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Introducao

Os metodos/modelos definem um conjunto de
equacoes que serdo usados para avaliar:

- compressibilidade

- entalpia

- entropia

- fugacidade da fase vapor
- atividade da fase liquida

A escolha adequada deles ¢ fundamental
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Arquitetura Fundamental

Bases de

DEIe[eS
- Compressibilidade
Completas - Entalpia

- Entropia

- fugacidade da fase vapor
- atividade da fase liquida

Colecao de

Modelo

Modelos
Local

Termodinamicos
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Meétodos

* S3o designagdes genericas. Por exemplo
“equacoes de estado” incluem VDW, PR. SRK,
PRSYV, etc ... no rotulo “equacoes de estado”.

* “Coeficientes de atividade de liquido” por
exemplo
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Tipos de Modelos

Thermodynamic npnuntatlon>
O\

Homogeneous Models Heterogeneous Models Combined Models Specific Models
(Equations of state) (Activity coefficients) (Equations of state
with complex mixing
les
j T v’ UNIQUAC e v Electrolytes
v - ¥/ NRTL v’ MHV1 v’ Strong Acid
B v PR \ation of stats) v WILSON v MHV2 v" Amines and acid gase
Y BWRS v’ MARGULES v’ PSRK v Pure water
v’ UNIFAC v .. V..
Q ity for compon V.. me for eac J
) |74 174
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Modelos Homogéneos — Equacoes
de Estado

Fugacidades:  f =z ¢ (T, P, Z)P

Constantes de equilibrio: K,. -

P
Entalpia: H(T, P,Z) = Z Zih; (T,P = 0)+ IO (s—;) dP
T,z
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Modelos Homogéneos — Equacoes
de Estado

* Equacodes de estado sao restritas a fluidos normais,
gases raros, nitrogénio, oxigénio, monoxido de
carbono, hidrocarbonetos e derivados. O dioxido de
carbono, o hidrogénio e algumas substancias
levemente polares podem ser incluidas também.
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Modelos Heterogéneos-
Abordagem y - @

FASE VAPOR

Fugacidades: [, =y¢/(T,P }’)P

Entalpia: " T.P.y)= th (7.P=0)+ I [ahv]T ydp

SO . HV(T‘P,y)z Zylh:(T'P=

FASE LIQUIDA i=1
Fugacidades:  f* =x,(T,P, x) L(T, P)

Entalpia  mL(r,px) Zx WL (1.P)+hE (1, P,x)

oL ALnf " (T,P)
h’(T,P)=h (T,P=0)- RT( o l

E _ _pT? Z‘: o"Lny
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Modelos Heterogéneos-
Abordagemy - @

CONSTANTE DE EQUILIBRIO:

Validos para misturas de componentes com interacoes
quimicas e/ou associac¢ao polar em uma faixa de 0 a
200 °C e até 15 bar
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Modelos de Coeficientes de
Atividade - Preditivos

 UNIQUAC Functional-group Activity
Coefficient

Invy; = In+f +In4l.

O z 0; i
Iny=lp—+ —=giln — + L; — — E x;L;
T T 24 O; by T
7=1
92' — = ) ¢'i — il ’ Li — E(r'i — QI) - (T,‘ - 1)5 z = 103
2
7=1 7=1
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Modelos de Coeficientes de
Atividade - Preditivos

* Iteracao entre os grupos

ny =3 4 [nly -1,

In Fk - Qk 1 lnz em\I’mk o Z @m\I’km .
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Modelos de Coeficientes de
Atividade - Preditivos

* UNIFAC original
* UNIFAC Dortmund
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Modelos de Coeficientes de
Atividade - Preditivos_

UNIFAC modified Dortmund: Available parameters

]
waco
i

LLLl
Lill

mm.
o

111l
IIIII
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Modelos de Coeficientes de
Atividade - Preditivos

Unifac modificado em Lyngby (UNIFAC Larsen)
 UNIFAC PRSK
« UNIFAC VTPR

 UNIFAC FV
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Modelos Combinados — Equacdes de
Estado com regras de mistura
complexas

FASE LIQUIDA OU VAPOR:

f,-(T,P,Z)=z'.¢,.(T,P,z)P

H(T.Pz)=Y, zH;(T.R)+H~-H"),

Equacdes cubicas, por exemplo: u w
Van der Waals 0 0

P= RT — a(T) Soave - Redlich - Kwong 1 0
v—=b v’ +ubv+ wb? Peng - Robinson 2 -1
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Modelos de Coeficientes de
Atividade - Preditivos

« NRTL — SAC (segment activity coefficient)
 NTRL-PR (predtivo)
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Modelos Combinados — Equacdes de
Estado com regras de mistura
complexas

Ne
Parametro b: b= inb',

i=]
Parametro a: G* = RT(anl) - Z x,.LnCD,.)

