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M Chemical recovery CH{Se
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m) Optimizing process by minimizing precipitations

=) Finding conditions under which precipitation occurs
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B [8] Process simulation CHASe

System to simulate
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= Electrolyte system
= Dissociation reactions
= Equilibrium reactions
=  Precipitation reactions

= Henry components: SO,, O,, CO,



B B8] Electrolyte system

Reaction Type Calculation of chemical equilibrium
2 H,0 ¢ OH + H;0* Equilibrium build-in coefficients for K.,

2 H,0 + SO, <> H;0* + HSOy Equilibrium build-in coefficients for K,
H,0 + HSO; <> H;0* + SO;~ Equilibrium build-in coefficients for K,
H,O + HCl & CI- + H,0* Equilibrium Gibbs free energy calculation
H,S0,+ H,0 ¢> H;0* + HSO, Equilibrium Gibbs free energy calculation
H,0 + HSO, <> H;0* +SO,~ Equilibrium Gibbs free energy calculation
MgOH* €< OH + Mg* Equilibrium Gibbs free energy calculation
CaOH <> OH + Ca** Equilibrium Gibbs free energy calculation
2 H,0 + CO, ¢ H;0* + HCO; Equilibrium build-in coefficients for K,
H,0 + HCO5 ¢ H;0* + CO5~ Equilibrium build-in coefficients for K,
Mg(OH), - OH + MgOH* Dissociation -

Ca(OH), - OH + CaOH* Dissociation -

MgSO, - Mg** +S0O,~ Dissociation -

MgSO; - Mg*™ + SO;~ Dissociation -

CasSO, - Ca*™* + S0, Dissociation -

CaSO; - Ca** + S04~ Dissociation -

MgCO; - Mg*™ + CO5~ Dissociation -

CaCO; - Ca** + CO5~ Dissociation -

Mg(OH), (s) <> OH + MgOH*
Ca(OH), (s) <> OH" + CaOH*

Salt precipitation
Salt precipitation

Gibbs free energy calculation
Gibbs free energy calculation

MgSO, * 6 H,0 <> Mg** + SO, + 6 H,0
MgSO; * 3 H,0 ¢> Mg*™ +SO;" + 3 H,0
CaS0O; * %2 H,0 <> Ca** + SO5;7+ %2 H,0
MgSO, * H,0 <> Mg*™ +S0O,” + 1 H,0
MgSO, * 7 H,0 ¢> Mg* +S0,” + 7 H,0
CaSO, * 2 H,0 ¢> Ca** + S0, + 2 H,0
CaSO, <> Ca™ + S0,

Salt precipitation
Salt precipitation
Salt precipitation
Salt precipitation
Salt precipitation
Salt precipitation
Salt precipitation

build-in coefficients for K,
build-in coefficients for K,
Gibbs free energy calculation
build-in coefficients for K,
build-in coefficients for K,
build-in coefficients for K,
Gibbs free energy calculation




m Process simulation CHQSe

Thermodynamic simulation

Electrolyte NRTL activity coefficient model

Redlich-Kwong equation of state for vapor phase
properties

Chemical equilibrium calculated using
= Build-in coefficients for K, or
= Gibbs free energy

Simulation performed in AspenPlus® V10

Validation
v" Calculating solubility of SO, and potential salt

precipitates and comparing with literature data

10



m Thermodynamic validation cCHQSe

Example: Solubility of MgSO, in Water

5

O MgSO3*6H20 (Lowell et al. 1977)
MgSOS*6H20 (Hagisawa 1933)

O MgSO3*6H20 (Markant et al. 1965)

40 MgSO3*6H20 (S6hnel and Rieger 1994)

¢ MgSO,*3H,0 (Lowell et al. 1977)

4.5

35+ MgSO3*3H20 (Hagisawa 1933)
o) e MgSO,*3H,0 (Markant et al. 1965)
§ 31— MgSO,*6H,0 correlation of literature data (Nyvit 2001)
:I/) — MgSO3*3H20 correlation of literature data (Nyvlt 2001)
E 2.5 _—MgSO3*6H20 & MgSO,*3H,0 ElecNRTL calculation (this work)
o
§ 2
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O | | | | |
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B B8] Process simulation CH{Se
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M Process simulation CH{Se
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B B8] Flowsheet calculation CHASe

Simplified flowsheet of one absorption unit

= )

BYPASS >

2

WENTURI

Mg(OH), + SO, - MgS0O; + H,0
MgSO, + SO, +H,0 - Mg(HSO;),

Validation
Units Calculated Plant data
pH 5.47 5.18 6 =0.07
SO;7+ HSO;  mass-% SO, 2.94 3.040=022
SO5~ mass-% SO, 0.13 0.390=0.09

v Calculating flowsheet and comparing with plant data
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B B8] Process simulation CH{Se

Process simulation for process optimization
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B B8] sensitivity analyses CHASe

Precipitation as function of temperature
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= CaS0,*1/2 H,0

= T>78°C: MgSO,*3H,0
= Shiftin VLE
= Transition from MgSO;*6H,0 to less soluble MgSO4;*3H,0
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ﬂ Sensitivity analyses CHQSe

