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HaloteC can not be made responsible for any damageadversities that directly or indirectly originatfrom
decisions made based on information, interpretati@m (unintended) errors presented in this report am
calculation done with the AESolve program.

lllegal use of the AESolve software program is @nginal offence and will be counteracted to the mianum
extent possible by law.

Microsoft Windows, Microsoft Excel, Microsoft Accesand Microsoft Word are products registered by kdisoft
Corporation. Official licences are required for usg these products.
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Introduction

Modeling agueous phase chemistry

AESolve is a powerful, yet user-friendly simulator for performing complequilibrium
calculations on aqueous electrolyte systems. It allows for obgpimsight into your water
chemistry at the click of your mouse!

Since dissociation of weak electrolytes yield many additiorredr@ed) species in solution, these
calculations can become tedious. Even for a small number of componeds|ing the
equilibrium situation already involves many non-linear algebraic equationsaédtto be solved
simultaneously. This number only increases if non-ideality is takenaiccount by means of G-
Excess modelsAESolvedoes all this automatically! For example: a system ihitiebntaining
only phosphoric acid and sodium bicarbonate, already yields 93 equatidadifigaescription
of a gas phase and using the Davies model)! Neverth@dlESglvefinds a solution in less than
two seconds on a modern PC.

AESolve features

The straightforward user interface allows for convenientlyctielg components or predefined
mixtures from a list. Possible solid precipitation and gas-liquidlibgai are taken into account
automatically. Components, reactions and predefined mixtures finedien a database (open
MS Access). The user is free to add new components and redctitins database either by
directly accessing the components database or through the special utsareinte

Supported units includaol/kg water(molality), g/kg waterandweight percentagelrhe program
will generate a consistent model automatically. The modehteams and all involved model
parameters can be inspected by generatiftaVNorddocument, showing all model constants,
variables, model equations and results. Results can also easily be expbt&&toel

No knowledge of mathematical modeling, numerical methods or thermaouys is required for
using the program.

Reaction constants, solubility products or Henry's constants gbase solubility) may be
entered in the database as a function of temperature, pressuenaom¢ strength. Both gas
phase and solid phase are considered ideal in version 2.3.

Equilibrium calculation may be performed either for one point oafaeinge of points (e.g. for
changing concentrations or pressure). The user is free to rpecfculations at fixegpH or
water activity (and calculate some initial concentration)oocdlculate the equilibriurmpH or
water activity.

The Solver Engine

The solver engine consists of a fast expression compiler armitexewritten in the C++
programming language, an expression sorter for determining ther of evaluation and a
number of robust root finder routines, suitable for solving large setwomflinear algebraic
equations. A Monte Carlo type initial guess estimator routinenemented, which in most
cases finds suitable initial guesses. The user is not bothettednwi numerical or mathematical
details. In most cases the solver will find solutions within seconds on a modettmeH&s(er the
better). For large systems however the calculation may take minutes.ofrdurse, sometimes
a solution just does not exist in the realms of our physics!
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Thermodynamic models

Supported thermodynamic models in version 2.3 for describing non-ideality in the aquesmis pha
include:ideal, limiting law, extended Debye Hickahd theDaviesmodel. More sophisticated
models (including Equations of State for describing gas phase nonbeleavior and special
protein models) will be available soon, or can be supplied at request.

Specialty Add-On’s
AESolve V.2.3. performs static, equilibrium calculations. However, dyng@nuicess simulation
add-on’s will become available soon or can be supplied at request. These include:

lon Chromatography (time and space simulation)
Membrane separation

Liquid-liquid extraction

Precipitation

Fermentation processes
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Fields of Application

AESolves a powerful tool for any situation where aqueous phase cherpiatry a role, both in
production and in R&D environments. A number of specific areas of interest include:

Biotechnology and Pharmaceutical Industry
o Design your fermentation media with a click of the mouse, testbuffer
capacity of your media or investigate the effects of formationyair
products.

Food Industry
o Soft drinks, water activity calculatiomipdegradability of foodstuffsbuffer

capacities, acidity etc.

Results for MyDrink.AES were generated by Aqueous Electro lyte Solver v.2.1.0 licensed to Softdrinks&Co., John Doe
Initial Composition Formula Concentration Unit
Components
sodium lactate NaC3Hs03 0.2000 g/kg water
sodium chloride NaCl 1.0000 g/kg water
sodium citrate dihydrate| Naz(CsHs07).2H,0 3.0000 g/kg water
citric acid H3CsHs0; 0.5000 g/kg water
glucose CeH1206 5.0000 g/kg water
water| HO 55.5084 mol/kg water
Overall Equilibrium Results
pH 5.7731
Water activity 0.9980 =
lonic strength 0.0727 mol/kg water
Moles in aqueous phase 55.6176 mol/kg water
Aqueous phase weight 1009.3325 g/kg water
Total weight 1009.7000 g/kg water
T 298.1500 kelvin
Thermodynamics Davies
Equilibrium Components Formula mol/kg water] /kg wa ter] [wt.%] mole fraction activity activity coefficient
[Aqueous Phase
lactate C3Hs03" 1.77E-03 0.1575 0.0156 3.18E-05 1.40E-03 0.7939
lactic acid C3HgO3 1.69E-05 1.52E-03 1.50E-04 3.03E-07 1.71E-05 1.0169
glucose CeH1206 0.0278 5.0000 0.4954 4.99E-04 0.0282 1.0169
chloride Cl- 0.0171 0.6066 0.0601 3.08E-04 0.0136 0.7939
hydrogen ion H* 2.12E-06 2.14E-06 2.12E-07 3.82E-08 1.69E-06 0.7939
citrate H3CeH,07 5.36E-03 1.0139 0.1005 9.64E-05 6.71E-04 0.1252
hydrogen citrate H3CeH307~ 7.09E-03 1.3488 0.1336 1.28E-04 2.82E-03 0.3972
dihydrogen citrate H3CeH4O7~ 3.46E-04 0.0661 6.55E-03 6.22E-06 2.75E-04 0.7939
citric acid H3CsHs07 6.12E-07 1.17E-04 1.16E-05 1.10E-08 6.22E-07 1.0169
sodium ion Na * 0.0495 1.1379 0.1127 8.90E-04 0.0393 0.7939
hydroxide ion OH~ 7.53E-09 1.28E-07 1.27E-08 1.35E-10 5.98E-09 0.7939

