the assumption that the effects of the Kg and Ly
"correlating variables" on acid gas partial pressures are
practically independent of each other. This. assumption is wvalid
in the acid gas loading region between 0.04 and 0.4 mole
a.g./mole MEA which covers the most practical region in the gas
purification industry. Outside of these loading limits
correction procedures must be applied for accuracy improvement.

A reduction in complexity of the nodel relationships and

higher accuracy was obtained by dividing the acid gas

loadings variation interval (R [0.001 ; 1.01, © [0.001 101,
Figure 1) into subdomains. Fiqure 4 indicates the interval
division for  HpS partial pressure calculations. A similar
division is made for CO; partial pressure calculations. In
every section, shown in Figure 4, HpS8 partial pressure,

Pysg, expressed in mbars, can be calculated from the egquation:

log Pg,s = -6.21749 + 0.4054 Kg + 0.20754 ig {6)
where :

Lp = -1.155 + 5.149 logC + 0.0976 T (T > 70°C) (7)

Kp = 30.53 RO.362 (8)

when Q=0 and R €{0.001 ; 0.01]. In the region RE[0.01 ; 0.1} and
QEefo.1 ; 6.5]:

Er = Kg=p.1(R) + AK (Q) (9}
where :

Ko=0.1(R) = 16.035 RrO.143 {10}

AR(Q) = -1.22 + 14.46 Q -26.6 Q2 + 37.49 Q3 (11)

The values of the "correlating variables" Ky and Ly
for the remaining subsections (of the R, Q, T variation
interval} can be calculated from similar relationships (31),
(32).

In a similar way the dependence of the €05 partial
pressure from the temperature, concentration and acid gas

loadings through the use of the "correlating variables" X5 and
Lo, is expressed (in mbars) as follows :

log Peo, = ~7.4236 + 0.4166 Ko + 0.2104 Lg (12)
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where :

f

1.12 + 0.242 logC + 0.1755 T {13)

Lo
Ko

when R=0 and Q€ ([0.01 ; 0.1]. In the region R€[0.01 ; 0.1] and Q€
[0.01 ; 0.17 :

2.84 + 163.7 Q -1771.5 Q2 -7%05.9 Q3 {14)

Ko = Kr=g,01{Q) + &K{Q) rg(R) (15)
vhere

Kr=0.01(Q) = 17.89 028 (16)

KK(Q) = 2.66 0.029ﬁi {17)

rg(R) = ~0.494 + 4.78\R (18)

Similar relationships permit acid gas partial pressure
predictions within the other regions of MEA solution loadings (31}.

CORRECTION FACTORS ¥OR ACCURACY TMPROVEMENT

The accuracy of the results is acceptable for the usual
design and other engineering calculations mainly, when the
equilibriun parameters lie in the region of the operating
conditions, met in the industrial gas purification units. If
increased accuracy is needed a correction procedure must be
applied, using the correction equations (similar to these
proposed by Chen and Ng {(24), but extended to obhtain a better
fit to the experimental data):

£
PCu,5 = Pu,s Iy (0.187-8.8)(0,05c) Cfp (19)

0.18T-8.8 I
PcCOz = PCOZ fT { )(0.33311'10) CfQ “(20)

The correction factors £p, fe¢ and fr, for the
H,S partial pressure, are shown in Figures 5, 6 and 7 as
functions of the MEA solution loadings R and Q (with acid gas).
Similar figures for the CO, partial pressure correctiocn
factors are given in a recent work (31). Incorporation of the
correction procedure in the model, for computer implementation
purposes, was reallzed through development of apropriate
egquaticns. The correction factor expressions cover the whole
loading variation range from 0.001 to 1 mole a.g./mole MEA. When
additional physical absorption is covered, the lecadings range can
be extended up to 2 moles a.g./mele MEA.

