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Part 11

Electrolyte in Aspen Plus




9
\)} Educational Institute for Equipment and Process Design

PROBLEM DESCRIPTION: WATER DE-SOURING

A sour water stream, which contains 0.20 wt% CO2, 0.15wt% H2S, and 0.1wt% NH3 at a
temperature of 85.C and pressure of 1 atm with a mass flow rate of 5000 kg/h, is to be treated by
a dry steam at 1.1 atm and a mass flow rate of 1500 kg/h. The water polluting compounds will be
stripped off the sourwater and vented, with some amount ofwater vapor, off the top of the stripping
tower. The sweet water will be withdrawn from the bottom of the stripper with almost nil carbon,
nitrogen, and sulfur content. The dry stream, entering from the bottom, will act as the vapor stream
within the column; hence, there is no need for a reboiler. On the other end, the rising vapor stream
will be substantially condensed and recycled to the top of the column as a liquid reflux, whereas
the rest of it will be vented off the top of the tower.

WHAT IS AN ELECTROLYTE?

In general, an electrolyte system is made of chemical species that can dissociate partially or totally
into ions in a polar liquid medium (i.e., solvent). The liquid phase reaction always exists at its
chemical equilibrium condition between the associate (i.e., condensed state) and dissociate (i.e.,
loose or ionic) form. The presence of ions in the liquid phase requires non-ideal solution
thermodynamics, where the activity coefficient, in general, is not unity. Some examples of
electrolytes are solutions of acids, bases, or salts, sour water solutions, agueous amines, and hot
carbonates. An electrolytic component can be classified under one of the following categories:

* Solvent: the polar medium. Examples are water, methanol, ethanol, and acetic acid.

* Soluble Gas: a non-condensable gas where its gas liquid equilibrium (alternatively, its solubility
in the given solvent) is described by Henry’s law. Examples are N2, O2, CI2, NH3, and CO2.

* lon: an ionic (cationic or anionic) moiety with a formal charge. Examples are H30+, OH-, Cl-,
Na+, HCO3 -, CO3 -2, Ca+2, Fe+2, and Fe+3.

» The condensed (aggregate) matter: this form represents the associate (lattice) form of an ionic
substance, which can exist in either solid (e.g., salt) or liquid form. Examples are NacCl(s),
NaOH(s), H2S04(l), HCOOH(l), CH3CH2COOH(l), CaCO3(s), CaS04-2H20(s), K2SO4(s),
Na2HPO4(s), and NaHCO3+2H20(s).
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How to Simulate

1. Using Aspen Plus®, choose “Electrolytes with Metric Units” template to create the process
flowsheet. The default property model is “ELECNRTL”. By default, water is added to the
“Components” list. Add the three components: CO2, H2S, and NH3, as shown in Figure 11.1.

B B i N
‘ @ Selection | Petroleum | Nonconventional @ Enterprise Database | Comments
Select components
Component ID Type Component name Alias CAS number

H20 Conventional WATER H20 7732-18-5

co2 Conventional CARBON-DIOXIDE co2 124-38-9

H2s Conventional HYDROGEN-SULFIDE H2S 7783-06-4

NH3 Conventional AMMONIA H3N 7664-41-7
[ Find ‘ { Elec Wizard ‘ [ SFE Assistant ‘ { User Defined ‘ [ Reorder ‘ y

However, we will show here how to properly define each component as part of the electrolyte
system.

2. In “Components” | “Specifications” | “Selection” tab window, click on “Elec Wizard” button
(shown in Figure 11.1). This will bring the first “Electrolyte Wizard” window where the user can
choose between symmetric and unsymmetric reference state for ionic components.

* For the unsymmetric reference state of ions, the equilibrium constants are calculated from the
reference state Gibbs free energies of the participating components. Activity coefficients of ions
are based on infinite dilution in pure water.We must have already defined water as a component
to use electrolyte wizard for this case.

» For the symmetric reference state of ions, the equilibrium constants are not automatically
calculated, and must either be entered here or regressed from data. Activity coefficients of ions
are based on pure fused salts. Water is not necessary (though it may be included as a solvent).
We will choose the unsymmetric reference state for ionic components, as it does not require any
further input about the equilibrium constants as functions of temperature for the dissociation
reactions, as shown in Figure 11.2.
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”
9 Electrolyte Wizard — a

Welcome to Electrolyte Wizard

Welcome to the Electrolyte Wizard, the guickest way to generate components and reactions for electrolyte systems.
This Wizard has the following steps:

1 - Define base components and select reaction generation options.
2 - Remove any undesired species or reactions from the generated list.
3 - Select simulation approach for electrolyte calculations.

