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Introduction

* Non-agueous systems
- Organic solvents with higher CO, solubility compared to water

* Bi-phasic system
- Liquid which precipitates when reacted with CO,
- Only part of the stream heated for regeneration

* Low regeneration temperature
- 70-90 °C compared to 120 °C for agueous systems
- Excess heat for regeneration




Introduction — current system

Amine: H3C  CHsj
HO

NH,

AMP
(2-amino-2-methyl-1-propanol)
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H.C 0] O
3 ‘xo/\/ \/\o/\\/ H“CHB

TEGDME NMP
(Triethylene glycol dimethyl ether) (N-methyl-2-pyrrolidone)




Introduction — reaction mechanism

C0,(g) < CO,(sol) (1) Dissolution

C0,(sol) + RNH,(sol) & RNH;COO0~(sol) (2) zwitter ion formation
RNHFCOO~(sol) + RNH,(sol) & RNHJ (sol) + RNHCOO™~ (sol) (3) carbamate formation
RNHJ (sol) + RNHCOO~ (sol) & RNHF RNHCOO~(s) (4) carbamate precipitation

Maximum loading due to chemical reaction : 0.5 mol CO,/mol AMP

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.
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Introduction — current system
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Investigate alternative organic solvents that can be used in combination with AMP
as a precipitating CO, absorbing system.



Investigate alternative organic solvents that can be used in combination with AMP
as a precipitating CO, absorbing system.

* Enable precipitation of the AMP-carbamate

* High solubility of CO,

* Boiling point above 100 °C
* Non-toxic

* Preferably low viscosity



HsC CHs

Solvents Investigated

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

O
14, g
H3C/ \CH3 Hsc,N\/\CN AN _-OH
DMSO 3SDMAPN 1P
(Dimethyl Sulfoxide) (3-Dimethylaminopropoinitrile) (1-Pentanol)
OH CHj
N
O HaC—ON_-0 (_7
/\)I\/\ ’ \ /
7 {
4H PC CH 1MIMI

(4-Heptanone) (Propylene carbonate) (Cyclohexanol) (1-Methylimidazole)



Experimental Set-up
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Experimental

Henry’s Henry’s Solubility Solubility
Constant 25°C Constant 40°C 25Wt% AMP 25Wt% AMP
25°C 40°C

DMSO X X

3DMAPN X X

1P X X

PC X X

4H X X

CH X X

1MIMI X



Experimental

Henry’s Henry’s Solubility Solubility
Constant 25°C Constant 40°C 25Wt% AMP 25Wt% AMP
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Results

Solvent

DMSO
3DMAPN
1P

CH
1MIMI

Henry’s
Constant 25°C

Henry’s
Constant 40°C

Solubility
25Wt% AMP
25°C

Solubility
25Wt% AMP
40°C




Pco, (kPa)

Physical Solubility — pure solvents
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Henry’s Constant

LM solvent | Heo, (MPa)

3DMAPN 5.29

NMP 6.97* oqe
e CO, solubility:
1P 12.1

H,0 163#

3DMAPN > NIVIP > DMSO > 1P > H,O

3DMAPN 6.87

NMP 8.85**
DMSO 12.8
1P 15.1

*Svensson et al. 2014 Int. J. Greenh. Gas Control 27, 247-254.

H O 235# **Karlsson et al. 2018. 14th Greenhouse Gas Control Technologies Conference Melbourne .SSRN, pp. 1-7.
2 # ASPEN 2017



H... — pure solvents

Solvent
DMSO

3DMAPN
1P

-AH,, . (kJ/mol CO,)
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CO, solubility —amine mix 25°C

400 - & 25wWt% AMP in NMP
: X 25 wt% AMP in 1P
350 5 ® 25 wt% AMP in 3DMAPN Loading
| O O 25 wt% AMP in DMSO mol CO,/mol AMP
300 © 25 °C
§ 5 :
— 250 | 8 ARV Runl Run 2
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a° : 0.11 0.11
i 80
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0.0 0.2 0.4 0.6

CO, loading (mol CO,/mol AMP)

*Svensson et al. 2014 Int. J. Greenh. Gas Control 27, 247-254.



