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Empirical Helmholtz Energy Based Mixture Models

* Mixtures are described based on the 1990’s approach by Lemmon & Tillner-Roth
» Pure fluid equations of state
» Mixing rules for o, und 7., with up to 4 adjustable parameters
» “Departure function” for an improved description of well measured mixtures
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corresponding states departure function
with four parameters

* In multicomponent mixtures models for all binary subsystems required

* Four Levels of accuracy: (a) purely predictive description with combination rules,

(b) fitting of the four corresponding states parameters, (c) generalized departure

function, (d) binary specific departure function -2
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Phases to be Considered in ELEGANCY
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Phases to be Considered in ELEGANCY

solid liquid vapor
Pipeline Transport
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CCS CCS
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Water
Extended Transport steam
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Different phases are formulated in
different types of fundamental
equations

Link between these property models is
important for consistent models and
calculations
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Phases to be Considered in ELEGANCY

Interface to Storage

solid iquid vapor * Different phases are formulated in
@ - - differe.nt types of fundamental
CcCs CcCs equations
ﬂ fluids fluids ) )
Water * Link between these property models is
Sl important for consistent models and
calculations
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Phases to be Considered in ELEGANCY

solid liquid vapor
CCS CCSs

fluids fluids

Water

steam

* Different phases are formulated in
different types of fundamental
equations

* Link between these property models is
important for consistent models and
calculations

Helmholtz energy
energy

Gas
hydrates
Salted
out salt
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- 1stapproach / feasibility check: use the Gibbs energy based
seawater equation of state by IAPWS to describe saltwater as
liquid phase (IAPWS / IAPSO standard IAPWS R13-08 from 2008)
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Combining EOS in Helmholtz and Gibbs Energy

* Both EOS are fundamental equations of state but are formulated in different
potentials that have different independent variables

 Helmholtz and Gibbs energy and their independent variables can be transferred
via Legendre transformation

* Equality of properties allows for the determination of equivalent derivatives

p(T,p) = [1+ Sag] pRT 1 0dg9(T,p) 5 =p/p.
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pRT
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Test Case: Solubility Data for CO, in Seawater
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pressure p/MPa e Stewart & Munjal S, = 0.0344 kg kg~'
® Stewart & Munjal S, = 0.0966 kg kg™’ ® Stewart & Munjal S, = 0.0966 kg kg~

O Stewart & Munjal H,O0+CO,

® Stewart & Munjal S, = 0.0344 kg kg™
----- EOS-CG 2016, H,O0+CO,
——This model, S4 = 0.0344 kg kg™
——This model, S, = 0.0966 kg kg™

O Stewart & Munjal H,O0+CO,
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Range of Validity and Limitations

kg
e 0<Sa< =
0 < Sp= 0122 Overall area,

e 261K < T < 353K limitations below
« 0 <p < 10%Pa

. kg
0 < S5 < 0.042;

« Tg < T < 313K ,Neptunian range” (A)
e 101325Pa < p < 10%Pa

. kg
0 < Sy < 005

« Tr < T < 313K
* Pyap < p < 101325 Pa

,low-pressure range” (B)

Seawater, 2008

* 0 =S5a=s 01207 Extension to high salinities
e« Tr < T < 353K and high temperatures at
e p=101325Pa ambient pressure (C)

Taken from: IAPWS, Release on the IAPWS Formulation 208 for teThrmt;dynamic Properties of ”nOrmal Salinity” Sn = 0-035 16504 kg/kg 2 A_Y:IAM[K
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Implementation of the Brine Model by Pitzer

G(T: P, m) — mwGw(Tr p) T nSaltGSalt(T: p) T GEX (T» P, m) T nsaltVRT(ln m — 1)

_ ' \ GEX
Gibbs Energy from / T —Ag h(I) + 2vyvx[m?Byx + m>vy 2y Cpyx]
IAPWS-95 \ My . ‘\ ]
(Helmholtz) |

Gibbs energy of salt

at infinite solution: B and C contain adjustable

contains adjustable ~ parameters
parameters Virial expansion for these
parameters
Deybe-Huckel slope; Represent ion-ion interactions

contains dielectric permittivity:
Fernandez et al., 1997
Density by IAPWS-95

%OGY NAMIK
RUHR

-10- UNIVERSITAT R U
BOCHUM

R. Span & B. Semrau | ELEGANCY Webinar 3 | 22.06.2020




Results for NaCl Brines

relative Denstiy deviations / %
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Absolute freezing Temperature deviation / K
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= .256 258 260 262 Tei:‘):eratureﬂ;?/ < 268 270 272 274
Pitzer based model ...
* can be extended to other salts
* can be implemented into mixture

model based on the routines
developed for the seawater model
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Take Away Messages

* Gibbs and Helmholtz energy based ¢, pm) = my 6y, p) + nsaGsar (T p) + 6P, p,m) + ngavRTAnm — 1)

EOS have successfully been
combined in an accurate
multiparameter mixture model

* Pitzer model for the description of
brines has been combined with a
Helmholtz energy based reference
EOS for water (IAPWS-95)

* Accurate property models used for
transport can (soon) be used to
describe storage as well

 Interface problems (soon to be)
overcome
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Gibbs energy of salt
at infinite solution;
contains adjustable
parameters

B and C contain adjustable
parameters
Virial expansion for these
parameters
Represent ion-ion interactions

Deybe-Hiickel slope;
contains dielectric permittivity:
Fernandez et al., 1997
Density by IAPWS-95

relative Denstiy deviations / %
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