4 - Review physical properties specifications and modify the generated Henry components and reactions.

Select chemistry databank and reference state

Chemistry data source: | APV120 REACTIONS ~ |

Reference state for ionic components: [ Unsymmetric  ~ '

Click Next> to continue to your next step. See help for more information and other options.

Click on “Next” button to proceed to the next step. Figure 11.3 shows the second
“ElectrolyteWizard” windowwhere the user selectswhat components to include in the electrolyte
system. All components are selected to participate in the electrolytic scene. Moreover, the user
may select/deselect the appropriate option and how hydrogen ion should be expressed.
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—y
3 Electrolyte Wizard — (] >
Base Components and Reactions Generation Options o
Select base components
Available components Selected components
H2O
H3M
[ \ H25
=
co2
[ < =
Hydrogen ion type Options
) Hydronium ion H3O+ [] Include salt formation
@ Hydrogen ion H+ Include water dissociation reaction
[] Include ice formation
Click Mext> to continue.
[ Cancel I [ =Back ] [ MNext= ]
il

NOTE: It is a multifaceted decision, made by the user, to decide what to include in the list of
participating players in the electrolytic portray and the extent of participation each player will do,
in addition to the interplay between one player and another. Precisely speaking, let us take CO2
species as an example. We have to decide first whether or not to include CO?2 in the first place.
If the decision is yes for considering CO2 as an important electrolytic player, then we will have to
decide on the assigned task for this player, that is, telling Aspen Plus what reactions are
associated with this chemical species. Shall we consider its dissociation into water in the form of
HCO3 - only?

Or, shall we consider further dissociation of HCO3 - into CO3 —-27? Finally, what about the interplay
between HCO3 - and NH3? Keep in mind that the more reactions you add to the electrolytic
portray, the more complex the picture will be (or, longer CPU time), which may end up under
some circumstances in a non-converging solution, (i.e., errors reported by Aspen Plus simulator),
because of missing some pairwise interactions, which need to be plugged in by the user. If it
happens that Aspen Plus fails to converge, then you may attempt to remove what you think is the
least important electrolytic player (i.e., chemical reaction/species).

Click on “Next” button to proceed to the next step. Figure 11.4 shows the third “ElectrolyteWizard”
window where Aspen Plus provides a list of potential reactions based on the stand-alone or
interplay role of each of the chemical players nominated in the previous step.
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r
3 Electrolyte Wizard — (] =
Generated Species and Reactions o

Remove undesired generated species and reactions

Agueous species Salts

5-2 -
CO3-2

NH2COO-

HS-

H+
2o

Reactions

H3M + HCO3- ====> H20 + NH2COO-
H3MN + H20 <=====> OH- + NH4+
HCO3- «==== CO3-2 + H+

H20 + CO2 <===> HCO3- + H+

HS- ====>= H+ + 5-2

H25 ====> H+ + HS-

H2O <===> OH- + H+

Remowve .

Set up global property method

@) Set up with property method: [ELECNRTL - ]

) Do not set up, but add generated species to the Components form

Generate Chemistry and Henry components

Click Next > to continue.

[ concer ] [ <gack ] [ _nex=_]

Notice that the user may select to remove one or more of ionic species that are listed and Aspen
Plus will remove the corresponding reaction(s). Of course, the decision will be based on
experimental observations that a particular ionic species is absent or its presence in the aqueous
medium can be neglected. Alternatively, the user may directly remove a specific reaction out of
those suggested by Aspen Plus, with the understanding that this reaction contributes little or
nothing to the electrolytic portray and thus can be neglected. In other words, at a given pH, the
pKa/pKb will tell the user if the dissociation extent for an acid/base is significant or can be ignored.
We will proceed without removing any chemical species or chemical reaction. Moreover, the third
“Electrolyte Wizard” window (Figure 11.4) allows the user to stick to the default (‘ELECNRTL”)
method or change to “ENRTL-RK” method. The “ELECNRTL” property method will be selected
as it is the most versatile electrolyte property method. Both methods, however, can be used in
our case.