P—>0 Gy — modG; Estado de referéncia (Michelsen)

MHV1, PSRK, NRTLPR MHV2
. N G(T,P=0,
1 G:(T,P=0,X:) b ql(a-z x:a.)*‘q:(a'—z x|a‘~)= 7( X,)+Z x,LnE
a =Z x.a, + : +z x,Ln RT b
q, RT b,
=2 d o =——
" BRT " bRT
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Modelos Combinados — Equacdes de
Estado com regras de mistura
complexas

Ne
Parametro b: b= inb',

i=|

Pardmetro a: G = RT(Ln(D - Z x,.Lnd),.)

P00 G;" = modG; Estado de referéncia (Michelsen)
MHV1, PSRK, NRTLPR MHV2
€ 2 2 G:(T’P=0’xl) b
a=z xa, + 1 G,(T,P=0,x,)+z x,Lnb ql(a—z x,a,)+q3(a - xa; )_ . + le,,E
. RT b
=2 and ==
*=%RT % = bRT
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Modelos Combinados — Equacoes de
Estado com regras de mistura complexas

* Uma equac¢ao de estado cubica que possa usar
qualquer modelo de entalpia de excesso pode
ser combinada com um modelo preditivo
(como o UNIFAC, por exemplo). Ela passa a
ser totalmente preditiva € ndo ¢ mais limitada
pela natureza dos componentes nem faixas de
pressao € temperatura.
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Modelos Especificos

* Alguns fluidos apresentam desvios importantes
da 1dealidade. Modelos especificos foram
desenvolvidos especificamente para esses
fluidos, que podem ser como homogéneos
(equacoes de estado especificas para a agua

por exemplo) ou heterogéneos (modelos
eletroliticos)
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Modelos Especificos

» Formaldeidos-Metanol-agua (dimerizacao em fase
vapor)

» Engels (solugdes com acidos fortes)

 Para HF

» Eletrdlitos

 Agua acida

« Aminas e gases acidos
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Modelos Especificos de algumas
propriedades

* Volume molar e densidade de liquido

* Propriedades de transporte:
— Viscosidade de liquido
— Viscosidade de vapor
— Condutividade térmica de liquido
— Condutividade térmica de vapor
— Tensao superficial
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Modelos do Aspen
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Modelos

Equation-of-State Models ......coiiiiiiii
ASME Steam Tables.....civiii i e
BWR-Lee-StarliNg . c.coiiiiiii i i e
Benedict-Webb-Rubin-Starling ...
Hayden-0'Connell.....ccoiiiiiiii i rn e reenes
HF Equation-of-State ..o
Ideal Gas .iiiviiiii i i s
ST (=] =T o
Lee-Kesler-PlOCKer....uiii i e
NBS/NRC Steam Tables...ccoviiiiiiiiiiii i i rn i enaes
NOthnagel ...
Peng-RoODINSON......ei e
Standard Peng-Robinson .......cooiiiiiiiiiiiiiic
Peng-Robinson-MHV2 ...
Predictive SRK (PSRK) ...iiiiiiiiiiii i ne e e nne e
Peng-Robinson-Wong-Sandler........c.cocovviiiiiiiiiiiiiiineeen
Redlich-KWONG ... e
Redlich-KWonNg-ASPEN ....iiiiiiiii i i e e
Redlich-KWONg=-S0aVe .....ciiiiiiiiiii i eee e
Redlich-Kwong-Soave-Boston-Mathias...........cccveiiiiiiinn,
Redlich-Kwong-Soave-Wong-Sandler ...........coovvviiiiiiinnnnnns
Redlich-Kwong-Soave-MHV2 ... ...
Schwartzentruber-Renon .......ocvviiiiiiiii i
Soave-Redlich-KWONg ..o e
SRK-Kabadi-Danner....ccvuiiiiiiiie i i sieene s sesnnenanennnens
SRK ML it e
VPA/IK-CAPE Equation-of-State.......ccoviviiiiiiiiiinic i
Peng-Robinson Alpha Functions.........cooiviiiiiiiiiiiic i
Huron-Vidal Mixing Rules.........coooiiiiii e
MHV2 MiXiNg RUIES .. e
Predictive Soave-Redlich-Kwong-Gmehling Mixing Rules ........
Wong-Sandler Mixing RUIES ......cooviiiiiii i naeas
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Modelos

