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Conversion Reaction

This chapter begins with a problem to develop a model that represents the partial oxidation
reaction of methane to produce hydrogen. The partial oxidation method relies on the reaction
of the methane with air in order to produce carbon oxides and hydrogen. The user will leamn
how to add the conversion reactions and reactions sets in HYSY'S.

This reaction type does not require any thermodynamic knowledge. You must input the
stoichiometry and the conversion of the basis reactant. The specified conversion cannot
exceed 100%. The reaction will proceed until either the specified conversion has been
reached or a limiting reagent has been exhausted.

Conversion reactions may not be grouped with any other form of reaction in a reaction set.
However, they may be grouped with other conversion reactions and ranked to operate either
sequentially or simultaneously. Lowest ranking occurs first (may start with either 0 or 1). Just
as with single reactions, simultaneous reactions cannot total over 100% conversion of the
same basis.

Conversion reactions cannot be used with Plug Flow Reactors or CSTRs. In general, they
should only be used in Conversion Reactors.



Learning Outcomes: At the end of this chapter. the user will be able to:

e Simulate conversion reactor and reactions in HYSYS
e Add the reactions and reaction sets
e Attach reaction sets to the fluid package

Prerequisites: Before beginning this chapter. the users need to know how to:

e Navigate the PFD
e Add Streams in the PFD or the Workbook
e Add and connect Unit Operations



Problem Statement
The interest in production of hydrogen from hydrocarbons has grown significantly in the last
decade. Efficient production of hydrogen is an enabling technology. directly related to the
fuel cell energy conversion device. The conversion of fuels to hydrogen can be carried out by

the partial oxidation. The partial oxidation method relies on the reaction of the fuel for
example methane with air in order to produce carbon oxides and hydrogen.

CH,+ 1,0, > co+2H,

CH,+0, > CO, +2H,

Develop a model that represents partial oxidation of methane to produce hydrogen.



Defining the Simulation Basis

1. The first step in simulating a hydrogen production is choosing an appropriate fluid
package. Enter the following values in the specified fluid package view:

On this page... Select...
Property Package Peng-Robinson

Components CH,. O,. N, CO. COs,. H,

Adding the Reactions

Reactions in HYSYS are added in a manner very similar to the method used to add
components to the simulation:



1. Click on the Reactions tab in the Simulation Basis Manager view. Note that all of
the components are shown in the Rxn Components list.

& Simulation Basis Manager (M [E % |
Rxn Components -Reactions Reaction Sets
Methane Global Rxn Set View Set...
Oxygen
Nitrogen Add Ran.. Add Set...
co —
co2 Delete Bun Delete Set
Hydrogen
Copy Set...
i il Assoc. Fluid Pkgs
Import Set...
Export Set...
Add Comps... | Addto FP
[
Components ] Fluid Pkgs ] Hypotheticals J Oil Manager  Reactions | Component Maps J UserProperty I
Enler VT Envionment.. | [ Enier Sipiaton Ervionmen. . |




2. Click the Add Rxn button, and choose Conversion as the type from the displayed
list. Enter the necessary information as shown:

» Conversion Reaction: Rxn-1 u m
~Stoichiometry [nfo
Component Mole \Weight Stoich Coeff
Methane 16.043 -1.000
D=ygen 32.000 -0.500
co | 28.011 1.000
Hydrogen 2016 2.000
*fdd Comp™
Bal Balance Emar 0.00000
Jance Reaction Heat (25 C)|  -3.6e+04 kJ/kgmale

Stoichiometry

Delete | MName ]Fi:-:n-1 _




3.

Move to the Basis tab and enter the information as shown:

» Conversion Reaction: Rxn-1

=J O3

~Basiz
Base Component Methane
Fxn Phasze Dverall
Co 40.00

C1 {emphys
L2 ‘ {emphy>

Conversion [%) = Co + C1*T + C2*T"2
[T in Kelvin)

= - - -
~ Stoichiometry  Basis

Delete Name |FR=n-1




4. For the second reaction. enter the information as shown:

r& Conversion Reaction: Rxn-2 - | = H
—Stoichiometry [nfo
Component Mole Weight Stoich Coeff |
Methane 16.043 -1.000
Dxpgen 22000 -1.000
cCoz 44 010 1.000
Hydrogen 2ME 2000
“add Comp™
Bal B alance Error 0.00000
i Reaction Heat (25C)|  -3.2e+05 kJ/kgmole

Stoichiometry | Basis

Delete | Name [Fian2 C NotReay




5. Move to the Basis tab and enter the information as shown:

»3 Conversion Reaction: Rxn-2

= O3

"
[

T basiE

Base Component Methane
Fxn Phase Owveral
Co 60.00
In) {empty>
C2 {emphy>

[T in Kelvin)

Conversion [%] = Co + C1*T + C2* T2

e

~ Stoichiometry  Basis

Delete | MNarme ]FI:-:n-2




Adding the Reaction Sets

Once all two reactions are entered and defined, you can create a reaction set for the
conversion reactor.

1. Stll on the Reactions tab. click the Add Set button. Call the reaction set Oxidation
Rxn Set, and add Rxn-1 and Rxn-2. Reactions are added by highlighting the
<empty> field in the Active List group. and selecting the desired reaction from the
drop down list. The view should look like this after vou are finished:

- =
¥ Reaction Set: Oxidation Rxn Set E] L]

Mame IDHidatinn Fxn Set

Set Info

Set Type I Conversion _ Advanced...

Rarking...

