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Ca(WA) IN WA OUT

A
CaCOs(S) +
2 CH3COOH(AQ) &
Ca(CH3C00),(AQ) + [
H,0(AQ) + CO,
I
Ca(CHC00),(AQ) Ca50,(9) OUT
(NH4),S03(S) N AND Fp0(AQ)
¥

Ca(CH;CO0),(AQ) +
(NH,),SO03(AQ)+ H,O(AQ)+
> 2'NH,CH,COO(AQ) +
H,0(AQ) + CaS04(S)

!
2 NH,CH3CO0(AQ)
+ H,0(AQ)

¥
2 NH,CH3COO(AQ) +
o) | HoO(AQ) + SO»(G) + =>
| (NHg)2804(AQ) +
2 CH3COOH(AQ)
|
(NH4)2S05(AQ) +
2 CH,COOH(AQ)
¥
(NH,)2S04(AQ) +
2 CH,COOH(AQ) > | 2 cHocooHaq)

(NHy)oS04(S) +
2 CHCOOH(AQ) + + WATER

WATER

(NH,),S05(S OR AQ) ’_> 2 NHs(A% 8$ LOR G)>

|

(NH4)2S05(S OR AQ) +

Cas0y(8)> | . o |CalOH),(S ORAQ) S

Ca0(S) + S0(G) [*Ca503(5)— N, (AQ) + H,0(AQ) +
| CaS0s(S)

Y
(NH4)2SO4(S) +

WATER D |- (NH,),S04(AQ)~
(NHy)2S05(AQ)

S0(G) L WATER

WATER IN CaO(S)

|

CaO(S) + WATER =>
Ca(OH),(S ORAQ) |~ Ca(OH)(S OR AQ)

Figure 20A
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Ca(WA) IN WA OUT

Y
CaCO4(S) +
2 CH3COOH(AQ)
Ca(CH3C00),(AQ) + [
H,0(AQ) + CO,
!

Ca(CH4C00),(AQ)
AND H,0(0) CaS0,(S) OUT

L
Ca(CH3CO0),(AQ) +

> 2'NH,CH3COO(AQ) +
H,0(AQ) + CaS04(S)

!
2 NH,CH;CO0(AQ)
+ H,0(AQ)
¥
2 NH,CH,CO0(AQ) +
_| H2O(AQ) + SO»(G) + >

S0,(G)

(NH,)2S05(AQ) +
2 CH3COOH(AQ)
[
(NH4),S03(AQ) +
2 CH,COOH(AQ)
¥
(NH,)2S03(AQ) +
2 CH,COOH(AQ) > | 2 cHocooHaq)

(NHy)oS04(S) +
2 CHCOOH(AQ) + + WATER

WATER

(NH,),S05(S OR AQ) ’_> 2 NHs(A% 8$ LOR G)>

|

CaS04(S) > Ca(OH),(S ORAQ) >
Ca0(S) + S0,(G) f+CaS0s(S)— NaH(3(A():)2)(+ HZO(A())) +

(NH,),S05(S OR AQ) +

\

| CaS04(S)
Ca0(s)

l

CaO(S) + WATER =>
Ca(OH),(S ORAQ) |~ Ca(OH)(S OR AQ)

Figure 20A
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Ca(WA) IN WA OUT

A

CaCO4(S) + 2 CH;COOH(AQ)
Ca(CH3CO0),(AQ) + H,0(AQ) + CO,(G)
!

Ca(CH4C00),(AQ)

(NHZ),S04(S) IN AND H,0(AQ) CaS04(5) OUT
v
Ca(CHsCOO)(AQ) +
(NH4)2S04(AQ)+ HO(AQ)
> 2 NH,CH,COO(AQ) +
H,0(AQ) + CaS0,(S)

[

2 NH,CH,CO0(AQ)
+H,0(AQ)
¥
A 2 NH4CH;COO(AQ) + H,0(AQ) + SO5(G)

> (NH,),S05(AQ) + 2 CH;COOH(AQ)

[
(NH,),SO3(AQ) +
2 CH;COOH(AQ)

¥
(NH4),SO3(AQ) +
S0(6) — 2 c(nﬁc)ogg(f\sci) > | 2CH,CO0H(AQ)

- - 4)o0309)+ I -
2 CH,COOH(AQ) + + WATER
WATER
[
(NH4),S05(S ORAQ)
v
055 (NH)2304(S OR AQ) +
aS0y Ca(OH),(S ORAQ) D
Ca0(S) + S05(G) |+ CaS0s(S— 9 N)S(OH(AQ) .
| H,0(AQ) + CaS04(S)

T
Caots) Ca(OH),(S ORAQ)—T 2 NH3(AQ) ’—%2 NH3(G OR L) OUT

Pl !

