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Modelos de reactores presentes en DWSIM

Continous Stimed Tank Reactor

CSTH model, supports Kinetic and
HetCat reactions

Conversion Reactor
Supports reactions defined by amounts
of reactant converted as a function of

T

Equilibrium Reactor
Supports equilibium constant-defined
reactions

Gibbs Reactor

Calculates chemical atomic equilibrium
for a Materal Stream

i

Plug-How Reactor (PFR)

6} Flug-Fow Reactor model, supports
FR Kinetic and HetCat reactions




Reacciones quimicas soportadas por DWSIM

Las reacciones pueden se de 4 tipo:

Equilibrio (Equilibrium): Se definen a partir de una constante de equilibrio (K). La
fuente de informacion para la constante de equilibrio puede ser un calculo directo
de energia Gibbs, una expresion definida por el usuario o un valor constante.
Pueden utilizarse en reactores de Equilibrium y Gibbs.

Conversion (Conversion): Se definen por la cantidad de un compuesto basico que
se consume en la reaccion. Esta cantidad puede ser un valor fijo o una funcion de la
temperatura del sistema. Son soportadas por el reactor de Conversion.

Cinética (Kinetic): Se definen a partir de una expresion cinética. Son soportadas por
los reactores PFR y CSTR.

Cataliticas heterogéneas (Heterogeneous Catalytic): Obedecen al mecanismo de
Langmuir-Hinshelwood, donde los compuestos reaccionan sobre una superficie
sélida de catalizador. En este modelo, las velocidades de reaccidén son una funcion
de la cantidad de catalizador (es decir, mol/kg cat.s). Son soportadas por los
reactores PFR y CSTR.




Modelos de reactores presentes en DWSIM

Para realizar una simulacidon de un reactor, se necesitan definir las reacciones
guimicas que tendran lugar en el reactor. Esto se realiza a través del Administrador
de Reacciones (Reactions Manager).
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Administrador de Reacciones quimicas (Chemical Reactions Manager).

— Reaction Sets — Chemical Reactions
@ g0 @ OrieK-X«<X>)
Name | Description ‘ Mame

Default Set Default Reartion Set _

AV

OlgE O

G ConveErsion — —> Conversion

i Equilibrium — —> Equilibrio

G EKinetic — —> Cinética

G Hetercgeneous Catalytic __—~ Cataliticas heterogéneas




Reacciones de Conversion

|dentification

Mame

Description

Nombre y descripcion

Components/Stoichiometry

Maolar . Stoich.
Mame Weight AHF (k)/kg) Include |BC Coeff.
Mitrogen 28,0134 0 [] [] |0
Hydrogen 2,01588 0 [] [] |0
Ammonia 17,0305 [] [] |0
L Compuestos incluidos en la reaccion
Stoichiometry |1_J | Balance HEAT OT KEACTION Ky KmMol_BL) 123 (0
Equatic
Conversion Reaction Parameters
Base Comp Phase | Liquid W
Conversion [, f(T)] = TinK
Usze . as the decimal separator on the conversion expression. Cancel QK




Reacciones de Conversion

|dentification

Mame

Description

Components/Stoichiometry

Coeficientes estequiométricos ——

Maolar . Stoich.

Mame Weight AHF (k)/kg) Includg BC Coeff.
Mitrogen 28,0134 0 [] ] 1o

Hydrogen 2,01588 0 [] ] 1o

Ammaonia .« s HEIL

Componente base de la reaccion

Stoichiometry | |0 Balance Heat of Reaction (k)/kmol_BC) (25 [0
Equatic

Conversion Re:

Base Comp Phase | Liquid W
Conversion [, f(T)] = TinK
Usze . as the decimal separator on the conversion expression. Cancel QK




Reacciones de Conversion

|dentification

Mame

Description

Components/Stoichiometry

Mame mz:; I:t AHF (k) kg) Include BC Eét;;;:'
Mitrogen 28,0134 0 [] [] |0
Hydrogen 2,01588 0 [] [] |0
Ammonia 17,0305 — ol
Calor de reaccidn

| Balance | Heat of Reaction (k)/kmol_BC) (25 |.|] | I
Equatic Ny |
Fase de |la reaccion

Conversion Reaction Parameters
Base Comp Phase | Liquid W

Conversion [, f(T)] = Ifin K

% de conversion en funcion de la temperatura Cancel OK




Ejemplos de Reacciones de Conversion

3[—[2 + N2 & 2]\][—[3 Conversion del 40% del Nitrégeno

Add Mew Conversion Reaction

|dentification

Mame

Description

Ammenia Synthesis

Components/Stoichiometry

Name mz;;;t AHF (K)/kg) Include BC ét;;;h
Hydrogen 2,01588 0 ] |-3
Ammonia 17,0305 -2695,04 ] |2
Stoichiometry  [QK Balance Heat of Reaction (k)/kmol_BC) (25  [-91796
Eguatic |MN2 + 3H2 --» 2ZNH3

Conversion Reaction Parameters

Base Comp |Mitrogen Phase Vapor e
Conversion [, f(T)] = (40 Tin K
Use "' as the decimal separator on the conversion expression. Cancel OK




Ejemplos de Reacciones de Conversion

CH4 + 202 —> C02 + 2H20 Combustién del 100 %

Add New Conversion Reaction @] IFI':IU':'E!

Identification
MName Methane Combustion ""Ir
Description

o
Componerts/Stoichiometny """

Mame Muolar Weight Include BC Stoich. Coeff.
Methane 16.043 A of
Carbon dioxide 44 0095 [l 1
Water 18.015 ] 2
Choygen 31.559 0 -2 . .
= = EI' N, no interviene
Nitrogen 28.014 [ [ .,
en la reaccion.
Stoichiometny QK Heat of Reaction )Amol_BC) (25 °C)  -2302618
Equation CH4 + 202 —> 0CO + 2HOH x

Conversion Reaction Parameters S ue | ead pa recer
Baze Comp  Methane Phase [‘u’apur vl porque se utiliza
Conversion [%, f(T])] = 1E'|H Tin K a i re pa ra |a
Use "." as the decimal separator on the conversion expression. [ Cancel ] [ QK ] com b u Stl on.




