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Modelos de reactores presentes en DWSIM

Continous Stimed Tank Reactor

C5TR 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

'

Plug-How Reactor (PFR)

‘? Plug-How 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
solida de catalizador. En este modelo, las velocidades de reaccidon son una funcién
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 simulacion 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).

Ii[ DWSIM - [MySimulation_16]
[h’ File Edit Insert Tools  Ltilities O gins  Windows  View  Help

y
EHEHB | ZB0OEH @ & J_r-’J Settlngs lve Flowsheet (F5) =) Abort Solver (Pause/Break) - -

Flowsheet Material Streams
Search A EEQ 100% @ = & EE&EES &l=s =04 d & i
Settings
.Cumpuunds ] Therrnu:uﬁy{ Read’ms ]Energ},r Balances | System of Units ] Floating Tables and Property Lists ] Mizcelaneous |
Reaction Sets Chemical Reactions
@ ak@ Qan@
MName Description Mame Type Equation




Administrador de Reacciones quimicas (Chemical Reactions Manager).

— Reaction Sets — Chemical Reactions
@ g0 (@m0
Name | Description ‘ MName

Default Set Default Rearton Set _

N

OlagE O Q6

G C : —> Conversion
ONVErsIon —
e —> Equilibrio
G Equilibrium — q
G Kinetic —> Cinética
G Heterogeneous Catalytic __—7 Cataliticas heterogéneas




Reacciones de Conversion

|dentification

Mame

Description

Nombre y descripcion

“Components/Steichiometry

Maolar . Stoich.
Mame Weight AHF (k)/kg) Include |BC Coeff.
Mitrogen 28,0134 0 [] [] |0
Hydrogen 2,01588 0 [] [] |0
Ammonia 17,0305 [] [] |0
1 Compuestos incluidos en la reaccion
Stoichiometry |1_J | Galance HEAT OT REACTION oy Kmol_By) 122 (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

Coeficientes estequiométricos ——

Components/Stoichiometry

o mzi'; Lt AHF (kl/kg) Includg BC Et;;;h-
Mitrogen 28,0134 0 (] 0 1o
Hydrogen 2,01588 0 (] 0 1o
Ammonia =IE

Componente base de la reaccion

Stoichiometry |0

Balance Heat of Reaction (k)/kmol_BC) (23 [0

Equatic

Conversion Bei

Base Comp

Phase |Liquid i

Conversion [, f(T)] =

TinK

Use " as the decimal separator on the conversion expression, Cancel OK




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 ., |
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

3H2 + N2 & ZNH3 Conversion del 40% del Nitrogeno

Add Mew Con

version Reaction

Identification

Mame

Description

Ammenia Synthesis

Components/Stoichiometry

Narme mz;;;t AHF (K)/kg) Include BC Et;;%h
Hydrogen 201588 0 ] |-32
Ammeonia 17,0305 -2695,04 ] |2

Stoichiometry 0K Balance Heat of Reaction (k/kmol_BC) (25  |-91796
Equatic  |MN2 + 3H2 --=> 2NH3

Conversion Reaction Pararmeters

Baze Comp

Mitrogen

Phase Vapor

Conversion [3%, f(T)] = (40

Use "' as the decimal separator on the conversion expression, Cancel

TinkK

OK




Ejemplos de Reacciones de Conversion

CH4 + 202 —> C02 +2H 20 Combustiéon del 100 %

Add Mew Conversion Reaction B8]
|dentification
Name Methane Combustion
Description
Components/Stoichiometny
Mame Malar Weight Include BC Stoich. Coeff.

Methane 16.043 -1
Carbon dioxide 44 0095 B[
Water 18.015 [ 2
Chargen 31.559 ] -2
Nitrogen 28.014 £ [

Stoichiometry Ok Heat of Reaction {oldamal_BC) (25 C)  -B02R18

Equation CH4 + 202 — 0C0 + 2HOH
Conversion Reaction Parameters
Base Comp  Methane Phase [‘u"apur 'r]
Conversion [%, f(T)] = 00 Tin K
lIse "." as the decimal separator an the conversion expression. [ Cancel l [ QK l

Include
o

-..l"
o
o

EI N, no interviene
en la reaccion.

\

Suele aparecer
porque se utiliza
aire para la
combustion.




Reacciones de Equilibrio

Edit Equilibrium Reaction
|dertification

Mame Butane lsomeration

Description

Components/Stoichiometny

Mame Molar Weight Include BC Stoich. Coeff.

lzobutane 8123 [l 1

Funcionalidad de |a constante de equilibrio

Equilibrium Feaction Parameters
Basis [Fugac:it'_.r v] Fhase ["u"apur v] Tmin (K} 0 Tmax (k) 0

Approach (%) 0

Equilibrium Constart (Keq)

@ Calculate from Gibbs Energy of Reaction DelG_R fkdAmol_BC) (25°C)  -4740
() T-Function.: In Keq f(T)] = Tin
© Constant Ve |0 Forma de calculo de la Keq

IUse *." as the decimal separator on math expressions. ’ Cancel ] ’ Ok




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 QK Heat of Reaction o) Awmeol_BC) (25°C) 91796

Eguation N2 = 3H2 <—» 2NH3

Equilibrium Reaction Parameters

Basis IFugac:it'_f TI Phase I‘u’apur TJ Tmin (K} 0 Tmax (K) 0
Approach (%) 0
Equilibrium Constant (Keq)
@ Calculate from Gibbs Enengy of Reaction DelG_R fcJAcmol_BC) (25°C)  -32800
T-Function.: In Keg F(T)] = Tin K

