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Motivation

7120oc

Challenges?

& Technical shortcomings of

conventional solvents:
e.g. monoethanolamine (MEA)
= High energy consumption
= High quality of heat: 130-150 °C
® Significant amine loss by degradation

Wet CO, corrosion
CO,+H,022HCO; +H"
Sweetgas Lean amine CO;, to disposal

Anodic

Fe 3 Fe® +2¢"

Catodic Rich amine
2H" + 22 2H°

—Process stream

apor phase  —— Cooling utility

= Hot utility

Wet CO, corrosion |
CO,+ H,02HCOy +H'} H
e Liquid phase
Amine corrosion

Acid gas Fe + 2RNH," 2Fe? + 2H’ + 2RNH,

g0°c

New generation absorbents

Major superiorities of novel

biphasic solvents:

= Regeneration temperature 80°C
®> Use of waste heat for desorption
= Good chemical stability

= High net CO, loading capacity

) CO,
Treated Gas == | Ti<T, I
nns
T Tem perature T Temperature T,
Single phase Single phase

org.
@ aq. |* @
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Flue Gas Temperature T
1@ Dual phase

Lab. Technical Chemistry B
Prof. Dr. David W. Agar

Improvement of lipophilic-amine-based thermomorphic
biphasic solvent for energy-efficient carbon capture Jiafei Zhang 3



technische universitat Outline

dortmund

& Motivation

[ ® Lipophilic amine
& Concepts  imm—( * Phase change
< ™ TBS absorbent
® Other CO, capture process
& Solvent performance k with LLPS
Y i Cha”enges and Liquid-liquid phase separation (LLPS)
a m e I i O r ati O n (a) Homogeneous absorption (b) Heterogeneous desorption

Cooling
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Concepts |

& Novel amines

® Alkanolamine vs lipophilic amine | .
Hydrophobic  Hydrophilic

(HR R(H) (H)R R(H)

\N/ \N/

R. -~ 7"~ R
\:\OH ,:

= Examples of lipophilic amine

& Hexylamine (l) HA /
& Dipropylamine (lI) DPA QN\

& N,N-Dimethylcyclohexylamine (llI) DMCA
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& Phase change

= Thermomorphic phase transition
& | ow temperature = single phase
& High temperature - dual phases

= Lower critical solution temperature (LCST)

T T T T T T T T T
80 —%— Hexylamine (l) ]
—0o—Al .
—o— DPA (1)
—2— DMCA (Il)
X Frozen

Single phase Single phase

604 %

40

Two

phases 20

Temperature [°C]

Temperature 4

Single phase \

Single phase

a Mole fraction 1 1 a Mole fraction 1 1 ] Mole fraction 1 X 01

- T T T T T T T T T T
Expected 0,0 02 0,4 0,6 038 1,0
Mass fraction of lipophilic amine in aqueous solution [g/g]
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& Novel absorbent: thermomorphic biphasic solvent (TBS)
®m Absorption: single phase
B Regeneration: two phases

& | ean solvent - cooling to 30-40°C: homogeneous
& Rich solvent - heating to 70-80°C: biphasic

(a) Homogeneous absorption (b) Heterogeneous desorption 7\ 3040°C W Lean Solvent

Treated Gas /_l\
Q— — — —

CO; (Transport / Storage)

Heating
Organic phase

R,R,R;N + CO, + H,0 =P R,R,R,NH* + HCO,’ R,R,R,N + CO, + H,0 = R,R,R,NH*+HCO,’

Aqueous phase

Cooling

\

Flue Gas
—_——_——

Absorber Rich Solvent Regenerator

Process Flow Sheet
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& Other CO, capture process with LLPS