CaO(S) + WATER S WATER 2 NHy(AQ)
Ca(OH),(S OR AQ) | 2NH,(G)+ WATER

Figure 21A

\
(NH4)2S04(S) +

WATER ®  |-(NH,),S0,4(AQ)~
(NH4)2S04(AQ)
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\
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Y

CaCO4(S) + 2 CH;COOH(AQ)
Ca(CH;CO0),(AQ) + H,O(AQ) + CO,(G)

!
Ca(CH3C00),(AQ)
AND H,0(AQ)

i
Ca(CH;CO0),(AQ) +
(NH4)2S04(AQ)+ HO(AQ)
> 2 NH,CH,COO(AQ) +
H,0(AQ) + CaS04(S)

!
2 NH,CH;CO0(AQ)
+H,0(AQ)

¥

CaS0,(S) OUT

S0(C)

Ca0(s)

bl

Ca0(S) + WATER >
Ca(OH),(S OR AQ)

Y

2 NH,CH3COO(AQ) + H,0(AQ) + SO4(G)
> (NH,),S05(AQ) + 2 CH;COOH(AQ)

CaS04(S) > Ca(OH)(S ORAQ) >
Ca0(S) 1 505(G) F CaS0y(s}— 2 l\}g(OH(AQ) )
|
Ca(OH),(S OR AQ)—T 2 NH3(AQ)

«— WATER—

[
(NH4)2805(AQ) +
2 CH,COOH(AQ)

v
(NH,)2S04(AQ) +
2 CH,COOH(AQ) >
(NH,)2S04(S) +
2 CHaCOOH(AQ) +
WATER
[
(NH),S05(S ORAQ)
v
(NH,),505(S OR AQ) +

2 CH3COOH(AQ)
+ WATER

H,0(AQ) + CaSO4(S)

’—>{ 2NH3(G OR L) OUT,

]
2 NH(AQ) >
2 NH4(G) + WATER

Figure 21B

SUBSTITUTE SHEET (RULE 26)



WO 2023/225089 PCT/US2023/022544

59/90
-
|
4
!
5 >— 8
|
10 15
!
- 11
|
12

N
~
-~
w

I
16
'
20 Fﬁ— 17
2|2 v
< 25 26 Fﬁ 28
} i
24 -~ 20 — 27

Figure 21C

SUBSTITUTE SHEET (RULE 26)



WO 2023/225089 PCT/US2023/022544

60/90

Ca(WA) IN WA OUT

A

CaCOs(S) +
2 CH3COOH(AQ) &
Ca(CH3C00),(AQ) + [
HoO(AQ) + COy(G)

I

Ca(CHC00),(AQ) Ca50,(9) OUT
(NHy)S04(S) IN AND H20(AQ)

¥

Ca(CH3CO0),(AQ) +

(NH,),S0,4(AQ)+ H,0(AQ)

> 2 NH,CH,COO(AQ) +
H,0(AQ) + CaCO,(S)

!
2 NH,CH3COO(AQ) +
H,0(AQ)

¥
2 NH,CHaCOO(AQ) +
™ _| H20(AQ) + SO»(G) + >
| (NH),S03(AQ) +
2 CH3COOH(AQ)
|

(NH4)2S05(AQ) +
2 CH,COOH(AQ)

¥
(NH,)2S05(AQ) +
2 CH3COOH(AQ) 2 I 2 cH,COOH(AQ
S02(G) WATER (NH)2SO5(8) + 1= +3{NATER( -
2 CH3COOH(AQ) +
WATER

(NH,),S05(S OR AQ) ’_> 2 NHs(A% 8$ LOR G)>

|

(NH,),S03(S OR AQ) +
MgSOs(S) 2 Mg(OH),(S OR AQ) 2
«MgS05(S)— 2
MgO(S) + SO2(G) 3 2 NH3(AQ) + H,0(AQ)
| + MgS03(S)

Y
(NH4)2S04(S) +

WATER D [(NH,),S0,4(AQ) >
(NH4)2S04(AQ)

A

WATER IN MgO(S)

|

MgO(S) + WATER =
Mg(OH),(S OR AQ) F Mg(OH)»(S OR AQ)

Figure 22A
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Ca(WA) IN
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A

CaCO4(S) +
2 CH,COOH(AQ)

Ca(CH3CO0),(AQ) + |
HoO(AQ) + CO,(G)

Ca(CH4C00),(AQ)
AND H,0(AQ)

¥

CaS0,(S) OUT

Y

(NHg)2804(S) IN o

Ca(CH3C00),(AQ) +

(NH4)2S04(AQ)+ Hy,0(AQ)
> 2 NH,CH4COO(AQ) +

H,0(AQ) + CaCOy4(S)

!
2 NH,CH,COO(AQ) +
H,0(AQ)

¥

| Hy0(AQ) +S0,(G) + >

2 NH,CH,COO(AQ) +

(NH,)2S05(AQ) +
2 CH3COOH(AQ)

|
(NH4)2S05(AQ) +
2 CH,COOH(AQ)

¥

(NH4),S03(AQ) +

S0,(G) 2 CH3COOH(AQ) =2 | 2 CH,COOH(AQ)
(NH)oSO5(S) + = \waTER
2 CH,COOH(AQ) +
WATER
| 2NH3(AQORLOR G
(NHy),S04(S OR AQ) A )>

C[

MgS04(S)
MgO(S) + SO(G) *+M9S03(S)—

(NH,),S05(S OR AQ) +

Mg(OH),(S ORAQ) &
2 NH3(AQ) + H,0(AQ)
+MgS04(S)

|
ot
P

MgO(S) + WATER >

Mg(OH),(S OR AQ) F Mg(OH),(S OR AQ)

Figure 22B
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Ca(WA) IN WA OUT

A

CaCOj4(S) + 2 CH;COOH(AQ)
Ca(CH3C00),(AQ) + H,0(AQ) + CO4(G)
!
Ca(CH;C00),(AQ)
(NH,),S04(S) IN AND H,0(AQ) CaS04(8) OUT

v

Ca(CH,CO0),(AQ) +
(NH4)2SO04(AQ)+ HyO(AQ)+
> 2 NH,CH3COO(AQ) +
H,0(AQ) + CaSO4(S)