Constant Yalue 0

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




Ejemplos de Reacciones de Equilibrio

Edit Equilibrium Reaction
|dentification
MName Butane lsomeration

Description

n-Butano < i1-Butano

Components.Stoichiometry

Mame Malar Weight Include BC Stoich. Coeff.

lsobutane h8.123 v 1

Stoichiometny QK Heat of Reaction folAamol_BC) (25°C)  -5200

Equation  CH3CH2)2CH3 «—> CH3CHICH3)CH3

Equilibrium Reaction Parameters
Basis |Fugav:.'rt'_.r T| Phase |‘u’apur T| Tmin (K} 0 Tmax (K) 0

Approach (%) 0
Equilibrium Constant (Keq)
@ Calculate from Gibbs Energy of Reaction DelG_R fc)Amol_BC) (256°C)  -4740

T-Function.: In Keg F(T)] = Tin K

Constant Yalue 0

lUse " as the decimal separator on math expressions.




Reacciones de Cinética

Add Mew Kinetic Reaction
|dentification

Xl

Mame |

Descriptio

|7 Orden de reaccion (directo e inverso)

Components, Stoichiometry and Reaction Orders
Mame Muolar Weight AHF (ldg) Include | BC Stoich. Coeff. DO | RO
Methyl acetate 740785 -5560.31 v v -1 1 |0
Methanol 320419 627117 v u 1 0 |1
1-butancl 741216 -3704.72 v u -1 1 |0
N-butyl acetate 116.158 -4180.5 v [ 1 0 -
|
Stoichiometry IOK— Balance Heat of Reaction fol/kmol_BC) |-4'|]'
Equation |CH3COOC H3 + CH3CH2)30H <—= CH30H + CH3COO(CHA)3CH3
Kinetir Reartinn Parametan
Parametros de Arhenjus === = ™® P
~|  Tmaw [0
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/mal, Tin K

" User-Defined: f(T)

Amount Units  |mal/m3

ﬂ Velocity Units |n1u:u|!'[m3.s]

Cancel | QK




Ejemplos de Reacciones de Cinética

User-Defined: f{T) |

Add Mew Einetic Reaction x|

|dentification
MName |
Descriptio
Components, Stoichiometry and Reaction Orders
Mame Molar Weight AHF e Aeg) Include BC Stoich. Coeff. DO | RO
Methyl acetate 74.0785 -5560.31 ~ =3 -1 1 0
Methanal 32.0419 £271.17 ~d u 1 0 |1
1hutanal 7412416 -3704 72 v u -1 1 1]
N-butyl acetate 116.158 41805 v R o [
Stoichiometry  |OK Balance Heat of Reaction k. kmal_BC) |~4D

Equation |CH3COOCH3 +CHICH2)30H <= CH30H + CH3C0O(CH2)3CH3
Kinetic Reaction Parameters

Basis |I".'1|3|ar Concentrations j Tmin (K} |0
Base Component |Met|'rg,rl acetate
Phase |Liquid | Tmax@g [2000
Direct and Reverse Reactions Velocity Constant (k and k)
Direct Reaction & Arhenius A [7000000 E 71760 Ein J/mal, Tin K
" UserDefined: f{T) |
Reverse Reaction % Amhenius A® (3467000 E' [72670 Ein J/mal, Tin K
-

Amount Units  |mal/m3 j Welocity Units |m|:||,-"[m3.s]

Cancel |

oK |




Ejemplos de Reacciones de Cinética

Edit Einetic Reaction
|dentification

Name |St§,'rene

Descriptio

CH.-CH < CH,-C,H=CH,+H,

Componentz  Stoichiometny and Beaction Orders

Lomponents, Stoichiometry and Reaction Orders

Mame Molar Weight AHF {led ) Include BC Stoich. Coeff. DO | RD
106.167 281.82015 v Vo 1 |0
Styrene 104.149 141528 v [ 1 0 (D
Hydrogen 201588 0 v [ 1 0 (O
Stoichiometry  |OK Balance Heat of Reaction (cJ/kmol_BC)  |117480

Equation |{CEH5]CHI H3 <= [CEH5)CHCHZ + H2

Kinetic Reaction Parameters

Easis |F‘artia| Pressures j Tmin (K} |0
Base Component |Et|-r:.-1benzene
Phase |Vapor | Tmax [3500
Direct and Reverse Reactions Velocity Constant (< and k)
Direct Reaction (+ Anhenius A 4240 E [90826 Ein J/mol, Tin K
" User-Defined: f{T) |
Reverse Reaction  * Arhenius A ||]' E’ |D Ein J/mol, Tin K
" User-Defined: f(T) |
Amourt Units  |kPa ﬂ Velocity Units |mu:u|,-"[L.s] ﬂ

Cancel | 0K




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
|dentification

Mame |I'-.-13DH Dehydration

Description

Components and Stoichiometry

Mame Maolar Weight
200
Water 18.015
Dimethyl ether 46.069

Stoichiometry  [OK Balance | Heat of Reaction {(kJ/kmol_BC) |-'|2'|]'17

Equation |2CH30H <~ HOH + CH30CH3

Heterogeneous Kinetic Reaction Parameters

Basis ||"-'1|:|Iar Fractions ﬂ Phase |Vapor ~| Tmin () |0 Tmax (K} |3500

Base Component

Reaction Rate (Base Component) = Numerator / Denominator

Mumeratar |12I}DDDDDDD‘E:¢| (-8 - 3630/ TR (R1-P2°P1/R 1 eap -2, B086=-30671/T))

Denominator |'I

Expression Vanables: Temperature (T)in K, reactant amourts (R1, R2, ..., Rn) and product amourts (P1, P2, .., Pn)in
the selected amount unit, reaction rate [)in the selected velocity unit.