CO, solubility —amine mix 25°C
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*Svensson et al. 2014 Int. J. Greenh. Gas Control 27, 247-254.



CO, solubility —amine mix 40°C

: © 25wt% AMP in NMP ***
350 —— 0O O 25 wt% AMP in DMSO
: X 25 wt% AMP in 1P mol CO,/mol AMP
250 - °° 40°C
— : 25 wt% AMP in Run 1 Run 2
£ 500 © 0.37 0.52
g : o 0.03 0.02
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: o 0.39%**  (0.40%**
100 I O’E(
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CO, loading (mol CO,/mol AMP)

***Svensson et al. 2018. 14th Greenhouse Gas Control Technologies Conference Melbourne. SSRN, pp. 1-8.



CO, solubility —amine mix 40°C

: o 25Wt% AMP in NIMIP ***
350 “ 0O | ©25Wi%AMPin DMSO
: o | X25wt%AMPin 1P mol CO /°' AMP
Jeo 1 o 40°C
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a ] X
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CO, loading (mol CO,/mol AMP)

***Svensson et al. 2018. 14th Greenhouse Gas Control Technologies Conference Melbourne. SSRN, pp. 1-8.



H,,. — amine mix

* Heat of absorption higher with reaction

* Heat of absorption gets lower as
loading increases towards maximum
loading (0.5)
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H,,. — amine mix

* Heat of absorption higher with reaction

* Heat of absorption gets lower as
loading increases towards maximum
loading (0.5)
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H,,s — amine mix

S
(©)]
©
. . . . 150
* Heat of absorption higher with reaction S )
3100 %8 o % % X %
: 5 * * 0
* Heat of absorption gets lower as "5 o 9
loading increases towards maximum : o
Ioading (0.5) 0.0 0.2 0.4 0.6 0.8
300 O AMP-DMSO
. . . ; . . o 40C ® AMP-3DMAPN
* Precipitation point gives significantly 250 X AMP-1p
higher heat of absorption — solution is oo
supersaturated S
E 150
S oo o
~ 100 @ ® o
a o0 O
= Px¥ X x Ox ? o
T 50 &
o ®0o
0
0.0 0.2 0.4 0.6 0.8

CO, loading (mol CO,/mol AMP)



Summary and conclusions

» Solvents evaluated for non-aqueous precipitating absorption solutions with AMP
v

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

» CO,-solubility in mixtures with 25 wt% AMP
v

»Heat of absorption for mixtures with 25 wt% AMP
v
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Process design
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Solvent T, (°C) n T

exp

(mPas) (°C)
1-Pentanol (1P)" 136 3.443 25, 40
Propylene Carbonate (PC)* 240 2.76P 25
4-Heptanone (4H)" 145 0.74b 3] 25
Cyclohexanol (CH)" 160 32.4¢ 40
3(Dimethylamino)propionitrile (3DMAPN)* 171 1.4 25, 40
Dimethyl sulfoxide (DMSO)" 189 2.14b 25, 40
1-Methylimidazole (1MIMI) 198 1.89° 25

“Precipitation of the AMP-carbamate occurred at 25 °C (40 °C for CH) in mixtures with 25 wt% AMP.
a25 °C, b20 °C, ¢35 °C
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enligt Forordning (EG) nr 1807/2006
Version 6.5 Revisionsdatum 15.03.2018
Tryckdatum 17.04.2018

AVSNITT 1: Namnet pa &mnet/blandningen och bolaget/féretaget
1.1 Produktbeteckningar