NOTE: Electrolyte solutions are extremely non-ideal because of the presence of charged species.
The electrolyte-NRTL-based property methods: “ELECNRTL”, “ENRTL-RK”, and “ENRTL-SR”
can all handle mixed-solvent systems at any concentration. The “ELECNRTL” property method is
the most versatile electrolyte
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property method. It can handle very low and very high concentrations. It can handle aqueous and
mixed-solvent systems as well. The “ELECNRTL” is fully consistent with the “NRTL-RK” property
method (i.e., the molecular interactions are calculated exactly the same way; therefore,
“‘ELECNRTL” can inherit from the databank for binary molecular interaction parameters of the
“‘NRTL-RK” property method). On the other hand, the solubility of supercritical gases can be
modeled using Henry’s law. Henry coefficients are available from the databank. Heats of mixing
are calculated using “ELECNRTL” model. Moreover, the “ENRTL-RK” method is identical to
“‘ELECNRTL” for systems containing a single electrolyte. However, for mixed-electrolyte systems,
the “ENRTL-RK” method uses the mixing rules only to calculate pairwise interaction parameters,
instead of calculating both pairwise interaction parameters and Gibbs free energy from mixing
rules. Furthermore, the “ENRTL-RK” uses a single thermodynamics framework to calculate the
activity coefficients, Gibbs free energy, and enthalpy, instead of using separate models as in
“‘ELECNRTL”. Finally, “ENRTL-RK” uses the Redlich—Kwong equation of state for all vapor-phase
properties, except for association behavior in the vapor phase; the unsymmetric reference state
(infinite dilution in aqueous solution) for ionic species; Henry’s law for solubility of supercritical
gases; and unsymmetric Electrolyte NRTL method of handling zwitterions.

Click on “Next” button to proceed to the next step. The fourth “ElectrolyteWizard” window will
show up as shown in Figure 11.5, where the user is given the choice to select between true- and
apparent-component approaches.

The difference in the approaches lies in the level of technical details on howAspen Plus shall
present the results of calculation of electrolyte solution properties. The “True component
approach”, | call it the chemist’'s approach, reports results in terms of the ions, salts, and molecular
species present (i.e., showing the details of solution chemistry). On the other hand, the “Apparent
component approach”, | call it the chemical engineer’s approach,reports results in terms of base
components present without showing the details of solution chemistry. In the latter approach, ions
and precipitated salts cannot be apparent components; specifications must be expressed in terms
of apparent components and not in terms of ions or solid salts. Of course, results of both
approaches are equivalent. Let us take a simple example, that is, NaCl in water.
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7
5 Electrolyte Wizard — O X

Simulation Approach

Select electrolyte simulation approach

@ True component approach

) Apparent component approach

Generated reactions and Henry components will be placed in

Chemistry form with ID: G

Components Henry-Comps form with 1D:  GLOBAL

Click Next> to create the above Chemistry and Henry-Comps IDs.

a) For the “True component approach” (i.e., showing solution chemistry):

H,0
NaCl,, <= Na™ + CI~

Na* + CI~ < NaCl,

Results are thus reported in terms of Na+, Cl-, NaCl(s), and H20.

b) For the “Apparent component approach” (i.e., hiding the solution chemistry), the results are
reported in terms of NaCl (Conventional)andH2Oonly.

Click on “Next” button to proceed to the next step. The “Update Parameters” window will pop up
requesting to update the form parameters (i.e., list of components). Click on “Yes” button to
proceed. You may have to click more than once. Figure 11.6 shows the fifth “Electrolyte Wizard”
window summarizing what the user has already selected in previous steps and giving the chance
to review and modify the chemistry of the electrolyte system under study.



9
\)) Educational Institute for Equipment and Process Design

’”
Q Electrolyte Wizard — O >

Summary o

Property specifications

Property method: ELECNRTL Chemistry ID: GLOBAL

Simulation approach: True component Henry-Comps ID: GLOBAL

Components and databanks

The generated components now appear on the Components Specifications form.

[ Review Henry components... H Review Chemistry... l

You have completed the Electrolyte Wizard. Click Finish to exit.

Cancel Finish
e g

The user ought to click on “Review Henry components...” button to review the list of components
that should be dealt with as Henry’s case (Figure 11.7). Alternatively, Henry’s set can been seen
via visiting “Components” | “Henry Comps” | “Global” | “Selection” tab form.