Reacciones de Equilibrio

Edit Equilibrium Reaction
|dentification

Mame Butane lsomeration

Description

Components/Stoichiometny

MName Malar Weight Include BC Stoich. Coeff.

lsobutane 53123 [} i

Funcionalidad de |la constante de equilibrio

Equilibrium Reaction Parameters
Basis [Fugac:it'_f -
Approach () 0

Fhase ["u"apur v] Tmin (K} 0 Tmax (k) 0

Equilibrium Constart (Keq)
i@ Calculate from Gibbs Energy of Reaction DelG_R fcldmal_BC) (25°C) 4740

(71 T-Function: In Keq FT)] = Tin

7 Constant Value 0 Forma de CaICUIO de Ia Keq

Ise *." as the decimal separatar on math expressions. ’ Cancel ] ’ QK




Ejemplos de Reacciones de Equilibrio

Edit Equilibrium Reaction
Identification

Name Ammania Gibbs

e 3H, + N, < 2NH,

Components.Stoichiometry
Mame Malar Weight Include BC Stoich. Coeff.
Mitrogen 28014 -1
Hydrogen 201588 ] -3
Stoichiometny oK Heat of Reaction o) Aol _BC) (25°C)  -91796

Equation N2+ 3H2 <> ZNH3

Equilibrium Reaction Paremeters

Basis IFugac:i‘r'_.r TI Phase I‘u’apnr = Tmin{k) 0 Tmae (K) 0
Approach (%) 0
Equilibrium Constant (Keq)
@ Calculate from Gibbs Energy of Reaction DelG_R fcJAmol _BCH(25°C)  -32800
T-Function.: In Keq F(T)] = Tin K

Constant Value 0

lUse " as the decimal separator on math expressions. Cancel ‘ I 0K




Ejemplos de Reacciones de Equilibrio

Edit Equilibrium Reaction 3]
Identification

Mame Butane lsomeration

Description

n-Butano < i-Butano

Components.Stoichiometry

Mame Malar Weight Include BC Stoich. Coeff.
lsobutane 53.123 i 1
Stoichiometny oK Heat of Reaction f§clAamol_BC) (25°C)  -5200

Equation CH3{CH2)2CH3 <—> CH3CH{CH3ICH3

Equilibrium Reaction Paremeters

Basis |Fug|En:-.'rt'_.r v| Phase |‘u’apnr = Tmin{k) 0 Tmae (K) 0
Approach (%) 0
Equilibrium Constant (Keq)
@ Calculate from Gibbs Energy of Reaction DelG_R Aol _BC) (25°C) 4740
T-Function.: In Keq F(T)] = Tin K

Constant Value 0

lUse " as the decimal separator on math expressions. Cancel | | 0K




Reacciones de Cinética

Add Mew Kinetic Reaction
|dentification

X|

Mame |

Descriptio

f Orden de reaccion (directo e inverso)

Components, Stoichiometry and Reaction Orders
Mame Malar Weight AHF {ldg) Include | BC Stoich. Coeff. DO | RO
Methyl acetate 740785 -hB60.31 = [+ -1 1 0
Methanol 320419 627117 = u 1 o0 |1
1hutanol 741216 -3704.72 =3 N -1 1 0
N-butyl acetate 116.158 41305 v r | o kIR
|

Stoichiometry  |OK Balance Heat of Reaction fol/kmol_BC) |-4'|]'

Equation |C H3ICOOCH3 + CH3CH2)30H <—» CH30H + CH3COO|CH2)3CH3
Kinetic Reartinn Parametans

Parametros de Arhenius === = ™0 &
v|  Tmaxig [2000
Direct and Rewverse Reactions Velocity Constant k and k')
Direct Reaction & Amhenius A [7000000 E |71760 Ein J/mol, Tin K
" User-Defined: f(T) |
Reverse Reaction  * Amhenius A" [9467000 E' [72670 EinJ/mol, Tin K

" User-Defined: f(T)

Amount Units  |mol/m3

ﬂ Velocity Units |mu:u|f'[m3.s]

Cancel | 0K

_E
Ae R
_E

A 'e RT




Ejemplos de Reacciones de Cinética

Add Mew Kinetic Reaction X
|dertification
Mame |
Descriptio
MeAc + BuOH < MeOH + BuAc

Components, Stoichiometry and Reaction Orders

MName Malar Weight AHF (ke Aeg) Include BC Stoich. Coeff. DO | RO
Methyl acetate 740785 -5560.31 ~d ~ -1 1 0
Methanol 32.0419 £271.17 [+ u 1 0 |1
Tbutanol 741216 -3704.72 ~d u -1 1 0
Nebutyl acetate 116.158 41805 v R o K
Stoichiometry  |OK Balance Heat of Reaction (k. kmal_BC) |-4D

Equation |CH3COOCH3 + CHICH2)30H <= CH30H + CH3C0O(CHA)3CH3

Kinetic Reaction Parameters

Basis ||".'1|3|ar Concentrations j Tmin (K} |0
Base Component |I'-.-'Ietl-rg,rl acetate
Phase |Liquid | Tmax@g [2000
Direct and Reverse Reactions Velocity Constant (k and k)
Direct Reaction ¢ Amhenius A [7000000 E 71760 Ein J/mal, Tin K
" User-Defined: f(T) |
Reverse Reaction % Amhenius A’ |9467000 E' 72670 Ein J/mol. Tin K
" UserDefined: f(T) |
Amount Units  |mol/m3 ﬂ Welocity Units |mu:u|f[m3.s] j
Cancel | QK ‘




Ejemplos de Reacciones de Cinética

Edit Kinetic Reaction x|
Idertification

Mame |Styrene

CH-CCH &CH,-C,LH=CH,+H,

Compopents Stoichiometny and Beaction Orders

Descriptio

Components, Stoichiometry and Heaction Orders

Mame Molar Weight AHF (ledAcag) Include BC Stoich. Coeff.
106.167 281.82015 v v
Styrene 104.145 141528 v [ 1
Hydrogen 201588 0 v | 1
Stoichiometry  [OK Balance Heat of Reaction (cl/kmol_BC)  |117480