Activity Coefficient Models .......ooeiiriiii
(01 11T o B N 1 PP
Constant Activity Coefficient ..o
L0015 1 [0 Y 2 P
ENRTL-SAC .ot rree e e e nneas
HanNSEN .o
Ideal Liquid ..coeeie e
NRTL (Non-Random Two-Liquid)........cvevvinennnnns
USING NRTL-SAC.....iiiiiiiiiiiii i reaaee
Polynomial Activity Coefficient...........ccoovvveinnen.
Redlich-Kister......cooviiiiiiiii e
Scatchard-Hildebrand ...........ccooiiiiiiiiicin,

Three-Suffix Margules.......ccciiiiiiiiiiiiiin i,
UNIFAC Activity Coefficient Model .....................
UNIFAC (Dortmund Modified) .....covovvvieviniinnnnen.
UNIFAC (Lyngby Modified) ......coovviiiiiiiiiiinennnn.
UNIQUAC Activity Coefficient Model ..................
Van Laar Activity Coefficient Model ...................
Wagner Interaction Parameter .............cciivveenns
Wilson Activity Coefficient Model.....................e.
Wilson Model with Liquid Molar Volume..............
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Modelos

Vapor Pressure and Liquid Fugacity Models .......ccooviiiiiiiiiiiiiiiic e
Extended Antoine/Wagner/PPDS/IK-CAPE Liquid Vapor Pressure Model ...
API SOUN MOAEI uiiiiiiii i i e e e e
Braun K-10 Model ...oioeiiiiiiiii i s i vreevne e s r e rn e e e
Chao-Seader Pure Component Liquid Fugacity Model..............cooviiiennne.
Grayson-Streed Pure Component Liquid Fugacity Model ........................
Kent-Eisenberg Liquid Fugacity Model...........ccoiiiiiiiii e,
Maxwell-Bonnell Vapor Pressure Model ........coviiiiiiiiiiiiiiiiiciiicieees
Solid Antoine Vapor Pressure Model .......oooiiiiiiiiiiiiii e
DIPPR/Watson/PPDS/IK-CAPE Heat of Vaporization Model.......
DIPPR Heat of Vaporization Equation...............cooiveeai
Watson Heat of Vaporization Equation........................
PPDS Heat of Vaporization Equation..............ccooeevnins
IK-CAPE Heat of Vaporization Equation.......................
NIST TDE Watson Heat of Vaporization Equation..........
Clausius-Clapeyron Equation........ccooviiiiiiiiiiiic i,

Molar Volume and Density Models .........ocoviiiviiiiiiiieinens
API Liquid VOIUME ... v e e e nneas
Brelvi-O'Connell ...
Clarke Aqueous Electrolyte Volume .........cocevvvinvinnnnnns
COSTALD Liquid Volume.......coeiiiiii i
Debye-Huckel Volume......coviiiiiiiiiiiciicii e
Liquid Constant Molar Volume Model .........c.ccovviinnnns
Rackett/DIPPR/PPDS/IK-CAPE Liquid Molar Volume.....
Rackett/Campbell-Thodos Mixture Liquid Volume.........
Modified Rackett Liquid Molar Volume............cocevinnnn
Aspen/DIPPR/IK-CAPE Solid Molar Volume .................
Liquid Volume Quadratic Mixing Rule............ccoveevinenns
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Heat Capacity MOdEIS ....coiiiiii e
Aqueous Infinite Dilution Heat Capacity ........c.cooiviiiiiiiiiiinnnnnns.
Criss-Cobble Aqueous Infinite Dilution Ionic Heat Capacity ..........
DIPPR/PPDS/IK-CAPE Liquid Heat Capacity .......coovvvvviiiiiiniinnnnnn,
Aspen/DIPPR/Barin/PPDS/IK-CAPE Ideal Gas Heat Capacity ........
Aspen/DIPPR/Barin/IK-CAPE Solid Heat Capacity ...........cceevnnene.