On the other hand, the user may click on “Review Chemistry...” button to see the list of electrolytic
equilibrium reactions, which are considered important players in the arena of the given electrolytic
system (Figure 11.8). The user may edit, modify, or delete a given reaction and/or add a new one.
Alternatively, the user may later go to “Chemistry” | “GLOBAL” | “Input” | “Chemistry” tab window
and modify them from there. Moreover, if you click on “Equilibrium Constants” tab (the second tab
in Figure 11.8), you will notice that Aspen Plus has already taken care of calculating the
equilibrium constant, Keq, for each electrolytic equilibrium reaction.
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4 N
1 Review Henry-Comps: GLOBAL X
-Select Henry components o
Available components Selected components
H20 coz

]
=
NH3
<<

Close

\

4 3
|21 Review Chemistry: GLOBAL X
@Stmchlometry & Equilibrium Constants \ o

-Reaction stoichiometry
Reaction Type Stoichiometry Delete
1 Equilibrium NH3 + HCO3- <--> H20 + NH2COO- X
2 Equilibrium NH3 + H20 <-—-> OH- + NH4+ x
3 Equilibrium HCO3- <--= CO3-- + H+ x
4 Equilibrium H20 + C0O2 <—> HCO3- + H+ x
5 Equilibrium HS- <--» H+ + S-- X
6 Equilibrium H25 <--> H+ + HS- X
7 Equilibrium H20 <--> OH- + H+ x
4] [T | »
MNew Edit Close
L [ || || | )

Click on “Finish” button (Figure 11.6) to close the wizard. Figure 11.9 shows that, under
“Components” list, more chemical species are added, reflecting the types of ionic species

that are considered important in portraying the electrolytic picture, as agreed upon earlier in
Figure 11.4
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f @ selection | Petroleum l Monconventional l @ Enterprise Database l Comments h
Select components
Component [D Type Component name Alias CAS number
H20 Conventional WATER H20 7732-18-5
co2 Conventional CARBON-DIOXIDE co2 124-38-9
H2s Conventional HYDROGEN-SULFIDE H2s 7783-06-4
NH3 Conventional AMMONIA H3N 7664-41-7
P H+ Conventional H+ H+
NH4+ Conventional NH4+ NH4+
NH2COO0- Conventional CARBAMATE NH2CO0O-
HS- Conventional HS- HS-
HCO3- Conventional HCO3- HCO3-
OH- Conventional OH- OH-
§-- Conventional 5-- 5-2
CO3-- Conventional CO3-- C03-2
\ l Find ‘ [ Elec Wizard ] l SFE Assistant ‘ l User Defined ‘ l Reorder ‘ y

From “Navigation” pane, you will notice that there are half-filled red circles, which

means that they require either more input data or parameter estimation. Click on “Next” button
more than once until you get rid of all red signs and the Aspen Plus sky becomes clear blue.
Assure that the missing pairwise interaction parameters can be calculated by “UNIFAC” method.
Once the properties analysis completed successfully, switch to “Simulation” environment.

V‘ (’llnpui ‘ @ Databanks lCummems ‘ a
Parameter | NRTL l Help Dataset 1 Swap J l Enter Dechema Format J Estimate using UNIFAC View Regression Information J l Search J l BIP Completeness J
Temperature-dependent binary parameters
‘ Componenti Componentj T Source 0w Temp. Units T Al W Al Bl W BIL W a W DI ™ El W Bl W I W Bl W
H20 coz APV120 ENRTL-... C 10.064 10.064 -3268.14 -3268.14 02 0 0 0 0 0
H20 H2§ APV120 ENRTL-... C -3674 -3.674 11559 11559 02 0 0 o 0 0
H20 NH3 APV120 ENRTL-... C -0.544072  -0.164242 1678.47 -1027.53 02 0 0 [ [ 0
\, w
r‘ @input ‘ @ Databanks ] Comments I a
Parameter NRTL { Help ] Dataset 1 ( Swap I I Enter Dechema Format J Estimate using UNIFAC View Regression Information J I Search I { BIP Completeness J
Temperature-dependent binary parameters
Componenti 1 Componentj W Source 0 Temp. Units T Al D Al H Bl T BI W a W DU W E) T Bl W Fl W Bl W
H20 co2 APV120 ENRTL-... C 10.064 10.064 -3268.14 -3268.14 02 0 0 0 0 0
H20 H2s APV120 ENRTL-... C -3.674 -3.674 11559 1155.9 02 0 0 0 o 0
H20 NH3 APV120 ENRTL-... C 0544072 -0.164242 1678.47 -1027.53 02 0 0 0 0 0
» coz H2s NISTV120 NIST-I i C -2.14604 144764 413.994 44.0172 0.112765 0 ] Q 0 0
co2 NH3 R-PCES [ 0 -164832 190.254 0.3 0 0 0 [ 0
H2s NH3 NISTV120 NIST-HOC 0 0 449.824 -346.441 03 0 4] [ 0 0
NISTV120 NIST-1G
L1 NISTV120 NIST-RK )
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3. From “Model Palette” select “Columns” tab. Go to “RadFrac” subcategory and select the icon
that shows a column with a condenser but without a reboiler, as shown in Figure 11.10. If
themouse hovers over the column icon, the tooltip will tell that it is “RECT” type column. Add the
proper input and output streams. Notice that the distillate will be the top vented off sour vapor
stream and the bottom will be the sweet liquid water stream. Two feeds are used: one for the sour
water stream that enters into the top and another enters into the bottom as a saturated dry steam.

