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Precipitating absorption 

systems using AMP 



Introduction 
• Non-aqueous systems 

- Organic solvents with higher CO2 solubility compared to water 

  

• Bi-phasic system 
- Liquid which precipitates when reacted with CO2 

- Only part of the stream heated for regeneration 

 

• Low regeneration temperature 
- 70-90 °C compared to 120 °C for aqueous systems 

- Excess heat for regeneration 

 

 

 

 

 

 



Introduction – current system 

TEGDME 
(Triethylene glycol dimethyl ether) 

AMP 
(2-amino-2-methyl-1-propanol) 

Amine: 

Solvents: 

NMP 
(N-methyl-2-pyrrolidone) 



Introduction – reaction  mechanism 
 

𝐶𝑂2 𝑔 ↔ 𝐶𝑂2 𝑠𝑜𝑙       (1) Dissolution 

 

𝐶𝑂2 𝑠𝑜𝑙 + 𝑅𝑁𝐻2 𝑠𝑜𝑙 ↔ 𝑅𝑁𝐻2
+𝐶𝑂𝑂− 𝑠𝑜𝑙     (2) Zwitter ion formation 

 

𝑅𝑁𝐻2
+𝐶𝑂𝑂− 𝑠𝑜𝑙 + 𝑅𝑁𝐻2 𝑠𝑜𝑙 ↔ 𝑅𝑁𝐻3

+ 𝑠𝑜𝑙 + 𝑅𝑁𝐻𝐶𝑂𝑂−(𝑠𝑜𝑙)  (3) Carbamate formation 

 

𝑅𝑁𝐻3
+ 𝑠𝑜𝑙 + 𝑅𝑁𝐻𝐶𝑂𝑂−(𝑠𝑜𝑙) ↔ 𝑅𝑁𝐻3

+𝑅𝑁𝐻𝐶𝑂𝑂−(𝑠)   (4) Carbamate precipitation 

 

H. Svensson, C. Hulteberg, H.T. Karlsson Energy Procedia 2014, 63, 750–757. 
H. Svensson, V. Zejnullahu Velasco, C. Hulteberg, H.T. Karlsson Int. J. Greenh. Gas Control 2014, 30, 1–8. 

Maximum loading due to chemical reaction : 0.5 mol CO2/mol AMP 
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Aim 
Investigate alternative organic solvents that can be used in combination with AMP 

as a precipitating CO2 absorbing system. 

 

 

 



Aim 
Investigate alternative organic solvents that can be used in combination with AMP 

as a precipitating CO2 absorbing system. 

 

• Enable precipitation of the AMP-carbamate 

• High solubility of CO2  

• Boiling point above 100 °C 

• Non-toxic 

• Preferably low viscosity 

 

 



Solvents investigated 

AMP 
(2-amino-2-methyl-1-propanol) 

DMSO 
(Dimethyl Sulfoxide) 

3DMAPN 
(3-Dimethylaminopropoinitrile) 

1P 
(1-Pentanol) 

4H 
(4-Heptanone) 

PC 
(Propylene carbonate) 

CH 
(Cyclohexanol) 

1MIMI 
(1-Methylimidazole) 



Experimental Set-up  



Experimental 

Solvent Henry’s 
Constant 25°C 

Henry’s 
Constant 40°C 

Solubility 
25Wt% AMP 
25°C 

Solubility 
25Wt% AMP 
40°C 

DMSO X X X X 

3DMAPN X X X X 

1P X X X X 

PC X X 

4H X X 

CH X X 

1MIMI X 
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Results 

Solvent Henry’s 
Constant 25°C 

Henry’s 
Constant 40°C 
 

Solubility 
25Wt% AMP 
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Physical Solubility – pure solvents 
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Henry’s Constant 

 
 
CO2 solubility: 
 
 
3DMAPN > NMP > DMSO > 1P > H2O 
 
 
 

Solvent HCO2 (MPa) 

3DMAPN 5.29 

NMP 6.97* 

DMSO 10.7 

1P 12.1 

H2O 163# 

Solvent HCO2 (MPa) 

 

3DMAPN 6.87 

NMP 8.85** 

DMSO 12.8 

1P 15.1 

H2O 235# 

25 °C 

40 °C 

*Svensson et al. 2014 Int. J. Greenh. Gas Control 27, 247–254.  
**Karlsson et al. 2018. 14th Greenhouse Gas Control Technologies Conference Melbourne .SSRN, pp. 1–7. 
# ASPEN 2017 
 



Habs – pure solvents 

-ΔHabs (kJ/mol CO2) 

Solvent 25 °C 40 °C Average 

DMSO 14.2 14.4 14.3 

3DMAPN 17.1 16.0 16.6 

1P 10.9 12.0 11.5 
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CO2 solubility – amine mix                25 C 

25 wt% AMP in 

Loading 
(mol CO2/mol AMP) 

25 °C 
Run 1 Run 2 

DMSO 0.21 0.22 
3DMAPN 0.02 0.02 
1P 0.11 0.11 
NMP  0.26*  0.29* 

*Svensson et al. 2014 Int. J. Greenh. Gas Control 27, 247–254.  
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CO2 solubility – amine mix                40 C 

25 wt% AMP in 

Loading 
(mol CO2/mol AMP) 