A furher reduction in the complexity of the equations and
additional accuracy was obtained by dividing the acid gas
loadings variation range into sections. Figure 8 indicates the
interval division for f£p and fe calculations for HyS,
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where, for example, if R+2Q > 1.4 (region VII from Figure 8),
fp can be calculated as

fp = 0.84 - 0.02 R - 0.004 Q {21)

when RE€ [0 ; 1} and Q€[00 ; 0.05] (regions I and V), fr can be
calculated as:

fe = (0.15 - 0.26 RO:-33)3 , (1-2~Q) {22)
In the region II where R + 2 Q < 0.6 and Q€ [0.05 ; 0.1] :

fp =1 (23)

Fo= 0 (24)

In the region of low solution leoadings (R,Q,€[0.0 ;0.1])
improved Hy$ partial pressures can be obtained using the
following expression for fp calculation

fr = 1.1 + 15.2 R - 163R2 (25)

Similar relationships permit the fgq, £, fg, £y
calculations within the remaining regions of MEA solution
loadings depending on the predicted H;S partial pressures as
also on the whole region of predicted CO, partial pressures (31).

The use of the correction procedure becomes necessary only
when the liguid 1loadings pass outside the region 0.04 and 0.4
moles a.g/ mole MEA and the temperature or sclution concentration
is far away from the reference conditions (50°C and 20 wt %).
Only the fr and fy correction factors are applicable '
irrespective of temperature and concentration values.

Generally, for normal industrial application purposes, when
the solution loadings lie into the dark zone, Figure 9, the use
of the correction procedure (fyp and fo) 1s not needed and
the model becomes simplier. Only when advanced solution
purification is practised and increased accuracy is needed does
the correction procedure becomes necessary (because the MEA
solution loadings violate the lower 1limift of the above interval -
the upper loadings limit is practically never exceeded to avoid
corrosion acceleration).

It is especially true that for the fRr and fo application
a compromise between desirable accuracy and complexity of the
model determines the region where these correction factors
should be applied.
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THE COMPUTER PACKAGE “PRESS - IXY

Based on the previously presented new correlation model, the
computer program PRESBS-II was developed. This program is akle to
perform H,S and/or €O, partial pressure calculations in the
systems HpS and/ox COz-aqueous monoethanolamine solution over

the whole range of temperature,concentration and solution leoadings.

In its general configuration the computer package PRESS-II,
written in FORTRAN IV of single and double precision, consists of 3
independent main programs, the library PRESS containing 8 subpro-
grams and the data base DAPRE. The main programs PREINT, PREFIL and
PREDAPD correspond to different input modes. While PREFIL utilizes
a user-created input file and the PREDAP uses as input file the
data base DAPRE, the main program PREINT permits the user to choose
between the three possible modes, i.e. the interactive mode, the
user created input file mode and the input from the data base mode.

The subroutines PRESSRQ, PRESSR, PRESSQ contain the
implemented equilibrium model for HzS and COp partial pressure
calculations when both acid gases coexist in eguilibrium or for the
other two particular simplified modes (only Hp5 or COjp
respectively). The subroutines CORRER and CORREQ called frowm the
previous subroutines perform the calculated H;S and COp partial
pressure corrections respectively. The routines PRESRQS, PRESSRS
and PRESSOS contain gquick simplified versions of the equilibrium
model without calling on the correction subroutines (for real time
calculations purposes). This procedure is of gufficient accuracy
for common industrial and other practical applications.

Thus PRESS-II, having as inpuit data the aqueous solution
concentration ¢ in MEA weight percent, the solution temperature T
in ©¢ and the solution loadings R and ¢ as moles HpS/mole MEA
and moles COp/mole MEA respectively, computes and furnishes the
H;8 and CO; partial pressures Pysg and Prog {(in the system
HoS5-C0,~MEA-H50) according to the block diagram in Figure 9.

In this way the PRESS-II package serves as an equilibrium
data generator (data base), furnishing the Hy5 and/or CGp
equilibrium partial pressures in the system HzS and/or COp
~agueous MEA solution. Thus it can be used by gimulation programs
to generate (i.e. for process design, optimization or process
control of a gas sweetening unit using MEA), the indispensable
equilibrium data for Hs$ and COz. For such uses it is possible
to incorporate the PRESS library or the subroutines only needed
into the simulator (33).

The calling seguences from the simulation program to use the
PRESS-II calculation procedure are guite similar both in appearance
and in the roles their arguments play for every one of the previous
subroutines, il.e.

CALL PRESSRQ (R, @, C, T, PH2S, PCO2)

In addition, if the experimental (méasured) partial pressure values
PEg,q and/or PEpgy are given as input data, Figure 9, the
program compares the calculated with the experimental values giving
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the differences DPyag and/or DPegp as alsc the percent
deviation between the calculated and experimental values (% DPppg
and/or % DPppp) needed to assess the accuracy of the correlation.