Amournt Uit

IUse “" as the decimal separator on math expressions.

ﬂ Welocity Lnit |mu:ul,-’[kg.s]

Ley funcional de |la
velocidad de reaccion
Las variable son:

-

R1, R2, ..., Rn

P1, P2, ..., Pn




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identification

Mame |I'-.-13CIH Dehydration

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

Components and Stoichiometry

MName Malar Weight AHF (k) Aeg) Include | BC SC
12,042 £271.1441 v Vo2
Water 18015 -13422 535 v [ 1
Dimethyl ether 46.069 -3996.1736 v [ 1

Stoichiometry |GK Balance Heat of Reaction (kJkmol_BC) |-'|2D'|?

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

Heterogeneous Kinetic Reaction Parameters

Basis |M|:|Iar Fractions ﬂ Phase |Vapor | Tmin (K} |0 Tmax (K} |3500

Reaction Rate (Base Component) = Numerator / Denominataor

MNumeratar |12DDDDDDDD‘E@¢ (-8 - 5680/ TP(R1-F2°P1/R 1 Yep(-2. B086+3061/T))

Denominator |1

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

Amourt Linit ﬂ Velocity Linit |mu:u|f[kg.s] ﬂ

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




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction [E]
Identification

Mame Water Gas Shift

e H,0+CO < H, +CO,

Components and Stoichiometny

MName Malar Weight Include BC SC
P - 8 [ B |
Hydrogen 201588 0 1
Water 18015 ] -1
Carbon dicxide 44 0095 [l 1
Carbon monowide 28M -1
Stoichiometry 0K Heat of Reaction (kJ/kmol_BC) -41166.0
Equation HOH +C0O = H2 +0C0D Base Componert  Carbon moncedde

Heterogeneous Kinetic Reaction Parameters

Basis [F‘artial Pressures v] Phase Tmin (K} 0 Tmax (K} 2000

Reaction Rate (Base Component) = Numerator / Denominator

Mumeratar 1.56E+6"0p(-67130/8. 114/ TP TR TR2-P 1°P 24 exp -3. 7584160/ T

Denominator  {1+1.77E+5"exp(-88680/3. 314/ T R1/P1+6.12E-5exp(832300/8. 214/ T P1+8 23E-5xp (70650/8.31.

Expression Vanables: Temperature (T)in K, reactant amourts (R1, R2, ..., Rn) and product amourts (P1, P2, .., Pn)in
the selected amount unit, reaction rate [)in the selected velocity unit.

Amourt Unit [ atm ~| Velocity Unit [kmel/fkg h] v|

IUse “" as the decimal separator on math expressions. ’ Cancel ] ’ QK ]




Reacciones Heterogéneas Cataliticas

Heterogeneous Catalytic Reaction
Identification

MName Steam Reforming

Description

CH,+H, 0« 3H,+CO

Components and Stoichiometny

MName Malar Weight Include BC SC

P - :
Hydrogen 201588 0 3
Water 18015 ] -1
Carbon dicxide 44 0095 [ [l 0
Carbon monowide 28M O 1
Stoichiometry  OK Heat of Reaction (kJ/kmol_BC) 205804.0
Equation CH4 +HOH =—> 3H2 +CO Base Component  Methane

Heterogeneous Kinetic Reaction Parameters

Basis [F‘artial Pressures v] Phase Tmin (K} 0 Tmax (K} 2000

Reaction Rate (Base Component) = Numerator / Denominator
MNumerator 4 22E+15%enp (-240100/8. 3114/ TWP1 2.5 (R 1°R2-P 1" 3" P2/ (xp (30 42-27106/T))

Denominator  {1+8 23E-5"exp(70650/8.214/T) P 2+6 65E-4"exp(38280/8. 314/ T R1+1.77E+5"exp(-88680/8.314/T,

Expression Vanables: Temperature (T)in K, reactant amourts (R1, R2, ..., Rn) and product amourts (P1, P2, .., Pn)in
the selected amount unit, reaction rate [)in the selected velocity unit.

Amourt Unit [ atm ~| Velocity Unit [kmel/fkg h] v|

IUse “" 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 relacion 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

Mame Type
AddE—'d NEITIE / Racult's Law [1} Raoult's Law -

d Cygen
Mitrogen
Water

Carbon dicxide

<]

Chemical Reactions

<]

<]

[| 'IJ' Conversion

i Equilibrium
L Kinetic
I._l' Heterogeneous Catalytic




Reaccion de combustion del metano

Edit Conwversion Reaction @]

Identfication

Mame Metano Comb

Description

Components.Stoichiometry

Mame Muolar Weight Include BC Stoich. Coeff.

e - :

Choygen 31.999 o -2

Nitrogen 28.014 [ O

Water 128.015 0 2

Carbon dicxide 44 0095 [l 1
Stoichiometny QK Heat of Reaction (ol Akmal_BC) (25 °C)  -202613

Equation CH4 + 202 —> 2HOH = 0CO

Conversion Reaction Parameters

Base Comp  Methane Phase |"u"apur -|

Conversion [%, f(T)] = 100| Tin K

lIse " as the decimal separator on the conversion expression. | Cancel | [ ] ]