r N

SOURVAP

RECTFR

o SOURH20

STEAM

SWEETH20

It is worth mentioning here that there might be more than one school in describing what a stripper
means as opposed to a scrubber. | refer toWang et al. [1] in defining the stripping condition: “It is
a stripping process if (1) the gas stream is the scrubbing agent (such as air with or without
gaseous chemicals depending on the waterborne pollutants to be removed) and (2) the liquid
stream contains the targeted pollutant (such as ammonia, chlorine, and VOCs) that will be
removed by the reactor”. Notice that how they describe the gas stream as the scrubbing agent,
not the stripping, although the phrase is inserted within the definition of a stripping process. We
will go with describing the removal of pollutants from a liquid by a dry steam as stripping process.
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F

@ Mixed Cl Solid MNC Solid Flash Options l EOQ Options I Costing l Comments
- | Specifications
Flash Type Temperature ~ Pressure ~ Composition
Mass-Frac h
- State variables
Temperature 85 C - Component Value el
Pressure 1 bar hd H20 0.9955
Vapor fraction 0.002
Total flow basis Mass ~ 0.0015
Total flow rate 5000 kg/hr - _ =
NH3 0.001
Solvent
H+
- Reference Temperature MNH4+
Wolume flow reference temperature NH2COO0-
C HS-
Component concentration reference temperature HCO3-
C OH- v
Total 1
@ Mixed | Cl Solid NC Solid Flash Options l ECQ Options l Costing l Comments
- | Specifications
Flash Type Vapor Fraction ~ Pressure ~ [ Composition
Mass-Flow > ka/hr
- State variables
Temperature C Component Value =l
Pressure 1.1 atm - H20 1500
Vapor fraction 1 coo
Total flow basis Mass - HoS
Total flow rate kg/hr -
o/ NH3 =
Solvent
H+
- Reference Temperature NH4 -+
Volume flow reference temperature NH2COO-
c HS- L]
Component concentration reference temperature HCO3-
€ OH- E
Total 1500
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Figure 11.13 shows the Stripper’s specification starting with the “Configuration” tab window. A
partial vapor condenser is used and there is no need for a reboiler, because we have the steam
acting as the vapor phase within the column. We have chosen 11 trays and a reflux mass ratio of

10.
4 . . — — ~ ) _ Y
& Configuration | g Streams ] w Pressure ] & Condenser \ Reboiler | 2-Phase [ Comments \
Setup options
Calculation type Equilibrium -
~
Number of stages 11
Condenser Partial-Vapor -
Reboiler MNone hd
Valid phases Vapor-Liquid -
Convergence Standard -
Operating specifications
Reflux ratio ~ Mass hd 10
Free water reflux ratio ]
| Design and specify column internals y
4 . . - : ‘
[ & Configuration | & Streams | w Pressure l & Condenser l Reboiler | 3-Phase | Comments
Feed streams
Name Stage Convention
P STEAM 11 On-Stage -
SOURH20 1 Above-Stage
Product streams
Name Stage Phase Basis Flow Units Flow Ratio Feed Specs
SOURVAP 1 Vapor Mass kg/
SWEETH20 11 Liquid Mass kg,
Pseudo streams
Name Pseudo Stream Stage Internal Phase Reboiler Phase Reboiler Pumparound = Pumparound Flow Units
Type Conditions 1D Conditions
N >
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r N
[@Configuration ](’JSTreams @ Pressure | @ Condenser | Reboiler | 3-Phase | Comments

View Top / Bottom -

Top stage / Condenser pressure

Stage 1/ Condenser pressure 1 bar -

Stage 2 pressure {optional)

@ Stage 2 pressure bar -
) Condenser pressure drop bar

Pressure drop for rest of column (optional)

() Stage pressure drop bar

@ Column pressure drop 0.1 bar -

For the “Pressure” tab window, the pressure at the condenser is set to 1 bar with a column
pressure drop set to 0.1 bar. For the “Condenser” tab window, both reflux and distillate are set at
0 degrees subcooled temperature, which means that both reflux and distillate exist at the
equilibrium saturation temperature and pressure; however, the reflux will be saturated liquid
mixture and “SOURVAP” will be withdrawn as saturated vapor mixture. Reinitialize, run the show,
and watch if there is any error or serious warning. Figure 11.15 shows the composition of product
streams where the contaminants were completely removed off the sour water stream and knocked
out into the vapor stream. One more important thing, which is, with the “True component

