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INTRODUCTION

ELECTROLYTE THERMODYNAMICS
REACTIVE SYSTEMS WITH MIXED SOLVENTS

Industrial & Technical context

New processes involve electrolytic systems including ionic
species and chemical reactions

e Transformation of biomass
o Battery

e CO, capture

e Geothermal context

e Metal purification and recycling

Need of methodologies and benchmark of process solutions
=>» proposal of the JIP Elether2

fives

Needs:
Reaction constants

Non-ideality model
Algorithm to compute
equilibrium
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INTRODUCTION O
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FIVES-PROSIM TOOLS

 VLLSE / Thermo. Prop. Calcl. In MS Excel
Simulis Thermodynamics® ——) * Large Thermo. Models Library

« Pure comp. Database
« Edit Reaction constants, BIP, TIP for
Reactive Models Editor electrolyte models

74

Simulis Parameters Identification ————— * VBAMacro. to adjust Electrolyte models

parameters

Simulis Numerics® —) ¢ Numerical method to adjust parameters



H,O / DEA / MeOH / CO,

CONTENTS PARAM. REG. USING e-NRTL

1. Thermodynamic model

= 1.1. eNRTL and VLE calculations

= 1.2. Number of adjustable parameters
2. Regression procedure

= 2.1. Binary Systems

= 2.2. Ternary Systems

= 2.3 Quaternary System




) 1Thermodynamic Model



1. 1. eNRTL AND VLE CALCULATIONS L a0 [ 2. X Gt .
e =Ny [T i Ves
* eNRTL formulation in Simulis Thermodynamics® i 26 | |
o InyNRTL: / Song 2009 / Bollas 2008 2XOT g 2 X Gt ]
ETRE T
Iy, = [R rlxb [r W —
o Born & PDH terms
lnyPDH = f(A(p)
orn _ NaQ2 1 o1\ L1 2nNg\Y? @2\
o BEE )] | -3 (29" ()
o Chemical reaction constant: Molality scale + Symetric Ref. State
o VLE
. v2PP ,VaP (y;app — ¢01 .x3PP app MS a s
Py oy (y*PP, T, P) = £7°(T, P) - x;7° - (T, P, x%PP) i (T, x?PP) =Zw(xapp)1n EIOCSOZ(T)
Yéo() (T, P) Xapp) YC(I)Z (T, P)

2/3

_ Xi(vg())z,i)
Wi = 2/3

ZS XS (V(?%Z,S)

— Solute gas: Hjsotvant(T) * I;(T,P) —— Multisolvent
— Other: PS2(T) - IT;(T, P)




1. 2. NUMBER OF ADJUSTABLE PARAMETERS

Pure comp. param.
Pure comp. param.
Pure comp. param.
Pure comp. param.

Pure comp. param.

v Reaction
e-NRTL param.
e-NRTL param.

o

A UV T 1 <

a

Dielectrique constant

Molar volume
Born radius
Henry law constant

Sat. Pressure

v Reaction constant
Non-symetric parameters

Symetric parameters

Solvent

Solvent

lons

Gas solute
Solvent

x Reaction
Molecule/ion pairs

Molecule/ion pairs

NSolvent
NSolvent

Nlons

NGas x Nsolvent
NConst - NGas
NReac

[NConstxNlon_pairs + NConst(NConst-1)/2] x 2
NConstxNlon_pairs + NConst(NConst-1)/2

Nparam = 2+ Ngolvent T Nions + Ngas ) (Nsolvent - 1) + Ncomp + Nreact + 3+ [Ncomp * Nion pairs +

Nparam = 137

Ncomp (Ncomp _1)

2




1. 2. NUMBER OF ADJUSTABLE PARAMETERS

Pure Comp—param. g Dielectrique constant Solvent NSolvent
Pure comp. param. V, Melar volume Solvent NSolvent
Pure comp. param. R, Born radius lons Nlons
Pure comp. param. H, Henry law constan Gas solute NGas x Nsolvent
Pure comp. param. p,sat at. Pressure Solvent NConst - NGa
Reactio K; v Reaction constant x Reaction NReac
e-NRTL param. T Non-symetric parameters Molecule/ion pairs [NConstxNlon_pairs + NConst(NConst-1)/2] x 2
e-NRTL param. o Symetric parameters Molecule/ion pairs NConstxNlon_pairs + NConst(NConst-1)/2

Nparam =2 Nsolvent + Nions + Ngas ' (Nsolvent - 1) + Ncomp + Nreact +3- [Ncomp : Nion pairs +

Ncomp (Ncomp_l)

2

!