Precipitation as function of pH

1
° CaSO3*1/2H20 in product ’
= Mg(OH)2 in product

o
o

o
o
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Precipitatation in product (m%)
o
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= CaS0;*1/2 H,0
= pH > 8: Mg(OH), almost not soluble
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B B8] sensitivity analyses CHASe

Precipitation as function of Slurry/SO, ratio

257 - 7/
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= Slurry/SO, ratio > 4: MgSO,;*3H,0

= CaS0;*1/2 H,0 Mg(OH), + SO, > MgSO; + H,0
MgSO; + SO, +H,0 - Mg(HSO,;),
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B [ summary CHASe

= Process model in good agreement with plant
data

= Precipitating salts under studied conditions:
= CaS0,*1/2 H,0
=  pH>8: Mg(OH),
=  MgSO,;* 3H,0
= T>78°C
= Slurry/SO, ratio > 4

= Findings correspond to solubility reports found
In literature

20



B 8] Constraints and outlook CHASe

= Ratio of SO;~ and HSO; in the liquid product
deviates from plant data

> Measurements using infrared spectroscopy
for further evaluation of model

= Model does not depict local concentration
differencies

» Implementation of electrolyte reactions in
3D resolved fluid dynamic model

21
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«1073 Solubility of Mg(OH)2 in Water

*  active Mg(OH)2, (Dubre and Bialas, 1903)

active Mg(OH)2, (Remy and Kuhimann, 1925)

active Mg(OH)2, (Busch, 1927)

active Mg(OH)2, (Whipple et al., 1906)

active Mg(OH)2, indirect determination, (Hostetler, 1963)

active Mg(OH)2,indirect determination, (Einaga, 1981)

inactive Mg(OH)2, (Busch, 1927)

inactive Mg(OH)2, indirect determination, (Hostetler, 1963)
inactive Mg(OH)2, indirect determination, (Nasanen, 1942)
Mg(OH)2, (Travers and Nouvel, 1929)

® inactive Mg(OH)2, indirect determination, (Lambert et al., 1982)
Correlation of Literature data, (Lambert, 1991)

— — —thermodynamic calculation, (approximation of data from Dongdong et al, 2019)
— — — Aspen Elec-NRTL

< o % 0O x

- 0O CaS03*2H20 (V.d.Linden 1917)
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CaS03*1/2H20 (Malghe and Kumar 1997)
CaS03*1/2H20 (V.d.Linden 1917)

LI 2

CaS03*1/2H20 pH=7.1 (Bobrovnik and Kotelnikova 1974)
CaS03*1/2H20 pH=9.0 (Bobrovnik and Kotelnikova 1974)
Correlation of Literature data (Lutz 1986)

— — —Aspen ENRTL
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Solubility of MgSO3 in Water

$  MgS03*6H20 (Lowell et al. 1977)
MgSO3*6H20 (Hagisawa 1933)

O MgSO03*6H20 (Markant et al. 1965) @)
»x MgSO03*6H20 (Sthnel and Rieger 1994) ~
¢ MgSO3*3H20 (Lowell et al. 1977)

MgS03*3H20 (Hagisawa 1933)
® MgSO3*3H20 (Markant et al. 1965)
— — —Aspen ENRTL
Correlation of literature data (Nyvit 2001) [10]
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Solubility of CaSO4 in Water

X CaS04*1/2H20 (Wu et al. 2013)
CaS04*1/2 H20 (Partridge and White 1929)

. CaS04*1/2 H20 (Power and Fabuss 1964)
CaS04*2H20 (Wang et al. 2013)

O CaS04*2H20 (Hulett and Allen 1902)
CaS04*2H20 (Yuan et al. 2010)
v {  CaS04*2H20 (Li and Demopoulos 2005)
vV  CaS05*2H20 (Power and Fabuss 1964)

v CaS04 (Wang et al. 2013)
< CaSO04 (Partridge and White 1929)

o L Vv \| V¥ CaSO04 (Power and Fabuss 1964)
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TU Evaluation of ElecNRTL CH{Se

Solubility of SO2 in Water

0.045 T T T T
4 Correlation of literature data (IUPAC Battino 1981) (1,0325 bar)
1.446bar O experimental data (Rumpf and Maurer, 1992)
0.04 Aspen ENRTL with 2H20 +S02 <--> H30+ + HSO3- and water dissocitation (1,0325 bar) | |
— — — Aspen ENRTL with 2H20 +S02 <--> H30+ + HSO3- and water dissocitation (1 bar)
X Aspen ENRTL with 2H20 +S0O2 <--> H30+ + HSO3- and water dissocitation
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B B8] sensitivity analyses CHASe

Sensitivity analyses to study the effect of
= Temperature
= pH
= |nput ratio of Slurry and SO,

on the precipitation of the potential salts
= Hydroxides
= Mg(OH),, Ca(OH),
= Sulfites
= MgSO,* 3H,0, MgSO,* 6H,0, CaSO,* ¥%H,O
= Sulfates
= MgSO,* H,0, MgSO, * 7H,0, CaSO, * 2H,0, CaSO,
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