Corriente de combustible

Input Data | Results ] Annctations ] Foating Tables |

Stream Conditions | Compound Amourts |

Flash Spec | Temperature and Pressure (TF) |

Temperature | 23815 K |

Pressure | 101325 |Pa |

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

Volumetric Flow | 15243045 [m3s v fuel

Specific Enthalpy | 0 |kikg |

Specific Entropy | 0 |ki/kokl |

Wapor Phase Mole Fraction 1

Stream Conditions | Compound Amourts ;|

Basis | Mole Fractions

Solvent |

Compound Amourt
Choygen

Mitrogen

Water

Carbon dioxide

=== ) e R ) e R ) e




Corriente de aire

Input Data | Results ] Annctations ] Floating Tables |

Stream Conditions | Compound Amourts |

all

Flash Spec | Temperature and Pressure (TF) |
Temperaturs | 29815 [K |
Pressure | 101325 |[Pa |
Mass Flow | 40 |kg/s |
Molar Flow | 1386.441 |mol/s |
Volumetric Flow | 3391795 |m3/s -]
Specific Erthalpy | D |kdkg -]
Specific Entropy | 014041917 |kJ/koKl =]

Vapor Phase Mole Fraction 1

Stream Conditions | Compound Amourts |

Basis | Mole Fractions

Saolvent |
Compaound Amourt

;
Onygen 0.21
Mitrogen 0.75
Water 0
Carbon dicxide 0




Mezcla para ingresar al reactor

S [ 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-008

Y=fp)= [40°X
Y =40 kg/s

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

air




Reactor de conversion

Calculation Parameters

Parameters

Paquete de reacciones
/ que intervienen en el

reactor

Heaction Set
Calculation Mode
Minimization Method

Outlet Temperature

Pressure Drop

i

Métodos de calculo disponibles:

e |sotérmico
e Adiabatico

| Default Set
Adiabatic -
|sothemic
Diefine Outlet Temperature

e —

0 [F'a <« Caida de presidn
— >
——p—1
i
Combustor -

 Con temperatura de salida definida

——
Q




Reactor de conversion

Calculation Parameters - 1338 1484| K
Parameters | - '
Pressure 101325( [Pa
Reaction Set | Defaut Set - N 7 (e
ass Flow 043
Calculation Mode [Miabatic *] L 1448 7767 T
Qlar riomw s ¥ molss
Minimization Method Ca q Amount
mpoun ou
Pressure Drop 0 Onygen 0.11491627
Results Mitrogen 0.75601079
General | Reactions | Conversions W 0.026043676
ater i
Property Value Units
1039.9984 | K. Carbon dioxide 0.043024313
Heat Load 0| kW
General | Heactions {| Conversions |
Reaction Property Value Uitz
Metano Comb Canversion | 100 | %

® -

SPEC-008

a— Vv
—H)—1]
MIX-003 mix
Combustor
air L




Ejemplo: Simulacion de una turbina de Gas

air
v\
fuel
— —
Compressor Y expander
B >
Combustor exhaust

INTAKE COMPRESSION COMBUSTION EXHAUST

—
e
J

: NS :
' Lk A JRA S = 23 2T

=%
=1 '
. = S

Db e ut IS T2 ALY

Air Inlet’




Ejemplo: Simulacion de una turbina de Gas

Gas Ex pJ nSOr GTout

combustor L

aire Compresor aire comp Wexp
Q
Wecomp
INTAKE COMPRESSION COMBUSTION EXHAUST

|c..

“'lérv’fff" i

.
4
1 ik

/ S ,
Air Inlet’ Combustion Chambers * Turbine /

Ql C.-_‘l L

angwc-q
g TEED.




Ejemplo: Simulacion de una turbina de Gas

@ ............ 1=
Presidn Fuel i ;l .
_________ — : |

Air-Fuel Ratio

T

I

' fuel
| [
| [
| [
j |
|1 b - —p—
iaire ‘ . aire comp
B N‘L}J
| |

Ccli'npresn:ur
| ‘
=
| Wecomp
I

Mixer

) -
b J Gas
= ¢
. Cgl—,
mix
combustor
Cor—
Q
b I—-':}
L

I Wecomp




Ejemplo: Reactor de equilibrio

3H. + N. < 2NH Alimentacion estequiométrica
2 2 3

Added | MName

—

~3 Ammania
v Mitrogen
v Hydrogen

Added Property Packages
Mame (click to edit) Type

Peng-Robinson (FR) (1) Peng-Robinson (PR)

\4

—Chemical Reactions
Slaglh@

Q Conwversion
i Equilibrium ]

I;_j Kinetic

I:_j' Heterogeneous Catalytic




Reaccion de equilibrio

Edit Equilibrium Reaction 3]
|dentification
Mame Ammania Gibbs

Description

Compaonents./Stoichiometry

Mame Malar Weight Include BC Stoich. Coeff.
17031 EINE

Mitrogen 28014 -1

Hydrogen 201588 [l -3
Stoichiometry oK Heat of Reaction (xJAmel_BC) (25°C) 51796
Eguation N2 = 3H2 <—> 2NH3

Equilibrium Reaction Parameters

Basis [Fugac:it'_f v] Phase ["u’apnr v] Tmin (K} 0 Tmax (K) 0
Approach (%) (

Equilibrium Constant (Keq)
@ Calculate from Gibbs Energy of Reaction DelG_R fc)Amal_BC) (257C)  -32800
T-Function.: In Keqg f(T)] = Tin K