Egquation |{CEH5]CH2C H3 <—> [CBHDCHCHZ + H2

Kinetic Reaction Parameters

Base Component |Et|-r-_.l1benzene

Basis |F‘artia| Pressures j Tmin (K) |0
~|  Tmax(K) [3500

Phase |‘-.-"a|:u:|r

Direct and Reverse Reactions Velocty Constant (k and k)
Direct Reaction & Arhenius A [4240 E [90826 Ein J/mal, Tin K

" User-Defined: f(T) |

Reverse Reaction  * Arhenius A ||3' E’ |D Ein J/mol, Tin K
" User-Defined: f{T) |

Amount Units  |kPa j Velocity Units |m|:||,-’[L.s] j

Cancel | QK




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identffication

X|

MName |I".'1&OH Dehydration

Description

Components and Stoichiometry

Mame Maolar Weight AHF el Acg) Include | BC SC
12.042 £271.1441 v E
Water 18.01% -13422 525 v [ 1
Dimethyl ether 46.065 -3556.1756 v [ 1

Stoichiometry  |JOK Balance Heat of Reaction {kJ/kmal_BC) |-'|2'|:|"|?

Equation [2CH30H <> HOH + CH30CH3 Base Componert  |Methanol

Heterogeneous Kinetic Reaction Parameters

ﬂ Phase |Vapor * | Tmin (K) |D Tmax (K} |2500

Basis | Molar Fractions

Reaction Rate (Base Component) = Numerator / Denominator
|12DDDDDDDD‘E}¢: (-8 - 9680/ TP (R1-PZ"P1/R1/enp(-2 B0BE+3061/T))

Mumerator

Denaminator |'I

Expression Varables: Temperature (T)in K. reactant amourts (R1, RZ, ..., Bn) and product amounts (P1, P2, ..., Pn)in
the selected amount unit, reaction rate ) in the selected velocity unit.

Amourt Unit

=

ﬂ Velocity Unit |mu:u|;"[kg.s]

lse " as the decimal separator on math expressions. Cancel | QK

Ley funcional de |a
velocidad de reaccién
Las variable son:

-

R1, R2, ..., Rn

P1, P2, ..., Pn




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identification

MName |MEOH Dehydration

Description

2CH,0OH < H,0 +CH,0CH,

Companents and Stoichiometry

MName Maolar Weight AHF {led Ag) Include | BC SC
32.042 52711441 v Vo2
Water 18.015 -13422 528 v [ 1
Dimethyl ether 46,069 -3996.1756 v [ 1

Stoichiometry  |OK Balance Heat of Reaction (J/kmal_BC) |-'|2[:'1?

Equation |2CH30H <> HOH + CH30CH3 Base Component  |Methanol

Heterogeneous Kinetic Reaction Parameters

Basis |I"-'1n:|Iar Fractions ﬂ Fhase |Vapor *| Tmin (K} |0 Tz (K} |3200

Reaction Rate (Base Component) = Numerator / Denominator
Mumerator |12DDDDDDDD‘E}¢|[—E - 96B0VTIRI-PZP1/R fexpi-2 BOBG+3061/T))

Denominator |'I

Expression VWarables: Temperature (T)in K, reactant amounts (R1, B2, ..., Bn) and product amourts (P1, P2, ..., Pn)in
the selected amount unit, reaction rate () in the selected velocity unit.

Amount Unit ﬂ Velocity Unit |m1:u|;’[kg.s] ﬂ

|Use " as the decimal separator on math expressions. Cancel | QK




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identification

MName Water Gas Shift

Description
H,0+CO < H, +CO,

Companents and Stoichiometry

Mame Malar Weight Include BC SC

[ o 8
Hydrogen 201588 [ 1

Water 18015 [ -1

Carbon dicdde 44 0095 0 1

Carbon monoxide 2801 -1
Stoichiometry  OK Heat of Reaction fkl/Akmol_BC) 411660

Equation HOH +CO <— H2 +0CO Base Component  Carbon monoxide

Heterngeneous Kinetic Reaction Parameters

Basis [F‘artial Pressures v] Phaze Tmin (k) 0 Tmax (K) 2000

Reaction Rate (Base Component) = Numerator / Denominator

Numerator 1.96E+6"ewp-67120/8 314/ TP 1R R2-P 1°P 2/ ep 3. 7384160/ T))

Denominator (141, 77E=E"2xp (-88620/2 214/ TV R1/P1+6.12E-52xp(32500/8. 211 4/TP P14 8 23E-5e0p (FORE0/8.31.

Expression Varables: Temperature (T)in K. reactant amourts (R1, RZ, .... Bn) and product amounts (P1, P2, ..., Pn}in
the selected amount unit, reaction rate ) in the selected velocity unit.

Amount Unit | atm ~| Velocity Unit [kmol/lkg.h] ~|

lUse "' as the decimal separator on math expressions. [ Cancel ] [ QK




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identification

Mame Steam Reforming

Description

CH,+H,0 < 3H, +CO

Companents and Stoichiometry

Mame Malar Weight Include BC SC

[ :
Hydrogen 201588 [ 3
Water 18.015 [ -1
Carbon dicdde 44 0095 [l 0 1]
Carbon monoxide 2801 [l 1
Stoichiometry 0K Heat of Reaction (kl/kmol_EC)  205804.0
Equation CH4 + HOH «— 3H2 + CO Base Component  Methane

Heterngeneous Kinetic Reaction Parameters

Basis [F‘artial Pressures v] Phaze Tmin (k) 0 Tmax (K) 2000

Reaction Rate (Base Component) = Numerator / Denominator

Numerator 4 22E+15%p(-240100/8. 314/ TWP1"2.5°(R1"R2-P 17 3"P 2/ (exp (30 42-27106/T))

Denominator (148 23E-5exp(70650/8. 314/ T) P2+6 6BE-4"enp(38280/8. 314/ T)"R1+1.77E+5"exp(-28680/8.314/T,

Expression Varables: Temperature (T)in K. reactant amourts (R1, RZ, .... Bn) and product amounts (P1, P2, ..., Pn}in
the selected amount unit, reaction rate ) in the selected velocity unit.

Amount Unit | atm ~| Velocity Unit [kmol/lkg.h] ~|

lUse "' as the decimal separator on math expressions. [ Cancel ] [ QK




Ejemplo: Combustion de gas natural

Se desea conocer la temperatura de llama que se alcanza al quemar 1 kg/s de gas
natural (suponemos metano puro) con una relacién masica de 1:40 fuel-aire. Se
considera que el gas y el aire ingresan a 298.15y 1 atm.

