J. of Korean Oil Chemists” Soc., 1
Vol. 31, No. 3. September, 2014. 375~386

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2014.31.3.375

tioty sz AdEetyl, TRA sty SfFgA) et
919 4 20149 84 901 24: 201449 89 199 =)

Study on Materials and Process Systems for CO; separation
from Combustion of Fossil Fuels

Sang-1l Han + Kyu-Suk Hwang™

Department of Chemical Engineering, Changwon National University, Gyeongnam 641-773, Korea
T School of Chemical&biomolecular Engineering, Pusan National University, Busan 609-735, Korea
(Recetved July 1, 2014, Revised August 9, 2014, Accepted August 19, 2014)

8 o 1 ojishRal SAARY B Fo FAHe] 70 LEE A54
AR kel A RN WAL olitalRal AT AAshe, g% 24 W7 AR oEE

€ AHHer 1S Z\OE gt E}EW EH71 oz HiEHE oisteAE Zelste Tled
< ¢ AlEsith oliteleta el Ve A AAE, SR, Sia da PR yEY, & a7
e FAY A7 $4& SHe= HliE}O]E 249, MOF 27| oliteiea 2] E4& Hlus
A, 3771l sl 245kt

FAo] 1 ojHFEL, LI, LU, ofHTEY, FIIAE

Abstract : Carbon dioxide (CO,) is a green—house gas which causes the global warming
problems. Anthropogenic emissionspredominantly from the combustion of coal, oil, and natural gas
in electricity generations are expected to increase continuously in the future, resulting in increased
CO; concentration in the atmosphere. In this study, we investigated materials properties and
process systems for CO; separation with an emphasis of the post—combustion process.

Keywords * carbon dioxide, green—house gas, global warming, amine aqueous solution, inorganic
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olatgtetA (COY= A EOA WA= A old
o] dEE Z4ote] 2AHARHE doA A&HHS
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Z7F S 1970 diolA 2004 Atolell 80%
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Fig. 1. CO; concentration in the atmosphere in
1958-2010[2].
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Fig. 2. Schematics of post—combustion, pre—combustion, and oxy—combustion

processes[3].
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Table 1. Characteristics for post—combustion, pre—combustion, and oxy—combustion processes

Advantages

Limitations

Post—combustion

Applicable to existing processes

Low separation efficiency due to low
CO; concentration

Pre—combustion . .
high CO, concentration

High separation efficiency due to

Complex process,
Not applicable to existing processes

Oxy—combustion | condensation of H,O,

Applicable to existing plant

High separation efficiency by

High energy penalty for cooling of fuel
and O,
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Table 2. Chemical compositions and molecular sizes in flue gas

TR LR

Pre—combustion

Kinetic diameter, A

Post—combustion

CO;, 15-16%
H,O 5-T%
H,
O, 3-4%
CcO 20 ppm
N 70-75%
SO« <800 ppm
NOy 500 ppm
H,S

Temperature 50-75 ° C

Pressure 1 bar

35.50%
0.20%
61.50%

1.10%
0.25%

1.10%
40 ° C
30 bar

33
2.65
2.89
3.45
3.75
3.64

Table 3. Properties of materials and processes fordifferent CO, separation techniques

Material Advantage Limitation Process
Fast absorption . )
. . .7 | Corrosive, Maintenance
Amine |MEA, MDEA,| High sorption
. cost, Energy penalty for
aqueous etc. selectivity and .
capacity regeneration
Absorption - Scrubbing
Lower operation
Ammonia cost andless . . .
NH; . Toxic, Highly volatile
aqueous corrosive than
amine solution
) Low cost, High .
Zeolites surface areag Low stability to water
. ) . Low selectivity and
Physical Activated Low cost, High capacit DiffiZult o
sorbents carbons surface area pacity., TSA, PSA,
(molecular control structure VSA
Adsorption sieves) ai;ghlgsitVS;EfaCZf Expensive materials,
MOFs ,material y Low stability to water
development and acid gases
Chemical Metal ) .
High sorption . . .
sorbents carbonates canacity. Fast Corrosive, Energy Circulating
(reactive | (CaO, MgO, ps or }t]i’on penalty for regeneration,| fluidized bed
solids) etc.) P
Polymeric, .
Membrane ino}; anic Simple process Complex manufacturing| Membrane
separation hy%ri J ’ plep process process
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Fig. 3. Cost reduction benefit vs. development
time to commercialization[4].
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AFEE]o] gt} Wet-scrubbing 3414 &5 &
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Scheme 1. a) Chemical absorption of CO, by
primary or secondary and b)
tertiary amine aqueous solutions[4].

2

ol

L EFAMA (Metal carbonate)
R K i 4 % (K, Na, Li 5H)e=
o|Fo|A A, ﬂ"fﬂ’?}% (Carbonation)% AA
A2 60~110 ° CollA oltsteas F2bsial
e 100~200 ° ColA A A
(decarbonation)= A oSl AE F/Pﬂﬁ}u}
[10]. QT =2 RS viEsh &3lgE=x
FGoNA oliteteta Z2E S5k ﬁﬁ@.‘ﬂ A&
o] 7Fsstth. ZAAH R Alete], gFuu, AL
7}, B 52 F2 ARRSh[7], F&0] 7Y
SHA 2xstal &4t Ho s T
olxtgtera §& FYE HIth o ®RE
D), @el AA" AAE, olitstes &
2ol Fofste, Hj7|7tiof 5717 2T A¢
olifeterA: SR EE SR dEA ok

ofulsgaAY S-S JNoz s, 4

T o =2

.2
=]

