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Membrane Gas Separation Processes
for CO2 Capture from Flue Gas
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Absorption Membrane Adsorption
—= Amine-based Inorganic —e Zeolites
—= Alkaline solutions Polymeric = Carbon-based
L = [onic liquids Facilitated-transport —e MOFs/PPNs
L e AMmmonia Mixed-matrix —e Metal oxides

Chemical Looping

L Supported amines

—e Combustion

L —e Reforming

Commercial scale: Amine-based,
ammonia and alkaline soluticns hawve all
been implemented at commercial lewvel
Lab scale: ILs are implemented at lab scale
sa far but are close to industrial scale

Commercial scale: Polymeric
membranes have been implemented
at commercial lewel

Lakb scale: Inorganic, FTRMs, and RMiis
have been investigated at lab scale

Commerclal scale: Not implementec
wet

Lab scale: Most of current €O,

adsorption have been investigated are

atlab scale

denmonstrations

Commerclal scale: Not implemented yet,
but there are a few pilot-scale

Lab scale: maost of current chemical

looping have been investigated at lab scake.
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[O]= Air-Liquide, X
NCCC Lt E EHE

(15-19¥ 0.3 MW, 5, <
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Pretreatment BFW

BFW
Flue Gas from — £ 100 to 2
Plant %[ 'TQ’H[ 2

Compressor

Compression 449.3 545.8
(kWe/tonne)
NGCC credit o -238.3
(kWe/tonne)
BFW Credit -92.5 -93.0
(kWe/tonne) Natural
Net 356.8 214.5 che
(kWe/tonne) e

a -142.3

Main Accomplishments

860 Nm3/h)

BFW

(F H A

35 to -S0

=t 1

z (split) =
Cold for process
To Stack b~

Compander
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- Fabricated 4” PI-2 prototype bundles
- Developed correct manufacturing techniques
- Exceeded success criteria

- Fabricated 6” PI1-2 commercial bundles
- Exceeded success criteria

- Development of lower-cost formulation
of PI-2 membrane

* Low polymer cost on scale-up
- Potential composite formulation discovered

+ ~ 500 hours of NCCC field test
- Exceeded success criteria!
= 500-hour long-term stability test
« Extended parametric testing to
industrial CO,, source applications
= TEA for full scale 550 MWe plant shows
both PI-1 and PI-2 cold membrane with
< $40/tonne capture cost

- Bringing the skid back to AL for further
CO, capture studies

investigate
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Permeation Mechanism:
Zoll — =MD A solution-diffusion model)

membrane

—
feed  °80¢ o permeate

Selective sorption step Desorpion step
Selective diffusion step

* Permeability of A= Py, = DaSa .,
where D, = Diffusion coefficient of A
S, = Solubility coefficient of A

* Selectivity = 0.= Fa = [D—“
electivity = U.= =
s Dy

ol

Mobility Solubility
selectivity  selectivity

(Sa
{SB

Molecule Molecular Weight Kinetic Diameter {A)
CO: 44 33
Oz 32 3.46
N2 28 364
H.O 18 2685
CH, 146 38
H, 2 2.89
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Retentate

' N, CHs ...

Permeate
H:0, H;, CO,, O-...

Permeate Retentate

Feed Gas

HO H, He €O, HS O, CH,

Fast <t Relative permeation rate 4> Slow
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1. Compressor
2. Liquid Separator
3. Dryer

4. Coalescing Filter
5. Activated Carbon Bed/Filter
6. Membrane Module

824,320 Sm3/hr EOR Plant
(NatcoAl

Simple and Reliable Design
Economic Solution
Environmental Benefits
Flexible Application
Improved Safety

Small Footprint

Natural Gas CO2 Separation
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v Flue gases test result from various CO, emission sites
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Coal flue gas LNG flue gas Kiln flue gas Chem|cal e H2ﬂLeef<;rar2er

Site

Process

Flowrate

CO, conc.

O, conc.
Feed

NOXx

Dust

CO, conc.

Product co,

Recovery

Korea Institute of
Energy Research

2stage
110m3/hr
13.6~15%

0.7~3.4%

15~22mg/m?3
83.9~84.2%

84~86.5%

Korea District
Heating Corp.

3stage
400ms3/hr
4.5~8%

5.5~12.8%

~2mg/m3
65~84.9%

69~82%

Halla Cement

3stage
2,000m3/hr
15~22.6%

9.9~14.3%
45~54ppm
serious
85.4~90.4%

71~92%

L chemical

3stage
300m3/hr
12~14%

4~5%

~ 50ppm
< 1lmg/m3
90~95%

80%

2stage
10m3/hr
16.7~18.5%

2.0~4.8%

~2mg/m3
> 90%

90%



b e

SOx,

Concentration (%)

g ot

O] co2 =%

NOx L+ "7}

Gas composition CO,/0,/SO,/N,/ = 14.0%/6.04%/990(ppm})/balance
Pressure: 2.0/0.2 bar,a

Temperature 30 °C
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712 M& (SOx, NOx L)

 Gas composition: CO,/NO/N, = 13.4%/990(ppm)/balance
 Pressure: 2.0/0.2 bar,a
» Temperature 30 °C