T
2 NH4CH,COO(AQ)
+H,0(AQ)
¥
A 2 NH4CH,COO(AQ) + H,0(AQ) + SO,(G) +

> (NHg),S03(AQ) + 2 CH;COOH(AQ)

T
(NH4)2S03(AQ) +
2 CH;COOH(AQ)

¥
(NHy)2805(AQ) +
SO2(G) WATER 2 C(Hﬁc)ogg(?s?) > | 2CH,COOH(AQ)
- - | 4)2903(0) + [ -

2 CHaCOOH(AQ) + + WATER
WATER
T
(NH,),S04(S ORAQ)
v
(NH4),S05(S ORAQ) +
MgSO4(S) > M
g(OH),(S ORAQ) &>
MgO(8) + 80,(G) J+—MgS03(8)— ", N2H3(AQ) .

| HoO(AQ) + MgSO4(S)

I
¥

MgO(S) + WATER = WATER 2 NH3(AQ) >
Mg(OH),(S ORAQ) T 2NHy(G) + WATER

Figure 23A

\
(NH4)2S04(S) +

WATER 9 |-(NH,),S04(AQ)—
(NH4)2S04(AQ)

A

\

SUBSTITUTE SHEET (RULE 26)



WO 2023/225089

64/90

Ca(WA) IN
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A

CaCOj4(S) + 2 CH;COOH(AQ)
Ca(CH3C00),(AQ) + H,0(AQ) + CO4(G)

|.7

Ca(CH;C00),(AQ)
AND H,0(AQ)

!
CaS0,(S) OUT

J

(NH,;),S04(S) IN

(NH,),S04(AQ)+ HoO(AQ)+
> 2 NH,CH3COO(AQ) +

Ca(CH3COO0),(AQ) +

H,0(AQ) + CaSO4(S)

|
2 NH,CH3CO0(AQ)
+ H,0(AQ)

Y

\

2 NH,CH3COO(AQ) + H,0(AQ) + SO4(G) +
> (NH,),S05(AQ) + 2 CH;COOH(AQ)

|
(NH4)2S04(AQ) +
2 CH,COOH(AQ)

¥

S0,(G)

(NHy)2S04(AQ) +
2 CH4COOH(AQ) >
(NH4)2S04(S) +
2 CH3COOH(AQ) +
WATER

2 CH3COOH(AQ)
+ WATER

|
(NH,),S05(S ORAQ)

¥

MgS0s(S) >
MgO(S) + SO(C)

«— MgS04(S)—

(NH,),SO4(S ORAQ) +
Mg(OH)»(S OR AQ)
2 NH5(AQ) +
H,0(AQ) + MgSO4(S)

MgO(S)

P |

T
Mg(OH),(S OR AQ)—T 2 NH3(AQ)

’—42 NH3(G OR L) OUT,
i

MgO(S) + WATER = WATER

Mg(OH),(S OR AQ)

2 NH3(AQ) >
2 NH4(G) + WATER

Figure 23B
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S

A

COLD
cooLNG/ | 5o RicH
PREHEATING| ~ &as
S0, SO, LEAN
HOT ABSORBER | A LIQUID OR
XV‘;F;M SO,-RICH OR SOLID OR
2 | 3 GAS REACTIR BOTH IN
|
SO,RICH
- LIQUID OR
KILN s SOLID OR
BOTH OUT
T-HOT SO,-LEAN GAS_I
HOT
HEATER
WARM SO,-LEAN GAS—
COOLING/
PREHEATING
COLD COLD SO,-LEAN GAS
CaO
(Ca0OUT |<J
Figure 24
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A\

CaSO4(S ORAQ) + (NH,),CO5(AQ) >
(NH4)2S04(AQ) + CaCO5(S)

CaS04(S) IN]

(NH4)2S04(AQ)

1

(NH4),S0,4(AQ)+ 2 NaCI(AQ) >
2 NH,CI(S OR AQ) + Na,SO4(S ORAQ)

2 NH,CI(S OR AQ) AND
Na,SO4(S OR AQ)

!

CaC0s (S)

(NH4)2CO3(AQ)

WATER

Y

2 NH,CI(S OR AQ) + Na,SO4(S OR AQ)
> 2 NH,CI(S) + NaySO4(S) + WATER

LM Na,S0,(S) OUT

2 NH,CI(S)

l

2 NH,CI(S) + CaC04(S) & CaCly(S) +
H,0(G) + CO(G) + 2 NH3(G)

|

HoO(G) + COo(G) + 2 NH35(G)

|

H,0(G) + CO(G) + 2 NH5(G) +
WATER = (NH,),CO5(AQ)

Figure 27
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73/90

————<(NH,);504(AQ OR S) IN

\ J A\

(NH,)2S04(AQ)+ 2 NaCI(AQ) =
2 NH,4CI(S OR AQ) + Na,SO4(S OR AQ) WATER IN |

2 NH,CI(S OR AQ) AND
Na,SO4(S OR AQ)

l

2 NH4CI(S OR AQ) + NaySO4(S OR AQ)

= 2 NH,4CI(S) + NaySO4(S) + WATER NapSO4(S) OUT
2 NH,4CI(S)
l CaCO4(S) IN |

WATER | 2NHiCI(S) + CaCOg(S) > CaCly(8) + |

H,0(G) + CO4(G) + 2 NH3(G)

|

HoO(G) + COo(G) + 2 NH3(G)

l

Ho0(G) + CO4(G) + 2 NH3(G) +
WATER > 2 NH3(AQ)+ CO4(G) NH3(AQ) OUT

Y

CO,(G) OUT

Figure 28A
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74/90

———<(NH,);S04(AQ OR §) IN

Y \
(NH,),S04(AQ)+ 2 NaCI(AQ) >
2 NH,CI(S ORAQ) + Na,S0,(S OR AQ)

