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The next release of Process Safety Office® SuperChems™ will provide the capability to
constrain multiphase chemical and physical equilibrium calculations. This is an important
upgrade for all SuperChems™ models using Gibbs free energy minimization including
streams, and the Gibbs free energy model. The release will also help users better develop
global kinetics (rates and stoichiometries) from calorimetry data where constraints are
measured.

Can Specify User-Defined Constraints

When users create a new mixture or when users edit the number of compounds in a
mixture, they can specify user-defined constraints, including both equality and inequality
constraints.

'Ef Specify Numeric Value X

J| Mumber of compounds
Number of solids I-,_
Mumber of total additional stom matrix constraints (equality + inequality) [3
1| Mumber of atom matrix equality constraints |1_
) Cancel |
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Can Constrain Based On Actual Measurements

Equilibrium states are usually difficult to achieve in liquid and heterogeneous reactions. In
the next release, users can constrain the equilibrium calculations based on actual
measurements, such as the final ratio of non-condensable gas, to force the equilibrium
calculation to match reaction data for rate-limited reactions. Users can also use constraints
when calculating VLLE to restrict a specific chemical species to one or more phases.

A user specifies the constraints by directly editing the mixture after setting the number of
constraints. The figure below shows a mixture that is used to model the combustion of
methane. Note that it has three user-defined constraints: one equality constraint and two
inequality constraints.
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i Define Mocture - METHANE COME 11 Components. 1 Salids
[l - 2 Halance Constraints

A B [ [ 1 E F G H
1 |Name Phase Formula  CASH c1 = c2 = c3 »=
2 |CARBON-REF Solid C T440440 | 0! 1 0
3 |[METHANE vapar (=12 4828 [F] o o
4 | DYGEN Vapor 02 TIBZ447 o o 0
5 |WITRDGEN Vapor K2 TIZTITY [} '] 0
6 |CAREOH MOROXIDE Yapor co 30080 1 1] o
T |CAREOH DIOXIDE Vapor coz 124369 -0.1 0 0
B WATER Yapor K20 TI3Z185 i} '] 1
9 |NWITRIC OXIDE Vapor Ko loi0z432 i} o 0
10 |FITROGEN DIOKIDE Vapor Koz 1010Z440 [} o 0
11 [AMMORIA vapar I 1664417 o o o
12 |NITRIC ACID Vapor HHO3 TEITITZ o 0 0
13 |KNDROGEN Vapor H2 1333740 [} '] 0
14 [METHANE lig I cHa 4828 o o o
15 |YGER Lig I o2 TIGER4T i} o 0
16 |WITROGEN Lig I pF3 TI2TIN9 1] '] o
17 |CAREON HORONIDE Lig T co &30080 (i} i} (i
18 |CAREDN DIDXIDE Lig I coz 124369 1} o 0
19 |VATER lig I w20 7732185 [t} ] o
20 |NITRIC OMIDE Lig T i) 10102439 i} i} 0
21 |FITRDGEN DIOXIDE Lig T ko2 10102440 [} '] 0
22 |RMONTA Lig T I TEEA4A1T i} 1] o
23 |NITRIC ACID Lig I HHO3 TITIT2 i} o 0
2 |EYDROGEN Lig I Kz 1333740 o o o
25 |METHANE Lig IT CH4 T ZE (i} i} (i
26 |DXYGER Lig IT 02 TI3ER47 1} o 0
27 |WITROGEN Lig II "z T2TIN 1] 1] o
28 |CAREON MONDXIDE Lig IT co 630060 i} 1] 0
29 |CAREDN DIDXIDE Lig II coz 124369 o '] D
30 |WATER Lig II k] TI3Z1BS i} i} o
3 |WITRIC OXIDE Lig II RO lo10Z439 [} o 0
32 [WITROGEN DIOKIDE Lig II Koz 10102440 o ] o
33 |AMMONIA Lig IT HIN TEEA41T i} i} (i
34 WITRIC ACID Lig IT HHO3 TEITIT2 o o 0
35 [IVDROGEN Lig II nz 1333740 1] 1] o
36 |Conztcaint Value (Right Hand 3idej >= 0.0 1E-09 0.1 0.5
kT
38 |Total Mumber of Active Constraints 3
39 |Wumber of Equalicy Constraints 1
40

The equality constraint constrains the molar ratio of carbon monoxide to carbon dioxide to
10 % or 0.1 for the vapor phase only.

nCO/nCO2 = 0.1 or nCO - 0.1 nCO2 = 0.0

1 and -0.1 are shown for the equality constraint and the right hand side is set to 1.0E-9 to
prevent nCO from going to 0.

These types of constraints are preferred to absolute constraints since the total number of
moles can change depending on the initial number of moles/flow rate and chemical
conversion.

The second constraint is an inequality constraint. It constrains the final number of carbon to
0.1 mole or greater. This is an absolute constraint and regardless of the starting number of
moles, it will require that the equilibrium number of moles of carbon cannot be less than 0.1
mole.

nC>=0.1

The third constraint is also an absolute non-equality constraint which constrains the final
number of water moles to 0.5 or greater.

nH20 >=0.5

The figure below shows that when the Gibbs free energy code is run, starting with two
moles of fuel and oxidant, the following solution is returned. Note that the final number of
carbon moles is 0.1 and the final number of water moles is 0.666 where both inequality



constraints are satisfied. Also note the ratio of CO/CO2 is 0.1 which satisfies the equality

constraint.

This solution is a constrained equilibrium end state yielding a total energy release of

-969.43 cal/g.
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Were the user to run the calculation without the additional constraints, the figure below

shows the following equilibrium estimate for the final state.
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Note the total energy release is -1167.59 cal/g and the stoichiometry is different, as the

number of C moles and CO moles is zero.
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g Specify akom
maktrix can...

SuperChems™ provides a simple additional utility that can populate the constraints from

some typical situations.



g Define Additional Atormn Matre Constraints hd

Action

Set number of constraints
| |Reset all constraints ko 0
Define constant ratio of non-condenzables to condensable
Define inert gas component fraction
Defing inert hquid component fraction
Define component overall vapor mole fraction
Define component overall iguid mole fraction

k. | Cancel |

1

These new features in SuperChems™ should prove very useful when dealing with
multiphase reactions or VLLE systems. Please note that absolute constraints should be
avoided unless the user is clearly aware of the starting number of moles and how that
compares to the absolute constraint value(s). It is preferred to create constraints that are
relative to either the total number of moles in one or more phases, or a specific component,
etc.

Questions?

To ask questions or get help from our highly trained technical support experts, please
contact us at 1.844.ioMosaic or submit a ticket to our online support center. We'll be glad
to assist.

ioMosaic is committed to leveraging the latest technology to maximize tool performance.
Check back often to see the latest information about ioMosaic software and technology
solutions.