CH,+20, > CO,+2H,0

Added Property Packages

Marne Type
.IuUjdE.'d NEITIE.' / Raoult's Law [1} Raoult's Law -

r Chaygen
Mitrogen
Water

Carbon dicxide

<]

Chemical Reactions

<l «l

[| "IJ' Conversion

» Equilibrium
) Kinetic
I.J Hetercgenecus Catalytic




Reaccion de combustion del metano

Edit Conversion Reaction

Identification

MName Metano Comb

Description

Compaonents.Stoichiometry

Mame Molar Weight Include BC Stoich. Coeff.

e[ :

Choygen 31.959 [ -2

Mitrogen 28.014 1 [

Water 18.015 0] 2

Carbon dicxide 44 0095 ] 1
Stoichiometny QK Heat of Reaction (ol kmol_BC) (25 °C)  -202618
Equation CH4 + 202 - 2HOH + OCO

Conversion Reaction Parameters

Base Comp  Methane Phase ["u"apnr v]

Conversion [%. f(T)] = 100|

lIse "' as the decimal separator on the conversion expression.

Tin K

Cancel

0K




Corriente de combustible

Input Data | Resuks ] Annotations ] Floating Tables |

Stream Conditions | Compound Amounts |

Flash Spec | Temperature and Pressure (TF) ~|

Temperature | 29815 |K |

Pressure | 101325 |Pa |

Mass Flow | 1 |kass | ::}_ -
Molar Flow | 62332481 |mol/s |

Volumetric Fow | 15243045 |m3s =] fuel

Specific Enthalpy | 0 |kikg ~|

Specific Entropy | 0 |klkaK] =]

Vapor Phase Mole Fraction 1

Stream Conditions | Compound Amounts |

Basis | Mole Fractions

Solvent |

Compound Amourt
1
Choygen
Mitrogen
Water
Carbon dicdde

e e e ) ) e




Corriente de aire

Input Data | Results ] Annotations ] Floating Tables |

Stream Condttions | Compound Amounts |

=113

Flash Spec | Temperature and Pressure (TF) |
Temperature | 29815 |K |
Pressure | 101325 |Pa |
Mass Flow | 40 [kgss |
Molar Flow | 1386.441 |mol/s |
Volumetric Flow | 3391795 |m3/s -]
Specific Enthalpy | 0 |kdkg -]
Specific Entopy | 014041917 |kJ/ka Kl =]

Wapor Phase Mole Fraction 1

Stream Conditions | Compound Amourts |

Basis | Mole Fractions

Saolvent |
Compound Amourt

;
Chaygen 0.21
Mitrogen 0.79
Water 0
Carbon dicedde 0




Mezcla para ingresar al reactor

> [ Linked Objects

Source Object fuel

Source Property Mass Flow

Source Value 1 kag/s

Target Object air

:}_ Target Property Mass Flow

" Target Value 40 ka/s
fuel

Dependency Expression

@._._I

SPEC-00g

Y=fp)= [40°X
Y =40 kg5

I
I
I::' Y = Target Vanable, X = Source Varable

air




Reactor de conversion

Calculation Parameters

Paquete de reacciones

Parameters / gue intervienen en el
reactor

Heaction Set | Default Set E{

Calculation Mode Adiabatic -

Minimization Method _E

Define Outlet Temperature
Outlet Temperature SV B ————_—
Pressure Drop 0 [F'EI €« Caida de presién
—
Meétodos de calculo disponibles: ~—~D_J v
* |sotérmico —=——1T
] V 4 ° mlI

* Adiabatico [ Combuctor .

 Con temperatura de salida definida

——
Q




Reactor de conversion

Calculation Parameters Temperature 1338 1484 | |K
Parameters | R :
Pressure 101325( [Pa
Reaction Set [Dafault Set '] . . 21| [kas
ass Flow a./s
Calculation Mode [Miabaﬂc '] L 1448 7767 T
olar Flow JIET| |molfs
Minimization Method
Compound Amount
Pressure Drop 0 Oxygen 011491627
Results Mitrogen 0.75601079
General | Feactions | Conversions
Water [0.086043626
Propery Value Units
10399984 |K. Carbon dioxide 0.043024313
Heat Load 0 kW
General || Reactions }| Conversions |
Reaction Property Value Lnits
Metano Comb Conversion | 100 [ %
luel ( ) v
® - D—=>—=
SPEC-008 I MIX-003 mix
Combustor
air L




Ejemplo: Simulacion de una turbina de Gas

alr

T~ fuel
— ue —
/ expander
Compressor Y
>
Combustor exhaust
INTAKE COMPRESSION COMBUSTION EXHAUST

- —
-

’.{nogd‘-}-g ITrT o T

&

NN SR (A ey Pene

-
T -~

§ N o

»

»i ‘Qﬁﬁ'ﬁ’ ] ..“.‘ e

-

Air Inlet’




Ejemplo: Simulacion de una turbina de Gas

combustor

aire Compresor aire comp Wexp
Q
Wecomp
INTAKE COMPRESSION COMBUSTION EXHAUST

" ...‘. .‘
>\ -§-9 s

.
»
l!r
L
»
A
J 8
)|

/ e ,
Ajr Inlet’ Combustion Chambers * Turbine




Ejemplo: Simulacion de una turbina de Gas

O - .
. - - L__J -
Presion Fuel i ﬁ . |
..... Tomm == |H [ J Gas F_ipnsnr
" fuel | s - . . .
Air-Fuel Ratio | | I
| [ Mixer mix “'L-J |
i | combustor | >
j | — | Wecomp
1 ;I' i, i I'_-:} 4
| ‘ Q .
IEIFE' . JalrE- comp L, = |
I L L I

RC | I
= |
| Wecomp |
I




Ejemplo: Reactor de equilibrio

3H. + N. & 2NH Alimentacion estequiomeétrica
2 2 3

Added | Name

— >

~3 Ammonia
v Mitrogen
v Hydrogen

Added Property Packages
Mame (click to edit) Type

Peng-Robinzon (PR} (1) Peng-Robinson (PR)