Solubility Correlations.....ccovviiiiiiiiiic
Henry's Constant......ccooiiiiiiiici e
Water SOIUDITILY ..
Hydrocarbon SOIUDIITY .....ooneiee e

Other Thermodynamic Property Models ......c.ooiiiiiiiiiiiiiii e,
0= LY < o R
Barin Equations for Gibbs Energy, Enthalpy, Entropy, and Heat Capacity ..
Electrolyte NRTL Enthalpy..cccciiiiiiiiii i
Electrolyte NRTL GIibbS ENergy ...coovviiiiiiiiiiiic e e e e
Liquid Enthalpy from Liquid Heat Capacity Correlation ..............coecvvinennn,
Enthalpies Based on Different Reference States ........covvvviiiiiiiiiiiiiinnn,
Helgeson EQuations Of State .....ccvveiiiiiiiiii e,
Quadratic MiXing RUIE ...
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Modelos — Propriedades de
transporte

ViISCOSITY MOEIS. .. e e e aeees
Andrade Liquid Mixture ViSCOSILY ..coviiiiiiiiiiiiiiiiiiic e
Andrade/DIPPR/PPDS/IK-CAPE Pure Component Liquid Viscosity ....
API Liquid ViSCOSILY +uviiriiiriiiiiii i sae s inesnee s snnesnneanneans
API 1997 Liquid ViSCOSITY ..uviiiiiiii i viee e vieeneennennnenanennnens
Aspen Liquid MixXture ViSCOSItY......ccveiiiiiiiiiiii e eneeeeas
ASTM Liquid Mixture VIiSCOSITY ..ovvviiiiiiii i i i v raneneens
Chapman-Enskog-Brokaw/DIPPR/PPDS/IK-CAPE Vapor Viscosity....
Chapman-Enskog-Brokaw-Wilke Mixing Rule ............cooiiiiiiinnns
Chung-Lee-Starling Low-Pressure Vapor Viscosity ......cccvvvveiinnnnn.
Chung-Lee-Starling VisCOSItY ...coviiiiiiiiiiii e
Dean-Stiel Pressure Correction.......oovviiiiiiiiiiiiiiii i i ieanaens
IAPS Viscosity for Water....oiviii i e
Jones-Dole Electrolyte Correction........cooviiiiiiiiiiiciieieeeas
] = o 11 L o 1= P
LUCAS VapOr ViSCOSITY .uviviiiiiiiii it siiine s ssineeesssnnnnnesssannnes
TRAPP Viscosity Model .....ovuiiniiiiiii i e ees
TWU Liquid ViSCOSILY wiviiriiiiiiiiii i it aees
Viscosity Quadratic Mixing Rule ........ooviiiiiiii e
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Modelos — Propriedades de
transporte

Thermal Conductivity Models ..o e
Chung-Lee-Starling Thermal Conductivity ........ccoooiiiiiiiiinn,
IAPS Thermal Conductivity for Water.......coooiiiiiiiiiiieen,
Li MiXing RUIE ... e e e
Riedel Electrolyte CorreCtion ......coiviiiiiiiiii i i i i e caaee e,
Sato-Riedel/DIPPR/IK-CAPE Liquid Thermal Conductivity..................
Solid Thermal Conductivity Polynomial ........ccoooviiiiiiiiiiiiiiieen,
Vredeveld MiXing RUlE... ... i i e,
Stiel-Thodos/DIPPR/PPDS/IK-CAPE Vapor Thermal Conductivity ........
Stiel-Thodos Pressure Correction Model .........ccoviiiiiiiiiiiiieeenn,
TRAPP Thermal Conductivity Model ........coociiiiiiiiiiiiea,
Wassiljewa-Mason-Saxena Mixing Rule........ccoooiiiiii i i,
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Modelos — Propriedades de
transporte

Diffusivity Models.....ccoiiiiiiiii i,
Chapman-Enskog-Wilke-Lee (Binary) ..............
Chapman-Enskog-Wilke-Lee (Mixture).............
Dawson-Khoury-Kobayashi (Binary)................
Dawson-Khoury-Kobayashi (Mixture) ..............
Nernst-Hartley ......coooeiiiiiii e
Wilke-Chang (Binary)....c.ccovviviiiiiiiiiieninenns,
Wilke-Chang (Mixture) .....ccoviiiiiiiiiiiiiciieen,

SUrface TeNSION MOAEIS. . uiiiii i i i it s e e s saaar e e s rananees
Liquid Mixture Surface Tension
7Y o NS U =Tl ST =T 2 1= [0 o TS
IAPS Surface Tension for Watar....vvvivii i v v rrneee e eas
Hakim-Steinberg-Stiel/DIPPR/PPDS/IK-CAPE Liquid Surface Tension
(O] 1=Y-Ta = QY= o 1= o=
Modified MacLeod-Sugden
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Recomendacoes de Terceiros
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Eric Carlson’ s Recommendations

