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Recent Research Trends of Chemical absorption in CCS(Carbon dioxide Capture and Storage)
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Abstract — Climate changes including environmental disasters after reckless industrialization have been globally wit-
nessed. Considerable attention on the imminent need for developing CCS(Carbon dioxide Capture and Storage) meth-
odologies to minimize the emission thus has been given. Chemical absorption is particularly regarded important because
of its commercial availability and applicability to large scale plants. This paper addresses recent trends of chemical
absorption technologies and the need for the further research on the topic from the perspective of process systems engi-
neering(PSE).
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Fig. 1. Simplified Diagram of CO, capture/stripper process.
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AR 7 2 A Sl 2o alkanoamine A|HC] E4E0lH
Z 2271 F1o] MEA(MonoEthanolAmine)®} DEA(DiEthanol Amine)
Q1™ Primary alkanoamine(MEA)®} secondary alkanoamine(DEA)
g] Z]—Z‘]i uu]‘__ CO2 ’6/‘/\123 EELSL 2= 011;]. EH/\ ] S “o“oﬂ
ChA] ARg-E7] 918t 2l o) 7} u}o] St Zlo] whjolet
sk 4= Qi) HES Al o 2 Bk COo, S5-85(0.5 mol COZ/mol
Amine)S 7FA 1L Qltt. ©]9} Th2 7 Tertiary alkanoamine #1&
= MDEA; MethylDiEthanolAmine)> CO2 TrEE J} =9 ﬁH/\
Aol A7 AAl Srh= Aol Qlar BEd 2 COo, 58
(1 mol COy/mol AmineyS 7FA 1L QItt. o= B8k =&
CO, S5 Qe AAl 37l 288 = glrkal Soh3). vhA|
uFO Z sterically hindered amine A€ 71& oFIAIYG F=Aoll 1]
3 o 2 s Holwrhal sith4).
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S AA 0]'9,151'. Mohammad S [15] ©]5-of & =Tl Az

Ux] B

1—2

2 A

Table 1. Mohammad’s results[14] and comparison of other literature[24]

Mohammad et Mohammad et

Chapel et al.

[24] al.[14] (using al.[14] (using
30 Wi% MEA) 30 wi% MEA)
Energy requirement 4.2 GJ/tonCO, 3.3 GJ/ton CO, 3.0 GJ/ton CO,
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Table 2. MEA’s advantage and disadvantage
Advantage

Disadvantage

High absorption rate Low CO, loading capacity

For a large scale Equipment corrosion
For a dilute system Amine degradation

High energy requirement
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25 3l AT MEAS) R okE Bl 0“%10}& ¢
o4 99438 Bl Fig. 3 Yo MEARTHH £2 CO,
AA ZE& FF §FS 7 vk 21E HofFar Stk Fig.
4 vheket S 220 oisf AR of REg % IS Ko
T3 Itk MEAE whed] adnkgnt dojul= vhd hyok=
28% o] oM Oé*ﬂ&o , ANk A2 dofds o 4=
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Fig. 2. Schematic diagram of the experiment setup[25,26]
1. Air compressor 7. Temperature recorder
2. CO, cylinder 8. 47 mm membrane filter
3. Dehumidifier and HEPA filter 9. CO, analyzer
4. Mass flow controller 10. Pump
5. Three-way valve 11. Constant temperature controlle
6. CO, absorber
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Fig. 3. The effects of solvent concentration on (a) CO, removal effi-
ciency and (b) MEA temperature variations[26].