Nparam =3 [Ncomp * Nion pairs
Nparam = 114

Ncomp(Ncomp_l)

2




1. 2. NUMBER OF ADJUSTABLE PARAMETERS

Pure comps:

Pure comp. param.
Pure comp. param.
Pure comp. param.

Pure comp. param.

Daram.

o

Melar volume

Born radius

Henry law constan

sat at. Pressure

A0 T 1 <

Dielectrique constant

v Reaction constant

Solvent
Solvent
lons

Gas solute
Solvent

x Reaction

NSolvent
NSolvent

Nlons

NGas x Nsolvent
NConst - NGa
NReac

e-NRTL param.
e-NRTL param.

T Non-symetric para

meters

a Symetric parameters

Molecule/ion pairs

Molecule/ion pairs

[NConstxNlon_pairs + NConst(NConst-1)/2] x 2
NConstxNlon_pairs + NConst(NConst-1)/2

Lack of experimental data:

° HI
No database for r, T_
« Gmehling 3A Thermodrearics

From Charge + Born
constant
High influence

fae Prarms Jerndoton

Chemical reaction constants

. ig ig ©,aq 0,aq
From AfG298,15’ AfH298,15’ AfG298,15’ AfH298,15’
New experimental data required

* Obviously dependent on activity coefficients

00,aq
Cpi

« Already established in publication




practices to parameterize
them?

1. 2. NUMBER OF ADJUSTABLE PARAMETERS f Eisctrolyte models: good
..-18

Classificatio
Pure Comp—p

PZH[+] + H20 <==> PZ + H30[+]

 Reference states

Pure comp. p .
« Concentration scale

Pure comp. p
Pure comp. p
Pure comp. p
e-NRTL paral
e-NRTL paral

\

(NConst-1)/2] x 2
NConst-1)/2

=
4
£

22 4

—— Bishnoi 2002
—— Moili 2016
—Liu 1999

Kamps 2003
—— Mehdizadeh 2013
26 1 —Bishnoi 2000
—Dash 2016

24 1

-28

270 290 310 330 350 370 390 410 430
T/K



1. 2. NUMBER OF ADJUSTABLE PARAMETERS 70 O
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Pure comp. param. & Dielectric constant Solvent DEA = MDEA [ZHA11]
MeOH [SONO09]
_
Pure comp. param. v, Molar volume Solvent DIPPR T
‘I_’hermodynamics
Pure comp. param. R, Born radius lons 3A
From Charge + Born Constant (SW)
Pure comp. param. H, Henry law constant Gas solute CO,/H,0 [AUS91]
CO,/MeOH [SCHO08]
CO,/DEA = CO,/MDEA [ZHA11]
Pure comp. param. p;sat  Sat. Pressure Solvent DIPPR
y Reaction K; y Reaction constant x Reaction [AUS91]




) 2 Regression procedure



2. REGRESSION PROCEDURE

* Binary systems - Ternary systems - Quaternary system

« At each step (binary, ternary, quaternary), identify the parameters that may affect the
results of earlier steps.