Example of results exported as an MS Excel repevhich is a standard AESolve feature.
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o Carbon dioxide equilibria, seawater, carbonate and phosphate formation etc.
Green House Technology and Fertilizer Dosing

0 AESolvecan be used to calculate specific fertilizer formulationsdus
modern green houses. Important parameters sugidasater activity and
electrical conductivity are easily calculated.
Educational Purposes

0 Since AESolveis very user-friendly and knowledge of numerical modeling,
thermodynamics or electrolyte chemistry is not required, thgram is very
useful for obtaining insight in the behavior of aqueous phase chemistry
Titration curves for example are easily produced as can berséas graph
below.AESolvegenerates this graph automatically (see Quick Graph).
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Validation

Validation of modeling results depends on the validity of the informatiored in the
component database. It is usually good practice to check the modslittg reith experimental
data that you are familiar with in your businebtaloteC can assist you with supplying the
database with properly validated information. Please coatmilve@halotec.coif you have
any questions or requests. You may also visit our webgtjie/www.halotec.conand check for
updates and news.

Registration

Each copy ofAESolverequires a unique registration key and a user specific USB Kegrd
(dongle), which are provided kiyaloteC after purchase of the product. This registration key is
required during installation of the product. Both the hard key and thetregmgin key are
personal and may not be used by others (personal license). Congesses for multiple users
can be obtained on request. The latter may be very cost effdatinage licenses are required.
Please contact us for more information Hdtp://www.halotec.comor send an e-mail to
aesolve@halotec.com

System Requirements
Operating systems:

Microsoft Windows 2000

Microsoft Windows XP

US English regional settings!

Processor: fast processor (2 GHz or faster is recommended)
Memory: 512 MB or more

Microsoft Word 2000

Microsoft Excel 2000
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AESolveModel structure

Model Equations

The models generated B¥:=Solveconsist of:

Equilibrium equations (aqueous, gas-liquid and solid-liquid);
Mass balances;

Charge balance;

Activity and activity coefficient relations;

Conversions;

O O O0OO0Oo

Incorporated in the model are correlations for the temperature dependenbis of t

water vapor pressure;

dielectric constant of water;

liquid water density;

the autoprotolysis constant of water;
Debye Hiickel parameters.

O O O0OO0O0o

Warnings will be given if temperatures are entered outsidesthpdrature range of parameters
or relations provided in the component database.

Thermodynamic models are advised only for the following approximate ionig#tsen

Ideal : | <0.001 mol/kg water (M)
Limiting Law : | <0.01 mol/kg water (M)
Extended Debye Huckel : | <0.1 mol/kg water
Davies : | < 0.5 mol/kg water

If ionic strengths become higher, a warning will be givenc&eful in general with the results,
especially when warnings are given! Always keep using youghisRemember that “garbage
in” means “garbage out”. The validity of the results wiligielly depend on the integrity of the
database content.

In some cases the solver will not be able to find a solution. Ifvemédd for example try to
calculate how much sulfuric acid one needs to add to 1 kg of pure iwaiedter to obtain an
equilibrium pH of 9, the solver will obviously not be able to find a solution.

Appendix 3 shows an example of thESolvemodel structure.

10
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Used Model symbols

AESolveuses the following symbols and parameter names in the model:

MO : initial concentration [mol/kg water]

WO : initial concentration [ao/kg water]

wp0 : initial weight percentage [%0]

w : concentration [o/kg water]

m : molality [mol/kg water]

wp : weight percentage [9/g x 100%)]

wi : weight fraction [0/0]

g : activity coefficient [-]

a : activity [-]

X : aqueous phase mole fraction [-]

y : gas phase mole fraction []

_aqg : aqueous phase

_S ; solid phase

g : gas phase

_hame : unique component identification

_part : quantity in a predefined mixture

P : pressure [bar]

\% : gas phase volume [liter / kg water]

T : absolute temperature K]

p : -log10

So:
0 pa_Hmeans —logl10 of the activity of componéhtwhich most people catiH;
o0 m_CaS04 s is the amount (in mol solids per kg water) of precipitated gypsum;
o pm_Cais —log10 of the calcium molality (in solution);
o Yy_H2Ois the water mole fraction in the gas phase;
o m_part_NaCl_Acetate Buffes the NaCl molality in a predefined mixture called Acetate

Buffer.

11
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The User Interface

Getting Started

Use of the graphical user interface is straightforward (“no need for aamgpproach”). It
works similar to any Microsoft Windows program. Moreover, most objects willalisgpl
tooltext tip when the mouse cursor is moved over.

The AESolveprogram may be started from the desktop (if a desktop icon exists), by opening
AESolve.exer by double clicking a model filg.AES).

After a startup screen that also displays the name and organization to which théiproduc
registered, the following screen will be shown:

The user interface consists of a number of screens that candeevimible by selection in the
‘View’ menu. The first allows the user to select components aadge concentrations. In the
“Database Components” pane, all (uncharged, addable) componentsearéhid are stored in
the components database. These components are sorted in a number of rubricsqlfingthie
component in your model, just right click it and use the pop-up menu, oradchgrop it in

12



order to move it to the “Model Composition” pane. If you double click onasngur model
components in that pane, you can change units and initial concentratiorseredhs can be
moved and resized. If you close the application, these settings will be starethacally, so the
next time you starAESolvethese settings will reappear at start up. These model companents
predefined mixtures can be deleted by pressing <delete> d&eybeard after selection or after
right clicking.

Remember that the concentrations set in the ‘Model Composition’gsarnieitial concentrations
and that the equilibrium situation will be calculated.

Model Settings

The ‘Model Settings’ pane allows the user to define the typeatdulation. If settings are
changed, information about the generated model is shown in the tRegadow. Pressing the
‘Solve’ button will start the solver, after which results asoahown in the ‘Results’ window or
graphically in the “Quick Graph” pane.