27 PEYoke] S th o] A 4318, §-
1 A Z high loading capacity, 4| % equipment corrosion 4
7} itk A, AAIR degradation problem®] $lth= A, YIAIZ A
Aol oA 7F A A St AF3sKc Al ]/t
30l & F AUk

Rensnik &

2NH,4HCO;(aq) <> (NH4),CO5(aq)+COx(g)+H,0

AH,,. = 6.4 kcal/mol @]
NH,HCOs(aq) <> NH;(aq)+H,0+CO,(g) AH,,= 6.4 kcal/mol (2)
(NH,),COs(aq)«> 2NH;(aq)+H,0+CO,(g) AH,, = 6.4 kcal/mol (3)

Ao H Q3 o L% 5 heat of reaction, sensible heat, heat of
vaporization 374 & &3l |5t 21-& Table 3014 Ho{F=¢lth. MEA
o] 749 AAS I8l A8E Wol5=7] wlZel heat of vaporization©]
HQ3HARE HA|Z PR UolE o] &8 79 ~5o] e g7 wiiiol
heat of vaporization®] 0°]1L sensible heat's. S HoJehA] ofL%]
SollA MEART AAelUA7F 50~60% 2 A] Erkar Oﬂzﬁ}"ﬂﬁ‘r

olgf gt Aol £kl YEUolE SrAlE AHESHE =
ol o]Fo]A MEA <17l vlsf ol minjgl Ago|t}, ‘3‘41 Xﬂ
A AT FAE FollA o9} IEE YR ATE ARSIt
s}, ol 733t 31, Co,¢} BESEll HAE(GE ammonium
bicarbonate)ys A3/ sHth= ©do] A3} Rensnik 527 &5
Al 47 #AA3Le] Table 49} 22 Awo] AT BE B3l FF
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Fig. 4. The effects of solvent concentration on (a) NH; and (b) sol-
vent absorption capacity[26].
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2-3. Potassium Carbonate/Piperazine(PZ)

oA A= CO, F5-80] W tAl heat of absorption©]
At} ¥hA Potassium Carbonater &5 5+ =% Al heat of
absorption®] physical solvents®} H]S=aFEkal e}, wheba] 2R 2
Q7 ollUAI7E 22 0% et o] 21 Table 594 (1R
ooﬁ‘r}oﬂ\:} Potassium Carbonate®] T+ 1 d3}7] $13l piperazine
S pr omoteri H7Fek 24 Potassium Carbonate®] A& A&
_/,: AE A o7 oq]/\l—glu}

C029]r Piperazine®] Wkl 2J3)] o2] 7k<] 2o A4 4= Sl

.o]ot]}jl

R

Table 4. Solvent loss [27]

Solvent 7 wt% 14 wt% 21 wt%
composition Ammonia Ammonia Ammonia
Solvent Loss 30% 32% 43%

Table 5. Comparison between amines and Potassium Carbonate

Amines Potassium Carbonate
Absorption Rate Fast Slow
Heat of Absorption high Similar to physical solvents
o
H-N  N—-H H-N N4
7/ —/ -
PZ PZCOO- NN N_<
2 o N -
He £\ Ho &\ :
SN N=H N N—{ PZ(COO),
H™N_ % - I
PZH* H*PZCOO-

Fig. 5. Various piperazine’s structures in presence of CO,[32].

Table 6. Comparison of literature that are concerned with Potassium
Carbonate

Conventional process ~ Babatunde Jochen
(Using MEA) etal. [33] etal. [35]
Reboiler heat duty 3.8-4.2 GJ/ton CO, 3.2-3.7 Jton CO, 2.4 Gl/ton CO,

Processes

ol 7 3252 Fig 5914 A & 4= Ut} Potassium Carbonate®l]
promoter®. piperazines 7F8ro ZH ol 712] FHE 7HA = Q)
TH32]. Piperazine diamine®]”] W]l 1% Amine]l thaj 2%-2]
CO,7} HH-&-81t}, Potassium Carbonate”} o] EAISE7] wiTof &=
7H1 €O, A oekg & 7 glrk. WA T oAl F7A1
of| B]af ] & capacitys 7FITE 53 270€] amine functional group
S NSRS USY S7HA Fok g &do] WE ok
carbonate/bicarbonate ©]-5-> buffer %} 3H(amine5-2] protonations
7] Wiizell amineSe] A AHIUIE EA)S gt

Potassium Carbonate/Piperazine®l] tfet R @lg] 4l AlEgo]Ad
A A[32-35P7F AU Th(Table 6 #%). F =it 25 AAYUA=
2oL} AAZ F7)E]= piperazine®] 712 thet 27t Qick. w
kX solvent 714} U AH] &7k #fdh= 5 A1 vlw SW
o5 F7HAQ1 A7 Q3 Zlow Erf