\4

— Chemical Reactions

Olg 0O

Q Conversion

() Equilibrium ]

I:_jl Kinetic

() Heterogeneous Catalytic




Reaccion de equilibrio

Edit Equilibrium Reaction 3]
|dentification
Mame Ammania Gibbs

Diescription

Components./Stoichiometny

Mame Muolar Weight Include BC Stoich. Coeff.
Mitrogen 28014 -1

Hydrogen 201588 [l 3
Stoichiometry QK Heat of Reaction (cJAamol_BC) (25°C)  -91796
Equation N2+ 3H2 <—= 2NH3

Equilibrium Reaction Parameters

Basis ’Fugac:i‘r'_.r v] Phase "u’apnr v] Tmin (K} 0 Tmae (K) 0
Approach (%) 0

Equilibrium Constant (Keq)

@ Calculate from Gibbs Enerngy of Reaction DelG_R fJAcmol_BC) (25°C)  -32300

T-Function.: In Keqg f{T)] = TinK

Constant Yalue 0

lUse "' as the decimal separator on math expressions. Cancel ] ’ QK




Reactor de equilibrio 450 2C 100 atm

Stream Conditions | Compound Amourts I

Flash Spec ITE.-mpE.-iElture and Pressure (TF)
Temperature 72315 |K
Pressure 10132500 |Pa
Mass Flow 0.0851541 |kg/s

10 |mol/s

Volumetric Flow

0.0060835443 |m3/s

Specific Enthalpy

1480.9576 [kd/kg

|
|
|
Molar Flow |
|
|
|

Specific Entropy

045617289 |kd/lka K]

Vapor Phase Male Fraction I

Stream Conditions  Compound Amounts |

Basis I Mole Fractions

Solvent I
Compound | Amount

w 0
Mitrogen 0.25
Hydrogen 075

=]
=]
=
=]
=]
=
=]
=]

V out

——_L]

In
EQ. Reactor

:}_J L out
Q

—Calculation Parameters

Parameters | Convergence I

Reaction Set | Defautt Set

Calculation Mode IIsnthenﬂic

Minimization Method I

Lol Lef Lef Lo Lo

Outlet Temperature | 298.15 [K
Pressure Drop I 0 IF‘a -
— Results
-Genemll Reactions Conversions |
Compound | Conversion (%)
28.755722
Hydrogen 28789722




Reactor de Gibbs

Calculation Parameters

Parameters | Compoynds | Blements | Initial Estimates | Misc
Reaction Set Default Set -
Calculation Mode lsothemic -
Minimization Method Direct Gibbs Energy Minimizatior -
Outlet Temperature 298.15| (K
Pressure Drop 0 |Pa -

Calculation Parameters

Parameters | Compounds | Elements | Initial Estimates | Misc

Ammonia

Mitrogen

Hydrogen

—>
:|_)
= V out 2
In 2 )
Gibhs Reactor
Lout 2
—y
Q2




Reactor de Gibbs

Calculation Parameters

Parameters | Compounds | Elements | |nitial Estimates | Misc
Configuration
| Add Element | | Remove Selected Element |
| Save Changes | | Create from Selected Components |
Matrix
Element Ammonia Mitrogen Hydrogen
H 3 1] 2

o—1

In 2

Gibbs Reactor

Q2




Reactor de Gibbs

Calculation Parameters

Parameters | Compounds | Elements |; Intial Estimates ;| Misc N\ i

:

V out 2
——1
Configuration \

| Copy from inlet stream | | Copy from outlet liquid stream | In 2

Gibbs Reactor

| Copy from outlet vapor stream |

Lout 2

Initial Estimates

Estimates for Outlet Mole

Compound Flows {mal/s)

Ammonia

Mitrogen 0

Calculation Parameters

Hydrogen 0 | Parameters | Compounds | Blements | Initial Estimates |

....................

Use Damping Factor (Mewtons Method)

Lower Limit 0.001
Upper Limit 2
Mz, Intemal Loop terations 20000
Max. Extemal Loop terstions 50
Intemal Loop Tolerance 1E-06

Exdemal Loop Tolerance 0.001




Ejemplo: Reactor CSTRy PFR

EtQ, + H,0, —— MEG,,
MEG,, + EtO,, —= DEG,
DEG,, + EtO,, ——TEG,,

( k,/[L/(mol - min)] = exp(13.62 — 8220/T) |
k,/[L/(mol * min)] = exp(15.57 — 8700/7)
ky/[L/(mol » min)] = exp(16.06 — 8900/7)

A. Carrero, N. Quirante, J. Javaloyes

)

Added Name
v Water
v Ethylene ghycol
v Diethylene ghycol
v Triethylene ghycol

Feed in

Xwater: 0'7

Xgro: 0.3

P: 20 atm

T: 100 ¢C

m: 100 mol/s




Ejemplo: Reactor CSTRy PFR

E1Q, +H,0,,

Components, Stoichiometry and Reaction Orders

“ > MEG,

k,/[L/(mol * min)] = exp(13.62 — 8220/T)

MName Molar Weight
sz
Water 18.012
Ethylene ghycol 620678
Diethylene ghycal 106.12
Triethylene ghycol 150173

Kinetic Reaction Parameters

Base Component |Eth1.rlene oxide

Direct and Reverse Reactions Velocity Constant (k and k)

Direct Reaction o  Amhenius
(" User-Defined: f{T)

Reverse Reaction (¢ Arhenius

(" User-Defined: f{T)

Amourt Units

AHF (e eg) Include | BC Stoich. Coeff. DO | RO
-1194 . 7081 v v
-13422 525 v [
£318.8964 v [
-5148.3881 [ [
4828 4312 [ [
Basis  |Molar Concentrations ~|  Tmn@ |0
Phase |Liquid | Tmax() [3500
A | E | Ein J/mol, Tin K
|
A |0 E* |0 Ein J/mol, Tin K
|
~|  Velocity Units | |




Ejemplo: Reactor CSTRy PFR

(l) + HZO(z) a > MEG(Z) k,/[L/(mol - min)] = exp(13.62 — 8220/7)