Running the eguilibrium data generator needs a very
small computer CPU time. When the complete version is used (data
transmission to proper subroutines, Hz8 and CO, partial
pressure calculations, correction procedure application and results
return to the calling routine) the computer CPU time iz about 0.008
s per calculated case or 0.8 s per one hundred calculationz on a
CDC Cybexr 171 computer. When the partial pressure calculations are
made for systems where only HzS or COp exist the computer CPU
time is 0.005 s per calculated case. If the simpiified versions
are used for practical simulation purposes (gas purification unit
design, operation or control) when the correction procedure is not
generally needed, the computer CPU time becomes minimal and is
below 0.004 CPU s per equilibrium point ecalculation. Especially
when only one acid gas is present the CPU time spent can be less
than 0.002 s per case,.

A complete operation with PRESS-II,i.e. data input, H3S
and CO3 partial pressure calculations, % DPHyS and % DP €Oy
calculations and result typing, requires 2 CPU s per one hundred
different equilibrium points.

TABLE 1 -~ The Eguilibrium Data Base M“DAPREH

E :

R Q ¢ T PHzs Pgoz (*)pressure unit index
moles HpS molesCO; wtd (+) temperature unit index
mole MEA moleMpa Mpa (T) (¥} (%) ‘g
.0 244 15.5 100. O. 32.6 1 2 30 MUHLBAUER-MONAGHAN
.0 «200 15.5 106. O. 18.7 1 2 30 MUHLBAUER~-MONAGHAN
.0 .lek 15.4 10¢., 0. 13.4 1 2 30 MUHLBAUER-MONAGHAN
.0 .1386 15.4 100. O. 8.1 1 2 30 MUHLBAUER-MONAGHAN
.0 .2 12.2 140. 0. 550. 3 2 22 REED-WOOD
.0 .27 12.2 140. 0. 1000. 3 2 29 REED-WOOD
.0 .368 12.2 140. 0. 2000. 3 2 29 REED-WOOCD
714 .0 i12.2 15, 20. 0. 3 2 28 LEIBUS-SNEERSON
.83 .0 12.2 15. 40. 0. 3 2 28 LEIBUS-SNEERSON
.9 .0 12.2 15. 60. 0. 3 2 28 LEIBUS-SNEERSON
0420 .0462 15.3 1060, .Bsl .126 5 2 33 ISAACS--0OTTO-MATHER
.0425 04587 15.3 100. .778 .135 5 2 33 ISAACS-QTTO-MATHER
0459 ,0085 15,3 100. .391 .0048 5 2 33 ISAACS-OTTO~MATHER
.0504 ,0593 15.3 100. .823 .220 5 2 33 ISAACS-OTTC-MATHER
.0507 .0610 15.3 100. 752 .211 5 2 33 IBAACS-OTTO-MATHER

A ?
index of the literature source ——t
name of investigators (authors)
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THE _EQUILIBRIUM DATA BASE MDAPREN

The data base DAPRE contained in the computer package PREES-II
summarizes all experimental egquilibrium data known to date for the
systems HpS and/or CO,-MEA-HZ0 (up to 1000 sets of data). To
supplement this data base contains some smoothed data extracted
from published curves.

The data base configuration is shown in Table 1. Besides
the already discussed values of R, Q, ¢, T, PPysg, PEcon
per equilibrium point, the data base contains indicators for the
temperature and pressure units (as reported from the previous
investigators) and literature information.

This data collection is very interesting because it is

complete, accessible from the program and it can be easily used
mainly for correlation verification and further improvement.