2 NH,CI(S OR AQ) AND
Na,S0,(S OR AQ)

WATER L
2 NH,CI(S ORAQ) + Na,SO4(S OR AQ)

1 D 2 NH,CI(S) + Na,SO4(S) + WATER NayS0,(S) OUT

2 NH4CI(S)
WATER l CaCO4(S) IN]

2 NH,CI(S) + CaC05(S) & CaCl(S) +
H,0(G) + CO,(G) + 2 NH5(G)

|

H,0(G) + CO(G) + 2 NH(G)

l

= WATER > 2 HyAQ 00 0,6 OUT
2 NHL(AQ)
| 2NHyAQ)>2 Nng,(G) + WATER()) NF3(G) OUT
Figure 28B
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75/90

———<(NH,);S04(AQ OR §) IN

Y \
(NH,),S04(AQ)+ 2 NaCI(AQ) >
2 NH,CI(S ORAQ) + Na,S0,(S OR AQ)

2 NH,CI(S OR AQ) AND
Na,S0,(S OR AQ)

WATER L
2 NH,CI(S ORAQ) + Na,SO4(S OR AQ)

1 D 2 NH,CI(S) + Na,SO4(S) + WATER NayS0,(S) OUT

2 NH4CI(S)
WATER l CaCO4(S) IN]

2 NH,CI(S) + CaC05(S) & CaCl(S) +
H,0(G) + CO,(G) + 2 NH5(G)

|

H,0(G) + CO5(G) + 2 NH3(G)

l

H,0(G) + CO,(G) + 2 NHy(G) +
WATER = 2 NH3(AQ)+ CO,(G)

| —— COx(G)—=  2NH4(S) + CO,4(G) >
ZNHy(AQ) NH3(G) —» (NHz)zc%(S) * H2(2)(G ORL)

l

" 2NHy(AQ) & 2 NHy(G) + WATER(l)

Figure 28C
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2 NH5(AQ) + CO,(G) >

(AQ)

Y

(NH4)2CO3(AQ) CO5(G) IN |

(NH4),CO3(AQ)

l

CaS0,4(S ORAQ) + (NH4),CO5(AQ) >
(NH4)2S04(AQ) + CaCO4(S) CaS04(S) IN

(NH4)2504(AQ)

1

(NH),S04(AQ)* 2 NaCI(AQ) >
2 NH,CI(S OR AQ) + Na,S04(S OR AQ)

2 NH4CI(S OR AQ) AND
Na,S0,(S OR AQ)

!

WATER

2 NH4CI(S OR AQ) + Na,S04(S ORAQ)
= 2 NH,CI(S) + NaySO4(S) + WATER NaS0,(S) OUT
2 NH,CI(S)
l CaCO4(S) IN |

2 NH,CI(S) + CaC04(S) & CaCls(S) +
Hy0(G) + CO(G) + 2 NH3(G)

|

HoO(G) + COo(G) + 2 NH3(G)

l

Y

H,0(G) + CO(G) + 2 NHy(G) +
WATER = 2 NH5(AQ) + CO,(G)

CO,(G) OUT

Figure 29
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2 NHa(AQ) + CO,(G) >
. )

(NH,);,CO5(AQ

(NH,),CO5(AQ)

!

CaS0,(S ORAQ) + (NH,),CO4(AQ) >
(NH)2804(AQ) + CaCO5(S) CaSO4(S) IN |

(NH4)2804(AQ)
2 NaClIN
|

(NH4),S0,4(AQ)+ 2 NaCI(AQ) >
2 NH,CI(S OR AQ) + Na,S04(S OR AQ)

C0,(6) IN]

|
2 NH,CI(S OR AQ) AND
Na,S04(S ORAQ)
¥
2 NH,CI(S OR AQ) + Na,SO,4(S OR AQ)
= 2 NH,CI(S) + NaySO4(S) + WATER Na,SO,4(S) OUT

2 NH,CI(S)

|

2 NH,CI(S) + CaCO4(S) & CaCly(S) + |

WATER

CaCO4(S) IN]

WATER H,0(G) + CO,(G) + 2 NH3(G)

|
L, OUT
H,0(G) + COy(G) + 2 NH3(G) CaCl, O

H,0(G) + CO(G) + 2 NH5(G) +
WATER = 2 NH5(AQ) + CO,(G)

| L COG)— 2 NH;(S) + CO,(G) = |

2 NH3(AQ) (NH9),CO(S) + H,O(G OR L)

l r 2 NH3(G) »

[ 2NH3(AQ) & 2 NHy(G) + WATER()

Figure 30
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Na,S04(S) IN

78/90

Ca(WA) IN

Y

CaCO4(S) +

2 CHsCOOH(AQ) >

Ca(CH3C00),(AQ) +
H,0(AQ) + CO,(G)

PCT/US2023/022544

Ca(CH3C|OO)3(AQ)

AND H,0(AQ)

— WATER —

CaS04(S), D
Ca0(S) + SO(G)

—N82804(S)->

WATER IN

Ca(CH;COO0),(AQ) +

Na,S04{AQ) + H,0(AQ)