B

N

_{

B Z¥o] 42 Fd &4 ol glonz, ok
NS AT TAC s A oA £4



(@)}
s
ox.
e,
o
44
1%

2 BITHS). A WEHE F2 AT
A FAAe Aol AstEn 1A 4R ot
He BAHES sidEo]oF qtH8].
Carbonation

M,CO; + H,O + CO, = 2MHCO;(1)
Decarbonation

2MHCO; = M,CO; + H,O + CO,(2)

2.3. HIZ2I0|E (Zeolite)
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2.5. Metal Organic Framework (MOF)
MOFE 241 §7192A9 coordination 2
ol o 4= vAZES 7= T
ARAleIt. 4% {7IAZAS] x| wet
J1Ze] 37, 2gy] =& zA 2 9 AA
S 7}dth MOFO] uji WA (1500~4500
m%/g-& A&olE (~1500 m¥/gut TA
(400~1000 m”/g)Ett o Erty AA7A] B
o] QItH15]. Fig. 4= MOF-59] ZAHTZE
HoZoh FEMog H ZnO,Lb f71AZ2A7t
HtEHo gz AZAxo] Aol AALZXE 714
= AL ¢ 4 Utk MOFe| Fakgt }—L—M o
woll, 7k AF, #e, Ful § oaRt 2okl
A7 ol FolA A, olitetetAE FeEstr] 9
gt Aol MOFe| Wigt A4E & Folh
MOFe} oJAtsterA o] AgHs3-e  electrostatic
interaction, open metal site, £42Z2g Fof ol&
sti, MOF 7|52 ¢ 27 zdst das
HjAska olqteletant FAbste] AELE X
3} st AL 7HssioH4l
% 718l MOF 7t fMdEglar 24 2=
grslA QiR olikelE4 K 163310" gk A
A HlolHe ofd AlRtEe] itk mebA,
high—throughput screening W¥ol TE o] £
8 45& Hole MOFE whe AIRE dof A
Hols A7 AYPET ot Han et al. [16]
AL IEL volumetric FAo] 7 &
high—throughput screening A|A®S 7j1ts}te]
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Fig. 4. Crystal structure of MOF-5. The blue,
gray, and red symbols represent ZnQOsy,
carbon, and oxygen, respectively[17].

2078 o]/l MOFel| thal olitstetaol A4 7t
2o gt F2 S Frhetn 5719 43
k2o tigh ot Egt Wrlete], IWE F&
2 7oz & Co-NIC MOF7} 152 ®lH9]

Hj717k20 A oliteteta ZElE R Alm 9 Sl Wi o2 »E 7

Azl 60 barrere] FHEE Hols $%t
MOF & st
L A Al 2agtolE, MOFQ] o]4ts)
TEE 2not Ao et BojErt
et R ZEHZHo] AEgo]Elr MOFO
Hg|A Ztom 7|F Fx7t HFYskA] EStEZE,
datd o2 Al&THo|Ee MOFZF S4etH ¢
a3t olisletA g2 SES HoFrn d#A
Atk MOF&} Al&ato|ES H| WSR-S uf, o4t
shgtao] "ol w2 AL (0.1~0.15 atm)
MOF7} Al&8tolE Bty o =2 oJ4tdbets &
S Holg AL o 4 Stk MOF9] w2
£ HEHY gofst 75E 7= AUIES
Hrtsto] olatstets 2SS IS Eole
2 sEI AHg7EA thet b Aol ASET
H, MOF= oJ4tsteta Eejo] 7P o)Azl
FAAoItt, E5E rA7E] 7], WREE, &
47] & 2A4sto] Hy, CHy 7k~ 59 <54
3 AZFE ft WiiAR AMEE R Qlenz
a1 $ERokE O¥iittar & 4+ o
[38,39,401].

=
=
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g
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Table 4. CO, capture capacities for activated carbons, zeolites, and MOFs in different pressures

and temperatures

Sorbent Temperature (K) pigiss(l;fﬁ) ((r:r?rgiclygy) Ref.
AC 298 0.2 0.75 [18]
AC-F30/470 297 0.16 0.65 [19]
. AC-A35/4 293 1 2 [20]
Acgtr‘ggff AC-F30/470 288 1 2.86 [21]
AC 298 1 3.23 [22]
AC-RB 303 1 1.22 [23]
AC Norit RB1 294 1 2.46 [24]
Zeolite 13X 293 0.15 2.63 [25]
molecular sieve 4A 293 0.15 1.65 [26]
molecular sieve 13X 293 0.15 2.18 [27]
Zeolites ZSM~-5 313 0.1 0.32 [28]
Zeolite 13X 295 1 4.61 [29]
Na-ZSM-5 303 1 0.75 [30]
NaX 305 1 5.71 [31]
Mgs(dobdc) 303 0.15 4.68 [32]
Niz(dobdc) 298 0.15 3.84 [33]
Cus(BTC), 293 0.15 2.63 [34]
MOFs
CO,(dobdc) 298 0.15 3.22 [35]
HCul(CusCDs(BTTri)s] 298 1 3.24 [36]
Ni,(pbmp)[Ni-STA12] 304 1 2.5 [37]
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Fig. 5. CO; separation process using amine
aqueous solution[41].

(circulating fluidized bed)
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Fig. 6. Circulating fluidized bed using metal
carbonates[42].

(pressure swing adsorption)
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4%, Aol 3X 52 BWaz s 27 4
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Aot WFL Sotol LAugS Hadsio]
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Fig. 7. Pressure swing adsorption process coupledwith two columns[45].
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