« Using a sensitivity analysis and speciation data, have a look at which parameters can
be adjusted for the considered step

Regressed parameters at the current step

Regressed parameters on sub-systems already studied

Default parameters
Parameters that cannot be regressed without affecting results on previously studied sub-systems

fives




2. 1. BINARY SYSTEM ; o
+ H,0/MeOH > OK — EleTher 1 ves

- H,O/DEA

2H,0 ® H;O0" + OH [AUS91]
DEAH* < DEA + H,O* [AUSO1]

Reg. NRTL to eNRTL

(H;O0*;OH") (DEAH*;OH)
Default Default
Default Default

T T2
(x=p1+p2.T+p3.T2

{T=p1+&+&+p4lnT+ ps- T

current step

already regressed
Default
No regression available




2. 1. BINARY SYSTEM
« H,0/MeOH - OK — EleTher 1

- H,O/DEA

10000

H20/DEA

1000

100 -

10 ~

Pcalc (kPa)

10
Pexp (kPa)

100

1000

10000
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2. 1. BINARY SYSTEM Q

*+ H,0/MeOH - OK — EleTher 1 ﬁves
* H,O/DEA - OK — Reg.

. H,0/CO,

2 H,0 & H,O* + OH- [AUSO1]
CO, + H,0 & HCO, + H,O* [AUSO1]
HCO, + H,0 ® CO,2 + H,0* [AUSO1]

Cco,

(H;0*;0OH") (H;0%;COz%)  (H;0*;HCOy)
Default Default Default
Default Default Default




2. 1.

BINARY SYSTEM

*+ H,0/MeOH - OK — EleTher 1
* H,O/DEA - OK - Reg.

Pcalc (bar)
[ aed
[en]

H20/c02
323K< T< 351K

100 -

[y

. H,0/CO,
H20/C02
298K < T<318K
100 o
£
E 10 A
l T T
1 10 100
Pexp (bar)
H20/C02
353K < T< 400K
100 A
£
E 10 A
l ? T T
1 10 100
Pexp (bar)

Pcalc (bar)

0,1
Pexp (bar)
H20/Cc02
403K < T<493K
4]
o 7€

g
\
@\

=

10

1
Pexp (bar)

00
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2. 1 BINARY SYSTEM

H,O0/MeOH - OK — EleTher 1
H,O/DEA - OK — Reg.

MeOH/CO,

T-dep param.
Reg. NRTL - eNRTL

T-dep param.

o
=
==

o

Pcalc [azhm]

o

MeOH/CO2

MeOH/CO2

Pcalc (atm)
o

Pexp (atm)

5 50
Pexp (atm)
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2. 2. TERNARY SYSTEMS c o
+ H,0/MeOH/DEA ves

2 H,0 © H,O* + OH- [AUS91]
DEAH* ¢ DEA + H,O* [AUS91]

(H;O*;0OH") (DEAH*;OH")

current step

already regressed

Default

No regression available




2. 2. TERNARY SYSTEMS
- H,0/MeOH/DEA

H20/MeOH/DEA
T=313-333-353-373K
[HORO2]
250
200 - P -
L0
.~D
=150 =0
< P
< s o)
= e
100 @cd’
50 M@fﬂ
/@ )
[] 1 1 1 1
0 50 100 150 200

Pexp (kPa)

250
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2. 2. TERNARY SYSTEMS c Q
. H,O0/DEA/CO, ves

2 H,0 & H,O* + OH-
CO, + H,0 ® HCO, + H,0*
HCO, + H,0 ® CO,2 + H,0* [AUS91]
DEAH* + H,0 ¢ DEA + H,0*
DEACOO" + H,0 ¢ DEA + HCO,

current step

already regressed

Default

No regression available




2. 2. TERNARY SYSTEMS O
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- H,O/DEA/CO,
| ) A ()
(H O+OH-) 2m DEA (mol/kg)
3 ’
(H;0%;,CO4%) a
(H30+; HCO3-) — WATER = DIETHANOLAMINE —— CARBON DIOXIDE
(H,0*; DEACO0) —beomr oy .