Constant Value 0

lUse " as the decimal separator on math expressions. Cancel l ’ Ok




Reactor de equilibrio 450 2C 100 atm

Stream Conditions | Compound Amounts I

Flash Spec ITernpemture and Pressure (TF)
Temperature 72315 |K
Pressure 10132500 |Pa
Mass Flow 0.0851541 |kg/s

10 |mol/s

Wolumetric Flow

0.0060835443 |m3/s

Specific Enthalpy

1480.9576 [kd/kg

|
|
|
Molar Flow |
|
|
|

Specific Entropy

4.45617285 Ik..lf[kg.l‘i]

Vapaor Phase Mole Fraction I

Stream Conditions  Compound Amourts |

Basis I Male Fractions

Salvent I
Compound | Amount
0
Mitrogen 0.25
Hydrogen 075

=]
=]
=
=]
=]
=]
=
B

V out

——_

In
EQ. Reactor

:}_J L out
Q

— Calculation Parameters
Parameters | COH'H'ETQE-‘HCE I
Reaction Set IDEFault Set ;I
Calculation Mode [Iscthemic |
Minimization Method I ;I
Outlet Temperature | 29815 [k =]
Pressure Drop I 0 IF‘a ;I
— Results
-Genemll Reactions Conversions |
Compound | Conversion (%)
28.755722

Hydrogen 28.755722




Reactor de Gibbs

Calculation Parameters

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

Calculation Parameters

Parameters | Compounds | Elements | Initial Estimates | Misc

Ammonia

Mitrogen

Hydrogen

(—:Q
:|_,.'
o S V out 2
In 2 )
Gibhs Reactor
L out 2
[y
Q2




Reactor de Gibbs

Calculation Parameters

Parameters | Compounds | Elements | Injtial Estimates | Misc
Configuration
| Add Blement | | Remove Selected Element |
[ Save Changes ] [ Create from Selected Components ]
Matrx
Element Ammonia Mitrogen Hydrogen
H 3 [ 2

Gibhs Reactor

p—1
In 2
[ ——y
Q2




Reactor de Gibbs

Calculation Parameters

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

:

V out 2
p—1
Corfiguration \

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

Gibhs Reactor

| Copy from outlet vapor stream |

L out 2

Initial Estimates

Estimates for Outlet Male

Compound Flows {mol/s)

Ammonia

Mitrogen 0

Calculation Parameters

Hydrogen 0 | Parameters I Compounds I Hemernts I Initial Estimates |

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

lUse Damping Factor (Mewtons Method)

Lawer Limit 0.001
Upper Limit 2
Maoe. Intemal Loop terations 20000
Max. Extemal Loop terstions 50
Intemal Loop Tolerance 1E-06

Extemal Loop Tolerance 0.001




Ejemplo: Reactor CSTRy PFR

kl
K
k3

( 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 Mame
"] Water

v Ethylene ghycol
v Diethylene glycol
v Triethylene ghycol

Feed in
Xwater: 07
Xgro- 0.3
P: 20 atm
T: 100 eC

m: 100 mol/s




Ejemplo: Reactor CSTRy PFR

Ky

> MEG

EtO(,) + HZO(,) 0

Components, Stoichiometry and Reaction Orders

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

MName Malar Weight AHF {lJkg) Include | BC Stoich. Coeff. DO | RO
Water 18.015 -13422 925 v |
Ethylene ghycol 62 0678 -6318.8964 v |
Diethylene ghycol 10612 -5148.8881 B |
Triethylene ghycol 150173 48284112 B |
Kinetic Reaction Parameters
Basis |I"-'1|:|Iar Concentrations j Tmin (K} [0
Base Component |Eth1.rlene oxide
Phase |Liquid | Tmax() [3500
Direct and Reverse Reactions Velocity Canstant {c and k')
Direct Reaction * Anhenius A | L E | Ein J/mol, Tin K
{ " User-Defined: f(T) |
Reverse Reaction ™ Amhenius A’ o E' |0 Ein J/mal, Tin K
{ " User-Defined: f(T) |
Amourt Units j Velocity Units [ ﬂ




Ejemplo: Reactor CSTRy PFR

Eto(l) +H ZO(I) K > MEG(I) k,/[L/(mol - min)] = exp(13.62 — 8220/7)

( EtO) kCEtOC H,0 kl = Ae *!

Kinetic Reaction Farameters

Basis |I"-'1|:|Iar Concentrations j Tmin (K} |I]I
Base Component |Eth1.rlene oxide
Phase |Liquid | Tmax() [3500
Direct and Reverse Reactions Velocity Canstant {c and k')
Direct Reaction *  Arhenius A | E | Ein J/mal, Tin K
{ " User-Defined: f(T) |
A |0 E' |0 Ein J/mal, Tin K

Rewverse Reaction {* Amhenius
{ " User-Defined: f(T)

[ Amournt Units | j Velocity Units ’ ﬂ ]

Define las unidades de la expresion cinética




Ejemplo: Reactor CSTRy PFR

EtO

(|) + H ZO(I) a > MEG(I) k,/[L/(mol - min)] = exp(13.62 — 8220/7)

' mol |
B ] CE'[O;CHO
2 3
( EtO) KiCeoChi HO ELL
mol
—E ! _rEtO) mgs

Kinetic Reaction Farameters

Basis |I"-'1|:|Iar C}zéntlatinns j Tmin (K} |I]I
Base Component |Eth1.rlene oxide

Phase | Ligy | Tmax () 340
Direct and Reverse Reactions Velocity Canstant {c and k')