1 Non-electrolyte
Flgure : Y > See Figure 2
Polar
Electrolyte Electrolyte NRTL
> Or Pizer
Real , Peng-Robinson,
All Redlich-Kwong-Soave

Lee-Kesler-Plocker

Chao-Seader,
> Grayson-Streed or

Non-polar

‘ Polarity

Real or Pseudo & Redl Braun K-10
pseudocomponents

‘ Pressure

‘ Electrolytes Vacuum_, Braun K-10 or ideal
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Yes JNRTL, UNIQUAC
and their variances

Figure 2 Yes

WILSON, NRTL,

P <10 bar UNIQUAC and
(See also " their variances
Figure 3) UNIFAC LLE
> No
Polar
Non-electrolytes No _ UNIFAC and its
" extensions
‘ o y Schwartentruber-Renon
Liquid/Liquid S . PRor SRK with WS
‘ Pr.essur.e P N 10 bar' PR or SRK WlTh MHV2

~ PSRK
" PR or SRK with MHV2

Interaction Parameters
Available
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Wilson, NRTL, UNIQUAC,
> or UNIFAC with special EOS
for Hexamers

Hexamers

Figure 3

Yes

Wilson, NRTL, UNIQUAC,
> UNIFAC with Hayden O’ Connell
or Northnagel EOS

Dimers

Wilson .

NRTL Wilson, NRTL,
UNIQUAC » UNIQUAC, or UNIFAC*
UNIFAC with ideal Gas or RK EOS

‘ Vapor Phase Association

o UNIFAC* and its Extensions
‘ Degrees of Polymerizatiom
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Bob Seader’ s Recommendations

chya Won-Get-

;ﬁek
WWW 7‘7’_! @,%-G% .
! Zwﬂ
H(ﬂ%ééﬂwﬂ 1[“@0&, R
by Dile . ; w |
Mo = (UW)scn

, Avarl bQ: Possib
0/_ FC with /-/(!ﬁzay/ \—C’&%
Mixtu - ‘Qﬂ%?:~l§fi, NR7L

I ONIQUAC
Nt &Wﬂ/w
UM A8c

_ FKadlewH K ()

o

4[ f/éféhﬂé . ﬂ/”%%( Nirs | FC "% Wllﬂlé/

Spevit — Sayitis (M W, S, D)
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Bob Seader’ s Recommendations

PSRK ‘ Hydrocarbons

Figure 4

lo See Figure 5 ‘ Electrolyte

See Figure 6

Compound

No

> See Figure 5

Yes

»Modified NRTL

Special: e.g., Sour Water (NH;, CO,, H,S, H,0)
Aqueous amine solution with CO, and H,S
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Figure 5
Critical | PR

Narrow or Non-Critical

wide

> PR, BWRS

HC and/
or LG

Non- Cryogenic

> SRK, PR

Very wide Boiling point range

of compound
Temperature region

‘ Pressure region
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Figure 6

Yes

» NRTL, UNIQUAC

Available

PC with HC > Wilson

Binary Interaction
Parameters

Not Available . UNIFAC ‘

Possible Phase
Splitting
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Recomendacoes

» Help do Aspen

» Nao se pode responsabilizar alguém por
uma conselho errado
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Em suma

e Nao existe modelo certo

» Existe modelo certo com parametros certos

e Existe modelo errado

* Existe modelo certo com parametros errados
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Muito cuidado na escolha

* Predi¢Oes aberrantes podem gerar projetos

aberrantes

* Predi¢Oes aberrantes podem gerar condi¢oes de
operacao aberrantes

Binary Plot [o recw <+ owcm

o

[,

ool

: e,

=

* Peng Robinson EOS
* Dew point 50.1 C

Binary Plot [ weoncim o owcim

P

©

]

kS N
5 T
NL \"s.
o ™

5

» Vapor Pressure model
* Dew point 54.3 C
» Good predictions at

low pressures

oxX 0w 1

Binary Plot [& tetkcim —+ owcim |

* NRTL Ideal
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Validar € preciso

* Comparar predicoes com dados
experimentais ¢ necessario!

 Fontes de dados:
— Literatura

— Dechema Chemistry Data Series

* Livros
* Online (Detherm)

— NIST (online)
— DIPPR (AIChE)
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Conclusao

* Quem assina o projeto sao voces!

* Consulte sempre um termodinamico (mas com
precaucao)

* Comecgar sempre pelo mais simples
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