( El‘O) k CEtOCH kl = Ale_RT

EtO

Kinetic Reaction Parameters

Basiz |M|:|Iar Concentrations j Tmin (K) |0
Base Component |Eth1,rlene cxide
Phase  |Liquid | Tmax( [3500
Direct and Reverse Reactions Velocity Constant (k and k)
Direct Reaction &+ Arhenius A E | Ein J/mol, Tin K
(" User-Defined: f{T) |
A [0 E* |0 Ein J/mal, Tin K

Reverse Reaction {* Arhenius

(" User-Defined: f{T) |

[ Amount Units | j Velocity Units ’ j ]

Define las unidades de la expresion cinética




Ejemplo: Reactor CSTRy PFR

kl
EiQ, + H,0,, ——MEG,,

( EtO) k CEtOC H,0 i i CriosCrro

kil é7?
k =Ae ™

) mol

ko

Kinetic Reaction Parameters

Basis ||"-'1|:|Iar Cy{antmtinns j Tmin (K} |D
Base Component |Eth1,rlene oxide

Phase |Li | Tmaxpg 330
Direct and Reverse Beactions Velocty Constant (k and k)

Direct Reaction *  Arhenius yf E | Ein J/mgf Tin K

(" User-Defined: f{T)
A [0 E' |0 Ejf J/mal, Tin K

| /

Amount Units  |mol/m3 7 j Velocity Units |m|:||f[m3-.s] / j

Reverse Reaction (¢ Arhenius

(" User-Defined: {

- mol |

k,/[L/(mol * min)] = exp(13.62 — 8220/T)

3




Ejemplo: Reactor CSTRy PFR

EtO,

()+H201

oy ——>MEG,

()

k,/[L/(mol * min)] = exp(13.62 — 8220/T)

J 3
E Y m
B l{mOJ T[K] ki mol.s
— RT
mol.s

Kinetic Reaction Parameters

Basis ||"-'1|:||arC|:|nn:ent|atinns - Tmin (K} |D
Phase |Liquid |\ Tmax(g) [3500

Base Component |Eth1,rlene oxide

Direct and Reverse Beactions Velocty Constant (k and k)
Direct Reaction *  Arhenius A | E | Ein J/mol, Tin K
(" User-Defined: f{T) |

Reverse Reaction  * Amhenius A’ ||3' E’ |D Ein J/mol, Tin K
(" User-Defined: f{T) |

Amount Units  |mol/m3 j Velocity Units |m|:||f[m3-.s] j




Ejemplo: Reactor CSTRy PFR

EtO(l) 4 HZO(Z) d )MEG(Z) k,/[L/(mol - min)] = exp(13.62 — 8220/7)
k. =exp(13.62—-8220/T
1
L
1362 _-8220/T
= [mol.min} _E 8220
13.62 B 3 RT r
ko= S fesaor| M } E, =8220R
00> 1000)~=% ] mol.s E, :8220[K]><8.314472[ ! }
A € mol.K

1 a

~\

3
4 :13.7069{ 7 }
mol.s

e13.62 m3
A =
60x1000| mol.s

E = 68344.9598[L}

mol
\_




Ejemplo: Reactor CSTR y PFR

— Chemical Reactions

Qg 0O

| MName

R2
R3

Edit Kinetic Reaction e
— ldentification
Mame |H‘I
Descriptio
— Components, Stoichiometry and Reaction Orders
Mame | Molar Weight AHF (el ka) Include | BC Stoich. Coeff. DO | RO
Eth:.rlene oxide 44 0526 1154 7081 v V| 1 |0
Water 18.015 13422 525 v |4 1 |0
Ethylene glycal £2.0678 £318.8964 I N o (o
Diethylene glycal 106.12 -5148.8881 r r o (o
Triethylene glycol 150.173 -4828 4312 r r |o o0 (o

Stoichiometry  [OK Balance | Heat of Reaction (kJ/kmol_BC)  [-97756

Equation |CH2CICH2 + HOH «<— HOCH2CH20H

— Kinetic Reaction Parameters

Base Component

Direct Reaction

Reverse Reaction

|Eth1_.flene owide

™ User-Defined: f{T)

*  Arhenius
™ User-Defined: f{T)

— Direct and Reverse Reactions Velocity Constant (< and k)
*  Arhenius

Basis IMuIarCﬂncerrtlatinns j Tmir (K} ID
Phase |Liquid > Tmax@o [3500
A [13.706911 E |68344.9598 Ein J/mel, Tin K
|

Ao E' D Ein J/mel, Tin K

Amourt Units  |mal/m3

>| Velocity Units |mol/jm3.]

Cancel | oK |




Ejemplo: Reactor CSTRy PFR

Chemical Reactions

Edit Kinetic Reaction x|
©as0@ \dertification
Name Name |R2
R1 Descriptio
R
R3
Components, Stoichiometry and Reaction Orders
MName Molar Weight AHF (el /Aeg) Include BC Stoich. Coeff. DO | RO
44,0526 11947081 v |4 1 o
Water 18.015 -13422 525 B B 0 0 |D
Ethylene ghycol 62 0678 -6318.8564 ~d I -1 1 |0
Diethylene ghycol 106.12 -5143 BE21 v N 1 0 |D
Triethylene ghycol 150173 -4828 4312 u u 1] 0 |D
Stoichiometry [OK Balance Heat of Reaction fJ/kmol_BC)  [-101570

Equation |CH20CH2+ HOCH2CHZ0H «<—> HOCH2CH20CH2CHZ0H

Kinetic Reaction Parameters

Basis | Malar Concentrations ﬂ Tmin (K} |0

Base Component |Et|-r5,rlene ghycol

Phase ||Jquid j Tz (K) |35['.'D—
Direct and Reverse Reactions Velocity Constart (k and k)
Direct Reaction = Arhenius A [96.3415952 E |72335.9064 Ein J/mol, Tin K
" User-Defined: f(T) |
Reverse Reaction  {* Arhenius A ||3' E’ ||3' Ein J/moal, Tin K
" User-Defined: f(T) |
Amount Units  {mol/m3 ﬂ Velocity Units |mc:|f[m3.s] ﬂ

