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CO, 3 *cif

CO, 3 i

Natural Gas (power)
Coal (power)
Ethylene production

Cement production

Ion and steel production

CO,:k A (mol %)
3~5
10~15
7~12
14~33
20~27 (16~42)

“+ % 174 (kJ/mol CO, capture)

10.7~12.7

7.8~11.3
9.4~12.8

5.2~12.6
5.3~6.4 (3.7~7.1)

Hydrogen production 30~45,>98 0-4.0
Ammonia processing >08 0
Natural gas processing 96~99 0
Ethanol (Fermentation) 96~99 0
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CO, T E & i ez (R 4p)
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Steam
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Reboiler ]
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Some CO2-Rich _e‘
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Typical Amine Absorption Unit for CO, Recovery from Flue Gas
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- (Process Intensification: Rotating Packed Bed, RPB)
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£4 G 4w 4 20-1000G
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£ 1-100s ‘2 0.01-0.1 s

PRRNR

i
L

P |

: /- 10-100 m*m3 | < 100-1000 m?/m?
I \
B 102-1073s - 10>-10-3s
% 30-100 cm % 1-3 cm
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Cheng and Tan, Energy Procedia, 925 (2009)
Yu et al., Intl. J. Greenhouse Gas Control, 9, 136 (2012).
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Packed Bed Packed Bed
Pilot Plant f RPB Pilot Plant &b RPB
Size of Packing
: 16 (Outer 16 (Outer
Diameter, cm 42.7 - 6((Inner§ 12.5 - 6((Inner;
Height, m 3.05x2 0.02 2.52 0.02
874 0.311 30.9 0.311
Operating Conditions
Reboiler Temperature, *C 117 120 120 120
Pressure, atm 1.6 2.0 N/A 2.0
Liquid Flow Rate, L/min 23.1 0.1 3.3 0.4
Liquid Phase
MEA Concentration, wt% 32.9 30 30 30
CO,-rich Loading, mol/mol 0.538 0.484 1 0.521¢ 0.484
Lean CO, Loading, mol/mol 0.272 0.245 0.332¢ 0.281
Q1/Vgen * min! [0.0264 0.32 0.108 1.28
Regeneration Efficiency, % 49.4 49.4 36.3 42.0
Regeneration Energy, GJ/(ton CO,) ? 5.08P 3.96 | 4.62¢ 4.51
Heat loss, GJ/(ton CO,)¢ 0.87 0.11 0.82¢ 0.50
Rotational Energy, GJ/(ton CO,)! ) 0.09 ) 0.03

(electricity)

* Vgen 18 the volume of packing. b Calculated from the reboiler duty, including heat loss (Dugas, 2006; Mangalapally et al.,
2009). ° This value is extracted from Mangalapally et al.(2009). 4 Estimated by eq(1). ¢ Calculated based on the assumption
of 1.5 kW heat loss that was set forth by Mangalapally and Hasse (2011). fDugas, 2006. ¢ Mangalapally et al., 2009. "
Mangalapally and Hasse, 2011. ! Estimated using the correlation from Keyvani and Gardner (1992). i Abu-Zahra et al., 2007.

Cheng et al., Intl. J. Greenh. Gas Control, 16, 206, (2013).




Frp FRF2CO,HEHAE

o TRF N Eo it WA 3 B3 O F(RPB)E 5 dc 0 — BRPBiE {7
L4 p g BRBARTE T HPB)® fefd 32 o

e TR Y 73 p AEFZS R > RS BRPB> 73 CO2
R & )i~ gt BRPB > sfe B affEls T2 (7CO,2 ik > % = BRPB
Mr e r % = BRPBiEFE 24 - QWAsZ FiTix 25 ¢ F iRz =
Jc¥E2 B R G50 °C~ F iRm0 200 £ 4 B4 2atm~ £ 2B A120°C - #%
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FiE P 40P 5 & PV IE0.19E BEZN R LSRR FPT
(42 7 /h)ehCO, » %k G WA T T F H 227 e0CO, (922 T/h) » £ 2 5%
: #£< 3.0 GJ/ton of CO, °

FErxnE F v & p P HEOLS
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PR s m}@‘i;}ﬁcgcozgﬁ%; 7,-#5@1 Ry 2o Ve iR

, PR R EEE | 3£ 100 tons CO,# T3 F BB
e B 2 e Bl 2 M = opp
- R L) Wit (m)
% & (Austin) PB 79.3 52.5
‘v £ % (Regina) PB 58.9 70.7
2 % (Esbjerg) PB 30.5 136.6
# ~ 4 (Brindisi) PB 30.7 135.5
? & (Miyun) PB 41.5 100.4
? & (Changchun) PB 129.9 32.1
A (Jaworzno) PB 63.5 65.6
;% 1 (Hazelwood) PB 42.1 99
77 i (Maasvlakte) PB 94.2 44.2
% & (RSAT) PB 135 30.8
TS b %L R(Q015F % fe ) PB 63 66.1 D
o B F R R (2015F % fe ) RPB 223.1 18.7
£ 5 X B RGERR L it (2020 * fie > )2 RPB 607.9 6.8
‘)%‘"‘ g & F (2020 < fie ) RPB 580.1 7.2
L ‘}ja*“" 5 F (2021 < fie ) RPB 820.3 5.1 _