13



If one of your model components introduces a gas phase (e.g. NaMsi@ yield a gas phase
containing water and Cf) the appropriate controls are enablé&l T andV). If you are not
really interested in the gas phase, you should disable this optionnig@ogas phase may also
improve convergence of your model. The valuesTioP, pH andV are updated during the
solving process.

If the checkbox on the right of, P or pH is selected, this value will be calculated. If the
checkbox is unchecked, this parameter will remain constant.

The “Start” button will be disabled if your choice of options yieldsirmbalance between the
number of unknowns and the number of model equations, in which case the amuuai loe
solved. If the model is consistent, the button is enabled.

You also notice the text in the “Solver Messages and Regdted. Results and messages are
given in the “Solver Messages and Results” pane. You may freetedbE content of this pane,
or cut and paste it to another application.

If a component is selected from the “Calculate initial concgatralist, then the model will
calculate this concentration. Note that if you already had ehtarenitial concentration for this
component, that number will be ignored. If you do not wish to calculait@tat concentration,
you either can select an empty line in the list box, or delete it's content.

14



If a component or state variable is selected in the “Calciatege” list, you must specify a
valid range over which this parameter value is changed during siomulaou are also free to
choose the number of data points that you would like to be calculated.

Exporting Results to MS Excel

After a successful calculation, for one point of for a range,ngay want to export these data to
MS Excel. To do that, click the “Reports” button and click Excel. ¥y also click the Excel
button in the toolbar. If you performed calculations for a range, the followingnsappears:

By selecting or unselecting a parameter category, pagasneither show up or disappear in the
list boxes below. All results for parameters that show up irethssboxes will be exported to
Excel. MS Excel will automatically start. A new workbook imgeated for each new calculation
over a range. If MS Excel is already opened, a new workbook will be added to tmsensta

To generate an MS Excel chart, an x-axis variable can betestli@ the list box on the left. One
or more y-axis parameters may be selected in the list batkheomight (keep <CONTROL>
pressed to make multiple selections. Clicking the ‘Change Unitson allows you to change all
units for concentrations. Individual concentrations can be changed by ddidkmg the
parameter in the ‘Y-axis Variables’ pane.

15



The results will be exported after pressing the “OK” button. If galculated the equilibrium
situation for one point only, a MS Excel report will be created automatically.

Thermodynamic models

When the program is started for the first time, calculatisagarformed for the ideal situation
(no interactions between species). For low concentrations this appray be valid. For higher
concentrations however, another thermodynamic model can be sele@sxbfing “Advanced”
and then “Thermodynamics”. The following screen allows you tecs@nother model, or set a
specific model as default at startup:

The Quick Graph

The Quick Graph will draw model parameters that you are inegtésta graph. The graph will
be updated during simulation. Double click the graph, or select “Sani¢se Graph menu to
change the axis variables or the approximate number of gridBeéswy, an example is given of
the Quick Graph showing gypsum (Cagp@recipitate upon addition of sulphuric acid to a
calcium chloride solution.

16



The model species bar graph

In AESolve version 2.3. results of model calculations are also sspess automatically in a
convenient bar graph. An arbitrary example is given below:

Selecting a different unit in the menu bar can change representsdTuret graph can also be
copied and pasted into any application.

17
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Appendix 1: Examples
Example 1: Carbon dioxide pressure effect on thg@H of a 1 mM sodium lactate solution

Question: How does the pH change if | change the;@@ssure from 0 (no G& water
vapor pressudeo3 bar in a solution containing 1 mM sodium lactate?

step 1 OpenAESolveor press the “New” button;

step 2 Select carbon dioxide from the database component list and drag it to the Model
Composition pane;

step 3 Select and drag sodium lactate from the database component list;

step 4 Set the sodium lactate concentration to 0.001 mol/kg water;

step 5 Go to the “Model Definition” screen;

step 6 Select carbon dioxide in the “Calculate Initial concentration” list box;
[By changing pressure over a range, we need to calculate the amoung of CO
required to yield this pressure in the equilibrium situation]

step 7 Uncheck the “ignore gas phase” check box;

step 8 Uncheck the “Solve for P” check box;

step 9 Select “system pressure” in the “Calculate range for” list box;

step 1(Bet the minimum pressure to 0 and the maximum pressure to 3 bar;

step 11Set “Number of points in range” to 25

step 1Z5elect the “Davies” model to describe non-ideal behavior (“Advanced” - >
“Thermodynamics” -> “Aqueous phase”;

step 13ress the “Start” button;

step 14ress the “Results/Excel” button after the calculations are finished lectigé
in the y-axis variables pane;

The following MS Excel chart will be generated

AESolver Results

8.000

7.500 <

7.000

6.500 - —e—pH -

6.000

Oodda &

A
5.500 VYV V0000000900000 0¢

5.000 T T
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500

P
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Example 2: Carbonate Species

Question: Which carbonate species are present pHhiange from 5 to 13 in a sodium
bicarbonate solution?

In order to answer this question, we need an acid and a base incoctiange theH from 5 to
13 and a component that contains carbonate. We could also use carbon dioxide.

step 1 Press the “New” button;

step 2 Select sodium bicarbonate and change the initial concentration to 0.01 mol/kg;
step 3 Select sulfuric acid and change the initial concentration to 0.1 mol/kg;

step 4 Select sodium hydroxide;

step 5 Select the Davies model (“Advanced” -> “Thermodynamics”);

step 6 Select the ‘Model Settings’ window;

step 7 Select potassium hydroxide in the “Calculate initial concentration” list box;
step 8 Uncheck the “Calculate pH” check box;

step 9 Select “equilibrium pH” in the “Calculate range” list box;

step 1®Bet the minimum pH = 5 and the maximum pH= 13;

step 11Set the “Number of points in range” to e.g. 100;

You should now see the following screen:

20



Now Press the “Start” button and the solver will calculate howhm@©OH must be added in
order to obtain an equilibrium pH within the range from 5 to 13, with 108ssteress the
“Reports” button and then “Excel”. The following screen appears:

21
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After selecting all carbonate species and pressing the ‘ikbn, an MS Excel workbook will
be generated and the following chart will be generated:

AESolver Results

0.012 0.0120

0.010 0.0100

0.008 0.0080

—m— m_HCO3 mol/kg water
m_H2CO3 mol/kg water
—¢—m_CO3 mol/kg water

0.006 0.0060

—e— m_CO2 mol/kg water

0.004 0.0040

0.002

0.0020

0.000 F

Of course the Quick graph can also be used for inspecting the result graphically
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Example 3 : Making and testing an Acetate Buffer

Question: How can | make an acetate buffer with pH 4.5 and how well does it petfierm w
| add citric acid?