Active List Ok _ Inactive List Deeratiuns Attached |
Aan1 | &
Run-2 i
< emphy:
View Active. .. Yiew Inactive. ..

Make Inactive -» £- Make Active




Making Sequential Reactions

Conversion reactions can be grouped with other conversion reactions and ranked to operate
either sequentially or simultaneously. Lowest ranking occurs first (may start with either 0 or

).

1. To make the reactions operate sequentially, in the Oxidation Rxn Set. click the
Ranking... and enter the information as shown:

|

» Reaction Ranks: Oxidation Rxn. .

Reaction Rank | UserSpec
ol M
Rxn-2 1 [¥

Cancel | Reset | Accept |




Attaching Reaction Set to the Fluid Package

After the reaction set has been created, it must be added to the current fluid package in order
for HYSY'S to use them.

1. Highlight the desired Reaction Set and press Add to FP.

2. Select the only available Fluid Package and press the Add Set to Fluid Package
button.

If desired. you can save the Fluid Package with the attached reaction sets. This will
allow you to reopen this FP in any number of HYSY'S simulations.

Tad

Once the reaction set is added to the Fluid Package, you can enter the Simulation
Environment and begin construction of the simulation.



r

Adding a Feed Stream

Add a new Material stream with the following values.

_In this cell...
Name Methane
Temperature 25°C
Pressure 2 bar

Molar Flow

100 kgmole/h

Component Mole Fraction

Cy

1.000

Add another new Material stream with the following values.

_In this cell...
Name Air
Temperature 25°C
Pressure 2 bar

Molar Flow

260 kgmole/h

Component Mole Fraction

N>

0.790

O,

0.210




Adding the Conversion Reactor

From the Object Palette, click General Reactors. Another palette appears with four
reactor types: Gibbs, Equilibrium, Conversion and Yield. Select the Conversion
Reactor. and enter it into the PFD.

-

Conversion Reactor icon
Name this reactor Oxidation Reactor and attach Methane and Air as feeds. Name

the vapor outlet Ox Vap and even though the liquid product from this reactor will be
zero, we still must name the stream. Name the liquid product stream as Ox_Ligq.



'ﬁ‘Oxidation Reactor -J O w

Design Name |Oxidation Reactor
Connections -
Parameters Inkels Vapour Outlet
User Variables 4Methazle[ { [0x_Vap ]
Notes << Sheam>> |
|
> o
B
Iqui tet
Eneray (Optional = - LA Duth
l - Ox_Liqg ]
o
Fluid Package | Basis-] v

-_—

Design | Reactions J Rating J Worksheet J Dynamics |

beleiz | N | oo




3. On the Details page of the Reactions tab. select Oxidation Rxn Set as the reaction
set. This will automatically connect the proper reactions to this reactor.

| p— . -
i Oxidation Reactor - Oxidation Rxn Set (=]
R ea ,Cti ot i Conversion Heacﬁion Details
| Details Reaction Set |OwidationRxnSet v |  Reaction | Rsn- fos
Results (+ Stoichiometry  Basis (™ Conversion % View Heaction...l
-Stoichiometry Infor
Component Mole Wat. Stoich Coeff |
Methane | 16.043 | 1.000 |
Oxygen | 32.000 | -0.500
B .t L —: 111 1.000 |
Hydrogen | 2016 | 2000 |
“Add Comp™ | . |
i. , |
Balance Error ~ 0.0oooo
Reaction Heat (25 C) -3.6e+04 kJ/kgmole |

- [ :
Design Reactions | Rating J Worksheet J Dynamics |
Deite | N | lorored




4. Go to the Worksheet tab. On the Composition page. analyze the composition in the
Ox_Vap stream.

What is the molar flow of the following components?

Methane: Nitrogen:

Oxygen: CO:
CcO2: Hydrogen:




Save Your Case

Go to the File menu.
Select Save As.

LS I B

$‘:| Conversion - ASpén HYSYS 2004.1 - aspe'hONf

Give the HYSYS file the name Conversion then press the OK button.

-

=Jokd

File Edit Simulation Flowsheet PFD Tools Window Help

DR tmalek =¢c | ool

Environment: Case [Main)
Mode: Steady State

T PFD - Case (Main)

=%

HHWE HiE A7 @8

-

) [ Default Colour Scheme
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RESULTS

-_ -¥r i - I

A Workbook - Case (Main)

Mame 1l Metan | 0z wapor [liquid
Wapour Fraction 1.0000 1.0000 1.0000 0. Q000
T emperature [C] 2500 25.00 a44 3 g44.3
Freszure [bar] 2.000 2.000 2.000 2.000
bolar Flow [kgmolesh] 100.0 2600 454 6 00000
Mazz Flow [kash] 1604 R0 9105 00000
Liquid % alume Flow [USGEPM] 23.59 J8.18 70.66 00000
Heat Flow [k -2082 -1.165 -2083 00000

2 Workbook - Case (Main)

M ame | Metan | oz Yapor lliquid
Comp Mole Frac [Methane] 1.0000 0.0000 0.0553 0.0553
Comp Maole Frac [O=ygen) 0.0000 02100 0.0000 0.0000
Comp Maole Frac [Mitrogen) 0.0000 0.7300 04518 04518
Comp Maole Frac [CO) 0.0000 0.0000 00230 0.02a0
Comp Male Frac [COZ) 0.0000 0.0000 00761 0.0761
Comp Mole Frac [Hydrogen) 0.0000 0.0000 03282 03282

1——

M aterial Streams Compositions | Energe Streams JI_InitElpsj