"
e SOURH20 > STEAM ¥  SOURVAP ¥  SWEETH20 ~

Phase Vapor Phase Vapor Phase Liquid Phase
Temperature C 85 102.694 98.8964 102.319
Pressure bar 1 1.11458 1 1.1
+ Mole Flows kmol/hr 276.923 83.2627 27.4864 332.81
+ Mass Flows kg/hr 5000 1500 504.328 5995.67

— Mass Fractions
H20 0.995103 1 0.9553388 1
coz2 0.00102477 o 0.0198284 8.56086e-21
H25 0.0005627396 [0} 0.0148713 1.5174%e-15
NH3 0.000151588 0 0.00991224 5.17838e-08
» H+ 1.07368e-10 o] 1.20487e-46 9.29363e-11
MNH4+ 0.000896514 o 2.57592e-39 1.1808%e-07
NH2COO- 6.93128e-06 4] 4.2024%e-41 4.33798e-28
HS- 0.000909439 o] 3.45293e-39 5.51597e-15
HCO3- 0.00134269 [0} 2.22072e-39 4.8871e-20
OH- 7.87861e-08 [} 0.672e-42 1.12915e-07
S-- 2.66068e-09 [0} 1.4857e-43 2.26407e-20
CO3-- 2.34177e-06 [} 2.20427e-41 1.5947%e-21
L Molar Vapor Fraction 0.00132781 1 1 4] y
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approach” option being selected (see Figure 11.5), the concentration for each ionic species is
also shown here.

On the other hand, all previous steps can be repeated except for one thing, which is, selecting
“Apparent component approach” instead of “True component approach” option shown in Figure
11.5. Doing so will end up with results similar to Figure 11.15 but this time only the non-ionic
species concentrations are shown, as can be seen in Figure 11.16. Notice that the stream flow
rates and operating conditions are the same as those of “True component approach” option.



O
\)} Educational Institute for Equipment and Process Design

Part 2

For certain liquid mixtures, the formation of electrolytes can be an important consideration when
considering fluid properties. In particular, vapor-liquid equilibria (VLE) predictions can be
inaccurate when predicting electrolyte formation. For example, in the simple mixture of CO2 and
H20, the CO2 dissociates to form H30+ (or H+, as some chemists prefer to model), CO3=, and
HCO3-. That's what makes it so tasty!1l

Aspen Plus can help you predict what electrolytes will form. For CO2 in bulk water, for example,
you can use the electrolyte wizard on the Component Specifications sheet (see Figure 12.1).
Make a new simulation file in Aspen Plus V12 (use the Electrolytes with Metric Units template this
time). Enter CO2 in the Component | Specifications form (water should already be in there, and if
you did not use the Electrolytes template, you should add water in as well) and then click the Elec
Wizard button. Select the default database on the first page (AVP120 Reactions) and leave the
reference state as unsymmetric. Then, on the second page, make sure that both CO2

and H20 are selected as base components, that the hydronium ion is modeled (H30+) instead
of H+, and that salt formation (only) is included. When you click next, you should see two reactions
which are in their database involving the ions H30+, CO3 =, and HCO2-.

Then, you should see the option to use the Electrolyte NRTL with Redlich-Kwong physical
property package (ENRTL-RK). Select ENRTL-RK and click Next. On the next page, keep the
default setting using a True component approach.

We will discuss the difference between True and Apparent components later.

4 . h _
@ Selection ‘Pe‘[roleum lNonconventlonal l & Enterprise Database lComments l
Select components

Component ID Type Component name Alias CAS number

H20 Conventional WATER H20 7732-18-5
co2 Conventional CARBON-DIOXIDE coz2 124-38-9
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’
) Electrolyte Wizard — O

Welcome to Electrolyte Wizard

Welcome to the Electrolyte Wizard, the quickest way to generate components and reactions for electrolyte systems.
This Wizard has the following steps:

1 - Define base components and select reaction generation options.

2 - Remove any undesired species or reactions from the generated list.

3 - Select simulation approach for electrolyte calculations.

4 - Review physical properties specifications and modify the generated Henry components and reactions.

Select chemistry databank and reference state

Chenmistry data source: | APV120 REACTIONS ~ |

Reference state for ionic components: | Unsymmetric =

Click Next> to continue to your next step. See help for more information and other options.

| Cancel . | Next> .