40 °C 
Run 1 Run 2 

DMSO 0.37 0.52 
3DMAPN 0.03 0.02 
1P X 0.40 
NMP     0.39***     0.40*** 

***Svensson et al. 2018. 14th Greenhouse Gas Control Technologies Conference Melbourne. SSRN, pp. 1–8. 
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• Heat of absorption higher with reaction 
 

• Heat of absorption gets lower as 
loading increases towards maximum 
loading (0.5) 
 



0

50

100

150

200

250

300

0.0 0.2 0.4 0.6 0.8

-Δ
H

a
b

s
(k

J/
m

o
l C

O
2
)

CO2 loading (mol CO2/mol AMP)

AMP–DMSO

AMP–3DMAPN

AMP–1P

0

50

100

150

200

250

300

0.0 0.2 0.4 0.6 0.8

-Δ
H

a
b

s
(k

J/
m

o
l C

O
2)

CO2 loading (mol CO2/mol AMP)

AMP–DMSO

AMP–3DMAPN

AMP–1P

Habs – amine mix 
25C 

40C 

• Heat of absorption higher with reaction 
 

• Heat of absorption gets lower as 
loading increases towards maximum 
loading (0.5) 
 



0

50

100

150

200

250

300

0.0 0.2 0.4 0.6 0.8

-Δ
H

a
b

s
(k

J/
m

o
l C

O
2
)

CO2 loading (mol CO2/mol AMP)

AMP–DMSO

AMP–3DMAPN

AMP–1P

0

50

100

150

200

250

300

0.0 0.2 0.4 0.6 0.8

-Δ
H

a
b

s
(k

J/
m

o
l C

O
2)

CO2 loading (mol CO2/mol AMP)

AMP–DMSO

AMP–3DMAPN

AMP–1P

Habs – amine mix 
25C 

40C 

• Heat of absorption higher with reaction 
 

• Heat of absorption gets lower as 
loading increases towards maximum 
loading (0.5) 
 

• Precipitation point gives significantly 
higher heat of absorption – solution is 
supersaturated 
 
 



Summary and conclusions 
Solvents evaluated for non-aqueous precipitating absorption solutions with AMP 

3 promising solvents DMSO, 1-Pentanol and 3-DMAPN 

 

Physical solubility (Henry’s constant) and heat of absorption for pure solvent 

High CO2 solubility in the tested solvents 

 

CO2-solubility in mixtures with 25 wt% AMP 

Limited to loadings of 0.5 

Heat of absorption for mixtures with 25 wt% AMP 

Similar trends as for AMP in NMP 

 

 

Zwitterion reaction mechanism? 
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or 
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Process design 

Excess Heat
70-90°C

Purified gas

Absorber

Flue gas

Separator

CO2

Amine 
solution

Concentrated
slurry

Organic Solvent

Amine





Solvent Tb (°C) η 
(mPas) 

Texp  
(°C) 

1-Pentanol (1P)* 136 3.44a 25, 40 

Propylene Carbonate (PC)* 240 2.76b 25 

4-Heptanone (4H)* 145 0.74b [5] 25 

Cyclohexanol (CH)* 160 32.4c 40 

3(Dimethylamino)propionitrile (3DMAPN)* 171 1.4b 25, 40 

Dimethyl sulfoxide (DMSO)* 189 2.14b 25, 40 

1-Methylimidazole (1MIMI) 198 1.89b 25 

*Precipitation of the AMP-carbamate occurred at 25 °C (40 °C for CH) in mixtures with 25 wt% AMP. 
a25 °C, b20 °C, c35 °C  





Physical Solubility – pure solvents 
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Henry’s Constant 

 
 
CO2 solubility: 
 
 
4H > 3DMAPN > NMP > PC > DMSO > 1P > CH > H2O 
 
 
 

Solvent HCO2 (MPa) 

4H 5.2 

3DMAPN 5.29 

NMP 6.97* 

PC 8.17 

DMSO 10.7 

1P 12.1 

H2O 163# 

Solvent HCO2 (MPa) 

 

3DMAPN 6.87 

NMP 8.85** 

DMSO 12.8 

1P 15.1 

CH 23.87 

H2O 325# 

25 °C 

40 °C 



Habs – pure solvents 

-ΔHabs (kJ/mol CO2) 

Solvent 25 °C 40 °C Average 

DMSO 14.2 14.4 14.3 

3DMAPN 17.1 16.0 16.6 

1P 10.9 12.0 11.5 

PC 14.4 - - 

4H 12.6 - - 

CH - 8.9 - 

0

5

10

15

20

25

30

0.00 0.02 0.04

-Δ
H

a
b

s
(k

J/
m

o
l C

O
2
)

XCO2 (-)

25 °C DMSO

3DMAPN

1P

PC

4H

0

5

10

15

20

25

30

0.00 0.02 0.04

-Δ
H

ab
s

(k
J/

m
o

l C
O

2)

XCO2 (-)

40 °C DMSO

3DMAPN

1P

CH



CO2 solubility – amine mix                25 C 
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Loading 
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Run 1 Run 2 

DMSO 0.21 0.22 
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4H 0.02 0.02 
1MIMI X X 
CH - - 
NMP  0.26*  0.29* 



CO2 solubility – amine mix                25 C 
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CO2 solubility – amine mix                40 C 
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