Direct Reaction *  Arhenius y{ E | EinJ/mgf Tin K

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

| /

Amount Units  |maol/m3 7 j Velocity Units |mu::|f[n13-.s] / ﬂ

Rewverse Reaction {* Amhenius
(" User-Defined: {




Ejemplo: Reactor CSTRy PFR

EtO

+H,0,, —+—> MEG

(1) (1) (1)

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

3
E I m
E 1 [K] Kk,
_ L mol mol.s
_ Ale RT
- 3
Al
mol.s
Kinetic Reaction Parameters
Basis |I"-'1|:|Iar Concentrations - Tmin (K} |I]I
Base Component |Eth1.rlene oxide
Phase |Liquid ~| \ Tmax(K) [3500
Direct and Reverse Reactions Velocity Canstant {c and k')
Direct Reaction *  Arhenius A | E | Ein J/mal, Tin K
{ " User-Defined: f(T) |
Reverse Reaction ™ Amhenius A’ o E' |0 Ein J/mal, Tin K
{ " User-Defined: f(T) |
Amount Units  |maol/m3 j Velocity Units |mu::|f[n13-.s] ﬂ




Ejemplo: Reactor CSTRy PFR

EtO

k,/[L/(mol * min)] = exp(13.62 — 8220/7)

o+ H,0, ——MEG

k, = exp(13.62-8220/T)

_ L
k, = Q1362 o-8220/T { }

(1)

mol.min _i _ _@
13.62 [ 3 RT T
" _[ € la=8220/T m E, =8220R
' 50x1000 mol.s J
B L ' E :8220[K]><8.314472
A1 e RT 1 mol.K

mol.s

A&:13.7069{ m }

p1362 me
60x1000| mol.s E, = 68344.9598[L}

mol

.




Ejemplo: Reactor CSTRy PFR

Chemical Reactions Edit Kinetic Reaction X
& i I-.j '@' |dertification
Name Name R
R2
R3
Components, Stoichiometry and Reaction Orders
Mame Maolar Weight AHF el Aeg) Include | BC Stoich. Coeff. DO | RO
44,0526 -1134.7081 v v oA 1 |0
Water 18.015 -13422 525 ~ u -1 1 (0
Ethylene glycol 62.0678 -£318.8564 ™ u 1 0 (0
Diethylene glycol 106.12 -5148.8881 u u 0 0 (D
Triethylene ghycol 150.173 4328412 u u 0 0 (0
Stoichiometry [OK Balance Hest of Reaction (J/kmol_BC)  [97756

Equation |EH20CH2+ HOH <— HOCH2CH20H

Kinetic Reaction Parameters

Basis |I"-'1|:|Iar Concentrations ﬂ Tmin (k) |0

Base Component |Et|'r,rlene oide

Phase ||Jquiu:| ﬂ Tz (K] I?:E-DD—
Direct and Reverse Reactions Velocity Constart (< and k)
Direct Reaction + Arhenius A [13.706911 E |68344.9538 Ein J/mol, Tin K
" User-Defined: f(T) |
Reverse Reaction  * Arhenius A ||]' E* |D Ein J/mol, Tin K
" User-Defined: f(T) |
Amount Units  {mal/m3 ﬂ Welocity Units |mu:u|;‘[m3.s] ﬂ

Cancel | oK ‘




Ejemplo: Reactor CSTRy PFR

Chemical Reactions

L Edit Kinetic Reaction x|
O g0 Idertification
Name Name |R2

R1 Descriptio

R3
Components, Stoichiometry and Reaction Orders
Mame Muolar Weight AHF (ldg) Include | BC Stoich. Coeff. DO | RO
Water 18015 -13422 525 u N 0 o0 |0
Ethylene ghycol 620678 -6318.8564 = ~ -1 1 0
Diethylene ghycol 10612 -5143.8881 = u 1 o0 |0
Triethylene ghycal 150,173 -4828 4312 u N 0 o0 |0
Stoichiometry  |OK Balance Heat of Reaction {kJkmal_BC) |-'|{I'15?{I'

Equation |CH20CH2+ HOCH2CHZ0H < HOCH2CHZ20CH2CHZ0H

Kinetic Reaction Parameters

Basis | Malar Concentrations j Tmin (k) |0

Base Component |Et|'r5,rlene ghycol

Phase |IJ|:|ui|:I j Trax (K) |35DD—
Direct and Reverse Reactions Velocity Constant (k and k')
Direct Reaction + Amhenius A (963415952 E |72335.9064 Ein J/mal, Tin K
(" User-Defined: f(T) |
Reverse Reaction  * Arhenius AC |D E’ |D Ein J/mol, Tin K
" User-Defined: f(T) |
Amount Units  |mal/m3 ﬂ Velocity Units |n1u:u|!'[m3.s] j

Cancel | QK |




Ejemplo: Reactor CSTRy PFR

Chemical Reactions

@ @ L.j

MName
R1

R2

Edit Kinetic Reaction x|
|dentification
Mame |H3

Descriptio

Components, Stoichiometry and Reaction Orders

Mame Muolar Weight AHF (ldg) Include | BC Stoich. Coeff. DO | RO
440526 1194.7081 v RE 1 o
Water 18015 -13422 525 u u 1] o0 |0
Ethylene glycol 62.0678 £318.8964 u u 1] o0 |0
Diethylene ghycol 106.12 -5148.3881 v v -1 1 0
Triethylene ghycol 150173 -4828.4312 = u 1 o0 |0
Stoichiometry  |OK Balance Heat of Reaction {kJkmal_BC) |-'|2'E'I}?D