Cancel | QK |




Ejemplo: Reactor CSTRy PFR

Chemical Reactions

& @ -.j

Mame
R1

R2

Edit Kinetic Reaction |

|dentification

Mame |H3

Descriptio

Components, Stoichiometry and Reaction Orders

Mame Malar Weight AHF (lkdg) Include BC Stoich. Coeff. Do | RO
Water 12.015 -13422 525 u 0 0 |0
Ethylene ghycol 62.0678 -6318.85964 I u 0 0 |0
Diethylene ghycol 10612 -5148. 8831 [+ ~ -1 1 0
Triethylene ghycol 150173 4828 4312 [ u 1 o0 |0
Stoichiometry  |OK Balance Heat of Reaction {kJkmol_BC) |-12'E'|]'?ﬂ'

Equation |CH20CH2+ HOCH2CHZ20CH2CHZ0H <—> HOCH2CHZ0CHZCH20CH2CH20H

Kinetic Reaction Parameters

Basis |I"-'1|:|Iar Concentrations j Tmin (K) |0
Base Component |Diet|-r,rlene ghycol
Phase |Liquid ~v|  Tmaxpg [3500
Direct and Reverse Reactions Velocity Constant {lk and k)
Direct Reaction & Arhenius A [157.259948 E |73998.8008 Ein J/mol, Tin K
" User-Defined: f(T)
Reverse Reaction  {* Arhenius A’ |D E" |D Ein J/mol, Tin K

" User-Defined: f(T)

Amount Units  |mal/m3

ﬂ Velocity Units |mu:u|f[m3.s]

Cancel | QK |




Ejemplo: Reactor CSTRy PFR

Vent
p—
e
C5TR in
<=
Q1

PFRin

Q2

FFR-001

PFR out

Calculation Parameters

2

)

Reaction Set [De‘fauh Set
Calculation Mode [Isnthenﬂic
COutlet Temperature

Reactor Yalume
Headspace
Reactor Pressure Drop

Catahyst Amount

Calculation Parameters

Reaction Set
Calculation Mode

Outlet Temperature
Reactor Volume

Reactor Length

Catalyst Loading

Catalyst Particle Diameter
Catalyst Void Fraction

[R%]
o

4 (m3 -
0 |m3 -
0 |kaf/cm

0 |kg

L]
L | 4

| Defaut Set

)

[ Isothermic

)

25| [C

o ()
0[]
o figme <]
o fm__]
0




Ejemplo: Reactor CSTR y PFR

Results
— = | General | Reactions | Conversions |
Compound Conversion (%)
437455
Ethylene mdde 11.0937
L Ethylene glycal 0
C5TR in Diethylene atycol 0
Triethylene ghycol 1]
|

Q1

Results
| General I Hﬁac:tionsl Conversions |Ccr1ca'1t|atior1 F'roﬁle|
Conversion ()

Compound

Water 472378

FFR-001

Q2




Analisis Paramétrico

Se analizara de manera automatica la
- variacion de la composicion de salida con
«we: smet @] tamano del reactor

Vent

CSTRin —

Q1

racion IV2018\Practicos\R1 R2 y R3.dw

Optimization | Scripts  Results
[;. % Sensitivity Analysis k

— E - - - -

G 22 Multivariate Optimizer I
Flowsheet Material Streams Spreadsheet Sensitivity Analysis

Sensttivity Studies | Independent Varables | Dependent Varables | Results | Chart |

Case Manager Mame and Description
Name Reactor
Description

Delete




Analisis Paramétrico

Sensitivity Studies | Independent Variables | Dependent Varables | Results | Chart

Independent Varable 1

Ohigct | » | Propedy [ - |

Sensitivity Studies | Independent Variables | Dependent Varables | Results | Chart

Independert Varable 1

Object |CSTR-004 v | Propety | Volume v

Lower Limit 4 Mumber of Poirnts |30

40k

Linit m3

Upper Limit RO Cument Value 4

=




Analisis Paramétrico

[ Senstivity Studies | Independent Variables | Dependent Variables | Results | Chart

@ Varables
Add/Remove Varables

Qe

() Expression
Expression Parameters

~ | Molar Fraction {Modure) / Ethylene gly...

+ | Molar Fraction (Modure) / Diethylene gl...

+ | Molar Fraction (Medure) / Triethylene glyc ~




Analisis Paramétrico

Sensitivity Studies | Independent Varables | Dependent Varables | Results | Chart

[ Start Sensitivity Analysis ]
Results
I 1
Irfomation
| Sensitivity Studies | Independert Varables I Dependent Varables |
Run #27 completed...
[ ot Sontvy Arayss. | Run #28 completed...
Results
CSTR out - F:L"-I #25 EDmI:lIEtEd CSTR out - Molar Fraction (Midure) /
CSTR-004 - Volume {m3) Run &30 completed... Triethytene glycol
214483 088 | Restoring simulation to its orginal state... |22
230345 0.0503618 0.00755617
A ST n naWnec DDI-IE ! N AnOenTT
46 8276 D.0377844 00171016
434138 0116817 0.0384375 0.0176034
50 0117801 0.05350634 0.0181002

Information
Run #27 completed ...
Run #28 completed...

Run #25 completed...

Run #30 completed ...

Restoring simulation to its orginal state...
Done!




Analisis Paramétrico

[ Sensivity Studies | independent Variables | Dependent Variables | Resuls | Chart

| Sensttivity Studies | Independert Variables | Dependert Varables | Hasuhsl Chart

CSTR out - Molar Fraction {Mixiure} / Ethylene CSTR out - Molar Fraction (Modure) CSTR out - Molar Fraction (Mixture) /
CSTR-004 - Violume {m3)
. aiycol Diethylens glycol (| Triethylene glycol ()

X-fsis |CSTR-004 - Volume (m3) - s —
0.0903618 0.0232322 0.00755617
- . - 0052965 0.0245766 0.00829697
Y-Ads |CSTR out - Molar Fraction (Modure) | 12 el i py
. ! ! ! 0.0976181 0.0270669 0.00974543

0.0887051 002822 00104432

Copiamos los datos y los
e pegamos en Excel

Reactor
0.14 . ' T

0.12 - ]
0.10 )
0.08 - ]
0.06 — :
0.04 f ]

0.02 + .