(DEAH*; OH") "
(DEAH*;CO,?) ———
(DEAH*;HCOy)

(DEAH*:DEACOO") . ==
0,001 4
0,0001 : — . . . . . . :
0,25 0,35 0,45 0,55 0,65 COZq'ggding 0,85 0,95 1,05 1,15 1,25

_ No regression available




2. 2. TERNARY SYSTEMS

H,O/DEA/CO,

100000

10000

1000

PCO2 (kPa)
=

[y
o

HZO/DEA/COZ @323,15K
Different mDEA
o: [LEE72]
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1 1,5 2

aCo2

2,5

PCO2 (kPa)

10000

1000 -

g

=
|=]
1

H20/DEA/CO2 @ mDEA=2mol/kg
Different T
o :[LEE72]

—_—273,1
—2098,144
— 323,137

348,131
— 373,074

0,2 0,4 0,6 0,8 1
o COo2

1,2

1,4




2. 3. QUATERNARY SYSTEM c o
. H,0/DEA/MeOH/CO, ves

2 H,0 ¢ H,0* + OH-
CO, + H,0 & HCO, + H,0*
HCO, + H,0 & CO,2 + H,0* [AUS91]
DEAH* + H,0 ¢ DEA + H,0*

DEACOO" + H,O & DEA + HCO,

current step

already regressed

Default

No regression available




2. 3. QUATERNARY SYSTEM -
. H,0/DEA/MeOH/CO, ves

(H;O*;OH)
(Hs0%,COz2)
(H;0%;HCOy)

(H;O0%;DEACOO)

(DEAH*;OH")
(DEAH*;CO,2)
(DEAH*;HCO,)

(DEAH*;DEACOO")

H20/MeOH/DEA/CO2 H20/MeOH/DEA/CO2
20wt% MeOH / 30wt% DEA 60wt% MeOH / 30wt% DEA
T=323K T=323K

1,E+00 1,E400
—— METHANOL —— METHANOL
——WATER ——WATER

1,E-01 A 1,E-01 A
—— DIETHANOLAMINE —— DIETHANOLAMINE

—_— —_—
/ T ~—— CARBON DIOXIDE ~—— CARBON DIOXIDE

IG_J:,E702 DEACOO[] .u_J}E-OZ ] ——DEACOO[-]

8 —— DEAH[+] g ——DEAH[+] 1

w vy

¥E-03 — T ——C03[2] ¥E-03 ——C03[2]
——HCOo3[-] ——Hco3[-] |
— OH[- ——OH[]

1E04 OHI 1E-04 1 _
———H30[+] ———H30[+]

1,E-05 T T T T T T T 1E-05 r . T . r r r T

01 02 03 04 05 0,6 0,7 0,3 0,9 0 01 0,2 0,3 04 05 0,6 0,7 0,8 09 I
aC0o2 aco2




2. 3. QUATERNARY SYSTEM

H20/MeOH/DEA/CO2
T=323K
o: [HABD3]/ x : [FIS97]

PCO2 (bar)

100
. HZO/DEA/I\/leOH/COZ G 020503
O 020404
O 040402
methanol/DEA =2 (m/m) 323 K at
100
. O
10 L x X% O
x XX 7 0
X
™ o
— X
E 1 x X i ©
~ X H20/MeOH/DEA/CO2
o X X 0O 60Wt% MeOH / 30wt% DEA
X T=323K
X . 100
X o Habchi
0,1 X ] -
X @) X Ficher
E " = . G @
b 8
3 a2 %
0,01 ¥, B,
a o o
0 0,2 0,4 0,6 0,8 1 1,2 885 o = o
CO02 loading (mol/mol) R PTG ey
o o
T T, T T,Z T3 T U5 T,6 T,7 U8 (5] T 0,001 4= . . . .
aCO?2 0,001 0,01 01 o260 o) 1 10 100




CONCLUSION O
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Wide disparity in experimental data - Sort or establish new data

Several sets of parameters can be found

A set that better reproduces low CO2 composition (low PCO2) and high temperatures
can be found.
0 A sensitivity analysis using tools such as LAGUN should be used

Model?

Is the Born term suitable for taking account of the co-solvent phenomenon?

EpEA 7

Rborn ?
HCOZ/DEA ?
Is eNRTL the best model for this application?

©O OO OO
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Industry can do it

www.fivesgroup.com // www.fives-prosim.com


http://www.fivesgroup.com/
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