2 NaCH,COO(AQ) +
H,0(AQ) + CaSO4(S)

CaS0,(S) OUT

2 NaCH,COO(AQ) + H,0(AQ)

2 NaCH,COO(AQ) +

| Hy0(AQ) + S0,(G) + >

Na,SO4(AQ) +
2 CH3COOH(AQ)

NaySO3(AQ) + 2 CH3COOH(AQ)

Na,SO05(AQ-SEPARATE) +
2 CH3COOH(AQ-SEPARATE)

ELECRODIALYSIS
Na,SO5(AQ) +
2 CH,COOH(AQ) &

—2 CH3COOH(AQ) -

Y

CaS0,(S) >
Ca0(S) + SO4(G)

Ca0(s)

by

Ca0(S) + WATER &>
Ca(OH),(S ORAQ)

—CaS05(S)—

Na,SO3(AQ)

Na,SO05(S OR AQ) +
Ca(OH),(S ORAQ) >
2 NaOH(AQ) +

CaS04(S)

T 2 NaOIH(AQ)

| Ca(OH),(S ORAQ)

2 NaOH(AQ

OR S) OUT
A

2 NaOH(AQ)
2 NaOH(AQOR S)
+ WATER

WATER

Figure 31A
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Na,SO4(S) IN

79/90

Ca(WA) IN

Y

CaCO4(S) +
2 CH,COOH(AQ) >
Ca(CH3C00),(AQ) +

H,0(AQ) + CO,(G)

PCT/US2023/022544

Ca(CH3C|OO)3(AQ)

AND H,0(AQ)

— WATER —

CaS04(S), D
Ca0(S) + SO(G)

—N82804(S)->

Ca(CH3C00),(AQ) +

Na,S04{AQ) + H,0(AQ)

2 NaCH,COO(AQ) +
H,0(AQ) + CaSO4(S)

CaS0,(S) OUT

2 NaCH4COO(AQ) + H;0(AQ)
2 NaCH3COO(AQ) +
| HyO(AQ) + SO4(G) + >
"~ Na,SO5(AQ) +
2 CH3COOH(AQ)
Na,SO3(AQ) + 2 CHsCOOH(AQ)
ELECRODIALYSIS
SOy(G) Na,SO5(AQ) +
2 CH,COOH(AQ) > |2 CH,COOH(AQ)—
Na,SO3(AQ-SEPARATE) +

2 CH;COOH(AQ-SEPARATE)
— CaS05(S—  Na,SO5(AQ)
Y

CaS04(S) > Na,S04(S OR AQ) +
Ca0(S) + SO,(G) Ca(OH),(S ORAQ) &
2 NaOH(AQ) + 2 NaOH(AQ
| CaS04(S) OR S) OUT
WATER IN Ca0(S) , 1
l T 2NaOH(AQ) | 2 NaOH(AQ) >
y Ca(OH),(S ORAQ) 2 NaOH(AQ OR S)
Ca04(S) + WATER => + WATER
Ca(OH),(S ORAQ)
WATER WATER OUT

Figure 31B
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)
A

— 40— 6 — [ —> 8
|
10
{
> 26
|
27
!
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Figure 31C
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50,(g)- LEAN, 81/90
ACETIC ACID(g) - LEAN
_ SOy(g)- LEAN,
NaCH;COO(aq) ACETIC ACID(g) - RICH

—

PRE-ABSORBER NaCH,C00(aq) +
ACETIC ACID(g) ACETICACID (aq) |  SO,(g)
ABSORBER (ABSORBED) | ABSORBER

_r\_l
A
L Na,SOs(aq) +
ACETIC ACID(aq)

SO,(g) - RICH,
Figure 32A ACETIC ACID(g) - LEAN

-
P

—< 6
Figure 32B
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82/90

Y

N\
Ca(WA) IN 3

WAOUT

\
Ca(WA)(s) + CH;COH(aq) >
Ca(CH,C00),(aq) + HoOfag) + WA

Ca(CH;CO0)o(aq)
AND H,0(aq)

CaSOy(s) OUT

\i

Ca(CH3C00)(aq) + NaySOy4(aq) + HyO(aq) =
2 NaCH3C0O0(aq) + Hy0(aq) + CaS0O4(s)

.

2 NaCH3COO(aq) + H,0(aq)

l

_| 2NaCH3CO0(aq) + H,0(aq) + SOx(g)
> Na,SO3(aq) + 2 CH3COOH(aq)

l

Na,S03(aq) + 2 CH,COOH(aq)

l

S0,(9) NaySOs(aq) + 2 CH3COOH(aq) &
Na,SOs(aq) + 2 CH3COOH(aq)

'

NaySOs(s or aq)

l

Na»,SOs(s or aq) +
<«— CaS0s3(s) =—  Ca(OH)y(s or aq) =
2 NaOH(aq) + CaSO4(s)

Ca0(s) J l
' Ca(OH),(s or aq) 2 NaOH(aq)

@_ | 2 NaOH(s or a) OUT

N32804(S) IN

— 2 CH3COOH(aq) —

CaSOs(s) =
Ca0(s) + SOy(g)

Y

yv
2 NaOH(aq) >
Cal(s) + WATER >0, \WATER <] o NaOH(s or aq)
Ca(OH)(s or aq) + WATER
Figure 33
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Ca(WA) IN
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PCT/US2023/022544

—

Ca(WA)(s) + CH;COH(aq) > |
Ca(CH,C00),(aq) + HyOfaq) + WA |

|
Ca(CH,C00),(aq)