Buffer solutions are frequently used for keepptg more or less constant although an acid or
base is added to the solution. A buffer is obtained by adding a wehkrad a salt of this acid
together in a specific ratio.

step 1 Press the “New” button;

step 2 Add both sodium acetate and acetic acid to your model mixture;

step 3 Start with e.g. 0.1 M acetic acid, so we can calculate how much sodium acetate needs
to be added in order to obtain a solution vath= 4.5

step 4 In the “Model Settings” pane uncheck the pH check box and enter 4.5 (we want to
keep pH constant at 4.5. Select sodium acetate in the “calculate initial conaehtrat
box.

step 5 Press “Start” and you will find that 5.9 grams of sodium acetate need to be added in
order to obtain a pH of 4.5 (Davies model)

step 6 Now enter this number as initial concentration for sodium acetete in the “Model
Components” pane, unselestdium acetate in the “Calculate initial
concentration” box and select the “Calculate pH” check box. If you now press start,
you will notice that the calculated equilibriysil equals 4.5.

step 7 Now add citric acid to your model mixture (select mol/kg water as unixfune and
calculate a range from 0 to 1 mM.

23
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In the graph below, thpH effect is shown with our acetate buffer and without. The
result is obvious. Our buffer does a great job!
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Appendix 2 : The Components Database
Maintenance of the database is indispensable for proper functioning AE8@veprogram. If
data is erroneously entered in the database, errors will result.

The MS Access database consists of four tab®smponents,Reactions, Mixtures and
Interactions Thelnteractionstable is noused in V.2.3.

The component tableconsists of the following fields:

ID automatically assigned unique ID number [long]

formula chemical formulamust be unique, e.g. CaCO3

trivial name some other name

charge charge of the component, e,g, forNeharge = +1

A not used

B not used

radius effective ionic radius, used in the extended Debye Hickel model
Mw molar weight

phase 1 = aqueous, 2 = gas, 3 = solid (important!)

addable Boolean, True or False; only components with addable=True will

appear in the AESolve database component list. E gisNpt
addable, but k50O is!

CB1lto5 reference to the ID of the “parent” component;

nCB1lto5 number of moles involved

E.g. in case of MgPQy), : if this component dissolves, it produces 3 moles of Mg and 2 moles
of PQ>. But PQ¥ is a “part” of the addable componens?®,. So in this case CB1 = the ID of
Mg, nCB1 = 3, CB2 =the ID of ##0, and nCB2 = 2.

E.g. in case of NaCl : this is a strong electrolyte yigjdila and Cl, so CB1 = the ID of Na
and CB2 = the ID of CINCB1 and nCB2 are 1;

E.g. in case of NaHCA a reference to Na+ and a refecerence to CO2_aq (alwayhe liquid
phase component) !

N.B. for components that can exist both in the agqueous phase and in tiphagas two

components are added: e.g. in case HIM® (aqgueous) and Og are defined. References should
always be set to the aqueous phase component.

25



The reactions tableconsists of the following fields:

ID : automatic unique reaction ID [long]

reactantl to 5 ; references to reaction reactants

product 1 to 5 : references to reaction products

rito5 : number of moles involved for each reactant
plto5 : number of moles involved for each product
strong : True/False

gas : True/False

solid ; True/False

organic : True/False

formula : a function of pK1to 5, T, P or |

pK1to5 : constant values used in formula

Tmin : minimum temperature for which formula is valid
Tmax : maximum temperature for which formula is valid

e.g. consider thetrong reaction NaCl -> Na+ CI' this is a strong reaction with one reactant
(NaCl) and two products, Nand Cl. So:

reactantl = reference to NaCl ID in the components table;
rl = 1

productl = reference to N4D in the components table;
product2 = reference to GD in the components table;

pl = 1

p2 = 1

strong = true (checked)

gas = false (unchecked)

solid = false (unchecked)

Since NaCl is a strong component, formula, pK’s and Tmin and Tmax are not needed.

The mixtures table consists of the following fields:

ID = automatic number, unique mixture 1D

MixtureName = a unique name for this mixture

Compl = reference number to an addable component

Amountl = amount present in the mixture

Unitl = unit for the amount (weight percentage (3), molality (4), g/kg
water (5))

Comp2

Amount2

Unit2

Etc.
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In AESolve V.2.3. a user interface is build that allows for changfiregcomponent database
content. The interface can be shown by clicking “Advanced” -> “@mment Database

Organizer”.

The Database Organiser consists of three screens. The esicmivorks analogous to directly
enetering data into the database.

Adding, removing and changing components and properties:

27



Adding, removing and changing reactions and properties:

28



Appendix 3 : Example of a MS Word Model Report

AESolve generates the following (arbitrary) report fully automaticalt can be used for
inspecting the model. Note that the models can become large, dahlywmited number of
components.