= ‘Self-Concentration’ CO, = DMX™ process with
Capture Process demixing solvents
& Univ. of Kentucky & |FP Energies Nouvelles

o, ™ Co, ™,
i Heat

—
absorption
—_— —- CO;lean
DX phase phase
Solvent separation CO,rich
phase

D= 5 Absorption Phase Separation
Amine/CO; +
Amine + Solvent
&7 Self-Contentrating
Solvent
DMX™ Process -
Treated Flue & Vs - / CON
m::;gb 1reated|’gas )
Lean Amin P to be :
] o further
o, Loan studied .8 proven interest
atpilot 9 &
Absurber scale :% 3
Stripper I -
FowerPlant_____ || I flue gas 7 .
Flue Gas 5-15 %vol. CP, reboiler
€03 Rich QJ—A ~ | I
AmineSolvent . 8 rich aminte decanter o
Decanter €. U a e = — POVEN RSO PR
Ref.: Hu, 2010 Annual NETL CO, Capture Technol. R&D Meeting. Lemaire, et al., 12th Intl. Network for CO, Capture, 2009
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=  Amine selection
& Solvent performance iy | ™ Absorption

® Desorption

. ® Chemical stability

& Challenges and
amelioration
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& Screening tests — searching new amines 5
= > 50 lipophilic amines (alkylamines) ’

Solvent performance |

= < 10 comparable to MEA or MDEA H
® Criteria g 1
~ High loading capacity: > 0.7 mol/mol (20% CO,) DPA

Fast absorption rate: comparable to MEA
Good regenerability: better than MDEA

Low degradability:  comparable to AMP & MDEA /
Moderate heat of reaction: lower than MEA N\

ARRAN

DMCA
A partially soluble in water, rapid absorption rate
B B. less miscible with water, high regenerability \
& Recommended absorbent: Solvent blend A+B "
B A: as absorption activator > e.g. DPA, A1
® B:as regeneration promoter - e.g. DMCA, EPD EPD

® Blending A+B exploits the strengths of both components
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& Absorption

0,84

0,6 MEA

® Reactivity

& Rapid reaction rate
& Comparable to MEA (when a<0.5)

044 MDEA+MEA T

0,24

Loading of CO, [mol CO, / mol amine]

= Loading capacity (net)
& Alkanolamine 40-120 °C
w/ steam stripping

& TBS absorbent 30-80 °C
w/o steam stripping

& CO, absorbed in TBS: 3.4 mol/kg
& Higher than MEA and AMP

mOI-COZ/kg-soI
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& Desorption

= Liquid-liquid phase separation >

= Low regeneration temperature

g ca. 80°C Before During After
regeneration i :
& | ow value heat g regeneration regeneration

= High regenerability

Sensible Heat Enthalpy of Energy of Heat Loss Total
8 > 80% at 80°C for mOSt TBS (AT = 15°C) Reaction Stripping
(MJlkg CO,) (MJlkg CO,) (MJikg €0;) | (MJrkg co,) | (MJikg cO,)
& > 98% at 80°C for optimised TBS .. |.. o =
(Ace ~ 0.25 molfmol; § (AH = 80kJ/mol | (Reflux Ratio § (AT ~80°C) ——
means 1.5 mol/kg) | CO,) ~2)
I I Bi-Ph [ 0.5 16 0.3 01
. EStImated energy Consumptlon 9 (A ~ 0.5 molimol; |} (AH ~ 70kJ/mol | (0.12 kg H20 | (AT ~ 50°C) ﬁ
& MEA: 4.0 G/t oo, i L o
& TBS: 2.5 G/t o, Ref.: Geuzebroek, et al., TCCS-5, 2009
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Solvent performance IV

& Cyclic loading capacity ol
= Higher CO, loading T e s
= Lower residual loading ‘L°1§§5-:.c: ....... ] "";},}[xf[:ooc

B Better than benchmarks S ; ;

Loading (mol . ,/kg )

Ref.: Raynal et al., 2010 (DMX-1)

& Chemical stability

100 I Basicity reduction by oxidative degradation
T ] = Reactivity reduction by CO, induced degradation ]

{ | Reactivity reduction by oxidative degradation
[ Reactivity reduction by catalyzed oxidative degradation

= Low temperature (80°C) for

desorption - less thermal 5
degradation &

= Low oxidability = less oxidative
degradation

B1 A1 MEA MDEA

Solvent
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= Vaporisation loss

= Phase transition

= Regeneration techniques
= Process development
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& Amine vaporisation loss & Countermeasures