Y

AND H,0(aq)
¥

CaSOy(s) OUT

N82804(S) IN

Ca(CH3C00)o(aq) + NaySOy(aq) + HyO(aq) =
2 NaCH3CO00(aq) + H,0(aq) + CaSOy(s)

I
2 NaCH3CO(1(aq) +H,0(aq)

[ 2NaCH,C00(aq) + H,0(aq) + SO,(g) -)I

Na,SOs(aq) + 2 CH3COOH(aq)
|
Na,SOs(aq) + 2¢ CH3COOH(aq)
Na,S0s(aq) + 2 CH3COOH(aq) &
Na,SOy(s) + 2 CHyCOOH(aq) F 2 CH3CO0H(aq) —
802(9) NaZSi)3(s oraq)
Na,SOs(ag) + Ca(HCO3)»(aq) =
— CaS03(s) —1 2 NaHCOs(aqg) + CaSOs(s) fe———
) Ca(HCO3),(aq)
2 NaHCO,(aq) 2
CaCOs(s) + COo(aq) +
2 NaHCO,(ag) = HO(l) >
2 NaHCO,(s) + WATER Ca(HCOs3)x(aq)
! A A A
2 NaHfO3(s) WATER
2NaHCO,(S) 5
NapCO3(s) + COo(g) + HoO(g OR 1)} COy(g) + HyO(g or )
|
Y Na_CO,(s)
2773
CaS04(s) > {
CaO(s) + SOx(9) | 2 Na,CO4(s) + WATER = Na,COs(aq) j=
|
| NaZC+O3(aq)
Ca0
20(s) Nap,COs(s oraq) +
H0 N h l r Ca(OH)(s oraq) =  Ca(OH)y(s or ag) > CaC0,(s) —
2 NaOH(aq) + CaCOs(s)
CaO(s) + WATER > |
Ca(OH)y(s or aq) 2 NaOH(aq) ,—» 2 NaOH(s or aq) OUT)
T v
WATER— 2 NaOH(aqg) =» 2 NaOH(s or aq) + WATER }— WATER —
Figure 34
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Ca(WA) IN 84/90 ’—v WAOUT o

Ca(WA)(s) + 2 CHaCOOH(aq) & |
Ca(CH4C00),(aq) + HyOaq) + WA [

|
Ca(CH,C00),(aq)

AND H,0(aq) CaSOy(s) OUT
v

Y

Ca(CH3C00),(aq) + Nay,SOy4(aq) + HyO(aq) =
2 NaCH3C00(aq) + Hy0(aq) + CaSO4(s)

Na2804(s) IN

|
2 NaCH3CO(i(aq) +H,0(aq)

2 NaCH5C00(aq) + H,0(aq) + SO,(g)
Na,SO4(ag) + 2 CHyCOOH(aq)

\4

|
Na,SO4(aq) + iCHgCOOH(aq)

NaySO3(aq) + 2 CH,COOH(aq) >
Na,SOs(s) + 2 CH3COOH(aq) 2 CH3COOH(aq) —

802(9) Nazsi)g,(s oraq)
NasSOs(aq) + Ca(HCO3)s(aq) =
— CaS03(s) — 2 NaHCOs(aqg) + CaSO5(s) fe——
| Ca(HCO3)o(aq)
2 NaHCO,(aq) 2
CaCOg(s) + COo{aq) +
2NaHCO,(ag) HL0(1) =
2 NaHCO,(s) + WATER Ca(HCO3)5(aq)
1 J A Iy
2 NaHan(s) WATER
2 NaHCO3(aq) >

NapCOs(aq) + CO(g) + Hp0(g OR 1)} COy(g) +H,O(g or )

I
Y NazCO3(aq)
CaSO0s(s) =
CaO(s) + SO,(g) | 2 Na,CO4(s) + WATER =» Na,CO5(aq) f=
|
| Nang)B(aq)
Ca0
20(s) NayCOs(s or aq) +
HO IN h l r Ca(OH)y(s oraq) == Ca(OH),(s or aq) > CaCO,4(s) —/ |
2 NaOH(aq) + CaCO4(s)

Ca0f(s) + WATER > I

Ca(OH)y(s or aq) 2 NaOH(aq) ,—» 2 NaOH(s or aq) OUT>
T v

WATER —{ 2 NaOH(aq) = 2 NaOH(s or aq) + WATER |_ WATER —

Figure 35
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N32804(S) IN

85/90

Ca(WA) IN

PCT/US2023/022544

L

Ca(WA)(s) + 2 CH,COOH(@q) > |
Ca(CH,C00),(aq) + H,Ofag) + WA [

Ca(CH3C00),(aq)
AND H,0(aq)
¥

A\

CaS0y(s) OUT

Ca(CH4COO0),(aq) + Na,SO4(aq) + H,O(aq) =
2 NaCH3COO0(aq) + HyO(aq) + CaSO4(s)

|
2 NaCH3COCi(aq) +Hy0(aq)