AESolve generated this model on 11-Sep-2005 12:39:37
Model file : C:\\Program Files\HaloteC\AESolve\Examples\ComplexNkturel.AES

This copy of AESolve is licensed to John Doe, EléCo

Model Composition (User Input)

Calculate range for MO_calcium lactate = 0..06 mol/kg water

---Components---

formic acid :1.0000 g/kg water

hydrogen chloride :9.0000 o/kg water

calcium hydroxide . 3.5000 o/kg water

acetic acid : 5.0000 g/kg water

potassium lactate : 4.0000 o/kg water

calcium lactate :0.0000 mol/kg water

gluconic acid :1.0000 g/kg water

phosphoric acid . 5.0000 o/kg water

---Predefined Solutions---

Mixture 1 :10.000 wt.% of total mixture
--> sodium lactate : 28.000 wt.% in Mixture 1
--> potassium lactate : 28.000 wt.% in Mixture 1
--> acetic acid : 2.0000 wt.% in Mixture 1
--> sodium acetate : 2.0000 wt.% in Mixture 1

Mixture 2 . 5.0000 wt.% of total mixture
--> potassium lactate : 52.000 wt.% in Mixture 2
--> sodium acetate : 4.0000 wt.% in Mixture 2
--> acetic acid : 4.0000 wt.% in Mixture 2

Thermodynamics : Davies

Constants

wp0_1 = 10.000 wt.%
wpO_part_sodium lactate_Mixture 1 = 28.000 wt.%
wpO_part_potassium lactate_Mixture 1 = 28.000 wt.%
wpO_part_acetic acid_Mixture 1 = 2.0000 wt.%
wpO_part_sodium acetate_Mixture 1 = 2.0000 wt.%
wp0_2 = 5.0000 wt.%
wpO_part_potassium lactate_Mixture 2 = 52.000 wt.%
wpO_part_sodium acetate_Mixture 2 = 4.0000 wt.%
wpO_part_acetic acid_Mixture 2 = 4.0000 wt.%
WO0_HCOOH = 1.0000 g/kg water
Mw_HCOOH =  46.026 g/mol
WO_HCI = 9.0000 g/kg water
Mw_HCI = 36.460 g/mol
WO0_Ca(OH)2 = 3.5000 g/kg water
Mw_Ca(OH)2 = 74.090 g/mol
WO_acetic acid = 5.0000 g/kg water
Mw_acetic acid = 60.053 g/mol
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WO_potassium lactate
Mw_potassium lactate
MO_calcium lactate
WO_gluconic acid
Mw_gluconic acid
WO_H3P0O4
Mw_H3PO4
Mw_calcium lactate
Mw_H20

Mw_sodium lactate
Mw_sodium acetate
Mw_H

Mw_CI

Mw_K

Mw_lactate

Mw_Na

Mw_Ca

Mw_acetate
Mw_potassium acetate
Mw_OH

Mw_HCOO
Mw_H2PO4
Mw_HPO4

Mw_lactic acid
Mw_PO4
Mw_Ca3(P0O4)2
Mw_gluconate
Mw_calcium monolactate
Mw_calcium gluconate
Mw_Cal2
Mw_calcium monogluconate
pK_62

pK_8

pK_13

pK_27

pK_28

pK1_2

pK2_2

pK3_2

pK4_2

pK_3

pK_29

pK_32

pK_36

pK_38

pK_63

pK_71

T

Variables (solution)

4.0000
112.06
0.0000
1.0000
196.16
5.0000
97.995
218.22
18.015
112.06
82.030
1.0079
35.453
39.098
89.071
22.990
40.078
59.045
98.140
17.007
45.018
96.987
95.979
90.079
94.971
310.18
195.15
129.15
430.38
218.22
235.23

5.3300
3.7500
4.7500
2.1600
7.2100
-7.7156E-07
8.6174E-04
3.4124E-01
59.583
3.8600
12.320
32.684
3.5600
1.0800
3.4000E-01
1.2100
298.15

Wtot_1

MO_sodium lactate_Mixture 1
wpO_sodium lactate_Mixture 1
MO_potassium lactate_Mixture 1
wpO_potassium lactate_Mixture 1
MO_acetic acid_Mixture 1
wpO_acetic acid_Mixture 1
MO_sodium acetate_Mixture 1
wpO0_sodium acetate_Mixture 1
wf_part_H20_1

Wtot_2

MO_potassium lactate_Mixture 2
wpO_potassium lactate_Mixture 2

500.00
0.0000
28.000
0.0000

28.000
0.0000
2.0000

0.0000

2.0000

9.0000E-01

500.00
0.0000

52.000

g/kg water
g/mol
mol/kg water
g/kg water
g/mol

g/kg water
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol

g/mol
g/mol
g/mol
g/mol

kelvin

g/kg water
mol/kg water
wt.%
mol/kg wate
wt.%
mol/kg water
wt.%
mol/kg water
wt.%
g/kg water
mol/kg wate
wt.%
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MO_sodium acetate_Mixture 2
wpO_sodium acetate_Mixture 2
MO_acetic acid_Mixture 2
wpO_acetic acid_Mixture 2
wf_part_H20_2
MO_HCOOH

MO_HCI

MOQ_Ca(OH)2
MO_acetic acid
MO_potassium lactate
MO_gluconic acid
MO_H3PO4

Wtot

pK_39

pK_56

pK_60

pK_2

pK_40

m_HCOOH

m_ClI

m_acetic acid

m_K

m_gluconic acid
m_H3P0O4

m_Na

m_Ca

m_lactic acid
m_Ca(OH)2_s
m_lactate

m_calcium lactate_s
m_sodium acetate_s
m_acetate
m_potassium acetate_s
m_HCOO

m_H2P0O4

m_HPO4

m_PO4
m_Ca3(P0O4)2_s
m_gluconate
m_calcium monolactate
m_calcium gluconate_s
m_Cal2

m_calcium monogluconate
m_OH

m_H

x_H20

pg_H20

px_H20

pa_H20

a_H20

pg_HCOOH
pa_HCOOH
pm_HCOOH
g_HCOOH

a_HCOOH

pﬁ_acetic acid

0.0000
4.0000
0.0000
4.0000

9.0000E-01
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000E+03
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0000
5.0000
0.0000
1.0000
5.0000
0.0000
0.0000
0.0000
3.5000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
9.0000E-01
1.0000
1.0000
1.9665E-02
1.0000
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
4.0390
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000

mol/kg water

wt.%

mol/kg water

wt.%
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
o/kg water

mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
mol/kg water
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pa_acetic acid
pm_acetic acid
g_acetic acid
a_acetic acid
pg_K

pa_K

pm_K

g K

a_K
pg_lactate
pa_lactate
pm_lactate
g_lactate
a_lactate

pg_gluconic acid
pa_gluconic acid
pm_gluconic acid

g_gluconic acid
a_gluconic acid
pg_H3PO4
pa_H3PO4
pm_H3PO4
g_H3PO4
a_H3PO4
pg_Na
pa_Na
pm_Na

g_Na

a_Na

pg_Ca
pa_Ca
pm_Ca

g _Ca

a_Ca
pg_acetate
pa_acetate
pm_acetate
g_acetate
a_acetate
pg_OH
pa_OH
pm_OH
g_OH

a_OH
pg_HCOO
pa_HCOO
pm_HCOO
g_HCOO
a_HCOO
pg_H2PO4
pa_H2PO4
pm_H2PO4
g_H2PO4
a_H2PO4
pg_HPO4
pa_HPO4
pm_HPO4
g_HPO4
a_HPO4
pg_lactic acid
pa_lactic acid
pm_lactic acid
g_lactic acid
a_lactic acid
pg_PO4
pa_PO4