PB : Packed Bed ; RPB : Rotating Packed Bed ; & ¢} 1 Fqeidicdg #2016 £ 7> 3o & S jTH® 5 5
o EE - TEEH A BFERFPBAY > WA R £ X T o

# % % — Bench — 5% 1 B (1~ 1098/% ) — 7 § 1 1 (509F/% ) — 7 § 1 f2 (5009f/% ) —> 7 %
(> 3,00090/% ) ; E4ET %% MAEFIF > 3 o 7 R o iTenitd 4 o T Tk TRE -

$]20304£ i % TRL>71CO, 4 & » 3 JE & & 3+$45/%CO, » $12050# i 4 ¥ *% TRL>8
CO, 3 & » 3 JE 7CO, ™ £17100% > 3 & & * i 1§36/ CO,
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CO,H & : =¥ Hi(F4p)

Kk 2w A X 3 ECO, WAz

o 4w 3 ECO, #2821 600~700° Ceif B T 12 CaO% #+CO, # & CaCO, »

38850~950°Cenf & T Wit areR itz  CO, » # CaOF B i * o
M R K e B AT SRR g ¢ 2.CO, e

kiR

FTA v w B ¢ Zeolite, Activated Carbon, Mesoporous Molecular Sieve,
Carbon Nano Tube, Metal Oxides, Hydrotalcites, Carbon Fiber, Metal Organic
Framework (MOF), etc.

DY TR T ROF- S R )

B 4z P

M e RS N (B4 PSA~ E 2 VSA~ B ETSA ~ 7 inESA% = 1)
e S

B e B st 8 (7o M 22 g 1 B endual-function fff £
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A R
B e R 2 B

. S V
AH /g emYg) (nm)

D, CO=*fE
(mmol/g)

bexg 1 3-aminopropyl am1n0s1lane
SR LT FaE LEARE

|28 l“J- . 15%C02/N2, 35 OC

MCM-41 864 0.62 3.8 0.39
SBA-15 782 0.73 6.7 0.45

PE-SBA-15 655 229 173 0.15

At goRg g R

B i 2 B
"25g | Tetraethylenepentamine
FE LT RR LR 7R

&%fiw%COﬂ%/BOC

1 b 203

SRR R 1 v Vi
2F © 3-aminopropyl aminosilane
¥ # * MCM type silica

ARTRR P s A
YRETIRIZF X i

¥3f ¢ 3-aminopropyl aminosilane
¥ 1t ¢ SBA-15
2t L 15%CO0,/N,, 35 °C

Bt Fet o COnrHL
(mmol N/g)  (mmol/g)
cal-SBA-15 10.95 2.67
as-SBA-15 10.65 3.45
Fumed Silica 10.71 3.97
5 ¥ 7 8 CO,* it &
- (mmol N/g)  (mmol/g)
ERESE 3.46 1.18
{8 e JB % 2.42 0.88
A A E A CO, = it i
i (mmol N/g)  (mmol/g)
SC-Propane 3.11 1.23
Toluene 3.03 1.13

v SBA-15:134 j5 4 o] ot & 5 fF R L
B b aver ga I Eeg o - i
1% 5 e vegg 2 it o

v' 3N-APS =z £ F » fT 11T i
CO,E #2N-APSFrAPS§ ©

Fumed silica {® & A 44 chdF & &2 i 4 !
R U IR L
SRk A T et

% CO, %" &

CO, 42 "=ig cnfe sz ] o

AN NI NN

B RITE o - &R g2 e
AEHeonal s B

v R agR: B (5 143%),

v O E CO, B R (5 34-40%),

vV LaERRE-

BROE R R AR o R TR e iR ey
/55 LI

VTR S it A

vV 3 #E 5CO, xHE

vV Ve TR

v ?Z;éq’f’ﬁ%jx;ﬁ‘}lo

s komgg ot g B

Tan’s Group: Sep. Purif. Technol., 70, 87 (2009); Ind. Eng. Chem. Res., 52, 9834 (2013); J. Supercrit.
Fluids, 77, 117 (2013). Microporous Mesoporous Mater., 197, 278 (2014); I&EC Res. (2016).
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CO,¥ J& * & s

s B EWE AL EWERCO,TEFEERF AR LHEZPRWIEFTE o
Kinetic diameter: CO, 3.3A, N, 3.64A, O, 3.46A, CH, 3.80A

¢ L’R 7J< 'k:—'——':g b+ /‘?;fﬂ% (@a;}%t[ﬁqi/&) CO; lean €O, lean
s, — > s s . flue gas A"wmod" i solvent

o E (A F & FRBRIR) |

o E Y LRI UE

s BAGF/EWAEER (CIEAETRAE THEB)

Ja

e % Hlirz BB A\ o
CO; rich “non-wetted" CO; rich

* ﬁ’s f_-;]':; it ﬁl ﬁi flue gas U nonpv:ee vsolvent

Feed
S e st = |—
v
Permeate P
Pe g

* # % COYN, 2 £ 4 F (b4 2265) » CO, 7 & 5 (F > 10°mol/m¥/s/Pa) » % ' 1< & &
(d $68% % $48/ton CO, » #iTMEA $36~60/ton CO,)
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