3. 0l=le] WH=

A0 COZ ALshe 3 WA CoE EFAEH
A, SR Sl Bl CoS 44 ARATIE AR vl 5
Qlek. 3 WAL A ABISh Bl oF 23-3/4 ek sk

Table 3. Regeneration heat required. Comparison of a 14% aqueous Ammonia solution to current MEA technology [26]

Process Heat of reaction Sensible heat Heat of vaporization Total % reduction from MEA process
MEA 20.0 79.4 18.9 1183 0
NH;(Eq.1) 6.4 36.0 0 424 64%
NH;(Eq.2) 241 36.0 0 60.1 49%
NH;(Eq.3) 153 36.0 0 51.3 57%

(unit: kcal/mol)
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[40]. tiQEe 2 A7 == Zo] CO,Z carbonate salts FE]Z HEI3]]
A 9] g7el mE3sk= Zolt). Carbonate saltse =918l
FsHctaLl St} CO,E carbonate salts® HZsh= 771 2 714
[37-4017} S1t}. Kojima 5 [371 alkaline minerals- w4417 &
XA CO,2t HHSAIH magnesium carbonate$} calcium carbonate
S A &= Slokar ARFsEITE. Lackner 5381 carbonate 3
A& FZ41717] 913t thermodynamics ¥ A5 1T} Rau 5
[39] carbonate B/JS 1] F3IA17]7] 13l CO, HH571E ARE3H
ST}, Huang 5[401 Solvay ZZA|AE o831 CO, %25l
= 75 38tk

Solvay ZZA|A~= AU 2 Al 348 o424 eI ERS
AZdH= 2y THOR o 2UIAE o]z} 1kt Wyo®
FH 0w o] FHITH4L]. EHlol= 18651 W0l 9] Feflol ¥
&e AIRem, 1870t el Y Bl G52 3kt FERS]
E7} o] 34& I shRYokArhHel HshERS U=
UoK(primary alkali, ZUHZ AR-EHZ A 2stal vl Al =
Ae 2704 olibslekag AHElshd s AUERY A3idn
wol AET BlrAadSs 7Hhehd deke A EQ 'RIVE
e ¥ 7 Atk WA vt A

CO,+NaCHNH;+H,0—->NaHCO;3; 4 +NH,Cl

GBS A HelskA hrrlofs} Askbo] Yol
o] ofu) Y5l QPmLoks thA] ARgH.

2NH,CHCa(OH),—2NH; +CaCl,+2H,0

Fl'ﬂ

o] F7go] E{lE B ek Mol ARSHY =5
of Aot Uzoll= Bt gl AtRlE 4S5 Sl YRy
ob-ATh S 98] AREE ST Solvay 2ZZEAIAE HER CO, #{F] ]
A]*&ﬂ T itk dukehi AAR ouA] 257F A1 280 COE
FaiAnE 431419 calcination .2 Q18 122] CO,7F ThA] =
o}

CaC0,—>Ca0+CO,
2NaCl+CO,+Ca0+H,0->2NaHCO,+CaCl,

Huang et al-> Solvay process& CO, *]2]ol] ©]-25}7] $13l modified
Solvay process& AT-3FATE Y=o} thil primary alkali® &8
2?1l MAE(methylAminoEthanol) AR-3F3I T},

CO,+NaCl+HOCH,CH,(CH;)NH+H,0
—NaHCO; { +HOCH,CH,(CH;)NH-HCI

gk A3 E ARESte] R YokE AYEHE Al Activated
Carbon(AC)S AHE-3FITE. ©]213t modified Solvay process &3l
CO,= bicarbonate FENZ HATAIZ = QS-S HOIF T T3 oF

Fujo} Aol 4314 il ACE AREE < Sle= B3Itk

NH,CI+AC—NH;+AC-HCl
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absorption 5788 SAFE W] @o]
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T BFE ofEA sl A
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T NMEAelA] o Eghols] ANEAQl ol A= A
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