-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
9.9610
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
-1.0000
1.0000
1.0000E-01
10.000
-1.0000
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pm_PO4 = -1.0000 -

g_PO4 = 1.0000 -

a_PO4 = 1.0000E-01 -

pg_gluconate = 10.000 -

pa_gluconate = -1.0000 -

pm_gluconate = -1.0000 -

g_gluconate = 1.0000 -

a_gluconate = 1.0000E-01 -

pg_calcium monolactate = 10.000 -

pa_calcium monolactate = -1.0000 -

pm_calcium monolactate = -1.0000 -

g_calcium monolactate = 1.0000 -

a_calcium monolactate = 1.0000E-01 -

pg_Cal2 = 10.000 -

pa_Cal2 = -1.0000 -

pm_Cal2 = -1.0000 -

g_Cal2 = 1.0000 -

a_Cal2 = 1.0000E-01 -

pg_calcium monogluconate = 10.000 -

pa_calcium monogluconate = -1.0000 -

pm_calcium monogluconate = -1.0000 -

g_calcium monogluconate = 1.0000 -

a_calcium monogluconate = 1.0000E-01 -

eps = 78.500 -

A_EDH = 1.0000 -

rho_w = 1.0000 kg/m”"3

Witot_aq = 1.0000E+03 g/kg water
Mtot_aq = 55.556 mol/kg water

| = 0.0000 mol/kg water
Equations

Equilibria

pK_8 = pa_HCOO+pa_H-pa_HCOOH
pK_13 = pa_CH3COO+pa_H-pa_CH3COOH
pK_27 = pa_H2PO4+pa_H-pa_H3PO4
pK_28 = pa_HPO4+pa_H-pa_H2PO4

pK_2 = pa_H+pa_OH-pa_H20

pK_3 = pa_C3H503+pa_H-pa_C3H603
pK_29 = pa_PO4+pa_H-pa_HPO4

pK_36 = pa_C6H1107+pa_H-pa_C6H1207
pK_38 = pa_CaC3H503-pa_Ca-pa_C3H503
pK_63 = pa_Cal2-pa_CaC3H503-pa_C3H603
pK_71 = pa_CaC6H1107-pa_Ca-pa_C6H1107

Component Balances

MO_HCOOH
MO_HCI

m_HCOOH+m_HCOO
m_ClI

MO_CH3COOH+M0_CH3COOH_1+M0_CH3COOH_2+M0_NaC2H302MD+NaC2H302_2 =

MO_KC3H503_1+M0_KC3H503_2+M0_KC3H503

MO_C6H1207
MO_H3PO4

MO_NaC3H503_1+M0_NaC2H302_1+M0_NaC2H302_2
MO_Ca(OH)2+M0_CaC6H1006

3+m_CaC12H22014_s+m_Cal2+m_CaC6H1107

m_CH3COOH+m_NaC2H302_s+m_CH3COO+m_KC2H302_s

= m_K+2*m_KC282_s
m_C6H1207+m_C6H1107+2*m_CaC12H22014 s+m_CaC6H1107
m_H3PO4+m_H2PO4+m_HPO4+m_PO4+2*m_Ca3(P04)2_s
= m_NaNaC2H302_s

m_Ca+m_Ca(OH)2_s+m_CaC6H1006_s+3*m_Ca3(P0O4)2_s+a31d20

MO_KC3H503_1+M0_KC3H503_2+M0_KC3H503+M0_NaC3H50321M0_CaC6H1006 =

px_H20

m_C3H603+m_C3H503+2*m_CaC6H1006_s+m_CaC3H503+2*h2Ca
= log(Mtot_aq)-log(55.50868)
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Activity Coefficients

pg_H20
pg_HCOOH

pg_ Cl
pg_CH3COOH
pg_K
pg_C3H503
pg_C6H1207
pg_H3PO4
pg_Na

pg_Ca
pg_CH3COO
pg_OH
pg_HCOO
pg_H2PO4
pg_HPO4
pg_C3H603
pg_PO4
pg_C6H1107
pg_CaC3H503
pg_Cal2
pg_CaC6H1107

Activities

pa_H20
pa_HCOOH
pa_H

pa_Cl
pa_CH3COOH
pa_K
pa_C3H503
pa_C6H1207
pa_H3PO4
pa_Na

pa_Ca
pa_CH3COO
pa_OH
pa_HCOO
pa_H2PO4
pa_HPO4
pa_C3H603
pa_PO4
pa_C6H1107
pa_CaC3H503
pa_Cal2
pa_CaC6H1107

Solid Phase Equations

piecewise(pa_Ca+2*pa_C3H503-pK_39,0,pa_Ca+2*pa_CHBH4HK_39,m_CaC6H1006_s)
piecewise(pa_Na+pa_CH3COO-pK_56,0,pa_Na+pa_CH3CRGHM_NaC2H302_s)
piecewise(2*pa_K+pa_CH3COO-pK_60,0,2*pa_K+pa_CH3G®0 60,m_KC2H302 s)
piecewise(pa_Ca+2*pa_OH-pK_62,0,pa_Ca+2*pa_OH-pkm6Za(OH)2_s) =
piecewise(3*pa_Ca+2*pa_PO4-pK_32,0,3*pa_Ca+2*pa_PR432,m_Ca3(P04)2_s) =
piecewise(pa_Ca+2*pa_C6H1107-pK_40,0,pa_Ca+2*pa 106H-pK_40,m_CaC12H22014_s)