I Electrolyte Wizard — O >

Base Components and Reactions Generation Options o

Select base components

Available components Selected components
H20O
CO2
< |
<< |
Hydrogen ion type Options
@ Hydronium ion H3O+ Include salt formation
) Hydrogen ion H+ |:| Include water dissociation reaction

[ Include ice formation

Click Next> to continue.

Cancel I | «<Back I [ Mext = ]
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F N
5 Electrolyte Wizard — O X
Generated Species and Reactions o
Remove undesired generated species and reactions
Aqueous species Salts
Co3-2
H30+
HCO3-
Reactions
H20 + HCO3- <===> C0O3-2 + H30+
2H20 + CO2 <===» HCO3- + H3O+
‘_ Remove
Set up global property method
@ Set up with property method: | ENRTL-RK 5. I
) Do not set up, but add generated species to the Components form
Generate Chemistry and Henry components
Click Next = to continue.
|. Cancel ] | <Back ] [ Next=
" : - -,

After a final confirmation page where you are invited to review the information (and you click
Finish), you can see that Aspen Plus added the three chemicals to the components form and has
added the two equilibrium reactions to the chemistry section. Also, it has changed your physical
property model to ENRTL-RK. You should see something similar to Figure 12.2 in the Methods |
Specifications folder. You will need to click on the Components | Henry Comps folder, Parameters
| Binary Interaction (check the HENRY-1 subfolder) and Parameters | Electrolyte Pair folders
(check the five GME subfolders) of your properties ribbon to have Aspen Plus finish the job and
fill in these parameters.



Educational Institute for Equipment and Process Design

@ Selection | Petroleum | Nonconventional Q Enterprise Database | Comments

Select compaonents

Component ID Type Component name Alias CAS number
H20 Conventional WATER H20 7732-18-5
co2 Conventional CARBON-DIOXIDE co2 124-38-9
b H30+ Conventional H30+ H30+
HCO3- Conventional HCO3- HCO3-
CO3-- Conventional CO3-- C03-2
|. Find | [ Elec Wizard | | SFE Assistant | | User Defined | | Reorder ‘

k!

4 | )
[ & Global ‘Flowsheet Sections lReferenced ]Comments l

Property methods & options Method name
Method ifter common _RalFNeTe ~ | Methods Assistant...
Base method ENRTL-RK - '
Henry components  GLOBAL - [ ] Modify
Vapor EOS ESRK
Petroleum calculation options BRI SRk
Py
Free-water method STEAM-TA - Data set 1 G
Water solubility 3 - Liquid gamma GMENRTLQ
Data set 1 3

Electrolyte calculation options
Chemistry 1D GLOBAL -

Liquid molar enthalpy | HLMX0Q
Liquid molar volume | VLMX0Q

Use true components o
Heat of mixing

Poynting correction

Use liquid reference state enthalpy

Looking at the updated Properties | Methods | Specifications form, you will notice that the base
method has changed. So have the Components | Henry Comps and Chemistry folders, which
both now have folders called Global (you can change the name). For example, the Global
chemistry specifications are in the Chemistry | GLOBAL section, as depicted in Figure 12.3.

Finally, in Figure 12.4 are the electrolyte pairs that are modeled in ENRTL-RK. These are similar
in function to the parameters you find in the Methods | Parameters | Binary Interaction | NRTL-1
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subfolder except now these guides the ion interactions. Ok. Now we have that settled, let's start
a simulation using it. The way the ENRTL-RK model works is that it uses the electrolyte
interactions to help predict more accurate VLE. So, let’s try it out. Using this property model, you
have created, perform a constant pressure adiabatic flash of an equimolar mixture of CO2 and
water at 40 bar and 35°C (choose any nonzero flow rate you want). For the inlet streams, just
specify the CO2 and H20O components and leave the ions at zero flow or mole fraction (as
explained later).

Note: Check your control panel. If you get a warning about all your NRTL binary pair values being
zero, go back to Properties | Methods | Parameters | Binary Interactions | NRTL-1 | Input tab and
see if there is anything there. If not, then go to the Databanks tab and move the APV120 ENRTL-
RK database over from Available to Selected. Then go back to the Input tab and the parameters
should be there just like they are in Figure 12.5. Then rerun.