2 NaCH3C0O0(aq) + HyO(aq) + SO,(g) =

~ NaySO5(aq) + 2 CH3COOH(aq)
|
Na,SOs(aq) + 2¢ CH3COOH(aq)
Na,SOs3(aq) + 2 CH3COOH(aq) &
Na,SOy(s) + 2 CHyCOOH(ag) [ 2 CHsCOOH(aq) —
SO
29 H,0 IN ﬁ r< CO, IN
NasSOs(s or aq) CaCOg4(s) + COy(aq) +
H,0(l) &
Ca(HCO3)z(aq)
A A
Ca(HCO3)x(aq)
A\
— _| NayS03(aq) + Ca(HCO3),(aq) = |
CaS03(8) 4 NaHCOy(aq) + CaSOys)
|
2 NaHi)Os(aq)
2NaHCO,(ag) =&
¥ 2NaHCO,(s) + WATER WATER — CaCOs(s)
CaS04(s) =
Ca0(s) + SO4(g) >{ 2 NaHCO,(s) OUT )
Ca0(s) Hy0(l) Ca(%lg)z((S)osq) +
— CaO(s) —=| +WATER > |— Ca(OH)y(s OR ag)—> CaCO(s)ZHgO(I R
Ca(OH)y(s or aq) N WAgI' =R g
A
HyO(l) + WATER ~——— L< CO, IN
Figure 36A
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86/90
Ca(WA) IN |7 COyxg) —
CaCO(s), + 2 CH,COOH(ag) & |
Ca(CH3C0O0),(aq) + HyO(aq) + COx(g)
|
Ca(CH4C00),(aq)
AND H,0(aq) > CaS0y(s) OUT
'
Ca(CH4COO0),(aq) + Na,SO4(aq) + H,O(aq) =
Na,S0,(s) IN 2 NaCH4COO(aq) + H,0(aq) + CaSO4(s)
|
2 NaCH3COCi(aq) + H,0(aq)
- 2 NaCH3C0O0(aq) + HyO(aq) + SO,(g) =
> Na,SOs5(aq) + 2 CH3COOH(aq)
|
Na,SO5(aq) + i CH3COOH(aq)
Na,S05(ag) + 2 CH3COOH(aq) D
NaySOs(s) + 2 CHyCOOH(ag) | 2 CHsCOOH(aq) —
50,(9) H,0 IN ﬁ
Y
NasSOs(s or aq) CaCOg4(s) + COy(aq) +
H,0(l) >
Ca(HCO3),(aq)
A A
Ca(HCO3),(aq)
Y
_ _| NapSOs(aq) + Ca(HCO3),(aq) = |,
CaS04(8) | ™ NaHCOs(aq) + CaSOs(s)
|
2NaH$O§am
2NaHCO,(ag) =&
v 2 NaHCO(s) + WATER WATER — CaC03(s)
CaS04(s) =
Ca0(s) + SO,(9) ~ 2NaHCO,(s) OUT =,
Ca0(s)H,0()) Ca(%'g)z((s)ogm ¥
—> CaO(s) —>{ +WATER = |— Ca(OH)y(s OR ag)—* CaCOu(s) 2 ?_l Ol O0R g
Ca(OH),(s or aq) 3 W AT2ER 9
A
H,0 + WATER L< CO, IN
Figure 36B
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Ca(WA) IN 87/90 —{_waour >

Ca(WA)(s) + CH,COH(ag) > |
Ca(CH,C00),(aq) + H,O(aq) + WA |™

I
Ca(CH;C00),(aq)
AND H,0(aq)
¥

Y

CaS0,(s) OUT

Ca(CH4CO0)(aq) + Na,SOy4(aq) + H,O(aq) =

Na,SO(s) IN 2 NaCH3C00(aq) + H,0(aq) + CaS04(s)

|
2 NaCH3CO(1(aq) +Hy0(aq)

5o 2 NaCH5C00(aq) + H,0(aq) + SO,(g) 2
I_ 2(9) — NaZSO3(aq) +2 CH3COOH(3Q)

MgSO,(s) > !
. Na,S05(aq) + 2 CH;COOH(aq)
MgO(s) + SO,(g) {
! Na,SOs(aq) + 2 CH3COOH(aq) =»
Mopte Na,SO3(s) + 2 CHzCOOH(ag) [ 2 CH3COOH(aq) -
MgSQs(s) '
R MgQ(s) + CO,(q) NaySO4(s or aq)
"| > MgCO,) y
, Na,S03(aq) + Mg(HCO3),(aq) >
MgCO3(s) — 2 NaHCOg(aq) + MgSOs(s)
i Mg(HCO3),(aq) l
2 NaHCO3(aq)
MgOs(s) + COy(aq) + =
H,0(1) Mg(HCO3)x(aq) 2 NaHCO,(ag) >
J 2 NaHCOs(S) + WATER
|
T— WATER 2 NaHfOS(S)
2 NaHCO.(S) >
] 3
CO9) *+ M0G0} = o COys) + COYg) + HaOlg OR |)I
|
Naz(io3(s)
| _| CaSOs(s) = ] 2 Na,CO4(s) +
€029 ca015) + 504(0) |‘7 Ca02(8) = WATER 3 Na,CO,(aq) [+ WATER
| N32C$3(aq)
Caoes) Nay,COs(s or ag) +
H,O IN }j l |— Ca(OH)o(s oraq) =  Ca(OH)(s or aq) =
2 NaOH(aq) + CaCOs(s)
CaO(s) + WATER => [
Ca(OH)y(s or aq) 2 NaOH(aq) ,—» 2 NaOH(s or aq) OUT)
T 4
WATER— 2 NaOH(aq) = 2 NaOH(s or ag) + WATER I

Figure 37
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Na,SO,(s) IN

Ca(WA) IN 88/90

PCT/US2023/022544

—

Ca(WA)(s) + CH,COH(aq) &
Ca(CH,C00),(aq) + HyO(aq) + WA

-

I
Ca(CH4CO0),(aq)