Equation |CH20CH2+ HOCH2CHZ0CH2CH20H <—> HOCH2CH20CH2CHZ0CH2CH20H

Kinetic Reaction Parameters

Basis | Malar Concentrations j Tmin (k) |0

Base Component |Diet|'r-_.rlene ghycal

Phase |IJ|:|ui|:I j Trax (K) |35DD—
Direct and Reverse Reactions Velocity Constant (k and k')
Direct Reaction + Amhenius A [157.259948 E |73998.3008 Ein J/mal, Tin K
(" User-Defined: f(T) |
Reverse Reaction  * Arhenius AC |D E’ |D Ein J/mol, Tin K
" User-Defined: f(T) |
Amount Units  |mal/m3 ﬂ Velocity Units |n1u:u|!'[m3.s] j

Cancel | QK |




Ejemplo: Reactor CSTRy PFR

—] P
Vent
,,_
pp—
CSTRin
1
csTR-001  CSTRout
Q1

PFRin

Q2

RFR-001

PFR out

Calculation Parameters
Reaction Set

Calculation Mode

COutlet Temperature
Reactor Yolume
Headspace

Reactor Pressure Drop

Catalyst Amount

Calculation Parameters
Reaction Set
Calculation Mode
Outlet Temperature
Reactor Volume
Reactor Length
Catalyst Loading

Catalyst Particle Diameter

Catalyst Void Fraction

| Defaut Set -
[Isathenﬂic V]
25( [C
4 |m3 -
0 |m3 -
0 |kgf/cm: -
0 |kg ~
| Defaut Set -
[Isothenﬂic vl
25| (C
:
0
n
0 [om__ -]
0




Ejemplo: Reactor CSTRy PFR

: Results
| General I Heacuung| Conversions |
Compound Conversion (%)
437455
Ethylene cdde 11.0837
Ethylene glycol 0
CSTR in L e e :
Triethene ghycol 0
|

Ql

Results
| General I Heac:ticnsl Conversions |Ccncar1t|aticr1 F'roﬁlel
Conversion {3)

Compound

RFR-001

Q2




Analisis Paramétrico

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

Vent

CSTRin ——

Q1

racion IV.2018\Practicos\R1 B2 y R3.dw

Optimization | Scripts  BResults
[;. 2 Sensitivity Analysis t

- : ] ] ] .

‘G 2% Multivariate Optimizer I
Flowsheet Material Streams Spreadsheet Sensitivity Analysis

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

Case Manager Mame and Description
Nome [ Reactol
Description

Delete




Analisis Paramétrico

Sensitivity Studies | Independent Varables | Dependent Variables | Results | Chart
Independent Varable 1
Ohigct [ r] Pronerty [ "r]
Sensitivity Studies | Independent Varables | Dependent Variables | Results | Chart
Independent Varable 1
Object |CSTR-D04 v | Property Volume
Lower Limit 4 Mumber of Poirts |30 = Unit m3

Upper Limit RO

Cument Value

=




Analisis Paramétrico

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

@ Varables
Add/Remove Variables

Qe

() Expression
Expression Parameters

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

+ | Molar Fraction (Midure) / Diethylene dl...

v%ﬁmmjﬁmm# -




Analisis Paramétrico

Sensitivity Studies | Independent Variables | Dependent Variables | Fesults | Chart

{ Start Sensitivity Anahysis ]
Results
V1
Information
| Sensitivity Studies | Independert Varables | Dependent Varables |
Run &27 completed. ..
[ ton Senstty Anaiyss | Run #28 completed...
Results
CSTR out - F:L"-I #25 EDmpIEtEd ' CSTR out - Molar Fraction (Modure) /
CSTR-04 - Volume {m3) Run &30 completed... Trethylene iycol 0
i 008 | Restoring simulation to its orginal state... |25
230345 0.0903618 0.00755617
o T B s ¥ ' n nnnec DI:'rIE ! nonnnAEnenTT
468276 0.0377 0.0171016
484138 0.0:384375 0.0176034
R0 0117801 0.0390634 0.0181002

Infarmation
Run #27 completed....
Run #28 completed...

Run #29 completed...

Run #30 completed....

Restaring simulation to its original state. ..
Done!




Analisis Paramétrico

[ sensttviy Studies | Independent Vaniables | Dependent Vaniables | Resuts | chan |
|Sensitivit_l,.r Studies | Independent Varables | Dependent Varables | Flesuﬂs| Chart mm :

CSTR004 - Volume (m3) CSTRo lolar la’::\n‘nn(Mndure)/ Ethylene CSTR umurszih:;:ar Fm;:rl\& ure) /- CSTR umT'El:!;)ldar Frﬁ?ylgn‘ gﬂmum)/
i glycol iene alycol iethylene glycol
#-Pois [':STH.'{H]“- - Volume {ITIB} i ] 0.0875446 0.0218151 0.0068083
0.0903618 00232322 0.00755617
- - - 0.092965 0.0245768 0.00829697
Y-fds |CSTR out - Molar Fraction (Modure) | 12 el i o
. T T T 0.0976181 0.0270669 0.00974543

00937051 0.02822 00104452

Copiamos los datos y los
T pegamos en Excel

Reactor
014

0.12 | 1
0.10 -- ]
0.08 ]
0.06 - ]
0.04 |

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

0.00 | : : : : :
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 | Independert Varables I Dependert Varables I Results I Chart |

Case Manager Mame and Description

Reactor Mame Conversian

Conversian

Mew
Description

Save

1l

Delete

Independent Varable 1

Object |CSTR-004 v| Propety  |Volume v

it m3

Ak

Lowwer Limit 4 Mumber of Points 4'|]'|

Upper Limit 150 Cumrent Value 4




Analisis Paramétrico

—

Se analizara la variacion de la conversion
AR S del EtO con el tamano del reactor

csTRopy CSTRout

C5TR in l .