CSTR out - Molar Fraction (Mixture) / Ethylene glycol (}

0.00 J : : : : :
0 10 20 30 40 50 60
CSTR-004 - Volume (m3)




Analisis Paramétrico

0.14

0.12

0.1

0.08

0.06

0.04

0.02

—@— Ethylene glycol
—@— Diethylene glycol

Triethylene glycol




Analisis Paramétrico

Se analizara la variacion de la conversion
—_, del EtO con el tamafo del reactor

CSTR out

CSTRin —

CSTR-001

Q1
Sensitivity Studies | Independent Varables I Dependent Variables I Results I Chart |

Case Manager Mame and Description

New Reactor MName Conversidn
Description

Save

Delete

it

Independent Varable 1

Object |CSTR-004 v| Propety | Volume v

Ak

Lower Limit 4 Mumber of Points 4'[|'| Uit m3

Upper Limit 150 Cumrent Value 4




Analisis Paramétrico

—

C5TRin l .

csTRaopy  CSTRout

Qi

Se analizara la variacion de la conversion
@1@ del EtO con el tamano del reactor

|5 mgmlmmm| Dependent Varables |Hgmdts|[:hart |

Varables (") Expression
——
Add/Remove Varables Expression Parameters
©e © e
Dbj&d . Flupmu’ N\ Unit Mame DbJE
b1 |CSTR-D04
Heat load
Qutlet Temperature
Pressure Drop
Residence time
Temperature defta
Yolume
. LI 4 ?
é¢Conversion:

Xeo =




Analisis Paramétrico

Molar Flow (Mixture) / Ethylene Oxide

@ Expression
Expression Farameters
2 e
Mame Object Froperty \ Value Linit
1 |Flin CSTRin » [ Molar Flow (Modure) / Ethylen... |+ 10 mol /s
b 2 |Fou CSTR out v | Molar Flow (Midure) / Ethylen... [v| 266719 mol/s

Variables del flowsheets que necesito para la expresion
de la conversion

FEtO,.n —Fo Moles consumidos de EtO

xEtO — out -
F.o Moles alimentados de EtO

in




Analisis Paramétrico

@ Expression

Expression Parameters

Results

| General | Reactions | Conversions |

a‘;'!!:' @ Compound
o e — Water
Ethylene oxide
1 |Fn (CSTRin + [ Molar Flow {Madure) / Ethylen... |+
F |CSTR out | Molar Flow {Midure) / Ethy hiens gyed
Lt - i |
P 2 |F_o o olar Flow ure: en Dicthylene glycol
Triethylene ghycol
Expression

Expression (F_in-F_out)/F _in

Cum. Value 0.110936666666667

F, Et0, F EtO, ,

S

Moles consumidos de EtO

Xepwo =

r Et0,,

Moles alimentados de EtO

Conversion (%)
437499
11.0537

| Verty |
| J Clear |




Analisis Paramétrico

EXP Val

1.0 ————s
0.9 1
0.8 1
0.7 1

0.6 1
0.4 I
0.2 1

0.1 1

0.0:-==

Conversion

0.5 1

0.3 1

20

40

60 80 100 120

CSTR-004 - Volume (m3)

140

160

180




Estudio paramétrico del reactor de equilibrio

3H,+ N, < 2NH,

Edit Equilibriurn Reaction
Idertification

Mame Ammonia Gibbs

Description
Components.Stoichiometry
Name Malar Weight Include BC Stoich. Coeff.
Mitrogen 28014 -1
Hydrogen 201588 [ -3

Stoichiometry oK Heat of Reaction {(u)Aamol_BC) (25°C) 91796

Equation N2+ 3H2 =—> 2NH3
Equilibrium Reaction Parameters
Basiz [Fugac:it'_.r
Approach ()

Equilibrium Constant (Keg)
@) Calculate from Gibbs Enengy of Reaction

v] Phase [‘u’apur v] Tmin (K) 0 Tmax (k) 0

DelG_R ()Amal_BCH(25°C)  -32800
1 T-Function.: In Keq F(T)] = Tin K

) Constant Value 0

lUse " as the decimal separator on math expressions. Cancel ] [ QK

s ) V out

—p———LO

E .
In [ 1

EQ. Reactor ——Cp

) L out




Estudio paramétrico del reactor de equilibrio

Independent Variable 1

Object |In = | Property Pressure -
Lower Limit 100 Mumber of Points |3 = Unit bar
Upper Limit 600 Curmrent Value 300
Independent Yariable 2
Object Iln w | Propery Temperaturs -
Lower Limit 350 MNumber of Points (10 =| Unit C
|Upper Limit hh0 Current Value h2h
@) Expression
Expression Parameters
0O
Mame Ohject Property Walue Unit
F_in lin ~ | Molar Flow (Modure) / Nitro... |« 25 mol/s
- [ = | Molar Flow (Midure) / Nitro... [+ | 12295156 | molss

Expression
Expression  (F_in-F_out)/F_in
Cur. Value 0.50819376

w7 Verfy




Estudio paramétrico del reactor de equilibrio

[ Start Sensitivity Analysis ]
Results
In - Pressure (bar) In - Temperature {C) EXF Val =
100 37222222 04301301
100 3594 44444 0.42547633
100 416 BBEET 0.36498595
100 438 83385 0.31011832
100 45111111 0.26162601
100 48333333 0.2156862
100 h05.55556 0.18403553
100 h27TITTR 0.15407368 r
100 550 0.1251454
350 350 0.73041341
350 37223222 0.742177234
350 354 44444 0.65053163
350 416.66667 0.63659645
350 433.33889 0.58162073
350 461,111 0.52636951
350 433.33333 0.47355588
350 505.55556 042267531
350 B27TTITR 0.37506876
350 550 0.33137416
60D 350 0.86866053
60D 372 33322 0.83203053
00 204 44444 0 791275309 o
Information
Run #27 completed .. -
Run #28 completed...
Run #29 completed. ..
Run #30 completed. ..

Restoring simulation to its original state...

Dane!




Estudio paramétrico del reactor de equilibrio

3H,+ N, < 2NH,

100 - * 100 bar
= 300 bar
M . 4 600 bar
| 2T - - - VTPR 100 bar
—_ o = . |— - VvTPR 300 bar
) i3 S o ——VTPR 600 bar
A = .
v .
- | Y
S 501 e
9 - N == 600 bar
S ~
> "9 ~»
c * ~ 2 *350 bar
O 25 e

*

"%*100 bar

0 I I I |
350 400 450 500 550

Temperature (°C)
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