= High volatility
= Significant volatile loss = T for feed (top) at 30 °C

& Reduced vaporisation

Amine Temp. Loss
°C %lday = Hydrophobic solvent
. 30 <0.5 scrubbing
40 1.8 & e.g. Diphyl
30 4.8 & Recovery >80%
DMCA
40 12
30 4.1 -
OMCALAL 4 Wate.r wash when using A1
(3:1) 40 10 as primary solvent
S0 14 & Reduced amine loss
MEA 40 1.2 & Comparable to MEA or AMP
AMP 40 1.6
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& Phase transition & Countermeasures
= Lower critical solution = Concentrating

temperature (LCST):

most lipo. Amines < 20°C Negative on vaporisation loss

& Limited at 4M
= Problem: .
biphasic solvent in absorber = Using more A1
& Negative on regeneration
? %IPTT of DMCA-II-A1 with 9wt% Al\/iP I & LCST =~ 20°C

| —-A— CST of DMCA+A1 with 9wt% AMP
40| —=— PTT of DMCA+A1
| --m-- CST of DMCA+A1

= Partial deep regeneration

30+

G - & Residual loading 0.1
LI o | & |ncreasing LCST to 30°C
1 PR = Adding solubiliser
| - <10wt%
0 'PTT phase transition temperature _|
. CST: critical solution temperature Y 4 |ncreas|ng LCST to 40°C
3M(|2:1) ' 3M(|1:1) ' 4M(|2:1) ' 4M(I1:1)

Concentration (mol/L)
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& Regeneration techniques

Challenges and amelioration Il

& Challenges & Regeneration intensification
= Low temperature 80°C = + Regeneration promoter
= Without steam

B Agitation
®» How to intensify the ®» Nucleation
regeneration? ® Nucleation + Agitation
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& Regeneration techniques

2,0 : ; , :
Solution: A1+B1, 2+1M at 75 °C
. e
R KKK
1,6 /xjxfx{x—«x»* |
— e
= K
o o S 73
m Agitation Strring 5 / '
g o
(&)
>
5 0,84 i
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1 047 —e—500rpm |7
. NUCIGatlon 1 ¢/ —=— 250 rpm
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00 / . . . . . : — :
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2,0 : ; , :
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1 OO O]
1,6 4 = i
= K .
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£ £
g ] 1 for CO, bubble 3
o ] . s
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5 08 I 2
g °
e [
—0—1/40 wt. S
%41 e e0wt |7 8
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& Process development

CO2 to Storage

Treated Gas
Compressor

Water

Washing
Section

Condenser

Washing
Section

Lean Solvent

1
|
I
|
I
|
1
1
1
I
1
I
|
I
|
I
|
I
|
|
1
1
I
1
1
|
I
|
I
|
1
1
I
I
|

Absorber

Cooler

Regenerator

j Hot Stream (in)

Flue Gas

Buiddins weals 1noyiim uonelauabay

<

[0) Hot Stream (out)
= »

@

- Pump HEX /\

S ‘

@ Pump M

Flow sheeting diagram | e e e e e e e e .

Lab. Technical Chemistry B Improvement of lipophilic-amine-based thermomorphic
Prof. Dr. David W. Agar biphasic solvent for energy-efficient carbon capture ~ Jiafei Zhang 19



technische universitat
dortmund

Challenges and amelioration V

& Bench-scale experimentation in packed absorption columns

sk ' I\l.l !n . :

'm‘: |.|

Regenerator

At Shell G.S.

At TU Dortmund
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Summary

= Novel absorbent: lipophilic amine > TBS

Rapid absorption rate  (due to activator A)

High regenerability (due to regeneration promoter B)
Excellent net CO, loading capacity

Low energy requirement

High chemical stability

3333

= Novel concept: phase transition

® LLPS = enhanced regeneration

= Regeneration at 80°C = use of waste heat = reduces CO,
capture process costs
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