VERIFICATION OF THE REW CORRELATION'S ACCURACY

For accuracy verification of the results of the new model of
correlation (provided by the computer package PRESS-II) a
comparison is made against all the published experimental data.
In addition, a cross check is made between predicted data by the
new model and data resulting from other published prediction
models. A complete set of figures showing the comparison with
all these data 1is contained in a recent work (31). :

Figures 10,11, and 12 show a comparison of HpS
partial pressures predicted by the present model against a
great number of published experimental data in the system H,5-
aqueous MEA solution. These data cover a wide range of MEA
concentrations (from 5 to 30.2 wt%), solution temperatures (from 15
to 140°C) and Hy8 loadings. Comparisons for the COp-aqueous
MEA solution systems are shown in Figure 15, while Figures 13 and
14, as well as, Table 2 show the comparison between predicted and
experimental data in the systems HpS-COp-MEA-H0. Tt must be
mentioned that all these values predicted by PRESE-II are created
without wusing the correction factors fr and fo, except for
Figures 11, 15 (for HyS only} and Table 2.

Especially, in Figures 15 and Table 2 a comparison is
made between the present model (PRESS~ITI) and the models of
Kent and Eisenberg (25), Klyamer et.al. (26) and Vaz (28). In this
case the predicted equilibrium data are compared against
published experimental or smoothed data. A careful examination of
these data indicates a generally good agreement between the new
model of correlation and the experimental determinations. This
conclusion is based on :

& The new nodel fits the  experimental data with
increax sed accuracy in a region that covers the common
practical regions of variation of the operating
parameters, met in industrial gas purification units.
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TABLE 2 ~ Comparison of the present work with other equilibrium
models and experimental data at low acid gas partial
pressure at 2.5N MEA solution and 100°C,

C0z Has Vaz Kent- Klyaner Present Smoothed Other
Moles a.gqg. Eisenberg Work  wval.from
mole MEA (28) from(14) from(l4} PRESS~II Isaacs{i4)
PHZS (mbars)
0.0 0.02 0.5 .5 0.7 0.8 0.4 0.5 (24)
0.06 5.1 4.4 4,9 6. 7. 12.3 (12)
C.1 15. 10. 13. 14. 18. 33. (12}
.02 0.02 1.2 1. 1.1 1.5 0.7 0.5 (14)
0.06 7.2 6.2 6.4 7. 8.3
0.1 18.8 16. 15, 14.7 22.
0.06 0.02 2,5 2.1 2.2 3.3 2.
0.06 12. 10. 8.6 9.1 1l. >8.3 {(14)
0.1 27.8 23. 21. 18.1 28.
0.1 0.02 4.2 3.5 3.3 4.7 3.
0.06 17.6 15. 13. 21.3 17. 15.8 (14)
0.1 38.4 az. 26. 33.5 37. 35, {24}

PCo, (mbars)

0.02 0.0 0.1 0.2 0.1 <0.01  >0.03( 8)
0.02 0.1 0.2 0.4 0.2 0.1 0.1 (14)
0.06 c.3 0.4 0.8 0.4 0.5
0.1 0.4 0.6 1.2 0.7 0.9

0.06 0.0 0.5 0.9 z. 0.9 G.4
0.02 0.7 1.2 2.6 1.3 1.1
0.06 1. 2. 4, 2.1 2.5 >2.5 (14)
0.1 1.6 3. 5. 3. 3.5

8.1 0.0 1.6 3. 6. 3.1 1.9 1.6(14,8)
0.02 2. 3.7 7.1 3.9 3.3
0.06 2.9 5.5 9.6 5.8 5.8 >5.2 (14)
0.1 4.1 7.5 i2. 7.5 7.6 6.8 (24)

IABLE 3 ~ Some discrepances in the experimental meagurments revorted
by several investigators

R Q

Moles a.q. C T Eﬁﬁs PCO2 DP % Dbp References

Mole MEA % wt  °C mbars mbafs

0.012 15.3 10C 0.4 0.31 350 Lawson—Garst (9)

0.016 D.09 Igsaacs~-0tto~Math(14)
0.16 i5.3 100 8 Jones-Froning~Cl. {8)
0.164 10.4 2.4 30 Isaacs~Otto~-Math{is4)
0.165 17.9 9.9 120 Mahlbauer-Monagh{12)

0.380 1ib.2 40 12.2 Lawson-Garst (9)

0.373 14.5 2.9 25 Lawson-Garst (9)
0,030 15.3 100 0.18 Isaccs-0Otto-Math (14}
0.047 0.22 0.05 30 Isaccs~Otto-Math(14)
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e In many vregions the new prediction model fits the
experimental data better than other suggested methods.
However in some regions all the prediction models have
similar accuracies.