0
-0.1%
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
-0.1%
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
-0.1%

-0.1%
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*4*((1"0.5)/(1+110.5)-0.2*1)
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*((1"0.5)/(1+10.5)-0.2*])
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*4*((1"0.5)/(1+110.5)-0.2*1)
-0.1%
A_EDH*9*((1"0.5)/(1+110.5)-0.2*1)
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])
A_EDH*((1"0.5)/(1+10.5)-0.2*])
-0.1%
A_EDH*((1"0.5)/(1+1"0.5)-0.2*])

pg_H20+px_H20
pm_HCOOH+pg_HCOOH
pm_H+pg_H

pm_Cl+pg_ClI
pm_CH3COOH+pg_CH3COOH
pm_K+pg_K
pm_C3H503+pg_C3H503
pm_C6H1207+pg_C6H1207
pm_H3PO4+pg_H3PO4
pm_Na+pg_Na

pm_Ca+pg_Ca
pm_CH3COO+pg_CH3COO
pm_OH+pg_OH
pm_HCOO+pg_HCOO
pm_H2PO4+pg_H2P0O4
pm_HPO4+pg_HPO4
pm_C3H603+pg_C3H603
pm_PO4+pg_PO4
pm_C6H1107+pg_C6H1107
pm_CaC3H503+pg_CaC3H503
pm_CalL2+pg_Cal2
pm_CaC6H1107+pg_CaC6H1107

OOO

IoOII oy
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Relations and Dependencies

pK_39
pK_56
pK_60
pK_2

pK_40

TransFormations

x_H20

2P 312,
cO0I'rT

QI

" CH3COOH
H3COOH

_CH3COOH

»3@®3@0 3
xx=aolg0

g_C3H503
m_C3H503
a_C3H503
g_C6H1207
m_C6H1207
a_C6H1207
g_H3PO4
m_H3P0O4
a_H3PO4
g_Na
m_Na
a_Na

g _Ca
m_Ca
a_Ca
g_CH3COO
m_CH3COO
a_CH3COO
g_OH
m_OH
a_OH
g_HCOO
m_HCOO
a_HCOO
g_H2PO4
m_H2P0O4
a_H2PO4
g_HPO4
m_HPO4
a_HPO4
g_C3H603
m_C3H603
a_C3H603
g_PO4
m_PO4
a_PO4
g_C6H1107

927.5119-38571.276/T-139.91614*In(T)
323.11-13348.7-49.119*In(T)
-66.81+3688.33/T+8.792*In(T)
pK1_2*T3+pK2_2*T"2-pK3_2*T+pK4_2
296.5472-10225.306/T-45.55288*In(T)

107(-px_H20)
107(-pa_H20)
107(-pg_HCOOH)
10°(-pm_HCOOH)
10”(-pa_HCOOH)
10"(-pg_H)
107°(-pm_H)
107(-pa_H)
10%(-pg_Cl)
107(-pm_Cl)
107(-pa_Cl)
10°(-pg_CH3COOH)
10°(-pm_CH3COOH)
10”(-pa_CH3COOH)
10"(-pg_K)
107(-pm_K)

107 (-pa_K)
10”(-pg_C3H503)
10°(-pm_C3H503)
10”(-pa_C3H503)
107(-pg_C6H1207)
10°(-pm_C6H1207)
10”(-pa_C6H1207)
107(-pg_H3PO4)
10°(-pm_H3PO4)
10”(-pa_H3PO4)
10"(-pg_Na)
10"(-pm_Na)
107(-pa_Na)
10"(-pg_Ca)
10"(-pm_Ca)
107(-pa_Ca)
10°(-pg_CH3COO0)
107(-pm_CH3COO)
10”(-pa_CH3COO)
10"(-pg_OH)
10"°(-pm_OH)
107(-pa_OH)
107(-pg_HCOO)
107(-pm_HCOO)
10”(-pa_HCOO)
107(-pg_H2PO4)
107(-pm_H2P0O4)
10/(-pa_H2PO4)
10°(-pg_HPO4)
10°(-pm_HPO4)
10/(-pa_HPO4)
10”(-pg_C3H603)
10°(-pm_C3H603)
10”(-pa_C3H603)
107(-pg_P0O4)
10°(-pm_PO4)
10/(-pa_P0O4)
107(-pg_C6H1107)
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m_C6H1107
a_C6H1107
g_CaC3H503
m_CaC3H503
a_CaC3H503
g_Cal2
m_Cal2
a_Calz2
g_CaC6H1107
m_CaC6H1107
a_CaC6H1107

Mixtures

Wtot_1
MO_NaC3H503_1

H503
wp0_NaC3H503_1
MO_KC3H503_1

03
wp0_KC3H503_1
MO_CH3COOH_1

OOH
wp0_CH3COOH_1
M0_NaC2H302_1

H302
wp0_NaC2H302_1
wf_part_H20_1

107(-pm_C6H1107)
107(-pa_C6H1107)
107(-pg_CaC3H503)
107(-pm_CaC3H503)
107(-pa_CaC3H503)
107(-pg_Cal?2)
10"(-pm_Cal2)
107(-pa_Cal?2)
107(-pg_CaC6H1107)
107(-pm_CaC6H1107)
107(-pa_CaC6H1107)

= (wpO_1/100)*Wtot
Wtot*((wpO_part_NaC3H503_1/100)*(wp0_NaC3H503_1/)0dw_NaC3

100*((wp0_part_NaC3H503_1/100)*(wp0_1/100))

Wiot*((wpO_part_KC3H503_1/100)(wp0_KC3H503_1/108)y_KC3HS
= 100*((wpO_part_KC3H503_1/100)*(wp0_1/100))
\:Ntot*((WpO_part_CH3COOH_1/100)*(WpO_CH3COOH_1/10M\)V_CH3C
= 100*((wpO_part_CH3COOH_1/100)*(wp0_1/100))
\:Ntot*((wpo_part_NaCZH302_1/100)*(Wp0_NaC2H302_1/)I)U(Z|W_NaC2