R FEED ~ ua v vap -
Molar Entropy cal/mol-K -22.8379 -38.1474 -7.14397
Mass Entropy cal/gm-K -0.736402 -2.07406 -0.162548
Molar Density kmol/cum 3.83343 52.6945 1.96533
Mass Density kg/cum 118.886 969.19 86.3758
Enthalpy Flow Geal/hr -8.12527 -3.47096 -4.65431
Average MW 31.0128 18.3926 43.9493
+ Mole Flows kmol/hr 99.9991 50.6195 49.3797
+ Mole Fractions
= Mass Flows kg/hr 3101.25 931.026 2170.23
H20 kg/hr 900.733 898.681 2.0521
co2 kg/hr 2200.45 32,2759 2168.18
H30+ kg/hr 0.0163647 0.0163647 0
HCO3- kg/hr 0.052492 0.052492 0
CO3-- kg/hr 7.35242e-09 7.35242e-09 0 y

By themselves, electrolyte-based property models are pretty simple to use, but integrating them
into flowsheets that also use nonelectrolyte models, or even just additional chemicals that are not
a part of the electrolyte chemistry, can be a serious headache. This is why | encouraged you to
use a separate flowsheet for the NRTLRK model. Here are some tips in case you ever need to
use both electrolyte and nonelectrolyte models in the same flowsheet. To start with, it is helpful
to understand the difference between True and Apparent components. (Apparent components
means not checking the “Use True Components” box on physical property definition forms.)
Almost all physical property models use “true” component approaches, meaning that each
chemical present in a mixture, including ions, is considered when making physical property

calculations such as phase equilibria. The problem, though, is that usually only the electrolyte
models have data available for individual ions like hydronium or carbonate. For example, suppose
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you have a flash drum with water and CO2 in it and you are modeling with ENRTL-RK. The liquid
output of that flash drum will contain trace amounts of ions in it, as you can see in your answer to
Q1. Suppose that liquid is then sent to another block which uses PSRK or some other
nonelectrolyte model. That block will try to access physical property parameters for those trace
ions (which it does not have) thus potentially causing a solver failure due to missing parameters.
One solution to this is to set each individual unit operation on a flowsheet that uses the electrolyte
model to use “apparent” components (go to the blocks’ Block Options form). This means that the
ion concentrations will in fact be considered and computed during flash calculations as desired,
except that when the results are reported, the ions are bundled back into their “apparent”
components (water and CO2) when reported in the stream. As such, the liquid output stream
leaving the flash drum will have exactly 0% ions in it (not even a trace amount). This way,
downstream units using nonelectrolyte property models do not see electrolytes at all, preventing
lots of problems later. The second option is to uncheck the “Use true components” option on the
Properties | Methods | Specifications form for the default method, if that method is an electrolyte
method. In either case, the electrolytes are considered “under the hood,” you just don’t see them
in the stream conditions.

There are some minor under the hood differences between True and Apparent component
approaches, which can sometimes, but not often, give meaningfully different results. However,
RGIBBS, REQUIL, and some of the shortcut distillation models like DSTWU, Distil, and BatchSep,
must use Apparent components, and sometimes RCSTR or RPlug depending on reaction details.
Also, certain special models, like for CO2 capture, work only in True component mode, which we
will do next. You can refer to the help documentation included with the software for the minutiae.
In most cases, it does not matter which you choose, and so | recommend starting with Apparent
unless you really need True. It is more challenging, however, if you want to change property
models between blocks, to switch from one that supports electrolytes to one that does not. For
example, if a downstream unit does not require electrolyte considerations and if it is better
modeled in some other fashion, you should use the Block Options to set the immediate upstream
unit operation(s) to Apparent components such that no ions will be present in the stream feeding
to the downstream unit. In fact, on the downstream block, you may need to right-click the
Chemistry ID and hit clear to get rid of the chemistry specification when changing the property
model, because the Chemistry ID dropdown box does not have a “none” option. An example is
shown in Figure 12.6.
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& ‘ ™)
& Properties | Simulation Options ] Diagnostics ] EOQ Options I EQ Var / Vec I Repaort Options
Property options
Property method EMRTL-RK -

Henry components 1D GLOBAL -

Electrolytes calculation options

Chemistry ID GLOBAL -

Simulation approach Apparent components -

Petroleum calculation options

Free-water phase properties STEAM-TA -

Water solubility method 3 - No correction -
. v
’

& Properties | Simulation Options ] Diagnostics ] EO Options l EQ Var / Vec I Report Options

Property options
Property method PSRK -

Henry components ID GLOBAL

Electrolytes calculation options

Chemistry ID -

Simulation approach True components -

Petroleum calculation options

Free-water phase properties STEAM-TA -

Water solubility method 3 - No correction -
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