& The overall accuracy on fitting the experimental data
depends strongly upon the accuracy of the experimental
methods used. Such experimental determinations are
difficult to make especially in the low partial pressure or
high temperature regions.

As would be expected, there are differences in the
experimental values reported by different investigators. Such
discrepancies are collected and indicated especially in Table 3,
as well as in Table 2 and many of the Figures. Even in many cases
duplicate or near duplicate runs, made by some investigators,
show a discrepancy of up to 30%.

Further comparisen of the predicted data with smoothed
reported values is not Jjustified because these values are often
based only on individual authors' data and not on a general
collection of experimental data. Even further effort on more
improvements in the correlation to obtain greater accuracy is not
justified because of the scatter in the experimental data.

CONCLUBIONS

Tt is concluded that a user-friendly and fast computer package
has baen developed to provide equilibrium partial pressures of
HpS and COz in the system H28-COg-agueous MEA solution. The
program performance has been tested against all the
experimental data and the data predicted from other models and
appears very satisfactory. Thus the PRESS-II computer package
can be used as a data generator incorporated inteo a simulator
for sweetening units design and operation purposes.
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SYMBQLES USED

HpS loading (moles of total HpS dissolved/mole MEA)
COz loading (moles of total COp dissolved/mole MEA)
agueous MEA solution concentration (wt% MER)

solution temperature (°C)

Ycorrelating variables® presenting the effect of the
acid gas loadings on the HyS (the Kz) and CO5
{the Kg} partial pressures.

"correlating variablegs" representing the effect of
the temperature and solution concentration (as wt% of
MEA} on the HpS (the Lyr) and the CO; (the

Lp) partial pressures.

fr, Lo, £¢, fp=Correction factors depending on Hy8 loading, €O,

P,pPC,pE
AP, SAP

Ko=0.1 (R}

AK{Q)

Kp=g . g1{0Q}

AR (Q)

rg (R}

i

it

loading, solution concentration and solution
tenperature.

acid gas partial pressure - calculated, corrected and
measured (mbars).

acid gas partial pressure difference and percent
deviation (between measured and predicted values).

the R (HyS loading) effect on the H3S partial
pressure when Q = 0.1 mole CO,/mole MEA.

the additional effect of the R loading on the
Hp8 partial pressure due to the excess Q loading
(Q - 6.1).

= the Q (COy loading) effect on the C0, partial

pressure when R = 0.01

the additional effect of the Q loading on the
COp partial pressure due to the additional R
loading from 0.01 to 0.1,

the ratio between the R loading effect and the
maximum R loading (R = 0.1) effect

= Monoethanolamine.

= The mathematical symbol "belongs®
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Figure 6 The correction factor fp {for the HpS partial pressure calculation)
as a Function of MEA solution loading with H,y8 and COj.

1'“_ 1 LK} T i T T T 71T1T
" ®

1%

b

N I N N S N |

12

G>0.1 Q=00

n G:{moles CO3/ mole MEA}

h I T T S S N . N

™ v 1 FF 1

Fr - CORRECTION COEFFICIENT
=]

.2
i 1 !

0001 0.0 a1 10
R~ Hz5 LOADING {moles HpS/male MEA]

R-HsS LOADING ! males HpS /male MEAD

Q- C07 LOADING {moles CO3/ mole MEA]

Figure 7 The correction factor fy for Figure 8 Sections for ¥ | correction
the HyS partial pressure calculation. procedure application. {Dark zone:
Ep=1, Lo=0 {for practical applications)

204




l.CHEM.E. SYMPOSIUM SERIES NO. 114

( SPTART |

SER CREABD
DATA FILE

R Q £, (Bl

"ALL, PRESSR| [CALL PRESSRQ  [CALL PRESSQ
I | i
CALL CORRER| |CALL CORRER| [CALL CORREQ

i

CALL CORREQ

= c
DPi=Pi—Pi
[ 1=
AJQ:C;T:Pﬂzs;Pco/ \

DP;
%DPi=—§—ng“ * 100
|

|

%?:Q:CfT ,P?-L,Pf.npi,%m}/
‘ STOP l

Figure 9 Block diagram of Pp,g and/ox Pcoacalculation in the system
HpS and/or COp ~aqueous MEA solution using the computer package PRESS-II.
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