= 100*((wpO_part_NaC2H302_1/100)*(wp0_1/100))
= 1-

((((wpO_part_NaC3H503_1/100)*Wtot_1)+((wpO_part_K€8D3_1/100)*Wtot_1)+((wpO_part CH3COOH_1/100)*Wtb}+((wpO_part_Na

C2H302_1/100)*Wtot_1))/Wtot_1)

Wtot_2
M0_KC3H503_2

03
wp0_KC3H503_2
M0_NaC2H302_2

H302
wp0_NaC2H302_2
MO_CH3COOH_2

OCH
wp0_CH3COOH_2
wf_part_H20_2

= (wpO_2/100)*Wtot
\7Vtot*((wp0_part_KC3H503_2/100)*(Wp0_KC3H503_2/101M)N_KC3H5
= 100*((wpO_part_ KC3H503_2/100)*(wp0_2/100))
\:Ntot*((wpo_part_NaCZH302_2/100)*(Wp0_NaC2H302_2/)I)U(Z|W_NaC2

100*((wp0_part_NaC2H302_2/100)*(wp0_2/100))

Wiot*((wpO_part CH3COOH_2/100)*(wp0_CH3COOH_2/10My_CH3C

= 100*((wpO_part_CH3COOH_2/100)*wp0_2/100))
.

((WwpO_part_KC3H503_2/100)*Wtot_2)+((wpO_part_N4€R02_2/100)*Wtot_2)+((wp0_part_ CH3COOH_2/100)*W@})/Wtot_2)

Other

MO_HCOOH
MO_HCI
MO_Ca(OH)2
MO_CH3COOCH
MO_KC3H503
MO_C6H1207
MO_H3PO4
Witot

WO_HCOOH/Mw_HCOOH
WO_HCl/Mw_HCI
WO_Ca(OH)2/Mw_Ca(OH)2
WO_CH3COOH/Mw_CH3COOH
WO_KC3H503/Mw_KC3H503
WO_C6H1207/Mw_C6H1207
WO_H3PO4/Mw_H3PO4

1000+((MO_HCOOH*Mw_HCOOH)+(M0_HCHMw_HCI)+(MO_Ca(O)2*

Mw_Ca(OH)2)+(M0_CH3COOH*Mw_CH3COOH)+(MO_CH3COOH_1t¥ CH3COOH)+(MO_CH3COOH_2*Mw_CH3COOH)+(M0_KC3

H503*Mw_KC3H503)+(M0_KC3H503_1*Mw_KC3H503)+(M0_KCHO3_2*Mw_KC3H503)+(M0_CaC6H1006*Mw_CaC6H1006)+(M
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0_C6H1207*Mw_C6H1207)+(M0_H3PO4*Mw_H3PO4)+(M0_NaCEbB_1*Mw_NaC3H503)+(M0_NaC2H302_1*Mw_NaC2H302)+(M
0_NaC2H302_2*Mw_NaC2H302))

eps = 2727.586 +0.6224107*T - 466.9151*In(T) - 5200018

A _EDH = 1.824928E3 * rho_w*(eps * T) * (-3 / 2)

rho_w = -1.4823E-11*T"6 + 3.0089E-08*T"5 - 2.5484E-05*T+4..1536E-
02*T"3 - 2.9490E+00*T"2 + 4.0414E+02*T - 2.2201E+04

Wtot_aq =

1000+(m_HCOOH*Mw_HCOOH)+(m_CI*Mw_CIl)+(m_CH3COOH*MvC
H3COOH)+(m_K*Mw_K)+(m_C3H503*Mw_C3H503)+(m_C6H120Wv_C6H1207)+(m_H3PO4*Mw_H3P0O4)+(m_Na*Mw_Na)+(m_Ca
*Mw_Ca)+(m_CH3COO*Mw_CH3COO)+(m_HCOO*Mw_HCOO)+(m_RD4*Mw_H2P0O4)+(m_HPO4*Mw_HPO4)+(m_C3H603*Mw_C
3H603)+(m_PO4*Mw_PO4)+(m_C6H1107*Mw_C6H1107)+(m_G#503*Mw_CaC3H503)+(m_CalL2*Mw_Cal2)+(m_CaC6H1107*M
w_CaC6H1107)
Mtot_aq =
55.50868+m_HCOOH+m_H+m_Cl+m_CH3COOH+m_K+m_C3H503+m_
C6H1207+m_H3PO4+m_Na+m_Ca+m_CH3COO+m_OH+m_HCOO+mRd4Zm_HPO4+m_C3H603+m_PO4+m_C6H1107+m_CaC3H5
03+m_CalL2+m_CaC6H1107
m_H+m_K+m_Na+2*m_Ca+m_CaC3H503+m_CaC6H1107 =
m_Cl+m_C3H503+m_CH3COO+m_OH+m_HCOO+m_H2P0O4+2*m_HPO
4+3*m_PO4+m_C6H1107
| = 0.5*(m_H+m_CI +m_K +m_C3H503 +m_Na+4*m_Ca +m_@H30
+m_OH +m_HCOO +m_H2P04+4*m_HPO4+9*m_PO4 +m_C6H11®17 CaC3H503 +m_CaC6H1107)

Number of constants = 65
Number of variables = 174
Number of equations = 174
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Appendix 4 : Example of a MS Excel Export

All model results can be exported to MS Excel with one clickhefmouse. Excel graphs are
generated automatically.
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Appendix 5 : Some tips and tricks

When models become large, it is not surprising At&bolveneeds more time to find a solution.
But sometimes a solution is not found even if the model is smdhisl happens, number of
possible causes can be identified:

The database contains invalid information;

A solution does not exist (e.g. if you try to calculate how mucfuisalacid should be
added to 1 kg of water in order to obtaimp of 10). This example is trivial, but
sometimes it is not. In general it helps to perform calmratwithout calculating an
initial concentration or ranges first;

Calculating initial concentrations for large models can somstibee slow. It is good
practice to first try some concentrations of the component youtwishlculate the initial
concentration for first. If this concentration yields results #rat close to your fixed
target parametempd of aw), convergence is obtained rapidly when using the previous
result as an initial guess.
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