AND H,0(aq)
v

Y

CaSO,(s) OUT

Ca(CH4CO0),(aq) + Na,SOy4(aq) + H,O(aq) =
2 NaCH3COO0(aq) + HyO(aq) + CaSOy(s)

|
2 NaCH3CO(1(aq) +H,0(aq)

} 2 CH,COOH(aq) —

2 NaOH(s or ag) OUT

5o 2 NaCH3COO(aq) + HyO(aq) + SOx(g) >
™ 5%9 =1 Na,S05(aq) + 2 CHyCOOH(ac)
MgSO,(s) > '
- NaySO4(aq) + 2 CH3COOH(aq)
MgO(s) + SO(g) Y
M lO Na,SOs(aq) + 2 CH3COOH(aq) =»
9+ (s) Na,SOs(s) + 2 CH3COOH(aq)
|
| MgO(s) + CO5() | MgSOs(s) Na,SOs3(s or aq)
> MgCO,(s) {
| NapSO3(aq) + Mg(HCO3),(aq) >
MgCO3(s) — 2 NaHCOg(aq) + MgSOs(s)
¥ Mg(HCO3)o(aq) !
2 NaHCO3(aq)
MgO4(s) + CO(aq) + =
H,0(1) Mg(HCO3)x(aq) 2 NaHCOj(ag) >
- T— Jﬁ 2 NaHCOg4(s) + WATER
|
WATER 2 NaHfO3(S)
COy(9)
o) HeOen 2 NaHCO,(S) >
20+ M0 0r) =\ c04(s) + COYg) + Hy0(g OR )
|
Naz(iO3(s)
- CaSO0s(s) = ] 2 Na,CO4(s) +
N | Ca0(s) + SO4(g) Ca02(8)— WATER S Na,CO4(aq)
| NazC?S(aq)
CaO(s) Nay,COs(s or aq) +
H,O IN ﬁ l |— Ca(OH)o(s oraq) = Ca(OH),(s or aq) =
2 NaOH(aq) + CaCOs(s)
CaOf(s) + WATER => [
Ca(OH)q(s or aq) 2 NaOH(aq) |—'
v
WATER
L \WATER—{2 NaO(aq) > 2 NaOH(s or aq) * WATER|
|
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89/90

Ca(WA) IN ’—v WAOUT }

Ca(WA)(s) + CHyCOH(aq) >
Ca(CH,C00),(aq) + HyO(aq) + WA

I
Ca(CH;C00),(aq)
AND H,0(aq)

v

CaS0,(s) OUT

\

Ca(CH4CO0),(aq) + NaySOy(aq) + HyO(aq) =»

NaySO(s) IN 2 NaCH3C00(aq) + H,0(aq) + CaSOy(s)

|
2 NaCH3CO00(aq) + Hy0(aq)

Y
2 NaCH3CO0(aq) + H,0(aq) + SO,(g) =

™ 5%9 =1 Na,S05(aq) + 2 CH;COOH(aq)

MgSO,(s) > '
- NaySOs(aq) + 2 CHyCOOH(a
MgO(s) + SO4(g) | 2503(aq) i 3C00H(aq)
! Na,SOs(aq) + 2 CH;COOH(aq)
Mopte Na;SOs(s) + 2 CHyCOOH(aq) [~ 2 CHaCOOH(aq) —
I
| MgO(s) + COx(g) | MgSOs(s) Na,SOs(s or aq)
| > MgCO,(s) y
. NayS0s(aq) + Mg(HCO3)y(aq) =
MgCO,s) — 2 NaHCOs(aq) + MgSO4(s)
{ Mg(HCO3),(aq) I
2 NaHCO,(aq)
MgO4(s) + COx(aq) + =>
H,0(I) Mg(HCOs)o(aq) 2 NaHCOs(ag) >

Jﬁ 2 NaHCO4(s) + WATER
L WATER L
@ 2 NaHCO4(s) OUT )

Figure 39A
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90/90

Ca(WA) IN

—{ o

Ca(WA)(s) + CHsCOH(aq) >

\i

-
sl

Ca(CH,C00),(aq) + H,Ofag) + WA

|
Ca(CH,CO0),(aq)
AND H,0(aq)
Y

CaS0y(s) OUT

\

Na,SO,(s) IN

Ca(CH4CO0),(aq) + Na,SOy4(aq) + HyO(aq) =
2 NaCH3COO(aq) + H,O(aq) + CaSOy(s)

|
2 NaCH3CO(1(aq) +H,0(aq)

50.(g 2 NaCH3COO0(aq) + H,O(aq) + SOy(g) =
IR 9 — Na,SOs(aq) + 2 CH3COOH(aq)
CO29) m |
9S0,4(s) MgO(s)
- Na,S05(aq) + 2 CH3COOH(aq)
+30,(g) 2oUs3 | 3
! Na,S05(aq) + 2 CH3COOH(aq) =
Mgt NagSOs(s) + 2 CH;COOH(ag) [~ 2 CHsCOOH(ea) —
I
MgO(s) + COy(g) | MgSOs(s) Na,SOs(s or aq)
> MgCO,(s) ¥
, NaySOs(aq) + Mg(HCO3)o(aq) =
MgCO3(S) 2 NaHCO3(a(]) + MgSOe,(S)
y Mg(HCO3),(aq) 1
2 NaHCO3(aq)
MgCO4(s) + CO(aq) +
H,0(1) & Mg(HCO,),(aq) 2 NaHCO,(ag) >

Jﬁ 2 NaHCO4(s) + WATER
T— WATER L

2 NaHCO4(s) OUT >

Figure 39B
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