Q1

|5 WRUM|WMVEM| Dependert Varables |H§5_jts|[:hart |

Variables () Expression
Add/Remove Varables Expression Parameters
©0 . ©®e
Dbjed y- Flupmlj N\ Uit Mame DbJE
b 1 |CETR-004
Heat load
QOutlet Temperature
Pressure Drop
Residence time
Temperature defta
Wolume
. LI 4 ?
¢Conversion:

Xeo =




Analisis Paramétrico

Molar Flow (Mixture) / Ethylene Oxide

@ BExpression

Expression Parameters

Q@
Mame Object Froperty \ Value Linit
1 |Fn CSTRin » [ Molar Flow (Modure) / Ethylen... |~ 30 mol/s
» 2 |Fou CSTR out v | Molar Flow (Modure) / Ethylen... || 266719 mol/s

Variables del flowsheets que necesito para la expresion
de la conversion

FEtoin - FEtoout Moles consumidos de EtO

Xeto = =

Fto, Moles alimentados de EtO




Analisis Paramétrico

i@ Bxpression Results
| General I Reactions | Conversions |

Expression Parameters

@ @ Compound
- - — W
Ethylene cxide
1 |Fn [CSTRin + | Molar Flow {Modure) / Ethylen... |+
Fout |CSTR out | Molar Flow {Madure) / Ethy cihiens god
P 2 |Fo o olar Flow ure efl... Diethylene giycol

Triethylene ghycol

BExpression
Expression  (F_in-F_out)/F_in

Curr. Value 0.110936666666667

FEtoin - FEtoout Moles consumidos de EtO

Xeto = = :
Fto, Moles alimentados de EtO

Conversion (%)
437455
11.0937

]
| JL Clear |




Analisis Paramétrico

EXP Val

e
0.9 I
0.8 I
0.7 I

0.6 I
0.4 I

0.2 I
0.1 I

00 ftv
20

Conversion

0.5 I

0.3 I

40

| 1
60 80 100 120

CSTR-004 - Volume (m3)

140

160

180




Estudio paramétrico del reactor de equilibrio

3H, + N, < 2NH,

Edit Equilibrium Reaction

Identification

Name Ammonia Gibbs

Description
Components.Stoichiometry

Mame Malar Weight Include BC Stoich. Coeff.
Nitragen 28014 -1
Hydrogen 201588 [l -3

Stoichiometny 0K Heat of Reaction (olAmol_BC) (25°C)  -51796
Equation N2 + 3H2 <—: 2NH3

Equilibrium Reaction Parameters

Basis [ Fugacity
Approach (%)

Equilibrium Constart (Keg)
@ Calculate from Gibbs Energy of Reaction

v] Phase [‘u"apar Vl Tmin (K} 0 Tmax () 0

DelG_R (kdAmol_BC) {25°C)  -32800
1 T-Function.: In Keg [T}l = Tin K

) Constart Value 0

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

—p———LO

E .
In [ 1

EQ. Reactor ——Cp

) L out




Estudio paramétrico del reactor de equilibrio

Independent Variable 1

Object |In w | Property Pressurs -
Lowver Limit 100 Mumber of Poirts |3 = Unit bar
Upper Limit G600 Cumrent Value 300
Independent Variable 2
Object Iln w | Propery Temperaturs b
Lower Limit 350 Mumber of Points |10 = Unit C
Upper Limit hb0 Cumrert Value h2h
@ Expression
Expression Parameters
X
Mame Object Property Value Init
F_in lin + | Molar Flow (Midure) / Niro... [v| 25 mol/s
v 2 [TV out = | Molar Flow (Miture) / Nitro... |« | 12295156 | molss

Expression
Expression (F_in-F_owt)/F_in
Cur. Value 050815376

w Verify




Estudio paramétrico del reactor de equilibrio

[ Start Sensitivity Analysis l
Results
In - Pressure (bar) In - Temperature () EXF Val =
100 T2 23372 0.45015011
100 394 44444 042547633
100 416 6REET 0.364585595
100 438 32885 031011832
100 46111111 026162601
100 48333333 02156862
100 h05 55556 0.18403553
100 B27.TTTT8 0.15407368 3
100 550 0.1251494
350 350 0.75041341
350 37222222 0.74217784
350 354 44444 0.69053163
350 416 6B667 0.63655645
350 43888885 0.58162073
350 46111111 0.52686951
350 48333333 0.47355588
350 505.55556 0.42267531
350 B2 TTIT8 0.37506876
350 550 0.33137416
600 350 0.86866053
600 372 22272 0.832059053
RO 294 44444 0 79175300 i
Information
Run #27 completed... -
Run #28 completed...
Run #29 completed...
Run #30 completed...

Restoring simulation to its original state...

Done!




Estudio paramétrico del reactor de equilibrio

3H, + N, < 2NH,

100 * 100 bar
= 300 bar
M . 4 600 bar
| I - - = VTPR 100 bar
— ™ i ok . - _WPH 300 bar
& £ o ~———V/TPR 600 bar
o =
& .
= ‘ »
o 50 -1 —% .
9 - N < 600 bar
5 ~-
> o’ ~»
= * e ~ 2 *350 bar
O 25 Ty
B
cew .
100 bar

0

| | | |
350 400 450 500 550
Temperature (°C)