Concentration (%)
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v 300Nm3/hr Pilot scale system

G
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£ (Chemical flue gas)

CO2 : 9.9%

TE101 co2 [[39 [et03 p.
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Z|H| Z22|%S 0] 8¢t o2 £H7|= HE (Chemical flue gas)

300Nm3/hr Pilot scale system (0= NCC flue gas, 2021.04~)

MAX 94.5%

m

——————— e
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( F1 (2.0-3.0 bar) )

D >| M1

P1 (0.2 bar)
F2 (2.0 bar)
M2

b " ™
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B e e e Y
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Movable membrane equipment 3 stage membrane cascade
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ZIME2|2S o[ 8% co2 ZH7|E HE (LNG EY)

30Nm3/hr bench scale system

O The variation of feed gas composition O The CO2 purity and recovery of 3-stage process
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7142222 0|23t co2 =X 7|= ML (LNG &EH)

v 400Nm3/hr Pilot scale system

BPFD
= or A =M co, 0, N,

8 =NONE

Feed ~45% ~ 125 % ~83 %

Product 65~75% 18~20 % 5~7.8 %
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Stack

10,500Nm3/hr Pilot system (20TPD)

Hi 7| 7t A
10,500Nm3/hr
(CO, 4.5%)

CO,(V)

co,v) CO; (V) Recovery

532Nm3/hr -
(CO, 80%, ZZE 90%)

Membrane

Co;
comp.

O

Membrane

CO;
Column
&

Reboiler

Vent

<) AIRRANE

Dryer
> co,(L)
. 20ton/day
Comp®? CO2 W32 ™ (CO, >99%)
(L-CO2= = 99%)
H,O Dryer
Co2 =Z=2Hd
Stream# UNIT FEED RETENTATE PRODUCT CO, RECOVERY
Pressure barg 3.00 2.00 0.01
Temp. °C 25 25 25 90.01%
Flowrate Nm3/hr 10,500 9,968 532
Composition Power
Cco, vol.% 4.50 0.46 80.05
o, vol.% 13.10 12.83 18.27 1,375kwh
N, vol.% 82.40 86.71 1.68
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7IM=E|2S 0|88t CO2 X 7= HE (radit 3 HRHTX])

=AM T2 MAHSMR) 28X (PSA) TaEd 1 PAF (H2) 10Nm3/h bench test 2t&
or CH4 + 2H20 -> CO2 + 4H2 - or or 1,000Nm3/h Pilot O & ('24.03)
Biomethane HAZMX| 7| +F MLt
. 2 HAL (H2) 100Nm3/h Pilot A3 ('24.03)

B 7}A
H,0 18~20%

w

KA} (FC) 500Nm3/h Pilot & 0’8 ('24.01)

CO, 14~18% 4 SAt (FC) 100Nm3/h Pilot &F 0 (24.01)
02 2"‘4%
N, Balance 5 LAF (H2)  40TPD & AIM HX| ('24.09)
v 6 o7 250Nm3/h Pilot A& ('23.12, EZ £ 1))

CO2 Capture SSATAE
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A=
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v/ H|7EA CcO2 EX 7|4 28| 2

MEA vs. Membrane (at least Total Plant Cost Level) ' el
Method
100 A
Parameter Membrane 3% §% 3 7{dAr < ol = L |
8
- g 8 °
H{7tA CO2 BE (%) 10%0|4 (CO2s=5710] 2l AXN4d 2 - |
3 A4 ]
3 . ¢ » 1
SOx, NOX ZA{2] +& 7| BiE71E LEENC A
i G
- oy e
02 51&71& (%) 20%0] 5} B & |
o= ol § = o o 30 14 26 2 30
OIII‘Q *I 1|.1I7|E [IH-l- x_'!E COZ Concentration in Feed Gas [%]
* Ho /t 1(201111)1166(‘.,15/ 4960 fw[ yeta |:z(ou))s rgyProce:d 4,2654-2661 :H gerland et al.(2006) Int. Conf. GHGT 8%
DOE/NETL (2007) DEFE 401/110907 Arasto et al.(2013) Ens Proc: 37, 71117-7124 Kuramochi et al.{2010) progre:
IOl-xl 5-7I le'% ¢ DOE/NETL[lZDIZ] DEFE 2012/1557 - and combu “’“( "E")‘e' 87'112
@ Mohammad RM.AZ.{2009), Phd Thesis, Univ. of Twente
A S| xg
QALL0 Al
i o L= IE TIE Flue Gas q i —
X2 3 7|EL Sk
95% co2
22|19 M5(Ets, MED) ghab oy . ~
=219 38 AL 2|9+ A3}t Hybrid 378
UR7| U MBS M| Z2E S B 4

99.9% LCO2
LCO2 Storage
Tank
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Membrane
Just Got

Better
For World

Airrane Co., Ltd.

151-5, Gwahaksaneop 4-ro, Heungdeok-gu,
Cheongju-si 28211, Korea

www.airrane.com

Facsimile :(82)-43-715-6582

Telephone : (82)-43-715-6580

E-mail: chslee26@airrane.com
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