Produktnamn N-metyl-2-pyrrolidon
Produktnummer 328634
Maérke Sigma-Aldrich
INDEX-nr 606-021-00-7
REACH Nr. 01-2119472430-46-XXXX
CAS-nr. 872-50-4
1.2 Relevanta identifierade anvandningar av @mnet eller blandningen och anvandningar som det
avrads fran

ldentifierade anvandningar Laboratoriekemikalier, Tiliverkning av amnen

1.3  Néarmare upplysningar om den som tillhandahaller sdkerhetsdatablad

Foretag Sigma-Aldrich Sweden AB
Solkraftsvagen 14C
$§-135 70 STOCKHOLM

Telefon +46 (0)8-742-4200

Fax : +46 (0)8-742-4243
E-postadress 1 eurtechserv@sial.com

14 Telefonnummer fér nédsituationer

Nodtelefon # +(46)-852503403 (CHEMTREC)
Vid akut fara for liv, egendom eller milj6é - 112

AVSNITT 2: Farliga egenskaper

21 Klassificering av amnet eller blandningen

Klassificering enligt férordning (EC) Nr 1272/2008

Irriterande pa huden (Kategori 2), H315

Ogonirritation (Kategori 2), H319

Reproduktionstoxicitet (Kategori 1B), H360D

Specifik organtoxicitet - enstaka exponering (Kategori 3), Andningsorgan, H335

Se avsnitt 16 f6r den fullstdndiga lydelsen av H-(faro-)angivelserna namnda i detta avsnitt.

AVSNITT 8: Begrinsning av exponeringen/personligt skydd

8.1

Kontrollparametrar

Bestandsdelar med arbetsplatsrelaterade gransvarden att beakta

Bestandsdel CAS-nr. VardeExpo | Kontrollparamet | Grundval
neringssatt | rar
N-methyl-2- 872-50-4 TWA 10 ppm Europa. KOMMISSIONENS
pyrrolidone 40 mg/m3 DIREKTIV 2009/161/EU om
upprattande av en tredje forteckning
over indikativa yrkeshygieniska
grénsvarden enligt radets direktiv
98/24/EG och om andring av
kommissionens direktiv 2000/39/EG
Anmarkning | Faststaller méjligheten av betydande upptag genom huden
Vagledande
STEL 20 ppm Europa. KOMMISSIONENS
80 mg/m3 DIREKTIV 2009/161/EU om

upprattande av en tredje férteckning
Over indikativa yrkeshygieniska
gransvarden enligt radets direktiv
98/24/EG och om andring av
kommissionens direktiv 2000/39/EG

Faststaller méjligheten av betydande upptag genom huden

Vagledande

KTV

20 ppm
80 mg/m3

Hygieniska gransvarden -
Gransvardeslista

Amnet kan latt upptas genom huden.

Amnet &r reproduktionsstérande.
NGV 10 ppm Hygieniska gransvarden -
40 mg/m3 Gransvardeslista

émnet kan latt upptas genom huden.
Amnet ar reproduktionsstérande.

Héarledd nolleffektniva (DNEL)

Tillampningsomrade | Exponeringsva | Halsoeffekt Varde
g

Arbetstagare Hudkontakt Akut - systemiska effekter 208mg/kg
kroppsvikt/d

Arbetstagare Inandning Akut - systemiska effekter 80 mg/m3

Arbetstagare Hudkontakt Langtids - systemiska effekter 19,8mg/kg
kroppsvikt/d

Arbetstagare Inandning Langtids - systemiska effekter 40 mg/m3




Physical Solubility — pure solvents
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Henry’s Constant
4H 5.2

3DMAPN 5.29

NMP 6.97*

PC 8.17 CO, solubility:

DMSO 10.7

1P 12.1

H,0 163" 4H > 3DMAPN > NIVP > PC > DMSO > 1P > CH > H,0

40 °C 3DMAPN  6.87

NMP 8.85%*
DMSO 12.8
1P 15.1
CH 23.87

H,0 325



H... — pure solvents

-AH,, . (kJ/mol CO,)

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 -
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Pco, (kPa)

CO, solubility —amine mix
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Pco, (kPa)

CO, solubility —amine mix 25°C
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PC02 (10'kPa)

CO, solubility —amine mix
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PC02 (10'kPa)

CO, solubility —amine mix
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